W J

World Journal of
Gastroenterology

Submit a Manuscript: http:/ /www.wjgnet.com/esps/
Help Desk: http:/ /www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748 / wjg.v22.i18.4594

World | Gastroenterol 2016 May 14; 22(18): 4594-4603
ISSN 1007-9327 (print) ISSN 2219-2840 (online)
© 2016 Baishideng Publishing Group Inc. All rights reserved.

SYSTEMATIC REVIEWS

Calcium supplementation for the prevention of colorectal
adenomas: A systematic review and meta-analysis of

randomized controlled trials

Stefanos Bonovas, Gionata Fiorino, Theodore Lytras, Alberto Malesci, Silvio Danese

Stefanos Bonovas, Gionata Fiorino, Alberto Malesci, Silvio
Danese, Department of Gastroenterology, Humanitas Clinical
and Research Center, 20089 Rozzano, Milan, Italy

Theodore Lytras, Department of Experimental and Health
Sciences, Universitat Pompeu Fabra, 08003 Barcelona, Spain

Theodore Lytras, Centre for Research in Environmental
Epidemiology, 08003 Barcelona, Spain

Theodore Lytras, Hellenic Center for Disease Control and
Prevention, 15123 Athens, Greece

Alberto Malesci, Department of Medical Biotechnology and
Translational Medicine, University of Milan, 20129 Milan, Italy

Silvio Danese, Department of Biomedical Sciences, Humanitas
University, 20089 Rozzano, Milan, Italy

Author contributions: Bonovas S, Fiorino G, Lytras T, Malesci
A and Danese S designed the research; Bonovas S and Lytras T
collected and analyzed the data; Bonovas S, Fiorino G, Lytras T,
Malesci A and Danese S interpreted the data; Bonovas S wrote
the article; Bonovas S, Fiorino G, Lytras T, Malesci A and Danese
S critically revised the article for important intellectual content
and gave final approval to be published.

Conflict-of-interest statement: No potential conflicts of interest
exist.

Data sharing statement: No additional data are available.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Correspondence to: Stefanos Bonovas, MD, MSc, PhD,
Department of Gastroenterology, Humanitas Clinical and

Baishidenge ~ WJG | www.wjgnet.com

Research Center, Via Manzoni 56, 20089 Rozzano, Milan,
Italy. sbonovas@gmail.com

Telephone: +39-31-3542327

Fax: +39-31-3542327

Received: January 13,2016
Peer-review started: January 15, 2016
First decision: March 21, 2016
Revised: April 7,2016

Accepted: April 15,2016

Article in press: April 15,2016
Published online: May 14, 2016

Abstract

AIM: To determine the efficacy of calcium supple-
mentation in reducing the recurrence of colorectal
adenomas.

METHODS: We conducted a systematic review and
meta-analysis of published studies. We searched
PubMed, Scopus, the Cochrane Library, the WHO
International Clinical Trials Registry Platform, and the
ClinicalTrials.gov website, through December 2015.
Randomized, placebo-controlled trials assessing
supplemental calcium intake for the prevention of
recurrence of adenomas were eligible for inclusion.
Two reviewers independently selected studies based
on predefined criteria, extracted data and outcomes
(recurrence of colorectal adenomas, and advanced
or “high-risk” adenomas), and rated each trial’s risk-
of-bias. Between-study heterogeneity was assessed,
and pooled risk ratio (RR) estimates with their 95%
confidence intervals (95%CI) were calculated using
fixed- and random-effects models. To express the
treatment effect in clinical terms, we calculated the
number needed to treat (NNT) to prevent one adenoma
recurrence. We also assessed the quality of evidence
using GRADE.
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RESULTS: Four randomized, placebo-controlled trials
met the eligibility criteria and were included. Daily
doses of elemental calcium ranged from 1200 to 2000
mg, while the duration of treatment and follow-up
of participants ranged from 36 to 60 mo. Synthesis
of intention-to-treat data, for participants who had
undergone follow-up colonoscopies, indicated a modest
protective effect of calcium in prevention of adenomas
(fixed-effects, RR = 0.89, 95%CI: 0.82-0.96; random-
effects, RR = 0.87, 95%CI: 0.77-0.98; high quality of
evidence). The NNT was 20 (95%CI: 12-61) to prevent
one colorectal adenoma recurrence within a period of 3
to 5 years. On the other hand, the association between
calcium treatment and advanced adenomas did not
reach statistical significance (fixed-effects, RR = 0.92,
95%CI: 0.75-1.13; random-effects, RR = 0.92, 95%CI:
0.71-1.18; moderate quality of evidence).

CONCLUSION: Our results suggest a modest chemo-
preventive effect of calcium supplements against
recurrent colorectal adenomas over a period of 36 to
60 mo. Further research is warranted.

Key words: Calcium; Colorectal adenoma; Recurrence;
Cancer chemoprevention; Colorectal cancer; Systematic
review; Meta-analysis; Polyp
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Core tip: To assess the efficacy of calcium supple-
mentation in reducing the recurrence of colorectal
adenomas, we conducted a systematic review and
meta-analysis of randomized, placebo-controlled trials.
We found a modest protective effect of calcium in
prevention of adenomas (fixed-effects, RR = 0.89,
95%CI: 0.82-0.96; random-effects, RR = 0.87, 95%CI:
0.77-0.98; high quality of evidence). On the other
hand, the association between calcium treatment
and advanced (“high-risk”) colorectal adenomas was
not statistically significant (fixed-effects, RR = 0.92,
95%CI: 0.75-1.13; random-effects, RR = 0.92, 95%CI:
0.71-1.18; moderate quality of evidence). Further
targeted research is warranted.

Bonovas S, Fiorino G, Lytras T, Malesci A, Danese S. Calcium
supplementation for the prevention of colorectal adenomas: A
systematic review and meta-analysis of randomized controlled
trials. World J Gastroenterol 2016; 22(18): 4594-4603 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v22/
118/4594 htm DOI: http://dx.doi.org/10.3748/wjg.v22.118.4594

INTRODUCTION

Colorectal cancer is a tumour resulting from a complex
interaction between inherited susceptibility and
environmental factors, as demonstrated by genetic,
experimental, and epidemiological studies”!. It
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represents the third most common malignancy, and
the fourth most common cause of cancer deaths
globally, accounting for 1.35 million new cases and 0.7
million deaths annually™.

The magnitude of the colorectal cancer problem,
and the failure of advanced disease chemotherapy to
effect significant reductions in the respective mortality
rates, indicate that an intensive approach to the
prevention of this disease is necessary. Accordingly,
research on chemopreventive agents for colorectal
cancer has received much attention over the last 30
years. Among several promising compounds (including
vitamins A, C, and E, folate and other B vitamins,
aspirin, sulindac and other non-aspirin non-steroidal
anti-inflammatory drugs, statins, bisphosphonates,
selenium, and fiber)® %!, calcium has also been
studied. It was proposed by Newmark et a/*”! that
calcium binds bile acids in the bowel lumen, inhibiting
their well-known proliferative and carcinogenic effects.
In addition, calcium has demonstrated a direct
antiproliferative effect on cells, as well as promoting
cellular differentiation and death (apoptosis)!®l.
Evidence from epidemiologic studies also suggests that
higher calcium intake may reduce the risk of colorectal
cancer™,

Most colorectal tumors develop from adenomas
arising from the lining of the intestine. Progression -
described as the adenoma-cancer (or polyp-cancer)
sequence - is characterized by morphological and
histological changes®. For instance, a small tubular
adenoma acquires villoglandular characteristics as it
grows. On the molecular level, the adenoma-cancer
sequence reflects an accumulation of genomic defects.
Generally, a single adenoma has a risk of progressing
into neoplasia of 0.25% per year?”, depending on its
size, location, histological type, and the presence of
dysplasia.

The standard treatment for colorectal adenomas is
endoscopic resection that interrupts the progression to
invasive disease®!, However, even after polypectomy,
rates of adenoma recurrence may be up to 50%
within 3 years of follow-up®®*?*¥. That is why research
on colorectal cancer prevention has often focused on
prevention of recurrent adenomas. Assuming that
the effects of chemopreventive agents on adenomas
reflect those on cancer, this endpoint provides a
convenient surrogate for the study of colorectal cancer
preventiont®>?%,

Contrary to expectations, the recent randomized
placebo-controlled trial published by Baron et a/t*”!
showed that daily supplementation with 1200 mg
of calcium did not significantly reduce the risk of
colorectal adenomas over a time period of 3 to 5 years.
In view of earlier promising clinical trial data™®*”?, we
sought to obtain a comprehensive snapshot of the
existing evidence on the clinical efficacy of calcium
supplementation for the prevention of colorectal
adenomas. Therefore, we carried out an updated
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systematic review and meta-analysis of randomized
controlled trials (RCTs) published in the peer-reviewed
literature.

MATERIALS AND METHODS

Data sources and search strategy

To identify the studies of interest, we systematically
searched the PubMed and Scopus bibliographic
databases from their inception to 15 December 2015
(date of final search). Search terms included: “calcium”
combined with “adenoma” or “polyp”. The search
was limited to RCTs and human studies. No language
restrictions were applied.

We also searched the Cochrane Library for any
recently published systematic review on the subject,
the WHO International Clinical Trials Registry Platform,
and the ClinicalTrials.gov website, for completed but
unpublished studies.

Two authors (Bonovas S and Lytras T) indepen-
dently reviewed titles and abstracts to identify studies
for inclusion. The full texts of the selected articles
were carefully examined for eligibility, and their
reference lists (as well as those of relevant systematic
reviews®%*!) were also investigated to identify any
studies missed by the electronic database search.

Selection criteria

Studies were eligible for inclusion if they were rando-
mized, placebo-controlled trials assessing supplemental
calcium intake for the prevention of recurrent colorectal
adenomas. All studies had to include follow-up
evaluation (i.e., endoscopy) to confirm the presence
or absence of adenomas. If the results of a study were
reported in multiple publications and/or at multiple
time-points, we selected the most updated publication
and extracted the data for the maximum follow-up time
reported, as long as it remained a randomized trial and
fully reported the outcomes of interest.

Studies were excluded if they were observational;
did not report (or provided insufficient data to
calculate) the outcomes of interest; or evaluated multi-
interventional therapies, in which the effect of calcium
treatment could not be separated out. We did not
apply restrictions on eligibility according to dosage, or
duration of calcium supplementation.

Types of outcomes and data extraction

We analyzed the following two outcomes: (1) recurrence
of colorectal adenomas (at least one adenoma detected
during follow-up colonoscopies); and (2) recurrence of
advanced or “high-risk” adenomas (defined as those
that have a diameter = 10 mm, villous or tubulovillous
features, or severe dysplasia).

Data extraction was independently undertaken by
two authors (Bonovas S and Lytras T) using a prede-
signed form. The following information was extracted
from each study: first author, journal and year of
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publication, study design and duration, number and
characteristics of participants, intervention parameters,
and number of subjects with the outcomes of interest
reported for the intervention and control groups.

Disagreements were resolved via consensus, referring
back to the original articles.

Assessment of risk of bias

We assessed the risk of bias (RoB) in included studies
using the Cochrane Collaboration’s tool™®*, which
addresses the following key-domains: sequence gene-
ration; allocation concealment; blinding; incomplete
outcome data; selective outcome reporting; and other
sources of bias, such as extreme baseline imbalances in
prognostic factors, etc. These items were considered for
RoB assessment and were classified as “adequate” (low
RoB), “inadequate” (high RoB), or “unclear” (uncertain
RoB).

Studies reporting adequate procedures in all
domains were classified as “low RoB”, studies with
inadequate procedures in at least one domain were
classified as “high RoB”, and those with unclear
procedures in one or more domains were classified as
“uncertain RoB". Discrepancies among reviewers were
discussed and agreement was reached by consensus.

Data synthesis and analysis

The risk ratio (RR) was used to measure treatment
effects. Study-level RRs along with their 95%CI were
calculated using intention-to-treat data for study
participants who completed the follow-up evaluation
(i.e., follow-up colonoscopies).

Meta-analyses were performed twice, assuming
a fixed-effects model (Mantel-Haenszel approach®)
and a random-effects model (DerSimonian-Laird
approach®). Under a fixed-effects model, we assume
that the included studies share a common true effect,
and the pooled effect is an estimate of the common
effect size. Under a random-effects model, we assume
that the true effects vary between the studies, and
the pooled effect is a weighted average of the effects
reported in the different studies. The random-effects
model often leads to broader confidence intervals (i.e.,
it is @ more conservative approach)®”.,

The between-study heterogeneity was evaluated
using the Cochran’s Q test, with a 0.10 level of
significance, and the I-squared metric®®, which
describes the percentage of variation across studies that
is due to heterogeneity rather than chance. I-squared
values of less than 25%, 25%-50%, or higher than
50% indicate low, moderate, or high heterogeneity,
respectively™®.

Publication bias was not assessed, because the
relevant statistical tests lack power when the number
of included studies is limited™".

To express the treatment effect in clinical terms, we
calculated the number needed to treat (NNT) to prevent
one adenoma recurrence using the Mantel-Haenszel
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Figure 1 Summary of the evidence search and selection process (flow diagram). RCTs: Randomized controlled trials.

fixed-effects risk difference (risk in the placebo group
minus risk in the calcium group), in cases in which a
statistically significant RR was detected. The NNT is the
inverse of this risk difference.

The quality of evidence (confidence in the synthesized
effect estimates) was assessed using GRADE (Grading
of Recommendations Assessment, Development and
Evaluation)™*,

For all statistical analyses, we used the R software
version 3.2.2, and the “*meta” package for R™*, version
4.3-0. All P-values are two-tailed. For all tests (except
for heterogeneity), a P-value less than 0.05 indicates
statistical significance.

Our study was performed in accordance with the
Cochrane Handbook for intervention reviews™, and
the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-analyses) statement™*.

The study did not involve any experiment on humans
or animals, thus an ethical approval was not required.

[43]
I}

RESULTS

Search results
A summary of the literature search and selection
process is shown in Figure 1 (Flow diagram). Four
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randomized studies of calcium supplementation
met the eligibility criteria and were included: (1) the
Vitamin D/Calcium Polyp Prevention Study!?“*?; (2)
the Southwest Oncology Group (SWOG) Calcium
Chemoprevention Pilot Study™’“*®; (3) the European
Cancer Prevention Organisation (ECP) Calcium Fibre
Polyp Prevention Study™®***“: and (4) the Calcium
Polyp Prevention Study®*>"*4,

They were multicenter, randomized, placebo-
controlled trials of supplementation with calcium for
the prevention of colorectal adenomas. Daily doses
of elemental calcium ranged from 1200 to 2000 mg,
while the duration of treatment and follow-up of
patients ranged from 36 to 60 mo. A summary of the
trials’ characteristics is given in Table 1.

Patients underwent endoscopy at baseline;
subsequent colonoscopies were then undertaken
to assess adenoma recurrence during the follow-
up. The studies differ in that the SWOG Calcium
Chemoprevention Pilot Study™*®! recruited patients
with completely resected colorectal cancer, while all
the other studies included participants with colorectal
adenomas removed before enrollment. All studies
reported the number of subjects with adenomas (and
advanced adenomas) identified during the follow-up
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Table 1 Randomized, double-blind, placebo-controlled trials of calcium supplementation for prevention of colorectal adenomas

Study or subgroup' Participants Mean age (yr) Women  Follow-up (mo) Amount of elemental calcium
randomized supplemented (mg/d)

Vitamin D/ Calcium Polyp Prevention Study"” 1675 59 15% 36 or 60 1200

SWOG Calcium Chemoprevention Pilot Study™” 220 68 37% 60 1800

ECP Calcium Fibre Polyp Prevention Study™ 439 59 37% 36 2000

Calcium Polyp Prevention Study®"*” 930 61 28% 48 1200

'For the Vitamin D/ Calcium Polyp Prevention Study, only a subgroup was taken into account in the analysis; “Median value. ECP: European Cancer

Prevention Organisation; SWOG: Southwest Oncology Group.

Vitamin D/Calcium polyp prevention study

SWOG Calcium chemoprevention pilot study

ECP Calcium fibre polyp prevention study

Calcium polyp prevention study

. ‘ @ . Random sequence generation
‘ . @ ‘ Allocation concealment
’ ’ ‘ ‘ Blinding of participants and personnel

‘ ‘ @ . Incomplete outcome data

. ' ' . Free of selective outcome reporting
. . . . Free of other sources of bias

Figure 2 Risk-of-bias assessment for the studies included in the meta-analysis. Green (+): Low risk-of-bias; Yellow (?): Unclear risk-of-bias. ECP: European

Cancer Prevention Organisation; SWOG: Southwest Oncology Group.

endoscopies; thus, we were able to conduct a post
hoc analysis of these clinical trials, calculate RRs for
the outcomes of interest, and incorporate them in the
meta-analyses.

Another two clinical trials were identified, but did
not meet the eligibility criteria, and were excluded.
The first study - included in two previous systematic
reviews®*? - examined a mixed intervention consi-
sting of calcium, B-carotene, vitamin C, vitamin E, and
selenium, compared with placebo™***. The second
clinical trial, which was evaluating a combination
treatment of aspirin, calcitriol, and calcium, compared
with placebo, was terminated early because no
positive tendency was shown in a preplanned interim
analysis'®**®, In both studies, the effect of calcium
could not be separated out; thus, they were not
included in the evidence synthesis.

Risk of bias in included studies
The Vitamin D/Calcium Polyp Prevention Study
the ECP Calcium Fibre Polyp Prevention Study™*%*%,
and the Calcium Polyp Prevention Study®>'>

[27,46]
I

, were
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judged to be at low RoB: their allocation sequences
appeared to be adequately generated and concealed;
patients and staff were masked; participants excluded
from the analyses (those who had not undergone
follow-up colonoscopy) were balanced in humbers and
reasons across intervention groups; and the outcomes
of interest for this review were fully reported.

The SWOG Calcium Chemoprevention Pilot Study™**!
was considered to have uncertain RoB, because
information was insufficient to permit judgement about
the sequence generation process, the method used to
conceal allocation, and attritions/exclusions.

Quality assessment items are presented in Figure 2.

Results of quantitative synthesis

Recurrence of colorectal adenomas: Intention-
to-treat data for 2984 participants, who underwent
follow-up colonoscopies, were analyzed. Each one of
the four included trials reported a lower recurrence
rate of colorectal adenomas in the calcium group, as
compared to the placebo group; however, the results
only from two studies (the Calcium Polyp Prevention

May 14, 2016 | Volume 22 | Issue 18 |
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Randomized controlled trials Calcium Placebo
n N n N
Vitamin D/Calcium polyp prevention study 345 762 362 761
SWOG Calcium chemoprevention pilot study 42 95 62 99
ECP Calcium fibre polyp prevention study 28 176 36 178
Calcium polyp prevention study 196 454 232 459
1487 1497

Fixed effect model
Random effects models
Heterogeneity: I* = 38.7%, Tau® = 0.0055, P = 0.1798

Risk ratio RR 95%CI Weight Weight
(fixed)  (random)
0.95 0.85-1.06 52.5% 43.5%
—a— 0.71  0.54-0.93 8.8% 14.9%
—_— 0.79  0.50-1.23 5.2% 6.4%
—— 0.85 0.74-0.98 33.5% 35.2%
-> 0.89 0.82-0.96  100.0% -
- 0.87 0.77-0.98 - 100.0%
075 1.0 1.5

Figure 3 Forest plot for adenomas: results from individual studies and meta-analysis. For the analysis we used intention-to-treat data for patients who
underwent follow-up evaluation (follow-up colonoscopies). ECP: European Cancer Prevention Organisation; SWOG: Southwest Oncology Group; n: Number of
subjects with at least one adenoma detected during the follow-up evaluation; N: Number of subjects who underwent follow-up evaluation; RR: Risk ratio.

Randomized controlled trials Calcium Placebo
n N n N
Vitamin D/Calcium polyp prevention study 81 773 77 764
SWOG Calcium chemoprevention pilot study 11 95 11 99
ECP Calcium fibre polyp prevention study 10 176 7 178
Calcium polyp prevention study 54 454 75 459
1498 1500

Fixed effect model
Random effects models
Heterogeneity: /2 = 17.4%, Tau’ = 0.0116, 7 = 0.3043

Risk ratio RR 95%CI Weight Weight
(fixed)  (random)

1.04 0.77-1.40 45.6% 45.1%

e 1.04 0.47-2.29 6.3% 9.0%

& 1.44 0.56-3.71 4.1% 6.4%

—— 0.73  0.53-1.01 43.9% 39.6%

092 0.75-1.13  100.0% -
4I‘> 0.92 0.72-1.18 - 100.0%
0.5 1.0 2.0

Figure 4 Forest plot for advanced adenomas: results from individual studies and meta-analysis. For the analysis we used intention-to-treat data for patients
who underwent follow-up evaluation (follow-up colonoscopies). ECP: European Cancer Prevention Organisation; SWOG: Southwest Oncology Group; n: Number of
subjects with at least one adenoma detected during the follow-up evaluation; N: Number of subjects who underwent follow-up evaluation; RR: Risk ratio.

Study*****% and the SWOG Calcium Chemoprevention
Pilot Study™’“*®) were statistically significant. The
overall recurrence rate, on all four RCTs, was 41.1% in
calcium groups and 46.2% in placebo groups, over a
treatment and follow-up period of 3 to 5 years.

We found a statistically significant modest
protective effect (about 10%-15% risk reduction) of
calcium supplements in the prevention of colorectal
adenomas, both under the assumption of a fixed-
effects model (RR = 0.89, 95%CI: 0.82-0.96) and a
random-effects model (RR = 0.87, 95%(CI: 0.77-0.98).
The RRs with their 95%ClIs for the individual studies,
and the pooled results, are shown in Figure 3. The
Cochran’s Q test had a P-value of 0.18 and the
corresponding I-squared value was 39%, indicating
moderate heterogeneity between the studies.

For patients treated with calcium supplements in
the included trials, the NNT was 20 (95%CI: 12-61) to
prevent one colorectal adenoma recurrence within a
period of 3 to 5 years.

Recurrence of advanced (high-risk) adenomas:
We analyzed data for 2998 participants, who com-
pleted their follow-up evaluations (colonoscopies).
None of the studies reported statistically significant
results for advanced adenomas. Their overall occu-

JBaishideng® W]G I WWW.ngnet.COm
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rrence, on all four RCTs, was 10.4% in calcium groups
and 11.3% in placebo groups.

In meta-analysis, the association between calcium
treatment and advanced adenomas did not reach
statistical significance, either assuming a fixed-effects
model (RR = 0.92, 95%CI: 0.75-1.13) or a random-
effects model (RR = 0.92, 95%CI: 0.71-1.18). The
RRs with their 95%CIs for the individual studies,
and the pooled results, are presented in Figure 4.
The Cochran’s Q test had a P-value of 0.30 and the
corresponding I-squared value was 17%, indicating
low heterogeneity between the studies.

Quality of the evidence
Using the GRADE approach™, our confidence in the
synthesized evidence is “high” for the first outcome
(adenomas), but "moderate” for the second one
(advanced adenomas), for the following reasons:
(1) the data were derived from RCTs, which are
considered as the gold standard for assessing drugs®”’;
(2) the synthesized effect estimates are precise for
adenomas, but imprecise for advanced adenomas; (3)
heterogeneity is low-to-moderate across studies; and
(4) publication bias is not likely.

A high quality of evidence means that "we are very
confident that the true effect lies close to that of the
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Table 2 Summary of findings

lllustrative comparative risks (95%CI)

Assumed risk Corresponding risk
Placebo Calcium
Recurrence of adenomas 462 per 1000 411 per 1000 Relative effect (95%CI): RR = 0.89 (0.82-0.96)
(follow-up: 3 to 5 yr) (379 to 444) No. of patients with follow-up evaluation: 2984
No. of RCTs: 4
Quality of evidence (GRADE): ++++ (high)
Advanced adenomas 113 per 1000 104 per 1000 Relative effect (95%CI): RR = 0.92 (0.75-1.13)
(follow-up: 3 to 5 yr) (85 to 128) No. of patients with follow-up evaluation: 2998

No. of RCTs: 4
Quality of evidence (GRADE): +++- (moderate)

(1) the basis for calculating the assumed risk is the overall event rate across the trial groups receiving placebo; (2) the corresponding risk (calcium group)

is based on the assumed risk and the relative effect estimate (risk ratio); (3) the relative effect estimate and its 95%CI come from a Mantel-Haenszel

fixed-effects meta-analytic model; and (4) the overall quality of evidence is judged as “high” for recurrence of adenomas, and “moderate” for advanced

adenomas. A high quality of evidence means that “we are very confident that the true effect lies close to that of the estimate of the effect”, while a moderate

quality of evidence means that “we are moderately confident in the effect estimate. The true effect is likely to be close to the estimate of the effect, but

there is a possibility that it is substantially different”™. Population: Patients with colorectal adenomas removed before enrollment. Intervention: Calcium

supplementation (1200-2000 mg/d) to prevent recurrence of adenomas. Comparison: Placebo. RR: Risk ratio; GRADE; Grading of Recommendations

Assessment, Development and Evaluation; RCTs: Randomized controlled trials.

estimate of the effect”, while a moderate quality of
evidence means that "we are moderately confident in
the effect estimate. The true effect is likely to be close
to the estimate of the effect, but there is a possibility
that it is substantially different®,

A summary of findings and strength of evidence is
shown in Table 2.

DISCUSSION

Chemoprevention is a promising area of cancer
research focusing on prevention of malignancies
through pharmacological, biological, and nutritional
interventions®®. As first defined by Sporn'®®, cancer
chemoprevention uses natural, synthetic, or biologic
agents to reverse, suppress, or prevent either the initial
phase of carcinogenesis or the progression of malignant
cells to cancer®®, Regarding chemoprevention of
colorectal cancer, several studies suggest that calcium
may have chemopreventive potential®7%. Our know-
ledge on the underlying mechanism is incomplete. It
has been proposed that calcium may protect against
neoplasia in the large bowel by binding bile and
fatty acids, thus decreasing their proliferative and
carcinogenic effects on colonic epithelial cells™”,

Meta-analysis is a statistical methodology for
combining the findings from independent studies'”.
We undertook this systematic review and meta-
analysis to assess and synthesize the existing evidence
on the efficacy of calcium supplements in prevention
of colorectal adenomas.

In the recent literature, we have identified three
systematic reviews with meta-analyses of RCTs
examining the efficacy of calcium supplementation for
the prevention of colorectal adenomas®*. Carroll
et al®! and Shaukat et a** performed similar three-
trial meta-analyses including the ECP Calcium Fibre
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[28,49,50]

Polyp Prevention Study , the Calcium Polyp
Prevention Study™*'*%, as well as the Hofstad et af***"
study that examined a mixed intervention consisting
of calcium, B-carotene, vitamin C, vitamin E, and
selenium, compared with placebo. Both meta-analyses
found a significant 20% risk reduction associated with
calcium. On the other hand, the third meta-analysis by
Weingarten et a/* reported a larger protective effect for
calcium (OR = 0.74, 95%CI: 0.58-0.95) including only
the ECP Calcium Fibre Polyp Prevention Study!?®#°:*"]
and the Calcium Polyp Prevention Study™®**%, and
excluding the Hofstad et al****! study because of the
use of antioxidants as a co-intervention. However,
Weingarten et al® used the numbers of randomized
subjects, rather than the numbers of subjects who
completed the follow-up evaluation (colonoscopy), as
the denominator in the analysis. This approach assumes
that none of the subjects lost to follow-up experienced
the outcomes””*); however, this assumption does not
appear to be valid.

In our study, a rigorous and extensive literature
search was conducted; four eligible randomized
trials were identified (the Vitamin D/Calcium
Polyp Prevention Study!?’“*®!, the SWOG Calcium
Chemoprevention Pilot Study™*®, the ECP Calcium
Fibre Polyp Prevention Study®®®**% and the Calcium
Polyp Prevention Study®°'*2): two further trials
were excluded (the Hofstad et a/'**** study and
the Pommergaard et a/* study™®) because they
evaluated multi-interventional treatments where
the effect of calcium could not be separated out;
data extraction was carefully undertaken by two
independent investigators; and the evidence was
synthesized using appropriate statistical techniques.
Our results indicate a modest chemopreventive effect
of calcium supplements against colorectal adenomas
(approximately 10%-15% risk reduction; high quality
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of evidence). However, this effect was not statistically
significant for the advanced (high-risk) adenomas
(imprecise pooled effect estimates; moderate quality
of evidence). These findings extend the results of the
primary trials and have important implications for
future research.

The strengths of this systematic review should be
weighed against a number of limitations. Firstly, the
number of available studies was limited. Secondly, a
colorectal adenoma typically requires 10-15 years to
evolve into clinically invasive cancer’®. Therefore, we
did not examine whether calcium supplementation
affects the progression of adenomas into invasive
cancer. To address this question, studies with longer
durations of treatment and follow-up are necessary.
Thirdly, we could not analyze whether the dose of
calcium affected the results; however, the dose range
was relatively narrow in the included trials (range:
1200-2000 mg of elemental calcium daily).

Despite these limitations, our study is the most
up-to-date meta-analysis on the topic and adheres
to the recommended PRISMA reporting standards.
Calcium does not appear to strongly reduce the
risk of adenomas; however, there is high quality
evidence suggesting a modest overall risk reduction,
which might be a composite of an effect of calcium
supplements in some populations (e.g., the non-
obese”’) and some adenoma types (e.g., the right-
colon adenomas™®), and lack of effect in others.
Therefore, we consider that the recent negative results
published by Baron et ai*”! is not the end of the road
for calcium as a potential chemopreventive agent
against colorectal carcinoma; rather a new research
approach is warranted. There is good reason to focus
again on basic research, and perform clinical and
epidemiologic studies to answer questions related
to dosing and duration of treatment, and identify
populations for whom calcium might be particularly
beneficial for prevention of adenomas and colorectal
cancer.
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Background

Colorectal cancer is the 3 most common malignancy and the 4" most common
cause of cancer deaths globally, with 1.35 million new cases and 0.7 million
deaths annually. Most colorectal malignancies develop from adenomas arising
from the lining of the intestine. That is why research on colorectal cancer
prevention has often focused on prevention of recurrent adenomas.

Research frontiers

It has been suggested that calcium binds bile acids in the bowel lumen,
inhibiting their well-known proliferative and carcinogenic effects. Calcium has
also demonstrated a direct antiproliferative effect on cells, as well as promoting
cellular differentiation and apoptosis.
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Innovations and breakthroughs

Contrary to expectations, the recent randomized controlled trial published by
Baron et al showed that daily supplementation with 1200 mg of calcium did
not significantly reduce the risk of colorectal adenomas over a period of 3 to 5
years. In view of earlier promising clinical data, the authors sought to obtain a
comprehensive picture of the evidence by conducting a systematic review and
meta-analysis of randomized controlled trials.

Applications

The results show a modest chemopreventive effect of calcium supplements
against recurrent colorectal adenomas. Further clinical and epidemiological
research is warranted to answer questions related to dosing and duration of
treatment, and identify populations for whom calcium might be particularly
beneficial.

Terminology
Meta-analysis is a statistical methodology for combining the findings from
independent studies.

Peer-review

This study presented the effect of calcium supplementation on colorectal
adenoma recurrence through a meta-analysis of clinical trials. This is a valuable
paper on secondary adenoma prevention in the colon. The authors give a
comprehensive view of an important clinical topic.
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