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Abstract
AIM: To investigate the association between statin use and colorectal cancer risk, we conducted an updated meta-analysis of published studies.
METHODS: We performed a comprehensive search for studies published up to July 2013. Eligible studies for this meta-analysis were either randomized controlled trials (RCTs) or observational studies (case-control or cohort) evaluating any exposure to statins and the risk of colorectal cancer. Two reviewers selected studies based on predefined inclusion criteria, and abstracted the data. Pooled relative risk (RR) estimates with their 95%CI were calculated using fixed- and random-effects models. Then, we assessed the potential presence of publication bias and between-studies heterogeneity. To evaluate the results, we also performed a “leave-one-out” sensitivity analysis.
RESULTS: A total of 40 studies, involving more than eight million subjects, contributed to the analysis. They were grouped on the basis of study design and, consequently, three separate meta-analyses were conducted. A similar modest reduction in the risk of colorectal cancer with statin use was observed, which was not statistically significant among RCTs (RR = 0.89, 95%CI: 0.74-1.07; n = 8), but reached statistical significance among cohort studies (RR = 0.91, 95%CI: 0.83-1.00; n = 13) and case-control studies (RR = 0.92, 95%CI: 0.87-0.98; n = 19). While we did not find significant evidence of selective outcome reporting or publication bias, substantial heterogeneity was detected, mainly among the observational studies. The sensitivity analysis confirmed the stability of our results.
CONCLUSION: A modest reduction in risk of colorectal cancer among statin users cannot be disproved. Further targeted research is warranted.

© 2014 Baishideng Publishing Group Co., Limited. All rights reserved.
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Core tip: To investigate the association between statin use and colorectal cancer risk, we conducted a systematic review and meta-analysis of published studies. A total of 40 studies, involving more than eight million subjects, contributed to our analysis. A modest reduction in the risk of colorectal cancer with statin use was observed, which was not statistically significant among RCTs (RR = 0.89, 95%CI: 0.74-1.07; n = 8), but reached statistical significance among cohort studies (RR = 0.91, 95%CI: 0.83-1.00; n = 13) and case-control studies (RR = 0.92, 95%CI: 0.87-0.98; n = 19). Further targeted research is warranted.
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INTRODUCTION
Statins are some of the most widely prescribed drugs worldwide[1], as a result of their proven efficacy in the primary and secondary prevention of cardiovascular morbidity and mortality, in a variety of populations[2-7]. Their main mechanism of action is the reduction of serum cholesterol, by means of competitive inhibition of hepatic 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase, which is the rate-limiting enzyme in the mevalonate synthesis pathway[8]; this reduces endogenous cholesterol biosynthesis, leading to decreased levels of low-density lipoprotein (LDL), a major risk factor for atherosclerosis[9]. In addition, statins exert a variety of so-called “pleiotropic” effects on human physiology[10]; these are thought to contribute to their principal cardiovascular benefit[11,12], although this has not as yet been reflected in clinical trial data[13].

Because of their pleiotropic effects, it has been suggested that statins might have an effect on cancer risk and play a role in cancer chemoprevention[10,14-16]. Data from in vitro and animal model studies have been encouraging[17], but the epidemiological evidence remains inconclusive[18]. In addition, several meta-analyses of randomized controlled trials (RCTs) of statins for cardiovascular outcomes failed to find an association between statin use and overall cancer risk[19-22]. Cancer is not a homogenous disease entity however, and the effects of statins might significantly differ according to anatomical site and molecular type. Thus, overall cancer risk is not a very sensitive outcome, and may mask important effects of statins at particular sites.

The relation between statins and colorectal cancer has been the focus of a growing body of both basic and epidemiological research[23,24]. A fair amount of epidemiological studies have examined the effect of statins on colorectal cancer risk, with often inconsistent results ranging from very protective[25] (47% risk reduction) to moderately harmful[26] (7% risk increase). In 2007, we undertook a meta-analysis of published studies reporting on statin use and colorectal cancer risk[27]; at that time we identified 18 studies (6 RCTs and 12 observational) and concluded that the evidence did not support a strong reduction in colorectal cancer risk by the use of statins in usual dosage, although a modest protective effect or an effect at higher doses could not be excluded. Since then, many additional studies have been published, and therefore we sought to update our previous systematic review and meta-analysis to reflect the current totality of evidence on statins and colorectal cancer risk.

MATERIALS AND METHODS

Search strategy

We identified studies by a systematic literature search of MEDLINE electronic database (1966 through July 2013). We ran two queries, one aimed at RCTs and one aimed at observational studies (case-control or cohort). Query Ⅰ was: [“Randomized Controlled Trial” (ptyp)] AND (“HMG-CoA reductase inhibitor” OR “HMG-CoA reductase inhibitors” OR “HMG-CoA reductase inhibitor” OR “HMG-CoA reductase inhibitors” OR statin OR statins OR atorvastatin OR cerivastatin OR fluvastatin OR lovastatin OR mevastatin OR pravastatin OR rivastatin OR rosuvastatin OR simvastatin). Query Ⅱ was: (“HMG-CoA reductase inhibitor” OR “HMG-CoA reductase inhibitors” OR statin OR statins OR atorvastatin OR cerivastatin OR fluvastatin OR lovastatin OR mevastatin OR pravastatin OR rivastatin OR rosuvastatin OR simvastatin OR pitavastatin) AND (cancer OR cancers OR neoplasm OR neoplasms OR malignancy OR malignancies).

In addition, we browsed the reference lists of relevant narrative and systematic reviews, and asked a knowledgeable expert to identify any additional studies. We browsed the title and abstract of all identified studies to exclude any that were clearly irrelevant. The full text of the remaining articles was read to determine whether it contained information on the topic of interest.

Selection criteria

Eligible studies for this meta-analysis were either RCTs or observational studies (case-control or cohort) evaluating any exposure to statins and the risk of colorectal cancer. In order to be included in the meta-analysis, studies had to report an estimated measure of effect size (risk ratio, rate ratio, hazard ratio or odds ratio) and its associated CI, or had to provide enough data to calculate such an effect measure and CI. In cases of multiple publications from the same population, only data from the most recent report were included.

In particular, RCTs were considered eligible if they (1) evaluated a statin therapy compared with placebo or no treatment; (2) had no other intervention difference between the experimental and the control group; (3) enrolled at least 2000 participants; (4) had a minimum duration of 2 years; and (5) reported the incidence of colorectal cancer in both arms during the trial period. The fourth criterion was used because the effects of the intervention may require long-term exposure. In addition, as colorectal cancer is a rare disease, RCTs of short duration are unlikely to register any significant number of cases.

We did not assess the methodological quality of the primary studies, since quality scoring in meta-analyses of observational studies is controversial, as it is for RCTs[28,29]. Instead, we performed subgroup and sensitivity analyses, as is recommended.

Data extraction

Two reviewers (Lytras T, Bonovas S) abstracted the data independently. The following information was collected from each study: (1) citation data, first author’s last name, year of publication, and country of the population studied; (2) study design; (3) number of subjects; (4) relative risk (RR) and 95%CI; (5) for RCTs, the number of events (colorectal cancer cases) in the statin and control groups; (6) definition of statin exposure; and (7) control for confounding factors by matching or adjustments, if applicable.

Risk ratios and 95%CI were calculated for each RCT by reconstructing contingency tables based on the number of subjects randomly assigned and the number of subjects with incident colorectal cancer (analysis in accordance with the intention-to-treat principle). In observational studies, we extracted the RR estimates that reflected the greatest degree of control for potential confounders. Differences in data extraction were resolved by consensus, referring back to the original article.

Statistical analysis

We included in this meta-analysis studies reporting different measures of relative risk: RCTs (risk ratio), cohort studies (rate ratio, hazard ratio), and case-control studies (odds ratio). In practice, these measures of effect yield very similar RR estimates, since the absolute risk of colorectal cancer is very low[30].

Studies were grouped on the basis of study design, and three separate meta-analyses were conducted: one each for RCTs, cohort studies and case-control studies, using both fixed-effects and random-effects models. This was done to examine consistency of results across varying study designs with different potential biases. We also compared the summary RR estimates derived from the three separate meta-analyses with a test of interaction[31].

Each meta-analysis was performed twice, assuming either a fixed-effects or a random-effects model. In the absence of heterogeneity, the fixed-effects and the random-effects models provide similar results. When heterogeneity is found, the random-effects model is considered to be more appropriate, though both models may be biased[32].

For all statistical analyses we used the R software environment[33], version 3.0.1, and the “meta” package for R[34], version 2.3-0. For RCTs we used the function “metabin” to perform meta-analysis of binary outcome data, using as input the number of colorectal cases per group in each study; the Mantel-Haenszel method[35] was used to calculate pooled estimates, and the DerSimonian-Laird method[36] to estimate between-study variance in the random-effects model. For cohort and case-control studies we used the function “metagen”, inputting the log RR and its standard error (SE) for each study; the inverse variance weighting method was used to calculate pooled estimates, and the DerSimonian-Laird method[36] to estimate between-studies variance in the random-effects model. The standard error of the log RR was calculated from the upper (U) and lower (L) limits of the 95%CI published in each study, using the formula SE = (logU-logL)/(2 × 1.96).

Selective outcome reporting or publication bias was assessed using the Begg and Mazumdar adjusted rank correlation test[37] and the Egger regression asymmetry test[38]. To evaluate whether the results of the studies were homogeneous, we used the Cochran’s Q test with a 0.10 level of significance. We also calculated the I2 statistic[39] that describes the percentage variation across studies that is due to heterogeneity rather than chance. Negative values of I2 were put equal to zero, so that I2 lies between 0% (i.e., no observed heterogeneity) and 100%. We regarded an I2 value less than 40% as indicative of “not important heterogeneity” and a value higher than 75% as indicative of “considerable heterogeneity”[40].

All P-values are two-tailed. For all tests (except for heterogeneity), a probability level less than 0.05 was considered statistically significant. This work was performed according to the guidelines proposed by the Meta-analysis of Observational Studies in Epidemiology (MOOSE) group[41], and the PRISMA (Preferred Reporting Items for Systematic reviews and Meta-Analyses) statement[42].

RESULTS
Search results

The results of our search process are presented on Figure 1. We identified and analyzed 40 independent studies that met the predefined inclusion criteria[4,5,24,25,39-74]. Eight out of 40 were RCTs of statins for cardiovascular outcomes[4,5,43-48], 13 were cohort studies[49-61], and 19 were case-control studies[25,26,62-78]. Sixteen studies had been included in the previous meta-analysis[4,5,25,45-48,60,61,72-78] while 24 were newly published[26,43,44,49-59,62-71], of which 2 RCTs[43,44], 11 cohort studies[49-59] and 11 case-control studies[26,62-71].

In total, the 40 studies involved more than 8.2 million subjects. The number of colorectal cancer cases ranged from 32 to 245 in the RCTs, from 76 to 6637 in the cohort studies, and from 56 to 36736 in the case-control studies. Three out of the 40 studies had been published solely in abstract form[73-75], and one was an academic dissertation[62]. One study from Japan[54] was a pooled analysis of two randomized trials and one cohort study, providing a single summary RR for statin use and colorectal cancer; we treated this as a single cohort study.

Seven out of eight RCTs were placebo-controlled[4,5,43-45,47,48], while one RCT was a non-blinded trial comparing statin treatment with a usual care control group[46]. All RCTs reported site-specific cancer outcomes, including colorectal cancer, as secondary endpoints. We were thus able to conduct a post hoc analysis of these trials and calculate risk ratios for colorectal cancer in an intention-to-treat analysis. All observational studies[24,25,47-76] evaluated exposure to statins and risk of colorectal cancer, and were controlled for various potential confounding factors by matching or adjustments. The publication dates of the studies included in the meta-analysis ranged between 1996 and 2013. Study designs, along with the RR estimates and 95%CI are shown in Table 1 for the RCTs, in Table 2 for the cohort studies, and in Table 3 for the case-control studies.

Meta-analysis of RCTs

Eight large RCTs contributed to the analysis[4,5,43-48]. A total of 77994 individuals participated in these trials; 39002 in treatment groups and 38992 in control groups. The participants had a mean follow-up of approximately 5.0 years and a total experience of 390000 person-years. Five trials[4,43-45,47] reported a lower risk of colorectal cancer in the treatment group, while the other three trials[5,46,48] reported a higher risk (Table 1). None was statistically significant. The overall rate of colorectal cancer on all 8 RCTs was 0.83% in the statin group (325 incident cases) and 0.93% in the control group (361 incident cases). We found a modest but not statistically significant protective association ( about 10% risk reduction) of statin use against colorectal cancer, both under the assumption of a fixed-effects model (RR = 0.90, 95%CI: 0.78-1.04), or a random-effects model (RR = 0.89, 95%CI: 0.74-1.07) (Table 4). Figure 2 shows the forest plot of the RR estimates and 95%CI from the individual trials and the pooled results. The Cochran’s Q test had a p-value of 0.23 and the corresponding I2 statistic was 25%, both indicating little variability between studies that cannot be explained by chance. The p-values for the Begg’s and the Egger’s tests were P = 0.22 and P = 0.31, respectively, both suggesting a low probability of selective outcome reporting or publication bias. Figure 3 shows the contribution of the randomized studies (represented by the blue points) in the overall funnel plot, while Figure 4 shows the incidence of colorectal cancer in the statin group against the incidence in the control group, across the 8 RCTs (L’Abbé plot)[79]. This plot demonstrates no substantial heterogeneity between studies, and no relation of statin effect to baseline risk of colorectal cancer.

When the analysis was restricted to trials that evaluated statin therapy compared with placebo[4,5,43-45,47,48], the results did not substantially change (fixed-effects model: RR = 0.86, 95%CI: 0.74-1.01; random-effects model: RR = 0.85, 95%CI: 0.71-1.03; Cochran’s P = 0.30 and I2 = 17%; Begg’s P = 0.18 and Egger’s P = 0.24). Similarly, after stratifying the data in two subgroups (lipophilic[5,45,47] vs lipophobic statins[4,43,44,46,48]), we did not find any statistically significant association between lipophilic or lipophobic statins and risk of colorectal cancer (Table 4). Last, to explore whether the results were dominated by a single study, we performed a “leave-one-out” sensitivity analysis, removing one study at a time (Figure 5A). This approach confirmed the stability of our results.

Meta-analysis of cohort studies

Thirteen cohort studies[49-61] evaluating exposure to statins and colorectal cancer risk were included in the meta-analysis (Table 2, Figure 2). Approximately seven million patients participated in these studies, with the occurrence of 30019 colorectal cancer cases. Four cohort studies reported not an overall, but two or more “correlated” subgroup effect-estimates[49,53,55,58]; however, based on the available data, we were able to calculate study-specific crude RR estimates for these four studies for the purpose of our meta-analysis (Table 2).

Statin use was associated with a modest reduction in the risk of colorectal cancer, and this association reached statistical significance both under a fixed-effects model (RR = 0.96, 95%CI: 0.93-0.99) and under a random-effects model (RR = 0.91, 95%CI: 0.83-1.00) (Table 4, Figure 2). However, the Cochran’s Q test had a p-value lower than 0.001 and the corresponding I2 statistic was 83%, indicating substantial heterogeneity between studies. In the sensitivity analysis (Figure 5B), omitting any single study did not lower the I2 further than 78%. The p-values for the Begg’s and the Egger’s tests were P = 0.54 and P = 0.22, respectively, suggesting a low probability of publication bias.

Meta-analysis of case-control studies

Nineteen case-control studies[25,26,62-78] evaluated exposure to statins and colorectal cancer risk (Table 3). A total of 1.3 million patients participated in these studies, of which 100000 were colorectal cancer cases. Once again, statin use was associated with a similar modest reduction in the risk of colorectal cancer, which was statistically significant under both a fixed-effects model (RR = 0.93, 95%CI: 0.91-0.96) and a random-effects model (RR = 0.92, 95%CI: 0.87-0.98) (Table 4, Figure 2). We found substantial heterogeneity between studies; the Cochran’s Q test had a p-value lower than 0.001 and the corresponding I2 statistic was 64%. In the “leave-one-out” sensitivity analysis, we identified the study by Vinogradova et al[26] as contributing most to the between-studies variability, but not to a crucial degree; excluding this study from the analysis lowered the I2 to 50%. The p-values for the Begg’s and the Egger’s tests were P = 0.46 and P = 0.27, respectively, suggesting a low probability of publication bias.

When the analysis was limited to studies published in full-text, i.e., excluding those published solely in abstract form[73-75], the results did not appreciably change (Table 4). The association between statins and colorectal cancer risk remained statistically significant assuming either a fixed-effects model (RR = 0.94, 95%CI: 0.91-0.98), or a random-effects model (RR = 0.90, 95%CI: 0.83-0.99). The Cochran’s Q test had a p-value lower than 0.001, and the corresponding I2 was 69%. The p-values for the Begg’s and the Egger’s tests were P = 0.47 and P = 0.19, respectively, but the funnel plot was slightly asymmetric, indicating a small likelihood of publication bias. Thus, selective publication of smaller case-control studies with statistically significant results might have occurred to some extent. It should be noted, however, that the result of our meta-analysis of case-control studies was fairly robust in the “leave-one-out” sensitivity analysis (Figure 5C); removal of any single study did not alter the statistical significance of the pooled estimate.

Combined analysis

We compared pairwise the pooled RR estimates derived from the three separate analyses with a test of interaction[31]. We found no statistically significant differences between estimates, either between those assuming a fixed-effects model (RCTs vs cohort studies, z = 0.81, P = 0.42; RCTs vs case-control studies, z = 0.49, P = 0.62; cohort studies vs case-control studies, z = 1.23, P = 0.22) or those assuming a random-effects model (RCTs vs cohort studies, z = 0.18, P = 0.86; RCTs vs case-control studies, z = 0.36, P = 0.72; cohort studies vs case-control studies, z = 0.30, P = 0.76).

In addition, we performed a combined analysis of observational studies, i.e., cohort and case-control studies (Table 4). Statin use was again associated with a modest reduction in the risk of colorectal cancer, which was statistically significant assuming either a fixed-effects model (RR = 0.94, 95%CI: 0.92-0.96) or a random-effects model (RR = 0.92, 95%CI: 0.87-0.96; n = 32). The Cochran’s Q test had a p-value lower than 0.001 and the corresponding I2 statistic was 75%, indicating substantial between-studies variability. The p-values for the Begg’s and the Egger’s tests were P = 0.36 and P = 0.16, respectively, both suggesting a very low probability of publication bias.

Combining all 40 studies for analysis yielded very similar results (Table 4). This is expected, as this particular analysis was dominated by the observational studies (36 studies; 8.1 million participants). These studies accounted for 92.3% and the 98.5% of the weight in the fixed- and the random-effects model, respectively.

Finally, we attempted to analyze the effect of statins separately in colon and rectal cancer. Six cohort studies (out of 13) and five case-control studies (out of 19) provided results by colorectal cancer subsite. In these 11 studies, statins did not appear to have an effect on colon cancer, assuming either a fixed-effects model (RR = 0.97, 95%CI: 0.93-1.02), or a random-effects model (RR = 0.95, 95%CI: 0.87-1.04). The Cochran’s Q test had a P-value of 0.02, and the corresponding I2 was 54%. The p-values for the Begg’s and the Egger’s tests were P = 0.31 and P = 0.39, respectively. As regards rectal cancer, the fixed-effects model suggested no effect of statins (RR = 0.98, 95%CI: 0.91-1.05) but the random-effects model suggested a statistically significant effect (RR = 0.78, 95%CI: 0.62-0.97). The Cochran’s Q test had a P-value lower than 0.001 and the corresponding I2 was 79%, indicating substantial heterogeneity. The P-values for the Begg’s and the Egger’s tests were P = 0.59 and P = 0.06, respectively, which highlights a significant potential for selective outcome reporting bias in this analysis.

DISCUSSION
Cancer chemoprevention is an area of research that focuses on cancer prevention through pharmacological, biological, and nutritional interventions[80,81]. In recent years, a growing body of studies suggests that statins may have chemopreventive potential against cancer[14,15]. However, these hypotheses have not been confirmed by meta-analyses on the association between statin use and most site-specific cancers[82-86]. On the other hand, concerns have also been raised about the safety of statins, especially among elderly patients[87-89].

Meta-analysis is a systematic and quantitative integration of the results of a set of independent studies. It allows for an objective appraisal of the epidemiological evidence, which may lead to resolution of uncertainty and disagreement[90]. We undertook this updated meta-analysis to examine the latest evidence on the association of statin use and colorectal cancer risk. Our results again exclude the strong protective effect (47% risk reduction) of statins first noted in the study by Poynter et al[25]. However, a more mixed picture emerges from the 40 studies included in the analysis; a modest (on the order of 10% risk reduction) protective effect of statin use at therapeutic doses against colorectal cancer cannot be excluded by these data.

The point estimates from the three individual meta-analyses were almost identical (RCTs, RR = 0.89; cohort studies, RR = 0.91; case-control studies, OR = 0.92; results from random-effects models), with the effect reaching statistical significance for cohort and case-control studies, but not for RCTs. This is not unexpected, as these were RCTs with cardiovascular primary outcomes and mean follow-up was short (range: 2.0-10.4 years) with only two studies exceeding 6 years; in comparison, a single pre-existing adenomatous colorectal polyp typically requires 10-15 years to evolve into clinically invasive cancer[91]. As a result, there were few incident colorectal cancer cases and low statistical power in these trials to detect any effect of statin use. More importantly, however, the follow-up time may be insufficient in order for statins to meaningfully affect the neoplastic process and demonstrate an effect on colorectal cancer incidence. For this reason, any potential such effect of statins in these trials might reflect a slower evolution of pre-existing pre-malignant lesions, rather than a lower incidence of new lesions.

Our result for RCTs is not inconsistent with that of a recent individual patient data meta-analysis from the Cholesterol Treatment Trialists’ (CTT) Collaboration[22], which showed a lack of effect of statin use on colorectal cancer incidence (RR = 0.97, 95%CI: 0.87-1.09). That study included 27 RCTs that had the same limitations as the eight we included, i.e., short follow-up time (mean: 4.1 years), few colorectal cancer cases (1114 in total, overall rate of 0.64%) and ascertainment of colorectal cancer as a secondary outcome. It should also be noted that our findings for RCTs are consistent with those corresponding to the association between fibrates and colorectal cancer risk (RR = 0.98, 95%CI: 0.71-1.34), reported in a recent systematic review and meta-analysis of our research group[92].

Because of the limitations of RCTs, it is important to also examine the association of statin use and colorectal cancer risk through observational evidence. In our study, meta-analysis of both cohort and case-control studies revealed statistically significant effects, but high between-studies heterogeneity. This heterogeneity is important to consider, because it may point to a variable effect of statin use in different populations and in different colorectal cancer subtypes. Colorectal cancer is a heterogeneous disease in terms of molecular subtypes[93], and inherited genetic susceptibility plays a role in a significant proportion of cases[94]. The observational studies analyzed were performed in diverse populations from eleven countries, each of whom might have a different susceptibility profile and different molecular epidemiology of colorectal cancer. Pharmacogenomics might play an important role, and indeed evidence has emerged about a particular gene polymorphism that modifies the effect of statins on colorectal cancer[95]. Therefore, substantial differences may underlie the overall effect observed in our meta-analysis.

When undertaking a meta-analysis of observational studies, bias and confounding may always be an alternative explanation for the results. The 13 cohort and 19 case-control studies were statistically controlled for a large number of potential confounders, but adjustment for too many factors can itself introduce bias[96], and adjustment for different factors in different studies may also explain the substantial heterogeneity observed. In any event, the possibility of residual confounding cannot be excluded, either from unknown or unmeasured factors, or from imperfectly adjusted real confounders. 

In this context, one such confounder of particular interest is the socioeconomic status of patients[97], which may underlie important differences between statin users and non-users as regards lifestyle choices and health-seeking behaviors. Notably, despite the large number of potential confounders controlled for by the 32 observational studies included in our analysis, only two studies[26,56] adjusted their results for socioeconomic status.

Selection bias and publication bias is another possibility that could affect both randomized and observational studies. Our literature search was as fully inclusive as possible, and we did not exclude any study because of methodological characteristics or subjective quality criteria. Nevertheless, we did not search for unpublished studies or original data. The Begg’s and the Egger’s tests for all three study types did not show a high likelihood of selective outcome reporting or publication bias, and the funnel plot showed no obvious asymmetry for RCTs and cohort studies, but a slight asymmetry for case-control studies. Thus selective publication of smaller case-control studies with statistically significant results might have occurred to some extent. It should be noted, however, that the result of our meta-analysis of case-control studies was fairly robust in the sensitivity analysis.

By similar reasoning, our sub-analyses of the effect of statins on colon and rectal cancer should be interpreted with caution. A differential effect of statins by colorectal cancer subsite is biologically plausible, due to differences in embryology and physiology. In our analysis, however, available data were scarce (only 11 of 32 observational studies) and there is no way to evaluate and control for outcome reporting bias.

In conclusion, it is safe to say that statins do not appear to strongly reduce the overall risk of colorectal cancer in the general population, at the low doses for managing hypercholesterolemia. However, there is some evidence to suggest a modest overall risk reduction, which could be a composite of an effect of statins in some populations and some colorectal cancer types, and lack of effect in others. Therefore, we believe it is not the end of the road, as has been suggested[98], for statins and colorectal cancer; rather a new approach is needed. One needs to focus more on basic research and pharmacogenomics, and perform epidemiological studies and clinical trials on high risk populations that might be more likely to benefit from statins, either as primary chemoprevention or as an adjuvant to treatment. In the meantime, the use of statins should remain restricted to the approved indications.
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FIGURE LEGENDS

Figure 1  Summary of evidence search and selection.
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Figure 2  Forest plot: results from individual studies and meta-analyses. The RR and 95%CI for each study are displayed on a logarithmic scale. Pooled estimates are from a random-effects model. 
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Figure 3  Funnel plot of observed relative risk against standard error (as a surrogate of study size) for all studies analyzed. RCT: Randomized controlled trials.
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Figure 4  L’Abbé plot of the incidence of colorectal cancer in the experimental (statin) group, against the incidence in the control group, across the analyzed randomized controlled trials (n = 8).
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Figure 5  ‘‘Leave-one-out” sensitivity analysis for the three meta-analyses: pooled estimates are from random-effects models with one study omitted at a time. A: Randomized controlled trials, B: Cohort studies, C: Case-control studies.
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Table 1  Randomized controlled trials included in the meta-analysis


Study�
Agent�
All subjects�
Duration (yr)�
Incident colorectal cancer cases�
RR�
95%CI�
�
�
�
�
�
Statin group�
Control group�
�
�
�
JUPITER[43]�
Rosuvastatin�
16304�
Median: 2.0�
 16 of 8154�
 28 of 8150�
0.57�
0.31-1.05�
�
WOSCOPS[44]�
Pravastatin�
  6577�
   Mean: 4.9�
 12 of 3291�
 20 of 3286�
0.60�
0.29-1.23�
�
4S[47]�
Simvastatin�
  4444�
  Median: 10.4�
 25 of 2221�
 32 of 2223�
0.78�
0.46-1.32�
�
ALLHAT-LLT[46]�
Pravastatin�
10355�
   Mean: 4.8�
461 of 5170�
381 of 5185�
1.21�
0.79-1.86�
�
HPS[45]�
Simvastatin�
20536�
   Mean: 5.0�
 114 of 10269�
 131 of 10267�
0.87�
0.68-1.12�
�
LIPID[48]�
Pravastatin�
  9014�
   Mean: 8.0�
 75 of 4512�
 71 of 4502�
1.05�
0.76-1.45�
�
AFCAPS[5]�
Lovastatin�
  6605�
   Mean: 5.2�
251 of 3304�
201 of 3301�
1.25�
0.70-2.24�
�
CARE[4]�
Pravastatin�
  4159�
   Mean: 4.8�
 12 of 2081�
 21 of 2078�
0.57�
0.28-1.16�
�
1Figures for colon cancer rather than colorectal cancer.





Table 2  Cohort studies included in the meta-analysis


Study�
Study location�
All subjects�
CRC cases�
RR�
95%CI�
Control for potential confounding factors2�
�
Clancy et al[50], 2013�
Italy�
  266109�
2420�
0.84�
0.76-0.93�
1-9�
�
Leung et al[49], 2013 �
Taiwan�
    34205�
  654�
0.57�
 0.45-0.721�
-�
�
Simon et al[51], 2012�
United States�
  159219�
2000�
0.99�
0.83-1.20�
1, 4, 10-27�
�
Jacobs et al[53], 2011�
United States�
  133255�
1739�
1.03�
 0.94-1.141�
-�
�
Lee et al[52], 2011�
United States�
  131922�
1680�
0.97�
0.84-1.12�
1, 6, 10, 12, 13, 28-34�
�
Haukka et al[55], 2010�
Finland�
  944962�
5016�
1.04�
 0.98-1.101�
-�
�
Matsushita et al[54], 2010�
Japan�
    13724�
    76�
1.22�
0.77-1.94�
-�
�
Flick et al[57], 2009�
United States�
    69115�
  171�
0.89�
0.61-1.30�
1, 4, 6, 10-13, 15, 18, 19, 28, 35-38�
�
Singh et al[56], 2009�
Canada�
  413271�
6637�
1.13�
1.02-1.25�
1-4, 6, 7, 16, 39-42�
�
Friedman et al[58], 2008�
United States�
4243067�
5684�
0.88�
 0.82-0.961�
-�
�
Farwell et al[59], 2008�
United States�
    62842�
  687�
0.65�
0.55-0.78�
1, 6, 11, 13, 19, 29, 43-53�
�
Setoguchi et al[60], 2007�
United States�
    31723�
  249�
0.96�
0.70-1.31�
1-9, 39, 43, 54-64�
�
Friis et al[61], 2005�
Denmark�
  334754�
3006�
0.85�
0.65-1.11�
1, 2, 4, 16, 66�
�
1Calculated crude relative risk (RR); 21: Age; 2: Sex; 3: Inflammatory bowel disease; 4: Use of nonsteroidal anti-inflammatory drugs; 5: Obesity; 6: Colonoscopy; 7: Comorbidity score; 8: Distinct generic medicines taken; 9: Prior hospitalizations; 10: Body mass index; 11: Smoking status; 12: Family History of colorectal cancer; 13: Alcohol use; 14: Education; 15: Physical activity level; 16: Hormone replacement therapy; 17: Ethnic group; 18: Colorectal polyps; 19: Cardiovascular disease; 20: Calcium intake; 21: Percent energy from fat; 22: Fruit and vegetable intake; 23: Calcium supplement use; 24: Selenium supplement use; 25: Current healthcare provider; 26: Last medical visit within one year; 27: Colon screening; 28: Red meat consumption; 29: Use of aspirin; 30: Calendar year; 31: Study; 32: Pack-years of smoking before age 30; 33: Height; 34: Total energy intake; 35: Hypercholesterolemia; 36: Multivitamin use; 37: Energy-adjusted fibre intake; 38: Folate intake; 39: Benign mammary dysplasia; 40: Coronary heart disease; 41: Resective colorectal surgery; 42: Socioeconomic status; 43: Diabetes; 44: Weight; 45: Thyroid disease; 46: Hypertension; 47: Renal failure; 48: Chest pain; 49: Mental illness; 50: Lung disease; 51: Gastrointestinal Disease; 52: Prostate disease; 53: Total cholesterol; 54: Race; 55: Arthritis; 56: Use of gastroprotective drugs; 57: Estrogen use; 58: Tobacco abuse; 59: Mammography; 60: Gynecologic examination; 61: Pap smear; 62: Fecal occult blood; 63: Number of physician visits; 64: Prior nursing home stay; 65: History of heart attack; 66: Use of cardiovascular drugs. CRC: Colorectal cancer. 





Table 3  Case-control studies included in the meta-analysis


Study�
Study location�
All subjects�
CRC cases�
OR�
   95%CI�
Control for potential confounding factors2�
�
Deshpande[62], 2013�
United States�
  73472�
36736�
  0.96�
    0.89-1.05�
1-4�
�
Broughton et al[64], 2012�
United Kingdom�
      233�
    101�
  0.43�
    0.25-0.80�
1, 2, 5-8�
�
Lakha et al[63], 2012�
United Kingdom�
      603�
    309�
  0.33�
    0.15-0.69�
1-3, 9-15�
�
Cheng et al[65], 2011�
Taiwan�
    5780�
  1156�
  1.09�
    0.91-1.30�
1-3, 5, 8, 9, 16-21�
�
Vinogradova et al[26], 2011�
United Kingdom�
  60373�
11749�
  1.07�
    1.00-1.15�
1-3, 7, 9, 11, 12, 22-27�
�
Robertson et al[66], 2010�
Denmark�
109769�
  9979�
  0.87�
    0.80-0.96�
1, 2, 5-7, 9, 10, 19�
�
Hachem et al[68], 2009�
United States�
  30400�
  6080�
  0.91�
    0.86-0.96�
1-4, 9, 16, 19, 20, 28, 29�
�
Shadman et al[67], 2009�
United States�
    2044�
    669�
  1.17�
    0.74-1.85�
1, 4, 11, 12, 30-33�
�
Boudreau et al[70], 2008�
United States�
    1330�
    665�
  1.02�
    0.65-1.59�
1, 2, 5, 9, 11, 12, 32�
�
Yang et al[69], 2008�
United Kingdom�
  48724�
  4432�
  1.10�
    0.50-2.20�
1, 2, 4, 6, 7, 9, 11, 12, 32, 34�
�
Hoffmeister et al[71], 2007�
Germany�
    1154�
    540�
  0.69�
    0.45-1.06�
1, 2, 4-7, 9, 11, 12, 30-32, 35-37�
�
Coogan et al[72], 2007�
United States�
    3618�
  1809�
  0.92�
    0.78-1.09�
1, 2, 4, 9, 10�
�
Li et al[73], 2006�
United States�
      741�
     3391�
0.8�
    0.34-1.87�
1, 2, 5, 6, 9, 11, 12, 30, 38�
�
Poynter et al[25], 2005�
Israel�
    3968�
  1953�
  0.53�
    0.38-0.74�
1, 2, 9, 30, 36, 39-41�
�
Rubin et al[74], 2005�
United States�
387240�
18440�
  0.92�
    0.89-0.96�
1, 2, 4, 9, 17, 42-45�
�
Kaye et al[76], 2004�
United Kingdom�
  18088�
     3291�
1.0�
0.6-1.7�
1, 2, 11, 12, 42�
�
Graaf et al[77], 2004�
Netherlands �
  20105�
     2921�
  0.87�
    0.48-1.57�
1, 2, 5, 9, 17, 18, 32, 34, 46-49�
�
Khurana et al[75], 2004�
United States�
534273�
53391�
  0.94�
    0.89-1.00�
1, 2, 6, 9, 12, 38, 50�
�
Blais et al[78], 2000�
Canada�
    5962�
    561�
  0.83�
    0.37-1.89�
1, 2, 14, 18, 34, 46�
�
1Figures for colon cancer rather than colorectal cancer; 21: Age; 2: Sex; 3: Inflammatory bowel disease; 4: Colonoscopy; 5: Diabetes; 6: Alcohol use; 7: Use of aspirin; 8: Use of metformin; 9: Use of NSAIDs; 10: Precinct of residence; 11: Body mass index; 12: Smoking status; 13: Physical activity level; 14: History of neoplasia; 15: Family history of cancer; 16: Fecal occult blood; 17: Prior hospitalizations; 18: Other lipid-lowering therapy; 19: Cholecystectomy; 20: Liver disease; 21: Colorectal polyps; 22: History of heart attack; 23: Hypertension; 24: Coronary heart disease; 25: Socioeconomic status; 26: Rheumatoid arthritis; 27: Use of COX-2 inhibitors; 28: Diabetic nephropathy; 29: Use of sulfonylurea; 30: Family history of colorectal cancer; 31: Education; 32: Hormone replacement therapy; 33: Calendar year; 34: Duration of follow-up; 35: Red meat consumption; 36: Hypercholesterolemia; 37: History of rheumatic disease; 38: Race; 39: Ethnic group; 40: Sports participation; 41: Level of vegetable consumption; 42: Number of physician visits; 43: Use of glucocorticosteroids; 44: Use of immunomodulators; 45: Use of 5-aminosalicylic acids; 46: Comorbidity score; 47: Use of diuretics; 48: Use of ACE inhibitors; 49: Use of CCBs; 50: Obesity. CRC: Colorectal cancer. 





Table 4  Meta-analysis results


�
No. of studies�
Fixed-effects model�
Random-effects model�
Tests of homogeneity�
Tests of publication bias�
�
�
�
RR�
95%CI�
RR�
95%CI�
Q value (df)�
P value�
I2�
Begg’s P value�
Egger’s P value�
�
Randomized Controlled Trials�
  8�
0.90�
0.78-1.04�
0.89�
0.74-1.07�
  9.31 (7)�
 0.23�
25%�
0.22�
0.31�
�
   Placebo-controlled RCTs�
  7�
0.86�
0.74-1.01�
0.85�
0.71-1.03�
  7.21 (6)�
 0.30�
17%�
0.18�
0.24�
�
   RCTs of lipophilic statins�
  3�
0.90�
0.73-1.10�
0.90�
0.73-1.10�
  1.55 (2)�
 0.46�
  0%�
0.60�
0.70�
�
   RCTs of lipophobic statins�
  5�
0.90�
0.73-1.12�
0.83�
0.60-1.15�
  7.75 (4)�
 0.10�
48%�
0.62�
0.05�
�
Cohort Studies�
13�
0.96�
0.93-0.99�
0.91�
0.83-1.00�
  70.85 (12)�
< 0.001�
83%�
0.54�
0.22�
�
Case-control studies�
19�
0.93�
0.91-0.96�
0.92�
0.87-0.98�
  50.31 (18)�
< 0.001�
64%�
0.46�
0.27�
�
   Published in full text form �
16�
0.94�
0.91-0.98�
0.90�
0.83-0.99�
  49.12 (15)�
< 0.001�
69%�
0.47�
0.19�
�
Observational studies�
32�
0.94�
0.92-0.96�
0.92�
0.87-0.96�
122.68 (31)�
< 0.001�
75%�
0.36�
0.16�
�
All studies�
40�
0.94�
0.92-0.96�
0.91�
0.87-0.96�
  132.3 (39)�
< 0.001�
71%�
0.33�
0.11�
�
RCT: Randomized controlled trials.
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