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Abstract
AIM: To examine the association between statin use and the development of esophageal cancer

METHODS: We performed a systematic review and meta-analysis. Multiple databases (Pubmed, EMBASE, Cochrane Library, Web of Science, Wiley Interscience and Google Scholar) were systematically searched for studies reporting the association of statin use and the development of esophageal cancer. Literature searching and data abstraction were performed independently by two separate researchers. The quality of studies reviewed was evaluated using the Newcastle-Ottawa Quality assessment scale. Meta-analysis on the relationship between statin use and cancer incidence was performed. The effect of the combination of statin plus a cyclo-oxygenase inhibitor was also examined.

RESULTS: Eleven studies met eligibility criteria, 9 high and 2 medium quality. All were observational studies. Studies examining adenocarcinoma development in Barrett’s esophagus included 317 cancers and 1999 controls, population-based studies examining all esophageal cancers included 371203 cancers and 6083150 controls. In the Barrett’s population the use of statins [odds ratio (OR) 0.57 (95% confidence interval (CI): 0.43-0.75] and cyclo-oxygenase inhibitors (OR 0.59 95%CI: 0.45-0.77) were independently associated with a reduced incidence of adenocarcinoma. Combined use of a statin plus cyclo-oxygenase inhibitor was associated with an even lower adenocarcinoma incidence (OR 0.26 95%CI: 0.1-0.68). There was more heterogeneity in the population-based studies but pooled adjusted data showed that statin use was associated with a lower incidence of all combined esophageal cancers (OR 0.81 95%CI: 0.75-0.88). 

CONCLUSION: Statin use in patients with Barrett’s oeosphagus is associated with a significantly lower incidence of adenocarcinoma. The chemopreventive actions of statins, especially combined with cyclo-oxygenase inhibitors deserve further exploration.

© 2013 Baishideng. All rights reserved.  

Key words: Aspirin; Barrett’s oeosphagus; Chemoprevention; Cancer risk; Esophageal carcinoma; Non-steroidal anti-inflammatory drugs; Statins

Core tip: Esophageal cancer remains a major burden upon health. The incidence of esophageal adenocarcinoma has increased dramatically in western countries. Experimental studies have suggested that statins may have useful actions against esophageal cancer cells. This systematic review and meta-analysis of observational studies shows that statin use was associated with a reduced incidence of all esophageal cancers (19% decrease). A more striking reduction in adenocarcinoma incidence in patients with Barrett’s esophagus taking statins was seen (43% decrease) and this effect was enhanced in those also taking cyclo-oxygenase inhibitors (74% decrease). This combination offers promise for chemoprevention and further interventional studies are warranted. 
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INTRODUCTION

Esophageal cancer remains an important worldwide problem with high rates of incidence and death as well as considerable morbidity and burdens of treatment[1,2]. In the developed world, the incidence of esophageal adenocarcinoma (EAC) has increased dramatically over the last 30 years and now outstrips esophageal squamous cell cancer (ESC) in some countries[3-7]. Although the incidence of squamous cancer appears relatively flat in the developed world it continues to be a major health problem in many places[2].  Despite improvements in the diagnosis, screening and treatment, the mortality and morbidity of these conditions remains substantial.

Chemoprevention remains one attractive way to reduce the incidence of esophageal cancer. Most of the attention has been devoted to EAC, as this appears to develop in most cases from a pre-malignant phenotype, metaplastic (columnar-lined) esophagus (Barrett’s esophagus), providing both a means to study, and intervene in cancer development[8,9]. At present there are no proven chemotherapeutic agents, although aspirin appears to offer the most attractive combination of risks and benefits, and the results of the large United Kingdom (ASPECT) trial are awaited with interest[10].

Experimental laboratory studies have suggested that statins, hydroxymethylglutaryl-CoA reductase inhibitors (HMG-CoA), might have useful anti-cancer effects against the progression of Barrett’s esophagus and EAC. In our laboratory we have shown that 4 different statins (simvastatin, pravastatin, lovastatin and rosuvastatin) inhibit the proliferation and induce apoptosis in both malignant EAC cell lines (OE33 and Flo-1) and non-malignant QhERT Barrett’s cells[11,12].  These effects appear to be due to inhibition of HMG-CoA reductase, which not only reduces the intermediates which are required for the subsequent formation of cholesterol but also limits the availability for other metabolic intermediates that are required for the prenylation of signalling G-proteins. This prenylation of G-proteins, localises them to the cell membrane where there are key players in pro-proliferative and anti-apoptotic signalling[13]. We have shown than statins inhibit signalling via the ERK and Akt cascades in Barrett’s cells, which contribute to the anti-proliferative and pro-apoptotic effects[11]. Similar effects, albeit with less detailed characterization, have also been reported in other EAC cells (simvastatin in OE19 cells[14] and simvastatin, and less so atorvastatin, in FLO-1 cells[15]). Experiments using pharmacological inhibitors and RNA interference have shown that the anti-cancer effect of statins in Barrett’s cells seems to be separate from, but additive to, the effects produced by inhibition of the cyclooxygenase (COX)-2/prostaglandin E2 pathway[11,12]. There is a single laboratory study showing that lovastatin has some modest anti-proliferative and pro-apoptotic effects in TE-8 and SKGT-4 esophageal squamous cancer cell lines[16]. 

Although these experimental studies are clearly promising, it is important that these are correlated with clinical outcomes before embarking on either significant change in practice or even an adequately powered randomised trial to further explore these effects.  

Although several studies have attempted to explore the association of statin use and esophageal cancer incidence: individually these have often been relatively small and underpowered[17,18]. To place this in context, a prospective study in patients with Barrett’s esophagus would require approximately 4000 subjects followed up 5 for years, assuming a statin use rate of 40% and a cancer incidence of 0.5% per annum, to have 80% power to detect a 50% reduction in cancer incidence. A proportionately larger study would be needed based on the latest and more conservative rates (0.1%–0.3% per annum) of malignant progression in Barrett’s esophagus[19,20]. No individual study has come close to this recruitment. Therefore to further explore the potential cancer-protective effects of statins in esophageal cancer we have performed a systematic review and meta-analysis of published literature examining the association of statin use and esophageal cancer, following the MOOSE guidelines[21]. Our review of the literature demonstrated two distinct categories of studies: those examining statin use in relation to malignant progression to EAC in Barrett’s oeosphagus and those examining statin use on a population scale which either combined or did not differentiate between EAC and ESC. We have analysed these separately.

MATERIALS AND METHODS

The Pubmed, EMBASE, Cochrane Library, Web of Science, Wiley Interscience and Google Scholar databases were searched for relevant publications, published in English up to February 1st 2013 using the search terms “esophageal neoplasm,” Barrett’s esophagus,” esophageal adenocarcinoma,” “statin,” and “Hydroxymethyg- lutaryl-CoA reductase inhibitor.” The reference lists of these papers were then hand searched for any additional publications. Randomised controlled studies, case-control studies and prospective cohort studies were eligible for inclusion. Two investigators (Beales ILP, Hensley A) independently reviewed the articles and extracted the data, differences were clarified by discussion and mutual agreement.

Data extraction


The following information was abstracted from the publications: type of study, numbers of participants, raw data for ever or never use statins and unadjusted and adjusted risk estimates for statins (where available). 

Study characteristics

A pre-specified protocol was used to record the following from the eligible studies: authors, journal, participant source, selection criteria, drug exposures of interest, ascertainment of drug exposure and outcome, and confounding factors adjusted for. 

Assessment of risk of bias and study quality
We checked the validity of the included studies based on possibility of confounding and potential for misclassification of tumour pathology and/or drug exposure. Risk of bias assessment was focused on the selection of participants, comparability of cases and controls (with any adjustments for confounding), and methods used in ascertaining drug exposure and outcomes. The quality of all studies was assessed using the Newcastle-Ottawa Quality Assessment Scales for cohort and case-control studies using the star rated system as previously described[22]. In brief, this scores studies in each of 9 categories, with a star rating awarded for high quality in separate areas related to the selection of subjects, comparability of groups, reliability of outcomes and exposures. We regarded 9 stars as high-quality studies, 7-8 stars as medium quality, 5-6 stars as low quality and < 4 stars as very low quality.
Statistical analysis

Review Manager (RevMan) version 5.023 (Nordic Cochrane Center, Copenhagen, Denmark) was used to calculate the pooled risk ratio (based on odds ratios or hazard ratios from individual studies) using the inverse variance method, random effects model. Statistical heterogeneity was assessed using the Cochrane I2 statistic, with I2 > 25% indicating moderate statistical heterogeneity, and I2 > 50% indicating a substantial level of heterogeneity[23]. A sensitivity analysis was performed by separately omitting one study at a time to assess if the pooled estimate had changed significantly compare to the results of all pooled studies. 

RESULTS

The search yielded 146 potentially eligible publications, after exclusion of experimental and animal studies, reviews, editorials and other papers irrelevant to the current study, 14 relevant papers were reviewed and 11 were eligible for inclusion in the meta-analysis. The flow chart of study selection is shown in Figure 1. Of these 11 papers, 10 were published in full[17,18,24-31] and one only published in abstract form[32]. Of those excluded from the final analysis, one paper reported initial data[12] that were subsequently published in full with larger cohorts in 2 subsequent papers and one abstract reported on essentially the same cohort reported in another abstract but with insufficient extra information to be utilised in the meta-analysis (we attempted to clarify the data with the author but received no response)[33]. One further study was the only one which examined the association between statin use in EAC patients compared to all-comers without cancer[34], as all other studies examined either EAC in the Barrett’s esophagus population or all esophageal cancers in general population, this paper was not analysed in the meta-analysis but the data were extracted for review. Two of the studies included in the meta-analysis involved different methodologies of interrogating the same research database and generated different data sets, hence both were included[28,31]. The studies reviewed are summarised in Table 1. No randomised studies were identified; 6 case-control studies and 5 cohort studies were included. There was heterogeneity in the methods of presentation of the results between the studies with reference to the adjustment for risk factors; therefore we performed separate meta-analyses on the adjusted and unadjusted odds rations. Data on individual statins, dose or duration of exposure were reported too variably to be analysed robustly in the meta-analysis. Overall 9 of the papers were rated as high quality (9 stars out of a possible 9) and 2 of medium quality (7-8 stars out of a possible 9) using the Newcastle-Ottawa scale.

Statin use and esophageal adenocarcinoma

Five separate studies examined the association of statin use with the development of esophageal adenocarcinoma in patients with Barrett’s esophagus[17,18,24-26]. Where high-grade dysplasia was reported as an outcome, this was included with adenocarcinoma for analysis due to the indication for intervention at that stage. Data from a total of 317 adenocarcinomas and 1999 non-cancer Barrett’s controls were included in the meta-analysis. In addition, one further study examined the association of statin use in patients with esophageal adenocarcinoma compared to cancer-negative a controls rather than just Barrett’s esophagus patients, this study was not included in the meta-analysis[34].

Meta-analysis of all the 5 studies providing crude, unadjusted odds ratios showed a significant negative association between statin use and the development of esophageal adenocarcinoma in patients with Barrett’s esophagus [odds ratio (OR) 0.57, 95% confidence intervals (CI): 0.43–0.75] without any significant heterogeneity in the results (Figure 2A). Very similar results were seen the meta-analysis using pooled adjusted ORs (combined OR 0.56 95%CI: 0.41-0.76), again without heterogeneity (Figure 2B). Sensitivity analysis showed that omitting any single study did not demonstrably alter the results. Interestingly in the additional study examining the association of statins and esophageal adenocarcinoma compared to endoscopy negative controls, not included in the meta-analysis, the unadjusted OR was very similar (adjusted OR 0.52 95%CI: 0.27-0.92)[34].

We also performed a meta-analysis of the relationship between cyclo-oxygenase inhibitor use and esophageal adenocarcinoma development reported in these studies. This showed that the use of aspirin or other cyclo-oxygenase inhibitors was associated with a significantly lower incidence of adenocarcinoma in Barrett patients (OR 0.59, 95%CI 0.45-0.77), again without any heterogeneity (Figure 2C).

Two of the studies specifically reported the association of the combination of cyclo-oxygenase inhibitors (aspirin and/or non-steroidal anti-inflammatory drug, NSAIDs/coxibs) with a statin and esophageal adenocarcinoma in patients with Barrett’s esophagus[25,26]: as shown in Figure 2D this combination was associated with a significantly lower incidence of esophageal adenocarcinoma (OR 0.26 95%CI: 0.1-0.68), that seen with either statins or aspirin/NSAIDs alone (Figure 2D).

Only one of the five studies reported data on statin dose: in this one study, higher doses (greater than 40 mg simvastatin or equivalent daily) were associated with a lower incidence of EAC compared to lower doses[26].

Similarly there were inconsistencies in the reporting of duration of statin use: Kastelein et al[25] reported no difference with either more or less than 5 years use of statin (OR both approximately 0.50), whilst Nguyen et al reported that more than one year of statin was associated with a lower incidence of EAC (corrected incidence density ratio (0.52, 95%CI: 0.30-0.91) than use for less than 12 mo (corrected incidence density ratio (0.63, 95%CI: 0.38-1.06)[24]. Beales et al[26] reported that more than 5 years of statin use (OR 0.41, 95%CI: 0.15-0.85) was associated with lower incidence of EAC than use for less than 2 years (OR 0.77, 95%CI: 0.29-1.87).

Statin use and all esophageal cancers

A total of 6 studies reported the association of statin use and all cancers of the esophagus[27-32]. These were all population-based studies utilizing databases, without any individual confirmation of the precise pathology involved. There were no studies specifically examining the relationship between statins and squamous cell cancer. One study reported separate data for men and women and these were included separately in the meta-analysis[31]. Data from a total of 371203 esophageal cancers and 6083150 controls were included in this meta-analysis. There was considerable and significant heterogeneity in the data for unadjusted odds ratio: overall there was no association of statin use and esophageal cancer (OR 1.08 95%CI: 0.91-1.29, I2 83%) (Figure 2E). There was less heterogeneity in the pooled adjusted odds ratio (pooled OR 0.81 95%CI: 0.75-0.88, I2 0%) which showed a significant negative association between statin use and the incidence of all esophageal cancers (Figure 2F). Sensitivity analysis of the pooled adjusted data showed that omission of any one single study did not alter the overall effects.

Again data on dose, duration and individual statins were inconsistently presented and formal meta-analysis of these data is problematical if not impossible.  Vinogradava et al[28] reported that the OR for less than 12 mo statin use (OR 0.90 95%CI: 0.67-1.20) was similar to that in those using statins for greater than 73 mo (OR 1.03, 95%CI: 0.07-1.52). Whilst Lai et al[27] reported that use atorvastatin but not other statins for greater than 12 months was associated with a significantly reduced incidence of esophageal cancers, (adjusted OR 0.14 95%CI: 0.04-0.56). Sub-groups analysis of the study by Hippisley-Cox and Coupland[31] showed that there seemed to be a dose-response relationship but only in men: low simvastatin dose (10/20 mg), (adjusted OR 0.91 95%CI: 0.73-1.12), compared to high dose (40/80 mg) (adjusted OR 0.66 95%CI: 0.48-0.91). Statin dose-relationships were not reported in the other studies.

DISCUSSION

Our meta-analysis has confirmed a significant negative association between the use of statins and a reduced incidence of esophageal adenocarcinoma in patients with Barrett’s esophagus. This suggests that statins may have important chemopreventive effects that should now be explored further in interventional studies. The results from all 5 studies are consistent with each other, with no statistical heterogeneity.

Our data have consistency with those previously published: the pooled adjusted odds ratio for cyclo-oxygenase inhibitor use (combined aspirin, NSAIDs and coxibs) in the 5 studies of adenocarcinoma development in Barrett’s esophagus is 0.59 (95%CI: 0.45-0.77). This result is consistent with previous studies and meta-analysis[35-37], although other studies have failed to show a negative association between cyclooxygenase inhibitor use and adenocarcinoma development in Barrett’s esophagus[38]. Within these current studies there were sufficient data to perform a meta-analysis own the combined effects of statin and cyclooxygenase inhibitor usage and this showed that the combination was associated with a greater reduction in adenocarcinoma incidence. These findings are consistent with the laboratory data in Barrett’s cancer and non-cancer cell lines, where the anti-proliferative and pro-apoptotic effects of statins are mechanistically both separate from, and additive to, the effects of pharmacological inhibitors of the COX/prostaglandin production pathway[11,12,14]. Our data strongly support further experimental and interventional studies exploring the combination of aspirin and statin for chemoprevention. Further studies are required to define which of the various families of cyclo-oxygenase inhibitors have the greatest negative association with EAC. The available do not allow differentiation between traditional NSAIDs, coxibs and aspirin.

All the studies included in the meta-analysis were observational in nature, and despite the consistency of results the possibility of bias must still be considered. The pooled adjusted and adjusted odds ratios both showed that statin use is associated with a lower incidence of adenocarcinoma in Barrett’s esophagus, but it is possible that a degree of confounding by uncorrected factors remains. In general the known risk factors that direct the clinical use of statins (risk of circulatory disease, obesity, smoking etc) also increase the risk of adenocarcinoma development, which would tend to diminish the apparent protective effects of statins[39-41]. It is possible that other factors related to the use of statins within a cohort of Barrett’s patients (perhaps some dietary factor) may have led to residual confounding. However the consistency of the results in 5 geographically distinct cohorts suggests that this is not likely to be a significant effect. Singh et al[42] recently published a similar meta-analysis examining statins and esophageal cancers, although with slightly different inclusion criteria and an earlier cut-off point for the literature review. The results are very similar to ours: in that study statin use was associated with a reduced incidence of adenocarcinoma in Barrett’s esophagus (pooled unadjusted OR 0.57 (95%CI: 0.44-0.75), pooled adjusted OR 0.59 (95%CI: 0.45-0.78).  Whilst further suitably sized randomized studies are required to fully inform choices over statin and aspirin use as chemopreventive agents in Barrett’s esophagus, the currently available data do suggest that these should certainly be prescribed to Barrett’s patients with increased risk of circulatory diseases.

Despite the meta-analysis including over 300 cancers and nearly 2000 Barrett’s non-cancer controls, there are insufficient data on the dose- and duration-relationships, in the negative association between statin use and adenocarcinoma development. These areas require further investigation. There are also insufficient data on either individual statins or lipophilic versus hydrophilic statins. All 5 studies grouped all statins together and only in one were individual drugs examined. These areas also require important follow up studies. Based on available data, the most plausible mechanism underlying the chemopreventive effect of statins is inhibition of the mevalonate synthetic pathway and subsequent reduction in the availability of functional signalling mediators that promote proliferation and inhibit apoptosis within the Barrett’s epithelium[11,13]. The cell line studies suggest that these effects are mediated by statins at the level of the Barrett’s epithelial cells, but the contribution of overall reduction in mevalonate pathway synthetic function (predominantly in the liver) to any esophageal clinical effects remain to be explored. This may have some bearing as lipophilic statins (simvastatin and atorvastatin) are thought to be able to enter all cells by passive diffusion, whereas the hydrophilic statins (pravastatin and rosuvastatiin) require the presence of an active transport mechanism[43]. The latter is expressed by hepatocytes and not usually in other cells (although to our knowledge has not been specifically explored in normal and pathological esophageal epithelium)[44]. In addition other mechanisms such as altered adipokine secretion or altered inflammatory responses could contribute to the possible protective effects of statins against esophageal adenocarcinoma[45] and the individual statins or their chemical properties, such as intrinsic anti-oxidants effects, could be important determinants of these effects[43]. 

These current clinical data are important when discussing the mechanistic cell-line studies: some of the latter are open to, (perhaps valid) criticism that the statin concentrations employed in vitro (often significantly greater than 1 mmol/ L) [46] are rather higher than those generally seen with in vivo therapeutic use (in the nmol/L range)[47,48]. The correlation of positive clinical and laboratory studies is supportive of a chemopreventive effect of statins against EAC.

The data from the population-based studies examining the incidence of all esophageal cancers in relation to statin use are rather less robust than the more specific Barrett’s-adenocarcinoma data. There was considerable heterogeneity in the crude pooled data but the pooled adjusted odds ratios did show a significantly lower incidence of all esophageal cancers in statin users. In contrast to the Barrett’s group studies, all of these population-based studies relied on interrogation of databases and were not specifically designed to examine esophageal cancer incidence (this was one of many outcomes assessed). Data on drug exposure is probably not as complete in this set of studies as aspirin, NSAIDs and statins are all available over the counter in many of the relevant areas and non-prescription use would not have been detected in these prescribing database studies. We feel that this is unlikely to greatly affect the results but does increase the level of uncertainty. The previously mentioned meta-analysis by Singh et al[42] did not separately examine population-based (but non-Barrett’s) esophageal cancers, and included overall less subjects (9285 cases and 1132969 total patients) than our current study. However the pooled results for all studies examining statin use and esophageal cancer incidence was similar to ours (pooled unadjusted OR 0.74 (95%CI: 0.62-0.90), pooled adjusted OR 0.72 (95%CI 0.60–0.86), considering the that the Singh et al[42] results are affected by the inclusion of the Barrett’s adenocarcinoma studies, where statins seem to be associated with greater protection against cancer compared to the true population-based studies.

The major difficulty in interpreting the population-based studies is that the cancer diagnoses would have included a mixture of esophageal adenocarcinoma, gastroesophageal junction adenocarcinoma and esophageal squamous cell cancer. These have different risk factors and pathology and it is not clear whether the negative association with statin use reported reflects a similar effect against all possible esophageal cancer types or whether there is a more obvious negative association with adenocarcinoma, as suggested by the Barrett’s-cancer data and a less obvious, or indeed no, association with a reduced incidence of squamous cell cancer. This area needs further clarification. Again there were insufficient data, and what were available were too inconsistently reported to draw any conclusions regarding the dose and duration relationships between statin use and esophageal cancer incidence or whether individual statins or statin classes had different effects.

In addition to the single study showing some modest effects with lovastatin in esophageal squamous cell lines[16], anti-cancer effects of statins have been also demonstrated in vitro against non-esophageal squamous cancer cell lines, such as lung, skin or head and neck cancers[49-52]. However although some clinical studies have suggested a non-statistically significant trend to improved outcomes in statin-treated squamous cell cancer patients[50], other large studies have failed to show any benefit. Further studies are clearly required to examine the associations (if any) between statin use and esophageal squamous cell cancer[28,53]. Similarly, further studies are required to examine whether statin use has any association with the incidence of Barrett’s metaplasia, all the studies in our meta-analysis examined adenocarcinoma (or high-grade dysplasia) development in Barrett’s mucosa. 

The potential cancer chemopreventive effects of statins continue to attract widespread attention: statins have been reported to be associated with reduced overall cancer-related mortality[54] but data on the clinical effects of statins on the incidence or prognosis of cancers various different sites have often been inconclusive and require that different cancers are addressed separately (reviewed by Boudreau et al[55].

Our meta-analysis has shown that statin use is consistently associated with a reduced incidence of adenocarcinoma in populations of patients with Barrett’s esophagus. The combination of a cyclo-oxygenase inhibitor and statin is associated with a greater reduction in the incidence of adenocarcinoma. In population based studies of all esophageal cancers statin use was also associated with a reduced cancer incidence. The chemopreventive actions of statins, especially in combination with aspirin/NSAIDs deserves further exploration in interventional trials.

COMMENTS

Background

Cancers of the esophagus are common causes of mortality and morbidity worldwide. The incidence of esophageal adenocarcinoma is increasing in the Western world and although it is accepted that most cases of esophageal adenocarcinoma arise from metaplastic Barrett’s esophagus, there are, as yet, no proven chemopreventive interventions. Laboratory-based experimental cell-line studies have shown that statins have potentially useful anti-cancer effects against esophageal cancer and that in some model systems, at least, these effects can be enhanced by combining with a cyclo-oxygenase inhibitor. At present there are only limited data on the clinical correlations of these observations.

Research frontiers

It is not clear if the clinical use of statins is associated with a reduced incidence of esophageal cancers and equally the effects of combined use of statins and cyclo-oxygenase on the development of esophageal cancer are unclear. Several of the laboratory cell-line studies have used relatively high concentrations of statins to show anti-cancer effects, probably higher than seen in usual clinical therapeutic use, and hence it is important to determine the relationship between statin use and esophageal cancer incidence with usual clinical use of the drugs.

Innovations and breakthroughs
This is the largest systematic review and meta-analysis in this area and has included over 300 cases of Barrett’s-related adenocarcinoma, 1999 non-cancer Barrett’s controls. In addition the population-based studies included over 370000 total cases of esophageal cancer and almost 6 million controls. The results show that statin use in patients Barrett’s esophagus was associated with a 43% reducon in the incidence of adenocarcinoma. Inhibition of cyclo-oxygenase (COX) with aspirin, non-aspirin non-steroidal anti-inflammatory agents or selective COX-2 inhibitors was independently associated with a reduced adenocarcinoma incidence in Barrett’s esophagus (41% decrease). The combination of a statin plus a cyclo-oxygenase inhibitor was associated with a greater reduction in adenocarcinoma incidence than either alone (74% reduction). The data from the population-based studies are more heterogeneous, containing a mixture of esophageal cancer types but again statin use was associated with a reduced incidence of cancer development (19% reduction). 

Applications 

These data from observational studies suggests that statins may have useful chemopreventive effects against esophageal cancer; particularly against the development of adenocarcinoma in Barrett’s esophagus when used in combination with a cyclo-oxygenase inhibitor. Further interventional studies are warranted. As patients with Barrett’s esophagus are at increased risk of circulatory diseases, statins should not be withheld from such patients where otherwise indicated.

Terminology

Statins are inhibitors of the enzyme hydroxymethylglutaryl-CoA reductase. This is the rate limiting step on cholesterol biosynthesis. These drugs are widely used to treat and prevent circulatory diseases. Intermediates of the cholesterol synthetic pathway are also essential in other cell signalling pathways which are important in controlling many functions including cell proliferation and survival.

Peer review

Chemoprevention for esophageal cancers, especially in the context of Barrett’s esophagus, is an area of active interest around the world. This systematic review and meta-analysis examined the association with statin use and the incidence of esophageal cancers. The study results show a consistent and significant negative between statin use and the development of esophageal adenocarcinoma. It also showed that the combined use of statins with aspirin or other cyclooxygenase inhibitors was associated with even lower incidence of adenocarcinoma development in patients with Barrett’s esophagus. The results would further stimulate research and interest in combined chemoprevention. The findings are topical and relevant to clinical practice. 
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Figure 1 Flow chart showing process of study selection and data extraction.
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Figure 2 Meta-analysis. A: Meta-analysis of pooled unadjusted odds ratios for the effect of statin use on the development of esophageal adenocarcinoma in patients with Barrett’s esophagus; B: Meta-analysis of pooled adjusted odds ratios for the effect of statin use on the development of esophageal adenocarcinoma in patients with Barrett’s esophagus; C: Meta-analysis of pooled adjusted odds ratios for the cyclo-oxygenase inhibitor (aspirin, non-steroidal anti-inflammatory drug, NSAID or coxib) use on the development of esophageal adenocarcinoma in patients with Barrett’s esophagus; D: Meta-analysis of pooled adjusted odds ratios for the effect of combined statin and cyclo-oxygenase inhibitor (aspirin, NSAID or coxib) use on the development of esophageal adenocarcinoma in patients with Barrett’s esophagus; E: Meta-analysis of pooled unadjusted odds ratios for the effect of statin use on the development of all esophageal carcinomas in population-based studies; F: Meta-analysis of pooled unadjusted odds ratios for the effect of statin use on the development of all esophageal carcinomas in population-based studies. 
Table 1 The conclusion of the studies reviewed
	Study
	Setting
	Studies
	Participants
	Ascertainment of statin use for inclusion
	Risk estimates for statins (vs no statin) and factors adjusted for
	Limitations, notes and quality

	Kastelein et al[25], 2011
	Netherlands, hospital based
	Prospective cohort
	Cohort of 570 BO, 38 developed EAC or HGD
	All statins, statin use during study period, patient interview and questionnaire, pharmacy records
	Statin use = 1 month HR 0.46 (95%CI: 0.21-0.99);
statin use = 5 years HR 0.51 (018-0.1.47)

Statin use = 5 years HR 0.49 (95%CI: 0.22-0.85);
statin plus aspirin HR 0.22 (95%CI: 0.06-0.85);
adjusted for age, sex, length of BO, baseline histology and aspirin use

	No adjustment for BMI or smoking;
limited categorisation of duration-, and dose-relationship;
Newcastle-Ottawa 9 stars


	Nguyen et al[24], 2010
	United States, hospital based, veterans administration
	Case-control
	116 EAC, 696 BO
	All statins, at least 1 filled statin prescription in study period, pharmacy database
	At least 1 statin prescription HR 0.56 (95%CI: 0.36-0.87);
statin use < 12 mo HR 0.63 (95%CI: 0.38-1.06)

Statin use > 12 mo HR 0.52 (95%CI: 0.30-0.91);
Adjusted for race, out-patient encounters, non-cancer co-morbidity, use of other medications
	97% male, veterans’ population;
not adjusted for BMI, alcohol, smoking; no categorisation of dose-relationship;
Newcastle-Ottawa 9 stars


	Beales et al[26], 2012
	United Kingdom, hospital based
	Case-control
	85 EAC, 170 BO
	All statins, statin use for > 6 mo prior to cancer diagnosis, questionnaire and clinical and prescribing records
	Statin use OR 0.57 (0.28-0.94);
statin and aspirin combined OR 0.31 (95%CI: 0.04-0.69);
Adjusted for age, sex, smoking, aspirin, NSAIDs, proton pump inhibitors, BMI, diabetes mellitus, metformin, alcohol; significant negative associations with statin dose and duration.
	Cancers were a mix of de novo and screening-detected cancers;
Newcastle-Ottawa 8 stars


	Beales et al[34], 2012
	United Kingdom, hospital based
	Case-control
	112 EAC, 448 cancer negative gastroenterology outpatients
	All statins, statin use for > 6 mo prior to cancer diagnosis, questionnaire and clinical and prescribing records
	Statin use OR 0.52 (95%CI: 0.27-0.92);
statin and aspirin combined OR 0.27 (95%CI: 0.05-0.67);
adjusted for age, sex, smoking, aspirin, NSAIDs, proton pump inhibitors, BMI, alcohol, diabetes mellitus, metformin; United Kingdom, population based
	Controls were hospital outpatients;
Newcastle-Ottawa 8 stars


	Fang et al[12], 2010
	United Kingdom, hospital based
	Case-control
	EAC 63, cancer-negative gastroenterology outpatients 252
	All statins, statin use for > 6 mo prior to cancer diagnosis, questionnaire and clinical and prescribing records
	Unadjusted statin OR  0.42 (95%CI: 0.19-0.89);
unadjusted statin plus aspirin OR 0.11 (95%CI: 0.01-0.82)


	Controls were hospital outpatients.

Unadjusted for any risk factors;
not included in meta-analysis as more extensive dataset published subsequently;
not quality rated

	Kantor et al[18], 2012
	United States
	Prospective cohort
	BO 411 in cohort, EAC developed in 56
	All statins, any statin use during study period, questionnaire
	Statin use OR 0.68 (95%CI: 0.30-1.54); adjusted for sex, age, smoking, NSAIDs
	No adjustment for BMI; no data on dose or duration relationship. Included any use of statin, Relatively low incidence of statin use in BO population;
Newcastle-Ottawa 9 stars

	Nguyen et al[17], 2009
	United States, hospital based, veterans administration
	Retrospective cohort
	BO 344 in cohort, EAC or HGD developed in 33
	All statins, any statin prescription during the period of study, pharmacy and clinical records
	Statin use OR 0.73 (95%CI: 0.30 -1.78), unadjusted
	94% male, veterans population.

Incomplete adjustment for potential confounding factors;
Newcastle-Ottawa 8 stars

	Bhutta et al[32], 2011
	United Kingdom, population based
	Case-control
	4242 cancers, 17233 controls
	All statins, statin prescription for 10 mo in the year preceding diagnosis of cancer; read codes within GPRD
	Use of statins OR 0.84 (95%CI: 0.73-0.95);
adjusted for BMI, smoking, aspirin, NSAIDs, proton pump inhibitors, vasodilators
	Data for EAC and ESC combined.

No individual confirmation of pathology;
only published as abstract;
Newcastle-Ottawa 9 stars

	Vinogradova et al[28], 2011
	United Kingdom, population based
	Case-control
	3159 cancers, 13041 controls
	All statins, statin use as defined by 2 prescriptions over a 5 year period at least 12 mo prior to cancer diagnosis; read codes within QResearch database
	Use of statins OR 0.88 (95%CI: 0.77-1.01);
adjusted for Townsend score, smoking, circulatory disease, diabetes mellitus, rheumatoid arthritis, COX-2 inhibitors
	Data for EAC and ESC combined;
no individual confirmation of pathology
No categorisation of statin dose;
related to Hippisley-Cox 2010 but different methodology to interrogate the same research database;
Newcastle-Ottawa 9 stars

	Hippisley-Cox et al[31], 2010
	United Kingdom, population based
	Prospective cohort
	1809 cancers, 2004692 overall participants
	All statins, new users of statins defined by a new statin prescription in the study period; read codes within QResearch database
	Men, statin HR 0.78 (95%CI: 0.66-0.91);
women, statin HR 0.68 (95%CI: 0.52-0.88);
adjusted for, age, BMI, smoking, townsend score, type 2 diabetes
	Data for EAC and ESC combined.

No individual confirmation of pathology;
no adjustment for aspirin or NSAIDs;
no data on duration or long term statin exposure;
Newcastle-Ottawa 9 stars

	Kaye et al[29], 2004
	United Kingdom, population based
	Case control
	100 cancers, 430 controls
	All statins, current use defined as a statin prescription that started within 12 mo of cancer diagnosis; read codes within GPRD
	Statin use OR 0.80 (95%CI: 0.30-1.80);
adjusted for smoking, BMI, number of GP visits
	Data for EAC and ESC combined.

No individual confirmation of pathology;
no adjustment for aspirin or NSAIDs;
no data on duration or long term statin exposure; Newcastle-Ottawa 9 stars

	Friedman et al[30], 2008
	United States, population based
	Retrospective cohort
	68 cancers, 4413032 controls
	All statin, any statin use prior to cancer diagnosis, Kaiser Permante Cancer Registry and Pharmacy management systems
	Overall unadjusted statin use OR 1.0 (95%CI: 0.77-1.27);
men with > 5 years statin use OR 1.70 (95%CI: 1.05-12.75).
	Data for EAC and ESC combined;
no individual confirmation of pathology;
no dose-effect relationship examined; no correction for confounding variables; small number of cancers;
Newcastle-Ottawa 9 stars

	Lai et al[27], 2012
	Taiwan, population based
	Case-control
	549 cancers, 2196 controls.
	All statins, statin prescription prior to cancer diagnosis;
data from Taiwanese NHI programme
	Statin use OR 0.66 (0.45-0.95);
atorvastatin = 12 months OR 0.14 (95%CI: 0.04-0.56);
adjusted for esophageal diseases, H. pylori infection, alcoholism, smoking, lipid lowering drugs, proton pump inhibitors, H2RA, NSAIDs and aspirin
	Data for EAC and ESC combined;
no individual confirmation of pathology;
no dose-effect relationship examined;
Newcastle-Ottawa 9 stars


	Bhutta et al[33], 2012
	United Kingdom, population based
	Case-control
	Not clearly defined
	Not clearly defined; read codes within GPRD
	Statin use OR for EAC 0.61 (95%CI: 0.35-0.94), OR for ESC (95%CI: 0.21-0.80);  unclear what adjustments applied


	No individual confirmation of pathology;
insufficient data for inclusion in meta-analysis appears to be essentially the same cohort as Bhutta 2011; no response from author when asked for further information;
not quality rated or included


EAC: Esophageal adenocarcinoma; HGD: High-grade dysplasia; ESC: Esophageal squamous cell cancer; H2RA: Histamine-2 receptor antagonist; NSAIDs: Non-steroidal anti-inflammatory drug; H. pylori: Helicobacter pylori; NHI: National Health Insurance; BMI: Body mass index; COX-2: Cyclooxygenase-2.
