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An emerging focus over the last few decades has been into cancer chemoprevention, 
using supplements or medication to avoid or delay the potential medical and psy-
chological catastrophe of a cancer diagnosis. The idea is to take a safe, economi-
cally viable, well-tolerated, and well-understood medication which, given to a 
group in the population, could prevent carcinoma before invasion or at least delay 
the premalignant process to a later time point.

Esophageal cancer carries a huge burden of morbidity and mortality to patients 
around the world, with the UK having one of the worst rates of adenocarcinoma [1]. 
At diagnosis the disease is often at an advanced stage, surgery is extremely invasive, 
chemotherapy and radiotherapy treatments are aggressive, and endoscopic treat-
ments limited to tertiary centers in areas of higher socioeconomic strength. 
Chemoprevention is an exciting prospect for this condition given the potential 
impact on patients and the potential relief to healthcare systems as populations age. 
Chemoprevention has been a key focus in other areas of medicine and has been 
extremely effective in reducing the burden of disease in cardiology, and many medi-
cations used in large populations for this purpose hold promise in cancer chemopre-
vention as will be described. The challenge going forward is narrowing down which 
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agents can be attractive to large populations of essentially healthy patients in the 
hope of preventing malignancy. Described below is an overview of the evidence for 
a few of the key areas of interest for esophageal chemoprevention, with an explora-
tion of the associated side effects and some considerations for the future.

 Proton Pump Inhibitors

Acid exposure plays an important role in the initiation of Barrett’s esophagus (BE) 
and its progression to esophageal adenocarcinoma; therefore, proton pump inhibi-
tors (PPIs) have been historically used as the backbone of medical treatment for the 
symptoms of gastroesophageal reflux disease (GERD). Several studies have inves-
tigated the role of proton pump inhibitors in the prevention of progression from BE 
to esophageal adenocarcinoma. In a large prospective cohort study, 75% of patients 
known to have BE and taking PPI had a reduction in the risk of neoplastic progres-
sion, independent of age, gender, BE length, esophagitis, histology, and use of other 
medications [2].

Other studies have shown that despite PPI use, 20% of BE patients experience 
pathological reflux, hence none of the PPIs have been proven to completely prevent 
neoplastic progression [3]. Maintenance of normal epithelial differentiation and cell 
proliferation is an important goal in cancer chemoprevention. Bearing in mind that 
intermittent esophageal acid exposure enhances cell proliferation, which is well 
correlated with the development of dysplasia, this may explain why BE patients 
remain at a certain risk for neoplastic progression during PPI use.

Several studies have hypothesized that effective intra-esophageal acid suppression 
may be beneficial in the long-term treatment of BE patients, due to the theoretical and 
logical concept that acid suppression should lead to well-differentiated BE epithelia 
while also minimizing cell proliferation, and thus should reduce the likelihood of 
progression to dysplasia or adenocarcinoma [4]. A systematic review that pooled the 
results of several trials investigating chemoprevention of esophageal adenocarcinoma 
reported mixed results [5]; some studies reported that PPIs cause regression of BE [6, 
7], while others failed to reach statistical significance [8, 9]. These discrepancies in 
the literature at that stage resulted mainly from a lack of standardized method for 
measuring the length and distribution of Barrett’s [10]. A lack of correlation between 
the acid suppression and symptom relief might also mean higher doses of PPI are 
required to achieve therapeutic acid suppression [11]. This concept has been investi-
gated in a study which reported that standard doses of PPIs administered to BE 
patients could relieve symptoms of GERD after a 6-month period, but many partici-
pants continued to have pathological acid reflux as measured by 24-h pH monitoring, 
and remained, therefore, at risk of developing adenocarcinoma [4].

Peters et al. performed a randomized double-blind study, in which participants 
were given 40 mg omeprazole twice a day and underwent pH esophageal monitoring 
to confirm adequate acid suppression. After 2 years, there was a statistically signifi-
cant regression of BE [12]. There is a paucity of data investigating the cellular effects 
of PPI treatment. Absolute suppression of acid reflux has been shown to reduce cell 
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proliferation [4, 13] and increase expression of the cyclin-dependent kinase inhibi-
tors p16 and p21 [14]. This therefore suggests that aggressive acid suppression may 
influence the alterations in cell cycle control that occur during carcinogenesis; reduc-
ing risk and therefore also supporting the findings reported by Peters et al. [12].

Whether aggressive acid-lowering treatment can modify the risk of cancer devel-
opment is still unconfirmed due to a lack of robust clinical trials investigating this 
question. It may be that transformation of Barrett’s to dysplasia is the most impor-
tant step that should be focused upon rather than regression of Barrett’s epithelium. 
A prospective analysis of over 200 patients over a 20-year period has shown that 
PPIs significantly reduced risk of dysplasia in Barrett’s esophagus [15]. This study, 
unfortunately, remains in relative isolation; however, preliminary data is emerging 
from the Aspect trial, which is the largest randomized controlled trial looking at 
aspirin plus high or low dose omeprazole. Data presented at the ASCO annual con-
ference at the time of writing showed high dose (40 mg BD) esomeprazole, in com-
bination with aspirin, provided a significant effect on all-cause mortality in Barrett’s 
patients versus 20 mg once daily if taken for at least 7 years. These data are encour-
aging but it is important to note that the study enrolled Barrett’s confirmed cases and 
so this does not yet represent a course for all GERD cases, pending further informa-
tion from the full dataset.

 NSAIDs/Aspirin

Aspirin, a key agent in cardiovascular chemoprevention, has already been found to 
have a significant role in the prevention of colorectal cancer and is recommended 
for use in 50–59-year-olds with a significant cardiovascular risk profile (10% or 
more over 10 years) by the US Preventative Services Task Force [16]. Through evi-
dence initially gathered in large cohort studies [17–19], this relationship was dem-
onstrated in hereditary colorectal cancer patients in randomized controlled trials 
through the CAPP trial series [20]. The large cohorts also showed significant links 
with esophageal cancer and extensive work to define the biochemical process 
involved has been undertaken.

There are four main theories of why aspirin works in chemoprevention. Firstly, 
inflammation plays a significant role in the cancers that aspirin is considered to pre-
vent and on one level it inhibits the release of inflammatory cytokines by immune 
cells, reducing downstream cellular changes, particularly through limiting release of 
TNF, INFy, WNT5A, IL-1, IL-6, and CXCL1 [21–23]. Platelet-mediated effects have 
also been described, linking reduced thromboxane production from platelets prevent-
ing cell proliferation that occurs as a reaction to neoplastic disruption to tissues [17].

However, the main causative pathways in esophageal cancer that appear to 
relate to aspirin and NSAIDs are the COX mediated pathways and the subsequent 
effects on β-catenin [24] (Fig. 5.1). Cell migration and proliferation are stimulated 
by the shift of β-catenin to the nucleus of the cell where it causes a gene expression 
sequence, hence it has pro-neoplastic effects at higher concentrations in the cell 
[21]. β-catenin is usually ubiquitylated after being flagged by T41 and S45 amino 
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acid residues; however, in the context of aspirin this process is emphasized by 
inactivation of protein phosphatase 2A which is responsible for breaking down T41 
and S45 [21]. PGE2 produced via the COX pathway stimulates the migration of 
β-catenin via stimulation of the EP-2 receptors in the epithelial cell and 
WNT-signaling.
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Fig. 5.1 A diagram showing the β-catenin pathways hypothesized to be affected by aspirin, modi-
fied from a diagram by Drew et al. in the 2016 paper “Aspirin and colorectal cancer: the promise 
of precision chemoprevention” Nature Reviews [21]. Green arrows represent stimulation pathways 
and red arrows inhibitory. Inhibiting the stabilization of β-catenin through inactivation of protein 
phosphatase 2A (PP2A)-promoting ubiquitylation; through inhibiting COX-2-mediated produc-
tion of prostanoids by preventing COX-2 from converting arachidonic acid to prostaglandin E2 
(PGE2) which in turn can stimulate the WNT signaling pathway
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In the COX pathway, arachidonic acid is metabolized through COX enzymes, 
resulting in the production of prostaglandins such as PGE2, PGF2, and PGD2. 
NSAIDs and aspirin disturb this process through interfering with the action of the 
COX enzyme [25]. There are two types of COX, denoted COX1 and COX2: high 
levels of COX2 have been implicated in neoplastic conditions [26]. It was also 
noted that metaplastic cell progression through to dysplasia and adenocarcinoma 
was associated with increased levels of COX2 mRNA and protein [27]. Barrett’s 
esophagus and associated esophageal adenocarcinoma patients were found to have 
upregulation of COX2 mRNA expression, which occurs early in the neoplastic 
transformation process [28]. One of the studies carried out in the US concluded 
that inhibition of COX2 expression through using selective COX2 inhibitor has a 
chemopreventive effect in Barrett’s esophagus [29]. This was supported further by 
another study which showed that food-borne natural flavonoid quercetin and selec-
tive COX2 inhibitors hinder cell proliferation and induce apoptosis in esophageal 
adenocarcinoma in vitro [30].

Clinical trials are encouraging. A meta-analysis by Rothwell et al. found a signifi-
cant reduction in 20-year cancer-related mortality for patients with all solid cancers 
and particularly GI cancers taking daily aspirin versus control [31]. Evidence from 
Parkin et al. suggested an all-cancer reduction of 7–10% with 10 years of regular 
aspirin use in 50–65-year-olds, with most clear associations in GI cancers with 
esophageal, colorectal and gastric cancers all reduced by up to one-third [32]. A large 
population-based case-control study of UK and Netherlands populations by Masclee 
et al. looked at esophageal adenocarcinoma risk in Barrett’s patients with concurrent 
use of PPI, NSAIDs, aspirin or statins and found no significantly significant associa-
tions [33]. However, a large case control study derived from Scotland- based general 
practice demonstrated decreased risk of upper aerodigestive tract cancer with usage 
of aspirin and not COX2 inhibitor [34]. Systematic review and meta-analysis sup-
ported the protective association between aspirin/NSAID and esophageal adenocar-
cinoma with more protection in patients with greater usage and longer duration [35].

The risks associated with long-term aspirin use are well understood, namely an 
increased risk of bleeding in general through unselective COX inhibition, which 
reduces thromboxane release, thus increasing the risk of platelet-mediated bleeding, 
and an increased risk of GI bleeding due to COX1 inhibition causing gastric ulceration 
through reduced production of prostaglandin E2 [17]. This creates concerns for many 
investigators regarding the use of aspirin in otherwise healthy populations; however 
encouraging data has come from Cuzick et al. suggesting a 10-year use of daily aspirin 
in 100 average > 55-year-olds would only produce 0.25 more GI bleeds in women and 
0.49 in men for a benefit of 2.29 fewer cancers, strokes and MI in men and 1.32 in 
women over a 15-year period [36]. The use of combination therapy with PPI could 
ameliorate this risk further and we await data from the full publication of ASPECT 
[37]. Hur et  al. assessed patient preferences for chemopreventive agents and found 
76% of Barrett’s patients would be open minded to the use of aspirin in this context 
[38]. The familiarity of aspirin to both patients and clinicians, and its extensive use in 
cardiovascular disease as a secondary effect strongly support its potential, and further 
studies are required prior to its widespread use for esophageal cancer prevention.
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 Statins

Statins, as a widely used cardiovascular risk reduction treatment, were also found in 
large cohort studies [39] to show potential for chemoprevention of cancer. Since 
then, statins have been linked with prevention in many different cancer types includ-
ing colorectal [40], advanced prostate [41], hepatocellular [42, 43], and esophageal 
[39] cancers. The proposed mechanism for this relates to how statins affect the 
RAF-MAPK-ERK pathway resulting in an anti-inflammatory and proapoptotic 
state, and also prevent problems with normal cell survival and differentiation 
through inhibition of HMG CoA’s conversion to mevalonate [44]. Activation of the 
mitogen-activated protein kinase (MAPK) signaling cascade was found to play a 
role in neoplastic progression of Barrett’s esophagus [45] which creates a possible 
route for neoplasia suppression by statins, although overall the mechanism is not 
completely understood.

A recent meta-analysis of 39 cohort and two case-control studies were conducted 
to evaluate the role of statins in influencing mortality in esophageal cancer patients. 
This concluded that using statins prediagnosis and postdiagnosis has a positive 
impact on survival rate [46]. One of the population-based cohort studies showed 
that patients on statins prior to diagnosis of esophageal cancer had 19% reduction in 
their mortality [47]; however another cohort study in the UK concluded that although 
patients with esophageal adenocarcinoma experienced reduced risk of cancer 
related mortality, this effect was not observed in patients with esophageal squamous 
cell cancer [48].

Statins, like aspirin, have a crossover effect with cardiovascular disease preven-
tion which gives them potential for secondary morbidity reduction and they are well 
known to clinicians and patients, allowing for ease of counseling. Unfortunately 
some major concerns have been raised about possible problems with the elderly 
including an increased risk of cancer [49, 50]. The numbers needed to treat coming 
out of trials are extremely high—for esophageal cancer they have been quoted as 
high as 1266 and are offset dramatically by numbers needed to harm of 91 for 
myopathy in men (moderate-severe myopathy) and 136 for severe liver derange-
ment [51]. The link to esophageal cancer prevention at this stage is too weak to 
recommend use for chemoprevention, especially in the context of the concerns 
raised above. Large randomized controlled trials would help to assess the value of 
statins for esophageal cancer chemoprevention.

 Metformin

Studies have looked at the antineoplastic and chemopreventative effects of metfor-
min in esophageal squamous cell carcinoma in vivo and in vitro. It was found that 
metformin selectively inhibits human esophageal squamous cancer cell growth and 
induces apoptosis and autophagy through inactivating Stat3 and repressing Bcl-2 
[52]. Associations have also been made with metformin triggering an AMPK-related 
stress response reducing cancer cell survival via the AMPK/LKB1 pathway [53].
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Randomization has not been utilized to study the effects of metformin in esopha-
geal cancer. However, metformin has been shown to improve radiological and path-
ological response in established esophageal adenocarcinoma patients when used as 
a neo-adjuvant to chemoradiation; this effect is dose-dependent [54]. Though it is 
not yet clear from the current evidence base if we can associate metformin with 
esophageal cancer reduction, certainly some risk factors for all cancers—obesity, 
sedentary lifestyle, and diabetes—relate to the metabolic state and there is evidence 
to suggest a link to metformin reducing the rate of all cancers by 31% in diabetic 
patients in long-term use [55]. GI upset in many patients can make metformin pro-
hibitive in healthy patients and the evidence is not strong enough here either; there 
is possible stronger evidence in hepatocellular prevention [56], 31% overall risk 
reduction of all cancers and colonic adenoma rates [57] (p = 0·034, risk ratio 0·67 
[95% CI 0·47–0·97]) in nondiabetic populations also. Increasing need for this medi-
cation in the general population due to rising obesity levels and early-onset type II 
diabetes may allow for more large-scale trials.

 Conclusions

Chemoprevention is an extremely exciting prospect overall; however, moving this 
approach into widespread use is still a long way away (Table 5.1). There is strong 
evidence for the use of chemoprevention in a few cancer areas—aspirin for colorec-
tal cancer and tamoxifen for estrogen-receptor positive breast cancers, and aspirin is 
recommended in high-risk groups [16, 58, 59]. If it would be possible to slow or halt 
the progression of Barrett’s to dysplasia using a simple, cheap, readily available 
medication, combining this with improving our ability to perform targeted endo-
scopic assessment and build on the surveillance process could improve the 

Table 5.1  Overview of agents discussed

Agent
Hypothesized
pathway Cancers prevented Risks

PPI Reduce inflammatory result 
of direct acid reaction with 
epithelial cells

Esophageal cancer Increased gastric cancer 
in long-term cohort 
studies
Electrolyte abnormalities
Bone metabolism effects

Aspirin/
NSAIDS

β-Catenin, platelet mediated, 
COX inhibition, reducing 
inflammatory cytokines

Esophageal, CRC, 
hereditary CRC, breast, 
ovarian, pancreatic, 
prostate, lung

GI bleeding, intracranial 
hemorrhage, all bleeding

Statins Proapototic via RAF- 
MAPK- ERK reducing cell 
survival via inhibition of 
HMG CoA to mevalonate

Esophageal, CRC, 
HCC, gastric, prostate

Liver injury, myopathy, 
renal derangement, 
increased cancer risk in 
the elderly

Metformin Proapoptotic via inactivating 
Stat3 and repressing Bcl-2; 
AMPK stress response 
reducing survival

All cancers pancreatic, 
HCC

Diarrhea, nausea, 
abdominal discomfort
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incidence rates of esophageal cancer. The concern has been raised that preventing a 
curable malignancy by pushing the time to progression forward may result in 
patients being diagnosed too late for alternative modalities such as surgery, espe-
cially as many develop esophageal cancer in older age. Although some data support 
the concept of widespread aspirin or PPI chemoprevention, before the evidence is 
stronger, we would risk delaying a few cases while placing a healthy population at 
risk of adverse drug reactions. Further studies will help stratify these difficult deci-
sions (Table 5.2). Genetic profiling trials are also underway looking for gene targets 
to risk stratify patients into chemoprevention programs. Certainly, until these genes 
can be defined, demographic risk stratification is likely to shape chemoprevention 
practice for esophageal cancer, as already occurs in cardiology.
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