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Introduction

Esophageal cancer is the sixth leading cause of cancer-related death worldwide.1 In 2006, 

1614 patients were newly diagnosed with this malignancy in the Netherlands.2 Despite there 

being numerous improvements in both diagnostic and therapeutic techniques over the past 

three decades, esophageal cancer continues to have a poor prognosis, with 5-year surviv-

al rates between 10% and 13%.3 During the last three decades, there has been a striking 

change in the epidemiology of cancer of the esophagus, predominantly affecting industrial-

ized countries. Since the 1980s the incidence of esophageal adenocarcinoma (EAC) has been 

rising 4-10% annually, and still continuous to rise at present.4-6 This tremendous increase in 

EAC incidence has led to a complete epidemiological shift such that in the United States 

and other industrialized countries, adenocarcinoma has replaced squamous cell carcinoma 

as the most common esophageal malignancy.7 The causes for this alarming increase in EAC 

incidence are unclear. However, it has been postulated that this increase is due to an under-

lying rise of the prevalence of gastroesophageal reflux disease (GERD) and its complication 

Barrett’s esophagus (BE) in the general population.8, 9

Barrett’s esophagus is a well recognized premalignant condition for the development of 

EAC.10, 11 It is characterized by the replacement of the esophageal squamous epithelium by 

metaplastic columnar epithelium as a consequence of chronic exposure to gastroesophageal 

reflux. This may lead to an incomplete form of intestinal metaplasia, named specialized intes-

tinal metaplasia (SIM). BE predisposes to the development of EAC, following a multi-step cas-

cade through stages of esophagitis, intestinal metaplasia, low-grade dysplasia (LGD), high-

grade dysplasia (HGD), to invasive adenocarcinoma.12 The excess risk of developing EAC in BE 

relative to the general population ranges between 30- and 60-fold.13-15 Endoscopic screening 

of subjects with chronic GERD symptoms has been proposed as a method for detecting BE. 

Once BE has been diagnosed, surveillance endoscopy is advised at intervals based on the 

presence or absence and grade of dysplasia, in order to detect early stage cancers suitable 

for curative treatment, and ultimately to prevent deaths from EAC.16

Screening for Barrett’s esophagus

Risk factors for Barrett’s esophagus

Screening for BE in the general population and in GERD patients could decrease EAC mortal-

ity and morbidity. Data from epidemiological studies on risk factors for BE and EAC provide 

valuable information for defining criteria to select the at-risk population. Multiple studies 

have found associations between male gender, white race, age>40, increased frequency and 

duration of GERD symptoms, and increased incidence of BE.17 Also, familial aggregation of BE, 

EAC, and adenocarcinoma of the gastroesophageal junction (GEJ) has been documented in 
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white adults, suggesting that a positive family history should lower the threshold of screen-

ing for BE.18, 19 Other investigators have shown that obesity is associated with an increased risk 

of BE, operating mostly by increasing gastric pressure, transient lower esophageal sphincter 

relaxations and esophageal acid exposure, as well as via additional humoral mechanisms 

mediated by visceral fat in particular.20 The role of other factors in the etiology of BE and 

EAC, such as smoking, alcohol consumption, medication use and socioeconomic status is 

still rather inconclusive and needs further clarification. As long as other high risk markers for 

development of BE are not identified, the highest yield for BE screening will probably be in 

older Caucasian males with longstanding heartburn.

Challenges to screening for Barrett’s esophagus

Screening for BE remains controversial because of the lack of documented impact on mortal-

ity from EAC. One of the major challenges to screening for BE is that the at-risk population 

is too broadly characterized. Symptoms of GERD are ubiquitous in the general population,21 

and, as has been estimated for the US population, even if screening is limited to those older 

than 50 years of age with at least weekly symptoms, more than 10 million endoscopies would 

be needed to prevent perhaps 1,500 EACs, a vanishingly small yield for an invasive screening 

test.22 This strategy would soon overtax health care resources. Another diagnostic challenge 

concerns the large number of patients that lack reflux symptoms but have BE. Those with as-

ymptomatic or minimally symptomatic BE will not enter into the GERD treatment process as 

they will not seek medical consultation. It has been estimated that clinically identified cases 

of BE represent just 6% of the total BE population in the general population, with undetected 

rates estimated at 376 per 100,000 based on autopsy studies.23 A recent population-based 

study in Sweden reported a BE prevalence rate of 1.6%; forty-four percent of the BE patients 

lacked troublesome GERD symptoms over the past 3 months.24 Moreover, more than 40% of 

patients with EAC report no antecedent symptoms of reflux and thus potentially could be 

missed.25 It has also been argued that even though the incidence of EAC continues to rise, 

fewer than 5% of patients with the cancer are known to have BE before they develop symp-

toms of cancer.26 This highlights the possibility that generalized BE screening methods may 

not detect BE in more than 95% of EAC cases.

As current risk factors are insufficient for identifying those patients who would benefit 

from screening endoscopy, new preferably non-invasive and less costly detection methods 

are needed to support screening. As an alternative to esophagogastroduodenoscopy (EGD), 

ultra-thin video endoscopes have been developed, which can easily be passed transorally 

or transnasally without sedation. These instruments can provide an efficient, cost-effective 

alternative to standard endoscopy, and can be offered as an option to conventional examina-

tion, particularly in the setting of screening.27-29 However, use of unsedated small-caliber en-

doscopy is not yet accepted on a wide scale. Another newly introduced diagnostic modality 

is esophageal capsule endoscopy (CE), which offers a method of visualizing the esophagus 
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without the need for sedation, and without the discomfort and risks of EGD. Initial pilot stud-

ies demonstrated a high diagnostic yield of CE in the detection of BE.30, 31 However, other in-

vestigators reported less optimal test characteristics, probably due to limitations of the video 

capsule itself and deviations from the ingestion protocol.32, 33 Further research is necessary 

to evaluate the accuracy and cost-effectiveness of this detection method, before it can be 

introduced in a screening setting.

In conclusion, at present screening for BE in the general population cannot be recom-

mended, given the inability to predict who has BE prior to endoscopy, the lack of evidence 

of efficacy, and the invasiveness and expense of endoscopy. The use of screening in selective 

populations at higher risk remains to be established and should be individualized.

Surveillance of Barrett’s esophagus

Current surveillance guidelines

Once BE is diagnosed, patients are offered to participate in a surveillance program. Consid-

eration for including patients in a surveillance program concern age, likelihood of survival 

over the next five years, patient’s understanding of the process and its limitations for detec-

tion of cancer, and the willingness of the patient to adhere to the recommendations. Current 

recommendations for BE surveillance in the Netherlands are based on recent guidelines by 

the American College of Gastroenterology.16 In general, in patients with no dysplasia, surveil-

lance endoscopy is recommended at an interval of every three years. For patients with LGD 

or those with HGD, a yearly surveillance endoscopy and intensive endoscopic surveillance at 

every three months are advised, respectively. A systematic endoscopic biopsy protocol, gen-

erally accepted to be four quadrant biopsy specimens taken every 2 cm of Barrett’s mucosa 

starting at the GEJ, is used to obtain a histologic diagnosis and grading of dysplasia. 

Dilemmas in surveillance of Barrett’s esophagus

Although surveillance endoscopy is intuitively reasonable and endorsed by many interna-

tional gastroenterological societies, guidelines are inadequately evidence-based, as data in 

support of this strategy and proof of its efficacy are unequivocal. No randomized controlled 

trials have been performed on the efficacy of surveillance in terms of EAC prevention or pre-

vention of cancer-related death in BE patients. Retrospective studies have shown that among 

patients diagnosed with EAC, those who were in a surveillance program were likely to have 

their cancer detected at an earlier stage than those not under surveillance.34 In addition, 

nodal involvement is far less likely to occur in patients found to have cancer on surveillance 

endoscopies compared with those detected outside surveillance.35 Subsequently, early rec-

ognition of HGD or intramucosal tumors has been associated with an improved survival from 

EAC.36 On the other hand, although BE patients have a considerable increased risk of EAC as 
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compared to the general population, the majority of patients will not develop EAC,26, 34, 37 and 

even fewer patients with BE will eventually die from EAC. In a cohort study from the Neth-

erlands, only 5.6% of total mortality was related to EAC.38 Another observational study that 

followed a cohort of 409 BE patients for 10 years showed that only four of them died second-

ary to EAC.39 These findings suggests that BE surveillance programs will have only minimal 

effects on population health. In fact, BE patients do have an increased mortality risk, but this 

is largely due to increased incidence of cardiovascular and pulmonary disease.40

The cost-effectiveness of BE surveillance is crucially dependent on the annual cancer risk. 

Wide variation in this risk has been observed, with published estimates ranging between 

0.2% to 2.9% per year.41-44 These estimates were based primarily on patients referred to tertia-

ry centers, whose cancer risk may exceed that for patients managed by non-referral centers. 

Furthermore, published data predominantly come from small retrospective cohort studies 

with relatively short follow-up, showing higher cancer incidence than may be observed in 

larger surveillance studies.42 As a result of the low degree of ascertainment of BE in the gen-

eral population,24, 45 there is a lack of both large scale and long-term follow-up studies of BE 

patients, providing more reliable risk estimates for malignant progression. Such studies are, 

however, urgently needed to re-appraise the potential value of surveillance endoscopy in BE 

patients and to optimize the recommended follow-up intervals. While the exact rate of malig-

nant progression in BE patients remains uncertain, it becomes even more important to take 

the burden of endoscopic surveillance in BE patients into account, as the majority of patients 

experience discomfort from EGD and are distressed beforehand.46 As such, previous mod-

els of cost-effectiveness have most recently shown that surveillance either does more harm 

than good compared with no surveillance. According to a British study using an economic 

model, an annual cancer risk of 0.5% would mean that surveillance conferred less benefit 

and more costs than no surveillance at all, irrespective of the surveillance interval used.47 This 

indicates that both quality of life benefit and cost-effectiveness of Barrett’s surveillance are 

highly questionable unless surveillance can be targeted at those BE patients who are at the 

highest risk of cancer.

Risk stratification in patients with Barrett’s esophagus

While risk factors for the development of both BE and EAC in the general population have 

been well investigated, it is largely unknown which patients with BE have an increased risk for 

malignant progression. Previous reports identified Caucasian ethnicity, older age, and male 

gender, increasing Barrett’s segment length, large hiatal hernia size, and esophageal ulcer 

or stricture, to be associated with progression from BE to EAC.39, 48-60 In addition, severe acid 

reflux, obesity and smoking and alcohol consumption are proposed to be risk factors for ma-

lignant progression.10, 25, 48, 61, 62 However, some of these reports were based on observations or 

univariate analyses, and did not control for confounding variables. The role of profound acid 

suppression with proton pump inhibitors (PPI) as a protecting factor for EAC development in 



Introduction 15

patients with BE is controversial. Evidence exists that PPI therapy in BE reduces esophageal 

acid exposure,63 decreases mucosal cell proliferation and increases differentiation,64 and pos-

sibly reduces the length of Barrett’s segment and dysplasia incidence.65-67 Others, however, 

did not find any effect of longstanding PPI treatment on the incidence of EAC in BE, and EAC 

has still been reported to occur after successful medical and surgical therapies for GERD.68

At present, histological assessment of the degree of dysplasia in BE is the gold standard 

for determining the risk of progression. The presence of LGD or HGD at histology has been 

shown to be associated with increased risk of EAC development. However, there are a num-

ber of problems with dysplasia as a risk marker, such as the chance of sampling errors. In ad-

dition, in series of patients who had esophagectomies because of a diagnosis of HGD with no 

apparent tumor mass, invasive cancer has been seen in 30-40% of the resected specimens.69 

Conversely, there are reports of patients whose preoperative biopsy specimens showed intra-

mucosal carcinoma, but resected specimens of the esophagus had no evidence of cancer.70 

Another problem is inter-observer variation in grading of dysplasia in BE. Considerable vari-

ability in the interpretation of no dysplasia or indefinite for dysplasia and LGD in BE not only 

exists between non-experts and experts, but also between expert pathologists.71 Also, the 

interobserver agreement in differentiating HGD from intramucosal cancer is only fair.17

There have been a number of attempts to identify biomarkers that can predict which pa-

tients are at greatest risk of developing EAC. Ideal biomarkers are those that have variable 

expression associated with a pathologic process and that are detectable at an early stage 

in disease. More than 60 have been suggested for BE alone.72 Genetic abnormalities within 

the Barrett’s mucosa, such as aneuploidy and tetraploidy, have shown promise as markers of 

elevated cancer risk,73, 74 but no method for the detection of these abnormalities is yet ready 

for clinical application. Other markers that can identify cell-cycle abnormalities are cyclin 

D1, which is a cell-cycle regulator, and Ki67, which is present during active, but not resting, 

phases of the cell cycle.72 In principle such markers are attractive options for the detection of 

at-risk patients, but larger, prospective studies need to be performed before biomarkers can 

be widely used in the clinic.

At present, the evidence on risk factors for malignant progression in BE remains inconsis-

tent, and as a result none of these aforementioned risk factors have been routinely included 

in planning BE surveillance programs, except for the presence of dysplasia. Identification of 

additional risk factors, preferably those that can be obtained without endoscopy, could be of 

use to improve surveillance recommendations.

Aim and outline of this thesis

As outlined above, cancer of the esophagus is a highly aggressive malignancy worldwide, 

of which the incidence has increased tremendously during the last decades, and still con-
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tinues to rise at present. Barrett’s esophagus is the only recognized precursor lesion and is 

associated with the majority, if not all, cases with adenocarcinoma. Unfortunately, the effi-

cacy of screening and surveillance of BE remains a strongly debated issue, as there are many 

unresolved epidemiological dilemmas, of which the inability to predict who has BE prior to 

endoscopy, and the lack of data on the natural history of BE are the major ones. Improved risk 

stratification could improve the effectiveness of screening and surveillance in BE patients, 

and achieve the ultimate goal of reducing EAC mortality.

The aim of the studies described in this thesis is to reassess the yield of screening for and 

surveillance of BE in the prevention of EAC, by exploring the natural course of BE, by inves-

tigating various risk factors involved in the progression of chronic GERD to BE and finally to 

HGD or EAC, and by examining the value of non-invasive techniques in the identification of 

high risk groups. 

Chapter 2 describes epidemiological time trends of BE in the Netherlands over the period 

1991 to 2006 and provides an age-period-cohort analysis, in order to gain more insight in 

possible causes of changes in BE incidence trends. In chapter 3, we investigate the distribu-

tion of environmental risk factors among patients with adenocarcinoma or squamous cell 

carcinoma of the esophagus, and among patients with adenocarcinoma from the gastric 

cardia. Chapter 4 describes the result of a study on the accuracy of esophageal capsule en-

doscopy for the detection of esophageal mucosal disorders, using a new ingestion protocol. 

Chapter 5 comprises a systematic review and meta-analysis of studies on the risk of cancer 

in BE, as well as on the risk of mortality due to EAC. In chapter 6 we estimate the incidence of 

both HGD and EAC in a nationwide cohort of BE patients, and study potential predictors for 

malignant progression in BE patients. Chapter 7 focuses on risk factors that could be used to 

discriminate between low-risk and high-risk BE patients for the development of EAC, using a 

hospital-based case-control study design. Chapter 8 reports on the risk of colorectal cancer 

in patients with BE as compared to the general population, with risk analyses for different 

follow-up periods, in order to explore the temporal relationship between both conditions. In 

chapter 9 we study the effect of PPI treatment on the immune response and oxidative dam-

age in the distal esophagus, in patients with chronic GERD. Finally, in chapter 10, the findings 

of this thesis and their implications in the context of ongoing research are discussed, and 

directions for future research are highlighted.
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Abstract

Background

The Netherlands is among the countries with both the highest and the steepest rising in-

cidence rates of esophageal adenocarcinoma (EAC). Data on the incidence rate of its pre-

malignant precursor, Barrett’s esophagus (BE) is valuable as it allows prediction of EAC inci-

dences in the coming decade.

Aim

To evaluate time trends in the epidemiology of Barrett’s esophagus in the Netherlands.

Methods

Patients with a first-time diagnosis of BE between 1991 and 2006 were identified in the Dutch 

nationwide registry of histopathology (PALGA). Annual age-standardized BE incidence rates 

(ESRs) and age-specific incidence rates were calculated. Time trends were evaluated by age-

period-cohort models.

Results

In total, 42,467 patients were newly diagnosed with BE. After correction for the annual in-

creases in the numbers of first esophageal biopsies of 1.70% (95%CI: 1.55-1.85) in males and 

0.96% (95%CI: 0.78-1.14) in females (both p<0.001), the net annual increase in BE incidence 

was 3.45% (95%CI: 3.12-3.78, p<0.001) in males, and in females 1.28% (95%CI: 0.89-1.68, 

p<0.001). For both genders, age-period-cohort models demonstrated a non-linear period 

phenomenon for BE, with a rapid increase in BE diagnoses before 1996, leveling off there-

after (both p<0.001). In addition, non-linear cohort phenomena for BE in both genders were 

found, with the greatest increase in cohorts born after 1945 (both p<0.001). 

Conclusion

The incidence of histologically confirmed BE is strongly rising in the Dutch population, pre-

dominantly affecting males. The increasing BE incidence is a harbinger of a further rise in the 

number of EACs of nearly 35% in males and 13% in females within the coming decade, and 

emphasizes the need of strategies that have a direct impact on cancer risk in BE.
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Introduction

As in other Western countries,1, 2 the incidence of esophageal adenocarcinoma (EAC) is on 

the rise in the Netherlands,3 with an increase that has been greater than for any other type of 

cancer, and an associated mortality rate that continues to be alarmingly high.4 Although the 

cause of this increase is unknown, it is very likely to result from a similar rising incidence of its 

pre-malignant condition, Barrett’s esophagus (BE), as it is commonly accepted that virtually 

all EACs are preceded by BE.5

Epidemiological data describing temporal trends for BE are, however, scarce. True popu-

lation-based incidence rates of BE are difficult to study, as the ascertainment of BE in the 

general population is low.6, 7 In a large proportion of patients, BE is asymptomatic and, even 

in symptomatic cases, its diagnosis depends on referral for esophagogastroduodenoscopy 

(EGD), and adequate recognition and histological confirmation during endoscopy.8 Never-

theless, increases in the incidence and prevalence of BE have been reported, although it has 

often remained unclear whether this reflected a true increase, a greater awareness of BE, 

increased detection of short segment BE (SSBE), or increased use of EGD. In some studies the 

increase in incidence paralleled higher EGD use,9, 10 whereas in others it was independent of 

EGD rates.11, 12 Clarification of the existence of a true rise in BE incidence and of its contribut-

ing factors is important, as, if present, it will herald a continuing increase in incidence of EAC 

in the near future. In addition, an increasing BE incidence has significant implications for 

health resource utilization and costs, as most patients will be offered endoscopic surveillance 

according to international guidelines.

A previous study from the Netherlands, analyzing data from a nationwide registry of pa-

thology reports (PALGA) and focusing on the time trends in the incidence of BE between 1992 

and 2003, concluded that a true increase in the incidence of BE seemed likely, although the 

findings could in part be explained by changes in endoscopic practice.13 In order to achieve 

greater certainty about the existence of a secular rise in the incidence of BE and to explore 

its causes, the present study has extended the PALGA BE data to 2006, and examines the 

constancy of the age and gender specific esophageal biopsy rates as well as performs age-

period-cohort analyses.

Methods

Histopathology database

In the Netherlands all histopathology and cytopathology reports are collected in a national 

archive (PALGA database), which encompasses all sixty-four pathology laboratories in the 

Netherlands. Since 1991 PALGA has had nationwide coverage and currently contains about 

42 million excerpts from nearly 10 million patients in a total national population of 16 mil-
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lion.14 Every excerpt in the database contains encrypted patient identification, a summary of 

the original pathology report and diagnostic codes similar to the Systematized Nomencla-

ture of Medicine (SNOMED) issued by the College of American Pathologists.15 This diagnostic 

code contains a topological term, the type of sample, and a morphological term describing 

the finding, e.g., ‘esophagus*biopsy*intestinal metaplasia’. Details regarding the number and 

intra-esophageal location of biopsies are not uniformly registered. Each pathology report 

can, however, be traced to an individual patient, allowing follow-up of individuals, irrespec-

tive of where subsequent biopsies were taken or resections were performed. For each report, 

gender, date of birth, date of pathology review, summary text and diagnostic codes were 

made available. It was not, however, possible to access additional clinical data as the PALGA 

registry contains pathology reports only. The present study was based on data recorded in 

the PALGA database between 1991 and 2006.

Data collection

All patients registered in the database between 1991 and 2006 with an initial, histological 

diagnosis of BE were identified.16 Codes that were used to classify biopsies as BE are described 

in the Appendix. Patients with excerpts reporting either gastric or esophageal surgery or ma-

lignancy, registered prior to, or simultaneously with the first diagnosis of BE, were excluded 

from the cohort.

As an estimation of the population undergoing an EGD, the total numbers of patients with 

a first esophageal biopsy per calendar year were also collected for the period 1991-2006.

Data analysis

Age-standardized rates of histopathologically confirmed BE were computed for the period 

1991-2006, using the European Standard Population (European Standardized Rates (ESR)). 

To examine the age distribution of BE cases, age specific incidence rates were computed 

separately for each 5-year age group and provided for both genders. In order to correct for 

changes in frequency of EGD, the ratio of the number of new BE cases relative to the number 

of patients with a first esophageal biopsy was calculated. In addition, annual BE incidence 

changes were corrected by regression analysis for annual fluctuations in the number of pa-

tients with a first esophageal biopsy during the study period.

Time trends in the incidence of BE during the study period were evaluated by age–pe-

riod–cohort models using log-linear Poisson regression analysis. For the estimation of co-

hort models, a mean birth year was calculated for each 5-year age class. The estimated drift 

parameters rendered the percentage annual change (PAC) in incidence rates, corrected for 

age and population size. Linear splines were used to calculate non-linear period and cohort 

effects. Instead of one exponential curve from the beginning to the end of the study period, 

we extended the model to three exponential lines connected by knots at 1996 and 2001 for 

period estimates and at 1930 and 1945 for those of birth cohorts. The presence of significant 
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non-linear period or cohort eff ects was estimated by performing likelihood ratio tests (com-

parison of scaled deviances).17, 18

RESulTS

Study population

In total, 42,467 patients were newly diagnosed with BE (61% male, median age 62.2 yrs), 

4,351 (10.2%) of whom were classifi ed with dysplasia. BE patients with dysplasia were sig-

nifi cantly older (65.3 vs. 61.8 yrs, p<0.001), and more often male (64% vs. 61%, p<0.001) than 

those without.

Age and sex distribution of the incidence of Barrett’s esophagus

The incidence of BE signifi cantly increased with age (Figure 1). In males, the age specifi c BE 

incidence rates increased rapidly between the ages of 30 to 70 years, after which they lev-

eled off  and decreased sharply in those aged over 80 years. In females, however, the rise in 

incidence rates started later and reached its maximum between the age of 80 to 85 years. Lo-

gistic regression analyses demonstrated that between the ages of 20 to 70 years, the BE age-

incidence curves were practically identical for both sexes, with an increase in BE incidence 

rate by 0.71% (95%CI: 0.62-0.80) for each additional year of age, although there was an age 

shift of 10.3 years between these parallel male and female age-incidence curves.
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Figure 1. Age-specifi c incidence rates of Barrett’s esophagus by gender. 
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Time trends in the incidence of Barrett’s esophagus

Over the 16-year period 1991-2006, the ESR age-standardized incidence of BE increased by 

92% (from 13 to 25 per 100,000) in males, by 45% in females (from 8.3 to 12 per 100,000), and 

by 73% (from 11 to 19 per 100,000) for both combined (Figure 2). The ratio of the number of 

detected BE cases to the number of patients with a fi rst esophageal biopsy increased by 45% 

in males (from 22 to 32 per 100) and by 23% in females (from 22 to 27 per 100).

The annual increase in BE incidence was 4.07% (95%CI: 3.79-4.35, p<0.001) for males, but 

considerably lower in females (1.84%, 95%CI: 1.50-2.18, p<0.001). During the same period, 

the number of patients with a fi rst esophageal biopsy increased annually by 1.70% (95%CI: 

1.55-1.85) in males and by 0.96% (95%CI: 0.78-1.14) in females (both p<0.001) (Figure 3). 

Subsequently, after correction for the simultaneous increase in patients undergoing a fi rst 

esophageal biopsy, the net annual increase in BE incidence was 3.45% (95%CI: 3.12-3.78, 

p<0.001) for males, and 1.28% (95%CI: 0.89-1.68, p<0.001) for females.

Age-period-cohort eff ects

The results of the cohort and period estimates are shown in Table 1. Both for male and female 

BE patients, the mean changes in the annual incidence for each of three periods (cohorts 

born before 1930, between 1930 and 1944, and after 1944) were diff erentiated by year of 

birth for cohort eff ects, and by calendar year for period eff ects. Signifi cant diff erences be-

tween the values for the three periods indicated a non-linear cohort or period eff ect.
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Figure 2. Annual European standardized rates for Barrett’s esophagus by gender for the period 1991-2006.
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In both genders a non-linear period phenomenon was observed with a rapid increase in BE 

diagnoses before 1996, and subsequently leveling off  (both p<0.001) (Figure 4A and B). In 

females, the incidence actually decreased annually between 1996 until 2001, thereafter, the 

incidence increased again by 1.1% per year. There were signifi cant cohort eff ects in both 

males and females, demonstrating a rising incidence trend in cohorts born after 1945 (both 

p<0.001) (Figure 5A and 5B).

dISCuSSIOn

This study shows a substantial increase in the number of new patients diagnosed annually 

with BE in the Netherlands during the 16-year period from 1991 to 2006. This rise was seen in 

both men and women, but was stronger in men. The annual increase in BE incidence signifi -

cantly exceeded the annual increase in number of patients with a fi rst esophageal biopsy. In 

addition, concomitant with the rise of new BE cases, birth cohort eff ects were demonstrated 
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Figure 3. Number of patients with a fi rst esophageal biopsy during the period 1991-2006.

Table 1. Period or cohort eff ects for Barrett’s esophagus by gender 1991-2006.

Period eff ect Cohort eff ect

Gender 1991-96 1996-01 2001-06 p-value <1930 1930-44 >1944 p-value

Males +9.1 +3.5 +1.5 <0.001 +1.3 +3.6 +5.3 <0.001

Females +7.9 -0.7 +1.1 <0.001 -0.8 +1.8 +4.4 <0.001

Estimates are means of the annual changes for each of the periods, diff erentiated by year of birth for cohort eff ects and by incidence year for 

period eff ects.
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for both genders, indicating that this rise in BE incidence could not be solely attributed to an 

increased use of upper GI endoscopy, but was for the larger part explained by altered circum-

stances for the general population.

Our results, based on data from the national registry of pathology reports, confi rm the 

previously reported increase in incidence of BE in the Netherlands, based on data from a gen-

eral practitioner database.12 Other studies have drawn various conclusions as to whether the 

increasing incidence of BE in the general population refl ected a true increase, or was merely 

due to the increased use of EGD. Our fi ndings are in line with other observations showing 

true rises in BE incidence rates, independent of changes in endoscopy rates.10, 11, 19, 20 On the 
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other hand, a study from the USA did demonstrate a stable BE incidence despite increased 

EGD rates.21 Diff erences in methodology or study population may have contributed to dis-

crepancies between the aforementioned studies.

In order to gain more insight in possible causes of the increase in incidence of BE in the 

general Dutch population, we performed an age-period-cohort analysis. This demonstrated 

a signifi cant period eff ect, in both males and females, consisting of a far steeper increase 

in newly diagnosed BE cases from 1991 to 1996, as compared to periods 1996 to 2001 and 

2001 to 2006. To clarify this period eff ect several explanations can be considered. Firstly, an 

increased recognition of BE amongst gastroenterologists is plausible, in particular the rec-
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ognition of SSBE during the 1990s,22 a condition which has been first described in the late 

1980s.23 Unfortunately, as no data on the length of the Barrett’s segment were available in our 

database, we were unable to ascertain such SSBE incidence trends in the Dutch population. 

Australian investigators, however, recently reported a marked increase in SSBE incidence be-

tween 1990 and 2002, resulting in a reduction in the mean length of BE 20. This observation 

was in line with data from El-Serag et al.24, who reported a similar secular decrease in the 

length of BE in the USA.

A second explanation for the marked period effect in the increase of BE incidence in the first 

half of the nineties could lie in changes in endoscopic technology, as fiberoptic endoscopes 

were largely replaced by video-endoscopes during this period, leading to considerably im-

proved imaging. This has likely increased the sensitivity for detecting BE, especially with re-

gard to patients with SSBE. Thirdly, changes in the endoscopy referral pattern by general 

practitioners, for instance under influence of manufacturers of proton pump inhibitors, may 

also have led to increased numbers of patients with symptoms of gastroesophageal reflux 

disease (GERD) being referred for EGD. The subsequent reduction of the number of EGDs is 

likely to have resulted at least in part from the introduction of Dutch primary care guidelines 

on dyspepsia in 1993, with a revision in 1996. These guidelines emphasized the restriction of 

referrals of dyspepsia patients without alarm symptoms for EGD.25 A similar trend was previ-

ously observed in a Dutch study on the incidence of premalignant gastric lesions, showing a 

sharply increasing number of patients with a first gastric biopsy until 1998, followed by a de-

cline until 2001, and a slower subsequent rise until 2005.26 Our study showed a similar declin-

ing trend in the number of esophageal biopsies from 1996 to 1998, followed by a somewhat 

stronger incline after 2001 than that observed in the aforementioned study. This may have 

resulted from a mounting interest in histological confirmation of esophageal entities, such as 

eosinophilic esophagitis and non-erosive reflux disease. On the other hand, the ratio of the 

number of new BE cases to the total number of patients with a first esophageal biopsy rate 

actually increased during the study period. This supports the hypothesis that detection bias 

cannot be solely responsible for the increasing incidence of BE in the Netherlands, but that 

new or augmented risk factors also must have contributed to this rise.

This supposition was confirmed by the finding of a birth cohort effect for both genders 

revealing a clear increasing trend among cohorts born after World War II. The rise in incidence 

of BE was most pronounced in persons under 60 years of age, especially in males, which is 

in line with previous Dutch data.12 In addition, similar cohort phenomena in the incidence of 

EAC have previously been reported in a study analyzing US SEER-data,27 and more recently 

in the Dutch population.3 For these trends several explanations seem plausible. Firstly, these 

patterns partly fit the secular changes of obesity,28 which have also become evident in the 

Netherlands.29 Yet, general obesity does not fully explain our birth cohort effects, as the prev-

alence of obesity is also increasing rapidly in demographic groups at relatively low risk of BE 

and EAC. Abdominal obesity alone explains some of the epidemiological features of BE.30 
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A recent study reported a consistent association between abdominal diameter and GERD 

symptoms in Caucasians, but not in African Americans or Asians.31 Furthermore, the visceral 

component of abdominal obesity is thought to promote GERD-related disorders via humoral 

mechanisms, such as increased release of several pro-inflammatory cytokines,32, 33 and lower 

serum levels of adiponectin, which has an anti-apoptotic and anti-proliferative effect.34 In 

aggregate such factors tend to augment both inflammation and malignant transformation in 

patients with GERD. These findings, combined with the increased prevalence of abdominal 

obesity in men, suggest that increased obesity may disproportionately increase GERD and BE 

in Caucasians and particularly in males. This gender effect is reflected in the lower overall an-

nual increase in BE incidence in females in our study, and the smaller cohort effect in females 

as compared to males. A second explanation for an increasing incidence of BE in subsequent 

birth cohorts could be found in the declining prevalence of Helicobacter pylori infection in 

the general population, as some data suggest that gastric H. pylori infection, in particular the 

more virulent CagA-positive strain, may protect the esophagus from the effects of acid reflux, 

perhaps by decreasing gastric acidity resulting from gastric atrophy or by enhancement of 

gastric emptying in especially younger persons.35 A cohort phenomenon for the prevalence 

of H. pylori has previously been demonstrated by analyzing longitudinal data, which showed 

that the prevalence of chronic H. pylori-induced gastritis is much lower in younger birth co-

horts and that H. pylori infection is rarely acquired after childhood. The observation that Eu-

ropean and Asian countries, with far higher colonization rates of H. pylori, have considerably 

lower rates of BE supports this concept.36, 37 However, a general problem with this concept 

is that the sex distribution of H. pylori does not match the different BE incidence trends be-

tween males and females.

In our cohort, BE was predominantly found in males, with a male to female ratio of 1.6:1.0, 

which is similar to reports by others.38 The observed 10 year age shift between the parallel 

male and female BE age-incidence curves provides an explanation for the observed 1.6:1 

sex ratio. The observed age-shift is, however, shorter than that observed in two previous 

studies from the U.K. and the Netherlands on the epidemiology of BE, reporting an age-shift 

of about 20 years.39, 40 This discrepancy can be explained by differences in methodology, as 

in these studies BE incidence rates were calculated per 100 EGDs, with equal numbers of 

EGDs performed in males and females. Nevertheless, the observed age-shift strengthens the 

hypothesis that this shift is responsible for the observed increased risk of BE in males, and 

is in line with the male predominance among EAC patients.41 The presence of an age-shift 

in the development of BE between males and females suggests a certain degree of protec-

tion against BE and EAC in females. This possibly relates to an endogenous effect associated 

with the female reproductive years, most likely being estrogen, which is known for its anti-

inflammatory effects in certain tissues.42 The 2:1 male to female ratio in the prevalence of 

reflux-esophagitis found by others again suggests a protective effect on inflammation of the 

GI tract in females.43 In addition, it has been shown that the risk of gastric cancer is inversely 
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associated with both a delayed menopause and hormone replacement therapy.44, 45 However, 

the effect of estrogen on esophageal disorders is unclear, as exogenous estrogen therapy was 

recently linked to symptomatic GERD,46 although others could not confirm this association.47, 

48 Recently, a large-scale randomized clinical trial showed an increase in GERD symptoms 

following weight gain in patients who received menopausal hormone therapy.49 Although 

estrogen therapy led to a smaller waist circumference, it did not affect the incidence or pro-

gression of GERD in these patients. This could suggest that the protective effect of hormones 

for females may disappear with the tendency to gain weight around their perimenopausal 

years. The interaction between estrogen and obesity needs further clarification.

Some limitations of this study need to be considered. Firstly, our observed BE incidence 

rates are only rough estimates. Most BE patients will not undergo EGD, due to absence of 

reflux symptoms. The actual BE incidence rate could therefore well be higher than that found 

in our study. However, trends in the detection rate of BE are presumably not influenced by 

this underestimation. Secondly, some patients with intestinal metaplasia of the cardia could 

have been misclassified as having BE in our cohort, as endoscopic data were not available. 

We believe, however, that such misclassifications would only have played a minor role, as 

only pathology excerpts specifically reporting Barrett’s epithelium in esophageal biopsies 

were included. In addition, obtaining biopsy specimens from the gastric cardia is not routine 

practice during EGD or in the diagnosis of BE in the Netherlands.

In conclusion, this study shows an ongoing substantial rise in the incidence of histologi-

cally confirmed BE in the Dutch population over the past 16 years, affecting males even more 

than females. Period and cohort phenomena for BE were demonstrated for both genders, the 

former likely to have been explained by both an increasing awareness of BE among endosco-

pists and improved endoscopic techniques, the latter by changes in prevalence of environ-

mental risk factors after World War II, such as the increasing prevalence of obesity and the 

declining prevalence of H. pylori. The increasing BE incidence is a harbinger of a further rise 

in the number of EACs of nearly 35% in males and 13% in females within the coming decade, 

and emphasizes the need of strategies that have a direct impact on cancer risk in BE.

Appendix

PALGA diagnosis codes used in the analysis:

Barrett’s esophagus: T62310M73330, M73320

Dysplasia: M74000, M74006, M74007, M74008, M74009



33Epidemiology of Barrett’s esophagus

References

	 1.	 Blot WJ, Devesa SS, Kneller RW, Fraumeni JF, Jr. Rising incidence of adenocarcinoma of the esoph-
agus and gastric cardia. Jama 1991;265:1287-9.

	 2.	 Pera M. Trends in incidence and prevalence of specialized intestinal metaplasia, barrett’s esopha-
gus, and adenocarcinoma of the gastroesophageal junction. World J Surg 2003;27:999-1008; dis-
cussion 1006-8.

	 3.	 van Blankenstein M, Looman CW, Siersema PD, Kuipers EJ, Coebergh JW. Trends in the incidence 
of adenocarcinoma of the oesophagus and cardia in the Netherlands 1989-2003. Br J Cancer 
2007;96:1767-71.

	 4.	 Polednak AP. Trends in survival for both histologic types of esophageal cancer in US surveillance, 
epidemiology and end results areas. Int J Cancer 2003;105:98-100.

	 5.	 Haggitt RC, Tryzelaar J, Ellis FH, Colcher H. Adenocarcinoma complicating columnar epithelium-
lined (Barrett’s) esophagus. Am J Clin Pathol 1978;70:1-5.

	 6.	 Ronkainen J, Aro P, Storskrubb T, Johansson SE, Lind T, et al. Prevalence of Barrett’s esophagus in 
the general population: an endoscopic study. Gastroenterology 2005;129:1825-31.

	 7.	 Williamson WA, Ellis FH, Jr., Gibb SP, Shahian DM, Aretz HT, et al. Barrett’s esophagus. Prevalence 
and incidence of adenocarcinoma. Arch Intern Med 1991;151:2212-6.

	 8.	 Kruijshaar ME, Kerkhof M, Siersema PD, Steyerberg EW, Homs MY, et al. The burden of upper gas-
trointestinal endoscopy in patients with Barrett’s esophagus. Endoscopy 2006;38:873-8.

	 9.	 Conio M, Cameron AJ, Romero Y, Branch CD, Schleck CD, et al. Secular trends in the epidemiology 
and outcome of Barrett’s oesophagus in Olmsted County, Minnesota. Gut 2001;48:304-9.

	 10.	 Irani S, Parkman HP, Thomas R, Krevsky B, Fisher RS, et al. Increased Barrett’s esophagus for the 
decade between 1991 and 2000 at a single university medical center. Dig Dis Sci 2005;50:2141-
6.

	 11.	 Prach AT, MacDonald TA, Hopwood DA, Johnston DA. Increasing incidence of Barrett’s oesopha-
gus: education, enthusiasm, or epidemiology? Lancet 1997;350:933.

	 12.	 van Soest EM, Dieleman JP, Siersema PD, Sturkenboom MC, Kuipers EJ. Increasing incidence of 
Barrett’s oesophagus in the general population. Gut 2005;54:1062-6.

	 13.	 Post PN, Siersema PD, Van Dekken H. Rising incidence of clinically evident Barrett’s oesophagus in 
The Netherlands: a nation-wide registry of pathology reports. Scand J Gastroenterol 2007;42:17-
22.

	 14.	 Casparie M, Tiebosch AT, Burger G, Blauwgeers H, van de Pol A, et al. Pathology databanking and 
biobanking in The Netherlands, a central role for PALGA, the nationwide histopathology and cy-
topathology data network and archive. Cell Oncol 2007;29:19-24.

	 15.	 Cote RA, Robboy S. Progress in medical information management. Systematized nomenclature of 
medicine (SNOMED). Jama 1980;243:756-62.

	 16.	 Schlemper RJ, Riddell RH, Kato Y, Borchard F, Cooper HS, et al. The Vienna classification of gastro-
intestinal epithelial neoplasia. Gut 2000;47:251-5.

	 17.	 Clayton D, Schifflers E. Models for temporal variation in cancer rates. II: Age-period-cohort mod-
els. Stat Med 1987;6:469-81.

	 18.	 Clayton D, Schifflers E. Models for temporal variation in cancer rates. I: Age-period and age-cohort 
models. Stat Med 1987;6:449-67.



Ch
ap

te
r 2

34

	 19.	 Hurschler D, Borovicka J, Neuweiler J, Oehlschlegel C, Sagmeister M, et al. Increased detection 
rates of Barrett’s oesophagus without rise in incidence of oesophageal adenocarcinoma. Swiss 
Med Wkly 2003;133:507-14.

	 20.	 Kendall BJ, Whiteman DC. Temporal changes in the endoscopic frequency of new cases of Bar-
rett’s esophagus in an Australian health region. Am J Gastroenterol 2006;101:1178-82.

	 21.	 Musana AK, Resnick JM, Torbey CF, Mukesh BN, Greenlee RT. Barrett’s esophagus: incidence and 
prevalence estimates in a rural Mid-Western population. Am J Gastroenterol 2008;103:516-24.

	 22.	 Spechler SJ, Zeroogian JM, Antonioli DA, Wang HH, Goyal RK. Prevalence of metaplasia at the 
gastro-oesophageal junction. Lancet 1994;344:1533-6.

	 23.	 Hamilton SR, Smith RR, Cameron JL. Prevalence and characteristics of Barrett esophagus in 
patients with adenocarcinoma of the esophagus or esophagogastric junction. Hum Pathol 
1988;19:942-8.

	 24.	 El-Serag HB, Garewel H, Kuebeler M, Sampliner RE. Is the length of newly diagnosed Barrett’s 
esophagus decreasing? The experience of a VA Health Care System. Clin Gastroenterol Hepatol 
2004;2:296-300.

	 25.	 Numans ME dWN, Geerdes RHN. NHG-Standaard Maagklachten (Eerste Herziening). Huisarts Wet 
1996;39:565-77.

	 26.	 de Vries AC, Meijer GA, Looman CW, Casparie MK, Hansen BE, et al. Epidemiological trends of pre-
malignant gastric lesions: a long-term nationwide study in the Netherlands. Gut 2007;56:1665-
70.

	 27.	 El-Serag HB, Mason AC, Petersen N, Key CR. Epidemiological differences between adenocarci-
noma of the oesophagus and adenocarcinoma of the gastric cardia in the USA. Gut 2002;50:368-
72.

	 28.	 Merry AH, Schouten LJ, Goldbohm RA, van den Brandt PA. Body mass index, height and risk 
of adenocarcinoma of the oesophagus and gastric cardia: a prospective cohort study. Gut 
2007;56:1503-11.

	 29.	 Visscher TL, Kromhout D, Seidell JC. Long-term and recent time trends in the prevalence of obe-
sity among Dutch men and women. Int J Obes Relat Metab Disord 2002;26:1218-24.

	 30.	 El-Serag H. Role of obesity in GORD-related disorders. Gut 2008;57:281-4.

	 31.	 Corley DA, Kubo A, Zhao W. Abdominal obesity, ethnicity and gastro-oesophageal reflux symp-
toms. Gut 2007;56:756-62.

	 32.	 Tselepis C, Perry I, Dawson C, Hardy R, Darnton SJ, McConkey C, et al. Tumour necrosis factor-
alpha in Barrett’s oesophagus: a potential novel mechanism of action. Oncogene 2002;21:6071-
81.

	 33.	 Xu H, Barnes GT, Yang Q, Tan G, Yang D, et al. Chronic inflammation in fat plays a crucial role in the 
development of obesity-related insulin resistance. J Clin Invest 2003;112:1821-30.

	 34.	 Nishida M, Funahashi T, Shimomura I. Pathophysiological significance of adiponectin. Med Mol 
Morphol 2007;40:55-67.

	 35.	 Corley DA, Kubo A, Levin TR, Block G, Habel L, et al. Helicobacter pylori infection and the risk of 
Barrett’s oesophagus: a community-based study. Gut 2008;57:727-33.

	 36.	 Kuipers EJ, Pena AS, van Kamp G, Uyterlinde AM, Pals G, et al. Seroconversion for Helicobacter 
pylori. Lancet 1993;342:328-31.

	 37.	 Sipponen P, Helske T, Jarvinen P, Hyvarinen H, Seppala K, et al. Fall in the prevalence of chronic 
gastritis over 15 years: analysis of outpatient series in Finland from 1977, 1985, and 1992. Gut 
1994;35:1167-71.



35Epidemiology of Barrett’s esophagus

	 38.	 Cook MB, Wild CP, Forman D. A systematic review and meta-analysis of the sex ratio for Barrett’s 
esophagus, erosive reflux disease, and nonerosive reflux disease. Am J Epidemiol 2005;162:1050-
61.

	 39.	 van Blankenstein M, Looman CW, Johnston BJ, Caygill CP. Age and sex distribution of the preva-
lence of Barrett’s esophagus found in a primary referral endoscopy center. Am J Gastroenterol 
2005;100:568-76.

	 40.	 van Soest EM, Siersema PD, Dieleman JP, Sturkenboom MC, Kuipers EJ. Age and sex distribution 
of the incidence of Barrett’s esophagus found in a Dutch primary care population. Am J Gastroen-
terol 2005;100:2599-600.

	 41.	 Derakhshan MH, Liptrot S, Paul J, Brown IL, Morrison D, et al. Oesophageal and gastric intestinal-
type adenocarcinomas show same male predominance - due to 17 year delayed development in 
females. Gut 2008.

	 42.	 Harnish DC. Estrogen receptor ligands in the control of pathogenic inflammation. Curr Opin In-
vestig Drugs 2006;7:997-1001.

	 43.	 Loof L, Gotell P, Elfberg B. The incidence of reflux oesophagitis. A study of endoscopy reports from 
a defined catchment area in Sweden. Scand J Gastroenterol 1993;28:113-8.

	 44.	 Lindblad M, Garcia Rodriguez LA, Chandanos E, Lagergren J. Hormone replacement therapy and 
risks of oesophageal and gastric adenocarcinomas. Br J Cancer 2006;94:136-41.

	 45.	 Palli D, Cipriani F, Decarli A, Galli M, Saieva C, et al. Reproductive history and gastric cancer among 
post-menopausal women. Int J Cancer 1994;56:812-5.

	 46.	 Nilsson M, Johnsen R, Ye W, Hveem K, Lagergren J. Obesity and estrogen as risk factors for gas-
troesophageal reflux symptoms. Jama 2003;290:66-72.

	 47.	 Jacobson BC, Somers SC, Fuchs CS, Kelly CP, Camargo CA, Jr. Body-mass index and symptoms of 
gastroesophageal reflux in women. N Engl J Med 2006;354:2340-8.

	 48.	 Mohammed I, Cherkas LF, Riley SA, Spector TD, Trudgill NJ. Genetic influences in gastro-oesopha-
geal reflux disease: a twin study. Gut 2003;52:1085-9.

	 49.	 Zheng Z, Margolis KL, Liu S, Tinker LF, Ye W. Effects of estrogen with and without progestin and 
obesity on symptomatic gastroesophageal reflux. Gastroenterology 2008;135:72-81.





Chapter 3
Environmental risk factors 
in the development of 
adenocarcinoma of the 
esophagus or gastric cardia: a 
cross-sectional study in a Dutch 
cohort

Aliment Pharmacol Ther 2007; 26: 31-39

P.J.F. de Jonge1, L.M.M. Wolters1, E.W. Steyerberg2, H. van 

Dekken3, J.G. Kusters1, E.J. Kuipers1, P.D. Siersema1

1Department of Gastroenterology and Hepatology, 2Department 
of Public Health and 3Department of Pathology, Erasmus MC - 
University Medical Center Rotterdam, the Netherlands



Ch
ap

te
r 3

38

Abstract

Background

Risk factors for adenocarcinoma of the esophagus (EAC) and gastric cardia (GCA) are not yet 

established.

Aim

To compare environmental risk factors between patients with EAC and GCA.

Methods

One-hundred and twenty-six patients with EAC, 43 with GCA and 57 with squamous cell car-

cinoma filled out a questionnaire with information on demographic and lifestyle character-

istics, physical activity levels, family history, gastroesophageal reflux disease (GERD) symp-

toms, and medication use.

Results

EAC and GCA patients were similar with regard to male predominance and age, alcohol in-

take and smoking, use of fruits and vegetables, body posture and occupational activities 

(p>0.05). GCA patients less often had heartburn compared with EAC patients (odds ratio (OR) 

0.5, 95% confidence interval (CI): 0.2-0.96) and had these symptoms less frequently and for 

a shorter period (OR 0.3, CI: 0.1-1.0 and OR 0.1, CI: 0.03-0.6, respectively). Former and current 

aspirin use was lower among GCA patients than EAC patients (OR 0.2, CI: 0.05-0.7 and OR 0.4, 

CI: 0.1-0.9, respectively), whereas no difference in non-steroidal anti-inflammatory drug use 

was detected.

Conclusion

Although EAC and GCA share several environmental risk factors, EAC is more frequently asso-

ciated with a history of GERD, suggesting a more important role for gastroesophageal reflux 

in EAC compared with GCA.
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Introduction

Over the past two decades, a dramatic increase in the incidence of esophageal adenocarcino-

ma (EAC) has been noticed in the Western world, which coincided with a less pronounced in-

crease in the incidence of gastric cardia adenocarcinoma (GCA).1 This suggests that common 

risk factors account for both disorders. More recent epidemiological data from the USA2 and 

the Netherlands3 investigating time trends with regard to these two malignancies, however, 

showed a declining incidence rate of GCA during the last decade, suggesting differences in 

risk factor profiles. Parallel to this trend, a moderate decrease in incidence of squamous cell 

carcinoma (SCC) and distal gastric cancer has been reported.

SCC on the one hand and EAC and GCA on the other hand show marked differences in 

pathogenesis, tumor biology and patient characteristics.4 Differences in risk factor profiles 

and epidemiological features between EAC and GCA are, however, unclear. Various risk fac-

tors for these malignancies have been proposed, including gastroesophageal reflux disease 

(GERD), tobacco and alcohol use, dietary factors, medication, obesity and Helicobacter pylori 

infection.5 In clinical practice, EAC and GCA often are considered as one entity with regard 

to staging, treatment and survival.6-8 These carcinomas are also similar in histopathological 

features, such as pattern of lymph node metastases and overall prognosis. However, because 

of the different locations of these cancers, either the esophagus or stomach, the develop-

ment of these two malignancies may involve alternative pathways and could therefore be 

triggered by different etiological factors.

Most studies on etiological factors with regard to the development of carcinomas of the 

proximal gastrointestinal (GI) tract have investigated the relationship between patients with 

either type of carcinoma and healthy controls. A direct comparison between patients with 

EAC and GCA by use of a questionnaire could add to a better insight in etiological differences 

between EAC and GCA. In addition, as EAC and SCC clearly have been shown to be different 

disease entities, a comparison between these two esophageal cancers could demonstrate 

the accuracy of the questionnaire.

We conducted a study in which we investigated the distributions of environmental risk fac-

tors among patients with either type of esophageal cancer or GCA.

Materials and methods

Patients

Between August 2002 and November 2005, all consecutive cases of esophageal carcinoma 

-EAC and SCC- and GCA who were evaluated for endosonographic staging in our unit were 

asked to participate in this study.
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The type and location of the tumor were classified and determined by a team of an endos-

copist, a GI pathologist and a surgeon. A cancer was classified as EAC, when the epicenter of 

the carcinoma was clearly situated in the distal esophagus and/or when the tumor originated 

from Barrett’s esophagus.9 The tumor was considered to be a GCA, when the epicenter was 

located at the junction in the absence of Barrett’s epithelium, or if the center of the tumor was 

seen in the gastric cardia, defined as the area at or immediately below the gastroesophageal 

junction (GEJ). According to the Siewert classification, an EAC would refer to type I, whereas 

a GCA would be type II.10 Patients with tumors originating from the fundus or corpus of the 

stomach but infiltrating into the cardia were excluded. All biopsy specimens and gross speci-

mens, in case the patient underwent a resection, were evaluated by an expert GI pathologist 

(HvD). Barrett’s epithelium was only diagnosed when specialized intestinal metaplasia was 

histologically present in the distal esophagus according to the guidelines of the American 

College of Gastroenterology.11

Data collection

All patients with EAC, SCC and GCA received a detailed questionnaire on the day of the en-

dosonographic investigation. We have used this questionnaire previously in patients with 

Barrett’s esophagus with or without EAC.12 The questionnaire comprised questions on de-

mographic factors (age, gender and race), body mass index (BMI), educational level, lifestyle 

(smoking habits, alcohol consumption and dietary patterns), physical activity levels (during 

work and spare time), working in a stooped posture, personal and family history of GI symp-

toms and diseases, and medication use (proton pump inhibitors (PPIs), histamin-2 receptor 

antagonists (H2RAs), non-steroidal anti-inflammatory drugs (NSAIDs), aspirin and antacids). 

In addition, data on BMI, dietary patterns, physical activity levels and working in a stooped 

posture were collected for the present situation as well as for that at age 20 and 10 years prior 

to filling out the questionnaire. Written informed consent was obtained from each subject. 

The study was approved by the Institutional Review Board of the Erasmus MC Rotterdam.

Statistical analysis

Baseline characteristics were compared using analysis of variance (ANOVA) for continuous 

variables and the chi-squared test for categorical variables. Logistic regression was performed 

to calculate odds ratios (OR) with 95% confidence (CI) intervals for comparison between EAC 

and GCA on the one hand and EAC and SCC on the other hand. OR<1 indicated a significant 

higher prevalence of a certain risk factor in EAC patients than in GCA or SCC patients. For all 

analyses, EAC was chosen as reference group. Univariable analysis was performed to obtain a 

first impression of the effect of risk factors. Variables with a p-value <0.2 were further selected 

for multivariable analysis with adjustments for age, sex, educational level, smoking and al-

cohol consumption. This set of confounders was applied to all models. When the variable of 

interest was also present in the multivariable model (e.g., smoking status), then it was left 
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out from the analysis. Within domains of related variables (e.g., smoking status and duration 

of smoking) we considered variables one by one. For the multivariable analysis, two-sided 

p-values <0.05 were considered statistically significant. Statistical analyses were conducted 

using SPSS software (SPSS 11.0, Chicago, Illinois, USA).

Results

Of the 316 eligible patients, 236 (74.7%) patients gave informed consent and filled out the 

questionnaire, 73 (23.1%) patients refused participation and 7 (2.2%) patients were unable to 

fill out the questionnaire because of poor clinical condition.

Baseline characteristics of EAC, GCA and SCC patients are shown in Table 1. Age, race and 

educational level were not significantly different between the three groups. More female pa-

Table 1. Baseline characteristics of patients.

Variable EAC
(referent)

SCC GCA p-value

Participants 126 57 43 --

Age (years)

	 (mean, sd)

61.8 (11) 62.9 (9) 65.3 (10) 0.148

Sex (male) 112 (89%) 37 (65%) 37 (86%) <0.001

Race (causasian) 125 (100%) 56 (98%) 42 (98%) --

Educational level

	 Primary school

	 High school

	 College/University

61 (48%)

34 (27%) 

30 (24%)

28 (49%)

17 (30%) 

12 (21%)

22 (51%)

11 (26%)

10 (23%)

0.986

BMI (kg/m2) (mean, sd) 26.3 (4) 22.7 (4) 27.4 (7) <0.001

Ever smoked 113 (90%) 52 (91%) 38 (88%) 0.501

Ever alcohol use 116 (92%) 53 (93%) 39 (91%) 0.468

Fruit intake 

	 (p/week) (mean, sd)

8 (6) 7 (7) 6 (6) 0.239

Vegetable intake

	 (p/week) (mean, sd)

6 (2) 6 (3) 6 (2) 0.864

Hot meal 

	 (p/week) (mean, sd)

6 (2) 6 (2) 6 (2) 0.664

Physical activity 

	 (h/week) (mean, sd)

8.6 (14) 8.1 (14) 2.3 (7) 0.031

Helicobacter pylori

eradication

5 (4%) 1 (2%) 2 (5%) 0.733

EAC: esophageal adenocarcinoma, SCC: squamous cell carcinoma, GCA: gastric cardia adenocarcinoma, BMI: body mass index.

p-value from ANOVA / χ2-test.
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tients were diagnosed with SCC compared with EAC and GCA (35%, 11% and 14%, respec-

tively, p<0.001). At the time of the endosonographic investigation, patients with SCC had a 

lower mean BMI as compared with EAC and GCA patients (p<0.001). GCA patients were less 

frequently physical active in their spare time than EAC and SCC patients (p<0.031). Of all the 

126 EAC patients, only 4 patients were known with a previous history of BE and participated 

in a surveillance program (3%). With regard to GCA patients, 1 patient had a clinical diagnosis 

of BE prior to the development of GCA (2%). None of the SCC patients was previously diag-

nosed with BE.

Alcohol consumption and smoking behavior

Patients with SCC more often used alcohol compared with EAC patients (OR 6.4 (95%CI: 1.1-

38)) and had used this for a period of 1-20 years (OR 8.2 (95%CI: 1.0-72)) (Table 2). With regard 

to tobacco use, both current and former uses were comparable between the three groups. In 

addition, no differences in duration of tobacco use were detected.

Body mass index

SCC patients were less often overweight (BMI>25) compared with EAC patients, both at age 

20 as well as 10 years prior to the endosonographic investigation (OR 0.2 (95%CI: 0.1-0.8) 

and OR 0.3 (95%CI: 0.1-0.6), respectively). Although GCA patients less often had a BMI>25 

compared with EAC patients (16% vs. 21%), this difference was statistically not significant 

(Table 2).

Gastroesophageal reflux and family history 

A history of heartburn was less often indicated by SCC and GCA patients than by patients 

with EAC (OR 0.3 (95%CI: 0.1-0.6) and OR 0.5 (95%CI: 0.2-0.96), respectively) (Table 3). SCC 

and GCA patients less frequently had longstanding (>12 years) symptoms of heartburn (OR 

0.1 (95%CI: 0.05-0.6) and OR 0.1 (95%CI: 0.03-0.6), respectively) and also had more frequent 

episodes of heartburn per week (OR 0.1 (95%CI: 0.03-0.5) and OR 0.3 (95%CI: 0.1-1.0), re-

spectively) than EAC patients. However, regurgitation was equally indicated by patients with 

GCA and EAC (OR 0.4 (95%CI: 0.2-1.1)), whereas SCC patients less often had symptoms of 

regurgitation than EAC patients (OR 0.4 (95%CI: 0.2-1.0)). A family history of heartburn and re-

gurgitation was less common in SCC than in EAC (OR 0.1 (95%CI: 0.03-0.4) and OR 0.3 (95%CI: 

0.1-0.9), respectively). However, no differences in family history were detected between EAC 

and GCA patients.

Medication use

SCC patients less often had been using PPIs prior to diagnosis than EAC patients (OR 0.2 

(95%CI: 0.1-0.6)). In addition, current use of H2RAs was also less common in SCC patients (OR 

0.07 (95%CI: 0.01-0.6)) than in EAC patients (Table 4). Although use of PPIs and H2RAs was 
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not different between EAC and GCA patients, former antacid use was less frequent in GCA 

patients than in EAC patients (OR 0.3 (95%CI: 0.1-0.9)).

SCC patients less often were former NSAID users (OR 0.3 (95%CI: 0.1-0.9)) for a short period 

(<6 months) (OR 0.2 (95%CI: 0.05-0.8)) than EAC patients (Table 4), whereas usage patterns of 

NSAIDs were comparable between EAC and GCA patients. On the other hand, GCA patients 

Table 2. Body mass index, use of alcohol and use of tobacco in relation to the risk of esophageal and gastric cardia cancer 
development.

Variable EAC
cases
(percent)*

SCC
cases
(percent)

GCA
cases
(percent)

Univariable 
OR SCC
(95%CI)

Multivariable
OR SCC
(95%CI)**

Univariable 
OR GCA
(95%CI)

Multivariable 
OR GCA
(95%CI)

Smoking

	 Never

	 Former

	 Current

13 (10%)

44 (35%)

67 (53%)

3 (5%)

26 (47%)

27 (46%)

5 (12%)

12 (28%)

26 (61%)

1.0 (referent)

2.6 (0.7-9.8)

1.7 (0.5-6.6)

1.0 (referent)

2.5 (0.5-11)

3.2 (0.7-14)

1.0 (referent)

0.7 (0.2-2.4)

1.0 (0.3-3.1)

1.0 (referent)

0.8 (0.2-2.7)

0.9 (0.3-3.3)

Duration of smoking

	 Never

	 1-20 yr

	 20-40 yr

	 >40 yr

12 (10%)

25 (20%)

48 (38%)

35 (28%)

3 (5%)

5 (9%)

29 (51%)

15 (26%)

4 (9%)

7 (16%)

13 (30%)

16 (37%)

1.0 (referent)

0.8 (0.2-3.9)

2.4 (0.6-9.3)

1.7 (0.4-7.0)

1.0 (referent)

1.3 (0.2-7.7)

3.1 (0.7-14)

2.1 (0.4-10)

1.0 (referent)

0.8 (0.2-3.4)

0.8 (0.2-2.9)

1.4 (0.4-4.9)

1.0 (referent)

0.9 (0.2-4.1)

0.8 (0.2-3.3)

1.3 (0.3-5.4)

Alcohol

	 Never

	 Former

	 Current

10 (8%)

92 (73%)

21 (17%)

2 (4%)

46 (81%)

8 (14%)

6 (14%)

28 (65%)

6 (14%)

1.0 (referent)

2.5 (0.5-12)

1.9 (0.3-11)

1.0 (referent)

6.4 (1.1-38)

4.8 (0.7-27)

1.0 (referent)

0.5 (0.2-1.5)

0.5 (0.1-1.9)

1.0 (referent)

0.5 (0.1-1.7)

0.4 (0.1-1.8)

Duration of alcohol

	 Never

	 1-20 yr

	 20-40 yr

	 >40 yr

10 (8%)

6 (5%)

49 (39%)

53 (42%)

2 (4%)

5 (9%)

22 (39%)

22(39%)

5 (12%)

4 (9%)

6 (14%)

24 (56%)

1.0 (referent)

4.2 (0.6-29)

2.2 (0.5-11)

2.1 (0.4-10)

1.0 (referent)

8.2 (1.0-72)

4.1 (0.6-28)

4.0 (0.6-27)

1.0 (referent)

1.3 (0.3-7.0)

0.3 (0.1-1.0)

0.9 (0.3-2.9)

1.0 (referent)

1.5 (0.2-8.7)

0.3 (0.1-1.2)

0.8 (0.2-3.0)

BMI at age 20

	 <25

	 >25 

87 (69%)

26 (21%)

49 (86%)

4 (7%)

34 (79%)

7 (16%)

1.0 (referent)

0.3 (0.1-0.8)

1.0 (referent)

0.2 (0.1-0.8)

1.0 (referent)

0.7 (0.3-1.7)

1.0 (referent)

0.7 (0.3-1.9)

BMI 10 yrs before 

questionnaire

	 <25

	 >25

36 (29%)

84 (67%)

33 (58%)

20 (35%)

14 (33%)

28 (65%)

1.0 (referent)

0.3 (0.1-0.5)

1.0 (referent)

0.3 (0.1-0.6)

1.0 (referent)

0.9 (0.4-1.8)

1.0 (referent)

0.7 (0.3-1.6)

EAC: esophageal adenocarcinoma, SCC: squamous cell carcinoma, GCA: gastric cardia adenocarcinoma, BMI: body mass index, OR: odds ratio, CI: 

confidence interval.

* Total percentages may not be 100 because of missing values.

** In the multivariable analysis, odds ratios for smoking status and duration of smoking were both adjusted for age, sex, educational level and 

alcohol consumption. Odds ratios for alcohol use and duration of alcohol use were both adjusted for age, sex, educational level and smoking. 

Odds ratios for BMI were adjusted for age, sex, educational level, smoking and alcohol consumption.
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Table 3. Symptoms of reflux and family history in relation to the risk of esophageal and gastric cardia cancer development.

Variable EAC
cases
(percent)*

SCC
cases
(percent)

GCA
cases
(percent)

Univariable 
OR SCC
(95%CI)

Multivariable
OR SCC
(95%CI)**

Univariable 
OR GCA
(95%CI)

Multivariable 
OR GCA
(95%CI)

Heartburn

	 No

	 Yes

61 (48%)

64 (51%)

43 (75%)

12 (21%)

30 (70%)

13 (30%)

1.0 (referent)

0.3 (0.1-0.6)

1.0 (referent)

0.3 (0.1-0.6)

1.0 (referent)

0.4 (0.2-0.9)

1.0 (referent)

0.5 (0.2-0.96)

Duration of 

heartburn

	 Never

	 <12 yr

	 >12 yr

64 (51%)

26 (21%)

32 (25%) 

44 (77%)

8 (14%)

3 (6%)

32 (74%)

8 (19%)

2 (5%)

1.0 (referent)

0.5 (0.2-1.1)

0.1 (0.04-0.5)

1.0 (referent)

0.3 (0.1-0.9)

0.1 (0.05-0.6)

1.0 (referent)

0.6 (0.3-1.5)

0.1 (0.03–0.6)

1.0 (referent)

0.7 (0.3-1.7)

0.1 (0.03-0.6)

Frequency of 

heartburn

	 0x

	 1x

	 2-3x

	 >3x

65 (52%)

14 (11%)

16 (13%)

27 (21%)

45 (79%)

1 (2%)

6 (11%)

3 (5%)

31 (72%)

2 (5%)

6 (14%)

4 (9%)

1.0 (referent)

0.1 (0.01-0.8)

0.5 (0.2-1.5)

0.2 (0.05-0.6)

1.0 (referent)

0.1 (0.02-1.1)

0.6 (0.2-1.7)

0.1 (0.03-0.5)

1.0 (referent)

0.3 (0.1-1.4)

0.8 (0.3-2.2)

0.3 (0.1-0.1.0)

1.0 (referent)

0.3 (0.06-1.5)

1.1 (0.4-3.1)

0.3 (0.1-1.0)

Regurgitation

	 No

	 Yes

88 (70%)

37 (29%)

46 (81%)

9 (16%)

36 (84%)

7 (16%)

1.0 (referent)

0.4 (0.1-0.98)

1.0 (referent)

0.4 (0.2-1.0)

1.0 (referent)

0.5 (0.2-1.1)

1.0 (referent)

0.4 (0.2-1.1)

Duration of 

regurgitation

	 Never

	 <12 yr

	 >12 yr

90 (71%)

13 (10%)

20 (16%) 

46 (81%)

4 (7%)

5 (9%)

36 (84%)

5 (12%)

2 (5%)

1.0 (referent)

0.6 (0.2-1.8)

0.5 (0.2-1.3)

1.0 (referent)

0.4 (0.1-1.6)

0.6 (0.2-1.7)

1.0 (referent)

1.0 (0.3-2.9)

0.3 (0.1–1.1)

1.0 (referent)

1.0 (0.3-3.1)

0.2 (0.1-1.1)

Frequency of 

regurgitation

	 0x

	 1x

	 2-3x

	 >3x

90 (71%)

9 (7%)

5 (4%)

20 (16%)

47 (83%)

2 (4%)

4 (7%)

2 (4%)

36 (84%)

0 (0%)

4 (9%)

3 (7%)

1.0 (referent)

0.4 (0.1-1.9)

1.4 (0.4-5.6)

0.2 (0.04-0.8)

1.0 (referent)

0.8 (0.2-4.2)

1.9 (0.5-7.7)

0.1 (0.03-0.7)

1.0 (referent)

2.0 (0.5-7.9)

0.4 (0.1-0.1.3)

1.0 (referent)

2.5 (0.6-10)

0.3 (0.1-1.2)

Family history of 

heartburn

	 No

	 Yes

47 (37%)

49 (39%)

33 (58%)

7 (12%)

21 (49%)

10 (23%)

1.0 (referent)

0.2 (0.1-0.5)

1.0 (referent)

0.1 (0.03-0.4)

1.0 (referent)

0.5 (0.2-1.1)

1.0 (referent)

0.5 (0.2-1.2)

Family history of 

regurgitation

	 No 

	 Yes

56 (44%)

32 (25%)

35 (61%)

8 (14%)

22 (51%)

6 (14%)

1.0 (referent)

0.4 (0.2-1.0)

1.0 (referent)

0.3 (0.1-0.9)

1.0 (referent)

0.5 (0.2-1.3)

1.0 (referent)

0.5 (0.2-1.5)

EAC: esophageal adenocarcinoma, SCC: squamous cell carcinoma, GCA: gastric cardia adenocarcinoma, OR: odds ratio, CI: confidence interval.

* Total percentages may not be 100 because of missing values.

** In the multivariable analysis, odds ratios were adjusted for age, sex, educational level, smoking and alcohol consumption.
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Table 4. Medication use in relation to the risk of esophageal and gastric cardia cancer development.

Variable EAC
cases
(percent)*

SCC
cases
(percent)

GCA
cases
(percent)

Univariable 
OR SCC
(95%CI)

Multivariable
OR SCC
(95%CI)**

Univariable 
OR GCA
(95%CI)

Multivariable 
OR GCA
(95%CI)

PPI use

	 Non

	 Former

	 Current

79 (63%)

27 (21%)

11 (9%)

45 (79%)

5 (9%)

4 (7%)

30 (70%)

7 (16%)

2 (5%)

1.0 (referent)

0.6 (0.2-2.1)

0.3 (0.1-0.9)

1.0 (referent)

0.2 (0.1-1.1)

0.2 (0.1-0.6)

1.0 (referent)

0.5 (0.1-2.3)

0.7 (0.3-1.7)

1.0 (referent)

0.4 (0.1-2.0)

0.6 (0.2-1.7)

Duration 

	 Never

	 <6 months

	 >6 months

86 (68%)

13 (10%)

19 (15%)

45 (79%)

4 (7%)w

5 (9%)

31 (72%)

3 (7%)

5 (12%)

1.0 (referent)

0.2 (0.2-1.9)

0.5 (0.2-1.4)

1.0 (referent)

0.3 (0.1-1.4)

0.3 (0.1-1.1)

1.0 (referent)

0.7 (0.3-2.1)

0.6 (0.2-2.3)

1.0 (referent)

0.8 (0.2-3.1)

0.5 (0.2-1.6)

H2RA use

	 Non

	 Former

	 Current

98 (78%)

2 (2%)

21 (17%)

53 (93%)

0 (0%)

1 (2%)

34 (79%)

3 (7%)

4 (9%)

1.0 (referent)

0.1 (0.01-0.7)

1.0 (referent)

0.07 (0.01-0.6)

1.0 (referent)

4.3 (0.7-27)

0.5 (0.2-1.7)

1.0 (referent)

6.5 (0.96-44)

0.5 (0.2-1.6)

Duration 

	 Never

	 <6 months

	 >6 months

102 (81%)

8 (6%)

11 (9%)

53 (93%)

1 (2%)

0 (0%)

34 (79%)

1 (2%)

6 (14%)

1.0 (referent)

0.1 (0.03-2.0)

1.0 (referent)

0.2 (0.02-1.7)

1.0 (referent)

0.1 (0.05-3.1)

1.6 (0.6-4.8)

1.0 (referent)

0.3 (0.04-2.8)

1.6 (0.5-4.7)

NSAID use

	 Non

	 Former

	 Current

72 (57%)

18 (14%)

30 (24%)

39 (68%)

6 (11%)

8 (14%)

29 (67%)

3 (7%)

9 (21%)

1.0 (referent)

0.5 (0.2-1.2)

0.6 (0.2-1.7)

1.0 (referent)

0.3 (0.1-0.9)

0.5 (0.2-1.7)

1.0 (referent)

0.7 (0.3-1.8)

0.4 (0.1-1.5)

1.0 (referent)

0.8 (0.3-1.9)

0.4 (0.1-1.7)

Duration 

	 Never

	 <6 months

	 >6 months

96 (76%)

18 (14%)

6 (5%)

46 (81%)

4 (7%)

3 (5%)

37 (86%)

2 (5%)

2 (5%)

1.0 (referent)

0.3 (0.1-1.4)

1.0 (0.3-4.4)

1.0 (referent)

0.2 (0.05-0.8)

1.0 (0.2-5.0)

1.0 (referent)

0.4 (0.1-1.3)

0.9 (0.2-4.5)

1.0 (referent)

0.2 (0.1-1.2)

0.7 (0.1-4.0)

Aspirin use

	 Non

	 Former

	 Current

61 (48%)

32 (25%)

27 (21%)

32 (56%)

15 (26%)

6 (11%)

31 (72%)

7 (16%)

3 (7%)

1.0 (referent)

0.3 (0.1-0.8)

0.4 (0.2-1.1)

1.0 (referent)

0.6 (0.2-1.7)

0.8 (0.3-1.8)

1.0 (referent)

0.2 (0.06-0.8)

0.5 (0.2-1.1)

1.0 (referent)

0.2 (0.05-0.7)

0.4 (0.1-0.9)

Duration 

	 Never

	 <6 months

	 >6 months

92 (73%)

7 (6%)

21 (17%)

46 (81%)

0 (0%)

6 (11%)

36 (84%)

2 (5%)

3 (7%)

1.0 (referent)

0.6 (0.2-1.6)

1.0 (referent)

0.5 (0.2-1.6)

1.0 (referent)

0.7 (0.1-3.7)

0.4 (0.1-1.3)

1.0 (referent)

0.8 (0.2-4.3)

0.3 (0.08-1.1)

Antacids

	 Non

	 Former

	 Current

57 (45%)

23 (18%)

38 (30%)

36 (63%)

8 (14%)

8 (14%)

27 (63%)

6 (14%)

5 (12%)

1.0 (referent)

0.1 (0.1-0.8)

0.6 (0.2-1.5)

1.0 (referent)

0.3 (0.1-0.9)

0.6 (0.2-1.7)

1.0 (referent)

0.2 (0.1-0.8)

0.6 (0.2-1.4)

1.0 (referent)

0.3 (0.1-0.9)

0.5 (0.2-1.3)

Duration 

	 Never

	 <6 months

	 >6 months

90 (71%)

6 (5%)

22 (18%)

46 (81%)

3 (5%)

3 (5%)

34 (79%)

2 (5%)

2 (5%)

1.0 (referent)

1.0 (0.2-4.1)

0.3 (0.08-0.9)

1.0 (referent)

0.9 (0.2-4.2)

0.3 (0.08-1.2)

1.0 (referent)

0.9 (0.2-4.5)

0.3 (0.05-1.1)

1.0 (referent)

1.1 (0.2-6.2)

0.3 (0.06-1.4)

EAC: esophageal adenocarcinoma, SCC: squamous cell carcinoma, GCA: gastric cardia adenocarcinoma, OR: odds ratio, CI: confidence interval, PPI: 

proton pump inhibitor, H2RA: histamine-2 receptor antagonist, NSAID: non-steroidal anti-inflammatory drug.

* Total percentages may not be 100 because of missing values.

** In the multivariable analysis, odds ratios were adjusted for age, sex, educational level, smoking and alcohol consumption.
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less often were former as well as current users of aspirin as compared to EAC patients (OR 0.2 

(95%CI: 0.05-0.7) and OR 0.4 (95%CI: 0.1-0.9) respectively).

Discussion

Previous studies on the incidence of EAC and GCA investigated risk factors that could have 

additional value in preventive strategies for these two different types of cancer. So far, the 

close proximity of EAC to GCA around the gastroesophageal junction, the identical staging 

and treatment protocols for both malignancies and the fact that tumor location is not an in-

dependent risk factor with regard to prognosis,5, 6, 13 have made that these cancers are regard-

ed as one-disease entity. In contrast, because of its distinct histopathological differences, SCC 

on the one hand and EAC and GCA on the other hand are regarded as separate disorders, but 

again with largely common staging and treatment strategies. Previous epidemiological stud-

ies, however, suggested that EAC and GCA were indeed different entities and therefore worth 

to be evaluated separately.2, 3, 14

In the present study, the majority of the evaluated risk factors did not show differences 

between EAC and GCA patients, as has been reported previously.15 Patients were similar with 

regard to male predominance and age at the time of diagnosis (middle-aged). In addition, no 

differences were found in alcohol intake and smoking, use of fruits and vegetables, body pos-

ture and occupational activities (Tables 1 and 2). Nonetheless, patients with EAC more often 

experienced symptoms of heartburn and had more often longstanding symptoms of heart-

burn compared with GCA patients (Table 3). Reflux symptoms have previously been shown 

to be weakly associated with the risk of GCA, but more strongly with the risk of developing 

EAC.16 Chak et al.17 reported that nearly two-thirds of patients with GCA did not recall chronic 

GERD symptoms. This is in agreement with our findings. The differential association with the 

symptoms of reflux may imply that EAC and GCA are different disease entities.

In accordance with findings from others,18, 19 EAC patients were significantly more often 

obese throughout their life than SCC patients, whereas EAC and GCA patients were almost 

similar, however, with a slightly higher percentage of EAC patients having a BMI>25 than GCA 

patients (Table 2). Obesity is thought to induce a decrease in lower esophageal sphincter 

functioning combined with increased abdominal pressure which has been shown to induce 

gastroesophageal reflux.20 It has convincingly been shown that GERD is closely associated 

with the development of EAC,16 most likely through the induction of Barrett’s esophagus.21

As expected, patients with EAC more frequently used both PPIs and H2RAs than SCC pa-

tients, most likely because of differences in GERD symptoms (Table 4). Although the use of 

acid-suppressive drugs was not different between EAC and GCA patients, GCA patients less 

often were antacid users.
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Remarkably, in contrast to NSAID use, EAC patients more often used aspirin than GCA pa-

tients, both at the time of diagnosis and during the 10 years prior to diagnosis (Table 4). 

Aspirin could either have been used as painkiller (high-dose) by some patients or for the 

prevention of cardiovascular events (low-dose) by others. Unfortunately, we have no infor-

mation with regard to dosage patterns among aspirin users. If aspirin was used as painkiller 

by EAC patients, then it seems likely that they also should have used more NSAIDs than GCA 

patients, which was not the case. It can be speculated that patients with a tumor located in 

the esophagus (EAC or SCC) experience more pain than GCA patients, because of a higher risk 

of tumor tissue growing into surrounding tissues as compared to GCA patients. If this would 

have been the case, then it is difficult to understand why EAC patients more frequently were 

former NSAID users than SCC patients (Table 4).

A study on the effect of aspirin on the development of gastric cancer has shown a reduced 

risk on both distal gastric cancer and cardia cancer.22 In addition, selective NSAIDs have been 

suggested to protect against the development of Barrett’s esophagus and subsequent EAC.23, 

24 This protective effect is thought to exert its action through inhibition of cyclo-oxygenase-2 

(COX-2). The COX-2 selective agents have been shown to decrease proliferation and increase 

apoptosis in vitro in Barrett’s epithelial cells and in human Barrett-associated EAC cell lines.25, 

26 Moreover, selective inhibition of COX-2 has been shown to decrease proliferation in meta-

plastic Barrett’s mucosa in vivo.27 For that reason, we would have expected that, at least in EAC 

and GCA patients, use of aspirin and NSAID would have been similar.

EAC and SCC have been shown to be different disease entities with distinct risk factors. Un-

til now, the majority of reported studies have compared risk factors for these two carcinomas 

with a control group.28, 29 However, both patient groups have an intrinsic carcinogenic poten-

tial and genetic factors might well contribute to the development of these carcinomas. Our 

study showed that both EAC and SCC patients were in some ways comparable with regard 

to baseline factors with the exception of a male gender difference in EAC compared to SCC 

patients. In addition, SCC patients more often used alcohol and, if so, for a longer period than 

EAC patients, whereas no differences were detected in smoking habits. These findings are 

in agreement with previous studies in which smoking was found to be a risk factor for both 

types of cancer, whereas alcohol intake was primarily related to the development of SCC.5

Some limitations of our study warrant consideration. First, the reported results may have 

been subjected to recall bias. However, this faulty recall is unlikely to be related to the type 

of carcinoma and therefore should be random. Second, although our current findings are in 

agreement with previous reports in the literature, we might not have been able to detect 

important differences because of the relatively small sample size of GCA and SCC patients. 

Third, misclassification of EAC and GCA tumors could have influenced our results. However, 

we tried to minimize the risk of misclassification by centrally reviewing all endoscopy, pa-

thology and surgery reports. Fourth, our questionnaire was not validated. However, during 

the development of the questionnaire, we did a great effort to minimize the possibility of 
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ambiguities and misinterpretations of the different questionnaire items in order to ensure 

valid responses. Moreover, the same questionnaire has recently been used in another study 

investigating risk factors for EAC development by comparing patients with GERD, BE and 

EAC.12 Finally, we might have increased the risk of false-positive results (type 1 error) by mul-

tiple statistical testing.

Strengths of our study include the size of the study population, the single center design, 

and the collection of data on several potential environmental risk factors that could increase 

or decrease the risk of cancer development at the GEJ and distal esophagus. In addition, asso-

ciated risk factors were adjusted for potential confounding factors. Moreover, patients were 

uniformly classified and strict and consistent criteria were used to make a final diagnosis of 

carcinoma. Finally, the comparison between patients with EAC and SCC clearly demonstrated 

that the questionnaire is able to accurately detect epidemiological differences. This justifies 

its application for the comparison between patients with EAC and GCA.

In conclusion, although several risk factors, such as alcohol, smoking, obesity, occupational 

activities, and fruit and vegetable intake are similar in EAC and GCA patients, EAC patients 

more often have a present or past history of GERD. This suggests a more important role for 

gastroesophageal reflux in EAC compared with GCA.
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Abstract

Background

To assess the accuracy of a new ingestion protocol for capsule endoscopy (CE) in evaluating 

patients with gastroesophageal reflux disease (GERD).

Methods

Esophagogastroduodenoscopy (EGD) was performed 1 week prior to CE. The first 28 subjects 

swallowed the capsule following the original ingestion protocol (OIP) and the subsequent 

30 subjects following a simplified ingestion protocol (SIP). CE videos were reviewed by two 

independent investigators who were blinded to the EGD findings. 

Results

Of 48 patients included, 24 were diagnosed with reflux esophagitis (67% male, mean age 

49.5 ± 13 yrs), and 24 with Barrett’s esophagus (BE) (88% male, 55.6 ± 10 yrs) by EGD. In addi-

tion, 10 asymptomatic healthy controls (50% male, 45.8 ± 7.1 yrs) were included. Esophageal 

transit time was faster in patients using the SIP compared to the OIP (126 ± 26 seconds vs. 

214 ± 33, p=0.04). Complete evaluation of the Z-line was possible in 19/28 (68%) of the OIPs 

compared to 28/30 (93%) of the SIPs (p=0.04). Sensitivity for detecting any esophageal ab-

normality was higher in the SIP group than in the OIP group (97% vs. 89%, p=0.11). Overall, 

CE detected esophagitis in 22/24 patients (sensitivity, 92%; specificity, 88%) and BE in 23/24 

patients (sensitivity, 96%; specificity, 91%). Furthermore, 41/44 (93%) preferred CE over EGD 

and experienced less discomfort and pain during CE.

Conclusion

CE is an accurate method for detecting mucosal esophageal abnormalities. The new inges-

tion protocol improves the visualization of the Z-line, which is likely to increase the diagnos-

tic yield of CE.
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Introduction

Gastroesophageal reflux disease (GERD) is a common entity that has been estimated to affect 

around 10 to 20% of the Western population.1 The disease is associated with significant im-

pairment of quality of life and frequently requires endoscopy for the evaluation of symptoms 

or to screen for complications such as erosive esophagitis, strictures, and Barrett’s esophagus 

(BE).2

Screening for BE in patients with symptomatic GERD is performed in an attempt to identify 

patients with an increased risk of developing esophageal adenocarcinoma. Esophagogas-

troduodenoscopy (EGD) with biopsies is the preferred technique for evaluating the esoph-

ageal mucosa and is the standard for BE evaluation. However, screening for BE and other 

esophageal pathologies in the general population is considered not to be realistic because of 

the costs associated with EGD.3 In addition, the procedure may be burdensome to patients4 

and carries a small potential risk of complications.5, 6 Consequently, some reflux patients are 

known to be reluctant to undergo BE screening even when it is indicated. The use of an ac-

curate, safe and alternative visualization method, especially in the setting of screening, is 

therefore needed.

As an alternative to sedated EGD, ultra-thin video endoscopes have been developed, which 

can easily be passed transorally or transnasally without sedation. These instruments can pro-

vide an efficient, cost-effective alternative to standard endoscopy, and can be offered as an 

option to conventional sedated examination, particularly in the setting of screening.7-9 How-

ever, use of unsedated small-caliber endoscopy is not yet accepted on a wide scale.

Another newly introduced diagnostic modality is capsule endoscopy (CE), which offers a 

method of visualizing the esophagus without the need for sedation, and without the discom-

fort and risks of EGD. Initial pilot studies demonstrated a high diagnostic yield of CE in the 

detection of BE.10, 11 However, other investigators reported less optimal test characteristics, 

probably due to limitations of the video capsule itself and deviations from the recommended 

ingestion.12, 13 Recently, a new simplified ingestion protocol (SIP) was developed and shown 

to be superior to the original ingestion protocol (OIP) with regard to visualization of the Z-line 

in healthy controls.14 So far, clinical studies in appropriate disease-targeted populations using 

the SIP have not yet been performed.

In the present study, we aimed to compare the accuracy of CE with EGD in evaluating pa-

tients with symptomatic GERD using a new simplified ingestion protocol. Secondary aims 

were to investigate the burden of endoscopy and patient satisfaction with CE, and to esti-

mate costs of both EGD and CE.
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Methods

Patients

From March 2006 to March 2007, patients at the Erasmus MC - University Medical Center Rot-

terdam and IJsselland Hospital, Capelle aan den IJssel in the Netherlands, referred for EGD 

for evaluation of symptomatic GERD or for surveillance of BE were eligible to participate in 

this study. Consecutive patients with reflux esophagitis (RE) or BE at the time of EGD were 

invited to undergo CE within one week after EGD. In addition, healthy controls without a 

history of GERD symptoms were enrolled. Absence of GERD symptoms in these patients was 

confirmed by scoring negatively on the GERD-HRQL questionnaire.15, 16 Exclusion criteria were 

dysphagia, known Zenker diverticulum, or known/suspected intestinal obstruction. In addi-

tion, pregnant women, patients with a cardiac pacemaker or patients who were scheduled 

for MRI examination within 7 days after capsule ingestion were excluded from the study. All 

participants signed an informed consent form and the study was approved by the Institu-

tional Review Board of the Erasmus MC Rotterdam.

Protocol

Patients were not allowed to use anti-secretory medication in the period between the EGD 

and CE; however, if needed, the use of antacids was permitted. EGD was performed with 

a small-diameter forward-viewing endoscope (Olympus Evis Exera GIF-160). Conscious se-

dation with midazolam was not routinely given. During EGD, the endoscopist recorded im-

ages of the Z-line, gastroesophageal junction, and diaphragmatic impression. Patients with 

RE were classified using the Los Angeles (LA) classification.17, 18 Long segment BE (LSBE) was 

defined as BE length > 3 cm and short segment BE (SSBE) was defined as BE length ≤ 3 cm.19 

All procedures were performed by a total of three senior endoscopists experienced in con-

ventional EGD.

CE was performed using the PillCam ESO capsule (Given Imaging, Yoqneam, Israel), which 

is an ingestible, disposable capsule equipped with two miniature cameras. It has a size of 11 

x 26 mm and collects video images at both ends of the capsule at a rate of 14 frames (fr.)/sec. 

(7 fr. /sec. x 2 cameras) during its passage through the esophagus. The images are transmit-

ted via radiofrequency signalling to a portable data recorder unit, which is carried by the 

study participant. The recorded data are available for processing and interpretation by the 

physician.

Two different ingestion protocols were compared in this study. Before the examination a 

fast of at least 6 hours was required. The first 28 patients swallowed the capsule following the 

original ingestion protocol (OIP), in which the patient ingests the capsule in a supine position 

(with the head flexed forward), followed by gradually elevating the trunk in a series of inclina-

tions over a total of 6 minutes.11 The remaining 30 patients swallowed the capsule following 

a simplified ingestion protocol (SIP). In this new protocol, the capsule is ingested with the pa-
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tient in a right lateral supine position while taking sips of water (15 mill each) approximately 

every 30 seconds.14 Patients were asked not to talk or make sudden movements during both 

protocols. One week following CE, patients were contacted by telephone for confirmation of 

capsule excretion and documentation of adverse events.

Capsule endoscopy analysis

One experienced gastroenterologist and one gastroenterology fellow, independently from 

each other and blinded to the patient’s history and diagnostic findings at EGD, reviewed the 

CE videos. In the event of disagreement, a third independent investigator was asked for a 

review. Since none of the three investigators had reviewed any esophageal CE video prior to 

start of the study, all three investigators participated in a training session in which 25 repre-

sentative clips of BE and RE were discussed. The investigators documented the esophageal 

transit time, visualization of the circumferential Z-line, presence or absence of BE, estimated 

length of suspected BE (i.e., SSBE or LSBE), presence or absence of RE, LA grade of RE or any 

other abnormal findings. Esophageal transit time was calculated by subtracting the time of 

the first esophageal image from the time of the first gastric image.

Questionnaire

Patients’ experience of the burden of endoscopy and CE was assessed longitudinally by use of 

a validated questionnaire at four time-points: 1 week before the EGD (baseline), on the day of, 

but before the EGD, on the day of, but before the CE and 1 week after the CE. The 4 different 

components of the questionnaire, included: 1) Demographic data at baseline, including pa-

tients’ judgement of their own health, using the EuroQol−5D20, 21, an instrument for measur-

ing health-related quality of life; 2) Pain and discomfort experienced during the procedure, 

measured both 1 week after EGD and 1 week after CE. Question items related to the differ-

ent stages of the procedures (e.g., introduction of the endoscope, ingestion of the capsule, 

the endoscopic exploration itself, removal of the endoscope), with three response options 

(not, quite, and very painful/unpleasant). Discomfort was additionally assessed with regard 

to fasting and, if applicable, for waking up after sedation. Moreover, we asked patients to rate 

the overall burden of the procedures (very, somewhat, not burdensome), and to identify the 

most and the least burdensome parts of the procedures; 3) Physical symptoms caused by the 

EGD and CE were compared with regard to 10 symptoms at baseline and 1 week after both 

procedures, i.e., throat ache, heartburn, regurgitation, flatulence or feeling bloated, vomiting, 

haematemesis, dysphagia for solid foods, dysphagia for fluids, diarrhoea, and constipation. 

Questions were composed with four answer categories (not at all, and lasting for 1 day, 2-3 

days, or 4 or more days); 4) The Hospital Anxiety and Depression (HAD) scale, which was 

used to assess anxiety (7 items) and depression (7 items) at each time point.22, 23 Scores per 

subscale range from 0 to 21, scores of 11 or higher indicating clinical, and 8-10 borderline 

anxiety or depression.
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Cost calculations

Calculation of the full cost price of EGD and CE consisted of a detailed measurement of in-

vestments in manpower, equipment, materials, housing and overhead. For CE, both the dura-

tion of the examination itself (20 min) and the duration of the reviewing process of the CE 

video (9 min) were considered in the calculation of personnel costs. The salary schedules 

of hospitals and other health-care suppliers were used to estimate costs per hour for each 

caregiver. Taxes, social securities and vacations were included, as well as costs related to the 

time that could not be assigned to other patients. The costs of equipment included those of 

depreciation, interest and maintenance. For the most important cost items, unit prices were 

determined by following the micro-costing method ,24 which is based on a detailed inventory 

and measurement of all resources used.

Statistical analysis

CE test characteristics were estimated by calculating sensitivity, specificity, negative predic-

tive value (NPV) and positive predictive value (PPV). These were assessed for the detection 

of the esophageal findings RE and BE. The gold standard in this study was defined as the 

diagnostic findings observed at the time of the EGD. Chi-square tests and t-tests were used 

to compare the categorical and continuous characteristics, respectively. Symptoms before 

and after both EGD and CE were compared using the McNemar test. Statistical significance 

was considered to be present if a two-sided p was <0.05. Statistical analyses were conducted 

using SPSS software (10.1, Chicago, Ill, USA).

Results

Of forty-eight consecutive patients who underwent both EGD and CE, 24 patients (50%) were 

diagnosed with RE (67% male, mean age 49.5 ± 13 years) and 24 (50%) with BE (88% male, 

55.6 ± 10 years) by EGD. In addition, both EGD and CE were performed in 10 asymptomatic 

healthy controls (50% male, mean age 45.8 ± 7.1 years). The patients had no difficulty swal-

lowing the capsule while in the supine position, and no adverse advents were noted during 

or after capsule ingestion.

Technical characteristics

The mean total recording time for CE videos was 1218 sec (range 380 - 1305) (Table 1). The 

mean esophageal transit time was longer in patients ingesting the capsule using the OIP 

than in those following the SIP (214 ± 33 vs. 126 ± 26 sec, p=0.04). A complete study of the 

Z-line (all 4 quadrants) was possible in 19/28 (68%) of the OIP videos and in 28/30 (93%) of the 

SIP videos (p=0.04). Incomplete visualization of the Z-line was mainly caused by the presence 

of bubbles or a rapid passage through the distal part of the esophagus. The SIP did not result 

in less interference due to bubbles at the Z-line (p=0.41).



Capsule endoscopy for esophageal abnormalities 57

Diagnostic characteristics

Based on EGD findings, 24 patients were diagnosed with RE (LA grade A: 20, and grade B: 4) 

and 24 patients with BE (SSBE: 6, LSBE: 18). When comparing the OIP with the SIP with regard 

to diagnostic accuracy of CE, sensitivity for detecting any esophageal abnormality (RE and 

BE) in the 30 subjects who followed the SIP (EGD: RE 17, BE 13) was non-significantly higher 

compared to the OIP group (EGD: RE 7, BE 11, healthy controls 10) (97% vs. 89%) (p=0.11). In 7 

RE patients who followed the OIP, RE was found in 6 (sensitivity 86%). In the remaining 17 RE 

patients who followed the SIP, RE was detected in 16 (sensitivity 94%). In 11 BE patients who 

followed the OIP, BE was found in 10 (sensitivity 91%). In the remaining 13 BE patients who 

followed the SIP, BE was detected in all (sensitivity 100%). Of all 10 healthy controls included 

in the OIP group, one subject was diagnosed as having RE grade A.

In the overall analysis, CE had a sensitivity of 92%, a specificity of 88%, a NPV of 94% and a 

PPV of 85% for the detection of RE (Table 2). RE could not be identified by CE in 2 patients. The 

grade of RE was correctly assessed in 14 of 22 patients (64%) at CE, with none of the patients 

being scored with RE grade C or D. 

With regard to overall accuracy of CE for detecting BE, CE had a sensitivity of 96%, a speci-

ficity of 91%, a NPV of 97% and a PPV of 88% (Table 2). BE could not be identified by CE in 1 

patient. The length of the BE segment was correctly scored by CE in 19 of 23 patients (83%). 

The sensitivity for the detection of RE was higher when CE videos were reviewed by an 

experienced gastroenterologist compared to a trainee (92% vs. 83%, p=0.02). However, the 

sensitivity for detecting BE was not significantly different (96% vs. 88%, p=0.13). Overall, dis-

agreement between the two investigators occurred in 5 CE videos, requiring review by a third 

independent investigator.

Table 1. Technical characteristics of capsule endoscopy (CE) comparing the original ingestion protocol (OIP) with the simplified 
ingestion protocol (SIP).

Measure OIP
(n=28)

SIP
(n=30)

p-value*

Mean esophageal transit time (seconds ± SD) 214 (33) 126 (26) 0.04

Z-line visualization (%)

	 All quadrants 19 (68%) 28 (93%) 0.04

	 3 quadrants 7 (25%) 2 (7%)

	 ≤ 2 quadrants 2 (7%) 0 (0%)

Interference of bubbles Z-line (%)

	 Major interference 1 (4%) 0 (0%) 0.41

	 Moderate interference 3 (11%) 1 (3%)

	 Minor interference 4 (14%) 3 (10%)

	 No interference 20 (71%) 26 (87%)

*p-values from t-test /chi-square test
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Patients’ experiences

The questionnaires were completed by 44/48 (92%) patients. Eleven patients (25%) under-

went conscious sedation with midazolam during EGD. Pain during EGD was reported by 19 

patients (43%), whereas only 1 patient experienced pain during capsule ingestion (2%) (Fig-

ure 1). The majority of the patients reported discomfort during EGD (73% at the introduction 

of the endoscope and 75% during the endoscopy itself ), whereas 4 patients (9%) experienced 

discomfort during CE. Overall, EGD and CE were reported to be burdensome procedures by 

39 (89%) and 2 (4%) patients, respectively (Figure 2). Only a few patients reported symptoms 

before and after the EGD (Table 3). Symptoms that were reported by more than 25% of pa-

tients at baseline were: heartburn (45%), regurgitation (59%), and flatulence (50%). EGD re-

sulted in a significant increase in throat ache (64%), regurgitation (82%) and flatulence (75%) 

(all p<0.05). On the other hand, CE did not cause an increase in symptoms. There was even a 

significant decline in reported symptoms after CE, which is likely to be explained by patients 

starting anti-secretory drugs after CE. In general, depression scores did not differ significantly 

before and after both procedures, whereas anxiety scores were significantly lower after CE 

as compared to those ascertained at baseline (5.4 vs. 4.0, p=0.01). On the day of endoscopy, 

5 patients (12%) had scores indicative of clinical anxiety and 6 (14%) of borderline anxiety. 

Scores indicative of clinical depression were seen in 2 patients (5%) and scores indicative of 

borderline depression in 6 (14%). Of the 44 patients questioned, 41 preferred CE above EGD, 

none preferred EGD and three had no preference.

Table 2. Diagnostic test characteristics of capsule endoscopy (CE) for the diagnosis of reflux esophagitis (RE) and Barrett’s 
esophagus (BE). 

RE EGD - positive EGD – negative CE (%)

CE – positive 22 4

CE - negative 2 30

Sensitivity RE 92

Specificity RE 88

Positive predictive value RE 85

Negative predictive value RE 94

BE EGD - positive EGD – negative CE (%)

CE – positive 23 3

CE - negative 1 31

Sensitivity BE 96

Specificity BE 91

Positive predictive value BE 88

Negative predictive value BE 97

EGD: esophagogastroduodenoscopy.
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Costs

The initial cost price of treatment, based on real resource use, was much higher for CE (€647) 

than for EGD (€126). The main cause for this difference was the high purchase costs of the 

PillCam Eso capsule (€590) (Table 4).

Discussion

Several gastroenterological societies have suggested to screen patients with chronic GERD 

for the presence of BE by using EGD and performing surveillance endoscopy in those with BE 

in an attempt to detect early stage esophageal cancer. Newly introduced screening modali-

ties such as CE, which do not require sedation and can be performed in an office setting in less 

than 30 minutes, could potentially enhance the acceptability of BE screening and improve 

compliance. Studies reporting on the application of CE for esophageal disorders, however, 

have shown conflicting results, with sensitivities and specificities for detecting esophageal 

pathology varying from 38% to 100% and from 78% to 95%, respectively.10-13 Poor visualiza-
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Figure 1. Pain reported by patients at different stages of esophagogastroduodenoscopy (EGD) and capsule endoscopy (CE).
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tion of the Z-line and inconvenience of capsule ingestion in the supine position were sug-

gested as explanations for these variations. Advances in CE technology, such as increasing 

frame rates, a higher image resolution, but also new ingestion protocols have been proposed 

to improve its diagnostic accuracy.

In the current study, CE identified the presence of RE and BE with a high degree of accuracy 

(Table 2). In addition, CE had a high NPV for excluding the presence of these disorders. The 

new ingestion protocol significantly improved visualization of the Z-line and resulted in a 

better detection of esophageal abnormalities as compared to the OIP, although the latter 

was not statistically significant. Furthermore, nearly all patients preferred CE over EGD, and 

experienced less discomfort and pain during CE as compared to EGD (Figures 1 and 2).

The high accuracy rates for the detection of both RE and BE in our study are in agreement 

with previous reports.10, 11 A pilot study in 17 patients with suspected esophageal disorders 

reported a sensitivity and specificity of 100% and 80%, respectively, and a positive and nega-

tive predictive value of 92% and 100%, respectively, for CE detecting RE and BE.10 In a larger, 

multicenter trial, Eliakim et al.11 compared the accuracy of CE with EGD in 106 patients with 

Table 3. Symptoms reported by patients, both prior as well as after esophago-gastroduodenoscopy (EGD) and capsule 
endoscopy (CE).

Symptom Baseline
n (%)

After EGD
n (%)

p-value After CE
n (%)

p-value

Throat ache 8/44 (18%) 28/44 (64%) 0.001 5/44 (11%) 0.250

Heartburn 20/44 (45%) 15/44 (34%) 0.302 5/44 (11%) 0.001

Regurgitation 26/44 (59%) 36/44 (82%) 0.013 10/44 (23%) 0.001

Flatulence 22/44 (50%) 33/44 (75%) 0.003 11/44 (25%) 0.021

Vomiting 6/44 (14%) 4/44 (9%) 0.727 2/44 (5%) 0.219

Dysphagia with solid foods 11/44 (25%) 8/44 (18%) 0.375 5/44 (11%) 0.109

Dysphagia with liquid foods 2/44 (5%) 4/44 (9%) 0.500 3/44 (7%) 1.000

Diarrhoea 10/44 (23%) 4/44 (9%) 0.109 8/44 (18%) 0.774

Constipation 5/44 (11%) 7/44 (16%) 0.500 6/44 (14%) 1.000

*p-values from McNemar test. 

Table 4. Full cost price (€, 2007) of esophagogastroduodenoscopy (EGD) and esophageal capsule endoscopy (CE).

Cost Category EGD CE

Personnel 59 26

Equipment 33 16

Materials 2 590

Housing/ Overhead 32 15

Total costs 126 647
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symptomatic GERD. CE identified RE or BE in 61 of the 66 patients (sensitivity 92%, specificity 

95%).

In contrast to these findings, lower accuracy rates for the detection of RE and BE have been 

reported in two recent studies.12, 13 In one of them, comparing CE with EGD for the detection 

of BE and RE in 90 patients with chronic GERD, a sensitivity of 67% and a specificity of 84% in 

identifying BE were reported.12 Moreover, the sensitivity of identifying RE was only 38%, with 

a specificity of 86%. Similarly, in another prospective study evaluating CE in 94 symptomatic 

GERD patients, Sharma et al.13 reported that CE had a sensitivity and specificity of only 50% 

and 90% for RE and 79% and 78% for BE, respectively.13

A possible explanation for these discrepancies in accuracy rates could be poor visualiza-

tion of the Z-line resulting from the OIP that was used. In the current study, a new SIP was 

tested in patients with either RE or BE. Although the new SIP resulted in a significant shorter 

esophageal transit time as compared to the OIP, the SIP improved visualization of the Z-line, 

with an increase in the Z-line circumferential view (Table 1). Re-examination of those OIP 

videos that were characterized by a long esophageal transit time (>1 minute) revealed that 
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Figure 2. Discomfort reported by patients at different stages of esophagogastroduodenoscopy (EGD) and capsule endoscopy (CE).
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in the majority of these an excess presence of saliva/ bubbles disturbed a clear view of the 

esophageal mucosa.

Our findings are in agreement with a study from Gralnek et al.14, who also showed that the 

SIP was superior to the OIP in visualization of the Z-line in healthy volunteers. In addition, the 

SIP resulted in a higher sensitivity for the detection of RE and BE, although these differences 

were not statistically significant.

Not surprisingly, CE was shown to be more convenient to patients than EGD, and was as-

sociated with less discomfort and less pain. In addition, CE did not cause symptoms during 

the procedure, whereas EGD did (Table 3). A relatively high number of patients experienced 

symptoms during EGD and directly afterwards. This can most likely be explained by the fact 

that no conscious sedation was administered in the majority of patients (46/58 (79%)), which 

is common practice in patients undergoing upper endoscopy on an outpatient basis in the 

Netherlands. All patients ingested the capsule without difficulty and the vast majority pre-

ferred CE to EGD. This has also been demonstrated previously.11 Furthermore, a recent study 

reported that EGD is burdensome and causes moderate distress in patients undergoing 

repeat endoscopies for surveillance of BE.4 Therefore, if screening for BE is considered, the 

short-term burden and distress of EGD for patients should be taken into account.

CE was more expensive than EGD, which was mainly due to the high purchase costs of the 

capsule (Table 4). One solution to lower CE costs is the application of string CE, which allows 

multiple uses after disinfection. String CE has been shown to be an accurate and acceptable 

procedure.25 Based on our full cost prices, the capsule would need to be reused at least 5 

times in order to equal EGD costs. However, we acknowledge that cost-effectiveness of CE 

versus EGD requires a formal economic analysis. Recently, two studies analyzed the cost-

effectiveness of CE for BE screening. Both studies compared CE with EGD with biopsies, and 

concluded that the latter was superior and was also less costly to CE when the detection of 

BE was the end-point.26, 27

Some limitations of the current study need to be considered. First, the test characteristics 

of CE might have been affected by the relatively high prevalence of esophageal findings at 

EGD as compared to other studies.11-13 If CE had been performed prior to EGD, less patients 

with esophageal findings at EGD would have been included. However, this study was not 

primarily designed to asses CE performance in BE screening. It was designed to compare 

diagnostic accuracy of two different swallowing protocols, requiring a high prevalence of 

esophageal findings. Second, since all BE patients participated in a surveillance program and 

were histologically confirmed to have this diagnosis, we were unable to investigate diagnos-

tic accuracy rates for suspected BE and histologically confirmed BE separately. Third, perform-

ing CE 1 week after EGD could have obscured and altered findings during CE, as EGD with 

biopsies was the initial investigation in all patients. However, the 1-week interval should have 

been sufficient for successful healing of esophageal biopsy lesions. In addition, symptomatic 

patients were only allowed to take antacids in the period between EGD and CE, whereas 
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the more potent acid-inhibitory drugs were prescribed after CE. Finally, our sample size was 

rather small, which might have limited the ability to detect significant differences between 

the SIP and OIP.

Strengths of our study include the prospective blinded design, the evaluation of a new in-

gestion protocol, and the formal assessment of patient satisfaction and burden of endoscopy 

using validated questionnaires. In addition, differences in accuracy rates between an experi-

enced gastroenterologist and a trainee in the interpretation of CE findings were investigated. 

Moreover, calculation of EGD and CE costs consisted of detailed measurements of real medi-

cal costs instead of obtaining cost estimates from a third-party payer perspective.

In conclusion, CE seems an accurate and patient friendly method for screening patients 

with reflux symptoms for esophageal abnormalities including BE. The new ingestion protocol 

improves visualization of the Z-line and is therefore likely to increase the diagnostic yield of 

CE in evaluating patients with chronic GERD. Future large, prospective, blinded trials utilizing 

CE with this new ingestion protocol are required to study whether the diagnostic accuracy of 

CE can be further improved.

Acknowledgments

We thank Given Imaging for kindly providing the PillCam ESO capsules as an unrestricted 

grant. We would also thank all the nurses of the endoscopy units of the Erasmus MC – Uni-

versity Medical Center Rotterdam and the IJsselland Hospital for their assistance in patient 

inclusion.



Ch
ap

te
r 4

64

References

	 1.	 Dent J, El-Serag HB, Wallander MA, Johansson S. Epidemiology of gastro-oesophageal reflux dis-
ease: a systematic review. Gut 2005;54:710-7.

	 2.	 Richter JE. Gastrooesophageal reflux disease. Best Pract Res Clin Gastroenterol 2007;21:609-31.

	 3.	 Arguedas MR, Eloubeidi MA. Barrett’s oesophagus: a review of costs of the illness. Pharmacoeco-
nomics 2001;19:1003-11.

	 4.	 Kruijshaar ME, Kerkhof M, Siersema PD, Steyerberg EW, Homs MY, et al. The burden of upper gas-
trointestinal endoscopy in patients with Barrett’s esophagus. Endoscopy 2006;38:873-8.

	 5.	 Eisen GM, Baron TH, Dominitz JA, Faigel DO, Goldstein JL, et al. Complications of upper GI endos-
copy. Gastrointest Endosc 2002;55:784-93.

	 6.	 The role of endoscopy in the management of GERD: guidelines for clinical application. From the 
ASGE. American Society for Gastrointestinal Endoscopy. Gastrointest Endosc 1999;49:834-5.

	 7.	 Jobe BA, Hunter JG, Chang EY, Kim CY, Eisen GM, et al. Office-based unsedated small-caliber 
endoscopy is equivalent to conventional sedated endoscopy in screening and surveillance for 
Barrett’s esophagus: a randomized and blinded comparison. Am J Gastroenterol 2006;101:2693-
703.

	 8.	 Zaman A, Hapke R, Sahagun G, Katon RM. Unsedated peroral endoscopy with a video ultra-
thin endoscope: patient acceptance, tolerance, and diagnostic accuracy. Am J Gastroenterol 
1998;93:1260-3.

	 9.	 Sorbi D, Gostout CJ, Henry J, Lindor KD. Unsedated small-caliber esophagogastroduodenoscopy 
(EGD) versus conventional EGD: a comparative study. Gastroenterology 1999;117:1301-7.

	 10.	 Eliakim R, Yassin K, Shlomi I, Suissa A, Eisen GM. A novel diagnostic tool for detecting oesophageal 
pathology: the PillCam oesophageal video capsule. Aliment Pharmacol Ther 2004;20:1083-9.

	 11.	 Eliakim R, Sharma VK, Yassin K, Adler SN, Jacob H, et al. A prospective study of the diagnostic ac-
curacy of PillCam ESO esophageal capsule endoscopy versus conventional upper endoscopy in 
patients with chronic gastroesophageal reflux diseases. J Clin Gastroenterol 2005;39:572-8.

	 12.	 Lin OS, Schembre DB, Mergener K, Spaulding W, Lomah N, et al. Blinded comparison of esopha-
geal capsule endoscopy versus conventional endoscopy for a diagnosis of Barrett’s esophagus in 
patients with chronic gastroesophageal reflux. Gastrointest Endosc 2007;65:577-83.

	 13.	 Sharma P, Wani S, Rastogi A, Bansal A, Higbee A, et al. The Diagnostic Accuracy of Esophageal 
Capsule Endoscopy in Patients With Gastroesophageal Reflux Disease and Barrett’s Esophagus: A 
Blinded, Prospective Study. Am J Gastroenterol 2007.

	 14.	 Gralnek IM, Rabinovitz R, Afik D, Eliakim R. A simplified ingestion procedure for esophageal cap-
sule endoscopy: initial evaluation in healthy volunteers. Endoscopy 2006;38:913-8.

	 15.	 Velanovich V, Vallance SR, Gusz JR, Tapia FV, Harkabus MA. Quality of life scale for gastroesopha-
geal reflux disease. J Am Coll Surg 1996;183:217-24.

	 16.	 Velanovich V, Karmy-Jones R. Measuring gastroesophageal reflux disease: relationship between 
the Health-Related Quality of Life score and physiologic parameters. Am Surg 1998;64:649-53.

	 17.	 Armstrong D, Bennett JR, Blum AL, Dent J, De Dombal FT, et al. The endoscopic assessment of 
esophagitis: a progress report on observer agreement. Gastroenterology 1996;111:85-92.

	 18.	 Lundell LR, Dent J, Bennett JR, Blum AL, Armstrong D, et al. Endoscopic assessment of oesophagi-
tis: clinical and functional correlates and further validation of the Los Angeles classification. Gut 
1999;45:172-80.



Capsule endoscopy for esophageal abnormalities 65

	 19.	 Sampliner RE. Updated guidelines for the diagnosis, surveillance, and therapy of Barrett’s esopha-
gus. Am J Gastroenterol 2002;97:1888-95.

	 20.	 Brooks R. EuroQol: the current state of play. Health Policy 1996;37:53-72.

	 21.	 EuroQol--a new facility for the measurement of health-related quality of life. The EuroQol Group. 
Health Policy 1990;16:199-208.

	 22.	 Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta Psychiatr Scand 
1983;67:361-70.

	 23.	 Spinhoven P, Ormel J, Sloekers PP, Kempen GI, Speckens AE, et al. A validation study of the Hos-
pital Anxiety and Depression Scale (HADS) in different groups of Dutch subjects. Psychol Med 
1997;27:363-70.

	 24.	 Shepard DS. Cost-effectiveness in Health and Medicine. By M.R. Gold, J.E Siegel, L.B. Russell, 
and M.C. Weinstein (eds). New York: Oxford University Press, 1996. J Ment Health Policy Econ 
1999;2:91-92.

	 25.	 Ramirez FC, Shaukat MS, Young MA, Johnson DA, Akins R. Feasibility and safety of string, wireless 
capsule endoscopy in the diagnosis of Barrett’s esophagus. Gastrointest Endosc 2005;61:741-6.

	 26.	 Gerson L, Lin OS. Cost-benefit analysis of capsule endoscopy compared with standard upper en-
doscopy for the detection of Barrett’s esophagus. Clin Gastroenterol Hepatol 2007;5:319-25.

	 27.	 Rubenstein JH, Inadomi JM, Brill JV, Eisen GM. Cost utility of screening for Barrett’s esophagus 
with esophageal capsule endoscopy versus conventional upper endoscopy. Clin Gastroenterol 
Hepatol 2007;5:312-8.





Chapter 5
Risk of esophageal 
adenocarcinoma and mortality 
in patients with Barrett’s 
esophagus: a systematic review 
and meta-analysis

Submitted for publication

M. Sikkema1, P.J.F. de Jonge1, E.W. Steyerberg2, E.J. 

Kuipers1,5

1Department of Gastroenterology and Hepatology, 2Department 
of Public Health and 5Department of Internal Medicine, Erasmus 
MC - University Medical Center Rotterdam, the Netherlands



Ch
ap

te
r 5

68

Abstract

Background and aim

Patients with Barrett’s esophagus (BE) are at increased risk for esophageal adenocarcinoma 

(EAC). The magnitude of the annual cancer risk in BE remains uncertain, as published esti-

mates are highly heterogeneous. Moreover, mortality due to EAC in BE patients under surveil-

lance is supposed to be low. As EAC risk and mortality in BE are important determinants of the 

cost-effectiveness of BE surveillance, clarification of these factors is essential. We performed 

a systematic review and meta-analysis to determine the incidence of EAC and mortality due 

to EAC in BE patients.

Methods

Pubmed, EMBASE and Web of Science databases were searched for relevant cohort studies 

in English language published between 1966 and September 2008 that reported on EAC risk 

and mortality due to EAC in BE. Studies had to include patients with histologically proven BE, 

documented follow-up, and histologically proven EAC on surveillance. We used a random ef-

fects model for the meta-analysis, with assessment of heterogeneity by the I2 statistic and of 

publication bias by Begg’s and Egger’s tests.

Results

Fifty-one studies were included in the main analysis. The overall mean age of BE patients was 

61 years (40 studies); the mean overall proportion of males was 64% (37 studies). In total, 

these studies included 13,777 patients followed up for 60,688 person-years, during which 303 

patients developed EAC. The pooled estimate for EAC incidence was 6.2/1,000 pyrs (95%CI: 

4.9-7.8) with considerable heterogeneity (p<0.001; I2=63%). Nineteen studies reported data 

on mortality due to EAC. These studies included 7,930 patients followed up for 33,022 pyrs, 

with 88 deaths due to EAC and 1,271 deaths due to other causes. The pooled incidence of fa-

tal EAC was 3.0/1,000 pyrs (95%CI: 2.2-3.9) with no evidence for heterogeneity (p=0.4; I2=7%). 

Evidence of publication bias was found for studies from the USA.

Conclusion

Patients with BE have a low risk of malignant progression and predominantly die from other 

causes than EAC. This undermines the cost-effectiveness of BE surveillance, and supports the 

search for valid risk stratification tools to identify the minority of patients that is likely to 

benefit from surveillance.
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Introduction

Barrett’s esophagus (BE) is a well recognized premalignant condition,1 which carries a 30-125 

fold higher risk of esophageal adenocarcinoma (EAC) than the general population.2, 3 The inci-

dence of BE as well as the incidence of EAC are increasing in the Western world.4-6 EAC usually 

portrays a poor prognosis, with a 5-year survival rate of less than 15%.7 Hence, surveillance 

endoscopy is recommended for patients with BE, in order to detect early stage neoplasia and 

subsequently to improve survival.8

It has been reported that BE patients in whom EAC was detected within a surveillance pro-

gram had both earlier stage disease and a better survival than patients with EACs detected 

outside surveillance programs.9 Nevertheless, there is little evidence that surveillance pro-

grams have prevented deaths from EAC,10, 11 as most patients with BE die from other causes 

than EAC.12 This questions the cost-effectiveness of a strict surveillance strategy, which is in 

particular dependent on cancer risk and risk of cancer-specific mortality.13 The true annual 

incidence of EAC in BE patients remains unclear, as it shows considerable variation among 

cohort studies, ranging from 0.2% to almost 3.5% per year.14, 15 These rates could have been 

overestimated as a result of publication bias in published BE surveillance studies, with evi-

dence of selective publication of small studies with high cancer incidence rates.16 In addition, 

some studies have reported an overall increased mortality in BE patients compared to the 

general population,17, 18 whereas others could not confirm this.19 Moreover, EAC-specific mor-

tality rates in BE patients show contrasting results in various studies.18, 20

Clarification of these factors is essential in re-appraising the value of surveillance endos-

copy in BE. As randomized controlled trials comparing surveillance with non-surveillance in 

BE patients in terms of cancer-related deaths are not likely to be performed, a meta-analysis 

on both the risk of cancer and cancer-related deaths in BE provides an alternative to answer 

this question. So far, four reviews have been published on the risk of cancer in BE.16, 21-23 One 

of these reviews included also patients who had undergone surgery and evaluated the differ-

ence in cancer incidence between medically and surgically treated BE patients.23 The most re-

cent review reported an EAC incidence rate of 6.1/1,000 pyrs of follow-up.21 However, all four 

risk analyses were limited to incidence rates of cancer in BE, while none investigated overall 

mortality rates in BE, nor the risk of mortality from EAC specifically. Therefore, we performed 

an updated systematic review and meta-analysis of various surveillance studies to determine 

not only the risk of EAC and of EAC and high-grade dysplasia (HGD) combined, but also to 

determine the risk of cancer-related deaths in patients with BE.
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Materials and Methods

Search strategy

PubMed, EMBASE and Web of Science databases were systematically searched for cohort 

studies reporting on EAC risk and mortality due to EAC in patients with BE, published between 

1966 and September 2008. The following keywords were used for: (1) BE: Barrett’s esophagus, 

Barrett’s metaplasia, Barrett’s mucosa, Barrett’s epithelium, columnar-lined esophagus (CLE), 

specialized intestinal metaplasia (SIM); (2) EAC: esophageal adenocarcinoma, esophageal can-

cer, esophageal neoplasm, esophageal malignancy, esophageal neoplasia; and (3) Mortality: 

mortality, death. Both American and British spellings were applied, and results of keyword 

searches were combined using the Boolean terms “and/or”. Each abstract was independently 

reviewed by two investigators (MS, PdJ), and from those reporting EAC risk and/or mortality 

in patients with BE, the full text was reviewed. References from these selected articles were 

scrutinized for additional articles for inclusion. In addition, previous meta-analyses on cancer 

risk in BE were checked for articles that were not identified with our search strategy. 16, 21-23

Study selection

Studies were included if they met the following criteria: (1) written in English; (2) histologi-

cally proven BE (CLE or SIM); (3) documented follow-up data either in person-years (pyrs) 

or mean follow-up period; and (4) histologically proven EAC on surveillance. Studies were 

excluded if they were available as abstracts only, if they were written in languages other than 

English, if they lacked data on follow-up, or if they reported solely on patients who under-

went endoscopic ablation or surgery. If serial studies from a single center reported cancer risk 

or mortality in the same cohort, only the most recent publication was included.

Data extraction

Two investigators (MS and PdJ) independently collected the following data from each study: 

country, year and type of study; definition of BE used; number of patients in the study with 

documented follow-up; mean follow-up period; person-years of follow-up; mean age at en-

tering surveillance; sex ratio; number of prevalent and incident cancers; number of prevalent 

and incident HGDs; number of patients who died during the study; and number of patients 

who died due to EAC. In addition, where available, data on the proportion of patients with 

SSBE and low-grade dysplasia at baseline BE diagnosis were also extracted. Where possible, 

we excluded patients with baseline HGD for this analysis. In case of disagreement, a third 

independent investigator was asked for a review (EJK).

Data analysis

Incidence rates of both EAC and EAC/HGD combined in BE were calculated by dividing the 

number of EACs/HGDs by the total number of person-years of follow-up. In case the latter 
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was not provided in a study, it was estimated by multiplying the number of patients who 

underwent surveillance by their mean duration of follow-up. For this analysis we only used 

incident cancers and HGDs. Mortality rates due to EAC (or the incidence of fatal EAC) in BE 

were calculated similarly. The corresponding 95% confidence intervals (CI) were calculated 

using exact methods and assuming a Poisson distribution. When the number zero was pres-

ent in the data, a continuity correction of 0.5 was used for the purpose of calculations, as has 

previously been described.24

The heterogeneity between studies was calculated using the chi-square test and measured 

by the I2 statistic.24, 25 The pooled estimates with 95%CIs were obtained from a random-effects 

model, and log incidence rates of EAC/HGD and fatal EAC with corresponding standard er-

rors.26

Assessment of publication bias was performed using Begg’s and Egger’s tests, and by ex-

ploring funnel diagrams.27, 28 All statistical analyses were performed by using STATA software 

(version 10.0; Stata corporation, College station, Texas, USA), using the “metan” and “meta-

bias” commands.

Results

The search strategy yielded 7,200 abstracts, of which 190 were relevant to the review topic 

and subsequently reviewed. Following evaluation of the full text papers, fifty-one articles 

met the inclusion criteria and were included in the final analysis.2, 11, 12, 14, 15, 17, 18, 29-69

Study characteristics 

Of the 51 studies included, 20 were from the United Kingdom (UK), 16 from the United States 

(US), 13 from other European countries, and two from Australia. Baseline characteristics of 

the study cohorts are given in Tables 1 and 2. Forty studies provided data on mean age, the 

overall mean age was 61.3 years (range 40.0-70.0).2, 11, 12, 14, 15, 17, 18, 20, 29-37, 39, 41, 46-53, 56-59, 61-67, 69-71 Sex 

ratio was reported in 37 studies and the overall male proportion was 64%.2, 11, 12, 14, 15, 17, 18, 20, 

29, 33-39, 41, 44, 46-49, 51, 54, 55, 57-59, 61-65, 67, 69, 70 Initial Barrett’s length was reported in 23 studies, render-

ing a mean length of 5.3 cm (range 1.5-8.1 cm).11, 12, 31, 34-36, 39, 41, 43, 46, 48-52, 54, 59, 62, 63, 67, 69, 70, 72 In 49 

studies, a length of 3 cm was used as a cut-off to classify patients as having LSBE or SSBE. 

The overall prevalence of patients with LSBE was 95% and with SSBE 5%. The definition of BE 

showed variation between studies. In 21 studies it was defined as SIM-positive,11, 12, 18, 29, 37, 39, 

40, 43, 44, 48, 50, 52, 57, 59, 61-64, 66, 69, 70 in 6 studies as SIM-positive and CLE,15, 17, 20, 53-55 in 18 studies as CLE 

or SIM only,2, 14, 30-36, 41, 45-47, 49, 51, 67, 68, 72 and in 6 studies it was unclear 38, 42, 56, 58, 60, 65. In total 9,897 

(78%) patients were SIM-positive. Presence of baseline LGD was reported in 30 studies, with 

an overall prevalence of 11%.2, 11, 12, 29, 30, 32-34, 36, 38-41, 43, 45-48, 52, 54-57, 59, 61, 62, 65, 66, 69, 71 Baseline HGD was 

reported in ten studies and could not be excluded from the baseline analysis. 2, 12, 29, 32, 33, 39, 47, 48, 

55, 65, 69 The overall baseline prevalence of HGD was 3%.
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Table 1. Characteristics of the included studies on the incidence of EAC and mortality in BE.

First author Year Geography
Total n 

under FU
Male (%) mean age 

SIM+
(%)

LGD (n)
HGD 

(n)
LSBE 
(%)

SSBE 
(%)

Pyrs of
FU

Incident 
EAC (n)

Total
† (n)

EAC
†(n)

other †(n)

Spechler29 1984 USA 105 NA 58 100 35 10 NA NA 350 2 16 1 15
Cameron14 1985 USA 104 67 59.6 NA NA NA 100 0 884 2 25 1 24
Robertson30 1988 UK 56 55 62 77 8 NA 100 0 162 3 4 0 4
Ovaska31 1989 Finland 26 NA 59.2 NA NA NA 100 0 166 3 NA NA NA
Hameeteman2 1989 NL 50 60 59.3 68 6 1 100 0 260 5 NA NA NA
Miros32 1991 Australia 81 NA 63.3 NA 10 3 100 0 289 3 21 2 19
Williamson33 1991 USA 176 65 56 NA 20 0 100 0 497 5 NA NA NA
Iftikhar34 1992 UK 102 61 63 NA 2 NA 100 0 462 4 6 1 5
Attwood35 1992 UK 26 46 70 NA NA NA 100 0 90 1 NA NA NA
Ortiz36 1996 Spain 27 74 40 85 0 NA 100 0 127 1 NA NA NA
Wright37 1996 UK 166 65 58.5 NA NA NA 100 0 461 6 NA NA NA
Komorowski38 1996 USA 14 79 NA 79 7 NA 93 7 70 2 NA NA NA
Sharma39 1997 USA 32 98 63.1 91 5 0 0 100 99 1 NA NA NA
Younes40 1997 USA 61 NA NA 100 25 NA 100 0 201 5 NA NA NA
Katz41 1998 USA 102 83 63 100 5 NA 100 0 563 3 19 2 17
Streitz42 1998 USA 136 NA NA NA NA NA 100 0 510 7 NA NA NA
Schoenfeld43 1998 USA 123 NA NA NA 0 NA 54 46 323 2 NA NA NA
Teodori44 1998 Italy 30 60 NA 100 NA NA 100 0 350 4 NA NA NA
Wilkinson45 1999 UK 12 NA NA NA 1 NA 100 0 57 0 NA NA NA
MacDonald46 2000 UK 143 60 57 NA 0 NA 100 0 629 5 33 3 30
Reid47 2000 USA 327 81 62 100 122 76 100 0 979 9 NA NA NA
Srinivasan48 2000 USA 9 89 60 100 3 1 89 0 36 0 NA NA NA
Eckardt49 2000 UK 357 58 63 86 NA NA NA NA 594 2 NA NA NA
Bani Hani 71 2001 Germany 60 NA 61 0 0 NA 100 0 1293 12 11 0 11
Conio50 2001 USA 154 70 62.3 100 NA NA 76 24 585 4 35 1 34
Rana51 2001 UK 44 73 58 68 NA NA 100 0 418 2 20 2 18
Fitzgerald52 2001 UK 96 NA 65 71 6 NA 100 0 375 0 NA NA NA
Spechler53 2001 USA 108 NA NA 100 NA NA 100 0 1037 4 NA NA NA
Conio11 2003 Italy 166 81 59.9 100 16 NA 64 36 1100 5 18 3 15
Parilla54 2003 Spain 43 77 NA 100 3 NA 100 0 258 0 NA NA NA
Murray55 2003 UK 2969 57 NA 56 171 19 100 0 11068 29 NA NA NA
Anderson 20 2003 UK 2373 58 58.2 54 NA NA 100 0 7413 NA 253 12 241
Hurschler56 2003 Switzerland 207 NA 64.4 45 19 NA 100 0 966 10 NA NA NA
Hillman57 2003 Australia 353 71 59.2 100 50 NA 100 0 1588 9 NA NA NA
Hage12 2004 NL 105 55 63.4 100 11 0 100 0 1329 6 72 4 68
Solaymani58 2004 UK 1656 61.6 63.6 NA NA NA 100 0 2615 13 111 13 98
Basu59 2004 UK 138 74 62.1 0 3 NA 88 12 405 1 NA NA NA
Meining60 2004 Germany 148 NA NA 67 NA NA 100 0 376 0 NA NA NA
Aldulaimi15 2005 UK 126 76 63 100 NA NA 100 0 338 12 NA NA NA
Dulai61 2005 USA 575 99 60 100 134 NA 100 0 2775 2 164 3 161
Murphy62 2005 UK 178 71 57 100 33 NA 81 19 613 3 NA NA NA
Oberg63 2005 Sweden 140 74 57.3 100 NA NA 100 0 946 3 NA NA NA
Gladman64 2006 UK 195 55 62.9 100 NA NA 90 10 1068 4 21 1 20
Vieth65 2006 Germany 748 68 62.6 100 19 10 42 33 4875 15 NA NA NA
Sharma66 2006 USA 618 NA 60.9 100 101 NA 100 0 2546 12 NA NA NA
Cook17 2007 UK 502 55 58.8 86 NA NA 100 0 5247 14 246 13 233
Olithselvan67 2007 UK 121 70 60.2 NA NA NA 100 0 424 2 NA NA NA
Gatenby68 2008 UK 807 NA NA NA NA NA 100 0 3912 23 NA NA NA
Musana69 2008 USA 216 76 62 100 45 7 52 25 691 4 NA NA NA
Moayyedi18 2008 UK 1272 63 66.6 100 NA NA 100 0 5705 47 245 25 220
Martinek70 2008 Czech RR.Republic 135 76 59.4 100 NA NA 36 64 700 2 NA NA NA

*BE: Barrett’s esophagus, LSBE: long segment Barrett’s esophagus, SSBE: short segment Barrett’s esophagus, SIM: specialized intestinal 

metaplasia, LGD: low-grade dysplasia, HGD: high-grade dysplasia, EAC: esophageal adenocarcinoma, †: mortality, NA: non-applicable (data not 

available).
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Eckardt49 2000 UK 357 58 63 86 NA NA NA NA 594 2 NA NA NA
Bani Hani 71 2001 Germany 60 NA 61 0 0 NA 100 0 1293 12 11 0 11
Conio50 2001 USA 154 70 62.3 100 NA NA 76 24 585 4 35 1 34
Rana51 2001 UK 44 73 58 68 NA NA 100 0 418 2 20 2 18
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Basu59 2004 UK 138 74 62.1 0 3 NA 88 12 405 1 NA NA NA
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Dulai61 2005 USA 575 99 60 100 134 NA 100 0 2775 2 164 3 161
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Musana69 2008 USA 216 76 62 100 45 7 52 25 691 4 NA NA NA
Moayyedi18 2008 UK 1272 63 66.6 100 NA NA 100 0 5705 47 245 25 220
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*BE: Barrett’s esophagus, LSBE: long segment Barrett’s esophagus, SSBE: short segment Barrett’s esophagus, SIM: specialized intestinal 

metaplasia, LGD: low-grade dysplasia, HGD: high-grade dysplasia, EAC: esophageal adenocarcinoma, †: mortality, NA: non-applicable (data not 

available).
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Incidence of EAC

Fifty studies reported on the incidence of EAC and were used in the analysis (Table 1). In total, 

these studies included 14,109 patients followed up for 61,804 person-years. During this follow-

up 344 incident EACs were diagnosed. A random effects models produced a pooled estimate 

 
Figure 1. Forrest plot showing the overall incidence of EAC in 50 studies. The cancer incidence rate is a log scale on the x-axis (1, 
2, 5 denote 1/1,000, 2/1,000 and 5/1,000 person-years of follow-up, respectively).



75Meta-analysis: cancer risk and mortality in Barrett’s esophagus

for EAC incidence in BE of 6.3/1,000 pyrs (95%CI: 4.7-8.4) (Figure 1). There was, however, consid-

erable heterogeneity in incidence rates between studies (χ2=238.2; df=49; p<0.001; I2=79%).

The mean incidence of EAC in studies from the UK was 6.3/1,000 pyrs (95%CI: 4.2-9.3), in 

those from the US 6.5/1,000 pyrs (95%CI: 3.4-12.4), in other European studies 5.6/1,000 pyrs 

(95%CI: 3.5-9.2), and in Australian studies 6.5/1,000 pyrs (95%CI: 3.5-12.2). On exclusion of 

studies with less than 500 pyrs of follow-up, the overall incidence of EAC was 5.3/1,000 pyrs 

(95%CI: 3.7-7.6). If only studies with CLE or SIM-positive BE patients or well defined BE were 

included, the overall EAC incidence was 5.0/1,000 pyrs (95%CI: 3.4-7.3).

Incidence of HGD and EAC

Twenty-six studies reported both on the incidence of HGD and EAC in their BE patients (Table 

1).2, 11, 12, 15, 30, 38-41, 45, 48, 50, 52, 54, 57, 59, 61-67, 69, 70, 72 In total, these studies included 4,528 patients fol-

 
Figure 2. Forrest plot showing the overall incidence of HGD and EAC in 26 studies. The HGD/EAC incidence rate is a log scale on 
the x-axis (1, 2, 5 denote 1/1,000, 2/1,000 and 5/1,000 person-years of follow-up, respectively).
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lowed-up for 22,559 pyrs, with 103 incident cases of EAC and 91 incident cases of HGD during 

follow-up. The pooled estimate of incidence of both EAC and HGD combined was 10.2/1,000 

pyrs (95%CI: 7.5-14.0). Again, there was marked evidence of heterogeneity (χ2=83; df= 25, 

p<0.001; I2=70%) (Figure 2).

The overall incidence of HGD/EAC was lowest in other European countries than the UK 

(7.3/1,000 pyrs (95%CI: 3.6-15.0)), and higher in the US (11.0/1,000 pyrs (95%CI: 6.9-17.5)) and 

the UK (13.0/1,000 pyrs (95%CI: 7.4-22.8)).

Mortality due to EAC

Nineteen studies reported on EAC-related mortality in BE patients (Table 1). 11, 12, 14, 17, 18, 20, 29, 30, 

32, 34, 41, 46, 50, 51, 61, 64, 71, 73, 74 These studies included 7,930 patients followed up for 33,022 pyrs, with 

88 deaths due to EAC and 1,271 deaths due to other causes. The pooled incidence of fatal 

EAC was 3.0/1,000 pyrs (95%CI: 2.2-3.9), with no evidence of heterogeneity (χ2=19.3; df= 18; 

p=0.4; I2=7%) (Figure 3).

Cause-specific mortality

In 17 studies the total number of patients who died during surveillance was reported.11, 12, 14, 

17, 18, 20, 29, 30, 32, 34, 41, 46, 49-51, 61, 73 Only in 12 studies the cause-specific mortality was provided.11, 12, 

14, 17, 18, 20, 29, 32, 46, 49, 50, 73 These studies included 4,207 patients followed up for 24,959 pyrs, with 

921 deaths. Sixty-four of 921 deaths (7%) were due to EAC and 857 (92%) due to other causes. 

The pooled estimate of the mortality rate due to other causes than EAC was 37.1/1,000 pyrs 

(95%CI: 31.6-43.6), with evidence of large heterogeneity (χ2= 91.7; df=17; p<0.001; I2= 82%). 

Figure 4 shows the cause-specific mortality in BE patients. Cardiovascular disease was the 

most common cause of death, with 320 deaths (34%) in patients with BE.

Table 2. Summary of characteristics of BE patients included in the analysis.

Variable
Number of 

studies
Cumulative number 

of patients

Number of 
patients with 

selected variable

Overall 
percentage

Males 37 13,930 8,904 64

SIM positive 35 12,641 9,897 78.3

Baseline LGD 26 7,539 860 11.4

Baseline HGD 8 4,505 127 2.8

LSBE
49 16,056

15,177 95

SSBE 640 5

* BE: Barrett’s esophagus, LSBE: long segment Barrett’s esophagus, SSBE: short segment Barrett’s esophagus, SIM: specialized intestinal 

metaplasia, LGD: low-grade dysplasia, HGD: high-grade dysplasia, NA: non-applicable (data not available).
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Publication bias

In Figure 5, EAC incidence rates were plotted against person-years of follow-up. The funnel plot 

demonstrated smaller incidence rates in the larger studies, which was largely confirmed by tests 

of funnel plot asymmetry (Begg’s test, p=0.075; Egger’s test, p=0.051). Publication bias was pres-

ent among studies from the US (p=0.001), but was not found among studies from the UK and 

other European countries. Publication bias was also assessed among studies reporting both HGD 

and EAC incidence and mortality. There was no evidence of such a bias among those studies.

Discussion

The cost-effectiveness of surveillance of BE remains a matter of discussion. In the absence of data 

from randomized controlled trials on surveillance in BE patients, cost-efficacy estimates have to 

 Figure 3. Forrest plot showing the overall incidence of fatal EAC in 18 studies. The fatal EAC incidence rate is a log scale on the 
x-axis (1, 2, 5 denote 1/1,000, 2/1,000 and 5/1,000 person-years of follow-up, respectively).



Ch
ap

te
r 5

78
be based on mathematical models. These show that both the incidence rate of progression to 

EAC and mortality due to EAC are critical factors for the cost-eff ectiveness of surveillance.13, 19

Our meta-analysis showed that the overall estimate of the incidence of EAC in patients 

with BE was 6.3 cases per 1,000 pyrs of follow-up and that the overall incidence of EAC and 

HGD combined was 10.2/1,000 pyrs, which corresponded to an annual risk of 0.6% and 1.0%, 

respectively. The overall estimate of the EAC incidence declined to 5.3/1,000 pyrs upon exclu-

sion of studies with less than 500 pyrs of follow-up, and to 5.0/1,000 pyrs when only studies 

with a robust defi nition for BE diagnosis were included. Furthermore, the overall estimate of 

the mortality rate due to EAC in patients with BE was 3.0/1,000 pyrs of follow-up. This is low, 

as expected, and correlates to one fatal case of EAC per 333 pyrs. The mortality rate due to 

other causes than EAC was 10-fold higher with an estimate of 37 deaths per 1,000 pyrs, as 

compared to the mortality rate due to EAC.

So far, four systematic reviews have been published on cancer risk in patients with BE. The 

most recent review included publications up to 2006.21 Our review on EAC incidence was 

an update of that review with inclusion of studies up to October 2008. Our fi ndings are in 

agreement with those from two recent reviews, reporting annual EAC risks of 0.6% and 0.7%, 

respectively.21, 22 In addition, both studies showed a decline in EAC incidence to 5/1,000 pyrs22 

and 4.4/1,000 pyrs21 when small studies were excluded from the analysis, as was also the 

case in our study. The presence of geographic variation in BE cancer risk has previously been 

suggested by others.5, 75, which is in line with other studies.21, 22 There were very small diff er-

ences in EAC incidence between diff erent geographic regions, with only a slightly higher EAC 

incidence in the US and UK compared to other European countries.

Figure 4. Causes of mortality in BE patients.
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Reports on the combined incidence of HGD and EAC can be even more valuable than those 

on EAC risk alone, as the detection of HGD is an important outcome of surveillance programs. 

At present, HGD can be eradicated by advanced endoscopic techniques, which are less inva-

sive than esophagectomy, and could prevent further progression to cancer.76, 77 The overall 

pooled estimate of combined HGD/EAC incidence in our study was 10.2 per 1,000 pyrs of 

follow-up which corresponded to one case per 98 pyrs. This is slightly higher than those re-

ported by others, who found rates of 9/1,000 pyrs22 and 10.0/1,000 pyrs21. Compared to these 

studies, we included a larger number of studies in which progression to HGD was used as an 

outcome, which could explain the small diff erence in HGD/EAC incidence rate.

To our knowledge, this is the fi rst systematic review analyzing studies that report on mor-

tality rates in patients with BE. Although the risk of EAC is clearly elevated in BE patients as 

compared to the general population, the majority of patients will not develop EAC. Moreover, 

it has been suggested that even few will die from it.20, 74 The magnitude of the mortality risk 

due to EAC in patients with BE remains, however, uncertain. Also the benefi t of surveillance in 

preventing EAC mortality and the impact of this condition on overall life expectancy remains 

unclear.18 A truly low risk of death due to EAC would undermine the cost-eff ectiveness of gen-

eralized BE surveillance. The overall pooled estimate of fatal EAC incidence in our review was 

3.0 per 1,000 pyrs which corresponded to an annual risk of 0.3%. As there was no evidence of 

heterogeneity in this analysis, this is a reliable estimate of the mortality rate due to EAC for 
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patients with BE under surveillance. Mortality due to other causes than EAC was more than ten 

times increased in patients with BE than mortality due to EAC. When examining cause-specific 

mortality in BE patients, only 7% of the total number of patients died from EAC and 93% died 

due to other causes. Cardiovascular disease (including stroke) accounted for 34% of the total 

number of patients who died, followed by 20% due to pulmonary disease and 16% due to 

other malignancies. This emphasizes that EAC mortality in patients with BE under surveillance 

is relatively low. From our analysis, we can only speculate whether the natural course of EAC in 

patients with BE is slow, or that other explanations are more important. One explanation could 

be length time bias. Another explanation could be that further progression to invasive EAC 

was prevented because early endoscopic or surgical treatment was performed. The incidence 

of EAC estimated in this meta-analysis approximates the incidences used in published cost-

effectiveness analyses on BE surveillance13, 19 and confirms that the benefit of generalized BE 

surveillance is questionable. Our findings support the search for valid risk stratification tools to 

identify the minority of patients who are likely to benefit from surveillance. 

Marked heterogeneity was present in the analyses on EAC incidence and the combined HGD/

EAC incidence. Publication bias was not a clear explanation for this. Other explanations could be 

differences in cohort compositions regarding age, gender and period of inclusion selected for 

this review or differences in surveillance endoscopies and biopsy protocols. Another explana-

tion could be that in small studies selected patient groups with a high cancer risk were included. 

Also, in large studies EACs could have been missed by sampling error during surveillance.

Several limitations of this study need to be considered. Firstly, as the majority of included 

studies did not report accurately on demographic and clinical patient characteristics, we were 

unable to adjust for confounding variables. Secondly, with regard to our analysis on mortality 

rates in BE patients, we were unable to compare these rates with overall mortality rates in the 

general population. Thirdly, causes of death due to other causes than EAC could have been mis-

classified, as ICD-classes or death certificates were not used in all studies reporting mortality. 

In conclusion, the rate of progression in BE to EAC or HGD and EAC combined is low (0.6% 

and 1.0% annually, respectively) and the rate of mortality due to EAC is even much lower 

(0.3% annually). Our findings question the effectiveness of generalized BE surveillance pro-

grams, and emphasize the need of large studies from other unselected populations to de-

velop valid risk stratification.
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Abstract

Background

Reported incidence rates of esophageal adenocarcinoma (EAC) in Barrett’s esophagus (BE) 

vary widely. As the effectiveness of BE surveillance is crucially dependent on this rate, its 

clarification is essential. 

Aim & Methods

To estimate the rate of malignant progression in BE patients, all patients with a first diagno-

sis of BE with no dysplasia (ND) or low-grade dysplasia (LGD) between 1991 and 2006 were 

identified in the Dutch nationwide registry of histopathology (PALGA). Follow-up data were 

evaluated until November 2007.

Results

In total, 42,207 BE patients were included, 4,132 (8%) of them had LGD. Re-evaluation endos-

copies at least 6 months after initial diagnosis were performed in 16,365 patients (39%), who 

were significantly younger than those not re-examined (58±13 vs.63±16 yrs, p<0.001). These 

patients were followed-up for a total of 78,131 person years (pyrs), during which 666 (4%) 

HGD/EACs occurred, affecting 4% of the surveillanced patient population (mean age: 69±12 

yrs, 76% male). After excluding HGD/EAC cases detected within 1 year after BE diagnosis 

(n=212, 32%), incidence rates per 1,000 pyrs were 4.3 (95%CI: 3.4-5.5) for EAC and 5.8 (95%CI: 

4.6-7.0) for HGD/EAC combined. Risk factors for HGD/EAC were increased age (e.g., >75 years 

HR: 12: 95%CI: 8.0-18), male gender (2.01: 1.68-2.60), and presence of LGD at baseline (1.91: 

1.53-2.40). 

Conclusion

In this largest reported cohort of unselected BE patients, the annual risk of EAC was 0.4%. 

Male gender, older age, and LGD at diagnosis are independent predictors of malignant pro-

gression, and should enable an improved risk assessment in BE.
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Introduction

Barrett’s esophagus (BE) is an acquired condition, in which the squamous epithelium lining 

the distal esophagus is replaced by columnar intestinal-type mucosa.1 It is considered to be 

a complication of longstanding gastroesophageal reflux and constitutes the prime risk factor 

for esophageal adenocarcinoma (EAC).2, 3 EAC usually portrays a poor prognosis, with a 5-year 

survival rate of less than 15%.4 Hence, in order to detect early-stage cancers suitable for cura-

tive treatment, surveillance endoscopy of patients with BE is advised, at intervals dictated by 

the absence or presence and grade of dysplasia.5

The effectiveness of surveillance of BE is, however, equivocal. Increased survival has been 

observed in patients with EAC enrolled in BE surveillance programs. This may have resulted 

from early detection of cancers. On the other hand, this effect may also have resulted from 

lead-time bias, as in particular young patients without concomitant diseases were included 

in surveillance programs.6-11 In addition, most patients with BE die from unrelated causes, as 

according to a cohort follow-up study from our department only 5.6% of total mortality in BE 

patients was related to EAC.10 Moreover, some patients may not be fit for surgery even if EAC 

is detected at an early stage.12, 13

A primary determinant of the cost-effectiveness of BE surveillance strategies is the risk of 

progression to EAC.14-16 Unfortunately, published estimates of the annual risk of cancer in BE 

patients are highly heterogeneous, ranging from 0% to 2.9% per annum.17 These estimates 

were based primarily on patients referred to tertiary centers, whose cancer risk may exceed 

that for patients managed by non-referral centers. Moreover, published data predominantly 

come from small retrospective cohort studies with relatively short follow-up, showing higher 

cancer incidence than may be observed in larger surveillance studies. Consequently, U.S. in-

vestigators reported evidence of publication bias in surveillance studies favoring publication 

of small studies with high cancer incidence rates.18

As a result of the low degree of ascertainment of BE in the general population,19, 20 there 

is a lack of both large scale and long-term follow-up studies of BE patients, providing more 

reliable risk estimates for malignant progression. Such studies are essential, both in re-

appraising the potential value of surveillance endoscopy for BE patients and in optimizing 

the recommended follow-up intervals. We therefore estimated the progression rate of BE to 

high-grade dysplasia (HGD) and EAC in a nationwide cohort of BE patients in the Netherlands, 

and assessed the value of the factors age, sex and initial histology as predictors of malignant 

progression in BE.
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Methods

Histopathology database

In the Netherlands all histopathology and cytopathology reports are collected in a nation-

al archive (PALGA database), which encompasses all sixty-four pathology laboratories in 

the Netherlands. Since 1991, PALGA has had nationwide coverage and currently contains 

about 42 million excerpts from nearly 10 million patients.21 Every excerpt in the database 

contains encrypted patient identification, a part of the summary of the original pathol-

ogy report and diagnostic codes similar to the Systematized Nomenclature of Medicine 

(SNOMED) issued by the College of American Pathologists.22 This diagnostic code contains a 

topological term, the type of sample, and a morphological term describing the finding, e.g., 

‘esophagus*biopsy*intestinal metaplasia’. The SNOMED morphology codes are identical to 

the codes in the International Classification of Diseases for Oncology (ICD-O-2; World Health 

Organization).23 Details with regard to the number and intra-esophageal location of biopsies, 

or information on the indication for performing an endoscopic procedure, are not uniformly 

registered. Each pathology report can, however, be traced to an individual patient with a 

unique identifier, allowing follow-up of subsequent histology, irrespective of where subse-

quent biopsies were taken or resections were performed.24 For each report, gender, date of 

birth, date of pathology review, summary text and diagnostic codes were made available. It 

was not, however, possible to access additional clinical data. The present study was based on 

data recorded in the PALGA database between 1991 and 2007.

Data collection

All patients registered in the database between 1991 and 2006 with an initial, histological di-

agnosis of BE with no baseline dysplasia (ND), or maximally low-grade dysplasia (LGD), were 

identified.25 Codes that were used to classify biopsies as BE are described in the Appendix. Pa-

tients with a baseline diagnosis of high-grade dysplasia in BE were excluded, as were patients 

with either gastric or esophageal surgery or malignancy, registered prior to, or simultane-

ously with the first diagnosis of BE.

For each patient admitted to the cohort, all pathology excerpts concerning esophageal 

biopsies from the first diagnosis of BE to the end of the study period (November 2007) were 

retrieved. Follow-up excerpts were scrutinized for codes indicating HGD and/or EAC. Where 

present, the pathology reports of the surgical resection specimens were reviewed; only carci-

nomas of which the bulk was macroscopically located above the gastroesophageal junction 

and those clearly originating from BE, were diagnosed as EAC.26, 27

Data analysis

Person-years of follow-up were calculated for each member of the cohort. Here we distin-

guished between patients who underwent one or more re-evaluation endoscopies with bi-
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opsy sampling, and patients without further histology after BE diagnosis. The former group 

was censored either at the date of HGD or EAC diagnosis or of last patient contact with biopsy 

sampling, the latter at date of death. The date of death of patients registered in the PALGA 

database is, however, not uniformly recorded, unless an autopsy has been performed, reports 

of which are also registered in the system, but are a fairly rare in this country. Therefore, for 

the latter cohort, censoring was imputed to evaluate the number of person-years at risk, as 

they were unlikely to have developed symptomatic EAC throughout the study period. As the 

ascertainment of symptomatic EAC in the Netherlands is presumed to be very high,28 the 

disease practically always results in histological analysis, which is registered in the PALGA ar-

chive. Survival data from the general Dutch population were collected, starting from age and 

gender of the patients, and calendar year (Dutch Cancer Registry 2007). A dataset with an ap-

proximately unbiased number of person years at-risk was subsequently created, by drawing 

from a binomial distribution for every year, as was done previously.29, 30 Multiple imputation 

did not significantly change results. Finally, imputed survival estimates were corrected for an 

assumed 16% risk of excess mortality in BE patients, based on previous reports.31

Within the first analysis, EAC risk and combined HGD/EAC risk were calculated for those 

patients with actual documented follow-up in the PALGA registry. Within the second analysis, 

EAC risk was calculated for the whole cohort of patients, including those who did not receive 

one or more follow-up endoscopies with biopsies after initial BE diagnosis. To avoid misclas-

sification of prevalent cases of HGD/EAC, only those cases that were detected at least one 

year after initial BE diagnosis were included in cancer risk analysis. Crude EAC and combined 

HGD/EAC incidence rates are presented as number of cases per 1,000 patient-years of follow-

up. Kaplan-Meier survival analysis was performed to evaluate the interval between initial 

BE diagnosis and occurrence of HGD/EAC. Survival curves for BE patients without baseline 

dysplasia were compared to those with baseline LGD, using the log-rank test, at the p<0.05 

level of significance. Cox-regression analyses were performed to identify independent risk 

factors for progression of BE to HGD/EAC. Estimates of relative risks are expressed as hazard 

ratios (HRs) with 95% confidence intervals (CIs). Statistical analyses were conducted using 

S-PLUS (S-PLUS 6.0 Insightful Corp, Seattle, WA, USA) and SPSS software (SPSS 16.0, Chicago, 

IL, USA).

Results

Study cohort

In total, 42,207 patients with a first diagnosis of BE were identified in the PALGA database, 

with a 1.0/0.6 male to female ratio (Table 1). Of those, 4,132 (9.8%) were classified with LGD 

at baseline. Patients with LGD were significantly older than patients without dysplasia (mean 

age ± SD: 64±14 vs. 61±15 yrs, p<0.001) and more often male (63% vs. 61%, p=0.003). In ad-
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dition, men were also significantly younger than women at initial diagnosis of BE without 

dysplasia (58±15 vs. 65±15 yrs, p<0.001), and BE with LGD (61±14 vs. 67±13 yrs, p<0.001).

Follow- up endoscopies with biopsy sampling

Follow-up upper GI endoscopy with biopsy sampling, at least 6 months after the initial di-

agnosis, was performed in 16,365 BE patients (39%). Mean length of total follow-up in these 

patients was 4.8 years (SD3), for a total of 78,131 patients-years. In total, 43,568 re-evaluation 

endoscopies were performed, with an average of 3 (range: 1-22) endoscopies per patient. 

Patients with histological follow-up were significantly younger than those not undergoing 

follow-up (58±13 vs.63±16 yrs, p<0.001), and more often male (65% vs. 59%, p<0.001). Only 

38% of patients without dysplasia at baseline underwent at least one histological follow-up, 

as against 52% after a diagnosis of baseline LGD (p<0.001). The mean interval between initial 

and follow-up endoscopy was 2.0±2 yrs for BE patients without baseline dysplasia, and 1.4±2 

yrs for those with LGD at baseline (p<0.001).

Diagnosis of high-grade dysplasia and/or esophageal adenocarcinoma

Malignant progression was observed in 666 (1.6%) patients (HGD: 161, EAC: 505). Five ad-

ditional patients were diagnosed with an adenocarcinoma of which the bulk was located 

below the gastroesophageal junction. These cases were excluded from the analysis. Mean 

age of patients at HGD/EAC development was 69.0 years (SD 12), and the majority of HGD/

EACs occurred in males (76%). Male patients were significantly younger at diagnosis of HGD/

EAC than females (67±11 vs.74±11, p<0.001). This overall male predominance gradually dis-

appeared with increasing age, as the rise in incidence rate of HGD/EAC in males leveled off 

over age 85, whereas in women, especially in those aged above 85, it continued to rise with 

age, especially in those aged above 85 (Figure 1 and 2).

Risk of high-grade dysplasia and/or esophageal adenocarcinoma

The distribution of detected HGD/EAC cases in relation to the duration of follow-up is shown 

in Figure 3. During the study period, 180 (0.4%) BE patients developed HGD/EAC within 6 

months, and 32 patients (0.08%) within the subsequent 6 months after BE diagnosis. Another 

Table 1. Baseline characteristics of the study population.

Variable Total No dysplasia Low-grade dysplasia

Number of BE patients (%) 42,207 38,075 (90%) 4,132 (9.8%)

Male/ Female 1.0 / 0.6 1.0 / 0.6 1.0 / 0.6

Age (years)

	 Median

	 10th-90th percentile

62.1

41 – 80

61.8

41 - 80

65.0

46 - 81

BE: Barrett’s esophagus.
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215 patients (0.5%) progressed to HGD/EAC between the second and fi fth year after BE di-

agnosis and the remaining 239 (0.6%) patients after 5 years. In the majority (n=357, 54%) of 

patients with malignant progression, HGD/EAC was already detected at the second endosco-

py. In 53% of these patients, this second investigation with biopsy sampling was performed 

after more than one year after initial BE diagnosis, and in 21% after more than fi ve years. 
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Figure 1. Age-distribution of 666 detected cases of HGD/EAC in 42.207 patients with Barrett’s esophagus during the study 
period January 1991 till November 2007.
HGD: high-grade dysplasia, EAC: esophageal adenocarcinoma.
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Figure 2. Age-specifi c incidence rates of HGD/EAC for males and females with a fi rst diagnosis of BE. 
HGD: high-grade dysplasia, EAC: esophageal adenocarcinoma.
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The remaining 309 (46%) patients with malignant progression underwent one or more sur-

veillance endoscopies with biopsies yielding negative for HGD/EAC, before being diagnosed 

with HGD/EAC. Patients with prior negative endoscopies were signifi cantly younger at BE 

diagnosis than those in whom HGD/EAC was diagnosed at the second endoscopy (60±12 vs. 

67±11, p<0.001). Furthermore, the mean latent period from BE to HGD/EAC was signifi cantly 

longer in those with prior intermittent endoscopies as compared to those without (7.0±4 vs. 

2.5±3, p<0.001).

After excluding prevalent cases of HGD/EAC (detection <1 year after BE diagnosis), crude 

EAC and combined HGD/EAC incidence rates among 16,333 BE patients with at least one 

re-evaluation endoscopy were calculated, on the basis of a total of 78,105 patient-years 

of follow-up (Table 2). Overall incidence rates per 1,000 pyrs at risk were 4.3 (95%CI: 3.4-

5.5) for EAC and 5.8 (95%CI: 4.6-7.2) for HGD/EAC combined. Survival curves for BE patients 

(n=16,333) with or without baseline LGD are shown in Figure 4. Within 2, 5, and 10 years of fol-

low-up after initial diagnosis, HGD/EAC was diagnosed in respectively 1%, 2%, and 6% of BE 

patients without baseline dysplasia, and in respectively 2%, 4% and 13% of BE patients with 

baseline LGD (p<0.001). Men with baseline LGD experienced a faster progression to HGD/EAC 

as compared to women (both p<0.001). The same diff erence was observed between men and 

women without baseline dysplasia (p<0.001). 

For patients who did not undergo re-evaluation and were unlikely to have developed 

symptomatic EAC throughout the study period, life expectancy based on general survival 
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Figure 3. Time distribution of 666 detected cases of HGD/EAC in 42,207 patients with Barrett’s esophagus during the study 
period January 1991 till November 2007 (number of cases relative to number of BE patients (%) with corresponding years of 
follow-up). HGD: high-grade dysplasia, EAC: esophageal adenocarcinoma.
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data of the Dutch population was imputed. This rendered a total follow-up of 234,821 pyrs 

for the whole cohort of 42,207 BE patients. Overall incidence rates of EAC per 1,000 patient-

years were 1.4 (95%CI: 1.2-1.6) for both sexes combined, 1.9 (95%CI: 1.7-2.1) for males and 0.8 

(95%CI: 0.7-1.0) for females. For BE patients with baseline LGD, the EAC incidence rate rose 

to 3.6 per 1,000 patient-years (95%CI: 2.5-4.2), versus 1.2 (95%CI: 1.1-1.5) for those without 

baseline dysplasia (p<0.05).

Risk factors for malignant progression

Multivariate Cox regression analysis showed that male gender was independently associated 

with an increased risk of progression to HGD/EAC (HR 2.12, 95%CI: 1.70 – 2.65) (Table 3). In 

addition, older age as well as the presence of LGD at initial BE diagnosis were independently 

associated with development of HGD/EAC. 

Discussion

In this, to our knowledge, largest reported cohort of BE patients, the overall annual risk of 

cancer in BE was 0.4% (95%CI: 0.3-0.6), and the annual risk of cancer and high grade dyspla-

sia combined only 0.6% (95%CI: 0.5-0.7). These figures are lower than previously published 

estimates.17 In fact, the annual cancer risk decreased to 0.14%, in case cancer risk for all BE 

patients was analyzed, regardless of whether any follow-up was performed. Against this 

background, male gender, older age and LGD at initial BE diagnosis were identified as inde-

pendent predictors for malignant progression.

Table 2. Crude incidence rates of EAC and combined HGD/EAC in BE patients (n=16,333).

Variable Follow-
up

(pyrs)

EAC 
cases 

(n)

HGD/
EAC 

cases 
(n)

EAC IR 
(per 1000 

pyrs)
(95%CI)

HGD/EAC IR
(per 1000 

pyrs)
(95%CI)

EAC
Annual risk

(95%CI)

HGD/EAC
Annual risk

(95%CI)

BE all
	 Males
	 Females

78,105

51,576

26,529

337

259

78

454

345

109

4.31 (3.37-5.52)

5.02 (3.80-6.65)

2.94 (1.76-4.90)

5.81 (4.70-7.18)

6.69 (5.25-8.53)

4.11 (2.67-6.33)

0.43% (0.34-0.55)

0.50% (0.38-0.67)

0.29% (0.18-0.49)

0.58% (0.47-0.72)

0.67% (0.53-0.85)

0.41% (0.27-0.63)

BE ND
	 Males
	 Females

68,700

45,217

23,483

265

210

55

354

274

80

3.86 (2.93-5.09)

4.64 (3.41-6.35)

2.34 (1.27-4.30)

5.15 (4.06-6.55)

6.06 (4.62-7.96)

3.41 (2.06-5.66)

0.39% (0.29-0.51)

0.46% (0.34-0.64)

0.23% (0.13-0.43)

0.52% (0.41-0.66)

0.61% (0.46-0.80)

0.34% (0.21-0.57)

BE LGD
	 Males
	 Females

9,405

6,359

3,046

72

49

23

100

71

29

7.66 (4.50-13.1)

7.70 (4.04-14.7)

7.55 (2.95-19.3)

10.6 (6.77-16.7)

11.2 (6.54-19.0)

9.52 (4.12-22.0)

0.77% (0.45-1.31)

0.77% (0.40-1.47)

0.76% (0.30-1.93)

1.06% (0.68-1.67)

1.12% (0.66-1.90)

0.95% (0.41-2.20)

BE: Barrett’s esophagus, EAC: esophageal adenocarcinoma, HGD: high-grade dysplasia, LGD: low-grade dysplasia, ND: no dysplasia, CI: 

confidence interval, pyrs: person-years, IR: Incidence rate.



Ch
ap

te
r 6

96

Follow-up BE patients

14121086420

P
ro

p
o

rt
io

n
 p

ro
g

re
ss

io
n

 H
G

D
/E

A
C

 (%
)

40,0

30,0

20,0

10,0

0,0

BE No dysplasia

BE Low-grade dysplasia

Page 1

Figure 4. Progression rate to HGD/EAC in 16,333 patients with Barrett’s esophagus.
HGD: high-grade dysplasia, EAC: esophageal adenocarcinoma.	

Table 3. Risk factors for malignant progression in Barrett’s esophagus (n=16,333).

Variable HR univariate 95%CI HR
multivariate

95%CI

Sex

	 Female

	 Male

1.00

1.58

--
1.27 – 1.96

1.00

2.12

--

1.70 – 2.65

Age

	 <40 years

	 40-49 years

	 50-59 years

	 60 -69 years

	 70-79 years

	 >80 years

1.00

1.77

2.56

3.32

8.77

16.38

--

1.03 – 3.05

1.54 – 4.30

2.00 – 5.51

5.27 – 14.6

8.70 – 30.9

1.00

1.81

2.64

3.57

10.0

21.0

--

1.05 – 3.11

2.90 – 3.96

1.58 – 4.41

5.99 – 16.7

11.1 – 39.7

Histopathology

	 BE with ND

	 BE with LGD

 1.00

 2.24

--

1.80 – 2.80

1.00

1.92

--

1.54 – 2.40

BE: Barrett’s esophagus, ND: no dysplasia, LGD: low-grade dysplasia, HR: hazard ratio, CI: confidence interval.
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To date, there have been four published systematic reviews on the incidence of cancer in 

BE.17, 18, 32, 33 Our finding of an annual cancer risk of 0.4% in BE is lower than those reported in 

these studies. Several explanations may account for this discrepancy. Firstly, the population 

of our BE cohort consisted of a large number of unselected BE patients with long-term follow-

up, from all hospitals in the Netherlands. Our cohort therefore reflects daily clinical ascertain-

ment and management of BE. This nationwide registry minimizes selection bias, which is a 

particular drawback of small retrospective studies. This obviously differs from previous stud-

ies describing referral-based cohorts and from small studies with short follow-up, which may 

have included a biased selection of BE patients with high cancer risk. For instance, only three 

studies with over 1000 patient-years of follow-up were included in a review from the U.S.18 A 

large study size results in lower reported cancer risks, as was also previously demonstrated 

in two systematic reviews.17, 33 Another explanation for variations in outcome can be found 

in our strict exclusion of HGD and EAC cases occurring within the first year after initial BE 

diagnosis, and the exclusion of BE patients with HGD at baseline. Only two reviews excluded 

incident cancers occurring within the first year after initial BE diagnosis.17, 33 The inclusion of 

prevalent cancers will obviously inflate cancer risk for patients with uncomplicated BE. In the 

most recently published review, annual cancer incidence decreased to 0.41%, after limiting 

the analysis to the occurrence of only incident cancers, which is in line with our estimate of 

annual cancer risk.33 

Several authors have used mathematical models to explore the cost-effectiveness of BE 

surveillance.14-16 U.S. researchers concluded that, for a cancer risk of 0.5% per annum, surveil-

lance every 4 years was indicated and, if the annual risk was 0.4%, surveillance every 5 years 

was the only strategy that increased quality of life.16 Others reported that screening 50-year-

old men with GERD, followed by surveillance of those with dysplasia only, is probably cost-

effective, but that surveillance of BE, even at 5-yearly intervals, is very expensive even though 

more QALYs may be gained.15 According to a British study using an economic model, an an-

nual cancer risk of 0.5% would mean that surveillance conferred less benefit and more costs 

than no surveillance at all, irrespective of the surveillance interval used.14 The overall annual 

cancer risk obtained from our study is even lower than those incorporated in these models, 

especially with regard to the annual cancer risk of the whole cohort of BE patients (0.14%), 

including those who did not receive any histological follow-up, and who did in all probability 

not develop symptomatic EAC. Our findings indicate that both quality of life benefit and cost-

effectiveness of Barrett’s surveillance is highly questionable unless it can be targeted at those 

BE patients who are at the highest risk of cancer.

Despite the development of new cancer biomarkers, the presence and grade of dysplasia 

in random esophageal biopsies obtained at BE surveillance still remain the best indicators of 

cancer risk.34 This was confirmed in our study by the fact that, despite its generally criticized 

lack of reproducibility, the initial diagnosis of LGD by a large variety of pathologists proved to 

have been a predictor of a twofold increased risk of malignant progression as compared to BE 
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patients without dysplasia. This was consistent with other studies.35-41 It is likely that an even 

better accuracy of risk prediction may be achieved by a consensus LGD diagnosis of more 

than one pathologist.37, 40 In addition, the extent of the spread of LGD has been suggested to 

be another significant risk factor for the development of EAC.42

Male gender and older age at initial diagnosis were identified as other important indepen-

dent risk factors for progression to HGD/EAC. Moreover, men showed a significantly faster 

progression of BE to HGD/EAC as compared to women (p<0.001). This observation remained 

unchanged after stratifying patients by age. In addition, BE was diagnosed at a significantly 

older age in women. These findings are in agreement with others,35, 43-50 and are in accordance 

with the male predominance in EAC incidence, as we have demonstrated previously.44, 51, 52 

This is compatible with the concept of women entering the carcinogenic cascade at an older 

age,53, 54 and suggests that women progress less rapidly through subsequent stages of LGD 

and HGD. This observation has also been made in a recent study from Scotland.55 However, 

currently age and gender have not been routinely included in planning BE surveillance pro-

grams.

Some limitations of our study warrant consideration. Firstly, as both sampling error and 

inter-observer variability in the interpretation of dysplasia between non-expert and expert GI 

pathologists exist,56 misclassification of baseline dysplasia status in our patients could have 

influenced our results. However, differential misclassification to absence of baseline dysplasia 

would bias the difference between non-dysplastic and dysplastic BE patients towards the null 

value, thereby rather underestimating than overestimating cancer risk in BE patients with 

baseline LGD, without affecting the overall cancer risk. In addition, the very large number of 

BE patients in this study is likely to have compensated for biopsy sampling error and inter-ob-

server variation. Secondly, as data on the length of the Barrett’s segment, presence of hiatal 

hernia, presence of esophagitis, body mass index and use of selected medications were not 

available, cancer risk could not be stratified for these factors. Unfortunately, it was also im-

possible to collect information with regard to the indication of performing re-evaluation en-

doscopies in these patients. As a result, no clear distinction could be made between patients 

participating in a surveillance program and those undergoing re-evaluation endoscopies for 

investigation of symptoms. This could have led to an underestimation of our reported annual 

risk of cancer and HGD combined, as asymptomatic HGD cases might have been overlooked 

in this cohort. Nevertheless, we think that this has had only little influence on our findings, 

as a recent systematic review reported an incidence rate of cancer and HGD combined of 7.7 

per 1,000 person-years, which is only slightly higher as compared to our findings.33 Thirdly, 

in order to calculate progression rates to EAC for the whole cohort of patients, a virtual life 

expectancy was calculated for all patients without follow-up until November 2007, based 

on the life expectancy of the general population. This assumption may have led to a slight 

underestimation of cancer risk, as there is conflicting evidence of increased co-morbidity 

and mortality in BE patients as compared to the general population.8, 9, 31, 57-59 However, as we 
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assumed a high, 16%, increased risk of all-cause mortality in patients with BE, as reported by 

Cook et al.31, it is highly unlikely that this caused underestimation of our incidence rates.

In conclusion, in this large nationwide cohort of unselected patients with histologically 

confirmed Barrett’s esophagus, the annual risk of malignant progression was lower than pre-

viously reported. This further undermines the cost-effectiveness of generalized BE surveil-

lance, of which an even smaller minority of patients than previously estimated is likely to 

benefit. However, we have demonstrated three independent predictors of neoplastic pro-

gression enabling tailoring of surveillance programs towards a better selection of high-risk 

patients. Future large studies from other unselected populations should be performed to 

develop further risk stratification. A multicenter trial with randomization of patients to vary-

ing surveillance intervals based on age, gender and the presence and grade of dysplasia is 

urgently needed.

Appendix

PALGA diagnosis codes used in the analysis:

Barrett’s esophagus: T62310M73330, M73320 

Low-grade dysplasia: M74000, M74006, M74007

High-grade dysplasia and esophageal adenocarcinomas: M74008,  M80003, M80011, M80101, 

M80102, M80103,  M80104, M80105, M80123, M80193, M80203, M80213, M80413, M81403, 

M81404, M81453, M82003, M82113, M82603, M84303, M84803, M85603
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Abstract

Objective

To identify risk factors for esophageal adenocarcinoma (EAC) in patients with Barrett’s esoph-

agus (BE).

Methods

A hospital-based case-control study was performed in which 91 cases with EAC and 244 con-

trols with histologically confirmed BE (>2 cm) with no dysplasia or low-grade dysplasia were 

included. Information on demographic, anthropometric, and lifestyle characteristics, physical 

activity levels, working posture, family history, gastroesophageal reflux disease (GERD) symp-

toms and medication use was collected by questionnaire. 

Results

Cases more often were current smokers (odds ratio, 3.7, 95% confidence interval 1.4-9.9), 

more often had a body mass index >25 assessed at age 20 (2.6, 1.2-5.5), and more frequently 

had been working in a stooped posture at age 20 (2.0, 1.1-3.9), compared to controls. In ad-

dition, cases less often experienced symptoms of heartburn (0.3, 0.2-0.5) and less frequently 

used proton pump inhibitors (0.1, 0.05-0.2), compared to controls, whereas use of non-ste-

roidal anti-inflammatory drugs/aspirin was more common among cases (1.8, 1.1-3.2). Cases 

more often were men, compared to controls (91% vs. 67%, p<0.001).

Conclusion

In patients with BE, the risk of EAC is related to risk factors for GERD, which is, however asymp-

tomatic. As these risk factors are common in Western countries, they are probably not helpful 

in individualization of surveillance intervals.
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Introduction

The incidence of adenocarcinoma of the esophagus and gastroesophageal junction has in-

creased rapidly during the last two decades. This increase was mainly observed in the United 

States and Western Europe and was most pronounced in Caucasian men over 50 years of 

age.1, 2 Up to about 1970, more than 95% of esophageal cancers were squamous cell carcino-

mas; however, currently, at least 60% of all esophageal cancers are adenocarcinomas.3 Estab-

lished risk factors for the development of esophageal adenocarcinoma (EAC) include chronic 

gastroesophageal reflux disease (GERD) and Barrett’s esophagus (BE).4, 5

BE is characterized by the replacement of the squamous epithelium by metaplastic colum-

nar epithelium as a consequence of chronic exposure to gastroesophageal reflux. This may 

lead to an incomplete form of intestinal metaplasia, named specialized intestinal metaplasia 

(SIM), which predisposes to the development of EAC.5, 6 The excess risk of developing EAC in 

BE relative to the general population ranges between 30- and 60-fold.7-10 Hence, surveillance 

endoscopy of patients with BE is advised at intervals based on the presence or absence and 

grade of dysplasia.11

Many clinicians consider this strategy to be justified in patients with BE, since cancers de-

tected during surveillance endoscopy are more likely to be at an early stage compared to 

those cancers detected by upper gastrointestinal (GI) endoscopy in symptomatic patients.12 

However, the cost-effectiveness of surveillance is controversial since EAC is an uncommon 

cause of death in this patient population. In a cohort follow-up study from our department, 

only 5.6% of total mortality in BE patients was related to EAC.9 Furthermore the incidence of 

BE is rapidly increasing, which augments the burden of surveillance.13

While risk factors for the development of EAC in the general population have been well 

investigated,14 it is largely unknown which patients with BE have an increased risk for malig-

nant progression. Age, hiatal hernia and length of the Barrett’s segment are all established 

risk factors for development of EAC in BE.15-17 Identification of additional risk factors for the 

development of adenocarcinoma, that could be obtained without endoscopy, could be of 

use to guide surveillance recommendations and thus improve cost-effectiveness of surveil-

lance.

We conducted an epidemiologic investigation on associations between BE and EAC. The 

aim was to identify risk factors, that could be used to discriminate between low-risk and high-

risk BE patients for the development of EAC.
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Methods

Patients

We performed a hospital-based case-control study in two university hospitals and five re-

gional hospitals within the southwest of the Netherlands.

Between January 2003 and February 2005, all new diagnosed cases of adenocarcinoma 

of the distal esophagus in the Erasmus MC Rotterdam were enrolled. At least 90% of the pa-

tients with an incident EAC within the southwest of the Netherlands are referred to our clinic 

for an endoscopic ultrasound (EUS) examination. In order to reduce misclassification of cases 

with regard to the site of the tumor, all available pathology, surgery and endoscopy reports 

of the patients were centrally reviewed. Adenocarcinomas that were primarily located in the 

distal esophagus and had histological evidence of adjacent Barrett’s epithelium were classi-

fied as EAC. If Barrett’s epithelium was not detected, the tumor was classified by a team of 

an endoscopist, a gastrointestinal (GI) pathologist, and a surgeon, based on the location of 

the bulk of the tumor. Adenocarcinomas were classified as EAC if the lesion was located for at 

least 50% in the esophagus.18 Patients with a squamous cell carcinoma of the esophagus, an 

adenocarcinoma of the gastric cardia or an adenocarcinoma of the corpus or antrum of the 

stomach were excluded.

BE patients were retrieved from the Erasmus MC Rotterdam, Ikazia Hospital Rotterdam, 

Sint Franciscus Hospital Rotterdam, Albert Schweitzer Hospital Dordrecht, IJsselland Hospital 

Capelle aan den IJssel and Free University Medical Center Amsterdam. These patients partici-

pate in a multicenter endoscopic follow-up study, currently being conducted, in which the 

diagnostic and prognostic value of baseline flow cytometry in relation to individualization 

of endoscopic surveillance intervals is being investigated. BE was defined as the presence 

of columnar cell metaplasia of the specialized type with characteristic goblet cells.6 In order 

to be included as a control, the length of the Barrett’s segment needed to be at least 2 cm 

with no or at most low-grade dysplasia on histological investigation. Exclusion criteria for the 

control group were BE with high-grade dysplasia, or the presence of cancer of the esophagus 

or stomach.

Biopsy specimens from BE patients were examined by a pathologist from the regional hos-

pital where the BE patient was first identified. Then, the biopsy specimens were mailed to a GI 

pathologist from a panel of five experienced GI pathologists for review. If there was disagree-

ment between the local and the expert GI pathologist on the histological diagnosis, another 

member of the panel, who was blinded to the previous findings, was asked for a review. Only 

if at least two pathologists agreed on the diagnosis (intestinal metaplasia with goblet cells, 

with or without dysplasia) a final diagnosis was made. Biopsy specimens from EAC patients 

were also examined by an expert gastrointestinal pathologist from the above-mentioned 

panel.
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Data collection

All EAC patients and BE patients received a nonvalidated questionnaire that was developed 

specifically for this study (for details, see http://www.gastrolab.nl/pjdejonge.html). This self-

administered questionnaire could be completed at home or in the hospital in less than 15 

minutes. EAC patients received the questionnaire on the day that an EUS examination was 

performed. BE patients received the questionnaire within 1 year after having been included 

in the above-mentioned prospective follow-up study. Information was collected on demo-

graphic factors (age, gender, race), anthropometric characteristics (body mass index (BMI)), 

socioeconomic status (educational level), lifestyle (smoking habits, alcohol consumption, 

dietary patterns), physical activity levels (at work and free time), working in a stooped pos-

ture (e.g., pavers and gardeners), personal and family history of GI symptoms and diseases, 

and medication use (proton pump inhibitors (PPIs), histamin-2 receptor antagonists (H2RAs), 

nonsteroidal anti-inflammatory drugs (NSAIDs) and aspirin). In addition, data on BMI, dietary 

patterns, physical activity levels, and working in a stooped posture were collected for dif-

ferent life time periods, i.e., for the actual time period as well as for age 20 and for a period 

of 10 yr prior to filling out the questionnaire. Written informed consent was obtained from 

each subject. The study was approved by the Institutional Review Board of the Erasmus MC 

Rotterdam.

Statistical analysis

Chi-square tests and t-tests were used to compare the categorical and continuous character-

istics. Logistic regression was performed to calculate odds ratios (ORs) with 95% confidence 

intervals (CIs), which were used as estimates of relative risks. In the baseline model, adjust-

ments were made for age and gender. For each risk factor, other confounders considered 

were race, educational level (three levels), BMI (in quartiles), reflux symptoms, fruit intake 

(numbers of fruits/week: 0, <6, 6-10, >10), vegetable intake (numbers of vegetables/week: 0, 

<4, 4-6, >6), smoking status (never, former, current) and alcohol use (number of drinks/week: 

none, <5, 5-15, >15). These confounders were further selected by backward stepwise selec-

tion for a reduced multivariable model using the Akaike’s Information Criterion (equivalent 

to p<0.157 for predictors with one degree of freedom).19 This set of confounders was applied 

to all models. When the variable of interest was also present in the multivariable model, e.g., 

smoking status, then it was left out from the analysis. Within domains of related variables, 

e.g., smoking status and duration of smoking, we considered variables one by one.

Missing values of confounding variables occurred in 49 patients with 68 missings among 8 

confounders (2%). These were imputed using the ‘aregImpute’ routine from the Hmisc library 

in S+ software (version 2000, Insightful Inc., Seattle WA). Analyses with exclusion of patients 

with missing values gave very similar results (not shown). Statistical analyses were conducted 

using SPSS software (SPSS 10.1, Chicago, Illinois, USA).
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Results

Ninety-one patients of 120 (76%) eligible patients with EAC (cases) and 244 patients of 350 

(70%) eligible patients with BE (controls) filled out the questionnaire. Reasons for nonpar-

ticipation among cases were a poor clinical condition (n=6) or unwillingness to partici-

pate (n=23). Nonparticipation among controls most often was unwillingness to participate 

(n=102) rather than physical impediments (n=4). Baseline characteristics of the participants 

are shown in Table 1. Men presented 91% of the cases and 67% of the controls (p<0.001). All 

cases and almost all controls (99%) were Caucasian.

Table 1. Characteristics of participants.

Variable Esophageal 
adenocarcinoma

(cases)

Barrett’s
esophagus
(controls)

p-value

Participants 

	 number enrolled 91 244 --
Age (years)

	 mean (SD) 63 (10.9) 62 (11.7) 0.76
Male sex

	 number (%) 83 (91%) 164 (67%) <0.001
Years of schooling after primary 

school

	 mean (SD) 4.8 (3.1) 4.5 (3.4) 0.43
Race

	 Caucasian

	 Asian

	 missing

91 (100%)

0 (0%)

0 (0%)

242 (99%)

1 (0.4%)

1 (0.4%)

0.54

Current BMI (kg/m2)

	 mean (SD) 26 (5.7) 27 (2.9) 0.65
Fruit intake

(numbers/ week)

	 mean (SD) 8.3 (7.5) 9.0 (7.1) 0.44
Vegetable intake

(numbers/ week)

	 mean (SD) 5.7 (1.6) 5.9 (1.4) 0.31
Hot meals

(numbers/week)

	 mean (SD) 5.8 (1.8) 6.0 (1.4) 0.46
Physical activity

(hours/week)

	 mean (SD) 5.9 (8.2) 5.8 (8.5) 0.92

*Total percentages may not be 100 because of rounding.

**p-value from chi-square tests/ t-tests
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Tobacco smoking and alcohol consumption

After adjustment for age, gender, educational level, alcohol use and reflux symptoms, cases 

more often were current smokers (OR 3.7 (95%CI: 1.4-9.9)) than controls (Table 2). In addition, 

former smoking was also more common in cases than in controls (OR 2.6 (95%CI: 1.1-6.4)). 

Cases had more frequently smoked for a prolonged period of time compared to controls. 

Table 2. Association between tobacco smoking and alcohol consumption, and esophageal adenocarcinoma in Barrett’s 
esophagus.

Variable Esophageal 
adenocarcinoma
(cases)
(percent)

Barrett’s 
esophagus
(controls)
(percent)*

Age- and 
gender-adjusted 
OR
(95%CI)

Multivariable 
adjusted OR
(95%CI)**

Smoking status of 

cigarettes

	 Non

	 Former

	 Current

8 (9%)

56 (62%)

26 (29%)

62 (25%)

139 (57%)

42 (17%)

1.0 (referent)

2.8 (1.2 – 6.7)

4.5 (1.7 – 11)

p=0.009

1.0 (referent)

2.6 (1.1 – 6.4)

3.7 (1.4 – 9.9)

p=0.032

Duration of smoking 

	 None

	 1 – 20 years

	 21- 40 years

	 >40 years

8 (9%)

17 (19%)

36 (40%)

27 (30%)

61 (25%)

59 (24%)

85 (35%)

32 (13%)

1.0 (referent)

2.2 (0.9 – 5.5)

2.3 (1.0 – 5.4)

5.3 (2.0 – 14)

p=0.005

1.0 (referent)

2.2 (0.9 – 5.5)

1.9 (0.8 – 4.8)

4.7 (1.7 – 13)

p=0.017

Alcohol use

	 Never

	 Former

	 Current

7 (8%)

24 (26%)

58 (64%)

43 (18%)

34 (14%)

155 (64%)

1.0 (referent)

2.9 (1.1 – 8.0)

1.3 (0.5 – 3.3)

p=0.028

1.0 (referent)

3.4 (1.2 – 10)

1.6 (0.6 – 4.3)

p=0.036

Duration of alcohol 

consumption 

	 None

	 1 – 20 years

	 21- 40 years

	 >40 years

7 (8%)

5 (6%)

36 (40%)

38 (42%)

41 (17%)

13 (5%)

83 (34%)

83 (34%)

1.0 (referent)

2.1 (0.5 – 8.8)

1.8 (0.7 – 4.7)

1.4 (0.5 – 3.6)

p=0.64

1.0 (referent)

2.4 (0.5 – 11)

2.2 (0.8 – 6.3)

1.6 (0.6 – 4.6)

p=0.50

OR: odds ratio, CI: confidence interval.

*Total percentages may not be 100 because of missing values.

**Odds ratios for smoking status and duration of smoking were both adjusted for age, gender, educational level, alcohol use and reflux 

symptoms. Odds ratios for alcohol use and duration of alcohol consumption were both adjusted for age, gender, educational level, smoking 

status and reflux symptoms. 
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For example, the OR was 4.7 (95%CI: 1.7-13) for smoking more than 40 yr compared to non-

smoking. There were no clear differences in alcohol use between cases and controls and no 

association with duration was found.

GERD symptoms and family history

After adjustment for age, gender, educational level, smoking status and alcohol use, cases 

experienced fewer symptoms of heartburn and regurgitation than controls (OR 0.3 (95%CI: 

0.2-0.5) and OR 0.4 (95%CI: 0.3-0.8)), respectively (Table 3). When we combined heartburn 

and regurgitation, we still found a significant difference between cases and controls (OR 0.3 

(95%CI: 0.2-0.5)).

In addition, cases less frequently had longstanding symptoms of reflux. For example, the 

ORs between cases and controls were 0.2 (95%CI: 0.1-0.5) and 0.4 (95%CI: 0.2-0.8), respec-

tively, for symptoms of heartburn and regurgitation lasting more than 20 yr. A positive family 

history of regurgitation was also less common in cases than in controls (OR 0.4 (95%CI: 0.2-

0.8)).

Use of PPIs and NSAIDs/aspirin

After adjustment for age, gender, educational level, smoking status, alcohol use, and reflux 

symptoms, cases had less frequently used PPIs (OR 0.09 (95%CI: 0.05-0.2)) than controls (Ta-

ble 4). Moreover, cases less frequently used PPIs for a prolonged period compared to controls. 

For example, the OR between cases and controls was 0.05 (95%CI: 0.02-0.1) for using PPIs for 

at least 6 months.

After adjustment for age, gender, educational level, smoking status, alcohol use and reflux 

symptoms, cases more frequently used NSAIDs/aspirin (OR 1.8 (95%CI: 1.1–3.2)), but for a 

shorter period compared to controls. For example, the OR was 2.4 (95%CI: 1.3-4.4) for using 

NSAIDs/aspirin less than 6 months.

Gender, BMI, work in a stooped posture and educational level

The risk associated with BMI and work in a stooped posture was examined at different life-

time periods (Table 5). After adjustment for age, gender, educational level, smoking status, 

alcohol use, and reflux symptoms, cases more often had a BMI of at least 25 at age 20 (OR 2.6 

(95%CI: 1.2-5.5)) than controls. BMI at age 20 could, however, be a less reliable measurement 

since it was collected from the distant past. We therefore also examined the association be-

tween a high BMI 10 yr prior to filling out the questionnaire and the risk of development of 

EAC. A significant association was also found for a BMI of at least 10 yr before filling out the 

questionnaire (OR 1.8 (95%CI: 1.1-3.3)). 

After adjustment for age, gender, educational level, smoking status, alcohol use and reflux 

symptoms, cases more frequently had been working in a stooped posture at age 20 (OR 2.0 

(95%CI: 1.1-3.9)) than controls. This association was also significant for working in a stooped 
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Table 3. Association between GI symptoms and family history of GI symptoms, and esophageal adenocarcinoma in Barrett’s 
esophagus.

Variable Esophageal 
adenocarcinoma
(cases)
(percent)

Barrett’s 
esophagus
(controls)
(percent)*

Age- and gender-
adjusted OR
(95%CI)

Multivariable** 
adjusted OR
(95%CI)

Heartburn

	 No

	 Yes

43 (47%)

47 (52%)

47 (19%)

196 (80%)

1.0 (referent)

0.3 (0.2 – 0.5)

1.0 (referent)

0.3 (0.2 – 0.5)

Frequency of heartburn 

(# per week)

	 0x

	 1x

	 2-3x

	 >3x

45 (50%)

7 (8%)

11 (12%)

24 (26%)

48 (19%)

19 (8%)

60 (25%)

111 (46%)

1.0 (referent)

0.4 (0.2 – 1.2)

0.2 (0.1 – 0.4)

0.3 (0.1 – 0.5)

p<0.001

1.0 (referent)

0.5 (0.2 – 1.4)

0.2 (0.1 – 0.5)

0.3 (0.1 – 0.5)

p<0.001

Duration of heartburn 

	 None

	 <12 years

	 12- 20 years

	 >20 years

45 (50%)

17 (19%)

12 (13%)

13 (14%)

49 (20%)

83 (34%)

38 (16%)

67 (28%)

1.0 (referent)

0.3 (0.1 – 0.5)

0.4 (0.2 – 0.8)

0.2 (0.1 – 0.5)

p<0.001

1.0 (referent)

0.3 (0.1 – 0.6)

0.4 (0.2 – 1.0)

0.2 (0.1 – 0.5)

p<0.001

Regurgitation

	 No

	 Yes

61 (67%)

29 (32%)

114 (47%)

129 (53%)

1.0 (referent)

0.5 (0.3 – 0.8)

1.0 (referent)

0.4 (0.3 – 0.8)

Frequency of 

regurgitation

(# per week)

	 0x

	 1x

	 2-3x

	 >3x

62 (68%)

6 (7%)

4 (4%)

17 (19%)

114 (47%)

15 (6%)

36 (15%)

72 (30%)

1.0 (referent)

0.8 (0.3 – 2.2)

0.2 (0.1 – 0.6)

0.5 (0.3 – 0.9)

p=0.012

1.0 (referent)

0.8 (0.3 – 2.5)

0.2 (0.1 – 0.7)

0.5 (0.2 – 0.9)

p=0.011

Duration of regurgitation

	 None

	 <12 years

	 12-20 years

	 >20 years

63 (69%)

10 (11%)

6 (7%)

10 (11%)

115 (47%)

53 (22%)

24 (10%)

48 (20%)

1.0 (referent)

0.4 (0.2 – 0.9)

0.5 (0.2 – 1.2)

0.4 (0.2 – 0.8)

p=0.011

1.0 (referent)

0.4 (0.2 – 0.9)

0.5 (0.2 – 1.4)

0.4 (0.2 – 0.8)

p=0.019

table is continued on the next page
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Family history of 

heartburn

	 No 

	 Yes

30 (33%)

36 (40%)

55 (23%)

131 (54%)

1.0 (referent)

0.6 (0.3 – 1.1)

1.0 (referent)

0.7 (0.4 – 1.3)

Family history of 

regurgitation

	 No

	 Yes

39 (43%)

24 (26%)

63 (26%)

108 (44%)

1.0 (referent)

0.4 (0.2 – 0.8)

1.0 (referent)

0.4 (0.2 – 0.8)

OR: odds ratio, CI: confidence interval.

*Total percentages may not be 100 because of missing values.

**Odds ratios for heartburn and regurgitation, frequency of heartburn and regurgitation, duration of heartburn and regurgitation, and family 

history of heartburn and regurgitation were all adjusted for age, gender, educational level, smoking status and alcohol consumption.

Table 4. Association between use of PPIs and use of NSAIDs/aspirin, and esophageal adenocarcinoma in Barrett’s esophagus.

Variable Esophageal 
adenocarcinoma
(cases)
(percent)

Barrett’s 
esophagus
(controls)
(percent)*

Age- and gender-
adjusted OR
(95%CI)

Multivariable** 
adjusted OR
(95%CI)

Use of PPIs

	 No

	 Yes

44 (48%)

43 (47%)

17 (7%)

227 (93%)

1.0 (referent)

0.08 (0.04 – 0.16)

1.0 (referent)

0.09 (0.05 – 0.2)

Duration of PPI use

	 None

	 < 6 months

	 > 6 months

44 (48%)

17 (19%)

18 (20%)

17 (7%)

3 (1%)

190 (78%)

1.0 (referent)

2.7 (0.7 – 11)

0.04 (0.02 – 0.09)

p<0.001

1.0 (referent)

2.6 (0.6 – 11)

0.05 (0.02 – 0.1)

p<0.001

Use of NSAIDs/aspirin

	 No

	 Yes

40 (44%)

50 (55%)

136 (56%)

108 (44%)

1.0 (referent)

1.7 (1.0 – 2.9)

1.0 (referent)

1.8 (1.1 – 3.2)

Duration of NSAID/

aspirin use

	 None

	 < 6 months

	 > 6 months

40 (44%)

36 (40%)

13 (14%)

136 (56%)

58 (24%)

50 (20%)

1.0 (referent)

2.3 (1.3 – 4.1)

0.9 (0.5 – 2.0)

p=0.01

1.0 (referent)

2.4 (1.3 – 4.4)

1.1 (0.5 – 2.2)

p=0.17

OR: odds ratio, CI: confidence interval, PPI: proton pump inhibitor, NSAID: non-steroidal anti-inflammatory drug.

*Total percentages may not be 100 because of missing values.

**Odds ratios for use of PPIs, duration of PPI use, use of NSAIDs/ aspirin and duration of NSAID use were all adjusted for age, gender, 

educational level, smoking status, alcohol use and reflux symptoms.
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posture 10 yr before filling out to the questionnaire (age- and gender-adjusted OR 1.8 (95 % 

CI: 1.1-3.2)), but was not significant after multivariable adjustment.

After adjustment for age, gender, smoking status, alcohol use and reflux symptoms, high 

school education was less common among cases than controls (OR 0.4 (95%CI: 0.2-0.9)) 

(Table 5). However, college/university education was not significantly less common among 

cases (OR 0.4 (95%CI: 0.2-1.2)).

Table 5. Association between BMI, work in a stooped posture and educational level, and esophageal adenocarcinoma in 
Barrett’s esophagus.

Variable Esophageal 
adenocarcinoma
(cases)
(percent)

Barrett’s 
esophagus
(controls)
(percent)*

Age- and 
gender-
adjusted OR
(95%CI)

Multivariable** 
adjusted OR
(95%CI)

BMI at age 20

	 <25

	 >25

63 (69%)

20 (22%)

184 (75%)

24 (10%)

1.0 (referent)

2.7 (1.3 – 5.4)

1.0 (referent)

2.6 (1.2 – 5.5)

BMI 10 years before 

questionnaire

	 <25

	 >25

29 (32%)

58 (64%)

123 (50%)

107 (44%)

1.0 (referent)

2.0 (1.2 – 3.5)

1.0 (referent)

1.8 (1.1 – 3.3)

Work in a stooped posture 

at  age 20

	 No

	 Yes

24 (26%)

51 (56%)

98 (40%)

107 (44%)

1.0 (referent)

2.1 (1.2 – 3.7)

1.0 (referent)

2.0 (1.1 – 3.9)

Work in a stooped posture 10 

years before questionnaire

	 No

	 Yes

30 (33%)

46 (51%)

109 (45%)

97 (40%)

1.0 (referent)

1.8 (1.1 – 3.2)

1.0 (referent)

1.8 (0.9 – 3.3)

Educational level

	 Primary school

	 High school

	 College/University

19 (21%)

50 (55%)

22 (24%)

31 (13%)

158 (65%)

53 (22%)

1.0 (referent)

0.4 (0.2 – 0.8)

0.4 (0.2 – 1.0)

p=0.034

1.0 (referent)

0.4 (0.2 – 0.9)

0.5 (0.2 – 1.2)

p=0.088

OR: odds ratio, CI: confidence interval, BMI: body mass index.

*Total percentages may not be 100 because of missing values.

**Odds ratios for BMI, working in a stooped posture were adjusted for age, gender, educational level, smoking status, alcohol use and reflux 

symptoms. Odds ratios for educational level have been adjusted for age, gender, smoking status, alcohol use and reflux symptoms. 
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Discussion

In order to make surveillance of BE more efficient, identification of high-risk groups for the 

development of EAC in BE is important. Although flow cytometry and molecular typing tech-

niques might be able to distinguish between high-risk and low-risk groups,20-22 identifica-

tion of easily applicable and simple epidemiological factors could be of help in daily clinical 

practice. 

This study identified risk factors that are associated with an increased risk of developing 

EAC. We found that tobacco smoking, a BMI above 25, work in a stooped posture and male 

gender were such risk factors. In addition, we also found significant differences in GI symp-

toms and family history of GI symptoms, and in PPI-use and NSAID/aspirin-use between EAC 

patients and BE patients. To our knowledge, only a few case-control studies have been re-

ported in literature so far in which patients with BE instead of healthy control subjects were 

selected as controls.23-25 In comparison to these studies, we investigated a considerable larger 

number of cases and controls. We collected data on several potential factors that could in-

crease or decrease the risk of EAC development in BE. Moreover, our cases and controls were 

uniformly classified and strict and consistent criteria were used for the diagnosis EAC and BE. 

Finally, ORs were adjusted for the most relevant confounding variables. 

Several case-control studies have investigated the role of smoking and alcohol consump-

tion in the development of EAC.23-28 Most of these studies concluded that the association with 

smoking was of moderate strength and that alcohol consumption was not associated with an 

increased risk of development of EAC. However, in only three studies patients with BE were 

selected as controls whereas in the other studies healthy subjects served as controls. Two of 

these three studies23, 25 also reported that EAC patients more often smoked than BE patients 

without EAC. In contrast, another study24 did not find such an association. The results of this 

third study were based on a limited number of cases and consequently probably a lack of 

power to detect a significant association.

The relationship between a high BMI and the risk of development of EAC has been re-

ported previously in various case-control studies.28-32 Lagergren et al.29 found an OR of 16.2 for 

subjects with a BMI above 30 compared to subjects with a BMI less than 22 for the risk of de-

velopment of EAC. In another study31 the risk for development of EAC increased significantly 

with an increasing BMI. However, in none of these case-control studies was the association 

between a high BMI in BE patients and EAC patients compared. Risk comparison in those 

studies was performed on healthy control subjects. Hence, to our knowledge, our study is 

the first case-control study that shows that a BMI above 25 at different time periods in life 

increases the risk of development of EAC in BE.

Working in a stooped posture in the past increased the risk of development of EAC in BE 

patients as well. This is a new finding and has not been reported previously. It is highly plau-
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sible that working in a stooped posture increases gastroesophageal reflux, which has been 

reported to play a role in the pathogenesis of both BE5 and EAC4.

It has well been recognized that there is a male and Caucasian race predominance among 

patients with EAC.33 This is also confirmed in our study, in which cases were more often men 

compared to controls. Although it is difficult to make a valid conclusion on the effect of race 

based on our findings as the Dutch population consists of approximately 10% non-Cauca-

sians, our data at least seem to support the fact that EAC is largely restricted to the Caucasian 

population.

The use of PPIs and the presence of GERD symptoms were more common in controls com-

pared to cases (Table 3 and 4). It is important to emphasize that we should be careful to con-

sider these findings as risk factors for EAC development. The results may be a consequence 

of selection bias, since participation was related to the presence of GI symptoms, both in 

cases (dysphagia) and in controls (heartburn, regurgitation). It has been reported that 40% 

of patients with EAC have no history of heartburn, while most known BE patients are seen 

initially for GERD symptoms.4 This is also in agreement with our findings. Nonetheless, the 

ORs for use of PPIs between patients with EAC and BE also were highly significant, which 

may suggest a protective effect of PPIs in the development of EAC in BE. This is in agreement 

with one study34 reporting a lower risk of developing dysplasia in BE patients receiving PPI 

therapy, compared to BE patients not being treated with PPIs. Further data, preferably from 

randomized clinical trials, are needed to show whether PPIs decrease the risk of EAC develop-

ment in BE.35

As a last observation, we found that EAC patients more often had been using NSAIDs/aspi-

rin compared to BE patients. This finding is in contrast to the literature, in which a protective 

effect of these drugs on the progression to EAC in BE patients has been reported.36 Possibly, 

EAC patients experienced more pain compared to BE patients before a formal diagnosis of 

EAC was made. This is supported by the observation that EAC patients were more likely to 

have used NSAIDs/aspirin for only a short time period compared to BE patients. When exam-

ining the relationship between NSAID/aspirin use for at least 6 months and the risk of EAC 

development, a nonsignificant age- and gender-adjusted OR of 0.9 was found.

Several possible limitations of this study warrant consideration. First, our questionnaire was 

not validated. The results should therefore be interpreted with some caution. However, as we 

constructed the questionnaire, we made a great effort to minimize the possibility of ambigui-

ties and misinterpretations of the questionnaire items in order to ensure valid responses. Sec-

ond, we were not able to identify whether all EAC cases arose from preexisting BE, as BE was 

not always detectable at endoscopy when that EAC was diagnosed. It has been suggested 

that this is most likely due to tumor overgrowth.37 This could have introduced a bias, as, ac-

cording to our protocol, we hypothesized that EAC had evolved from Barrett’s epithelium in 

those cases where at least 50% of the tumor was located in the distal esophagus. We believe, 

however, that this bias is only of limited magnitude because the predominant opinion pres-



Ch
ap

te
r 7

118

ently suggests that most, if not all, EACs arise in Barrett’s metaplasia.38-40 The final proof for the 

presence of EAC without BE would be the finding of an EAC originating from nonmetaplastic 

columnar epithelium, i.e., submucosal esophageal mucous glands. A number of such cases 

have been published in reports from the 1960s, each of which included only one case of 

EAC, suggesting that, at that time, this was the most common type of EAC.41, 42 However, only 

two such cases have been published in the more recent literature.43 This indicates that the 

impact of these tumors on current EAC epidemiology is probably negligible. Third, informa-

tion bias, a well-known disadvantage of case-control studies, may have led to the collection 

of invalid data. However, this faulty recall is unlikely to be related to the presence of disease 

(i.e., EAC and BE) and hence should be random. Therefore, our results probably show, at the 

most, somewhat diluted effects.44, 45 Fourth, we were not able to define an index date, since 

this information for the diagnosis of BE in EAC patients was unknown. As in another study,46 

approximately 95% of patients with EAC were not known with a diagnosis of BE prior to a 

diagnosis of malignancy. Adjustment for age was performed to control for the natural course 

of EAC development in BE. However, no significant differences in age were present between 

EAC and BE patients. This is somewhat remarkable since the mean age of EAC patients is usu-

ally higher compared to that of BE patients. Fifth, nonparticipation among cases, especially 

among those who were too ill to complete the questionnaire, may have introduced bias. 

However, it is unlikely that their physical impediments were related to the risk factors that we 

studied. Their impediments were rather related to an advanced tumor disease. Finally, the risk 

of false-positive results (a type 1 error) may be increased by multiple statistical testing, and 

the power of our study may have been too limited to identify important risk factors.

In summary, our study showed that tobacco smoking, a BMI above 25 and working in a 

stooped posture in the past, as well as male gender and less frequent symptoms of GERD 

and PPI use increased the risk of the development of EAC in patients with BE. The clinical 

implication seems, however, not high as these factors are common in Western countries and 

therefore probably not helpful in individualizing surveillance intervals in BE patients.
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Abstract

Background

The association between Barrett’s esophagus (BE) and colorectal cancer (CRC) is disputed. 

Population-based studies on the risk of CRC in BE are scarce.

Aim

To determine the risk of CRC in a Dutch nationwide cohort of BE patients in the Netherlands 

with long-term follow-up.

Methods

Patients diagnosed with BE between 1991 and 2006 were identified in the Dutch nationwide 

histopathology registry (PALGA). The incidence of CRC observed in these patients was com-

pared with that in the general Dutch population aged over 40 years. Relative risks (RR) and 

95% confidence intervals (95%CI) were calculated by a Poisson model.

Results

A total of 42,207 patients with a first diagnosis of BE were included. During a mean follow-up 

of 5.6 years (SD 4), 713 patients (1.7%) were diagnosed with CRC (overall rate 3.4/1000 person 

years at risk), at a mean age of 73.7 years (SD 10). All CRCs occurred in BE patients aged above 

40 years, and the majority (96%) in those over 50 years of age. Of those CRCs, 317 (44%) were 

detected within the first year after initial BE diagnosis, and 396 (54%) thereafter. For all pa-

tients with BE, CRC risk was 1.70 (95%CI: 1.58-1.83), as compared to the general Dutch popu-

lation aged over 40 years. CRC risk within the first year of follow-up after BE diagnosis (RR: 

4.76 (95%CI: 4.26-5.31) was significantly higher as compared to one to five years of follow-up 

(RR: 0.99 (95%CI: 0.86-1.14) or more than five years of follow-up (RR: 1.28 (95%CI: 1.11-1.47) 

(p<0.001). 

Conclusion

This population-based study shows an overall increased risk of CRC in patients with BE as 

compared to the Dutch general population, which cannot be solely attributed to the pres-

ence of diagnostic bias, as CRC incidence in BE patients at long-term follow-up was still sig-

nificantly increased. Based on these findings, we suggest that screening colonoscopy could 

be recommended for male BE patients aged above 50 years, in case they do not already par-

ticipate in other CRC screening programs. 
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Introduction

Barrett’s esophagus (BE), presumably acquired through long-standing gastroesophageal 

reflux, is the cardinal precursor of esophageal adenocarcinoma (EAC).1, 2 The excess risk of 

developing EAC in BE relative to the general population ranges between 30- and 60-fold.3-5 

In most Western countries, the incidence of EAC has increased rapidly over the past two de-

cades and now comprises at least 60% of all esophageal cancer cases.6-9

Besides this acknowledged risk of EAC, BE has also been associated with an increased risk 

of colorectal cancer (CRC). In 1985, a 5.5% prevalence rate of malignant colonic neoplasms in 

patients with BE was reported, which appeared to be in excess of what would be expected 

in the general population.10 However, since then, several studies addressing this issue have 

reported conflicting results, some of which confirmed the association while others did not.11-

21 These discrepancies may be explained by low BE patient numbers in most studies, lack of 

histologic confirmation in the endoscopic diagnosis of BE, diagnostic bias, use of an inappro-

priate control group or even its complete absence.

Elucidation of the proposed association between BE and CRC is important. If a true associa-

tion exists, it would substantiate the demand for colonoscopy in BE patients, and it would 

provide a basis for searching common causal factors, possibly pointing to a genetic or envi-

ronmental factor. High dietary fat and alcohol intake, as against reduced fruit and vegetable 

use, are environmental factors implicated in CRC and possibly in BE.22, 23 In addition, several 

studies have implicated bile acids as a stimulus for the development of both BE and CRC.24-26 

Furthermore, some genetic abnormalities are common to both conditions, such as p53 muta-

tions and allelic loss of chromosomes 5q, 17p, and 18q, which are associated with progres-

sion of the adenoma-carcinoma sequence, both in the human colon and in BE.27, 28

A theoretically desirable design for studying an association between CRC and BE would 

be a long-term follow-up study of CRC incidence among a large cohort of patients with BE. 

However, valid epidemiological data on CRC incidence in BE patients are scarce, and pub-

lished studies have included relatively small numbers of patients with limited follow-up. In 

the present study, we addressed this question by using a large, nationwide cohort of Dutch 

BE patients with long-term follow-up.

Methods

Histopathology database

In the Netherlands all histopathology and cytopathology reports are collected in a national 

archive (PALGA database), which encompasses all sixty-four pathology laboratories in the 

Netherlands. Since 1991, PALGA has had nationwide coverage and currently contains about 

42 million excerpts from nearly 10 million patients.29 Every excerpt in the database contains 
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encrypted patient identification, a summary of the original pathology report and diagnostic 

codes similar to the Systematized Nomenclature of Medicine (SNOMED) issued by the Col-

lege of American Pathologists.30 This diagnostic code contains a topological term, the type of 

sample, and a morphological term describing the finding, e.g., ‘esophagus*biopsy*intestinal 

metaplasia’. The PALGA morphology codes are identical to the codes in the International Clas-

sification of Diseases for Oncology (ICD-O-2; World Health Organization).31 Details with regard 

to the number and intra-esophageal location of biopsies, or information on the indication for 

performing an endoscopic procedure are not uniformly registered. Each pathology report 

can, however, be traced to an individual patient with a unique identifier, allowing histological 

follow-up of individuals, irrespective of where subsequent biopsies were taken or resections 

were performed.32 For each report, gender, date of birth, date of pathology review, summary 

text and diagnostic codes were made available. It was not, however, possible to access ad-

ditional clinical data. The present study was based on data recorded in the PALGA database 

between 1991 and 2007. 

Data collection

Patients with between 1991 and 2006 a first histologically confirmed diagnosis of BE with 

no dysplasia (ND) or at most low-grade dysplasia (LGD) were identified in the database. 

Codes that were used to classify a lesion as BE are described in the Appendix. Patients with a 

baseline diagnosis of high-grade dysplasia in BE were excluded, as were patients with either 

gastric or esophageal surgery or malignancy registered prior to or simultaneously with the 

first diagnosis of BE. For each patient, all pathology excerpts concerning colorectal biopsies 

from the first diagnosis of BE to the end of the study period (November 2007) were retrieved. 

Follow-up excerpts were scrutinized for codes indicating the presence of CRC.

Statistical analysis

Person-years of follow-up were calculated for each member of the cohort with censoring 

either on the date of diagnosis CRC or EAC, or on the date of death. However, date of death of 

patients registered in the PALGA database is not uniformly recorded, unless an autopsy has 

been performed, reports of which are also registered in the system. Censoring was therefore 

imputed to evaluate the number of person-years at risk for BE patients that did not develop 

CRC or EAC during follow-up. Survival data from the general Dutch population were collect-

ed, starting from age and gender of the patients, and calendar year (Dutch Cancer Registry 

2007). A dataset with an approximately unbiased number of person years at-risk was subse-

quently created, by drawing from a binomial distribution for every year, as was done previ-

ously.33, 34 Multiple imputation did not significantly change results. Finally, imputed survival 

estimates were corrected for an assumed 16% risk of excess mortality in BE patients, as was 

previously reported.35
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The CRC incidence of the BE cohort was calculated as the total number of CRCs registered 

in the PALGA database within the cohort divided by the total number of person-years at risk. 

Calculation of the expected number of CRCs was based on age- and gender specific CRC 

incidence rates in the general Dutch population, as registered in the PALGA database from 

1991 until 2007, and the midyear Dutch population.36 Relative risks (RR) with 95% confidence 

intervals (CI) were calculated by a Poisson model, corrected for age categories, gender and 

calendar year. As some patients may be diagnosed with CRC shortly after a diagnosis of BE as 

a result of medical work-up, diagnostic bias may have influenced assessment of CRC risk in 

BE around the time of diagnosis. Therefore, CRC risks were calculated separately for the first 

year of follow-up, the second to fifth year of follow-up and the period subsequent to the fifth 

year of follow-up after the initial diagnosis of BE. Statistical analyses were conducted using 

S-PLUS (S-PLUS 6.0 Insightful Corp, Seattle, WA, USA) and SPSS software (SPSS 16.0, Chicago, 

IL, USA).

Results

Patients

The study cohort consisted of 42,207 patients with a first diagnosis of BE registered between 

1991 and 2006, with a 1.6/1.0 male to female ratio (Table 1). Males were significantly younger 

at diagnosis of BE as compared to women (mean age: 59±15 vs. 65±14 yrs, p<0.001).

Colorectal cancer risk in Barrett’s esophagus

The cohort was followed for a mean of 5.6 years (SD 4), with a total of 234,821 follow-up 

years. During follow-up, CRC was diagnosed in 713 patients (1.7%). These cancers were pre-

Table 1. Baseline characteristics of the study cohort (42,207 patients).

Characteristic Number (%)

Gender

	 Male

	 Female

25,890 (61)

16,317 (39)

Age group (years)

	 <40

	 40-49

	 50-59

	 60-69

	 70-79

	 >80

3,616 (9)

6,050 (14)

9,396 (22)

9,803 (23)

9,192 (22)

4,150 (10)
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dominantly found in the colon (79%) and the remainder in the rectum. All CRCs occurred in 

BE patients aged above 40 years, and the majority (96%) in those over 50 years of age. Mean 

age at CRC development was 73.7 years (SD 10), with a 1.5:1.0 male to female ratio. In addi-

tion, male BE patients were significantly younger at diagnosis of CRC as compared to women 

(72±10 vs. 77±9 yrs, p<0.001).

Crude incidence rates for CRC in male and female BE patients older than 40 years were 3.5 

(95%CI: 3.1-3.8) and 3.2 (95%CI: 2.9-3.6) per 1000 person-years, respectively. The incidence 

of CRC increased with age, from 0.7 (95%CI: 0.3-1.8) in aged 40-49 to 5.8 (95%CI: 4.6-7.3) in 

aged>70. In Table 2, risk of CRC is stratified by age, gender, and baseline status of dysplasia. 

As compared to the general population aged above 40 years, the risk of CRC development 

was significantly elevated in both male (RR 1.65 (95%CI: 1.50-1.81)) and female BE patients (RR 

1.79 (95%CI: 1.59-2.01)). However, no clear increasing trend could be demonstrated among 

the different age groups (p>0.05). In patients with ND at baseline and those with baseline 

LGD, RRs were respectively 1.73 (95%CI: 1.60-1.86) and 1.50 (95%CI: 1.17-1.93).

Exploration of diagnostic bias

Figure 1 shows the risk of CRC for specified periods of follow-up after initial BE diagnosis. 

For all patients with BE, the risk of CRC was 1.70 (95%CI: 1.58-1.83), as compared to the gen-

Table 2. Risk of colorectal cancer in Barrett’s esophagus as compared to the general Dutch population aged above 40 years.

Variable Person-years of 
follow-up

No. of CRCs RR 95%CI

Overall 213,558 713 1.70 (1.58-1.83)

Gender

	 Male

	 Female

123,204

90,354

425

298

1.65

1.79

(1.50-1.81)

(1.59-2.01)

Histology

	 No dysplasia

		  Male 

		  Female 

	 Low-grade dysplasia

		  Male

		  Female

194,208

111,532

82,676

19,350

11,761

7,679

651

390

261

62

35

27

1.73

1.69

1.79

1.50

1.33

1.80

(1.60-1.86)

(1.53-1.86)

(1.58-2.02)

(1.17-1.93)

(0.96-1.86)

(1.23-2.62)

Age group (years)

	 40-49

	 50-59

	 60-69

	 70-79

	 >80

35,604

50,628

57,752

52,229

17,344

27

95

198

267

126

1.74

2.09

1.81

1.61

1.65

(0.92-3.31)

(1.64-2.65)

(1.55-2.12)

(1.43-1.82)

(1.43-1.89)

CRC: colorectal cancer, RR: relative risk, CI: confidence interval.
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eral Dutch population aged over 40 years. However, the CRC risk was significantly higher 

within the first year of follow-up after BE diagnosis (RR: 4.76 (95%CI: 4.26-5.31), as compared 

to the risk in the period of one to five years of follow-up after BE diagnosis (RR: 0.99 (95%CI: 

0.86-1.14) or more than five years of follow-up after BE diagnosis (RR: 1.28 (95%CI: 1.11-1.47) 

(p<0.001). The overall increased risk of CRC in BE patients after 5 years of follow-up was main-

ly due to an increased risk in males (RR 1.38 (95%CI: 1.17-1.64)), as CRC risk was not signifi-

cantly increased in female BE patients as compared to the Dutch general population (RR 1.11 

(95%CI: 0.88-1.40)).

Discussion

In the absence of consistent supportive data, the association between BE and CRC has re-

mained controversial. Should a true association exist, this would provide a basis for seeking 

shared environmental or common genetic markers. In addition, a definite establishment of 

a strong association between BE and CRC could indicate that BE patients should receive tar-

geted CRC screening and surveillance, which might then well be more effective in cancer 

prevention than surveillance endoscopy of BE.37

< 1 year 1-5 years ≥ 5 years
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Figure 1. Relative risks (RR) of colorectal cancer in Barrett’s esophagus for specified follow- up intervals, as compared to the 
general Dutch population aged above 40 years.
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This large population-based study indeed found an overall significant RR of 1.7 for the de-

velopment of CRC in patients with BE, in comparison to the Dutch general population. This 

increased risk was significantly higher within the first year of diagnosis, as compared to one 

to five years of follow-up or more than five years of follow-up. These findings suggest that 

the overall increased risk of CRC in BE can in part be explained by the presence of diagnostic 

bias, i.e., once having become a patient of a gastroenterology service, the chance of undergo-

ing other gastroenterological procedures is greatly increased. Nevertheless, in patients with 

more than five years of follow-up, the risk of CRC was again significantly elevated as com-

pared to that of the general population, in particular in male BE patients. Therefore, screen-

ing colonoscopy could be recommended for these patients, in case they do not already 

participate in other CRC screening programs. These findings also call into question whether 

colonoscopy would be a more worthwhile cancer screening procedure in BE than repeated 

surveillance esophagoscopy. The total number of CRCs (n=713, 1.7%) detected during follow-

up of this cohort of BE patients was somewhat higher than the number of cases with either 

esophageal high-grade dysplasia (HGD) or adenocarcinoma (EAC) detected during follow-up 

(n=666, 1.6%). However, after exclusion of both cancers occurring within one year after initial 

BE diagnosis, the number of detected HGD/EAC cases (n=454, 1.1%) was now slightly higher 

than that of the detected CRCs (n=397, 0.9%), which suggests surveillance colonoscopy not 

to be a more rewarding approach than surveillance esophagoscopy in BE patients.

Our findings are in line with another population-based study38 in which the incidence of 

CRC in BE patients was compared to that in the general population of Northern Ireland. The 

authors demonstrated an overall standardized incidence ratio of 1.46 (95%CI: 1.00-1.92), with 

declining RRs for cancers diagnosed on exclusion of the first month and 3 months after diag-

nosis of BE (1.09 and 0.94, respectively), suggesting that the increased risk of CRC in BE can 

be explained by diagnostic bias. However, the authors did not study CRC risk according to 

specified follow-up periods, as was done in our study. In addition, their results could not be 

interpreted unequivocally, as the relative short total length of follow-up was likely to have 

influenced the results. In addition, of all 39 patients that were diagnosed with CRC during 

follow-up, 16 (41%) had a known previous history of CRC, biasing the detected risk if these 

CRCs were treated as recurrences. Another study39, in which incidence rates of esophageal, 

extra-esophageal, and colorectal cancers as well as cataract were studied in BE, esophagitis 

and reflux cohorts, identified within a General Practice Research Database, were compared 

to the general population, could not confirm an increased CRC risk in either of the cohorts. 

Unfortunately, the authors did not study CRC risk in relation to different periods of follow-up, 

to explore the temporal relationship between BE and CRC.

In addition to these population-based studies, the risk of CRC in BE has been the subject 

of many other smaller studies.10-21, 38, 40 Most of these studies were either based on low patient 

numbers,15, 17, 18 did not include a proper control group,10, 20 or lacked histological confirma-

tion of suspected BE.11, 16, 38 A recent case-control study, which avoided these pitfalls, showed 
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veterans with BE, independent of their use of proton pump inhibitors (PPIs) or non-steroidal 

anti-inflammatory drugs (NSAIDs), to be at an increased risk of developing colorectal neopla-

sia.19 However, the number of CRCs (1% of cases) was too small to allow a sub-analysis of CRC 

risk in BE patients. Other epidemiological approaches exploring the relationship between 

BE and CRC have involved the use of cancer registry data. One study, comparing the risk of 

developing CRC between patients with either EAC or esophageal squamous cell carcinoma, 

did demonstrate an increased risk of CRC among male EAC patients, whereas a reduced risk 

in women was found.21 Another study, however, failed to confirm this common link between 

EAC and CRC, with neither increased EAC risks nor important gender differences being found 

among Swedish patients with CRC.13

As compared to the aforementioned studies, our present study has a number of specific 

strengths. Firstly, it was based on a nationwide sample of over 42,000 unselected BE patients, 

thus avoiding selection bias, which was a specific drawback of small referral-based cohorts. 

The interplay of differential admission rates from an underlying population to a particular 

study group can result in an artificial associations, also known as Berkson’s fallacy.41 Therefore, 

in tertiary and referral hospitals, both BE and colonic neoplasms are likely to occur together 

by chance in the same patient, as many patients have BE and many patients are likely to have 

colonic neoplasms.42 Secondly, as this is, to our knowledge, by far the largest reported cohort 

of BE patients, CRC risk in BE could be estimated with greater accuracy than has previously 

been possible, with stratification of CRC risks according to age, gender and baseline dyspla-

sia status of BE patients. In addition, its size enabled us to explore the temporal relationship 

between BE and CRC by performing risk analyses for different follow-up periods. Moreover, 

both by exclusively including histologically confirmed BE patients and by excluding patients 

who were known with CRC prior to or simultaneously with the first diagnosis of BE, we were 

able to provide more reliable risk estimates.

This study is not, however, without limitations. Firstly, owing to the absence of data about 

possible confounding variables such as PPI and NSAID use, no adjustments for these factors 

could be made within the multivariate analyses. Use of PPIs is known to raise serum gastrin 

levels, potentially increasing colorectal mucosa proliferation and promoting adenoma pro-

gression.43-46 However, three recent large studies failed to confirm this association.47-49 In ad-

dition, there is evidence that the use of NSAIDs has no influence on the association between 

BE and CRC.19 Secondly, we imputed survival estimates of the BE population at risk, based on 

survival data for the general Dutch population. This method provides valid data, but ignores 

the alleged excess mortality of BE patients and may as such have led to an overestimation of 

number of patients years of follow-up and consequently, to an underestimation of the CRC 

risk. However, to overcome this issue, the imputed survival estimates were corrected for a 

hypothetical 16% risk of excess mortality, as was previously reported.35

In conclusion, this population-based study shows an overall increased risk of CRC in patients 

with BE as compared to the Dutch general population, which cannot be solely attributed to 
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the presence of diagnostic bias, as CRC incidence in male BE patients was still significantly 

increased after more than five years of follow-up. Based on these findings, we suggest that 

screening colonoscopy could be recommended for male BE patients aged above 50 years, in 

case they do not already participate in other CRC screening programs. The magnitude of the 

association between BE and CRC does, however, not merit a more extensive CRC screening 

strategy in BE patients than has currently been recommended for the general population.

Appendix

PALGA diagnosis codes used in the analysis:

Barrett’s esophagus: T62310M73330, M73320

Low-grade dysplasia: M74000, M74006, M74007

Colon cancer: A T-code of format T67… combined with an M-code with format: M8…3, 

M8…9, M9…3, M8…9 and the first 4 digits of the M-code in the range: 8000–8004, 8010–

8012, 8020–8022, 8030–8035, 8140, 8144, 8200–8201, 8210–8211, 8220–8221,8230–8231, 

8240–8246, 8260–8263, 8480–8481, 8490, 8800, 8890–8891, 8894–8896, 9140, 9590–9593, 

9595, 9670–9673, 9675, 9677, 9680–9682, 9684–9688, 9690–9691, 9693–9695,9697–9698, 

9702–9705, 9711–9716, 9723, 9750, 9990.

Rectal cancer: A T-code of format T68… combined with an M-code with format: M8…3, M8…9, 

M9…3, M8…9 and the first 4 digits of the M-code in the range: 8000–8004, 8010–8012, 8020–

8022, 8030–8035, 8050–8052, 8070–8075, 8140, 8144, 8200–8201, 8210–8211, 8220–8221, 

8230–8231, 8240–8246, 8260–8263, 8480–8481, 8490, 8560, 8570–8573, 8720–8722, 8730, 

8743, 8770–8772, 8775, 8800, 8890–8891, 8894–8896, 9140, 9590–9593, 9595, 9670–9673, 

9675, 9677, 9680–9682, 9684–9688, 9690–9691, 9693–9695, 9697–9698, 9702–711–9716, 

9723, 9750, 9990.
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Abstract

Background

Chronic esophageal inflammation and related oxidative stress are important in the patho-

genesis of erosive esophagitis (EE) and its malignant progression.

Aim

To study the effect of proton pump inhibitors (PPI) on esophageal cellular immune response 

and oxidative damage in EE patients.

Methods

Forty GERD patients (NERD: 15, EE: 25) were included, after 7-days off anti-suppressive drugs. 

EE patients were randomized to 20 mg rabeprazole once daily for either 4 or 8 weeks with 

baseline and follow-up endoscopy with distal esophageal biopsies. T-lymphocytes, mac-

rophages, and mast cells were quantified by immunohistochemistry. DNA adducts were mea-

sured by analysis of 8-oxo-deoxyguanosine (dG) levels.

Results

EE patients had more T-lymphocytes and CD8+ T-lymphocytes in squamous epithelium than 

NERD patients (p=0.001, respectively p=0.002). Levels of DNA adducts between both groups 

were, however, not different (p=0.99). Four- and eight-week rabeprazole treatment in EE pa-

tients resulted in significant decrease in number of T-lymphocytes and CD8+ T-lymphocytes 

(all p<0.05). PPIs did not, however, affect levels of DNA adducts.

Conclusion

Short-term PPI therapy in EE patients reduces the esophageal cellular immune response, but 

does not change oxidative damage. PPI therapy may therefore not be effective in reducing 

the risk of esophageal cancer in GERD patients.
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Introduction

Gastro-esophageal reflux disease (GERD) is characterized by symptomatic reflux of gastrodu-

odenal contents into the esophagus, which can result in mild-to-severe injury of the esopha-

geal mucosa.1 Patients with GERD can be categorized into those with non-erosive reflux dis-

ease (NERD), those with erosive esophagitis (EE), and those with complicated GERD, such as 

peptic stricture and Barrett’s esophagus (BE).2 Chronic GERD and BE are well-established risk 

factors for the development of esophageal adenocarcinoma (EAC),3-5 which usually portrays 

a poor prognosis.6 The incidence of EAC has increased dramatically since the 1970s, at a rate 

faster than any other type of cancer.7 A parallel increase in incidence of detected BE in the 

general population predicts an even further increase in the incidence of EAC.8 As a conse-

quence, there is growing interest in potential chemopreventive strategies that can effectively 

reduce the risk of developing EAC.

Profound acid suppression with proton pump inhibitors (PPIs) has been suggested to be 

important in the prevention of EAC. Whether PPI therapy in GERD patients can prevent the 

development of intestinal metaplasia of the distal esophagus as a first step in the cascade 

that can lead to EAC is still unclear. Some cohort studies of patients with GERD demonstrated 

that long-term PPI therapy cannot prevent the development of BE;9, 10 other studies indicate 

that acid suppression does slow down and possibly prevents progression of this process.11-13

Insight into mechanisms leading to esophageal injury is important to elucidate the sug-

gested chemopreventive action of PPI therapy. Although these mechanisms are still poorly 

understood, an important role in the progression of GERD has been attributed to the esopha-

geal immunoregulatory environment and response to oxidative stress. Several studies sug-

gest that differences exist in the cytokine profile within the esophageal mucosa of patients 

with BE and those with EE,14-16 i.e., BE is characterized by Th-2 anti-inflammatory cytokines 

(IL-10 and IL-4), and EE by an increase in pro-inflammatory cytokines (IL1β, IL-8 and IFN-γ).15 

These observations are substantiated by others demonstrating that the inflammatory re-

sponse is shifted from a cellular immune response towards a more pronounced humoral im-

mune response when EE progresses to BE.14 This immune response is thought to facilitate the 

progression towards neoplasia, as a humoral environment promotes angiogenesis, and may 

contribute to the malignant propensity of BE.17, 18

As a consequence of chronic esophageal inflammation, reactive oxygen species (ROS) are 

generated, which in the presence of an imbalance between pro-oxidants and anti-oxidants 

promote oxidative stress.19 Indeed, increased levels of the pro-oxidant myeloperoxidase and 

decreased levels of glutathione, a potent antioxidant, have been observed in patients with 

EE and BE.20 Furthermore, oxidative stress may result in formation of DNA adducts, which can 

initiate and promote carcinogenesis. Increased levels of DNA adducts have been revealed 

along the metaplasia-dysplasia-adenocarcinoma sequence in Barrett’sepithelium.20-22
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So far, in spite of the existence of a strong link between chronic inflammation and oxida-

tive stress, the inflammatory profiles and oxidative stress in GERD have not been studied 

simultaneously. Moreover, little is known about the effect of profound acid suppression on 

these processes. Therefore, in this study, we characterized the esophageal cellular-mediated 

immune response and levels of DNA adducts in GERD patients in parallel, and assessed to 

what extent these processes are affected by PPI therapy in vivo.

Methods

Patients and study design

Between November 2005 and September 2007, all consecutive patients with typical GERD 

symptoms in the Erasmus MC, Ikazia Hospital, and Sint Franciscus Gasthuis, Rotterdam, were 

invited to participate in this study. Typical symptoms of GERD were defined as the presence 

of heartburn and/or acid regurgitation. The GERD-HRQL questionnaire was used to evaluate 

the frequency and intensity of symptoms and their impact on patient’s quality of life. Only pa-

tients with a score ≥ 12 were included in this study.23, 24 Patients presenting with predominant-

ly atypical GERD symptoms, such as chronic cough and noncardiac chest pain, were excluded. 

In addition, patients with a history of upper GI surgery, peptic stricture, duodenal or gastric ul-

cer, bleeding diathesis or coagulopathy, stroke or ischemic attack, significant GI bleed within 

the past 6 months, or the presence of esophageal varices were excluded as well.

All patients underwent upper GI endoscopy with biopsies and subsequent wireless 48-

hr pH monitoring, in order to characterize them as nonreflux or GERD patients with either 

NERD or EE. The latter two patient categories were compared with regard to the number of 

inflammatory cells and levels of local oxidative damage in the distal esophagus. To assess 

the effect of PPI therapy on these processes, patients with EE were randomized to either 

rabeprazole treatment (20 mg once daily) either for 4 weeks or for 8 weeks, and underwent a 

follow-up endoscopy with biopsy specimens at the end of treatment. All participants signed 

an informed consent form. The study was approved by the Institutional Review Boards of the 

Erasmus MC, Ikazia Hospital and Sint Franciscus Gasthuis, Rotterdam.

Endoscopy

Baseline upper GI endoscopy was performed after at least a seven-day period off anti-sup-

pressant medication. During endoscopy, the squamo-columnar junction (SCJ) was identified 

and the distance between the incisors and SCJ was measured. The distal part of the esopha-

gus was evaluated to determine the absence or presence of mucosal injury and a sliding hia-

tus hernia. The extent of mucosal inflammation was determined using the Los Angeles (LA) 

Classification System.25 Subsequently, 2-4 biopsy specimens were obtained from the distal 

esophagus 1 cm above the SCJ. In EE patients, care was taken to sample these biopsies from 
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non-eroded sites. In addition, two biopsies from the antrum and 2 biopsies from the corpus 

of the stomach were taken for assessment of Helicobacter pylori gastritis.

In patients from the Erasmus MC, additional biopsies from the distal esophagus 1 cm above 

the SCJ were obtained for determination of DNA adducts. Biopsies for histology and immu-

nohistochemistry were fixed in 10% buffered formalin solution. Biopsies for determination of 

DNA adducts were immediately frozen and stored at -80°C.

Wireless pH monitoring

After the upper GI endoscopy was completed, a BRAVO pH delivery system (Medtronic, Min-

neapolis, MN, USA) was introduced orally, and the pH capsule was positioned 6 cm proximal 

to the SCJ according to standard procedures. Proper functioning of the BRAVO probe was 

confirmed by a reading of pH >4 immediately after placement. 

All studies were intended to be performed for 2 days (off PPI), during which time pH data 

were received and stored in the receiver. Patients were encouraged to engage in their usual 

activities and were asked to keep a diary documenting food intake, periods of sleep, and oc-

currence of symptoms. 

Acid exposure time (AET) was defined as pathologic if the proportion of time with a pH <4 

exceeded 4.4%.26 Patients were considered to have NERD when a positive symptom associa-

tion probability (SAP> 95%) was found on 48-hr pH monitoring.27 Those NERD patients with 

an abnormal AET (% time pH<4 exceeding 4.4%) and a positive SAP were further defined as 

NERD pH positive, while those without abnormal AET but with a positive SAP were defined 

as NERD pH negative.

Histology and immunohistochemistry

Biopsy specimens obtained during the baseline and follow-up endoscopy were serially sec-

tioned at 4 μm, mounted on adhesive slides, dried overnight at 37°C and deparaffinized 

with xylene. The first of these serially sectioned slides was stained with haematoxylin and 

eosin (H&E), and evaluated by an experienced pathologist (HvD) for presence of microscopic 

esophagitis according to established criteria.28, 29 Using these criteria, the following lesions 

were considered compatible with reflux disease of increasing severity: (1) basal layer hyper-

plasia, (2) elongation of papillae, (3) dilation of papillary vascular spaces, (4) intraepithelial in-

flammatory infiltration, (5) mucosal erosion and (6) granulation tissue. For practical purposes, 

inflammation was graded as chronic (i.e., esophagitis grade 1, in the presence of criteria 1–3), 

chronic active (i.e., esophagitis grade 2, in the presence of criteria 4 with or without criteria 

1–3), or eroding ulcerating (i.e., esophagitis grade 3, in the presence of criteria 5 or 6).30

For immunohistochemistry, antigen retrieval was performed by boiling the deparaffinized 

samples in either 10 mM monocitric acid buffer (pH 6.0) for 10 min or in 10mM/1mM TRIS/

EDTA (pH 9.0) for 10 min. Then, samples were slowly cooled down to room temperature (RT). 

Prior to staining, endogenous peroxidase activity was blocked by either incubating the slides 
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in a 0.3% solution of H2O2 in methanol or in a 40mM/150mM citrate-phosphate buffer for 

20 min at RT. The samples were blocked with 10% rabbit non-immune serum and 10% nor-

mal human plasma in PBS for 30 min at RT. Sections were stained using antibodies specific 

for cells representing the cellular-mediated immune response: T-lymphocytes (CD-3, Dako, 

Glostrup, Denmark), CD8+ T cells (CD-8, Dako), macrophages (CD-68, Dako) and mast cells 

(anti-tryptase, Dako). For T-lymphocytes and CD8+ T-cells, biotin-labelled rabbit-anti-mouse 

antibody (Dako) was used as a second antibody, followed by the addition of a streptavidin-

horseradish peroxidase complex (Dako) using 3-amino-9-ethylcarbazole as substrate. For 

visualisation of macrophages and mast cells, biotin-labelled rabbit-anti-mouse antibody 

(Dako) was used as a second antibody, followed by the addition of a streptavidin-alkaline 

phosphatase complex (Dako) using new-fuchsin as substrate. Reactive lymph nodes were 

used as positive controls.

Following the recommendations of Wang et al.31, the number of immune cells was quanti-

fied in the most densely populated field in the squamous epithelium of biopsy specimens, 

using HPF examination (magnification 400x). Counting was performed by two independent 

investigators (PdJ, KvZ), blinded to patient characteristics, treatment regimen and endoscop-

ic findings. In total, six HPFs were counted and means and standard deviations (SD) were 

subsequently calculated.

Detection of oxidative DNA damage in esophageal mucosa

Oxidative DNA damage was quantified by measurement of 8-hydroxy-2-deoxyguanosine (8-

OHdG), a known pro-mutagenic DNA adduct. Biopsy specimens were homogenized with a 

potter (1000 rpm) in 1% SDS/1mM EDTA/10 mM TEMPO and solutions thus obtained were 

incubated overnight at 37°C with 0.5mg Proteinase K. After the incubation period, DNA was 

isolated in the presence of 8-hydroxyquinoline to prevent artificial 8-oxo-dG, by means of 

repetitive extraction with phenol/chloroform/isoamyl alcohol (25:24:1) and chloroform/

isoamyl alcohol (24:1). Subsequently, DNA was precipitated with two volumes of 100% cold 

ethanol and 1/30 volume of 3M sodium acetate (pH 5.3). Precipitated DNA was rinsed with 

70% ethanol, dissolved in 2mM Tris (pH 7.4) and stored at -20°C until analysis. HPLC-ECD 

analysis of 8-oxo-dG was performed as described previously.32 Briefly, after extraction, DNA 

was digested into deoxyribonucleosides by treatment with nuclease P1 [0.02U/ml] and al-

kaline phosphatase [0.014U/ml]. The digest was then injected into a Gynkotek 480 isocratic 

pump (Gynkotek, Bremen, Germany) coupled with a Midas injector (Spark Holland, Hendrik 

Ido Ambacht, the Netherlands) and connected to a Allsphere ODS-2 5i column (250 x 4.6 mm) 

(Altech) and an electrochemical detector (Antec, Leiden, the Netherlands). The mobile phase 

consisted of 10% aqueous methanol containing 94mM KH2PO4, 13mM K2HPO4, 26mM NaCl 

and 0.5mM EDTA. Elution was performed at a flow rate of 1.0 ml/min with a lower detection 

limit of 40 fmol absolute for 8-OHdG, or 1.5 residues/106 2’-deoxyguanosine (dG). dG was 
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simultaneously monitored at 260 nm. The 8-oxo-dG concentration was expressed as the ratio 

of 8-oxo-dG/106 dG.

Statistical analysis

Continuous data were compared using the Wilcoxon rank-sum test and the Kruskal-Wallis 

test for independent samples, and the Wilcoxon signed-rank test for paired samples. Cat-

egorical data were analyzed using the chi-squared test and Fisher exact test. Correlations 

between variables were evaluated by Pearson correlation analysis. Two-sided statistical sig-

nificance was set at p<0.05. Statistical analyses were conducted using SPSS software (10.1, 

Chicago, IL, USA).

Results

Patients

Fifty-eight of 89 eligible patients with typical GERD symptoms were included in this study 

(66%), the remaining were not included for reasons of unwillingness to undergo pH monitor-

ing (n=7), unwillingness to undergo a follow-up endoscopy (n=18) or other reasons (n=6). Of 

those included, 9 patients (16%) were not eligible for final analysis either because their his-

tological specimens were inadequate (n=4) such as lacking squamous epithelium in biopsies 

taken across the SCJ, or because the pH studies were incomplete (n=5) because of early dis-

lodgement of the pH capsule. Nine patients (16%) were withdrawn from the study because 

of non-adherence to the study protocol.

Of the remaining 40 GERD patients, 25 had EE (Grade A: 13, B: 8, C: 4) confirmed by endos-

copy, and 15 patients presented with NERD. Of those NERD patients, 5 presented AET within 

the normal range and were defined NERD pH-negative; 10 patients presented a pathologi-

cal AET and were defined as NERD pH-positive. Baseline characteristics of the GERD patient 

groups are shown in Table 1. No differences were detected in age and gender. Patients with 

EE, however, had a significantly higher BMI than NERD pH- patients. Although GERD-HRQL 

scores were similar between the three groups, EE and NERD pH+ patients had significantly 

higher levels of intra-esophageal acid exposure as compared to NERD pH- patients (Table 2).

Effect of PPI therapy on the cellular immune response

At histology, 20 of 25 (80%) EE patients had esophagitis grade 1, three (12%) esophagitis 

grade 2 and one (4%) patient grade 3. Of all NERD patients, grade 1 esophagitis was found 

by histology in 12 (80%), whereas grade 2 esophagitis was present in 2 (13%) patients (Table 

2). No statistically significant difference was found in prevalence of H. pylori gastritis between 

NERD and EE patients (13% vs. 16%, p=0.819).
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Results of immunohistochemically stained sections of esophageal biopsies from NERD 

and EE patients are shown in Figure 1. The inflammatory infiltrate in esophageal squamous 

epithelium of GERD patient groups mainly consisted of T-lymphocytes. Patients with EE had 

significantly higher numbers of T-lymphocytes in the squamous epithelium than NERD pH- 

patients (29±2 vs. 10±1, p<0.001), and NERD pH+ patients (29±2 vs. 22±4, p=0.02). The mean 

number of T-lymphocytes was also higher in patients with NERD pH+ compared to NERD pH- 

patients, although not statistically significant (p=0.08). CD8+ T-cells were the predominant 

Table 1. Demographic characteristics of patients.

Variable NERD pH-
(n=5)

NERD pH+ 
(n=10)

EE
(n=25)

p-value*

Age (mean ± SD) 	 34 (13) 49 (13) 46 (15) 0.187

Gender (% female) 4 (80) 7 (70) 13 (52) 0.384

Smoking (%) 2 (40) 3 (30) 10 (40) 0.852

Alcohol consumption (%) 3 (60) 6 (60) 20 (80) 0.390

BMI (mean ± SD) 24 (1) 25 (3) 28 (5) 0.042

GERD-HRQL-score (mean ± SD) 20 (6) 21 (8) 22 (8) 0.678

NERD: non-erosive reflux disease, EE: erosive esophagitis, BMI: body mass index, GERD-HRQL: gastroesophageal reflux disease health-related 

quality of life.

*p-value from Kruskal-Wallis tests/χ2-tests

Table 2. Endoscopic and histologic characteristics of patients.

Variable NERD pH-
(n=5)

NERD pH+
(n=10)

EE
(n=25)

p-value

Mean % time acid exposure 

(mean ± SD)

1.7 (2) 8.7 (5) 9.5 (6) 0.006

Endoscopy (%)

	 Normal 5 (100) 10 (100) -- --

	 Grade A -- 13 (52)

	 Grade B -- 9 (36)

	 Grade C -- 3 (12)

	 Grade D -- 0 (0)

Histology (%)

	 Normal 0 (0) 0 (0) 1 (4) 0.947

	 Grade 1 4 (80) 8 (80) 20 (80)

	 Grade 2 1 (20) 1 (10) 3 (12)

	 Grade 3 0 (0) 1 (10) 1 (4)

Helicobacter pylori infection (%) 1 (20) 1 (10) 4 (16) 0.855

NERD: non-erosive reflux disease, EE: erosive esophagitis.

*p-value from Kruskal-Wallis tests/χ2-tests
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subpopulation of T-lymphocytes in all three GERD groups, with an increasing CD8+/CD3+ 

ratio from NERD pH- to EE (NERD pH-: 0.67±0.06, NERD pH+: 0.68±0.02, EE: 0.75±0.02).

The number of T-lymphocytes correlated significantly with the endoscopic grade of 

esophagitis (r=0.42, p=0.002), but did not correlate with the grade of microscopic esophagi-

tis (r=0.15, p=0.37) nor with levels of intra-esophageal acid exposure (r=0.18, p=0.28). Pa-

tients with EE, NERD pH+ and NERD pH- patients did not differ with regard to the number 

of mast cells, nor were any differences detected in the mean number of macrophages in the 

squamous epithelium.

In 10 patients with EE (Grade A: 5, B: 3, C: 2), randomized to a 4-week treatment with 20 mg 

rabeprazole once daily, a significant reduction in the cellular-mediated immune response in 

the distal esophagus was seen (Figure 2A). PPI therapy led to a significant decrease in the num-

ber of T-lymphocytes and of CD8+ T-lymphocytes in the squamous epithelium (28±2 to 11±1, 

p=0.005, and 22±2 to 7±1, p=0.005, respectively). In addition, the number of mast cells and 

macrophages in the squamous epithelium also decreased upon rabeprazole treatment (13±2 

vs. 9±1, p=0.074, and 5±0.4 vs. 3±1, p=0.005, respectively). Mean post-treatment levels of these 

cell types were similar to those determined in NERD pH- patients at baseline. A similar response 

was seen in 10 EE patients (Grade A: 6, B: 2, C: 2) randomized to a 8 week treatment regimen 

(Figure 2B) (all p<0.05). Although the mean decrease in number of immune cells was larger in 

the group treated for 8 weeks, the difference between 4 and 8 weeks treatment was statistically 

not significant. In addition, the presence of H. pylori gastritis in EE patients did not influence the 

change in esophageal immunological response during PPI therapy (data not shown).
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Figure 1. Graphic representation of mean number T-lymphocytes (CD3), CD8+ T-lymphocytes, mast cells and macrophages 
(CD68) in distal esophageal biopsy specimens from GERD patients (*p<0.05, **p<0.01).
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Figure 2. Effect of PPI therapy on the esophageal immune response. Mean number of T-lymphocytes (CD3), CD8+ 
T-lymphocytes, mast cells and macrophages (CD68) in the distal esophagus in (a) patients with erosive esophagitis (EE), 
before and 4 weeks after treatment with rabeprazole (20 mg once daily), and in (b) patients with EE, before and 8 weeks after 
treatment with rabeprazole (20 mg once daily); **p<0.01.
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Effect of PPI therapy on oxidative DNA damage

In a subset of GERD patients (11 NERD, 17 EE), we determined the level of DNA adducts in 

the distal esophagus. The stepwise increase in the number of immune cells within the GERD 

spectrum, detected at immunohistochemistry, did not, however, reflect in an increased for-

mation of DNA adducts in NERD pH+ and EE patients, as compared to NERD pH- patients 

(NERD pH-: 15±4, NERD-pH+: 14±3, EE: 14±2, p=0.97).
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Figure 3. Effect of PPI therapy on esophageal oxidative DNA damage. 8-oxo-dG levels (as a measure of oxidative DNA damage) 
in (a) the distal esophagus in patients with erosive esophagitis (EE), before and 4 weeks after treatment with rabeprazole (20 
mg once daily), and in (b) the distal esophagus in patients with EE, before and 8 weeks after treatment with rabeprazole (20 
mg once daily).
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In 7 patients with EE, randomized to a 4 week treatment with 20 mg rabeprazole once dai-

ly, no differences in the amount of DNA adducts between pre-treatment biopsies and post-

treatment biopsies were detected (13±3 vs. 12±2, p=0.94) (Figure 3A). Rabeprazole treatment 

for a period of 8 weeks also did not result in decreased formation of DNA adducts in EE pa-

tients (n=8) (17±4 vs. 15±2, p=0.84) (Figure 3B).

Discussion

To our knowledge, this is the first study in GERD patients where the esophageal inflamma-

tory infiltrate was characterized by and correlated to levels of local oxidative damage before 

and after PPI therapy. We found an increased cellular-mediated inflammatory infiltrate in the 

esophageal epithelium of patients with EE and NERD pH+ compared to NERD pH- patients. 

This infiltrate mainly consisted of CD8+ T-lymphocytes, whereas macrophages and mast cells 

represented only a minor proportion of the inflammatory infiltrate. Despite the stepwise 

increase in the number of immune cells demonstrated within the GERD spectrum, similar 

amounts of DNA adducts were found in EE and NERD patients. Acid suppression with PPI 

therapy resulted in a significant drop in the number of inflammatory cells within the distal 

esophageal mucosa, especially esophageal T-lymphocytes and their CD8+ T-cell subpopula-

tion; however, levels of DNA adducts remained unaffected.

The role of profound acid suppression with PPIs in the prevention of BE and EAC in patients 

with GERD is still controversial. Evidence exists that PPI therapy in BE reduces esophageal 

acid exposure,33 decreases mucosal cell proliferation and increases differentiation,13 and pos-

sibly reduces the length of Barrett’s segment and dysplasia incidence.11, 12, 34 This seems to be 

in contrast with cohort studies on long-term PPI therapy, which indicate that this therapy 

cannot prevent the development of BE.9, 10 Furthermore, another cohort study including 417 

patients with BE did not find any effect of 4 years omeprazole treatment on the incidence of 

EAC.35 To elucidate the possible chemopreventive properties of PPIs, understanding of the 

mechanisms important in the pathophysiology of EE and its progression towards BE and EAC 

is necessary. The distinct inflammatory environment within the GERD spectrum has been 

proposed to be an important factor in the pathophysiology of esophageal mucosal injury, 

and may be critical in carcinogenesis.14, 15 We previously showed that when EE progresses to 

BE, the inflammatory response is shifted from a cellular-mediated immune response towards 

a more pronounced humoral immune response.14 Inhibition of the mechanisms responsible 

for this shift has been suggested to play an important role in the prevention of carcinogen-

esis in GERD. 

In this study, PPI therapy resulted in a substantial decrease in the cellular-mediated im-

mune response in the distal esophagus, both in EE patients treated for 4 weeks and in those 

treated for 8 weeks (Figure 2). Esophageal T-lymphocytes and their CD8+ T-cell subpopula-



PPIs, esophageal immunity and oxidative damage 149

tion were predominantly affected by acid suppression. Mean post-treatment levels of these 

immune cells were similar to those determined in NERD pH- patients at baseline.

The finding of increased numbers of esophageal T-lymphocytes in pre-treatment biopsies 

is in agreement with other studies.31, 36-40 Similar to the findings of Geboes et al.36, the majority 

of esophageal T-lymphocytes possessed the CD-8 suppressor T-cell phenotype, probably in-

cluding a subset of cells with cytotoxic potential. The significance of this lymphocytic infiltra-

tion in GERD is yet unclear, although several hypotheses have been proposed. One hypoth-

esis that could account for the increased number of T-lymphocytes seen in esophagitis is that 

gastric acid and bile acids may modulate epithelial surface antigens, which are subsequently 

recognized by the immune system as foreign. Alternatively, the presence of T-lymphocytes in 

GERD may be related to the general inflammatory reaction, resulting in the release of cytok-

ines known to induce nonspecific activation of cytotoxic T-lymphocytes.41 However, others 

have shown that T-lymphocytes follow infiltration by acute inflammatory cells, particularly at 

the site of metaplastic foci.42 Furthermore, T-cell infiltrates are predominantly seen in persis-

tent areas of BE following endoscopic ablation therapy, suggesting that lymphocytes may be 

important in the maintenance of the metaplastic tissue.43, 44 It is thus likely that T-lymphocytes 

play an important role in the pathogenesis of BE. Therefore, the sharp drop of particularly 

esophageal T-lymphocytes in EE patients observed after PPI therapy, suggests that profound 

acid suppression in GERD may be capable of inhibiting the immunological shift along the EE-

BE sequence and may be important in the prevention of carcinogenesis in GERD. 

One of the consequences of chronic esophageal inflammation is the induction of oxida-

tive stress by production of ROS.45 Irritation of epithelial cells by gastroduodenal contents 

followed by excess production of ROS by inflammatory cells drawn to this area has been 

shown to contribute to EE and to the development of BE.19 Furthermore, excess production 

of ROS has been shown to result in formation of DNA adducts, which play a major role in the 

induction of spontaneous mutations, a prerequisite for carcinogenesis in GERD.46 As effective 

acid control decreased the amount of reflux, DNA damage as a result of chronic esophageal 

inflammation may be reduced. In this study, however, we showed that PPI therapy did not 

affect the formation of DNA adducts in EE, either in those patients treated for 4 weeks, or in 

those treated for 8 weeks (Figure 3). In addition, despite the stepwise increase in the number 

of immune cells from NERD to EE patients, no differences were detected in the level of DNA 

adducts between both patient groups at baseline. The latter finding is in agreement with a 

study, in which mean DNA adduct levels were similar between reflux patients with and with-

out endoscopic esophagitis, but significantly higher than those in healthy controls without 

symptoms.20 Levels of DNA adducts determined in our GERD patient groups were equivalent 

to those determined in another recent study in BE patients with dysplasia and patients with 

EAC. Moreover, these levels were again significantly higher as compared to those determined 

in controls.47 This suggests that oxidative DNA damage plays an important role in the patho-

genesis of GERD, in the development of BE and its progression towards EAC and is in line with 
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the reported inverse link between intake of anti-oxidants and risk of EAC development.48 In 

addition, as the amount of DNA base changes related to oxidative stress depends on DNA 

repair mechanisms,49 it may well be that key genes involved in DNA repair are malfunctioning 

within the GERD spectrum.

Although we cannot rule out completely that we failed to detect any effect of PPI therapy 

on esophageal mucosa DNA-damage either because the PPI dosage used was too low or the 

treatment follow-up period (8 weeks) was too short, this is unlikely as the cellular-mediated 

immune response in EE patients was already substantially decreased after 4 weeks of PPI 

treatment. This decrease is probably accompanied by a reduction in local ROS production, but 

apparently without much effect on DNA damage. Furthermore, a recent study showed that 

fundoplication, which can be very effective in normalizing reflux, was not capable of decreas-

ing DNA damage in the distal esophagus of GERD patients, after a follow-up for 6 months.50 

This suggests that in GERD a subpopulation of transformed cells with defective mechanisms 

against DNA-damage is present, which could be responsible for constant presence of DNA 

adducts despite acid suppression. This supports the finding that even long-lasting acid sup-

pression therapy does not alter malignant transformation of BE, and may partially explain 

why EAC is found even after successful medical and surgical therapies for GERD.51

Some limitations of our study warrant consideration. First, the number of patients with 

NERD included in this study was relatively small. However, statistically significant changes be-

tween and within GERD patient groups could be found and results obtained are in agreement 

with others. Second, we did not include healthy controls without symptoms and without 

evidence of esophageal injury. Third, we did not perform pH monitoring after 4 or 8 weeks of 

PPI treatment and therefore we do not exactly know the amount of esophageal acid expo-

sure at these time points. However, the significant decrease in the cellular-mediated immune 

response detected after PPI therapy indicates that acid-suppression was effective in our pa-

tients, in the absence of additional medical interventions.

Strengths of our study include its prospective randomized study design and systematic 

data collection. In addition, GERD patients were uniformly classified with both endoscopy 

and wireless pH monitoring.  Moreover, for the first time, the cellular-mediated immune re-

sponse and amount of oxidative DNA damage were studied simultaneously and the effect of 

acid suppression on these processes was evaluated prospectively.

In conclusion, we have shown that PPI therapy in GERD patients reduces the esophageal 

cellular-mediated immune response, thereby possibly inhibiting the progression of GERD to-

wards BE. However, short-term PPI therapy is insufficient to reverse DNA damage caused by 

gastroesophageal reflux, suggesting that PPI therapy is perhaps not effective in the preven-

tion of carcinogenesis because of persisting DNA damage. The relative contribution of these 

contrasting effects of PPI therapy to the prevention of EAC warrants further study with long-

term follow-up.
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Introduction

With the rising incidence and overall poor prognosis of esophageal adenocarcinoma (EAC),1, 

2 Barrett’s esophagus (BE) remains an area of great interest as it is the principal precursor 

lesion, found in the vast majority of EAC cases.3, 4 The cascade of gastroesophageal reflux dis-

ease (GERD) to BE and ultimately EAC seems to offer potentially attractive targets for screen-

ing programs in order to decrease mortality and improve survival related to EAC. Endoscopic 

screening of subjects with chronic GERD symptoms has been proposed as a method to detect 

BE and early cancer.5 Patients with BE are then typically enrolled into surveillance programs 

in order to detect neoplastic lesions at an early, curable stage. However, the efficacy of both 

screening and surveillance of BE remains a strongly debated issue, as there is insufficient 

evidence to show that these strategies improve survival and are cost-effective. Epidemiologi-

cal dilemmas with regard to screening for BE are mainly that the at-risk group is too broadly 

characterized, and that too many cancers occur outside of this risk pool. With regard to sur-

veillance endoscopy, the natural history of BE is largely unknown, and the ability to predict 

who is at the highest risk for progression remains poor. Other problems with current screen-

ing and surveillance techniques include test invasiveness, high costs, and sampling errors. 

Nevertheless, despite these shortcomings, surveillance endoscopy in BE is widely practiced. 

Improved identification of groups at risk for BE and EAC, as well as the development of more 

accurate and less invasive methods of diagnosis could improve the effectiveness of screening 

and surveillance in BE patients, and achieve the ultimate goal of reducing EAC mortality.

In this thesis, we aimed to reassess the yield of screening for and surveillance of BE in the 

prevention of EAC, by exploring the natural course of BE, by investigating various risk factors 

involved in the progression of chronic GERD to BE and finally to HGD or EAC, and by examin-

ing the value of non-invasive techniques in the identification of high risk groups. In this chap-

ter, the main findings of this research and their clinical implications in the context of ongoing 

research are discussed, and directions for future research are highlighted.

Main findings

Epidemiology of Barrett’s esophagus 

As the ascertainment of BE in the general population is low, true population-based estimates 

of the prevalence and incidence of BE are difficult to obtain.6, 7 Nevertheless, increases in the 

incidence and prevalence of BE have been reported, although it has often remained unclear 

whether this reflected a true increase, a greater awareness of BE, increased detection of short 

segment BE (SSBE), or increased use of esophagogastroduodenoscopy (EGD).8-10 Exploring 

the factors which continue to drive the increased incidence of this disease is essential with 

regard to improved BE and EAC prevention. Recently, a study based on data from a gen-
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eral practitioner database reported on an increase in BE incidence in the Netherlands, which 

could not be explained by a rise in the number of performed EGDs.11 However, other expla-

nations remained unproven. In order to achieve greater certainty about the existence of a 

secular rise in the incidence of BE and to explore its causes, we analyzed data from a nation-

wide registry of pathology reports (PALGA) recorded between 1991 and 2006 (Chapter 2). 

The constancy of the age and gender specific esophageal biopsy rates was investigated, and 

age-period-cohort analyses were performed. This study showed a substantial increase in the 

number of new patients diagnosed annually with BE in the Netherlands during the 16-year 

study period, predominantly affecting males. The annual increase in BE incidence significant-

ly exceeded the annual increase in number of patients with a first esophageal biopsy, point-

ing to a true increase in BE incidence. The increase in BE may anticipate a further increase 

of approximately 35% in males and 13% in females in the incidence of EAC in the coming 

decade. Birth cohort effects were demonstrated for both genders, indicating that this rise in 

BE incidence could not be solely attributed to an increased awareness of BE by endoscopists, 

but was for the larger part explained by altered circumstances for the general population af-

ter World War II. This was also reported by van Soest et al.11, who showed that the increase in 

incidence was most pronounced among males under 60 years of age. Although the increas-

ing prevalence of obesity, the decreasing occurrence of Helicobacter pylori, changes in the 

use of medications that cause GERD, and greater use of nitrogenous fertilizers, might all be 

factors that have contributed to the increasing incidence of BE and EAC, the sex distribution 

of these factors does not match the male predominance of both conditions. However, ab-

dominal obesity, especially visceral obesity, explains a number of epidemiological features of 

BE, as it more common in men, and has been associated with GERD symptoms in Caucasians, 

but not in African Americans or Asians.12 Others have shown abdominal diameter measured 

as waist circumference to be a risk factor of BE, independent of BMI.13, 14 In addition, visceral 

adipose tissues are strongly associated with increased serum levels of interleukin 6 (IL-6), 

tumor necrosis factor α (TNF-α) and leptin,15, 16 which have been been shown to stimulate cell 

proliferation and inhibit apoptosis in Barrett’s-derived EAC cells.17 In aggregate such factors 

tend to augment both inflammation and malignant transformation in patients with GERD. 

These findings, combined with the increased prevalence of visceral obesity in men, suggest 

that obesity is one of the major factors that continues to drive the increased incidence of BE 

and EAC in the general population, particularly in males, and partly explains the overall male 

predominance in BE and EAC.18-20

Risk factors for esophageal and gastric cardia adenocarcinoma

The dramatic increase in the incidence of EAC in the Western world has coincided with a rise 

in the incidence of gastric cardia adenocarcinoma (GCA),2 which suggests that common risk 

factors account for both disorders. So far, the close proximity of EAC to GCA around the gas-

troesophageal junction, the identical staging and treatment protocols for both malignancies 
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and the fact that tumor location is not an independent risk factor with regard to prognosis 

have made that these cancers are regarded as one disease entity.21-23 More recent epidemio-

logical data from the U.S. and the Netherlands investigating time trends with regard to these 

two malignancies, however, showed a declining incidence rate of GCA during the last de-

cade,24, 25 suggesting differences in risk factor profiles between EAC and GCA patients. We 

conducted a study in which we investigated the distributions of environmental risk factors 

among patients with EAC, GCA, using patients with esophageal squamous cell carcinoma 

as the control group (Chapter 3). The majority of the evaluated risk factors did not show 

differences between EAC and GCA patients. Patients were similar with regard to male pre-

dominance and age at the time of diagnosis. In addition, no differences were found in alcohol 

intake and smoking, use of fruits and vegetables, body posture and occupational activities. 

Nonetheless, patients with EAC more often experienced symptoms of heartburn and had 

more often longstanding symptoms of heartburn compared with GCA patients. Our find-

ings are in line with those from other studies, showing an association between the history of 

reflux symptoms and GCA, but that this association is much weaker than that between reflux 

symptoms and EAC.3, 26 This would therefore suggest that only a relatively small proportion 

of cardia cancers might be attributed to gastroesophageal reflux. A recent case-control study 

investigated the association between adenocarcinoma of the different regions of the upper 

gastrointestinal tract and atrophic gastritis and GERD symptoms.27 The authors showed that 

cardia cancer was positively associated with both severe gastric atrophy and with frequent 

GERD symptoms, although the latter was only apparent in the intestinal type of cardia can-

cer. These findings indicate that intestinal subtype tumors with non-atrophic gastric mucosa 

and frequent GERD symptoms are highly likely to be of esophageal origin, whereas intestinal 

subtype tumors with atrophic gastric mucosa and less frequent GERD symptoms are likely 

to be gastric in origin. A more precise assessment of GERD and a more accurate determina-

tion of the presence of gastric atrophy may result in a better distinction between gastric and 

esophageal origins of cardia cancers.

Role of non-invasive screening techniques for Barrett’s esophagus

Apart from the difficulties in identifying a target population, as mentioned previously, wide-

spread screening for BE is hampered by the fact that endoscopy is expensive, invasive and 

associated with a small, but significant risk of complications. Alternative preferably non-inva-

sive methods could potentially enhance the acceptability of BE screening and improve com-

pliance. Esophageal capsule endoscopy (CE) has attracted interest in its use for BE screening, 

as it is less invasive than conventional EGD, can be performed without sedation and has a low 

complication rate. Studies reporting on the application of CE for esophageal disorders, how-

ever, have shown conflicting results.28-31 Poor visualization of the Z-line and inconvenience 

of capsule ingestion for the patient in the supine position were suggested as explanations 

for these variations. In chapter 4, we evaluated the operating characteristics of CE for the 
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detection of esophageal mucosal disorders using a new ingestion protocol. CE identified 

the presence of erosive esophagitis and BE with a high degree of accuracy, and had a high 

negative predictive value. The new ingestion protocol significantly improved visualization 

of the Z-line. Furthermore, nearly all patients preferred CE over EGD, and experienced less 

discomfort and pain during CE as compared to EGD. These findings indicate that CE is an 

accurate method for detecting esophageal mucosal abnormalities, and is a well tolerated 

procedure. Nonetheless, CE was much more expensive than EGD, which was mainly due to 

the high purchase costs of the capsule. Recently, two studies analyzing the cost-effectiveness 

of CE for BE screening concluded that EGD with biopsies was superior and also less costly 

than CE when BE detection was the end-point.32, 33 These findings indicate that the applica-

tion of CE in the setting of screening can only be considered in case its associated costs are 

substantially lowered. One solution to this dilemma could be the application of string CE, 

which allows multiple uses after disinfection. Recently, Ramirez et al.34 validated the use of 

this technique for screening for BE. String CE had an acceptable sensitivity and specificity for 

the visual diagnosis of BE and compared favorably when histology was used as the criterion 

standard. In addition, the calculated cost of CE in their hands ranged from $16.07 and $20.45 

per procedure, based on an average of 25 uses per capsule. Intuitively, string CE may prove to 

be a cost-effective strategy for BE screening, and could potentially replace conventional EGD 

as a first screening method.

Cancer risk and risk stratification in Barrett’s esophagus

Despite current practice guidelines, there are no data from randomized trials that demon-

strate the value of surveillance. Clarification of the precise incidence of EAC in patients with 

BE is urgently needed, as cancer risk and risk of cancer-specific mortality are major deter-

minants of the efficacy of BE surveillance. Wide variation in cancer risk has been observed, 

ranging from 0 percent to 3 percent per annum.35 In addition, EAC-specific mortality rates in 

BE patients differ considerably between studies.36, 37

A meta-analysis on both the risk of cancer and cancer-related deaths in BE provides an al-

ternative to clarify the value of surveillance, in the absence of randomized trials. In chapter 5, 

we calculated a pooled estimate for EAC incidence of 6.2/1,000 person-years (95%CI: 4.9-7.8) 

based on 51 studies including 13,777 patients followed up for a total of 60,688 person-years. 

Eighteen studies reported data on mortality due to EAC, and included 6,274 patients fol-

lowed up for 30,407 person-years, with 75 deaths due to EAC and 1,173 deaths due to other 

causes. The pooled incidence of fatal EAC was only 2.9/1,000 person-years (95%CI: 2.2-3.7). In 

addition, as has been shown previously,35 there was evidence of publication bias in surveil-

lance studies from the USA. The selective publication of small studies with high cancer risks 

could result in an overestimation of cancer risk in BE. Study size is an important determinant 

of reported cancer risks, as was also demonstrated by another systematic review on the inci-

dence of EAC in BE, in which cancer incidence was much lower in large than in small studies: 
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4.4 per 1,000 person-years in studies with 500 person-years or more, compared with 11.6 per 

1,000 person-years in smaller studies. 

Large scale and long-term follow-up studies of unselected BE patients could provide more 

reliable risk estimates for malignant progression, but are unfortunately very scarce. We there-

fore estimated the progression rate of BE to high-grade dysplasia (HGD) and EAC in a nation-

wide cohort of BE patients in the Netherlands, and assessed the value of the factors age, sex 

and initial histology as predictors of malignant progression in BE (Chapter 6). In this, to our 

knowledge, largest reported cohort of BE patients, the overall annual risk of cancer in BE was 

0.4% (95%CI: 0.3-0.6), and the annual risk of cancer and HGD combined only 0.6% (95%CI: 

0.5-0.7). These figures are lower than previously published estimates.38 In fact, the annual 

cancer risk decreased to 0.14%, in case cancer risk for all BE patients was analyzed, regardless 

of whether any follow-up was performed. Against this background, male gender, older age 

and LGD at initial BE diagnosis were identified as independent predictors for malignant pro-

gression. Overall, none of the previous cost-effectiveness models have shown a substantial 

benefit from BE surveillance. The overall annual cancer risk obtained from our study is even 

lower than those incorporated in these mathematical models, especially with regard to the 

annual cancer risk of the whole cohort of BE patients (0.14%). Our findings therefore indicate 

that both quality of life benefit and cost-effectiveness of Barrett’s surveillance is highly ques-

tionable unless it can be targeted at those BE patients who are at the highest risk of cancer.

Although age and sex seem to enable tailoring of surveillance programs towards a better 

selection of high-risk patients, currently these factors have not been routinely included in 

planning BE surveillance programs. The development of further risk stratification is urgently 

needed. Although flow cytometry and molecular typing techniques might be able to dis-

tinguish between high-risk and low-risk groups,39, 40 identification of easily applicable and 

simple epidemiological factors could be of help in daily clinical practice, and supplement 

histological findings. In chapter 7, we report on risk factors that are associated with an in-

creased risk of developing EAC in BE patients. In this case-control study, tobacco smoking, 

a BMI above 25, working in a stooped posture, and male gender were such risk factors. Our 

study is one of the few case-control studies reported in literature so far in which patients with 

BE instead of healthy control subjects were selected as controls.41-43 In comparison to these 

studies, we investigated a considerably larger number of cases and controls, and collected 

data on several potential factors that could increase or decrease the risk of EAC development 

in BE. Validation of these markers in new large-scale clinical trials is needed to determine 

whether these factors have a potential role in identifying patients at greatest risk of progres-

sion. Ideally, the development of simple prediction models based on clinical risk factors may 

aid in the decision-making on whether surveillance in a patient with BE should be performed, 

and which surveillance intervals are appropriate.

Besides the acknowledged risk of EAC, BE has also been associated with an increased risk 

of colorectal cancer (CRC), although this association remains controversial.44 Regarding the 
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shortcomings of BE surveillance strategies, a definite establishment of a strong association 

between BE and CRC could indicate that BE patients should receive targeted CRC screening 

and surveillance, which might then well be more effective in cancer prevention than surveil-

lance esophagoscopy in BE. In chapter 8, we demonstrate that there is an overall increased 

risk of CRC in patients with BE as compared to the Dutch general population, which cannot 

be solely attributed to the presence of diagnostic bias, as CRC incidence in male BE patients 

was still significantly increased after more than five years of follow-up. The magnitude of the 

association between BE and CRC does not, however, merit a more extensive CRC screening 

strategy in BE patients than has currently been recommended for the general population. 

In addition, intuitively, surveillance colonoscopy does not seem to be a more rewarding ap-

proach than surveillance esophagoscopy in BE patients, as the number of detected incident 

HGD/EAC cases within our BE cohort was slightly higher than that of detected CRCs. Our find-

ings are in line with a recent case-control study, which showed that veterans with BE are at in-

creased risk of developing colorectal neoplasia, independent of the use of PPIs or aspirin. The 

association between BE and CRC can probably be explained by other shared risk factors, of 

which obesity is the most promising. Several studies have shown that increased BMI is associ-

ated with an increased risk of CRC, especially in men.45-47 As mentioned previously, adipose 

tissue is a source of TNF-α, IL-6, adiponectin, and also of growth factors such as insulin-like 

growth factor-1 (IGF-1).15 These substances are known to cause insulin resistance syndrome, 

particular in obesity, in which levels of insulin and IGF-1 are elevated. Insulin is an important 

growth factor for colonic mucosal cells and colonic carcinoma cells in vitro and IGF-1 inhibits 

apoptosis and promotes cell cycle progression, potentially leading to development of col-

orectal cancer.48 Unfortunately, in our study no data on BMI were available, which made it 

impossible to stratify CRC risk according to BMI levels. Based on our findings, we suggest that 

screening colonoscopy could be recommended for male BE patients aged above 50 years, in 

case they do not already participate in other CRC screening programs. 

Role of acid suppression in preventing carcinogenesis in Barrett’s esophagus

Chronic esophageal acid exposure is a well-established risk factor for the development of 

BE and EAC, and is also thought to initiate progression along the dysplasia-adenocarcino-

ma sequence. Therefore, acid suppression could be a biologically plausible mechanism for 

chemoprevention in BE. Indeed, evidence exists that PPI therapy in BE reduces esophageal 

acid exposure, decreases mucosal cell proliferation and increases differentiation, and possi-

bly reduces the length of Barrett’s segment and dysplasia incidence.49-53 However, the advent 

of potent inhibitors of acid production in the past 20 years has done nothing to slow the 

rising incidence of BE and EAC in the general population. To elucidate the possible chemo-

preventive properties of PPIs, we studied the effect of short term PPI therapy in GERD pa-

tients on inflammatory profiles and oxidative stress in vivo (Chapter 9). PPI therapy resulted 

in a substantial decrease in the cellular-mediated immune response in the distal esophagus, 
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both in patients with erosive esophagitis (EE) treated for 4 weeks and in those treated for 8 

weeks. However, it did not affect the formation of DNA adducts in EE, either in those patients 

treated for 4 weeks or in those treated for 8 weeks. Levels of DNA adducts determined in 

our GERD patient groups were equivalent to those determined in another recent study in 

BE patients with dysplasia and patients with EAC, and these levels were significantly higher 

than those determined in healthy controls.54 This suggests that oxidative DNA damage plays 

an important role in the pathogenesis of GERD, BE and its progression towards EAC, and is 

in line with the reported inverse link between intake of anti-oxidants and risk of EAC.55 Our 

findings show that PPI therapy in GERD patients reduces the esophageal cellular-mediated 

immune response, but is insufficient to reverse DNA damage caused by gastroesophageal 

reflux. This suggests that PPI therapy is perhaps not effective in the prevention of carcino-

genesis because of persisting DNA damage, which is already present in the early phases of 

the GERD spectrum.

Combinatory chemoprevention with PPIs and nutrients that target specifically on inhibi-

tion of oxidative damage might be more promising than PPI therapy alone. Intake of seleni-

um, α-tocopherol, and β-carotene have been suggested to reduce total and cancer mortality 

in a Chinese population.56 Combinations of these nutritional elements and high dose PPIs are 

required to be studied in a randomized, controlled trial, in order to evaluate whether this ap-

pears to be a promising approach in reducing cancer risk and mortality from EAC.

Conclusions and future directions

Esophageal adenocarcinoma is the most rapidly increasing cancer in the Western world, and 

has a poor prognosis. The majority if EACs arise from BE in the course of a metaplasia-dyspla-

sia-carcinoma sequence. Current recommended screening and surveillance strategies for BE 

are controversial, as there is insufficient evidence for both strategies on survival benefit and 

cost-effectiveness. Improved identification of groups at risk for BE and EAC, as well as the use 

of novel endoscopic techniques could improve the effectiveness of screening and surveil-

lance in BE patients, and achieve the ultimate goal of reducing EAC mortality.

This thesis shows that the incidence of BE in the Netherlands is still on the rise, which 

has significant implications for health resource utilization and costs, and heralds a further 

increase in the number of new cases of EAC in the coming decade. Changes in the preva-

lence of risk factors in the second half of the 20th century have for the greater part driven this 

increase, of which the increased prevalence of abdominal obesity seems to be the most im-

portant contributor. Although more research is needed to explore the factors which continue 

to drive the increased incidence of BE, interventions that lower BMI could be a promising 

approach in reducing EAC risk in high risk populations. In addition, less invasive screening 

technology may soon lead to cheaper, safer, and acceptable screening for BE. Esophageal 
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capsule endoscopy is an accurate and well tolerated method for the detection of esophageal 

mucosal disorders, and could replace EGD as a first screening method, though at present is 

has not proven to be an inexpensive screening tool. Further research is necessary to evalu-

ate the cost-effectiveness of this alternative procedure, as the possible benefits of screening 

should not exceed the costs and inconveniences for patients and health care systems.

Although widely practiced, no clinical randomized trials are available which demonstrate 

the value of surveillance. Although the precise incidence of EAC in BE remains unknown, it 

has previously been estimated to be approximately 0.5% per year. The studies described in 

this thesis show even lower cancer risk estimates and also considerable low risks of mortality 

due to EAC, which further indicate that endoscopic surveillance of all BE patients, in general, 

will not be cost-effective. Against this background male gender, age, increased BMI, smok-

ing, working in a stooped posture and low-grade dysplasia are all independent predictors 

of malignant progression in patients with BE. At present, except for grade of dysplasia, none 

of these factors have been routinely included in planning BE surveillance programs. Future 

large studies from other unselected populations should be performed to develop further risk 

stratification, preferably a multicenter trial with randomization of patients to varying surveil-

lance intervals based on the aforementioned predictors of progression. This thesis also shows 

that BE patients are at increased risk of developing CRC, especially male patients. Whether 

screening colonoscopy in BE patients would be a more cost-effective approach than surveil-

lance esophagoscopy in the future needs further study.

Apart from improving strategies that focus on the detection of BE and cancer, new research 

should focus on strategies that could have a direct impact on the risk of cancer development, 

such as the identification of targets of drug activity for development of new potential chemo-

preventive agents, and the destruction of non-dysplastic BE with advanced endoscopic abla-

tion and resection techniques.
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Summary

Cancer of the esophagus is a highly aggressive malignancy, of which the incidence has in-

creased tremendously during the last decades, and still continues to rise at present. Barrett’s 

esophagus (BE) is the only recognized precursor lesion and is associated with the majority, if 

not all, of cases with esophageal adenocarcinoma (EAC). Unfortunately, the efficacy of screen-

ing and surveillance of BE remains a strongly debated issue, as there are many unresolved 

epidemiological dilemmas, of which the inability to predict who has BE prior to endoscopy, 

and the lack of data on the natural history of BE are the major ones. Improved risk stratifica-

tion could improve the effectiveness of screening and surveillance in BE patients, and achieve 

the ultimate goal of reducing EAC mortality.

The general aims and outline of this thesis are described in chapter 1.

In chapter 2, we analyzed data from a nationwide registry of pathology reports (PALGA) 

recorded between 1991 and 2006, in order to study the existence of a secular rise in the 

incidence of BE and to explore its causes. This study shows an ongoing substantial rise in 

the incidence of histologically confirmed BE in the Dutch population over the past 16 years, 

affecting males even more than females. Period and cohort phenomena for BE were dem-

onstrated for both genders, the former likely to have been explained by both an increasing 

awareness of BE among endoscopists and improved endoscopic techniques, the latter by 

changes in prevalences of environmental risk factors after World War II, such as the increas-

ing prevalence of obesity and the declining prevalence of Helicobacter pylori infection. The 

increasing BE incidence is a harbinger of a further rise in the number of EACs of nearly 35% in 

males and 13% in females within the coming decade, in case the yield of strategies that have 

a direct impact on cancer risk is disregarded.

Chapter 3 describes a study in which we investigated the distributions of environmen-

tal risk factors among patients with EAC, gastric cardia adenocarcinoma (GCA), and patients 

with esophageal squamous cell carcinoma. The majority of the evaluated risk factors did not 

show differences between EAC and GCA patients. Patients were similar with regard to male 

predominance and age at the time of diagnosis. In addition, no differences were found in 

alcohol intake and smoking, use of fruits and vegetables, body posture and occupational 

activities. Nonetheless, patients with EAC more often experienced symptoms of heartburn 

and had more often longstanding symptoms of heartburn compared with GCA patients. This 

would therefore suggest that only a relatively small proportion of cardia cancers might be 

attributed to gastroesophageal reflux, and that symptoms of gastroesophageal reflux can aid 

in the distinction between esophageal and gastric origins of cardia cancers.

In chapter 4, we evaluated the operating characteristics of capsule endoscopy (CE) for 

the detection of esophageal mucosal disorders using a new ingestion protocol. CE identified 

the presence of erosive esophagitis and BE with a high degree of accuracy, and had a high 

negative predictive value. The new ingestion protocol significantly improved visualization of 
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the Z-line. Furthermore, nearly all patients preferred CE over esophagogastroduodenoscopy 

(EGD), and experienced less discomfort and pain during CE as compared to EGD. These find-

ings indicate that CE is an accurate method for detecting esophageal mucosal abnormali-

ties, and is a well tolerated procedure. Nonetheless, CE was much more expensive than EGD, 

which was mainly due to the high purchase costs of the capsule.

In chapter 5, we calculated a pooled estimate for EAC incidence of 6.2/1,000 person-years 

(95%CI: 4.9-7.8) based on 51 studies including 13,777 patients followed up for a total of 

60,688 person-years. Eighteen studies reported data on mortality due to EAC, and included 

6,274 patients followed up for 30,407 person-years, with 75 deaths due to EAC and 1,173 

deaths due to other causes. The pooled incidence of fatal EAC was only 2.9/1,000 person-

years (95%CI: 2.2-3.7). In addition, there was evidence of publication bias in surveillance stud-

ies from the USA.

As study size is an important determinant of reported cancer risks, we estimated the pro-

gression rate of BE to high-grade dysplasia (HGD) and EAC in a nationwide cohort of BE pa-

tients in the Netherlands, and assessed the value of the factors age, sex and initial histology 

as predictors of malignant progression in BE (Chapter 6). In this, to our knowledge, largest re-

ported cohort of BE patients, the overall annual risk of cancer in BE was 0.4% (95%CI: 0.3-0.6), 

and the annual risk of cancer and HGD combined only 0.6% (95%CI: 0.5-0.7). These figures are 

lower than previously published estimates. In fact, the annual cancer risk decreased to 0.14%, 

in case cancer risk for all BE patients was analyzed, regardless of whether any follow-up was 

performed. Against this background, male gender, older age and LGD at initial BE diagnosis 

were identified as independent predictors of malignant progression in BE.

In chapter 7, we report on risk factors that are associated with an increased risk of develop-

ing EAC in BE patients. A hospital-based case-control study was performed in which 91 cases 

with EAC and 244 controls with histologically confirmed BE with no dysplasia or low-grade 

dysplasia were included. Tobacco smoking, a BMI above 25, working in a stooped posture, 

and male gender were such risk factors.

In chapter 8, we demonstrate that there is an overall increased risk of CRC in patients 

with BE as compared to the Dutch general population, which cannot be solely attributed to 

the presence of diagnostic bias, as CRC incidence in male BE patients was still significantly 

increased after more than five years of follow-up. Based on our findings, we suggest that 

screening colonoscopy could be recommended for male BE patients aged above 50 years, in 

case they do not already participate in other CRC screening programs.

Chronic inflammation and oxidative DNA damage play an important role in the patho-

genesis of GERD, BE and its progression towards EAC. In chapter 9, we studied the effect of 

short term proton pump inhibitor (PPI) therapy in GERD patients on inflammatory profiles 

and oxidative stress in vivo. PPI therapy resulted in a substantial decrease in the cellular-medi-

ated immune response in the distal esophagus, both in patients with erosive esophagitis (EE) 

treated for 4 weeks and in those treated for 8 weeks. However, it did not affect the formation 
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of DNA adducts in EE, either in those patients treated for 4 weeks or in those treated for 8 

weeks. Our findings show that PPI therapy in GERD patients reduces the esophageal cellular-

mediated immune response, but is insufficient to reverse DNA damage caused by gastroe-

sophageal reflux. This suggests that PPI therapy is perhaps not effective in the prevention 

of carcinogenesis because of persisting DNA damage, which is already present in the early 

phases of the GERD spectrum.

The main findings of this thesis and directions for future research are discussed in Chapter 

10.
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Samenvatting

Slokdarmkanker is een bijzonder aggressieve vorm van kanker, waarvan de incidentie in de af-

gelopen decennia wereldwijd sterk is gestegen, en hedendaags nog steeds stijgt. In het mee-

rendeel van de gevallen, en waarschijnlijk zelfs in alle gevallen, wordt het adenocarcinoom 

van de slokdarm voorafgegaan door Barrett slokdarm. De detectie van Barrett slokdarm biedt 

de mogelijkheid tot endoscopische surveillance en vroegtijdige interventie ter preventie van 

slokdarmkanker. Echter, de effectiviteit van screening en surveillance van patiënten met Bar-

rett slokdarm is omstreden, met name door het bestaan van verschillende epidemiologische 

dilemma’s. Belangrijke belemmeringen zijn onder andere het onvermogen om binnen de 

algehele populatie te voorspellen wie een Barrett slokdarm heeft voorafgaand aan het uit-

voeren van een endoscopie van de slokdarm, en het relatieve gebrek aan gegevens over het 

natuurlijk beloop van de Barrett slokdarm. Het identificeren van Barrett patiënten met een 

verhoogd risico op het ontwikkelen van slokdarmkanker middels betrouwbare risico markers 

zou de effectiviteit van screening en surveillance kunnen optimaliseren, teneinde de sterfte 

ten gevolge van slokdarmkanker te verminderen.

De algemene doelen en achtergrond van dit proefschrift worden beschreven in hoofdstuk 

1.

In hoofdstuk 2 worden met behulp van gegevens van de landelijke pathologie database 

PALGA de stijging van de incidentie van Barrett slokdarm van 1991 tot en met 2006 in Ne-

derland en de mogelijke oorzaken hiervan onderzocht. Deze studie toont een aanhoudende 

stijging van de incidentie van Barrett slokdarm in Nederland gedurende de 16-jarige onder-

zoeksperiode, waarbij de stijging bij mannen sterker aanwezig is dan bij vrouwen. Periode 

en cohort effecten werden aangetoond voor zowel mannen als vrouwen. Het periode effect 

kan worden verklaard door een toegenomen interesse in Barrett slokdarm bij endoscopisten 

en door nieuwe endoscopische detectie technieken. Het cohort effect wordt verklaard door 

veranderingen in de prevalentie van risicofactoren bij cohorten geboren na de Tweede We-

reldoorlog, met name de stijging van de prevalentie van obesitas en de afname van de pre-

valentie van Helicobacter pylori infectie in de algehele bevolking. De stijgende incidentie van 

Barrett slokdarm voorspelt een toename van het aantal adenocarcinomen van de slokdarm 

van bijna 35% bij mannen en 13% bij vrouwen binnen de komende 10 jaar, indien het effect 

van screening en surveillance strategieën buiten beschouwing wordt gelaten.

Hoofdstuk 3 beschrijft een studie waarin risicofactoren bij patiënten met een adenocarci-

noom van de slokdarm, een adenocarcinoom van de maagcardia, en plaveiselcelcarcinomen 

van de slokdarm worden vergeleken. Het meerendeel van de bestudeerde risicofactoren 

verschilde niet significant tussen patiënten met een adenocarcinoom van de slokdarm of 

cardia. De geslachtsverdeling en leeftijd ten tijde van diagnose bij deze carcinomen waren 

vergelijkbaar. Tevens werden er geen verschillen gevonden in het gebruik van alcohol en 

roken, consumptie van groente en fruit, lichaamsbouw en fysieke werkzaamheden. Echter, 
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patiënten met een adenocarcinoom van de slokdarm hadden vaker last van zuurbranden 

en ook vaker langer bestaande klachten, in vergelijking tot patiënten met een adenocarci-

noom van de cardia. Dit suggereert dat slechts een klein gedeelte van de cardia carcinomen 

ontstaat ten gevolge van gastro-oesofageale refluxziekte, en dat bij het onderscheid tussen 

cardia carcinomen van maag of slokdarm origine symptomen ten gevolge van refluxziekte 

van aanvullende waarde kunnen zijn.

In hoofdstuk 4 werd de waarde van capsule endoscopie voor de detectie van slokdarmaf-

wijkingen bestudeerd, waarbij gebruik werd gemaakt van een nieuw ingestie protocol. Cap-

sule endoscopie stelde de aanwezigheid van reflux oesofagitis en Barrett slokdarm met een 

hoge nauwkeurigheid vast, met tevens een hoge negatief voorspellende waarde. Het nieuwe 

ingestie protocol verbeterde de visualisatie van de Z-lijn aanzienlijk. Bovendien prefereerden 

bijna alle patiënten capsule endoscopie boven de conventionele gastroscopie, en ondervon-

den zij ook significant minder discomfort en pijn ten gevolge van capsule endoscopie, in 

vergelijking tot een gastroscopie. Deze bevindingen impliceren dat capsule endoscopie een 

accurate methode is voor de detectie van slokdarmafwijkingen, en dat deze techniek een 

comfortabele procedure is voor de patiënt. Capsule endoscopie bleek echter een duurdere 

procedure te zijn dan gastroscopie, met name door de hoge aanschafkosten van de capsule.

In hoofdstuk 5 werd met behulp van een meta-analyse het risico op een adenocarcinoom 

van de slokdarm bij patiënten met Barrett slokdarm in 51 studies met in totaal 13.777 patiën-

ten en 60.688 persoonsjaren bestudeerd. Het risico op adenocarcinoom van de slokdarm op 

basis van deze gegevens betrof 6,2/1000 persoonsjaren (95% betrouwbaarheidsinterval (BI) 

4,9-7,8). Achttien van deze studies rapporteerden data over de mortaliteit ten gevolge van 

adenocarcinomen van de slokdarm, en includeerden in totaal 6.274 patiënten met follow-up 

gedurende 30.407 persoonsjaren, met 75 sterftegevallen ten gevolge van adenocarcinoom 

van de slokdarm en 1.173 sterftegevallen ten gevolge van andere oorzaken. De samenge-

stelde incidentie op basis van deze studies van fatale gevallen van adenocarcinomen van de 

slokdarm was slechts 2,9/1000 persoonsjaren (95% BI 2,2-3,7). Bovendien werd een publica-

tie bias aangetoond in surveillance studies die afkomstig waren uit de Verenigde Staten.

Aangezien studie grootte een belangrijke determinant is van gerapporteerde kanker ri-

sico’s, werd het risico op progressie van Barrett slokdarm naar hoog-gradige dysplasie en 

adenocarcinoom van de slokdarm onderzocht in een landelijk cohort van Barrett patiënten, 

en werd de voorspellende waarde van de factoren leeftijd, geslacht en initiële histologische 

diagnose op de progressie kans in Barrett slokdarm bestudeerd (Hoofdstuk 6). Binnen dit 

grote cohort van patiënten met Barrett slokdarm betrof het jaarlijkse risico op het ontstaan 

van adenocarcinoom van de slokdarm 0,4% (95% BI 0,3-0,6), en het jaarlijkse risico op de 

gecombineerde uitkomst van slokdarmkanker danwel hoog-gradige dysplasie slechts 0,6% 

(95% BI 0,5-0,7). Deze waarden zijn lager dan eerder gepubliceerde schattingen. Het jaar-

lijkse risico daalde zelfs tot 0,14%, indien het kanker risico voor alle patiënten met Barrett 

slokdarm werd berekend, ongeacht het wel of niet uitvoeren van surveillance endoscopie. 
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Uit deze gegevens bleek dat het mannelijk geslacht, oudere leeftijd en de aanwezigheid van 

laag-gradige dysplasie ten tijde van de initiële diagnose van Barrett slokdarm onafhankelijke 

voorspellers zijn voor maligne ontaarding.

In hoofdstuk 7 werden risicofactoren bestudeerd die geassocieerd zijn met een toege-

nomen risico op adenocarcinoom van de slokdarm bij patiënten met Barrett slokdarm. Een 

case-control studie werd uitgevoerd bij 91 patiënten met adenocarcinoom van de slokdarm 

en 244 controle patiënten met een histologisch aangetoonde Barrett slokdarm, zonder dys-

plasie of met laag-gradige dysplasie. Het roken van tabak, een BMI groter dan 25, een voor-

overgebogen houding tijdens het werk, en het mannelijk geslacht werden als onafhankelijke 

voorspellers voor maligne ontaarding in Barrett slokdarm geïdentificeerd.

In hoofdstuk 8 werd aangetoond dat het risico op darmkanker bij patiënten met Barrett 

slokdarm verhoogd is ten opzichte van de algehele populatie. Deze resultaten kunnen niet 

alleen worden toegeschreven aan de aanwezigheid van een diagnostische bias, aangezien 

het risico op darmkanker bij mannelijke patiënten met Barrett slokdarm na 5 jaar follow-up 

nog steeds verhoogd was. Gebaseerd op deze bevindingen wordt een screenings coloscopie 

geadviseerd aan mannelijke patiënten met Barrett slokdarm ouder dan 50 jaar, indien zij niet 

reeds deelnemen aan andere darmkanker screeningsprogramma’s.

Chronische ontsteking en DNA schade spelen een belangrijke rol bij het onstaan van gas-

tro-oesofageale refluxziekte, Barrett slokdarm en de progressie naar adenocarcinoom van de 

slokdarm. In hoofdstuk 9 werd het effect van kortdurend gebruik van proton pomp remmers 

bestudeerd bij patiënten met gastro-oesofageale refluxziekte op de ontstekingsreactie en 

oxidatieve stress in slokdarmweefsel. Behandeling met proton pomp remmers resulteerde in 

een substantiële afname van de cellulaire immuun respons in de distale slokdarm, zowel bij 

patiënten met erosieve oesofagitis die gedurende 4 weken werden behandeld, alsmede bij 

patiënten met een behandeling gedurende 8 weken. Echter, bij beide patiëntgroepen veran-

derde deze behandeling de vorming van DNA adducten in de slokdarm niet. Deze bevindin-

gen tonen dat kortdurende behandeling met proton pomp remmers de cellulaire immuun 

respons in de slokdarm vermindert, maar dat deze behandeling onvoldoende is om DNA 

schade ten gevolge van gastro-oesfageale reflux te herstellen. Dit suggereert dat behande-

ling met proton pomp remmers wellicht niet effectief is in de preventie van slokdarmkanker 

door aanhoudende DNA schade, welke al vroeg aanwezig is in het spectrum van gastro-oe-

sofageale refluxziekte.

De belangrijkste bevindingen van dit proefschrift en aanwijzingen voor toekomstig onder-

zoek worden besproken in hoofdstuk 10.
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