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Background: Protective effects of several chemopreventive agents (CPAs) against colorectal 

adenomas have been well documented in randomized controlled trials (RCTs); however, there 

is uncertainty regarding which agents are the most effective.

Methods: We searched for RCTs published up until September 2016. Retrieved trials were 

evaluated using risk of bias. We performed both pairwise analysis and network meta-analysis 

(NMA) of RCTs to compare the effects of CPAs on the recurrence of colorectal adenomas 

(primary outcome). Using NMA, we ranked CPAs based on efficacy.

Results: We identified 20 eligible RCTs enrolling 12,625 participants with a history of 

colorectal cancer or adenomas who were randomly assigned to receive either a placebo or one 

of 12 interventions. NMA using all trials demonstrated that celecoxib 800 mg/day (relative 

risk [RR] 0.61, 95% confidence interval [CI] 0.45–0.83), celecoxib 400 mg/day (RR 0.70, 95% 

CI 0.55–0.87), low-dose aspirin (RR 0.75, 95% CI 0.59–0.96) and calcium (RR 0.81, 95% CI 

0.69–0.96) were significantly associated with a reduction in the recurrence of any adenomas. 

NMA results were consistent with those from pairwise meta-analysis. The evidence indicated 

a high (celecoxib), moderate (low-dose aspirin) and low (calcium) Grading of Recommenda-

tions, Assessment, Development and Evaluation (GRADE) quality. NMA ranking showed that 

celecoxib 800 mg/day and celecoxib 400 mg/day were the best CPAs, followed by low-dose 

aspirin and calcium. Considering advanced adenoma recurrence, only celecoxib 800 mg/day and 

celecoxib 400 mg/day were demonstrated to have a protective effect (RR 0.37, 95% CI 0.27–0.52 

vs RR 0.48, 95% CI 0.38–0.60, respectively).

Conclusion: The available evidence from NMA suggests that celecoxib is more effective in 

reducing the risk of recurrence of colorectal adenomas, followed by low-dose aspirin and calcium. 

Since cyclooxygenase-2 (COX-2) inhibitors (eg, celecoxib) are associated with important 

cardiovascular events and gastrointestinal harms, more attention is warranted toward CPAs 

with a favorable benefit-to-risk ratio, such as low-dose aspirin and calcium.

Keywords: colorectal adenomas, chemoprevention, systematic review, meta-analysis, network 

meta-analysis, randomized controlled trials

Introduction
Colorectal cancer (CRC) is among the most common forms of cancer in the world, 

with ~1.36 million new cases in 20121; it is the fourth leading cause of cancer death 

worldwide.1 The burden of CRC in terms of mortality, morbidity and costs is enormous 

for the community.2,3 Moreover, CRC-related mortality is increasing owing to the 
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late stage at which many cases present.4 Therefore, effort is 

required to find effective ways to prevent this condition.

It is widely accepted that adenomas/polyps are precursors 

of CRC via adenoma–carcinoma sequence.5 Hence, colorectal 

adenomas are considered as a reasonable surrogate end point 

for trials in this area, especially in subjects with a history of 

CRC or adenomas, for whom the incidence rates are known 

to be higher than those in the general population.6,7 Early 

detection and removal of pre-cancerous colorectal adenomas 

by screening, followed by appropriate therapy and continued 

surveillance, can decrease mortality.8 Although many screen-

ing interventions are available for the detection and removal 

of asymptomatic adenomas and finding the early stages of 

CRC, their uptake continues to be low.9 Moreover, even after 

the removal of adenomas, the recurrence rate is reasonably 

high.10–12 Acceptance of continual screening recommenda-

tions involves a large volume of health care resources; its 

attainment will also depend on a high adherence rate and 

consistent follow-up. Therefore, increased attention is being 

given to the possible use of chemopreventive agents (CPAs) 

as a complement to, or substitute for, screening.

In the light of cyclooxygenase-2 (COX-2) overexpression 

associated with CRC tissue,13 nonsteroidal anti-inflammatory 

drugs (NSAIDs), including aspirin,14–25 have been the most 

highly researched drugs in the prevention of recurrent col-

orectal adenomas. However, many other potential CPAs have 

been investigated, ranging from calcium with or without 

vitamin D10,26–29 to micronutrients, such as folic acid and 

antioxidants.18,30–36

Despite evidence of the effectiveness of COX-2 inhibitors 

and of aspirin at any dose in preventing colorectal adenomas, 

these agents are associated with important cardiovascular 

events37–41 and gastrointestinal harms.42,43 Low-dose aspirin 

used for cardiovascular protection may provide an additional 

advantage, as the balance of benefits and risks seems to be 

more favorable.42,44,45 Recent randomized controlled trials 

(RCTs)16,17 have demonstrated the moderate beneficial 

effect of low-dose aspirin on the incidence of adenomas. 

Similarly, evidence from good quality RCTs46–48 suggests 

a possible protective effect of calcium supplementation 

on the recurrence of adenomas, without important adverse 

effects.49 However, evidence of the comparative advantage 

of low-dose aspirin and calcium with other potential CPAs 

on adenoma recurrence is necessary to justify the continu-

ous growth of these agents in this era of stagnant screening 

acceptance,9,50 limited endoscopic capacity51 and rising health 

care expenditures.52

Choosing the most effective CPA for the prevention of 

the recurrence of adenomas in subjects with a history of CRC 

or adenomas remains an important consideration; however, 

uncertainty remains in the data informing the best choice. 

Hence, we performed network meta-analysis (NMA) to 

compare the effects of competing CPAs on the recurrence of 

colorectal adenomas. The results of our analysis can provide 

readers with useful information to guide clinical decision-

making in this field.

Methods
study design
This study was conducted as a part of a systematic review and 

NMA of CPAs for CRC, which has been registered (registra-

tion number: CRD42015025849) with International Prospective 

Register of Systematic Reviews (PROSPERO) previously.53 

A complete description of the parent study design and 

methods has been published elsewhere.54 The reporting 

followed the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) guidelines.55

search strategy and study selection
We identified relevant studies by a systematic search of 

MEDLINE, Embase, Cochrane Central Register of Controlled 

Trials, CINAHL Plus, International Pharmaceutical Abstracts 

and ClinicalTrials.gov website from January 2008 to 

September 2016. We developed the search strategy in 

MEDLINE and modified it for other databases (Table S1). 

The search was restricted to studies published from 2008 

onward because studies published up to 2007 could be 

identified from the published systematic reviews.40,42,47–49,56–60 

To identify studies not captured by database search, we  

manually checked the reference lists of published systematic 

reviews and identified articles. In the present study, we con-

sidered all RCTs with a follow-up period or duration of treat-

ment at least 1 year and concerned with demonstrating the 

efficacy of CPAs (low- or high-dose aspirin [80–325 mg/day] 

with or without folic acid, folic acid, non-aspirin NSAIDs, 

vitamin D, calcium with or without vitamin D and any 

antioxidants) compared to placebo for the prevention of 

colorectal adenomas. We considered studies for inclusion 

if participants had a history of CRC or adenomas. Our 

primary outcome measure was the incidence of any recurrent 

adenomas. In subgroup analysis, the recurrence of advanced 

adenomas was considered separately.

Data extraction and quality assessment
Requisite data were extracted independently and in duplicate 

by two reviewers into a data extraction form (SKV and SMC). 

If multiple publications of the same trial were retrieved, only 

the most recent and informative publication was included. 
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Two reviewers (SKV and SMC) independently assessed the 

risk of bias (ROB) within each study by using a Cochrane 

ROB instrument.61,62 We evaluated sequence generation, 

allocation concealment, blinding of participants and person-

nel, blinding of outcome assessment, incomplete outcome 

data, selective outcome reporting and other sources of bias. 

Reviewers resolved disagreements by discussion, and one 

of two arbitrators adjudicated any unsolved disagreements. 

When ROB varied across included studies, we stratified 

studies according to ROB and produced two estimates of 

the intervention effect: from trials at low ROB and from 

all studies.

evidence grading
The Grading of Recommendations, Assessment, Development 

and Evaluation (GRADE) approach63,64 adapted to NMA65 

was used to rate the quality of evidence of estimates (high, 

moderate, low and very low).

statistical analysis
For direct comparison, a standard pairwise meta-analysis 

was conducted by using a random-effects model. If a direct 

comparison was based on two or more studies, heterogeneity 

between trials was assessed by considering the I2 statistics.62 

An I2 estimate $50% was interpreted as evidence of sub-

stantial levels of heterogeneity.62 The outcome measure was 

estimated in relative risk (RR), which is the ratio between 

the incidences of colorectal adenoma in the intervention arm 

and those in the control arm along with a 95% confidence 

interval (CI).

A random-effects NMA was carried out by combining 

direct and indirect evidences.66 A model with either consis-

tency or inconsistency was assessed in Stata version 14.0 

(StataCorp, College Station, TX, USA) by contrasting direct 

and indirect estimates in each triangular loop using the 

methods described by Veroniki et al.67 Network inconsis-

tency assumption, which refers to a disagreement between 

the direct and indirect estimates, was evaluated using the 

loop-specific approach described by Bucher et al.68 We also 

used the design-by-treatment interaction approach and node-

splitting technique to assess the network inconsistency.68 

The design-by-treatment interaction approach was used 

to assess inconsistency globally, while the Bucher et al68 

method and node-splitting technique67 were used to assess 

inconsistency locally in all closed loops. To rank the inter-

vention hierarchy in NMA, the rankograms, the surface area 

under the cumulative ranking (SUCRA) curves as proposed 

by Salanti et al69 and the mean ranks were estimated. The 

number-needed-to-treat was calculated in order to provide 

readers with information on the absolute effect of treatment 

on patients’ outcome.

Excluding treatments in NMAs can occasionally have 

the largest potential to change the results and reduce the 

applicability and usefulness of NMA.70 However, excluding 

treatment that is unimportant from a clinical point of view 

is justifiable.70 Although COX-2 inhibitors seem to be more 

effective in preventing recurrence of adenomas, the balance 

of benefits to risk does not favor chemoprevention.40 Hence, 

we performed the sensitivity analyses separately for low-bias 

risk trials and all trials (low- and high-bias risk trials) con-

cerning the efficacy of CPAs, excluding COX-2 inhibitors, 

to establish the best evidence for potential interventions other 

than COX-2 inhibitors for adenoma prevention. Publication 

bias was examined with a comparison-adjusted funnel plot.

Results
Search findings
A flow diagram depicting the search and selection process is 

provided in Figure S1. Overall, 3,985 records were identified 

by searching databases and additional records. Ultimately, 

we identified 20 potentially eligible RCTs for inclusion in 

our analysis.10,16–21,26–36,71,72 Another 14 relevant articles were 

identified for CPAs but did not meet the eligibility criteria and 

were excluded with reasons (Table S2).14,15,22–25,73–80

characteristics of the included studies
All included studies were randomized and specific for the 

prevention of recurrent colorectal adenomas. Descriptions 

of included studies, interventions and outcomes are sum-

marized in Tables S3–S5. A total of 12,625 participants 

who completed the follow-up colonoscopy and reported 

any adenoma recurrence were included in the main analysis. 

All trials included both men and women with a history of 

adenomas, except in the two-group randomization of the 

Baron et al28 2015 study, where women were elected to be 

randomly assigned to receive either calcium or calcium plus 

vitamin D. The length of follow-up from recruitment to study 

was up to 2–3 years in ten trials and 4–5 years in six trials, 

whereas the follow-up of the remaining small trials ranged 

from ~1.5 to 15 years. Most of the CPA or combinations of 

CPA involved in comparison with placebo were any antioxi-

dants (six trials), followed by calcium (five trials), high-dose 

aspirin (four trials), low-dose aspirin (three trials), folic acid 

(three trials), celecoxib 400 mg/day (two trials) and low-dose 

and high-dose aspirin plus folic acid (two trials); only one 

trial was available for the remaining interventions (celecoxib 

800 mg/day, vitamin D, calcium plus vitamin D and aspirin 

plus calcium plus vitamin D). The dose ranges per day for 
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CPAs were as follows: calcium – 500–2,000 mg (elemental 

calcium), high-dose aspirin – 300–325 mg, low-dose aspirin – 

80–160 mg and folic acid – 0.5–1 mg; celecoxib was used in 

doses of either 400 or 800 mg. All trials of antioxidants used 

comparisons of one or more antioxidants against placebo, 

and the doses were highly varied.

Quality of included studies
A summary of ROB of included RCTs and an ROB graph 

are presented in Table S6 and Figure S2. Among 20 RCTs, 

13 had low ROB in most of the criteria and were categorized 

as RCTs with low ROB in our analysis.16–21,26,28,30,31,34,72,81 

The remaining seven trials showed either unclear or high 

ROB according to most criteria.27,29,32,33,35,36,71 Because of 

differences in ROB, we carried out a sensitivity analysis by 

restricting to RCTs with low ROB.

network consistency
The network of eligible comparisons for any adenoma 

incidence from all trials is shown in Figure 1. Graphical rep-

resentations of all other networks are presented in Figures S3 

and S4). An assessment of inconsistency is presented in 

detail in Tables S7–S9. The test of global inconsistency 

showed no significant difference between the consistency and 

inconsistency models (Table S7). Tests of local inconsistency 

using the loop-specific approach and the node-splitting model 

showed no significant differences between comparisons in 

both outcomes (Tables S8 and S9).

Efficacy of CPAs on any adenoma 
recurrence from pairwise meta-analysis
The results of any adenoma recurrence from single RCTs and 

standard pairwise meta-analysis of direct comparisons and 

their corresponding statistical heterogeneity are presented 

in full in Table S10. Out of 12 interventions, meta-analysis 

of efficacy was feasible for eight CPAs (any antioxidants, 

folic acid, calcium, celecoxib 400 mg/day and low- or high-

dose aspirin with or without folic acid), for which at least 

two datasets were available. Among these eight CPAs, a 

random-effects meta-analysis of all trials showed that only 

celecoxib 400 mg/day (RR 0.70, 95% CI 0.64–0.76), low-

dose aspirin (RR 0.83, 95% CI 0.70–0.99) and calcium 

(RR 0.83, 95% CI 0.75–0.93) were significantly associated 

with a reduction in recurrence of any adenomas compared to 

placebo. Restricting the analysis to trials with low bias risk 

demonstrated similar results.

In two factorial trials,16,30 comparison of low-dose aspirin 

versus high-dose aspirin showed that no interventions 

Figure 1 network plot for incidence of any adenomas.
Notes: The size of the nodes corresponds to the number of trials that study the treatments. Directly comparable treatments are linked with a line; the thickness of the line 
corresponds to the number of trials that assess the comparison.
Abbreviations: antiox, antioxidants; asa-hD, high-dose aspirin; asa-lD, low-dose aspirin; calcium, calcium supplements; cele-400, celecoxib 400 mg/day; cele-800, 
celecoxib 800 mg/day; PcB, placebo; VitD, vitamin D.
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appeared to be superior in reducing adenomas (RR 0.67, 95% 

CI 0.37–1.21). However, in one RCT,30 low-dose aspirin plus 

folic acid demonstrated a significant association in reducing 

any adenomas compared to high-dose aspirin plus folic acid 

(RR 0.75, 95% CI 0.58–0.98), but not with placebo (RR 0.80, 

95% CI 0.61–1.05). Another trial presented two sets of data 

for the comparison of calcium alone versus calcium plus 

vitamin D (factorial arm and two-arm data; provided by 

the author on request)28 and demonstrated no statistically 

significant association with the reduction in any adenomas 

(RR 0.98, 95% CI 0.86–1.12).

Finally, among the remaining CPAs (celecoxib 800 mg/day, 

vitamin D and calcium plus vitamin D) with only one RCT 

available, celecoxib 800 mg/day was statistically significantly 

associated with a reduction in the recurrence of any adenomas 

(RR 0.62, 95% CI 0.55–0.69) compared to placebo. In a 

recent RCT,72 the combination of low-dose aspirin, calcium 

and vitamin D was compared with placebo, but no statisti-

cally significant association was observed in the reduction 

of any adenomas (RR 0.94, 95% CI 0.68–1.29).

Efficacy of CPAs on adenoma recurrence 
from nMa
In order to compare and rank CPAs based on their effects on 

adenoma recurrence, we performed the NMA of the relevant 

RCTs. Network meta-analytic results on adenoma recurrence 

from all trials were reasonably comparable with those from 

standard pairwise meta-analysis (Figure 2). According to the 

findings from the NMA using all trials, celecoxib 800 mg/day 

(RR 0.61, 95% CI 0.45–0.83), celecoxib 400 mg/day (RR 0.70, 

95% CI 0.55–0.87), low-dose aspirin (RR 0.75, 95% CI 

0.59–0.96) and calcium (RR 0.81, 95% CI 0.68–0.97) were 

statistically significantly associated with the reduction in 

any recurrent adenomas. The number needed to treat (NNT) 

was 6, 8, 10 and 13 for celecoxib 800 mg/day, celecoxib 

400 mg/day, low-dose aspirin and calcium, respectively. Since 

we observed varying adenoma recurrence rates in different 

RCTs, these values do not necessarily reflect the magnitude 

of the RR associated with the corresponding agents.

The results of NMA (estimated RR and SUCRA rank) 

for CPAs on the incidence of adenomas from all trials are 

given in Table S11 and Figure S5. SUCRA curves for any 

adenoma incidence are presented in Figure S6.

subgroup analyses: advanced adenoma 
recurrence
A meta-analysis of all trials using a random-effects model 

informing the efficacy on advanced adenomas demonstrated 

that celecoxib 800 mg/day (RR 0.37, 95% CI 0.26–0.51) and 

celecoxib 400 mg/day (RR 0.48, 95% CI 0.38–0.60) were 

statistically significantly associated with a reduction in the 

recurrence of advanced adenomas compared to placebo; 

however, low-dose aspirin (RR 0.84, 95% CI 0.46–1.55) and 

calcium (RR 1.01, 95% CI 0.74–1.38) were not associated 

with reduced advanced adenoma risk. Restricting the analysis 

to trials with low bias risk demonstrated similar results. The 

results of pairwise meta-analyses on advanced adenoma are 

presented in Table S10.

Pairwise and NMA results for the incidence of advanced 

adenomas from all studies are presented in Figure 3. Accord-

ing to the NMA results on the advanced adenoma recurrence 

from all low-bias risk trials, only two CPAs (celecoxib 

800 mg/day [RR 0.37, 95% CI 0.27–0.52] and celecoxib 

400 mg/day [RR 0.48, 95% CI 0.38–0.60]) demonstrated 

evidence of efficacy in reducing advanced adenoma recur-

rence. Meanwhile, low-dose aspirin demonstrated only a 

moderately significant association in reducing advanced 

adenoma recurrence (RR 0.63, 95% CI 0.37–1.09). Results of 

NMA for CPAs on the incidence of advanced adenoma and 

the corresponding SUCRA curves are presented in Table S12 

and Figures S7 and S8, respectively.

sensitivity analyses
The results from multiple sensitivity analyses are reported 

in Tables S13 and S14 and Figures S9 and S10. Overall, 

the results were justifiably robust to the main analysis for 

each outcome based on excluding RCTs on celecoxib and 

restricting to RCTs with low ROB with or without celecoxib. 

The most important sensitivity analysis was the exclusion of 

seven RCTs, which exhibited either unclear or high ROB in 

most criteria. Restricting these RCTs did not have a marked 

effect on the results, although low-dose aspirin plus folic acid 

now showed a statistically significant reduction (RR 0.74, 

95% CI 0.58–0.94) in adenoma recurrence compared to the 

main analysis (Table S13). Sensitivity analyses after exclud-

ing RCTs on celecoxib showed that low-dose aspirin with and 

without folic acid was ranked first and second, respectively, 

followed by calcium; however, no statistically significant 

association was demonstrated for both adenomas (Table S13) 

and advanced adenomas (Table S14).

graDe summary of evidence
A summary of findings and strength of evidence from 

network meta-analyses for important CPAs demonstrating 

the evidence of efficacy in reducing adenoma recurrence is 

shown in Table S15. Using all included trials, our application 
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of GRADE methodology that specifically adapted to NMA65 

led us to conclude that the accumulated evidence for CPAs 

is as follows: celecoxib (high quality), low-dose aspirin 

(moderate quality) and calcium (low quality).

Publication bias
Comparison-adjusted funnel plots for each outcome from the 

network meta-analyses are provided in Figures S11 and S12. 

Comparison adjusted plots showed no evidence of district 

asymmetry.

Discussion
To our knowledge, we performed the first NMA of CPAs in 

the prevention of recurrent colorectal adenomas as a part of 

our systematic review of CPAs for CRC prevention, which 

has been registered with PROSPERO previously.53 The currently 

available best evidence of adenoma prevention is based on the 

results of RCTs and standard meta-analyses of single CPAs 

or CPA classes. In the present systematic review, we captured 

evidence from 20 RCTs evaluating the role of 12 interventions 

(six CPAs with different doses and combinations) in .12,000 

subjects with a history of CRC or adenomas, which makes the 

present review the largest ever analyzed in this field.

Pairwise meta-analytic results demonstrated that cele-

coxib 400 mg/day, low-dose aspirin and calcium were associ-

ated with a significant reduction in any adenomas. According 

to the evidence grading system using trials with low ROB, 

the level of evidence supporting the efficacy of these agents 

against any adenoma was high for celecoxib 400 mg/day, 

moderate for low-dose aspirin and low for calcium. The 

network meta-analytic results in terms of incidence of recur-

rent adenomas from all trials were justifiably comparable with 

those from standard pairwise meta-analysis. Using all trials 

and low-bias risk trials in NMA, we ranked five CPAs for 

which we found evidence of adenoma prevention (celecoxib 

800 mg/day, celecoxib 400 mg/day, low-dose aspirin plus 

folic acid, low-dose aspirin and calcium). However, folic acid 

alone or in combination with aspirin (low- or high dose) did 

not show any significant effects on adenoma incidence in pre-

vious studies;18,49,58,82 this suggests that the effect of low-dose 

aspirin plus folic acid as shown by our NMA could be due 

to low-dose aspirin alone. Hence, we suggest that evidence 

of therapeutic activity in terms of efficacy for the secondary 

prevention of any adenoma recurrence was available for only 

four CPAs, in which celecoxib 400 mg/day and celecoxib 

800 mg/day are the best candidates, followed by low-dose 

aspirin and calcium. The level of evidence supporting the 

efficacy of these CPAs using GRADE methodology adapted 

for NMA was high for celecoxib, moderate for low-dose 

aspirin and low for calcium.65

COX-2 inhibitors (celecoxib 400–800 mg/day) had a 

greater protective effect than low-dose aspirin and calcium 

in reducing the incidence of any recurrent colorectal 

adenomas compared to placebo. However, the beneficial 

effect of COX-2 inhibitors as shown in RCTs did not persist 

during the posttreatment period,20–22 and an increased risk of 

adenoma incidence was observed ~1–2 years after treatment 

cessation.22,74 Moreover, the risk of gastrointestinal83,84 and 

cardiovascular38–40,49,85,86 harms associated with these CPAs 

as shown in previous reviews does not appear to favor these 

drugs as CPAs.

To establish the best evidence for potential interventions 

other than COX-2 inhibitors for adenoma prevention, we 

excluded celecoxib and analyzed the data separately. A sensi-

tivity analysis showed that low-dose aspirin (with or without 

folic acid) was ranked first, followed by calcium. Although 

calcium supplements modestly increase bone density87 and 

have a marginal efficacy against fracture,88,89 the risk of 

cardiovascular events, especially myocardial infarction,90,91 

suggests that a reassessment of the role of calcium as a CPA 

is warranted. Meanwhile, high-quality evidence has shown 

that aspirin can decrease serious adverse events in patients at 

increased risk of cardiovascular disease.92 Although aspirin 

demonstrated a dose-dependent effect relating to the risks 

of gastrointestinal toxicity and hemorrhagic stroke,41–43 the 

use of low-dose aspirin in these individuals would result 

in positive cardiovascular effects and fewer adverse out-

comes, and they would obtain the added benefit of fewer 

colorectal adenomas, as shown by our analysis. However, 

low-dose aspirin failed to show a significant protective effect 

on advanced adenomas. Based on the existing good quality 

RCTs, only celecoxib demonstrated a protective effect 

against advanced adenomas in our NMA. The nonsignificant 

effect of low-dose aspirin on advanced adenoma could be 

due to the small information size (only 373 patients) and 

inconsistent low control event rate (1.2%–8.5%) in the three 

conducted trials used for our analysis.16,17,30 More high-quality 

RCTs comparing low-dose aspirin versus placebo are still 

needed to conclude the evidence for low-dose aspirin on both 

adenomas and advanced adenomas.

With regard to CPAs for which no evidence of adenoma 

prevention is available (antioxidants, folic acid, high-dose 

aspirin, low-dose aspirin plus calcium plus vitamin D and 

vitamin D alone), some considerations are needed. For any 

antioxidant and folic acid, the results from trials having 

a low ROB were consistent with the previous systematic 
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reviews,49,60,82 which demonstrated no evidence of reduction 

in any adenoma recurrence. For aspirin, there is no apparent 

explanation for the absence of a dose–response pattern, as 

seen in the case of celecoxib (400 mg/day and 800 mg/day), 

and the surprising lack of efficacy of the high-dose aspirin. 

A recent RCT demonstrated that the use of high-dose 

aspirin for 4 years increased the risk of adenomas, but not 

for 1 year;16 this observation suggests the need for a reas-

sessment of preventive potential based on the duration of 

use. Although low-dose aspirin and calcium demonstrated 

a possible protective effect against adenomas, surprisingly, 

in one RCT, the combination of these agents (low-dose aspi-

rin 75 mg plus elemental calcium 500 mg plus vitamin D) 

showed no significant effect.72 A possible explanation for 

this finding could be due to the use of lower doses of aspirin 

and calcium compared to previous studies (low-dose aspirin 

81–160 mg; elemental calcium 1,200–2,000 mg) that showed 

a possible protective effect for these agents.14,16,17,26,81 Simi-

larly, the lack of any effect of vitamin D observed in the 

present analysis was consistent with the given results from 

the recent RCT.28

There are some limitations to this systematic review. 

There were few good quality RCTs, and the sample sizes 

of many interventional studies were small. We could not 

confirm the comparative advantage of all CPAs for which 

evidence of activity against adenomas is available over other 

interventions. Moreover, we could not demonstrate a protec-

tive effect against advanced adenomas for most CPAs due 

to insufficient information size from the trials. Furthermore, 

because the follow-up of studies was not sufficiently long, 

we could not explore the long-term effects of CPAs on the 

recurrence of adenomas and the progression to cancer.

Conclusion
The available evidence from NMA suggests that celecoxib 

is more effective in reducing the risk of recurrence of col-

orectal adenomas in patients with a previous history of CRC 

or adenomas, followed by low-dose aspirin and calcium. 

Since COX-2 inhibitors (eg, celecoxib) are associated with 

important cardiovascular events and gastrointestinal harms, 

more attention should be paid to CPAs with favorable 

benefit to risk ratio, such as low-dose aspirin and calcium. 

However, cardiovascular adverse effects associated with 

calcium supplementation in the light of new evidence and the 

deficiency of data informing the appropriate dose of aspirin 

(80 or 160 mg/day) in terms of efficacy and acceptability 

hamper recommendations concerning the use of these agents. 

More high-quality RCTs for low-dose aspirin and calcium are 

still needed in order to confirm their efficacy and acceptability 

in the secondary prevention of the recurrence of colorectal 

adenomas and advanced adenomas.

Acknowledgments
The authors wish to thank Prof Dato’ Dr (Mrs) Kew Siang 

Tong, School of Medicine, International Medical Univer-

sity, and Dr Muhammad Radzi bin Abu Hassan, Head of 

Gastroenterology Service, Ministry of Health, Malaysia, 

for their expertise and advice during the development of the 

protocol. The authors wish to thank Prof Brian L Furman, 

Strathclyde Institute of Pharmacy and Biomedical Sciences, 

Glasgow, UK, for his valuable comments and support, which 

helped to improve the manuscript. The authors also wish to 

thank Mr Razman Shah MohdRazali, reference librarian, 

International Medical University, for providing the full-text 

articles whenever needed.

Author contributions
SKV drafted the protocol. NC revised the protocol. SKV 

and KGL coordinated the identification of trials. SKV and 

SMC conducted the trial selection and the data extraction. 

SKV and SMC independently assessed the ROB. NT and 

SKV conducted the standard statistical analyses, which were 

appraised by SS and NC. SKV and NT drafted the review. 

NT, KGL, SMC, SS, PP and NC revised the review. All 

authors participated in the interpretation of analyses, revised 

and commented on the article and approved the final version 

of the manuscript.

Disclosure
The authors report no conflicts of interest in this work.

References
1. Ferlay J, Soerjomataram I, Dikshit R, et al. Cancer incidence and mor-

tality worldwide: sources, methods and major patterns in GLOBOCAN 
2012. Int J Cancer. 2015;136(5):E359–E386.

2. Arnold M, Sierra MS, Laversanne M, Soerjomataram I, Jemal A, Bray F. 
Global patterns and trends in colorectal cancer incidence and mortality. 
Gut. 2017;66(4):683–691.

3. Veettil SK, Lim KG, Chaiyakunapruk N, Ching SM, Hassan MRA. Col-
orectal cancer in Malaysia: its burden and implications for a multiethnic 
country. Asian J Surg. Epub 2016 Aug 1.

4. Siegel R, DeSantis C, Jemal A. Colorectal cancer statistics, 2014. 
CA Cancer J Clin. 2014;64(2):104–117.

5. U.S. Preventive Services Task Force. Routine aspirin or nonsteroidal 
anti-inflammatory drugs for the primary prevention of colorectal can-
cer: U.S. Preventive Services Task Force recommendation statement. 
Ann Intern Med. 2007;146(5):361–364.

6. Levin B. Potential pitfalls in the use of surrogate endpoints in col-
orectal adenoma chemoprevention. J Natl Cancer Inst. 2003;95(10): 
697–699.

7. Yamaji Y, Mitsushima T, Ikuma H, et al. Incidence and recurrence rates 
of colorectal adenomas estimated by annually repeated colonoscopies 
on asymptomatic Japanese. Gut. 2004;53(4):568–572.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy 2017:10submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

2698

Veettil et al

 8. Levin B, Lieberman DA, McFarland B, et al. Screening and surveil-
lance for the early detection of colorectal cancer and adenomatous 
polyps, 2008: a joint guideline from the American Cancer Society, the 
US Multi-Society Task Force on Colorectal Cancer, and the American 
College of Radiology. CA Cancer J Clin. 2008;58(3):130–160.

 9. CDC [webpage on the Internet]. Colorectal Cancer Screening Rates 
Remain Low. The Centers for Disease Control and Prevention (CDC); 
2013. Available from: http://www.cdc.gov/media/releases/2013/p1105-
colorectal-cancer-screening.html. Accessed December 15, 2016.

 10. Bonithon-Kopp C, Piard F, Fenger C, et al. Colorectal adenoma char-
acteristics as predictors of recurrence. Dis Colon Rectum. 2004;47(3): 
323–333.

 11. Cottet V, Jooste V, Fournel I, Bouvier A-M, Faivre J, Bonithon-Kopp C. 
Long-term risk of colorectal cancer after adenoma removal: a population-
based cohort study. Gut. 2012;61(8):1180–1186.

 12. Strum WB. Colorectal adenomas. N Engl J Med. 2016;374(11): 
1065–1075.

 13. Wang D, DuBois RN. The role of COX-2 in intestinal inflammation 
and colorectal cancer. Oncogene. 2010;29(6):781–788.

 14. Baron JA, Cole BF, Sandler RS, et al. A randomized trial of aspirin to 
prevent colorectal adenomas. N Engl J Med. 2003;348(10):891–899.

 15. Benamouzig R, Deyra J, Martin A, et al. Daily soluble aspirin and 
prevention of colorectal adenoma recurrence: one-year results of the 
APACC trial. Gastroenterology. 2003;125(2):328–336.

 16. Benamouzig R, Uzzan B, Deyra J, et al. Prevention by daily soluble 
aspirin of colorectal adenoma recurrence: 4-year results of the APACC 
randomised trial. Gut. 2012;61(2):255–261.

 17. Ishikawa H, Mutoh M, Suzuki S, et al. The preventive effects of low-dose 
enteric-coated aspirin tablets on the development of colorectal tumours 
in Asian patients: a randomised trial. Gut. 2014;63(11):1755–1759.

 18. Logan RFA, Grainge MJ, Shepherd VC, Armitage NC, Muir KR; ukCAP 
Trial Group. Aspirin and folic acid for the prevention of recurrent 
colorectal adenomas. Gastroenterology. 2008;134(1):29–38.

 19. Sandler RS, Halabi S, Baron JA, et al. A randomized trial of aspirin to 
prevent colorectal adenomas in patients with previous colorectal cancer. 
N Engl J Med. 2003;348(10):883–890.

 20. Arber N, Eagle CJ, Spicak J, et al. Celecoxib for the prevention of col-
orectal adenomatous polyps. N Engl J Med. 2006;355(9):885–895.

 21. Bertagnolli MM, Eagle CJ, Zauber AG, et al. Celecoxib for the pre-
vention of sporadic colorectal adenomas. N Engl J Med. 2006;355(9): 
873–884.

 22. Baron JA, Sandler RS, Bresalier RS, et al. A randomized trial 
of rofecoxib for the chemoprevention of colorectal adenomas. 
Gastroenterology. 2006;131(6):1674–1682.

 23. Ladenheim J, Garcia G, Titzer D, et al. Effect of sulindac on sporadic 
colonic polyps. Gastroenterology. 1995;108(4):1083–1087.

 24. Meyskens FL, McLaren CE, Pelot D, et al. Difluoromethylornithine 
plus sulindac for the prevention of sporadic colorectal adenomas:  
a randomized placebo-controlled, double-blind trial. Cancer Prev Res 
(Phila). 2008;1(1):32–38.

 25. Takayama T, Nagashima H, Maeda M, et al. Randomized double-blind 
trial of sulindac and etodolac to eradicate aberrant crypt foci and to prevent 
sporadic colorectal polyps. Clin Cancer Res. 2011;17(11):3803–3811.

 26. Baron JA, Beach M, Mandel JS, et al. Calcium supplements for the 
prevention of colorectal adenomas. Calcium Polyp Prevention Study 
Group. N Engl J Med. 1999;340(2):101–107.

 27. Hofstad B, Almendingen K, Vatn M, et al. Growth and recurrence of 
colorectal polyps: a double-blind 3-year intervention with calcium and 
antioxidants. Digestion. 1998;59(2):148–156.

 28. Baron JA, Barry EL, Mott LA, et al. A trial of calcium and vitamin D 
for the prevention of colorectal adenomas. N Engl J Med. 2015;373(16): 
1519–1530.

 29. Chu DZJ, Hussey MA, Alberts DS, et al. Colorectal Chemoprevention 
Pilot Study (SWOG-9041), randomized and placebo controlled: the 
importance of multiple luminal lesions. Clin Colorectal Cancer. 2011; 
10(4):310–316.

 30. Cole BF, Baron JA, Sandler RS, et al. Folic acid for the prevention of 
colorectal adenomas: a randomized clinical trial. JAMA. 2007;297(21): 
2351–2359.

 31. MacLennan R, Macrae F, Bain C, et al. Randomized trial of intake 
of fat, fiber, and beta carotene to prevent colorectal adenomas. J Natl 
Cancer Inst. 1995;87(23):1760–1766.

 32. Bonelli L, Puntoni M, Gatteschi B, et al. Antioxidant supplement and 
long-term reduction of recurrent adenomas of the large bowel. A double-
blind randomized trial. J Gastroenterol. 2013;48(6):698–705.

 33. Wu K, Platz EA, Willett WC, et al. A randomized trial on folic acid 
supplementation and risk of recurrent colorectal adenoma. Am J Clin 
Nutr. 2009;90(6):1623–1631.

 34. Greenberg ER, Baron JA, Tosteson TD, et al. A clinical trial of anti-
oxidant vitamins to prevent colorectal adenoma. N Engl J Med. 1994; 
331(3):141–147.

 35. McKeown-Eyssen G, Holloway C, Jazmaji V, Bright-See E, Dion P, 
Bruce WR. A randomized trial of vitamins C and E in the prevention 
of recurrence of colorectal polyps. Cancer Res. 1988;48(16): 
4701–4705.

 36. Ponz de Leon M, Roncucci L. Chemoprevention of colorectal tumors: 
role of lactulose and of other agents. Scand J Gastroenterol Suppl. 1997; 
222:72–75.

 37. Gomez Cerezo J, Lubomirov Hristov R, Carcas Sansuán AJ, Vázquez 
Rodríguez JJ. Outcome trials of COX-2 selective inhibitors: global 
safety evaluation does not promise benefits. Eur J Clin Pharmacol. 2003; 
59(2):169–175.

 38. Jüni P, Nartey L, Reichenbach S, Sterchi R, Dieppe PA, Egger M. Risk 
of cardiovascular events and rofecoxib: cumulative meta-analysis. 
Lancet. 2004;364(9450):2021–2029.

 39. Mukherjee D, Nissen SE, Topol EJ. Risk of cardiovascular events associ-
ated with selective COX-2 inhibitors. JAMA. 2001;286(8):954–959.

 40. Rostom A, Dubé C, Lewin G, et al. Nonsteroidal anti-inflammatory 
drugs and cyclooxygenase-2 inhibitors for primary prevention of col-
orectal cancer: a systematic review prepared for the U.S. Preventive 
Services Task Force. Ann Intern Med. 2007;146(5):376–389.

 41. Serebruany VL, Steinhubl SR, Berger PB, et al. Analysis of 
risk of bleeding complications after different doses of aspirin in 
192,036 patients enrolled in 31 randomized controlled trials. Am J 
Cardiol. 2005;95(10):1218–1222.

 42. Dubé C, Rostom A, Lewin G, et al. The use of aspirin for primary 
prevention of colorectal cancer: a systematic review prepared for the 
U.S. Preventive Services Task Force. Ann Intern Med. 2007;146(5): 
365–375.

 43. Massó González EL, Patrignani P, Tacconelli S, García Rodríguez LA. 
Variability among nonsteroidal antiinflammatory drugs in risk of upper 
gastrointestinal bleeding. Arthritis Rheum. 2010;62(6):1592–1601.

 44. Bibbins-Domingo K; U.S. Preventive Services Task Force. Aspirin 
use for the primary prevention of cardiovascular disease and colorectal 
cancer: U.S. preventive services task force recommendation statement. 
Ann Intern Med. 2016;164(12):836–845.

 45. Campbell CL, Smyth S, Montalescot G, Steinhubl SR. Aspirin dose for 
the prevention of cardiovascular disease: a systematic review. JAMA. 
2007;297(18):2018–2024.

 46. Bonovas S, Fiorino G, Lytras T, Malesci A, Danese S. Calcium supple-
mentation for the prevention of colorectal adenomas: a systematic 
review and meta-analysis of randomized controlled trials. World J 
Gastroenterol. 2016;22(18):4594–4603.

 47. Carroll C, Cooper K, Papaioannou D, Hind D, Pilgrim H, Tappenden P.  
Supplemental calcium in the chemoprevention of colorectal cancer: 
a systematic review and meta-analysis. Clin Ther. 2010;32(5):789–803.

 48. Shaukat A, Scouras N, Schünemann HJ. Role of supplemental calcium 
in the recurrence of colorectal adenomas: a metaanalysis of randomized 
controlled trials. Am J Gastroenterol. 2005;100(2):390–394.

 49. Cooper K, Squires H, Carroll C, et al. Chemoprevention of colorectal 
cancer: systematic review and economic evaluation. Health Technol 
Assess. 2010;14(32):1–206.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com
http://www.cdc.gov/media/releases/2013/p1105-colorectal-cancer-screening.html
http://www.cdc.gov/media/releases/2013/p1105-colorectal-cancer-screening.html


OncoTargets and Therapy 2017:10 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

2699

chemopreventive agents on the incidence of recurrent colorectal adenomas

 69. Salanti G, Ades AE, Ioannidis JPA. Graphical methods and numeri-
cal summaries for presenting results from multiple-treatment meta-
analysis: an overview and tutorial. J Clin Epidemiol. 2011;64(2): 
163–171.

 70. Mills EJ, Kanters S, Thorlund K, Chaimani A, Veroniki A-A, 
Ioannidis JPA. The effects of excluding treatments from network meta-
analyses: survey. BMJ. 2013;347:f5195.

 71. Roncucci L, Di Donato P, Carati L, et al. Antioxidant vitamins or 
lactulose for the prevention of the recurrence of colorectal adenomas. 
Colorectal Cancer Study Group of the University of Modena and the 
Health Care District 16. Dis Colon Rectum. 1993;36(3):227–234.

 72. Pommergaard H-C, Burcharth J, Rosenberg J, Raskov H. Aspirin, cal-
citriol, and calcium do not prevent adenoma recurrence in a randomized 
controlled trial. Gastroenterology. 2016;150(1):114–122.

 73. Grau MV, Sandler RS, McKeown-Eyssen G, et al. Nonsteroidal 
anti-inflammatory drug use after 3 years of aspirin use and colorectal 
adenoma risk: observational follow-up of a randomized study. J Natl 
Cancer Inst. 2009;101(4):267–276.

 74. Arber N, Spicak J, Rácz I, et al. Five-year analysis of the prevention 
of colorectal sporadic adenomatous polyps trial. Am J Gastroenterol. 
2011;106(6):1135–1146.

 75. Baron JA, Beach M, Mandel JS, et al. Calcium supplements and col-
orectal adenomas. Polyp Prevention Study Group. Ann N Y Acad Sci. 
1999;889:138–145.

 76. Bertagnolli MM, Eagle CJ, Zauber AG, et al. Five-year efficacy and 
safety analysis of the Adenoma Prevention with Celecoxib Trial. Cancer 
Prev Res (Phila). 2009;2(4):310–321.

 77. Palmieri Y, editor. Reduction of the Incidence of Metachronous 
Adenomas of the Large Bowel by Means of Antioxidants. Brussels: 
Se-Te Press; 1998.

 78. Li ZY, Gu JL, Zeng Z, Shi W. Clinical study of aspirin in the preven-
tion of recurrence of colorectal adenoma in the elderly. Chinese J Med 
Guide. 2011;13:89.

 79. Benamouzig R, Uzzan B, Deyra J, Martin A, Chaussade S. Prevention 
by aspirin of colorectal adenoma recurrence: some advances and latest 
results of the APACC trial. Curr Colorectal Cancer Rep. 2010;7(1): 
33–41.

 80. Jaszewski R, Misra S, Tobi M, et al. Folic acid supplementation inhibits 
recurrence of colorectal adenomas: a randomized chemoprevention trial. 
World J Gastroenterol. 2008;14(28):4492–4498.

 81. Bonithon-Kopp C, Kronborg O, Giacosa A, Räth U, Faivre J. Calcium 
and fibre supplementation in prevention of colorectal adenoma recur-
rence: a randomised intervention trial. European Cancer Prevention 
Organisation Study Group. Lancet. 2000;356(9238):1300–1306.

 82. Castillo-Lancellotti C, Tur Marí JA, Uauy Dagach R. Suplementación 
con ácido fólico y prevención de recurrencia de adenomas colorrec-
tales; revisión sistemática [Folic acid supplementation and colorectal 
adenoma recurrence: systematic review]. Nutr Hosp. 2012;27(1):13–21. 
Spanish.

 83. Ofman JJ, Maclean CH, Straus WL, et al. Meta-analysis of dyspepsia 
and nonsteroidal antiinflammatory drugs. Arthritis Rheum. 2003;49(4): 
508–518.

 84. Ofman JJ, MacLean CH, Straus WL, et al. A metaanalysis of severe 
upper gastrointestinal complications of nonsteroidal antiinflammatory 
drugs. J Rheumatol. 2002;29(4):804–812.

 85. Caldwell B, Aldington S, Weatherall M, Shirtcliffe P, Beasley R. Risk 
of cardiovascular events and celecoxib: a systematic review and meta-
analysis. J R Soc Med. 2006;99(3):132–140.

 86. Zhang J, Ding EL, Song Y. Adverse effects of cyclooxygenase 2 inhibi-
tors on renal and arrhythmia events: meta-analysis of randomized trials. 
JAMA. 2006;296(13):1619–1632.

 87. Tai V, Leung W, Grey A, Reid IR, Bolland MJ. Calcium intake and 
bone mineral density: systematic review and meta-analysis. BMJ. 
2015;351:h4183.

 88. Bolland MJ, Leung W, Tai V, et al. Calcium intake and risk of fracture: 
systematic review. BMJ. 2015;351:h4580.

 50. Gupta S, Sussman DA, Doubeni CA, et al. Challenges and possible 
solutions to colorectal cancer screening for the underserved. J Natl 
Cancer Inst. 2014;106(4):dju032.

 51. Steinwachs D, Allen JD, Barlow WE, et al. NIH state-of-the-science 
conference statement: enhancing use and quality of colorectal cancer 
screening. NIH Consens State Sci Statements. 2010;27(1):1–31.

 52. Centers for Medicare and Medicaid Services, Office of the Actuary, 
National Health Statistics Group [webpage on the Internet]. National 
Health Expenditure Data; 2012. Available from: https://www.
cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-
and-Reports/NationalHealthExpendData/index.html. Accessed  
December 15, 2016.

 53. Veettil SK, Chaiyakunapruk N, Saokaew S, Ghee LK, Mooi CS. 
Comparative Effectiveness of Chemopreventive Interventions for 
Colorectal Cancer: Protocol for a Systematic Review and Network 
Meta-analysis. PROSPERO 2015; CRD42015025849; 2015. Avail-
able from: http://www.crd.york.ac.uk/PROSPERO/display_record.
asp?ID=CRD42015025849. Accessed December 15, 2016.

 54. Veettil SK, Saokaew S, Lim KG, Ching SM, Phisalprapa P, 
Chaiyakunapruk N. Comparative effectiveness of chemopreventive 
interventions for colorectal cancer: protocol for a systematic review and 
network meta-analysis of randomised controlled trials. J Gastrointest 
Oncol. 2016;7(4):595–602.

 55. Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA Group. Preferred 
reporting items for systematic reviews and meta-analyses: the PRISMA 
statement. Ann Intern Med. 2009;151(4):264–269,W64.

 56. Asano TK, McLeod RS. Non steroidal anti-inflammatory drugs (NSAID) 
and Aspirin for preventing colorectal adenomas and carcinomas.  
Cochrane Database Syst Rev. 2004;2:CD004079.

 57. Baron JA. Epidemiology of non-steroidal anti-inflammatory drugs and  
cancer. Prog Exp Tumor Res. 2003;37:1–24.

 58. Cole BF, Logan RF, Halabi S, et al. Aspirin for the chemoprevention 
of colorectal adenomas: meta-analysis of the randomized trials. J Natl 
Cancer Inst. 2009;101(4):256–266.

 59. Gao F, Liao C, Liu L, Tan A, Cao Y, Mo Z. The effect of aspirin in 
the recurrence of colorectal adenomas: a meta-analysis of randomized 
controlled trials. Colorectal Dis. 2009;11(9):893–901.

 60. Bjelakovic G, Nagorni A, Nikolova D, Simonetti RG, Bjelakovic M, 
Gluud C. Meta-analysis: antioxidant supplements for primary and 
secondary prevention of colorectal adenoma. Aliment Pharmacol Ther. 
2006;24(2):281–291.

 61. Higgins JPT, Altman DG, Gøtzsche PC, et al. The Cochrane Collabora-
tion’s tool for assessing risk of bias in randomised trials. BMJ. 2011; 
343:d5928.

 62. Higgins JPT, Green S [webpage on the Internet]. Cochrane Handbook 
for Systematic Reviews of Interventions Version 5.1.0 [Updated March 
2011].The Cochrane Collaboration; 2011. Available from: http://
handbook.cochrane.org/. Accessed December 15, 2016.

 63. Atkins D, Best D, Briss PA, et al. Grading quality of evidence and 
strength of recommendations. BMJ. 2004;328(7454):1490.

 64. Guyatt GH, Oxman AD, Vist GE, et al. GRADE: an emerging consensus 
on rating quality of evidence and strength of recommendations. BMJ. 
2008;336(7650):924–926.

 65. Puhan MA, Schünemann HJ, Murad MH, et al. A GRADE Working 
Group approach for rating the quality of treatment effect estimates from 
network meta-analysis. BMJ. 2014;349:g5630.

 66. Hoaglin DC, Hawkins N, Jansen JP, et al. Conducting indirect-
treatment-comparison and network-meta-analysis studies: report of the 
ISPOR Task Force on Indirect Treatment Comparisons Good Research 
Practices: part 2. Value Health. 2011;14(4):429–437.

 67. Veroniki AA, Vasiliadis HS, Higgins JPT, Salanti G. Evaluation of 
inconsistency in networks of interventions. Int J Epidemiol. 2013;42(1): 
332–345.

 68. Bucher HC, Guyatt GH, Griffith LE, Walter SD. The results of direct 
and indirect treatment comparisons in meta-analysis of randomized 
controlled trials. J Clin Epidemiol. 1997;50(6):683–691.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com
https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/NationalHealthExpendData/index.html
https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/NationalHealthExpendData/index.html
https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/NationalHealthExpendData/index.html
http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42015025849
http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42015025849
http://handbook.cochrane.org/
http://handbook.cochrane.org/


OncoTargets and Therapy

Publish your work in this journal

Submit your manuscript here: http://www.dovepress.com/oncotargets-and-therapy-journal

OncoTargets and Therapy is an international, peer-reviewed, open 
access journal focusing on the pathological basis of all cancers, potential 
targets for therapy and treatment protocols employed to improve the 
management of cancer patients. The journal also focuses on the impact 
of management programs and new therapeutic agents and protocols on 

patient perspectives such as quality of life, adherence and satisfaction. 
The manuscript management system is completely online and includes 
a very quick and fair peer-review system, which is all easy to use. Visit 
http://www.dovepress.com/testimonials.php to read real quotes from 
published authors.

OncoTargets and Therapy 2017:10submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

Dovepress

2700

Veettil et al

 89. Tang BMP, Eslick GD, Nowson C, Smith C, Bensoussan A. Use of 
calcium or calcium in combination with vitamin D supplementation 
to prevent fractures and bone loss in people aged 50 years and older:  
a meta-analysis. Lancet. 2007;370(9588):657–666.

 90. Bolland MJ, Avenell A, Baron JA, et al. Effect of calcium supplements 
on risk of myocardial infarction and cardiovascular events: meta-
analysis. BMJ. 2010;341:c3691.

 91. Bolland MJ, Grey A, Avenell A, Gamble GD, Reid IR. Calcium supple-
ments with or without vitamin D and risk of cardiovascular events: 
reanalysis of the Women’s Health Initiative limited access dataset and 
meta-analysis. BMJ. 2011;342:d2040.

 92. Antithrombotic Trialists’ Collaboration. Collaborative meta-analysis of 
randomised trials of antiplatelet therapy for prevention of death, myocardial 
infarction, and stroke in high risk patients. BMJ. 2002;324(7329):71–86.

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com/oncotargets-and-therapy-journal
http://www.dovepress.com/testimonials.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com

	Publication Info 4: 
	Nimber of times reviewed 2: 


