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Article Synopsis

The prevalence of esophageal adenocarcinoma is increasing dramatically. Barrett’s esophagus 

remains the most well established risk factor for the development of esophageal adenocarcinoma. 

There are multiple clinical, endoscopic, and pathologic factors that increase the risk of neoplastic 

progression to high-grade dysplasia or esophageal adenocarcinoma in Barrett’s esophagus. This 

article will review both risk and protective factors for neoplastic progression in patients with 

Barrett’s esophagus.
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Introduction

The incidence of esophageal adenocarcinoma, a disease characterized by a high mortality 

and an estimated 20% five year survival, has increased dramatically in recent decades.1,2 

Barrett’s esophagus is the most well established risk factor for the development of 

esophageal adenocarcinoma.3 The annual risk of progression from Barrett’s esophagus to 

adenocarcinoma is approximately 0.33% per year.4 When including both esophageal 

adenocarcinoma and high-grade dysplasia as a combined endpoint of progression, the 

incidence rate is approximately 0.9–1.0% per.5,6 Despite this neoplastic risk, the vast 

majority of Barrett’s esophagus patients will die of causes other than esophageal 

adenocarcinoma.7 Currently, it remains unclear which Barrett’s esophagus patients will 

progress on to neoplasia, a fact that makes current surveillance programs problematic. This 

chapter will examine the endoscopic, pathologic and epidemiologic risk factors for 

neoplastic progression in Barrett’s esophagus [Table 1].
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Endoscopic Risk Factors

Segment Length

While esophageal adenocarcinoma can develop in both short and long segments of Barrett’s 

esophagus (traditionally defined as > 3cm), our understanding of the relationship between 

segment length and the risk of progression has evolved in recent years. 8 A 2012 meta-

analysis found a lower annual incidence of esophageal adenocarcinoma in short segment 

Barrett’s patients (< 3cm), than in the overall Barrett’s population (0.19% vs. 0.33% per 

year).4 Work from the Northern Ireland Barrett’s esophagus register demonstrated an 

increased risk for progression to adenocarcinoma/high-grade dysplasia in long segment 

Barrett’s (HR 7.1; 95% CI 1.74–29.04).9 A recent case control study from Berlin also found 

an association of segment length with progression to adenocarcinoma/high-grade 

dysplasia.10 Patients with long segment Barrett’s esophagus had an increased risk of 

progression when compared to short segment Barrett’s esophagus. (OR 2.69; 95% CI 1.48–

4.88).

Newer studies have examined the relationship of segment length and risk of progression not 

just as a binary variable of long versus short, but rather as a continuous variable. In a large 

multicenter study, increasing segment length was an independent risk factor for neoplastic 

progression in patients with non-dysplastic Barrett’s esophagus.11 Patients who progressed 

to adenocarcinoma/high-grade dysplasia had a longer Barrett’s segment (6.1 cm vs. 3.5 cm). 

Perhaps more importantly, the risk for neoplastic progression increased by 28% for every 1 

cm increase in length of the Barrett’s segment. Similarly, a Netherlands cohort study of over 

700 patients with nondysplastic Barrett’s esophagus or low-grade dysplasia confirmed the 

concept of increasing risk with increasing segment length. 12 The relative risk of neoplastic 

progression to adenocarcinoma/high-grade dysplasia was 1.11 (95% CI 1.01–1.2) per 1 cm 

increase in segment length. The recently completed SURF trial of radiofrequency ablation in 

Barrett’s esophagus patients with low-grade dysplasia also found segment length to be an 

independent predictor of neoplastic progression in the surveillance arm of the study (OR 

1.35 per cm, 95% CI 1.04–1.76).13

However, progression does still occur in shorter segments of Barrett’s esophagus and a 

population-based study of over 8,000 patients in Ireland found no relationship between 

segment length and risk of progression.14 Taken together, it would appear that longer 

segments of Barrett’s esophagus are associated with an increased risk of progression to 

adenocarcinoma/high-grade dysplasia.

Hiatal Hernia

Hiatal hernia is a well-documented risk factor for the development of Barrett’s esophagus.15 

In addition, some data suggest that a larger hiatal hernia size may increase the risk of 

neoplastic progression in Barrett’s esophagus (OR 1.20 per cm hiatal hernia, 95% CI 1.04–

1.39).16 In a cohort study of 550 patients from the Kansas City VA, a large hiatal hernia (> 6 

cm) was associated with an increased risk of neoplastic progression to adenocarcinoma/

high-grade dysplasia when compared to patients with no hiatal hernia.17 However, other 

studies find contrary results. A 2013 case-control study of approximately 600 patients 
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demonstrated that while the presence of hiatal hernia increased the risk for Barrett’s 

esophagus, it did not increase the risk of neoplastic progression to adenocarcinoma/high-

grade dysplasia.10 Overall, it is unclear if hiatal hernia size is an independent risk factor for 

neoplastic progression in Barrett’s esophagus.

Mucosal Abnormalities

A number of mucosal changes within the Barrett’s segment are associated with an increased 

risk of progression to adenocarcinoma/high-grade dysplasia. Erosive esophagitis has 

emerged as a potential risk factor for esophageal adenocarcinoma. A Dutch multicenter 

cohort study found an increased risk of progression to adenocarcinoma/high-grade dysplasia 

in Barrett’s esophagus patients with esophagitis at baseline endoscopy (RR 3.5; 95% CI 1.3–

9.5).12 A Danish cohort study also found an increased standardized incidence ratio for 

esophageal adenocarcinoma among Barrett’s esophagus patients with erosive esophagitis 

when compared to the general population (SIR 5.2; 95% CI 4.6–5.8).18

Ulceration within a Barrett’s segment is also associated with an increased risk of neoplastic 

progression to adenocarcinoma/high-grade dysplasia. The above mentioned population 

based case-control study from Northern Ireland also found that patients with ulceration in 

the Barrett’s segment at diagnosis, but not elsewhere in the esophagus, were more likely to 

progress to cancer or high-grade dysplasia than those without (HR 1.72; 95% CI 1.08–

2.76).9

It is unclear if mucosal abnormalities such as erosive esophagitis or ulceration are in fact 

risk factors for progression or rather markers of prevalent adenocarcinoma/high-grade 

dysplasia as shown by current endoscopic eradication studies. Overall, it appears that 

mucosal abnormalities are associated with an increased risk of neoplastic progression in 

patients with Barrett’s esophagus.

Circumferential Position

Early adenocarcinoma and high-grade dysplasia appear to have a predilection to develop in 

the right hemisphere of the esophagus.19,20,21,22 Work from our group found that 85% of 

patients with adenocarcinoma/high-grade dysplasia referred for endoscopic management had 

these abnormalities located in the right hemisphere of the esophagus, predominantly in the 

area between 12 and 3 o’clock.20 Similar findings were described in an Australian study, 

where over 50% of advanced lesions were found between 2 and 5 o’clock.19 These studies 

are both in line with previous data demonstrating a preference for esophagitis to be found on 

the right hemisphere of the esophagus, suggesting a potential inflammatory mechanism to 

explain this observation.23

Pathologic Risk Factors

Intestinal Metaplasia versus Columnar Metaplasia

Currently, there is some disagreement among GI societies as to the definition of Barrett’s 

esophagus. The major difference is whether or not the presence of intestinal metaplasia 

within the columnar lined esophagus is required for the diagnosis. Early data from 
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Scandinavia suggested the risk of progression to adenocarcinoma/high-grade dysplasia in 

the columnar lined esophagus was equivalent in patients with and without intestinal 

metaplasia. 24 However, multiple subsequent studies have demonstrated an increased risk of 

neoplastic progression in patients with intestinal metaplasia.

Work from the population-based Northern Ireland Barrett’s esophagus register examined the 

risk of progression to high-grade dysplasia and esophageal adenocarcinoma in 8,522 patients 

diagnosed with Barrett’s esophagus defined as a columnar lined esophagus both with and 

without intestinal metaplasia. The risk of cancer for patients with intestinal metaplasia at 

index endoscopy was increased compared to those without intestinal metaplasia at index 

endoscopy (0.38% per year vs. 0.07% per year; HR 3.54; 95% CI 2.09–6.0).

An observational study from the University of Chicago demonstrated that in 379 patients 

with a columnar lined esophagus without goblet cells on pathology, none progressed to 

adenocarcinoma/high-grade dysplasia during an average follow up of five years.25 In 

contrast, 8.9% of patients with a columnar lined esophagus with goblet cells progressed to 

adenocarcinoma/high-grade dysplasia.

While there are not yet enough data to definitively state that intestinal metaplasia is a 

necessary component to the neoplastic risk of Barrett’s esophagus, it does appear there is an 

increased risk of neoplastic progression compared to those without intestinal metaplasia.

Dysplasia

Dysplasia remains the single best marker for risk of progression in Barrett’s esophagus. For 

patients with nondysplastic Barrett’s esophagus the risk of neoplastic progression remains 

low. A 2012 meta-analysis found an incidence of esophageal adenocarcinoma of 1 case per 

300 patient years in patients with nondysplastic Barrett’s epithelium.4 Two large, 

population-based studies not included in this meta-analysis also support these findings. A 

cohort study from Denmark evaluated the incidence of adenocarcinoma in over 11,000 

patients with Barrett’s esophagus.26 The incidence rate was 1 case per 1000 person-years in 

patients with nondysplastic Barrett’s over a median follow-up of 5.2 years. A cohort study 

from Ireland also had similar low rates of progression in patients with nondysplastic 

Barrett’s esophagus, 0.17% per year.14

Recent work of a large United States multicenter consortium evaluated the importance of 

repeated biopsy proven nondysplastic Barrett’s esophagus during surveillance endoscopy.27 

Patients were found to have a lower annual risk of progressing to either adenocarcinoma or 

high-grade dysplasia if they had multiple endoscopies documenting persistent nondysplastic 

Barrett’s esophagus (0.34% in patients with 5 endoscopies vs. 0.75% in patients with 1 

endoscopy). Overall, the neoplastic progression risk in non-dysplastic Barrett’s esophagus 

appears to be very low.

Low-Grade Dysplasia

Low-grade dysplasia has been extensively studied as a risk factor for progression with 

highly variable results. This is likely due to the interobserver variability in the diagnosis of 

this lesion that makes diagnosis so problematic.28 A large, multicenter outcomes study from 
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the United States investigated 210 patients with low-grade dysplasia to determine the rate of 

neoplastic progression.29 There was a 1.83% per year incidence of progression to 

adenocarcinoma/high-grade dysplasia in this cohort. While the progression to esophageal 

adenocarcinoma was 0.18% per year if only one of three pathologists confirmed the 

diagnosis of low-grade dysplasia, the incidence rate increased to 0.39% per year if all three 

pathologists agreed. Critics of the study point out that there was a low interobserver 

agreement among the two expert pathologists (Kappa 0.14).30 In addition, approximately 1 

in 4 of the original low-grade dysplasia samples were subsequently upgraded to high-grade 

dysplasia in this study, further calling into question the results. In a landmark study from the 

Netherlands, 293 patients with low-grade dysplasia were assessed. 31 Biopsy samples were 

confirmed by two independent pathologists with extensive experience with dysplasia within 

Barrett’s esophagus from a panel of six pathologists. Upon expert review, almost three-

quarters of patients were downstaged to either non-dysplastic Barrett’s esophagus or 

indefinite for dysplasia. In the patients that were confirmed to have low-grade dysplasia on 

expert review, the risk of neoplastic progression was 9.1% per patient-year with a median 

follow up of over 3 years. The patients with either non-dysplastic Barrett’s esophagus or 

indefinite for dysplasia had a significantly lower risk of neoplastic progression (0.6%–0.9% 

per patient-year).

These results are similar to previous reports from the AMC group in the Netherlands which 

put the risk of progression to adenocarcinoma/high-grade dysplasia at 13.4% per year in 

patients with confirmed low-grade dysplasia. 32 In the surveillance arm of the SURF study 

examining RFA for patients with confirmed low-grade dysplasia, 26.5% of patients 

progressed to adenocarcinoma/high-grade dysplasia during a median follow up of 30 

months.13 Similarly, a high progression rate was seen in the original clinical trial of 

radiofrequency ablation for low grade dysplasia where expert gastrointestinal pathologist 

confirmation was required: 14% of patients in the sham treatment arm developed high-grade 

dysplasia at one year of follow up.33 Finally, in a population-based, cohort study from 

Denmark the standardized incidence ratio for esophageal adenocarcinoma in patients with 

low-grade dysplasia was 5.1 per 1000 patient years (95% CI 3.0–8.6).26

These rates are considerably higher than those described in the most recent meta-analysis, 

which found a rate of progression from low-grade dysplasia to adenocarcinoma of 0.54% 

per year (95% CI 0.32%–0.76%) and to adenocarcinoma/high-grade dysplasia of 1.73% per 

year (95% CI 0.99%–2.47%).34 However, the authors of the meta-analysis reported 

significant heterogeneity between the studies and acknowledged that rates of neoplastic 

progression were higher in the studies when expert pathologists confirmed low-grade 

dysplasia.

In summary low-grade dysplasia is a challenging lesion to diagnose but appears to be a risk 

factor for neoplastic progression when confirmed by multiple pathologists with expertise in 

GI pathology.

Biomarkers of Increased Risk

Given the low rate of neoplastic progression in Barrett’s esophagus and the inherent 

limitations of current endoscopic surveillance programs, there has long been interest in 
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identifying biomarkers of increased risk in Barrett’s patients. While multiple biomarkers 

have been studied, a select few will be discussed here.

One of the best studied biomarkers is the tumor suppressor gene p53. In Barrett’s esophagus 

patients loss of heterozygosity (LOH) for p53 (RR 16; CI 6.2–39.0) as well overexpression 

of p53 (OR 8.42; 95% CI 2.37–30.0) are associated with progression to adenocarcinoma/

high-grade dysplasia. 35, 36 A nested case-control study demonstrated similar results; loss of 

p53 (RR 14.0; 95% CI 5.3–37.2) and overexpression of p53 (RR 5.6, 95% CI 3.1–10.3) 

were associated with a higher risk of progression to adenocarcinoma/high-grade 

dysplasia. 37 In addition, biopsies with both low-grade dysplasia and aberrant p53 

expression appear to have higher rates of neoplastic progression.37,38

Other tumor suppressor genes (i.e. p16), cell cycle related proteins (i.e. Cyclin-A, Cyclin-

D1), growth factor receptors (i.e. EGFR), and flow cytometry for DNA abnormalities (i.e. 

aneuploidy and tetraploidy) have been studied at length. Despite some promising results, 

none of these potential biomarkers are appropriate for clinical practice at this time.

Considerable efforts have also gone into developing panels of these biomarkers that may 

assist in the identification of patients at increased risk for progression. A combination of 17p 

LOH, 9p LOH, and aneuploidy/tetraploidy was found to have a relative risk of 38.7 (95% CI 

10.8–138.5) for neoplastic progression and a 10-year cumulative incidence of 

adenocarcinoma of nearly 80%.39 In patients with none of these biomarkers, only 12% 

progressed to adenocarcinoma. A panel of methylation biomarkers for eight different genes 

(including p16, RUNX3, HPP1) had sensitivity for detection of progression of less than 

50%.40 The panel of just p16, RUNX3, and HPP1 has also been studied.41,42 Finally, a 

nested case-control study from the Northern Ireland Barrett’s esophagus registery evaluated 

a combination of biomarkers and anatomic pathology.43 The panel of low-grade dysplasia, 

DNA aneuploidy/tetraploidy detected by image cytometry and Asperigillus oryzae lectin 

demonstrated an increasing odds ratio for each component of the panel that was present (OR 

3.73 per biomarker, 95% CI 2.43–5.79).

Biomarkers and biomarker panels may one day assist in determining who is likely to 

progress to adenocarcinoma/high-grade dysplasia. At the present time there are multiple 

limitations that need to be addressed before these biomarkers are incorporated into daily 

clinical practice.

Epidemiologic Risk Factors

Age

The incidence of esophageal adenocarcinoma increases with age, regardless of sex or 

race. 44, 45 Between the ages of 50–59, white males have an esophageal adenocarcinoma 

incidence rate of 8.44 per 100,000 person-years (95% CI 8.05–8.85) which increases to 

26.31 per 100,000 person-years (95% CI 25.27–27.38) between ages 70–79.44 The most 

recent publication of the Surveillance, Epidemiology, and End Results (SEER) registry 

reaffirms the increase in esophageal adenocarcinoma with age.45 Starting at age 40 and 
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continuing until 79, the incidence rates of esophageal adenocarcinoma continues to rise. 

Beyond age 80, the incidence rate appears to level off in most groups.

In patients with Barrett’s esophagus, most studies suggest an increase in the risk of 

neoplastic progression with increasing age. A Dutch population-based study found that the 

risk of progression increased with increasing age at diagnosis, with a marked increase in risk 

after the age of 75 (HR 12; 95% CI 8.0–18).46 Similarly in the Danish Barrett’s esophagus 

population-based study, the incidence of adenocarcinoma/high-grade dysplasia increased 

progressively with age and was greatest in patients over age 70 years of age.26

Race

White race is a known risk factor for esophageal adenocarcinoma.47,48,49 There is a four-

fold increase in the incidence rate of esophageal adenocarcinoma in white males compared 

to black males and double that of Hispanic males.50 Similar patterns are also seen in women, 

although with lower incidence rates in all races. While it is unclear why this difference 

exists, a recent study in Barrett’s esophagus patients found a higher rate of dysplasia (7% vs 

0%) and of long segment Barrett’s esophagus (26% vs 12%) at the time of endoscopy in 

Caucasians compared to black patients.51 As both dysplasia and long segment Barrett’s 

esophagus are independent risk factors for esophageal adenocarcinoma, this may be an 

avenue worthy of further study.

Sex

Male gender is another well-documented risk factor for esophageal adenocarcinoma with a 

6–10 fold risk increase compared to that of women.45, 52 However, both genders have seen a 

dramatic increase in the number of esophageal cancers. Newer data from the SEER registry 

have demonstrated the largest gender difference exists largely in the earlier age cancers (i.e. 

younger than 65 years).45 Furthermore, the age adjusted incidence rate in females over 80 

continues to increase while the male rate plateaus. This difference may relate to estrogen 

exposure. Previously, estrogen exposure has been suggested as a protective mechanism 

against both gastric and colon cancers, and has been demonstrated to reduce apoptosis and 

cell growth in esophageal adenocarcinoma.53,54,55 As women age, there is a significant 

decrease in estrogen, which may explain the delayed increase in esophageal adenocarcinoma 

incidence as seen in the SEER database data. Studies examining how risk factors with 

possible male predominance, including GERD, obesity, and tobacco, may affect neoplastic 

progression risk have not yet provided a clear mechanistic answer to this epidemiologic 

difference.56 Among Barrett’s esophagus patients, male gender is also a clearly recognized 

risk factor for progression to esophageal adenocarcinoma.4,10,46

Family History/Genetic Risk

Familial aggregation of Barrett’s esophagus and esophageal adenocarcinoma has suggested 

a potential genetic component to these disease entities. Much of the work in this area has 

come from Chak et al. who initially found that a positive family history (first or second 

degree relative with Barrett’s esophagus, esophageal adenocarcinoma or esophagogastric 

junction carcinoma) was higher among case subjects than among GERD controls (24% vs. 

5%).57 On multivariate analysis, a positive family history for Barrett’s esophagus, 
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adenocarcinoma of the esophagus, or esophagogastric junction was associated with an 

increased risk of developing these lesions when compared to patients with GERD alone (OR 

12.23; 95% CI 3.34–44.76).

A subsequent segregation analysis by the same group found an incomplete autosomal 

dominant inheritance pattern for familial aggregations of Barrett’s esophagus, esophageal 

adenocarcinoma, and gastroesophageal junction carcinoma. 58 Finally, in multiplex 

aggregations characterized by three or more members of a family with Barrett’s esophagus 

and/or esophageal adenocarcinoma, the median age for the diagnosis of adenocarcinoma 

was approximately five years younger than in duplex families or sporadic cases.59 Others 

have found an increased prevalence of Barrett’s esophagus in first degree relatives of 

patients with adenocarcinoma.60

Lastly, examination of germline mutations in patients with Barrett’s esophagus and 

esophageal adenocarcinoma has yielded interesting results. In a model-free linkage analysis 

comparing both concordant sibling pairs with Barrett’s and esophageal adenocarcinoma and 

discordant sibling pairs, three genes were identified with significant mutations (MSR1, 

ASCC1, and CTHRC1).61 MSR1 was associated with the presence of both Barrett’s 

esophagus and esophageal adenocarcinoma. A genome-wide association study from the 

BEACON group of over 1500 cases of esophageal adenocarcinoma and 2300 cases of 

Barrett’s esophagus found a high genetic correlation between both Barrett’s and 

adenocarcinoma as well as multiple shared genes underlying the development of both.62

Taken together, these data suggests that there a genetic component to neoplastic progression 

in some Barrett’s patients. More data are still needed to fully characterize this risk.

Tobacco

Tobacco use is a clear risk factor for the development of both Barrett’s esophagus and 

esophageal adenocarcinoma.63,64 A pooled analysis evaluating approximately 3,000 cases of 

either esophageal adenocarcinoma or esophagogastric junctional adenocarcinoma found an 

odds ratio of 1.67 (95% CI 1.04–2.67) for developing esophageal adenocarcinoma in 

patients with tobacco use, with a significant increase with increased number of pack-years 

smoking.65 Current or prior tobacco use also increases the risk of neoplastic progression in 

patients with Barrett’s esophagus.66,67 A population based cohort from the Northern Ireland 

Barrett’s esophagus registry demonstrated an increased risk of neoplastic progression to 

adenocarcinoma/high-grade dysplasia in current smokers as compared to non-smokers (HR 

2.03, 95% CI 1.29–3.17).66 Overall tobacco is an established risk factor for progression to 

esophageal adenocarcinoma.

Obesity

Obesity is a well-described risk factor for esophageal adenocarcinoma.68,69 A 2013 meta-

analysis of over 8000 cancers examined the relationship between body mass index (BMI) 

and esophageal and gastric cardia adenocarcinoma.69 The relative risk for developing 

esophageal adenocarcinoma increased with an increasing BMI; the relative risk was 1.71 

(95% CI 1.50–1.96) for a BMI 25–30 and 2.34 (95% CI 1.95–2.81) for a BMI > 30. An 

observational study from England showed a significant increase in esophageal 
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adenocarcinoma with a BMI >35 (HR 4.95), but only an upward trend at lower BMIs.70 This 

corresponds to earlier data suggesting the largest risk was in patients with BMI > 35.68 It 

would appear that male pattern central obesity is the key component of this risk, with a 2013 

meta-analysis reporting an odds ratio of 2.51 (95% CI 1.56–4.04) for developing esophageal 

adenocarcinoma in patients with central adiposity.71

The impact of obesity and abdominal adiposity specifically on neoplastic progression of 

Barrett’s esophagus to adenocarcinoma is a bit more unclear. A small cross-sectional 

analysis from Seattle’s Barrett’s esophagus project demonstrated an increasing risk of 

histologic and genetic abnormalities associated with high likelihood of neoplastic 

progression in patients with a predominantly abdominal fat distribution.72 However, a recent 

cohort study of over 400 patients with Barrett’s esophagus found no relation between higher 

waist-hip ratios and neoplastic progression to adenocarcinoma.67 While the role in 

neoplastic progression in Barrett’s esophagus is not fully known, it is clear that obesity and 

specifically abdominal adiposity are associated with an increased overall risk of esophageal 

adenocarcinoma.

The exact mechanism underlying this risk is not fully known, but may involve increased 

IGF-1, insulin resistance, and adipokines such as leptin. 73, 74, 75 These relationships are 

explored at length in a separate chapter.

Protective Factors

Medications

There is emerging evidence that statins may have a protective effect for multiple cancers, 

including esophageal adenocarcinoma. In vitro studies of statins have demonstrated multiple 

potential mechanisms for chemoprevention including antiproliferation, antiangiogenesis, and 

proapoptotic effects.76, 77, 78 Two studies have demonstrated that regular statin use results in 

decreased malignant transformation from Barrett’s esophagus to esophageal 

adenocarcinoma/high-grade dysplasia.79,80 A cohort study from the United Kingdom found 

an inverse relationship between regular statin use of any dose (10+ months) and developing 

esophageal adenocarcinoma (OR 0.58, 95% CI 0.39–0.87).81 The protective effect of statins 

appears to become more apparent with longer-term use. Overall, it appears that statins are 

protective against neoplastic progression.

NSAID medications have also been investigated as potential protective agents against 

neoplastic progression in Barrett’s esophagus. In Barrett’s esophagus, there is an increase in 

cyclooxygenase-2 (COX-2) expression as disease progresses from non-dysplastic Barrett’s 

esophagus to adenocarcinoma/high-grade dysplasia.82 As such, the effect of NSAIDs, 

including aspirin, on PGE-2 production via the COX-2 pathways may serve as a potential 

protective mechanism against neoplastic progression. A pooled analysis by the BEACON 

group of six studies totaling 1226 patients with esophageal adenocarcinoma and 1140 

patients with esophagogastric junctional adenocarcinoma examined the impact of aspirin 

and/or NSAID use on development of these cancers.83 ‘Anytime-users’ of NSAIDs or 

aspirin had reduced risk of esophageal adenocarcinoma compared to ‘non-users’ (OR 0.68; 

95% CI 0.56–0.83). The odds ratio improved further with ‘daily-use’ for ten or more years 
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(OR 0.56; 95% CI 0.43–0.73) in patients. For aspirin, the overall odds ratio for developing 

esophageal adenocarcinoma in ‘anytime-users’ was 0.77 (95% CI 0.60–0.97).

Multiple studies have examined the impact of NSAID and/or aspirin use on neoplastic 

progression of Barrett’s esophagus. Work from the Seattle Barrett’s esophagus project found 

a decreased hazard ratio for progression to adenocarcinoma in current NSAID users (HR 

0.32; 95% CI 0.14–0.70) over an average follow up of 65 months.84 In addition, a multi-

center, prospective cohort from the Netherlands showed a reduced risk of progression to 

cancer in Barrett’s patients taking NSAIDs (HR 0.47, 95% CI 0.24–0.93).85 This study 

showed an additive benefit when both NSAIDs and statins were used (HR 0.22, 95% CI 

0.06–0.85). Finally, a meta-analysis found an overall reduced risk of adenocarcinoma/high-

grade dysplasia among patients with Barrett’s taking COX-inhibitors (RR 0.64, 95% CI 

0.53–0.77) or aspirin (RR 0.63, 95% CI 0.43–0.94) reaffirming the protective effects of 

NSAIDs and aspirin against neoplastic progression.86

The seminal work by Lagergren et al. demonstrated a striking association between more 

frequent, more severe, and more persistent reflux symptoms and esophageal 

adenocarcinoma.87 Thus it makes sense that the effect of acid suppression on neoplastic 

progression in Barrett’s esophagus has been studied. Multiple small studies have suggested a 

reduced risk of neoplastic progression in Barrett’s esophagus patients who use proton pump 

inhibitors.79,88 Furthermore, a 2014 meta-analysis demonstrated an adjusted OR of 0.29 

(95% CI 0.12–0.79) for neoplastic progression in patients with Barrett’s esophagus taking 

proton pump inhibitors.89 There was no benefit noted from histamine-2 antagonists. 

However, a recent Danish case-control study of 140 Barrett’s esophagus patients found no 

benefit for PPI long-term users.90 As such, it is still unclear if proton pump inhibitors 

themselves reduce the risk of neoplastic progression in patients with Barrett’s esophagus, 

though there seems to be no role for histamine-2 antagonists.

Helicobacter pylori

As treatment and eradication rates of H. pylori have increased, the rates of esophageal 

adenocarcinoma have also increased prompting investigators to examine the potential 

relationship between the two observations. Multiple studies have demonstrated an inverse 

relationship between H. pylori infection and development of Barrett’s esophagus.91,92 These 

observations have also suggested a possible protective effect of H. pylori infection against 

development of esophageal adenocarcinoma. A recent meta-analysis of 13 studies, pooling 

1145 esophageal cases with 3453 controls demonstrated a protective benefit of H pylori 

against developing adenocarcinoma (OR 0.57, 95% CI 0.44–0.73).93 This study did not 

specifically address patients with Barrett’s esophagus.

Overall it does appear that H pylori infection has some protective benefit against developing 

both Barrett’s esophagus and esophageal adenocarcinoma. However the effect of neoplastic 

progression in patients with Barrett’s has yet to be studied.
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Diet

High consumption of fruit and vegetables appears to decrease the risk of adenocarcinoma in 

Barrett’s esophagus patients.10,94 An NIH study examined dietary patterns in the general 

population, finding a decreased risk for developing esophageal adenocarcinoma in patients 

reporting a positive Health Eating Index, which puts a premium on vegetables/fruits (HR 

0.75, 95% CI 0.57–0.98). 95 On the other hand, increased meat consumption, particularly 

processed red meats, appears to increase the risk of esophageal adenocarcinoma. 96, 97, 98 

These studies did not address neoplastic progression in patients with Barrett’s esophagus.

Multiple different vitamins and supplements have been studied as well. The most consistent 

data, though limited, suggests fiber may play a protective role against adenocarcinoma.99,100 

Mixed data exist regarding the potential benefit of using a daily multivitamin, folate, or 

vitamin B12.100, 101,102,103,104 Overall, a healthy diet including significant consumption of 

fruits and vegetables likely decreases the risk of developing esophageal adenocarcinoma.

Conclusions

As the prevalence of esophageal adenocarcinoma increases, research has discovered 

epidemiologic, endoscopic, and pathologic factors that may help determine risk for 

neoplastic progression. It is hoped that algorithms can be developed to risk stratify patients 

in the future to tailor optimal therapy and intervention to prevent the development of 

adenocarcinoma.
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Key Points

1. Barrett’s esophagus is the most well established risk factor for the development 

of esophageal adenocarcinoma

2. Risk factors for neoplastic progression in Barrett’s esophagus patients include 

endoscopic findings (i.e. erosive esophagitis), pathologic findings (i.e. 

dysplasia) and clinical aspects (i.e. male sex, older age, tobacco).

3. Protective factors against neoplastic progression include medication use (i.e. 

statins, aspirin), dietary considerations, and H. pylori infection.
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Table 1

Risk Factors for Neoplastic Progression to Esophageal Adenocarcinoma

Clinical Older Age

White Race

Male Sex

Family History

Tobacco

Obesity

Endoscopic Long Segment Barrett’s Esophagus

Hiatal Hernia

Mucosal Abnormalities

Right Hemisphere Position

Pathologic Intestinal Metaplasia

Dysplasia

P53 Overexpression
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Table 2

Protective Factors Against Neoplastic Progression to Esophageal Adenocarcinoma

Dietary Significant Fruits and Vegetables

Fiber

Medications Statins

NSAIDs

Aspirin

Acid suppression Proton Pump Inhibitors

H pylori infection
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