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InTRoDuCTIon

Diseases associated with gastro-esophageal reflux, including Barrett’s esophagus (BE), are 

common in the outpatient clinic of gastroenterologists. BE is a condition characterized by 

metaplastic replacement of the normal stratified squamous epithelium of the distal esopha-

gus by specialized intestinal columnar epithelium containing goblet cells.1 This clinical and 

histopathological entity is named after the surgeon Dr. Norman Barrett (1903-1979), who was 

the first to notice epithelial cells secreting salmon red mucosa in the lower esophagus in 

the early 1950’s; later he discovered that these were columnar cells.2, 3 BE is a premalignant 

disorder with an increased risk of progression towards esophageal adenocarcinoma (EAC), 

which has been shown to occur through a multistep process of increasing grades of epithelial 

dysplasia, from no dysplasia to low-grade dysplasia (LGD), high-grade dysplasia (HGD) and 

finally EAC.1, 4, 5 BE and EAC are predominantly associated with male gender and the Caucasian 

race.6

In general, the risk of developing EAC is 30- to 40-fold higher in patients with BE compared 

to the general population.7-9 The estimated annual EAC incidence rate in patients with BE 

is with 0.12-0.38% per year somewhat lower than the 0.50% previously adhered to.10-12 Over 

the past decades, EAC has been shown the most rapidly rising incidence of all malignancies 

in the Western world, with an average annual increase of 7.2% in males and 3.5% in females 

over a period of 15 years in the Netherlands. These progression rates are comparable to other 

Western countries.13, 14 The incidence rate of BE has also been reported to increase in the West-

ern world.15 Since EAC is frequently detected at an advanced stage, the prognosis of patients 

with advanced EAC is still poor, with a 5-year survival rate of 30-40% in patients undergoing 

curative treatment.16

PaRT I: PaThogEnEsIs of BaRRETT’s EsoPhagus anD EsoPhagEal 
aDEnoCaRCInoMa

genetic aspects

Although the pathophysiology of BE and EAC has been studied extensively, the knowledge 

regarding the processes involved in BE development and progression to EAC is incomplete. 

Genetic aspects have been demonstrated to play a role. Several tumor suppressor genes, 

such as p16, p53, p27, and the APC gene17-20, proto-oncogenes, such as c-myc and HER-2/

neu21, 22 and epigenetic changes, especially aberrant DNA methylation23 have been implicated 

to be involved in the development of EAC. Unique gene expression profiles of BE and EAC 

have been mapped out, showing differential expression of multiple genes.24, 25 Furthermore, 

cell cycle abnormalities, aneuploidy and tetraploidy and altered expression of proliferative 
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factors have been associated with neoplastic progression in BE.18,  26-28 Despite the multiple 

abnormalities identified at the (cyto/epi-)genetic and proteomic levels, the key elements in 

the development of BE and EAC have not been identified and it is still not possible to predict 

which BE patients will progress towards malignancy.

Environmental aspects

In addition to molecular aspects, environmental factors are considered to play a role in the 

pathogenesis of BE and EAC. Importantly, the development of BE and subsequent carci-

nogenesis is associated with chronic inflammation.5,  29 Several environmental factors have 

been suggested to contribute to an inflammatory state in esophageal tissue. In this regard, 

exposure of the epithelial lining of the esophagus to luminal factors is of importance. It is 

commonly accepted that the development of BE is initiated by chronic exposure to acid and 

bile components of the gastric refluxate, resulting in ongoing damage of the esophageal 

mucosa.1, 30 Additionally, exposure to luminal microorganisms may contribute to esophageal 

inflammation. Normal squamous esophagus, esophageal inflammation and BE have been 

shown to be associated with altered microbial flora.31,  32 Differences in microbial profiles 

may result in differential activation of the signaling pathways of toll-like receptors, which 

are innate immune receptors recognizing molecular patterns present on microorganisms. 

Furthermore, ‘‘danger signals’’ released by tissue damage may enhance inflammation by 

activating toll-like receptor signaling pathways.33,  34 Toll-like receptors have been linked to 

inflammation-associated carcinogenesis through induction of cyclooxygenase-2 (COX-2), an 

enzyme important in many processes, including apoptosis and proliferation.33-39

Interestingly, obesity has previously been shown to be associated with a chronic inflamma-

tory environment and is known to be an important risk factor for the development of gastro-

esophageal reflux, BE and EAC. This is most evident for visceral (abdominal) obesity.40-43 

Additionally, cigarette smoking is a lifestyle factor identified as a risk factor for both BE and 

EAC development.44, 45 Results regarding alcohol consumption as a risk factor are conflicting.46 

Finally, dietary factors, mostly high fruit and vegetable intake, have been shown to be associ-

ated with reduced EAC risk.47

Growing evidence emerges indicating that BE is a heterogeneous disease.48 The develop-

ment of BE and progression to EAC probably is a multifactorial process, with both genetic 

and environmental factors involved. This is supported by the suggested clustering of BE and 

EAC within families.49, 50 Accordingly, interaction between luminal factors and the esophageal 

epithelium and stroma in the genetic susceptible host may be important in the carcinoge-

netic process in BE.51, 52
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PaRT II: suRVEIllanCE anD follow-uP of BaRRETT’s EsoPhagus

Current surveillance guidelines

The stepwise progression from BE to LGD and HGD and finally EAC is estimated to take at least 

four to five years, which allows the opportunity to early detect neoplastic progression and 

prevent further progression to incurable malignancy.4 Guidelines recommend participation 

in an endoscopic surveillance program once a diagnosis of BE is established.53-55 The ultimate 

goal of surveillance is to detect cancer or pre-cancer at a stage wherein curative treatment is 

still possible. Surveillance should detect neoplastic lesions before entering the submucosal 

layer, as submucosal invasion significantly increases the risk of lymph node metastasis.56 Cur-

rent Dutch recommendations for surveillance in patients with BE are based on guidelines 

from the American College of Gastroenterology.55 During surveillance endoscopies, four 

quadrant biopsies should be taken every two cm of the BE segment, to assess the presence 

of intestinal metaplasia and dysplasia. Patients with intestinal metaplasia without dysplasia 

should be included in an endoscopic surveillance program at three-year intervals. If LGD is 

detected, upper endoscopy should be repeated after six months, followed by surveillance 

endoscopies at one-year intervals. When HGD is detected, surveillance is advised every three 

months, however, guidelines recommend an (endoscopic) intervention. For patients with 

(early) EAC a similar treatment approach is recommended.

Dilemmas in surveillance of Barrett’s esophagus

Although performing surveillance endoscopies in patients with BE following these guide-

lines appears to be reasonable, its cost-effectiveness is controversial. Overall, surveillance 

programs entail considerable healthcare costs, whereas the efficiency is questionable.57,  58 

Surveillance guidelines have been established in the absence of well-designed randomized 

controlled trials and are actually based on comparative and retrospective cohort studies.53-55 

Surveillance participation for BE has been shown to be associated with a lower tumor stage 

at the time of EAC detection in retrospective studies.59-62 However, results regarding reduced 

EAC-related mortality in surveilled participants are not largely available and conflicting.59-63 

Furthermore, progression rates towards EAC in BE patients are relatively low; the majority 

of BE patients will not develop EAC.10-12 However, in case of EAC detection, its tumor stage 

frequently is advanced and incurable, indicating that current screening and surveillance 

strategies are insufficient.64, 65 Finally, surveillance participation is associated with a burden to 

BE patients such as undergoing repeat upper endoscopies and a risk of complications, both 

affecting quality of life.66

In clinical practice, the histological finding of dysplasia is the most commonly used method 

to predict progression risk and is the only used factor to determine endoscopic surveil-

lance intervals in patients with BE.53-55 A diagnosis of LGD which is confirmed by an expert 
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pathologist is associated with a progression risk of 13.4% per year.67 However, a diagnosis 

of dysplasia is prone to sampling error during endoscopy, while interobserver variability 

between pathologists during histological evaluation, which to some extent can be due to 

the co-presence of inflammation, is another reason for misclassification.68-73 In addition to 

the presence of dysplasia, risk factors for malignant progression in patients with BE have 

been reported to be male sex, older age, the (known) presence of BE for >10 years, long-

segment BE, esophagitis, LGD at baseline and the presence of biomarkers such as p53 loss 

of heterozygosity in biopsies.74-77 In HGD, both the presence of nodular mucosal lesions and 

diffuse HGD have been identified as risk factors for progression to EAC.78 Nonetheless, these 

factors are still unable to identify patients that benefit most from surveillance of BE as well as 

to determine surveillance intervals accurately in specific patient subgroups. In current clinical 

practice, such predictors or biomarkers are urgently needed.

follow-up of Barrett’s esophagus with early neoplasia

Once a diagnosis of HGD or intramucosal carcinoma is established in patients with BE, 

guidelines recommend treatment.53-55 In the past decades, endoscopic modalities have been 

developed to treat early neoplastic lesions in order to prevent progression to invasive EAC.79 

Nodular lesions can be treated successfully with endoscopic mucosal resection.80 Various 

ablative techniques, including radiofrequency ablation, photodynamic therapy and argon 

plasma coagulation, have been introduced to eradicate the BE mucosa at risk and to restore 

the original normal squamous epithelium, however, there is still room for improvement, as 

these modalities have a risk of recurrence and complications. 81-83 New therapeutic strategies 

are currently under investigation. Cryotherapy is a relatively new modality for endoscopic 

ablation of BE. Data on the use of a device based on pressurized carbon dioxide (CO2) gas for 

cryoablation are scarce.84

aIM anD ouTlInE of ThIs ThEsIs

As outlined above, there are several important issues in current practice to be further explored 

in the interest of patients with BE. Therefore, the first aim of this thesis is to further explore the 

role of genetic and environmental aspects in gastro-esophageal reflux, BE and EAC, to gain 

more insights in their pathogenesis for better characterization of patients’ disease (chapter 2 

to 5). Second, in this thesis surveillances strategies for BE and their effect on progression risk 

to EAC and mortality are analyzed, in order to optimize surveillance and follow-up strategies 

(chapter 6 to 8). Third, this study investigates the efficacy of a novel non-invasive ablative 

technique for the treatment of BE associated neoplasia in order to consider its (additional) 

value in the light of other available endoscopic modalities (chapter 9).
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Part I

In more detail, chapter 2 discusses genetic and environmental aspects in the pathogenesis 

of BE and EAC by examining familial clustering and differences between familial and non-

familial cases. Remarkably, three members of a rowing team were consecutively diagnosed 

with EAC. Chapter 3 evaluates the role of the microenvironment by studying the expression 

and functional activity of innate immune receptor TLR4 in the esophagus and its possible 

role in BE associated carcinogenesis by induction of COX-2 expression. Chapter 4 addresses 

TLR2 and the effect of activation of the signaling pathway on morphological changes and 

the expression of factors involved in lysosomal function in acid and bile salts exposed BE 

epithelium.

Part II

In chapter 5, the focus shifts towards prior surveillance for BE and follow-up strategies in a 

large population-based cohort of patients with HGD in BE, and predictors of EAC progression. 

Chapter 6 discusses the consistency of a diagnosis of HGD in BE in this HGD cohort. Chapter 7 

reports on the effect of prior surveillance of BE on mortality from EAC in a population-based 

cohort study. In chapter 8 the effect of CO2 cryoablation in the treatment of BE associated 

neoplasia is studied in a prospective case series.

Part III

Finally, the implications of the results of this thesis, taking future perspectives into consider-

ation, are discussed in chapter 9, and, in addition, the findings are summarized in chapter 10.

Part IV

The addendum comprises the association between sport, rowing in particular, and gastro-

esophageal reflux, based on a review of the literature and a questionnaire, to evaluate the 

EAC risk associated with rowing.
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aBsTRaCT

Background and aim

Up to 7% of cases of Barrett’s esophagus (BE) or esophageal adenocarcinoma (EAC) in the 

US occur in family clusters. We identified first- and second-degree relatives of patients with 

BE and EAC to determine the extent of familial clustering in a European cohort, and studied 

differences between familial and non-familial cases.

Methods

A questionnaire was sent to all patients diagnosed with BE or EAC, from 2000 through 2011, 

at 3 hospitals in the Netherlands (n=838). Diagnoses of affected relatives were confirmed us-

ing the Dutch Pathology Registry (PALGA). Familial statuses of BE were defined as definitive 

(>1 first- or second-degree relative with BE or EAC), possible (>1 reported relative with BE or 

esophageal cancer, without histologic confirmation), unlikely (no family history), or unknown.

Results

A total of 603 patients with BE or EAC (71%) responded and were included in the analysis. Fa-

milial BE was definitive for 7% of cases (n=39; 10% of first-degree relatives affected), possible 

for 6% (n=36), unlikely for 49% (n=297), and unknown for 38% (n=231). Definitive cases of 

familial BE were younger at onset of heartburn and EAC diagnosis; their first-degree relatives 

more frequently had reflux symptoms and a prior upper endoscopy, compared with unlikely 

cases of familial BE.

Conclusion

In a database analysis of patients diagnosed with BE or EAC in the Netherlands, 7% of cases of 

BE and EAC were familial. These cases have a younger average age of onset of reflux symptoms 

and diagnosis of EAC than unlikely familial cases. These findings may indicate that genetic 

factors contribute to BE susceptibility, with a possible central role of gastroesophageal reflux.
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InTRoDuCTIon

The incidence of esophageal adenocarcinoma (EAC) is rising faster than that of any other 

malignancy in the Western world, with 7.2% per year in males and 3.5% per year in females 

during a period of 15 years.1 Despite improving therapeutic options, the prognosis of patients 

with EAC remains poor.2, 3 The incidence of Barrett’s esophagus (BE), the premalignant precur-

sor that is characterized by the replacement of normal esophageal squamous epithelium by 

metaplastic columnar epithelium, is also increasing.4, 5

Both genetic and environmental factors are suggested to be important in the pathogenesis 

of BE and EAC. Risk factors for BE and neoplastic progression are older age, male gender, Cau-

casian race, smoking, alcohol consumption, obesity and exposure to chronic gastroesopha-

geal reflux.6-8 An increased prevalence of reflux symptoms in relatives of patients with BE or 

EAC and twin studies has suggested a genetic predisposition to gastroesophageal reflux.9, 10 

Furthermore, a genetic role in the presence of hiatal hernia and pediatric reflux in specific 

families has been suggested.11, 12

Studying familial clustering of BE and EAC13-16 may improve the knowledge regarding 

processes involved in BE and EAC development, both for familial and sporadic cases. Familial 

clustering of BE and EAC was for the first time systematically investigated by Chak et al, 

showing that patients with BE or EAC were 12 times more likely to have a positive family 

history of BE or EAC compared to patients with reflux symptoms.14 Familial clustering of BE 

and EAC has not been systematically reported in Europe, differences between familial and 

non-familial cases are incompletely known and the proportion of affected relatives has not 

been extensively investigated. The objective of this study was therefore to determine cluster-

ing of reflux symptoms, and a diagnosis of BE and/or EAC in first and second degree relatives 

of patients with BE and EAC in a European cohort and to identify differences between familial 

and non-familial cases.

METhoDs

In this multicenter study, questionnaires were sent to all patients diagnosed with BE or EAC. 

The presence of reflux symptoms, and a diagnosis of BE and EAC was evaluated in first and 

second degree relatives. Diagnoses of reportedly affected relatives were confirmed in the na-

tionwide network and registry of histo- and cytopathology in the Netherlands (PALGA). The 

protocol was approved by the Medical Ethical Committee of the University Medical Center of 

Utrecht and the privacy committee of PALGA.
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Index patients

All patients diagnosed with BE or EAC between January 2000 and May 2011 in three participat-

ing medical centers, one tertiary and two secondary referral hospitals, were identified using 

our Dutch Pathology Registry (PALGA). Since its nationwide coverage in 1991 the reports of 

all 64 pathology laboratories in the Netherlands are centrally archived in PALGA.17 Inclusion 

criteria were an endoscopic Barrett segment of two centimeters or longer with histologically 

confirmed intestinal metaplasia. The latter was defined as esophageal columnar epithelium 

in the presence of goblet cells. Furthermore, patients with EAC in whom (the bulk of ) the 

tumor was located above the gastroesophageal junction were included. Cases with intestinal 

metaplasia or adenocarcinoma of the gastroesophageal junction and deceased patients at 

the moment of initiation of the study were excluded. From all eligible index patients ad-

ditional endoscopic and histologic information was collected from the patient registration 

system of the participating centers.

Questionnaires

A familial BE questionnaire was sent to all index patients, which was derived from previously 

validated measures, i.e. the Gastro Esophageal Reflux Disease-Health Related Quality of Life 

(GERD-HRQL) questionnaire18 and instruments used in research areas studying genetic as-

pects in BE in Cleveland, San Remo and Cambridge.14, 19, 20 The first section collected informa-

tion about risk factors for BE and EAC, including weight, smoking and alcohol consumption, 

the second section about reflux symptoms and acid suppressive medication use, and the 

third section about family history, including the total number of first and second degree 

relatives, reflux symptoms and/or acid suppressive medication use, BE, esophageal or gastric 

cancer and previously performed upper endoscopy. Gastric cancer was included to minimize 

the risk of missing EACs. Permission to contact the reportedly affected relatives with BE and 

esophageal or gastric cancer was obtained from the index patients. Non-responders were 

again contacted and encouraged to participate in the study.

familial Barrett’s esophagus

Familial BE was defined as at least one affected first or second degree relative with histologi-

cally confirmed BE or EAC in addition to the index patient. First degree relatives were defined 

as parents, siblings and children and second degree relatives as grandparents, aunts, uncles, 

nieces and nephews. Informed consent forms were sent to the relatives that reported to be 

affected to obtain permission to confirm a diagnosis of BE or EAC in the Dutch Pathology 

Registry (PALGA). In case a reported affected relative deceased, the index patient was allowed 

to provide permission to confirm the relatives’ diagnosis.

Relatives with a confirmed histologic diagnosis of intestinal metaplasia in the esophagus 

or EAC were included as affected cases. Relatives with reported BE without intestinal meta-

plasia of the esophagus or with esophageal cancer but with a histologic diagnosis other 
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than EAC, e.g. esophageal squamous cell carcinoma, or gastric cancer were considered 

negative.

Families were classified into four subgroups regarding the familial BE status. For a defini-

tive familial BE case, a confirmed diagnosis of BE or EAC in >1 first or second degree relative 

of index patients with BE or EAC was required. In possible familial BE, the diagnosis of BE 

or esophageal cancer in reported affected relatives could not be confirmed in the pathol-

ogy registry, e.g. because no permission or incorrect patient identification information was 

obtained, patient identification information was incorrect, or the diagnosis was established 

before accomplishment of nationwide coverage of the registry. In unlikely familial BE, a 

negative family history of BE or esophageal cancer was reported or relatives were considered 

negative after confirmation of the reported diagnosis in the pathology registry. The unknown 

subgroup reported an unknown family history of BE or esophageal cancer.

statistical analysis

Characteristics of survey responders were compared with non-responders using chi-squared 

and Wilcoxon rank-sum testing, whenever appropriate. Characteristics of the index patients 

were analyzed using standard descriptive statistics and compared between familial BE sub-

groups using chi-squared testing, ANOVA and Kruskal-Wallis testing. As the definitive and 

unlikely familial BE subgroups were considered as most reliable, these were compared using 

chi-squared testing, Student’s t-testing and Wilcoxon rank-sum testing where appropriate. 

For each variable, only index patients who had replied to the corresponding questions were 

included in the analysis. Reflux symptoms and a prior upper endoscopy in first and second 

degree family members relative to the total number of family members were compared 

between familial BE subgroups using Kruskal-Wallis testing and Wilcoxon rank-sum testing, 

respectively. Only cases that reported both the total number of relatives and the presence of 

reflux symptoms or upper endoscopy in their relatives were included in the analyses. Two-

sided p-values <0.05 were considered statistically significant. SPSS software version 20.0 for 

Windows was used for the statistical analyses.

REsulTs

study population

A total of 1,418 patients diagnosed with BE or EAC in the participating medical centers were 

identified in the Dutch Pathology Registry (PALGA). Deceased BE (n=96) and EAC (n=321) 

patients and patients without intestinal metaplasia (n=59), with a Barrett segment shorter 

than two centimeters (n=71) and with adenocarcinoma of the gastroesophageal junction 

or stomach (n=33) were excluded. The familial BE questionnaire was sent to 838 selected 

cases, with 201 patients at the tertiary referral hospital and 637 patients at the secondary 
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figure 1. flowchart
Definitive familial BE: histological confirmed diagnosis of BE or EAC in >1 first or second degree relative of 
index patients with BE or EAC.
Possible familial BE: relatives reportedly affected with BE or esophageal cancer, which could not be con-
firmed in the pathology registry.
Unlikely familial BE: a reported or histological confirmed negative family history of BE or esophageal cancer.
Unknown: family history reported as unknown.
* Number of families with confirmed diagnoses of BE, EAC (±BE) and both BE and EAC.
**  Number of families with reported diagnoses of BE, esophageal cancer and both BE and esophageal 

cancer.

Table 1. Characteristics of index patients in familial BE subgroups

Factor Total
N=603

Familial BE subgroups

Definitive
N=39
(7%)

Possible
N=36
(6%)

Unlikely
N=297
(49%)

Unknown
N=231
(38%)

p-value*
all
groups

p-value**
definitive
vs. unlikely

Gender- male 404 (67) 21 (54) 24 (67) 201 (68) 158 (68) 0.71 0.20

Age – mean (SD) 64 (11) 64 (9) 62 (11) 65 (11) 64 (11) 0.39 0.70

BMI

< 25 186 (35) 13 (38) 10 (35) 102 (38) 61 (31) 0.21 0.80

25 – 30 250 (47) 18 (53) 14 (48) 126 (48) 92 (46)

30 – 40 86 (16) 3 (9) 4 (14) 35 (13) 44 (22)

> 40 5 (0) 0 (0) 1 (3) 3 (1) 1 (1)

Smoking

Ever smoke 346 (64) 20 (59) 22 (71) 176 (66) 128 (62) 0.67 0.43

Pack years - median (IQR) 12 (4-24) 8 (3-13) 14 (2-21) 13 (4-23) 12 (4-25) 0.96 0.20

Alcohol consumption

None 142 (27) 10 (29) 7 (25) 79 (30) 46 (23) 0.61 0.73

1-7 drinks/wk 205 (39) 12 (35) 11 (39) 104 (40) 78 (39)

7-14 drinks/wk 103 (20) 6 (18) 7 (25) 51 (19) 39 (20)

>14 drinks/wk 74 (14) 6 (18) 3 (11) 29 (11) 36 (18)
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Table 1 (continued)

Factor Total
N=603

Familial BE subgroups

Definitive
N=39
(7%)

Possible
N=36
(6%)

Unlikely
N=297
(49%)

Unknown
N=231
(38%)

p-value*
all
groups

p-value**
definitive
vs. unlikely

Age at diagnosis - mean (SD) 59 (11) 58 (11) 55 (11) 59 (11) 59 (11) 0.26 0.62

Highest dysplasia grade

IM 341 (57) 21 (54) 18 (50) 170 (58) 132 (57) 0.91 0.40

IFD 95 (16) 5 (13) 6 (17) 47 (16) 37 (16)

LGD 86 (14) 9 (23) 6 (17) 35 (12) 36 (16)

HGD 27 (5) 1 (2) 2 (5) 15 (5) 9 (4)

EAC 49 (8) 3 (8) 4 (11) 26 (9) 16 (7)

BE length- median (IQR) 4 (2-6) 3 (2-8) 4 (2-7) 4 (2-6) 4 (3-6) 0.99 0.83

Presence of hiatal hernia 450 (81) 32 (84) 28 (85) 207 (76) 183 (86) 0.06 0.27

Heartburn onset

No heartburn 59 (11) 3 (9) 2 (6) 40 (14) 14 (7) 0.001 0.007

< age 20 87 (15) 9 (26) 8 (24) 26 (9) 44 (21)

Age 20 – 40 171 (30) 13 (37) 12 (36) 82 (28) 64 (31)

> age 40 248 (44) 10 (28) 11 (34) 143 (49) 84 (41)

Heartburn frequency

No heartburn 59 (12) 3 (9) 2 (7) 40 (16) 14 (8) 0.013 0.63

< once a week 81 (17) 5 (17) 3 (10) 48 (20) 25 (14)

> once a week 148 (31) 10 (31) 7 (22) 62 (26) 69 (39)

Every day 192 (40) 14 (44) 19 (61) 93 (38) 68 (39)

Heartburn severity

No heartburn 59 (11) 3 (9) 2 (7) 40 (15) 14 (7) 0.03 0.21

Mild to moderate 221 (41) 19 (58) 11 (35) 110 (41) 81 (40)

Severe 254 (48) 11 (33) 18 (58) 118 (44) 107 (53)

Acid regurgitation frequency

No regurgitation 70 (15) 4 (13) 3 (10) 38 (16) 25 (14) 0.37 0.90

< once a week 122 (15) 9 (28) 6 (19) 69 (29) 38 (21)

> once a week 145 (30) 8 (25) 8 (26) 65 (27) 64 (36)

Every day 144 (30) 11 (34) 14 (45) 68 (28) 51 (29)

Acid regurgitation severity

No regurgitation 70 (13) 4 (12) 3 (9) 38 (15) 25 (12) 0.52 0.76

Mild to moderate 286 (54) 20 (61) 13 (41) 139 (53) 114 (57)

Severe 170 (32) 9 (27) 16 (50) 83 (32) 62 (31)

* all familial BE subgroups compared
** definitive vs. unlikely familial BE
For each variable, only index patients who had replied to the corresponding questions were included in 
the analysis
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referral hospitals. Of these, 611 (73%) returned the questionnaire. No significant differences 

were found in age, gender and BE:EAC ratio between responders and nonresponders. Eight 

patients were excluded because of incomplete forms or adoption. A total of 603 (72%) index 

patients with BE (n=554) or EAC (n=49) were included (Figure 1). Of these, the mean age (± SD) 

was 64 (±11) years and 404 (67%) were men (Table 1).

familial BE subgroups

A family history of BE, esophageal cancer or gastric cancer was reported by 20% (119/603) of 

the index patients. In total, 147 first and second degree relatives were reported to be affected. 

In 99 of these relatives permission was obtained to check the diagnosis in the pathology 

registry, of which 73 were registered. In 73% (53/73) of those, the registered diagnosis cor-

responded to the diagnosis as reported by the index patient (Figure 2). In total, BE (n=22) 

and EAC (n=29) were histologically confirmed in 51 relatives, which were included as positive 

cases. These affected cases were related to 39 index patients.

According to our definition, familial BE was ‘definitive’ in 7% (39/603; BE: 36, EAC: 3) of the 

index patients, with >1 first or second degree relatives with confirmed BE or EAC. ‘Possible’ 

familial BE was found in 6% (36/603) of the index patients, with 11 families reporting BE, 

figure 2. Confirmation of diagnosis of relatives
* diagnosis reported by index patient
** confirmed histologic diagnosis
SCC squamous cell carcinoma
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4 families esophageal cancer and 21 families both BE and esophageal cancer. In 49% (297/603) 

familial BE was ‘unlikely’, and in 38% (231/603) the family history was ‘unknown’ (Figure 1).

Characteristics of familial BE

Definitive familial BE index patients were younger at onset of heartburn compared to unlikely 

familial BE index patients (p=0.007). No significant differences in age, BMI, smoking, alcohol 

consumption, presence of hiatal hernia, frequency and severity of heartburn or acid regurgi-

tation, BE segment length and highest dysplasia grade were found (Table 1). When including 

‘possible’ and ‘unknown’ familial BE subgroups in the analyses, statistical significance was 

largely unchanged (Table 1). EAC was diagnosed at a younger age in definitive familial BE 

index patients (n=3) and relatives (n=29) compared to unlikely familial index patients diag-

nosed with EAC (n=26), i.e. mean age (± SD) 60 (±16) vs. 69 (±10) years, p=0.02.

family history of reflux symptoms and upper endoscopy

In definitive familial BE, reflux symptoms and upper endoscopy were more frequently report-

ed in first degree relatives compared to unlikely familial BE (Table 2). Comparable results were 

found for reflux symptoms in second degree relatives. A family history of upper endoscopy in 

second degree relatives was not significantly different between these groups.

Table 2. Proportion of first and second degree relatives with reflux symptoms and upper endoscopy in 
familial BE subgroups

Total Definitive Possible Unlikely Unknown p*
all
groups

p**
definitive vs. 
unlikely

First degree relatives

Reflux symptoms 9.8%
(364*/3,701**)

16.5%
(57/345)

16.5%
(41/249)

5.4%
(113/2,084)

14.9%
(153/1,024)

<0.001 <0.001

Upper endoscopy 4.8%
(127/2,652)

8.4%¥

(18/214)
8.1%
(16/198)

2.2%
(36/1,610)

9.0%
(57/630)

<0.001 <0.001

Second degree relatives

Reflux symptoms 1.4%
(71/5,059)

3.1%
(17/542)

1.9%
(4/209)

0.7%
(24/3,425)

2.9%
(26/883)

<0.001 0.004

Upper endoscopy 0.3%
(12/3,593)

0.6%¥

(2/343)
0%
(0/154)

0.2%
(5/2,633)

1.0%
5/463

0.006 0.09

* number of reported positive relatives
** total number of first degree relatives
*/ ** only families were included in whom both variables were reported
¥ cases with BE or esophageal cancer were excluded
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Definitive familial BE

In definitive familial BE, 4% (51/1,261) of the family members were known with BE or EAC, i.e. 

10% (38/400) of the first degree relatives and 2% (13/861) of the second degree relatives. At 

most four affected relatives were detected in addition to the index patient. The pedigrees of 

these two families are shown in Supplemental Figure 1. In 28 (72%) families, only first degree 

relatives were involved (Figure 3). In 18 (46%) families, only cases with BE and in 2 (5%) families 

only cases with EAC were detected (Figure 4).

   






   
  

      













 





 

 





figure 3. number of affected relatives per family
Total number of positive relatives with BE or EAC within a family in addition to the index patient in definitive 
familial BE, subdivided into first en second degree relatives. Total number of families: 39.

   






 


      
  








      
  








 

 





figure 4. Diagnosis of affected cases
Diagnoses of positive cases depicted per number of positive cases within a family, the index patients in-
cluded. Total number of families: 39.
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DIsCussIon

We systematically investigated familial clustering of BE and EAC, and found familial BE in 

7% of patients with BE and EAC. This prevalence of familial BE corresponds to previous US 

studies. Chak et al demonstrated familial BE, with at least one affected first or second degree 

relative, in 7.3% of patients with BE, EAC or adenocarcinoma of the gastroesophageal junc-

tion.15 Another study demonstrated affected first degree relatives in 5.8% of patients with BE 

and EAC.13

In familial BE, 10% of the first degree relatives and 2% of the second degree relatives of pa-

tients with BE or EAC were confirmed with a diagnosis of BE or EAC. In the above referenced 

Ash study, 19% of first degree relatives was reported to be affected and only 0.4% of second 

degree relatives.13 We showed that in 73% the reported and histological confirmed diagnosis 

corresponded, which could partially explain the different outcome between this and our 

study. Chak et al reported in 2004 new BE/EAC cases in 21% (13/62) of first degree relatives 

of patients with BE/EAC, mostly in known familial BE families, when performing endoscopic 

screening.19 In relatives of sporadic BE, no other new BE cases were found in addition to the 

expected number based on the prevalence in the general population. The identification of 

new cases based on endoscopic screening suggests that the extent of familial BE may be un-

derestimated. In addition, familial BE may be underestimated when the topic is not discussed 

or when family contacts are broken. These factors among others contribute to reporting bias, 

which is further demonstrated by a 27% disagreement between the reported and histologic 

confirmed diagnosis. This disagreement also reflects patients’ lack of understanding the dif-

ference between gastroesophageal reflux and BE, esophageal and gastric cancer, etcetera.

In our study, the prevalence of BE and EAC was much higher in familial BE compared to the 

general population, indicating clustering within these families. We found a BE prevalence of 

4.5% (58/1,300) and an EAC prevalence of 2.5% (32/1,300) when including both index patients 

and family members. Previously, BE prevalences of 0.8% and 1.6% were demonstrated in the 

general population of the Netherlands and Sweden, respectively.21,  22 Based on data of the 

Dutch cancer registry, the life time risk of developing EAC is 1.0% in the Netherlands.23

In familial BE, reflux symptoms in first and second degree relatives were more frequently re-

ported compared to non-familial cases, which is consistent with a previous study.16 However, 

the reported prevalence of reflux symptoms was rather low in our total study population, 

i.e. 10% in first degree relatives and only 1% in second degree relatives compared to 22% in 

an European population.22, 24 This is most likely due to reporting bias as was discussed above. 

Furthermore, relatives in familial BE more frequently had had upper endoscopy compared 

to non-familial cases. An increasing number of affected cases within a family may result in 

awareness and discussion and increases the probability of undergoing upper endoscopy in 

other family members.
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Studying familial clustering of BE and EAC may contribute to a better understanding of 

the pathogenesis of BE and EAC. The earlier onset of reflux symptoms (in index patients) and 

younger age at EAC diagnosis (in both index patients and relatives) in familial BE compared 

to non-familial cases in this study and the previously demonstrated younger age at EAC 

diagnosis in multiplex families25 may suggest genetic susceptibility to reflux, BE and EAC in 

some families. Of interest is the suggested genetic contribution to reflux disease and the 

reported association between attenuated familial polyposis, gastroesophageal reflux, BE 

and EAC in one family.11,  12,  26 In familial BE, an autosomal dominant inheritance pattern of 

BE with incomplete penetrance and involvement of multiple genes has been suggested 

based on segregation analysis.27 The pattern of inheritance is supported by the enclosed 

pedigrees, showing BE and EAC in only a proportion of family members and involvement of 

both genders. Interestingly, recent studies have shown that subjects born preterm or small 

for gestational age more frequently suffer from gastroesophageal reflux and esophagitis in 

early life and are more frequently diagnosed with BE in adulthood.28, 29 Familial occurrence of 

prematurity or born small for gestational age might therefore contribute to familial cluster-

ing of BE. Clustering of BE and EAC in families can also be the result of a shared environment. 

It is plausible that interaction with lifestyle factors may occur in the genetic susceptible host. 

So far, no differences in life style risk factors, i.e. alcohol consumption, smoking and BMI, were 

found between familial and non-familial cases in the current and previous studies.13, 15, 19, 30

Strengths of this study are the large study population, the high response rate (73%), the 

inclusion of both secondary and tertiary referral hospitals and confirmation of the histologic 

diagnosis in reported affected relatives. The total number of relatives involved in this study 

to determine the proportion of affected relatives in familial BE was high, and we used strict 

definitions including histologic confirmed intestinal metaplasia and a Barrett segment length 

of ≥2 cm and excluding intestinal metaplasia or adenocarcinoma of the gastroesophageal 

junction.

Limitations of this study include the incomplete information that was available in relatives 

as it was obtained using questionnaires that were completed by the index patients with the 

above discussed reporting bias as a consequence. Subsequently, only 50% (73/147) of the 

reportedly affected relatives were actually confirmed in the histopathology database and it 

was not possible to check the diagnoses in the registry of relatives that were reported to be 

unaffected. In addition, the family history of BE and EAC was unknown in a large number of 

index patients (38%). It is unknown whether familial clustering of EAC is associated with an 

altered survival. The exclusion of deceased index patients at the moment of initiation of the 

study, which were mainly EAC cases, may have resulted in either under- or overestimating the 

prevalence of familial EAC. Our results should be interpreted in the light of these limitations.

In conclusion, we confirmed familial BE in 7% of patients with BE and EAC, with 10% of 

the first degree relatives being affected, in a cohort of patients from Europe. Familial cases 

reported more often reflux symptoms and more often had a prior upper endoscopy. Ad-
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ditionally, familial BE cases were younger at onset of reflux symptoms and EAC diagnosis, 

which may suggest a contribution of both genetic and environmental factors and a possible 

central role of gastroesophageal reflux. The contribution of these factors in the pathogenesis 

of BE and EAC needs further exploration. Families with clustering of BE and EAC may provide 

new insight in the development of these conditions. We identified interesting families with 

multiple affected relatives with BE and EAC, enabling genetic linkage analysis in the future. 

This may lead to the identification of new susceptibility genes involved in the development 

of familial BE and EAC, which may also play a role in sporadic cases. Overall, both our and 

previous results suggest that the clinical presentation of BE and EAC is not completely differ-

ent in familial and non-familial cases. We recommend to be alert on clustering of BE and EAC 

in families. When two affected cases with BE or EAC are found within a family, endoscopic 

screening of the other relatives, especially first degree, should be considered to identify new 

cases.
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supplemental figure. Pedigrees of families with multiple affected cases
a)  EAC was diagnosed in two brothers and in a maternal uncle and grandmother of a BE index patient. 

Two additional relatives underwent upper endoscopy.
b)  EAC was diagnosed in a brother and father and in a paternal uncle and aunt of a BE index patient. Two 

additional relatives underwent upper endoscopy and one was known with reflux symptoms.
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aBsTRaCT

Background and aim

Barrett’s esophagus is known to progress to esophageal adenocarcinoma in a setting of 

chronic inflammation. Toll-like receptor (TLR) 4 has been linked to inflammation associated 

carcinogenesis. We aimed to determine the expression and functional activity of TLR4 in the 

esophagus and whether TLR4 activation in Barrett’s esophagus could promote carcinogen-

esis by inducing COX-2 expression.

Methods

TLR4 expression in esophageal adenocarcinoma, Barrett’s esophagus, duodenum, reflux 

esophagitis and normal squamous esophagus biopsies was assessed using real-time PCR 

and validated by in situ hybridization and immunohistochemistry. Ex vivo cultures of Barrett’s 

esophagus, duodenum and normal squamous esophagus biopsies and a Barrett’s esophagus 

cell line (BAR-T) were stimulated with the TLR4 agonist lipopolysaccharide (LPS). To evaluate 

the effect of TLR4 activation, NF-κB activation, IL8 secretion and expression and COX2 expres-

sion were determined.

Results

TLR4 expression was significantly increased in esophageal adenocarcinoma, Barrett’s 

esophagus, duodenum and reflux esophagitis compared to normal squamous esophagus. 

LPS stimulation resulted in NF-κB activation and a dose dependent increase of IL8 secretion 

and mRNA expression. The induction of IL8 was more evident in Barrett’s esophagus com-

pared to normal squamous esophagus. Upon LPS stimulation, COX-2 expression increased 

significantly in ex vivo cultured Barrett’s esophagus biopsies, which was observed in both 

epithelium and lamina propria cells. However, no effect was found in duodenum and normal 

squamous esophagus biopsies.

Conclusion

TLR4 activation in Barrett’s esophagus results in a strong increase in COX-2 and may contrib-

ute to malignant transformation.
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InTRoDuCTIon

Barrett’s esophagus (BE) is a premalignant disorder with an increased risk of progressing to 

esophageal adenocarcinoma (EAC) in the setting of chronic inflammation1, 2. BE is character-

ized by metaplastic replacement of the normal stratified squamous epithelium of the distal 

esophagus by specialized intestinal columnar epithelium1. The estimated EAC progression 

rate in patients with BE is 0.12-0.38% per year3-5. The incidence rates of BE and EAC have been 

reported to increase in the Western World6, 7. Despite improved surgical and (neodadjuvant) 

chemo- and radiation therapies, the prognosis for patients with advanced EAC is still poor, 

with a 5-year survival rate of 30-40% in patients undergoing a curative treatment8. Although 

the unique gene expression profiles of EAC and BE have been studied extensively9,  10, the 

knowledge regarding processes involved in the progression to EAC in patients with BE is 

incomplete. The identification of inflammatory factors contributing to EAC progression may 

reveal new therapeutic targets for the prevention of neoplastic development in BE.

In the last few years, the field of (inflammation associated) carcinogenesis is increasingly 

focusing on the role played by Toll-like receptors (TLRs)11-13. TLRs play an important role as 

receptors involved in innate immunity recognizing molecular patterns present on micro-

organisms and “danger signals” produced by tissue damage14, 15. These receptors have been 

shown to be important in inflammation and tissue repair; inappropriate activation may lead 

to uncontrolled inflammation and an impaired balance between apoptosis and prolifera-

tion16, 17. TLR4 is up-regulated in inflammatory bowel disease (IBD) and promotes the devel-

opment of colorectal cancer in the setting of chronic inflammation through induction of 

cyclooxygenase-2 (COX-2)16-18. COX-2 is an enzyme regulating the synthesis of prostaglandins, 

which are important in many processes, including apoptosis and proliferation. COX-2 also 

plays an important role in the neoplastic progression to EAC in BE19-21. The expression of COX-2 

has been shown to be increased in line with the multi-step process from BE to EAC21-23.

Based on the existing literature, we hypothesized that TLR4 may contribute to neoplastic 

progression in BE through induction of COX-2. Furthermore, we hypothesized that TLR4 

expression was increased in BE and EAC compared to normal squamous esophagus (SQ). 

Sheyhidin et al. evaluated TLR expression in esophageal squamous cell carcinoma24; however, 

until now, no data regarding TLR expression and function in BE and EAC have been published. 

In the present study, the expression of TLR4 and the induction of the inflammatory response 

and the induction of COX-2 upon TLR4 activation were examined in a BE cell line and in ex vivo 

cultured biopsies. Insight in the immunological processes contributing to increased COX-2 

expression parallel to the neoplastic progression in BE could pave the way for new future 

therapeutic strategies for the prevention of EAC.
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METhoDs

Biopsy specimens

The Medical Ethical Committee of the UMC Utrecht, the Netherlands, approved the study 

protocol on the 30th of September 2009 and all patients signed informed consent. During rou-

tine endoscopy tissue samples were obtained from patients with BE associated EAC (n=15), 

BE (n=27), reflux esophagitis (RE) (n=15) and normal controls (n=28). Of the 15 EAC patients, 

12 were male, mean age 68 (range 47-86) years, 8 used PPIs, 3 patients were diagnosed with 

tumor stage I, 4 with stage II, 4 with stage III and 3 with stage IV. No patients had undergone 

prior treatment with radio- or chemotherapy. Of the 27 BE patients, 18 were male, mean age 

61 (range 32-77) years and the median BE segment length was 3 (range 3-8) cm. All BE patients 

used PPIs and had no (prior) dysplastic changes or prior ablative therapy. Of the 15 RE pa-

tients, 9 were male, mean age 61 (range 43-81) years, 12 used PPIs and esophagitis was scored 

according to the Los Angeles criteria with 12 patients having a grade A esophagitis, 2 patients 

grade B and 1 patient grade D. SQ tissue samples were taken from 28 normal controls: 11 

were male, mean age 49 (range 23-74) years. Normal controls had no reflux symptoms or 

endoscopic abnormalities and did not use PPIs. The EAC, BE, RE and SQ biopsies (normal 

controls) were collected ≥3 cm above the gastroesophageal junction. SQ biopsies in BE and 

EAC patients were collected 2 cm proximal of the BE/EAC segment. In EAC patients both BE 

and EAC were biopsied and RE biopsies were taken next to the erosions. Duodenal biopsies 

were collected in all patients as a positive control of intestinal type of epithelium to evaluate 

whether results in BE patients could be attributed specifically to BE tissue or to intestinal 

tissue in general.

In EAC (n=15), BE (n=15), RE (n=15) and normal controls (n=15), paired biopsies were col-

lected. One biopsy was snap frozen in liquid nitrogen and stored at −80°C for subsequent 

RNA isolation and one biopsy was fixed in formalin and embedded in paraffin for histopatho-

logical evaluation, immunohistochemistry (IHC) and in situ hybridization (ISH).

Ex vivo biopsy culture

BE and duodenum tissue samples from 12 BE patients and SQ tissue samples from 13 normal 

controls were used for ex vivo whole biopsy culture experiments. In these patients, 6 biopsies 

were taken from each tissue (i.e. BE, duodenum and SQ) for ex vivo culture experiments. In 

order to minimize a possible effect of colonizing bacteria in the esophagus, biopsies were 

immediately washed in Dulbecco’s Modified Eagle’s Medium (DMEM) 42430 supplemented 

with 10% heat inactivated fetal bovin serum (FBS), 100 U/ml penicillin, 100 µg/ml streptomy-

cin, 1 µg/ml insulin, 0.6 µg/ml transferrin and 0.7 ng/ml selenium (all Invitrogen, Breda, the 

Netherlands). Mean biopsy weight was 2.00±0.16 mg in SQ, 4.06±0.19 mg in BE and 4.54±0.25 

mg in duodenum. Biopsy specimens were incubated with various concentrations of purified 

lipopolysaccharide (LPS, E. coli 055:B5, y-irradiated, Sigma Aldrich, St. Louis, MO, USA) for 
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3 hours. Biopsy culture supernatant was collected. Biopsies were washed with phosphate 

buffered saline (PBS) pH 7.4, and either snap frozen and stored at −80°C for subsequent RNA 

isolation (4 biopsies) or fixed in formalin and embedded in paraffin for histological and IHC 

evaluations (2 biopsies).

Cell lines and reagents

The human telomerase-immortalized non-neoplastic Barrett epithelium cell line BAR-T was 

kindly provided by Dr. R.F. Souza and cultured in keratinocyte basal medium-2 (Lonza, Breda, 

the Netherlands) according to Jaiswal et al25. Cell culture experiments were performed using 

collagen IV-coated wells (BD Biosciences, San Jose, CA, USA).

The human embryonic kidney cell line HEK293 and the human colon cancer cell line HT29 

(both ATCC) were cultured in DMEM with glutamax (Invitrogen) supplemented with 10% FBS, 

100 U/ml penicillin and 100 µg/ml streptomycin. HEK293 cells do not express TLR426 and were 

used as a negative control. Cells were cultured in 6-wells plates with various concentrations 

of LPS or recombinant human tumor necrosis factor alpha (TNFα, R&D Systems Europe Ltd, 

Oxon, UK) as a positive control for NF-κB activation. Supernatant was collected and total 

RNA and protein were isolated. In BAR-T cells, transfection experiments using 60μM TLR4 

siRNA (or a non-targeting control siRNA, both Santa Cruz Biotechnology, Santa Cruz, CA, 

USA) and experiments using 5 μM NF-κB inhibitor (Bay11-7082, Sigma Aldrich, St. Louis, MO, 

USA)27 were performed in order to determine whether the effects of LPS stimulation were 

mediated by TLR4 and NF-κB, respectively. LPS (0.1 μg/ml) was added to the appropriate 

wells for 24 hours.

Quantitative reverse transcriptase polymerase chain reaction (Q-RT-PCR)

Total RNA was isolated using RNeasy Micro Kit (Qiagen, Venlo, the Netherlands) according 

to manufacturer’s instructions. RNA concentrations were measured using the Nanodrop 

technology (Thermo Scientific, Erembodegem-Aalst, Belgium). All samples had an excellent 

260/280 ratio, with values varying between 1.89 and 2.00. RNA integrity was confirmed by 

RNA gel electrophoresis. cDNA synthesis and Q-RT-PCR reactions were performed as previ-

ously described28. The primers (Table 1) were mRNA specific to prevent signal information 

Table 1. Primer sequences

Target Forward primer Reverse primer Annealing T
(30 sec)

Product 
length

TLR4 AATCCCCTGAGGCATTTAGG CAGGGCTAAACTCTGGATGG 60.7°C 167

Tollip GACCACCGTCAGCACTCAG GGTCATGCCGTAATTCTTGG 60°C 207

IL8 CACCGGAAGGAACCATCTCACT TGCACCTTCACACAGAGCTGC 62°C 100

COX-2 ATTCCCTTCCTTCGAAATGCAA AGAGAAGGCTTCCCAGCTTTTG 63.3°C 116

Primer sequences used for Q-RT-PCR with corresponding annealing temperature and PCR product lengths.
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from contaminating genomic DNA. Using Taqman probes, 2 endogenous reference genes 

were measured: GAPDH (Hs 4333764F) and β-2-microglubulin (Hs 4333766F; both Applied 

Biosystems, Foster City, CA, USA).

All cDNA samples were analyzed in duplicate. The amplification results of the genes of 

interest were normalized to the mean value of corresponding GAPDH and β-2-microglobulin 

results using the ∆Ct method29. Data were expressed relative to the mean ∆Ct of SQ biopsies, 

or relative to the samples not incubated with LPS in cell and ex vivo culture experiments 

whenever appropriate.

TlR4 Ish

ISH was performed using 6 µm thick paraffin-embedded tissue sections. Antigen retrieval 

(proteinase K 140 µg/ml) and (pre-)hybridization were performed as previously described30. 

A fluorescein labeled human TLR4 specific locked nucleic acid (LNA) and 2’-O-methyl-RNA 

(2OME) probe (5’- TucTuuAcuAgcTcaTucC-3’, with LNA residues in upper case and 2OME in 

lower case; 100uM 1:100 Ribotask ApS, Odense, Denmark) was incubated for 90 minutes at 

55°C. Probes were detected using anti-fluorescein Fab-fragments coupled to alkaline phos-

phatase (1:1000; Roche, Lewes, UK) for 1 hour. The signal was visualized using the VECTOR Blue 

AP Substrate Kit (Vector Laboratories, Burlingame, CA, USA). No counterstain was used. ISH 

experiments were optimized using normal human brain and Alzheimer brain tissue, which 

were included as respectively negative and positive control for TLR4 expression31,  32. In ad-

dition, control slides in which the TLR4 probe was omitted were included (data not shown).

TlR4 and CoX-2 immunostaining

For TLR4 IHC, endogenous peroxidase activity was blocked in 3% H2O2 in methanol after 

deparaffinization. Antigen retrieval was performed by microwaved boiling of the slides 

in citrate buffer at pH6. Non-specific binding was reduced with 10% normal horse serum, 

followed by incubation with goat anti-human TLR4 1:400 (Abcam, Cambridge, UK) for 60 

minutes and with biotinylated horse anti-goat for 45 minutes. Next steps were incubation 

with streptavidin-biotinylated horse radish peroxidase (Dako, Glostrup, Denmark), color 

development using NovaRed as a chromogen substrate and counterstaining with haema-

toxylin (Vector Laboratories). In control flow cytometry experiments, the specificity of the 

TLR4 antibody was evaluated. TLR4 expression was low in the negative control cells HEK29326 

and upregulated in the positive control colon cancer cells HT2933 (data not shown). COX-2 IHC 

was performed as previously described34, with the following exceptions: mouse monoclonal 

anti-human COX-2 was used in a dilution of 1:400 (Cayman Chemical Co, Ann Arbor, MI, USA) 

and 3,3 amino-9-EthylCarbazole (Sigma) was used as a chromogen to visualize antibody 

binding sites. Control slides were included in which primary antibodies were omitted. All 

sections were evaluated using a binocular microscope (Olympus BX 50, Zoeterwoude, the 

Netherlands) to assess distribution and intensity of the staining. Experiments were optimized 
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in tissue microarrays of gastric cancer tissue with either absent or high COX-2 expression34. In 

addition, H&E tissue sections from ex vivo biopsy cultures were evaluated to monitor vitality. 

One dedicated pathologist (FK) reviewed all slides.

western blot analysis of nf-κB activation

Western blot samples were prepared, processed and analyzed as previously described28. 

Primary antibodies included: rabbit monoclonal anti-human phosphorylated-IκBα 1:1000, 

rabbit monoclonal anti-human IκBα 1:1000 (Cell Signaling) and goat monoclonal anti-human 

β-actin 1:8000 (Santa Cruz Biotechnology, Santa Cruz, CA, USA).

Enzyme linked immunosorbent assay (ElIsa)

IL8 concentrations in the cell and biopsy culture supernatant were determined by ELISA (BD 

OptEIA™, San Diego, CA, USA) according to the manufacturer’s instructions. Absorbance 

was read at 450 nm on a spectrophotometric plate reader using the Microplate manager 5.2 

software program (BioRad). All experiments were performed in duplicate and the average of 

two readings was calculated. In biopsy samples IL8 concentrations were normalized to the 

weight of the specimens.

statistical analysis

IL8 secretion (ELISA) and mRNA expression data were presented as mean ± standard error of 

the mean (SEM). As variables were not normally distributed, data were compared between 

cell lines and tissue types using Mann-Whitney U testing and Kruskal Wallis testing whenever 

appropriate. The Spearman’s rank correlation coefficient was used to calculate the correlation 

between IL8 secretion and IL8 mRNA expression. A level of p<0.05 was considered statistically 

significant. SPSS software version 15.0 for Windows (SPSS Inc, Chicago, IL, USA) and GraphPad 

Prism version 5.0 (San Diego, CA, USA) were used for the statistical analyses.

REsulTs

up-regulated TlR4 expression in RE, BE and EaC

Human esophageal and duodenum biopsies were examined for TLR4 expression by Q-RT-

PCR. TLR4 expression was 3.2-fold increased in EAC (3.15±0.84; p=0.001), 2.7-fold increased 

in BE (2.66±0.36; p<0.001) and 1.9-fold increased in RE (1.88±0.30; p=0.009) compared to SQ 

(1.00±0.09; Figure 1a). TLR4 expression was also significantly increased in BE compared to SQ 

from BE patients (1.44±0.28; p=0.007), whereas a non-significant increase in TLR4 expression 

in EAC compared to SQ from EAC patients was found (1.47±0.24; p=0.09). TLR4 expression was 

not different between the various SQ biopsies from normal controls, BE and EAC patients. Ad-

ditionally, TLR4 expression was not significantly different between BE, BE from EAC patients 
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and EAC. TLR4 mRNA expression in BE was comparable to the expression seen in duodenum. 

TLR4 expression was high in the non-neoplastic BE cell line BAR-T (2.20±0.36 vs. SQ biopsies; 

p=0.002) and scarcely or not detected in HEK293 cells (negative control for TLR4 expression; 

0.11±0.08 vs. SQ; p=0.01). Results were confirmed by ISH, which showed TLR4 expression in 

both epithelial and lamina propria cells (inflammatory and non-inflammatory), and in both 

nuclei and cytoplasm (Figure 1b). In all SQ and RE specimens TLR4 was largely confined to 

the basal layer of the squamous epithelium. In all BE specimens TLR4 expression was seen in 

superficial epithelial cells, deeper crypts and lamina propria cells. All EAC specimens showed 

diffuse TLR4 expression in both superficial and infiltrating cells. In the lamina propria TLR4 

expression was observed in inflammatory cells (plasma cells, lymphocytes), fibroblasts, 

muscle cells and endothelial cells. Immunostaining showed that the TLR4 protein expression 

pattern was in line with the expression pattern for mRNA. In SQ, IHC showed cytoplasmic 

expression of TLR4 in keratinocytes located at the basal layer of the epithelium, while in RE 

expression was also observed in the more superficial epithelial layers. In BE, TLR4 expres-

sion was detected at the cell membrane and cytoplasm of columnar epithelial cells, while in 

(inflammatory and non-inflammatory) lamina propria cells, and in EAC a diffuse cytoplasmic 

expression pattern was found (Figure 1c).

Reduced expression of inhibitory factor Tollip in BE and EaC

Q-RT-PCR was performed to examine the mRNA expression of Tollip. This inhibitory factor 

negatively regulates TLR4 signaling through binding to the activated complex35-37. Tollip ex-

pression was reduced in BE and EAC compared to RE and SQ from normal controls, and also in 

BE compared to SQ from BE patients and in EAC compared to SQ from EAC patients (Figure 2). 

The expression level of Tollip in BE corresponded to the expression observed in duodenum. 

BAR-T cells showed low expression of Tollip (0.26±0.15 vs. SQ; p=0.002).

figure 1. TlR4 mRna and protein expression
a)  Q-RT-PCR showed that TLR4 mRNA expression was significantly increased in EAC, BE and RE com-

pared to SQ from normal controls and in BE compared to SQ from BE patients. Data are relative to the 
mean ∆Ct of SQ biopsies. Number of patients: EAC: 15, BE: 15, RE: 15, normal controls: 15. GAPDH and 
β-2-microglobulin were used for normalization. Data are expressed as mean±SEM; Kruskal Wallis and 
Mann-Whitney U testing were used; * p<0.05, ** p < 0.01, *** p < 0.001.

b)  ISH showed TLR4 expression in SQ and RE, which was largely confined to the basal layer of the epithe-
lium. In BE, EAC and duodenum, expression was observed more diffuse throughout the biopsy. No 
counterstain was used.

c)  IHC showed cytoplasmic expression of TLR4 in the basal keratinocytes in SQ (arrowhead). In RE, TLR4 
was also expressed in keratinocytes moving up to the epithelial surface (arrowhead) and along the 
elongated lamina propria papillae (arrow). In BE and EAC, TLR4 expression was also observed in su-
perficial epithelial cells (arrowhead), deeper crypts and in the lamina propria (arrow). Haematoxylin 
counterstain was used.

ISH and IHC pictures are representative for all cases. Number of patients used for ISH and IHC: EAC: 10, BE: 
10, RE: 10, normal controls: 10. DUO=duodenum; NC=normal control.



49

TOLL-LIKE RECEPTOR 4 IN BARRETT’S ESOPHAGUS

C
H

A
PT

ER
 3

a

















 



 







 








 

 

 

 

 



 


 


 


 








b

c



CHAPTER 3

50

nf-κB activation upon TlR4 stimulation

To determine functional activity of TLR4 in BAR-T cells, NF-κB activation was evaluated at 

several time points of LPS incubation. NF-κB activation was measured by phosphorylation 

and degradation of IκBα. As the IκBα storage is replenished rapidly, these factors are short-

term measures38. Western blot analysis showed that in BAR-T cells, IκBα phosphorylation and 

degradation of total IκBα were seen upon 5 minutes of LPS incubation (Figure 3). These results 

indicate that NF-κB is activated following TLR4 stimulation in the non-neoplastic BE cell line 

BAR-T.
















 




 






 







  

 

 

 

 
 




 


 


 


 




figure 2. Expression of inhibitory factor Tollip
Q-RT-PCR showed significantly reduced expression of Tollip in BE, EAC and duodenum compared to SQ and 
RE. Tollip expression did not differ between SQ biopsies taken from normal controls, BE and EAC patients 
and RE. All analyses were performed in duplicate. GAPDH and β-2-microglobulin were used for normaliza-
tion. Data are relative to the mean ∆Ct of SQ biopsies. Number of patients: 15 EAC, 15 BE, 15 RE, 15 normal 
controls. Data are expressed as mean±SEM; Kruskal Wallis and Mann-Whitney U were used; ** p < 0.01, *** 
p < 0.001. DUO=duodenum; NC=normal control.

figure 3. nf-κB activation upon TlR4 stimulation in a BE cell line
In BAR-T cells, Western blot analysis showed phosphorylation of IκBα and degradation of total IκBα when 
cells were incubated with 0.1 µg/ml LPS for 5 minutes. These effects were still observed after 240 minutes 
of LPS incubation. Incubation with TNFα (20 ng/ml, positive control for NF-κB activation) also resulted in 
phosphorylation and degradation of IκBα in BAR-T cells. Actin was used as a loading control.
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Increased Il8 expression and secretion upon TlR4 activation

BAR-T cells were incubated with various LPS concentrations for 24 hours. The results showed 

a dose-dependent increase in IL8 secretion in the culture supernatant of cells incubated with 

LPS compared to control cells as determined by ELISA (Figure 4a). In transfection experiments, 

TLR4 knockdown resulted in an incomplete reduction in TLR4 mRNA expression (Figure 4b) 

and in an (incomplete) reduction in IL8 secretion upon LPS incubation compared to control 

samples (Figure 4c). In addition, NF-κB inhibitor experiments showed that IL8 secretion upon 

LPS stimulation was significantly diminished when BAR-T cells were incubated with the NF-κB 

inhibitor and LPS compared to BAR-T cells incubated with LPS only (Figure 4d). These results 

indicate that IL8 secretion induced by LPS in BAR-T cells was TLR4 and NF-κB dependent. 

Negative control (HEK293) cells did not respond to LPS stimulation (Figure 4e). Q-RT-PCR 

showed a significantly increased IL8 mRNA expression upon LPS incubation in BAR-T cells 

(Figure 4f ).

In ex vivo incubations with various LPS concentrations for 3 hours, a dose-dependent in-

crease in IL8 secretion (pg/ml biopsy culture supernatant/mg biopsy) was observed in BE and 

duodenum biopsies from BE patients and in SQ biopsies from normal controls (Figure 5a). 

Interestingly, IL8 secretion upon LPS incubation was much higher in BE biopsies compared 

to SQ biopsies.

Additionally, in BE and duodenum ex vivo cultures and less evident in SQ, a dose-dependent 

increase in IL8 mRNA expression upon LPS incubation was observed (Figure 5b). A moderate 

to strong correlation between IL8 expression and secretion following LPS stimulation was 

observed (Spearman’s rho=0.60, p<0.001) (Figure 5c). These results illustrate that an inflam-

matory response is induced upon TLR4 stimulation in non-neoplastic BE cells and in SQ, BE 

and duodenum biopsies.

Increased CoX-2 expression in BE upon TlR4 activation

Q-RT-PCR was used to determine COX-2 mRNA expression in cells and ex vivo cultures incu-

bated with LPS. In BAR-T cells, results showed an increased COX-2 mRNA expression upon 

LPS incubation, which was significant using 1 μg/ml LPS compared to control cells without 

LPS (Figure 6a). TNFα incubation of BAR-T cells did not show an effect. In addition, ex vivo 

BE cultures incubated with LPS showed a strong increase in COX-2 expression compared to 

control ex vivo cultures not incubated with LPS (Figure 6b and 6c). No increase in COX-2 

mRNA expression was observed in duodenum ex vivo cultures from BE patients and in SQ 

cultures from normal controls. Upon LPS incubation, the mean increase in COX-2 expression 

was 5.8 (±1.9) fold in BE ex vivo cultures, 1.2 (±0.2) fold in duodenum cultures and 1.3 (±0.2) 

fold in SQ cultures compared to control ex vivo cultures not incubated with LPS (p<0.01) 

(Figure 6b). These results were confirmed by IHC, which showed a strong increase in COX-2 

protein expression in both epithelium and inflammatory cells in the lamina propria in ex vivo 

BE cultures upon LPS incubation (Figure 6d). In SQ and duodenum ex vivo cultures COX-2 
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figure 4. Il8 secretion and expression upon TlR4 stimulation in a BE cell line
ELISA showed a dose-dependent increase in IL8 secretion in BAR-T cells upon 24 hours of LPS incubation 
(a). An incomplete reduction in TLR4 mRNA expression was observed in BAR-T cells transfected with TLR4 
siRNA compared to cells transfected with control siRNA (b). Increased IL8 secretion upon LPS incubation 
was observed in cells transfected with control siRNA and cells not transfected with siRNA. The increase in 
IL8 secretion upon LPS incubation was lower in cells transfected with TLR4 siRNA (c). Upon NF-κB inhibition 
(NF-κB inh) and 0.1 ug/ml LPS incubation, IL8 secretion was decreased compared to LPS incubation alone 
(d). HEK293 cells (negative control) did not secrete IL8 (e). Q-RT-PCR showed an increased IL8 expression in 
BAR-T cells incubated with 1 µg/ml LPS (f). BAR-T and HEK293 cells incubated with TNFα (positive control) 
also showed an increased IL8 secretion and expression (a, e, f). Experiments were performed 3 times in 
duplicate. Data were normalized to control samples not stimulated with LPS. All ELISA and Q-RT-PCR experi-
ments were performed in duplicate. Data are expressed as mean±SEM; Kruskal Wallis and Mann-Whitney U 
testing were used; * p<0.05, ** p < 0.01.
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figure 5. Il8 secretion and expression upon TlR4 stimulation in ex vivo cultures
a)  In ex vivo cultures, 3 hours LPS incubation resulted in a dose-dependent increase in IL8 secretion in 

BE and duodenum ex vivo cultured biopsies from BE patients and in SQ ex vivo cultures from normal 
controls.

b)  Ex vivo cultured BE and duodenum biopsies incubated with LPS showed increased IL8 mRNA compared 
to control biopsies without LPS.

c)  A moderate to strong correlation was observed between IL8 secretion and IL8 mRNA expression after 
LPS incubation in ex vivo cultures (Spearman’s correlation coefficient (ρ)=0.60, p<0.001). Number of pa-
tients used for ex vivo cultures: 12 BE (BE and duodenum biopsies) and 13 normal controls (SQ biopsies). 
Data were normalized to ex vivo cultures not stimulated with LPS. All ELISA and Q-RT-PCR experiments 
were performed in duplicate. Data are expressed as mean±SEM; Kruskal Wallis and Mann-Whitney U 
testing and the Spearman’s correlation coefficient were used; * p<0.05. DUO=duodenum.
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expression was not increased. As previously described39, we did not observe substantial 

histological changes in ex vivo SQ, BE and duodenum cultures upon 3 hours LPS incubation 

(Figure 6d).

DIsCussIon

Differential TLR4 expression was observed comparing SQ, RE, BE and EAC biopsies. Upon TLR4 

activation, a dose dependent increase in IL8 expression and secretion was observed in the 

non-neoplastic BE epithelial cell line and in ex vivo cultures of SQ, BE and duodenum biopsies, 

suggesting an induction of an inflammatory immune response. In addition, LPS incubation 

resulted in a strong increase in COX-2 expression in the BE epithelial cell line and in ex vivo 

cultures of BE biopsies, but not in ex vivo cultures of SQ and duodenum biopsies, indicating a 

possible role of TLR4 in the neoplastic development of EAC in BE through induction of COX-2.

This study showed significantly increased TLR4 expression in RE, BE and EAC compared 

to SQ from normal controls and in BE compared to SQ from BE patients. The non-significant 

increase in EAC compared to SQ from EAC patients (p=0.09) may be due to the large disper-

sion in TLR4 expression in EAC biopsies. Our finding of low TLR4 expression in SQ biopsies 

corresponds with previous results40. Furthermore, Lim et al. showed high TLR1, TLR2, TLR3 and 

TLR5 expression in SQ40. Increased expression of TLR2, TLR3, TLR4 and TLR7 was previously 

shown in an esophageal squamous cell carcinoma cell line (TE-1)41 and overexpression of 

TLR3, TLR4, TLR7 and TLR9 was demonstrated in biopsies from esophageal squamous cell 

carcinoma biopsies24. To our knowledge increased TLR4 expression in BE and EAC compared 

to SQ has not been demonstrated before.

figure 6. CoX-2 expression upon TlR4 stimulation
a)  Q-RT-PCR showed significantly increased COX2 expression in BAR-T cells incubated with 1 μg/ml LPS for 

24 hours compared to control cells without LPS. No increase in COX-2 expression was observed upon 
TNFα incubation (control for NF-κB activation).

b)  Upon LPS incubation, the mean increase in COX-2 mRNA expression was significantly higher in BE ex 
vivo cultures compared to duodenum and SQ cultures.

c)  COX-2 expression was increased in BE ex vivo cultures upon LPS incubation relative to control biopsies 
not incubated with LPS. This effect was not observed in ex vivo cultures from SQ or duodenum biopsies.

  Number of patients used for ex vivo cultures: 12 BE (BE and duodenum biopsies) and 13 normal controls 
(SQ biopsies). All Q-RT-PCR experiments were performed in duplicate. GAPDH and β-2-microglobulin 
were used for normalization. COX-2 expression was normalized to control samples not stimulated with 
LPS. Data are expressed as mean±SEM; Kruskal Wallis and Mann-Whitney U testing were used; * p<0.05, 
** p < 0.01.

d)  IHC showed increased COX-2 expression in both lamina propria (arrow) and epithelium cells (arrow-
head) upon LPS incubation in BE ex vivo cultures and no alterations in SQ and duodenum ex vivo cul-
tures. Representative pictures are shown. Haematoxylin counterstain was used. Number of patients: 
BE: 4, normal controls: 4. DUO=duodenum.
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In the current study, we observed that TLR4 expression was largely confined to the basal 

layer of the squamous epithelium, therefore, we hypothesize that the absence of TLR4 ex-

pression in the superficial layer of SQ epithelium prevents binding of its natural ligand on the 

luminal site of the esophagus. When the epithelium is disrupted as is the case in RE42, TLR4 

may be activated, which in turn may aggravate the inflammatory response. We found that 

the expression levels of TLR4 were increasing from SQ to RE, BE and EAC suggesting that this 

innate immune receptor may be involved in BE and EAC development. Comparable results 

have previously been reported in colitis associated carcinogenesis43.

The natural ligand of TLR4, LPS, is a microbial product derived from gram-negative 

bacteria. Several studies have demonstrated colonization of gram-negative bacteria in the 

esophagus44-46. Esophageal inflammation and BE are associated with gram-negative anaer-

obes, while gram-positive bacteria are predominantly found in SQ44, 45. The possible effect of 

the altered microbiome in BE on TLR4 activation was discussed recently46. Additionally, TLR4 

may be activated by danger signals released in stressed and necrotic tissue47. Endogenous 

TLR4 ligands, e.g. heat-shock protein 60 and 70, have been demonstrated in esophageal 

tissue48, 49. These data suggest that both exogenous and endogenous ligands may activate 

the TLR4 signaling pathway in inflammation associated carcinogenesis in BE. LPS has been 

reported to possibly activate other TLRs50-52. However, microbial contaminants may have been 

responsible for the suggested activity of LPS50,  53. In addition, Hirschfeld et al. showed that 

purified LPS was not capable of inducing other TLRs54. TLR4 knockdown experiments showed 

that IL8 secretion following LPS incubation was decreased in TLR4 siRNA transfected BE epi-

thelial cells compared to control siRNA transfected cells, indicating that the effects induced 

by LPS were TLR4 dependent. Interestingly, PPI-use may affect TLR4 activation via alterations 

in the luminal microenvironment and reduction of damage caused by gastro-esophageal 

reflux46, 55-57. The exact effect should be evaluated in future studies.

We also demonstrated that the expression of Tollip was decreased in BE and EAC compared 

to SQ from normal controls and from BE and EAC patients respectively. It was recently dem-

onstrated that expression levels of Tollip decreased from normal colon mucosa to adenoma 

and colorectal cancer, whereas expression levels of TLR4 and COX-2 increased58. A similar 

pattern was observed from normal gastric mucosa, to intestinal metaplasia, dysplasia and 

gastric cancer59. Tollip is an inhibitor of TLR4 signaling and negatively regulates the degree of 

inflammation in response to LPS35-37. Additionally, Tollip promotes endosomal processing of 

proteins, which may result in early degradation of TLR460, 61. Reduced expression of Tollip was 

demonstrated to result in a strong increased expression of TLR4 located at the apical surface 

of colon epithelium58. The decreased expression of Tollip in BE and EAC may be responsible 

for the increased expression of TLR4 and may result in increased TLR4 activation and thereby 

contributing to neoplastic progression in BE.

NF-κB activation and IL8 expression and secretion were used as a read-out for the induction 

of an inflammatory response following TLR4 stimulation. LPS incubation resulted in NF-κB 
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activation in the BE epithelial cell line and in increased IL8 expression and secretion in BAR-T 

cell culture experiments and ex vivo cultures of SQ, BE and duodenum biopsies. Previously, 

Oh et al. demonstrated that IL8 expression correlated with the amount of reflux62. In the cur-

rent study, we showed that IL8 expression correlated with the amount of microbial products 

(LPS). Interestingly, IL8 expression and secretion were much higher in ex vivo cultured BE 

biopsies compared to SQ biopsies upon TLR4 activation. These results may suggest increased 

LPS responsiveness and the induction of a more severe immune response in BE compared 

to SQ. Previous studies have shown that NF-κB and IL8 expression were increased in BE and 

even more in EAC63-65 and that NF-κB activation in BE resulted in a more anti-apoptotic pheno-

type63, 66. It may well be that TLR4 signaling contributes to these observations.

Duodenal biopsies were included in the ex vivo cultures as a control for intestinal type of 

epithelium. The expression of TLR4 and Tollip and the induction of IL8 expression and secre-

tion upon LPS incubation in BE largely corresponded to the findings in duodenum biopsies. 

Previous experiments from our research group indicated that the composition of immune 

cells (lymphocytes and eosinophils) in BE also corresponded to duodenum67. Interestingly, a 

strong increase in COX-2 expression was observed in ex vivo cultured BE biopsies upon TLR4 

activation, which could not be induced in SQ and duodenal biopsies. In our opinion, this ef-

fect is not a result of an increased inflammatory state in BE2, as an increased COX-2 expression 

in BE was not only observed in inflammatory cells in the lamina propria, but also in columnar 

epithelial cells. In SQ, COX-2 was expressed in a few keratinocytes in the basal cell layer of the 

epithelium. COX-2 expressing cells were also found to express TLR4. The observed increased 

COX-2 expression upon LPS incubation in BE is of high interest, as COX-2 is considered to 

play an important role in the neoplastic progression in BE19-23. In IBD patients, the increased 

COX-2 expression induced by TLR4 signaling has been found to increase PGE2 production, 

phosphorylation of the EGF receptor and increased proliferation16. In this way, TLR4 signaling 

possibly contributes to the anti-apoptotic phenotype in BE and the progression towards EAC. 

Previously, it has been demonstrated that the anti-apoptotic phenotype in BE was NF-κB 

dependent66. However, additional studies are needed to further elucidate this. In fact, we 

observed that the effect of TLR4 signaling differs between Barrett’s epithelium and duodenal 

and SQ tissue and this might, at least partly, explain the increased risk of neoplastic progres-

sion in BE. It would be interesting to study the molecular drivers of the difference between BE 

and duodenum and SQ in the future. Possible mechanisms involved in the strong increase in 

COX-2 expression upon TLR4 activation in BE may be increased transcription and/or stability 

of COX-2 via the NF-κB independent mitogen and stress activated protein kinase (MSK), CREB 

and p38 mitogen-activated protein kinases (MAPK) pathways, respectively68,  69. Our results 

suggest that TLR4 may be a potential therapeutic target to interfere with malignant progres-

sion in BE; future studies of TLR4 inhibitors will therefore be interesting. Previously, TLR4 has 

been suggested to be a therapeutic target for the prevention of colorectal cancer in IBD16. 

During the past few years, several TLR4 antagonists, e.g. TAK242, have been developed and 
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tested, but mainly in sepsis70. The clinical use of TLR4 antagonists in malignancy needs to be 

further explored. As long-term use of COX-2 inhibitors is accompanied with an increased risk 

of cardiovascular adverse events71, 72, TLR4 antagonists may be beneficial.

A strength of this study is the use of ex vivo biopsy cultures and the comparison of BE with 

duodenum tissue samples. Due to the use of patient material, the standard deviation in the 

obtained results was however substantial. This was compensated for by including a sufficient 

number of patients. Furthermore, we did not demonstrate that a malignant phenotype was 

induced upon TLR4 stimulation in ex vivo cultured BE biopsies as a consequence of increased 

COX-2 expression and this needs to be further elucidated.

In conclusion, TLR4 expression is significantly increased in RE, BE and EAC compared to 

SQ. Stimulation of TLR4 resulted in the induction of an inflammatory response in BE, duode-

num and SQ, which was most evident in BE. However, a strong increase in COX-2 expression 

was only observed in BE. It may therefore well be that TLR4 activation in BE contributes to 

malignant transformation through induction of COX-2. As COX-2 is considered to play an im-

portant role in EAC progression in BE, these findings suggest that TLR4 may be an interesting 

therapeutic target to interfere with malignant progression in BE.
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aBsTRaCT

Background and aim

Inflammation is known to be important in the development of esophageal adenocarcinoma 

(EAC) and its metaplastic precursor lesion, Barrett’s esophagus (BE). Toll-like receptor (TLR) 2 

signalling and lysosomal function have been linked to inflammation associated carcinogen-

esis, however studies focusing on these processes in the esophagus are limited. Therefore, we 

examined the expression of TLR2 in the esophagus, and the effect of long-term TLR2 activa-

tion on morphological changes and expression of factors involved in lysosomal function in 

BE epithelium cells.

Methods

TLR2 expression in normal squamous esophagus, reflux esophagitis, BE and EAC biopsies was 

assessed using real-time PCR (Q-RT-PCR), in situ hybridization and immunohistochemistry. BE 

epithelium cells (BAR-T) were incubated with acid and bile salts in the presence or absence 

of the TLR2 agonist Pam3CSK4 up to 4 weeks. Electron microscopy was used to assess mor-

phological changes. Q-RT-PCR was used to determine the expression of lysosomal enzymes 

(Cathepsin B and C) and factors involved in endocytosis (LAMP-1 and M6PR) and autophagy 

(LC3 and Rab7).

Results

TLR2 was expressed in normal squamous esophagus, reflux esophagitis, BE and most promi-

nent in EAC. Long-term TLR2 activation in acid and bile salts exposed BAR-T cells resulted in 

the presence of more and larger lysosomes, more mitochondria and increased mRNA expres-

sion of Cathepsin B and C, LAMP-1 and M6PR when compared to BAR-T cells incubated with 

acid and bile salts or a TLR2 agonist alone. LC3 and Rab7 mRNA expression was unchanged.

Conclusion

Activation of TLR2 in BAR-T cells incubated with acid and bile salts resulted in increased 

expression of lysosomal enzymes and factors involved in endocytosis. This, together with 

the observed larger sized lysosomes and increased number of mitochondria, suggests an 

induction of lysosomal activity and endocytosis upon TLR2 signalling in an environment of 

acid and bile salts. Consequently, TLR2 activation in BE (during reflux episodes) may increase 

clearing of waste accumulations, contributing to cellular homeostasis and defence, and thus 

protect against EAC development in BE.
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InTRoDuCTIon

The pathogenesis of esophageal adenocarcinoma (EAC) and its precursor lesion Barrett’s 

esophagus (BE) is incompletely known. BE is a premalignant condition of the distal part of the 

esophagus in which normal squamous epithelium is replaced by columnar-lined epithelium 

with characteristic goblet cells.1 Since EAC is frequently detected at an advanced stage, the 

prognosis of patients with advanced EAC is still poor, with a 5-year overall survival rate of 

10-20%.2, 3 Both chronic inflammation and ongoing exposure to an acid and bile refluxate are 

considered important pathogenic factors in the development of BE and EAC.1, 4, 5

Reflux of bile salts and acid is known to induce apoptosis, in which lysosomal membrane 

disruption has previously been demonstrated to play a role.6 In malignancies of the gastro-

intestinal tract, including gastric cancer, esophageal squamous cell cancer, EAC and also BE, 

altered lysosomal function and activity or expression of factors involved in the lysosomal 

pathway have been reported.7-10 Lysosomes are intracellular organelles that are known to be 

involved in processing waste products and are important regulators in intracellular homeosta-

sis.11 The lysosomal pathway consists of endocytosis, a process starting with early endosomes 

budding from the cell membrane to ingest exogenous material. The mannose-6-phosphate 

receptor (M6PR) is found on late endosomes and binds lysosomal proteins emitting from 

the golgi complex with a specific M6P-tag.11, 12 M6PR is mutated or downregulated in various 

malignancies.13 Lysosomal-associated membrane protein-1 (LAMP-1) is a transmembrane 

protein identified on late endosomes. Since this protein is not recycled, LAMP-1 expression 

can be used as a measure for endosome formation.14 Autophagy is responsible for the deg-

radation of intercellular components, in which microtubule-associated protein 1A/1B-light 

chain 3 (LC3) and Rab7 are involved.11 Endosomes and autophagosomes end up in lysosomes, 

comprising a degradation machinery constituted by catalytic enzymes such as cathepsins.15 

In rapidly growing malignancies effective lysosomal function plays a crucial role.15

Toll-like receptor (TLR) 2 signalling has been linked to inflammation associated carcinogen-

esis.16 TLR2 is a pattern recognition receptor, which is activated by lipoproteins and peptido-

glycans from gram positive bacteria and endogenous ligands released by stressed tissue.17 

Upon activation of the innate immune receptor, a complex pro-inflammatory signalling 

pathway is activated. Previous studies have shown that TLR2 is upregulated in the inflamed 

intestine protecting gut mucosa by maintaining the gap junction structure and intercellular 

communication between intestinal epithelial cells during acute damage.18 A study by Lowe 

et al demonstrated that TLR2 plays a protective role against tumor development in mice in 

a colitis-induced cancer model by maintaining the epithelial homeostasis and reducing the 

inflammation.16 The lysosomal pathway is crucial in appropriate TLR2 signalling and, in addi-

tion, TLR2 has previously been found to be associated with lysosomal function.19

Based on the existing literature, we hypothesized that TLR2 activation plays a protective 

role in BE, in which the lysosomal pathway may be involved. Data regarding the expression 
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and function of TLR2 in the esophagus, including the effect of activation of its signalling path-

way on the lysosomal pathway are limited. Unravelling these aspects may gain more insight 

in the pathogenesis of BE and EAC. We therefore examined the expression of TLR2 in the 

esophagus. Accordingly, the effect of long-term TLR2 activation on morphological changes 

and the expression of factors involved in lysosomal function in BE cells exposed to acid and 

bile salts was studied.

METhoDs

Biopsy specimens

During routine upper endoscopy tissue samples were obtained from patients with BE associ-

ated EAC, BE, reflux esophagitis (RE) and normal controls. Of the 10 EAC patients, 8 were male, 

mean age 69 years (range 51-87), 2 were diagnosed with tumor stage I, 3 with stage II, 3 with 

stage III, and 2 with stage IV and without prior treatment with radio- or chemotherapy. Of 

the 10 BE patients, 7 were male, mean age 60 years (range 38-74), median BE segment length 

3 cm (range 3-8), without (prior) dysplastic changes or ablative therapy and all used proton 

pump inhibitors (PPIs). Of the 10 RE patients, 5 were male, mean age 58 years (range 43-65), 

6 used PPIs and 7 had grade A esophagitis according to the Los Angeles criteria, 2 grade B, 

and 1 grade D. Of the 10 normal controls, 6 were male, mean age 49 years (range 23-68) and 

all without reflux symptoms, PPI-use and endoscopic abnormalities. Paired biopsies were 

collected from EAC, BE and normal squamous esophagus (SQ) tissue ≥3 cm above the gastro-

esophageal junction. RE biopsies were taken next to the erosions. Duodenum biopsies were 

collected from BE patients as a positive control for intestinal type of epithelium. To study 

TLR2 expression at the mRNA and protein level, one biopsy was snap frozen in liquid nitrogen 

and stored at −80°C for subsequent RNA isolation and one biopsy was fixed in formalin and 

embedded in paraffin for histopathological evaluation, immunohistochemistry (IHC) and in 

situ hybridization (ISH). The study was approved by the Medical Ethical Committee of the 

UMC Utrecht on September 30, 2009 and all patients signed informed consent.

Cell culture

The human telomerase-immortalized non-neoplastic Barrett epithelium cell line BAR-T was 

kindly provided by Dr. R.F. Souza and grown in a special supplemented keratinocyte basal 

medium-2 (Lonza, Breda, the Netherlands) according to Jaiswal et al.20, 21 The human embry-

onic kidney cell line HEK293 does not express TLR2 and was accordingly used as a negative 

control and cultured as described previously.21
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short-term TlR2 stimulation

To evaluate the effect of TLR2 activation, BAR-T en HEK293 cells were incubated for 24 hours 

with the synthetic TLR2 agonist Pam3CSK4 (Invitrogen, San Diego, CA, USA)22 at concentra-

tions of 12.5, 25, 50 and 100 ng/ml. Incubation with 20 ng/ml recombinant human tumor 

necrosis factor alpha (TNFα, R&D Systems Europe Ltd, Oxon, UK) was included as a positive 

control for NF-κB activation. Supernatant was collected and total RNA was isolated, in order 

to determine TLR2 and interleukin 8 (IL8) mRNA expression and IL8 secretion.

long-term TlR2 stimulation combined with acid and bile salts

BAR-T cells were incubated for 4 weeks with acid and bile salts with or without the TLR2 

agonist, to determine the effect of long-term TLR2 activation on morphological changes in 

BE cells exposed to bile salts and acid. Four experimental conditions were included: blanc, 

TLR2 agonist, acid and bile salts and TLR2 agonist combined with acid and bile salts. Two 

concurrent experiments were performed in duplicate. In T25 cell culture flasks, 1.7 x 10^5 

BAR-T cells were cultured in supplemented keratinocyte basal medium-2 with or without 12.5 

ng/ml Pam3CSK4. The appropriate BAR-T samples were 4 times per week exposed to 200 uM 

bile salts mixture composed of 25% Deoxycholic acid (DCA), 45% Glycocholic acid (GCA) and 

30% Taurochenodeoxycholic acid (TCDCA) at pH 4 for 5 minutes (Figure 1). This acid and bile 

salts mixture was chosen based on previous studies.23-25 Cells were subcultured weekly. After 

3 weeks cells were divided during subculturing. One sample was used for mRNA isolation, 

whereas the other sample was used for electron microscopy (EM) at the end of the cell culture 

experiment at 4 weeks.

Subculturing 
BAR-T cells  

5 min incubation with  
bile acids at pH4  

Wed Wed Thu Fri Sat Sun Mon Tue 

Subculturing 
BAR-T cells  

5 min incubation with  
bile acids at pH4  

Supernatant 
refreshment 

Supernatant 
refreshment 

figure 1. long-term incubation of BE epithelium cells with TlR2 agonist Pam3Csk4 and acid and bile 
salts
Time line of the stimulation of BAR-T cells with the TLR2 agonist Pam3CSK4, acid and bile salts for 4 weeks. 
BAR-T cells were cultured with or without 12.5 ng/ml Pam3CSK4. On Wednesday BAR-T cells were subcul-
tured. The appropriate samples were incubated for 5 minutes with bile salts at pH4 on Thursday, Friday, 
Monday and Tuesday.
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Quantitative reverse transcriptase polymerase chain reaction (Q-RT-PCR)

Total RNA isolation from biopsies and BAR-T cells, measurement of RNA concentrations, 

confirmation of RNA integrity, cDNA synthesis and Q-RT-PCR reactions were performed as 

previously described.21 The primers (Table 1) were mRNA specific to prevent signal informa-

tion from contaminating genomic DNA. Using Taqman probes, LC3 (Hs01076567_g1) and 2 en-

dogenous reference genes were measured, i.e. GAPDH (Hs 4333764F) and β-2-microglubulin 

(Hs 4333766F) (Applied Biosystems, Foster City, CA, USA). All cDNA samples were analyzed 

in duplicate. The amplification results of the genes of interest were normalized to the mean 

value of corresponding GAPDH and β-2-microglobulin results using the ∆Ct method.26 

Data were expressed relative to the mean ∆Ct of SQ biopsies, to the control BAR-T cells not 

incubated with the TLR2 agonist (short-term cell culture experiment) or to the BAR-T cells 

incubated with acid and bile salts (long-term cell culture experiment), whenever appropriate.

Table 1. Primer sequences used for Q-RT-PCR with corresponding annealing temperature

Target Forward primer Reverse primer Annealing T (30 sec)

TLR2 TTTCACTGCTTTCAACTGGTA TGGAGAGGCTGATGATGAC 57°C

IL8 CACCGGAAGGAACCATCTCACT TGCACCTTCACACAGAGCTGC 62°C

Cathepsin B AGTGGAGAATGGCACACCCTA AAGAAGCCATTGTCACCCCA 58°C

Cathepsin C CGGCTTCCTGGTAATTCTTC GTGGTCCCATAACCGAGCAG 58°C

LAMP-1 AACTTCTCTGCTGCCTTCTC GAGTGAGTGTATGTCCTCTTCC 58°C

M6PR AATCGACACACCCTAGCGGACAAT CAGCAACCAGTGATGCAAACGTGA 60°C

Rab7 AGTTCCCTGGAACCAGAACTTGGA TGTGACTAGCCTGTCATCCACCAT 58°C

TlR2 in situ hybridization (Ish)

TLR2 ISH was performed on 6 µm paraffin-embedded EAC, BE, SQ, RE and duodenum tissue 

sections as previously described.21 A fluorescein labeled human TLR2 specific locked nucleic 

acid (LNA) and 2’-O-methyl-RNA (2OME) probe (5’-TagCucTguAgaTcuGaaG- 3’, with LNA resi-

dues in upper case and 2OME in lower case; 100uM 1:100 Ribotask ApS, Odense, Denmark) 

was used. The final signal was visualized using the VECTOR Blue AP Substrate Kit (Vector 

Laboratories, Burlingame, CA, USA); no counterstain was applied. Control slides in which the 

TLR2 probe was omitted were included (data not shown).

TlR2 immunohistochemistry (IhC)

TLR2 IHC was performed as previously described, with subsequent incubation of goat 

anti-human TLR2 1:600 (Abcam, Cambridge, UK), biotinylated horse anti-goat, streptavidin-

biotinylated horse radish peroxidase (Dako, Glostrup, Denmark), NovaRed as a chromogen 

substrate and haematoxylin as a counterstain (Vector Laboratories).21 Control slides in which 

the TLR2 antibody was omitted were included (data not shown). In control immunofluores-

ence experiments, the specificity of the TLR2 antibody was evaluated. TLR2 expression was 
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absent in the negative control cells HEK293, whereas strong expression was observed in 

esophageal adenocarcinoma cells (OE33; data not shown).

Enzyme linked immunosorbent assay (ElIsa)

Upon short-term (24 hours) and long-term (4 weeks) incubation with the TLR2 agonist 

Pam3CSK4, IL8 concentrations were measured in the cell culture supernatant by ELISA (BD 

OptEIA™, San Diego, CA, USA) according to the manufacturer’s instructions. Absorbance 

was read at 450 nm on a spectrophotometric plate reader using the Microplate manager 5.2 

software program (BioRad). All experiments were performed in duplicate and the average of 

two readings was calculated.

Electron microscopy

After 4 weeks of incubation of BAR-T cells with the TLR2 agonist Pam3CSK4, acid and bile 

salts, a chemical fixative (2% formaldehyde, 2.5% glutaraldehyde in 0.1 M Na-cacodylate buf-

fer, pH 7.4) was added to the culture flasks for 2 hours at room temperature to preserve the 

cellular morphology. Subsequently, the fixative was replaced by 0.1 M Na-cacodylate buffer, 

pH 7.4. The cells were removed from the culture flask using a cell scraper and transferred to an 

Eppendorf vial (Eppendorf, Nijmegen, the Netherlands). After mild centrifugation the super-

natant was removed and the cells were resuspended in 1% agarose LM-MP (Roche, Woerden, 

the Netherlands) at 37°C. After centrifugation the agarose was solidified on ice and the cell 

pellet was cut into 1 mm3 blocks. Then cells were postfixed with 1% OsO4 and 1.5% K3Fe(CN)6 

in 0.065 M Na-cacodylate for 2 hours at 4°C. After dehydration with ethanol the blocks were 

embedded in EPON according to standard procedures. Ultrathin sections (50-70 nm) were 

prepared on a Leica Ultracut S (Leica, Vienna, Austria) and stained with uranylacetate and 

lead citrate using the Leica AC20 (Leica, Vienna, Austria). Fifteen random micrographs per ex-

perimental condition were taken on a Tecnai 12 (FEI, Eindhoven, the Netherlands) equipped 

with a SIS Megaview III. On average 2 cells were visible on a micrograph. The volume densities 

of different organelles were blindly measured (RV) with point-hit using a simple square lat-

tice test system in Image J (NIH, Bethesda, MD, USA) with a grid plugin (d=0.8µm).27 The same 

lattice was used to measure intersections with membranes to evaluate the length density of 

membranes. The total number of microvilli was counted per micrograph.

statistical analysis

IL8 secretion (ELISA) and all mRNA expression data were presented as mean ± standard 

error of the mean (SEM). Data were compared between cell line samples and biopsies us-

ing two-tailed t tests and ANOVA whenever appropriate. A level of p<0.05 was considered 

statistically significant. SPSS software version 15.0 for Windows (SPSS Inc, Chicago, IL, USA) 

and GraphPad Prism version 5.0 (GraphPad Software, San Diego, CA, USA) were used for the 

statistical analyses.
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REsulTs

TlR2 expression in the esophagus

TLR2 mRNA expression was examined in human esophageal biopsies using Q-RT-PCR. In 

EAC, TLR2 expression was 3.6-fold increased (3.62±0.91) compared to SQ (1.00±0.09, p=0.02; 

Figure 2a). A non-significant increase in BE and RE (2.09±0.66 and 1.47±0.38 fold, respectively) 

compared to SQ was found. Q-RT-PCR results were confirmed by ISH, which showed that TLR2 

mRNA expression was most evident in nuclei, but also in cytoplasm and in both epithelium 

and lamina propria cells (Figure 2b). In SQ and RE, TLR2 expression was largely confined to 

the basal layer of the epithelium, whereas in BE and EAC a more diffuse expression pattern 

throughout the biopsy was observed.

Immunostaining showed predominant expression of TLR2 in the basal keratinocytes in SQ, 

whereas in RE TLR2 expression was seen around the papillae high up in the epithelium due to 

papillary hyperplasia. In BE, TLR2 expression was most prominent in superficial epithelial cells 

and deeper crypts, but was also observed in lamina propria cells. In EAC, diffuse expression 

throughout the biopsy was observed (Figure 2c).

The effect of TlR2 stimulation in BE epithelium cells

Upon short-term incubation with the TLR2 agonist Pam3CSK4 in BE epithelium cells (BAR-T), 

upregulation of TLR2 mRNA expression was observed (Figure 3a). Additionally, Pam3CSK4 

incubation resulted in a significant increase in IL8 mRNA expression and a dose-dependent 

increase in IL8 secretion in BAR-T cells (Figure 3b, c). In negative control cells HEK293, IL8 

secretion was not increased when TLR2 was activated (Figure 3d). These results illustrate the 

induction of an inflammatory response upon TLR2 activation in non-neoplastic BE cells.

figure 2. TlR2 mRna and protein expression
a)  Q-RT-PCR showed that TLR2 mRNA expression was significantly increased in EAC compared to SQ biop-

sies. In BE and RE biopsies TLR2 expression was not significantly different compared to SQ. TLR2 expres-
sion in BE was not significantly different compared to duodenum. Number of patients: 10 per subgroup. 
Experiments were performed in duplicate. GAPDH and β-2-microglobulin were used for normalization. 
Data are expressed as mean±SEM, relative to the mean ∆Ct of SQ biopsies. Two-tailed t tests were used; 
* p<0.05.

b)  ISH showed evident expression of TLR2 mRNA in nuclei and in cytoplasm in SQ, RE, BE and EAC biopsies. 
TLR2 expression was seen in superficial epithelial cells, deeper crypts and lamina propria cells. Expres-
sion in duodenum corresponded to BE. No counterstain was used.

c)  IHC showed predominant expression of TLR2 in the basal keratinocytes in SQ, whereas in RE TLR2 ex-
pression reached up to the more superficial layer of the squamous epithelium. In BE, TLR2 expression 
was most prominent in superficial epithelial cells and deeper crypts, but also observed in lamina pro-
pria cells. In EAC, diffuse expression throughout the biopsy was observed. Haematoxylin counterstain 
was used.

ISH and IHC pictures are representative for all cases. Number of patients: 10 per subgroup.
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figure 3. The effect of TlR2 activation in BE epithelium cells
a)  Q-RT-PCR showed that TLR2 mRNA expression was significantly increased in BAR-T cells incubated with 

Pam3CSK4 for 24 hours compared to control cells not incubated with Pam3CSK4.
b)  Q-RT-PCR showed that IL8 mRNA expression was significantly increased in BAR-T cells incubated with 

Pam3CSK4 for 24 hours compared to control cells. In addition, BAR-T cells incubated with TNFα also 
showed an increased IL8 expression.
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TlR2 activation in BE epithelium cells exposed to acid and bile salts

Exposure of BAR-T cells to acid and bile salts, in the presence or absence of the TLR2 agonist 

for 4 weeks resulted in increased IL8 mRNA expression and secretion compared to control 

BAR-T cells (Figure 3e, f ). Morphological changes were evaluated using EM. First screening 

of the EM images did not show considerable differences between experimental conditions. 

The BAR-T cells looked vital and no apoptotic changes were observed; no abnormal nuclear 

content, chromatin condensation or nucleolus segregation and no swelling of mitochondria 

and cellular shrinkage were observed (data not shown). Stereological methods revealed that 

BAR-T cells incubated with acid and bile salts had an increased number of microvilli protrud-

ing from the cellular membrane compared to control BAR-T cells (mean number of microvilli 

per image±SEM 27.6±2.8 vs. 17.9±2.7; p=0.02) (Figure 4a, b).

A larger proportion of the cell volume consisted of vehicles from the endocytic pathway 

(early endosomes, multivesicular bodies and lysosomes together) in BAR-T cells incubated 

with both the TLR2 agonist and acid and bile salts compared to BAR-T cells incubated with 

the TLR2 agonist or acid and bile salts alone (Figure 4a, c, d). Additionally, a larger proportion 

of the cell volume consisted of mitochondria in BAR-T cells incubated with both the TLR2 

agonist and acid and bile salts compared to BAR-T cells incubated with acid and bile salts 

alone (p=0.02) (Figure 4e). Volume densities of endoplasmic reticulum, golgi complex, cal-

veoli, filaments, cytoplasm and nucleus were not significantly different. The total volume of 

BAR-T cells, represented by the total number of counted points, was the same for the various 

experimental conditions (data not shown).

Expression of factors involved in lysosomal function

Expression of lysosomal enzymes and factors involved in endocytosis and autophagy were 

determined upon incubation of BE cells with acid and bile salts in the presence or absence of 

the TLR2 agonist Pam3CSK4 for 4 weeks. Q-RT-PCR results indicated a significantly increased 

expression of the lysosomal enzymes Cathepsin B and C upon incubation with Pam3CSK4 in 

c)  ELISA showed a dose-dependent increase in IL8 secretion in the cell culture supernatant of BAR-T cells 
upon 24 hours of Pam3CSK4 incubation. In positive control cells incubated with TNFα, IL8 secretion was 
also increased.

d)  In negative control cells, HEK293, IL8 secretion was not increased upon Pam3CSK4 incubation.
e)  Q-RT-PCR showed that IL8 mRNA expression was significantly increased in BAR-T cells incubated with 

bile acids at pH4 and with 12.5ng/ml Pam3CSK4 and bile salts at pH4 for 4 weeks compared to control 
cells.

f)  ELISA showed an increase in IL8 secretion in the cell culture supernatant of BAR-T cells incubated with 
12.5ng/ml Pam3CSK4, bile salts at pH4 and both Pam3CSK4 and bile salts at pH4 for 4 weeks compared 
to control cells.

Experiments were performed 3 times in duplicate. Data were normalized to control samples not incubated 
with Pam3CSK4. In Q-RT-PCR experiments GAPDH and β-2-microglobulin were used for normalization. All 
ELISA and Q-RT-PCR experiments were performed in duplicate. Data are expressed as mean±SEM; Two-
tailed t tests were used; * p<0.05, ** p<0.01, ***p<0.001.
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a

figure 4. Morphological changes upon long-term TlR2 stimulation in BE epithelium cells
a)  BAR-T cells incubated with bile salts at pH4 (with or without the TLR2 agonist Pam3CSK4) were found to 

have more microvilli protruding from the cellular membrane compared to control cells. In BAR-T cells 
incubated with Pam3CSK4 and bile salts at pH4, more and/or larger lysosomes and mitochondria were 
observed compared to BAR-T cells incubated with bile salts at pH4 and Pam3CSK4 alone. Representative 
EM images are demonstrated. In panel C some organelles have been coloured and the square lettice test 
system to measure volume densities is depicted. G=golgi complex, L=lysosome, M=mitochondrium 
(red), N=nucleus (purple), arrow=multivesicular body (blue), arrowhead=endoplasmic reticulum 
(yellow).
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c

e

b)  Quantification of the EM results showed a significantly increased total number of microvilli counted per 
image in BAR-T cells incubated with bile salts at pH4 and with both the TLR2 agonist and bile salts at 
pH4 compared to control cells and cells incubated with the TLR2 agonist alone.

c)  A larger proportion of the cell volume consisted of lysosomes in BAR-T cells incubated with both the 
TLR2 agonist and bile salts at pH4 compared to cells incubated with bile salts at pH4 alone.

d)  A larger proportion of the cell volume consisted of compartments of the endocytic pathway (early en-
dosomes, multivesicular bodies and lysosomes together) in BAR-T cells incubated with both the TLR2 
agonist and bile salts at pH4 compared to cells incubated with bile salts at pH4 alone.

e)  A larger proportion of the cell volume consisted of mitochondria in BAR-T cells incubated with both 
the TLR2 agonist and bile salts at pH4 compared to cells incubated with bile salts at pH4 alone; a non-
significant increase was observed compared to the TLR2 agonist alone and control BAR-T cells.

Number of images analyzed: 15 per experimental condition. Data are expressed as mean±SEM; Two-tailed 
t tests were used; * p<0.05.
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figure 5. Expression of factors involved in lysosomal function
Q-RT-PCR showed significantly increased Cathepsin B, C, LAMP-1 and M6PR expression in BAR-T cells in-
cubated with Pam3CSK4 in combination with bile salts at pH4 compared to cells incubated with bile salts 
at pH4 or Pam3CSK4 alone (a, b, c, d). No effect in LC3 and Rab7 expression in BAR-T cells was observed 
(e, f). Expression data was normalized to BAR-T cells incubated with bile salts at pH4. Data are expressed as 
mean±SEM; paired t-tests were used; * p<0.05, ** p < 0.01.
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combination with acid and bile salts compared to BAR-T cells incubated with acid and bile 

salts or Pam3CSK4 alone (Figure 5a, b). In addition, expression of LAMP-1 and M6PR, factors 

associated with endocytosis, was significantly increased in BAR-T cells incubated with acid, 

bile salts and Pam3CSK4, while no differences in expression of autophagy associated factors 

LC3 and Rab7 were observed (Figure 5c, d, e, f ). These results indicate an increased lysosomal 

activity and endocytosis upon TLR2 signalling in BE cells incubated with acid and bile salts.

DIsCussIon

This study demonstrated TLR2 expression in normal SQ, RE, BE and most prominent in EAC 

biopsies, in both immune and epithelial cells. Previous studies have shown expression of 

TLR2 (and TLR1, TLR3 and TLR5) in SQ28 and in an esophageal squamous cell carcinoma cell 

line, TE-1 (and TLR3, TLR4 and TLR7).29 Differential expression and signalling of TLRs have been 

demonstrated in various gastro-intestinal diseases, resulting in host protection through 

induction of immune responses and damage repair processes. In addition, simultaneous 

stimulation of carcinogenesis has been observed.17, 21, 30, 31

The natural ligands of TLR2 are microbial products obtained from gram positive bacteria. 

The TLR2 agonist Pam3SCK4 used in the present study is a synthetic lipoprotein which pre-

served most of the immune modulatory effects of its natural lipoproteins.22 Previous studies 

have shown colonizing of gram positive bacteria in the esophagus, which were predomi-

nantly present in SQ.32, 33 In RE and BE a switch towards a more gram negative microbiome has 

been observed.32-34 In addition to microbial products, endogenous heat shock proteins and 

high mobility group box 1 protein have been found to be capable of enhancing TLR2 signal-

ling through binding to bacterial lipopeptide.35 These data suggest that both exogenous and 

endogenous ligands are contributing to TLR2 signalling in the esophagus.

IL8 expression and secretion, which were used as a read-out for the induction of an inflam-

matory response, were increased following TLR2 stimulation in BE cells (BAR-T). Interestingly, 

IL8 secretion was previously found to be induced in esophageal squamous cell carcinoma 

cell lines (TE-1 and TE-7) upon TLR2 activation, which was not shown in SQ cells (primary 

squamous epithelium cells, EPC2 and EPC2-hTERT).28, 36

In the present study, long-term TLR2 stimulation in acid and bile salts exposed BEcells (BAR-

T) resulted in the presence of increased numbers and larger volumes of lysosomes, more 

mitochondria and upregulated expression of the lysosomal enzymes Cathepsin B and C and 

endocytosis associated factors LAMP-1 and M6PR. This effect was not observed in BE cells 

incubated with acid and bile salts or the TLR2 agonist alone. No difference in the expression 

of LC3 and Rab7, factors involved in autophagy, was observed. Our results suggest the induc-

tion of lysosomal activity and endocytosis upon TLR2 signalling in combination with acid 

and bile salts exposure in BE. To our knowledge, the association between TLR2 signalling and 
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lysosomal function in the esophagus has not been reported before. Previously, TLR2 signal-

ling was found to facilitate autophagy dependent Nuclear Factor-κB (NF-κB) activation in 

bone marrow-derived macrophages.19 The lysosomal compartment plays an important role 

in tissue homeostasis and cellular function, including processing exogenous material and 

recycling damaged organelles and molecules.11, 12, 15, 37 TLR2 signalling in the presence of acid 

and bile salts in BE may increase degradation of waste products and elimination of luminal 

danger signals, contributing to cellular homeostasis and defence.

Accordingly, effective lysosomal function is crucial in malignancies, to facilitate survival 

and rapid growth of cancer cells.15 Previous studies have shown that changes in lysosomal 

function are involved in carcinogenesis. Cathepsin B overexpression has been demonstrated 

to attribute to the invasive and metastatic potential of malignancies, e.g. in pancreatic 

and prostate cancer.38,  39 In adenocarcinomas of the gastro-esophageal junction increased 

Cathepsin B activity was found to be correlated with lymph node involvement.7

The strength of this study is the incorporation of a long term cell culture experiment of four 

weeks and the use of electron microscopy to assess morphological changes after stimulation 

with the TLR2 agonist in combination with acid and bile salts in a BE cell line. However, there 

are some limitations of this study. We determined the effect of TLR2 signalling in combi-

nation with acid and bile salts incubation on mRNA expression of factors involved in the 

lysosomal pathway. Future experiments should focus on functional activity assays or protein 

expression analyses. Furthermore, this study did not demonstrate an actual protective effect 

or ‘healthier’ phenotype as a result of the induction of lysosomal activity and endocytosis 

upon TLR2 stimulation in acid and bile salts exposed BE epithelium cells. In the future, the 

pathophysiological association between TLR2 and lysosomal function and the effect of the 

induction of lysosomal activity and endocytosis accompanying TLR2 activation in the pres-

ence of acid and bile salts in BE needs to be further elucidated.

In conclusion, TLR2 signalling in acid and bile salts exposed BE epithelium cells resulted in 

increased expression of lysosomal enzymes and accompanying factors involved in endocy-

tosis. This observation, together with an increased number of mitochondria and extended 

numbers and larger volumes of lysosomes, suggests induction of lysosomal activity and en-

docytosis following TLR2 signalling in the presence of acid and bile salts. Interestingly, these 

results suggest a possible role of the innate immune system in BE, in that TLR2 activation in 

BE (during reflux episodes) may increase clearing of waste accumulations, contributing to 

cellular homeostasis and defence, and thus may be important for the protection against EAC 

development in BE.
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aBsTRaCT

Background and aim

In patients with high-grade dysplasia (HGD) in Barrett’s esophagus (BE), it is incompletely 

known which factors are associated with developing esophageal adenocarcinoma (EAC). 

We analyzed prior biopsy and follow-up strategies in a large nationwide population-based 

cohort of patients with HGD in BE, and identified predictors of EAC progression.

Methods

Prior biopsy records and follow-up evaluations were studied in patients with HGD in BE diag-

nosed between 1999 and 2008, using PALGA, a nationwide network and registry of histo- and 

cytopathology in the Netherlands. Multivariate Cox proportional hazards regression analysis 

was performed to identify predictors for prevalent (≤6 months) and incident (>6 months) EAC.

Results

In total, 827 patients with HGD in BE were included. Follow-up data after HGD diagnosis were 

available in 699 (85%) patients. In 249 (36%) of these patients, an EAC was detected (14.1 EACs 

per 100 personyears). The risk of prevalent EAC (n=177) was lower with previous surveillance 

(HR=0.7; 95%CI 0.5-0.9), unifocal HGD (0.3;0.2-0.6), diagnosis in a university hospital (0.5;0.3-

0.9), endoscopic resection (0.5;0.3-0.7) or ablation (0.0;0.0-0.3), and higher when patients 

were 65-75 years (1.5;1.04-2.04). After exclusion of prevalent EACs, the progression rate was 4.2 

EACs per 100 personyears. The risk of progression to incident EAC (n=72) was lower with previ-

ous surveillance (0.6;0.3-0.9) and ablation (0.2;0.0-0.8), and higher when >75 years (3.8;2.0-7.2) 

or with an interval >6 months between HGD diagnosis and first follow-up (e.g. 7-12 months 

2.9;1.3-6.3).

Conclusion

In this cohort of patients with HGD in BE, the EAC detection rate was 14.1 per 100 personyears 

and 4.2 per 100 personyears after excluding prevalent cases. The risk of both prevalent and 

incident EAC was reduced with previous surveillance and endoscopic treatment, while it was 

increased with older age.
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InTRoDuCTIon

Over the past 4 decades, the incidence of esophageal adenocarcinoma (EAC) has been rising 

faster than any other malignancy in the Western world. In the United States, the incidence of 

EAC increased from 3.6 cases per 1,000,000 in 1973 to 25.6 per 1,000,000 in 2006.1 Since EAC 

is frequently detected at an advanced stage, the prognosis remains poor despite improving 

therapeutic options. The 5-year survival rate of patients with locally advanced EAC undergo-

ing curative resection is approximately 15-20%.2-4 Detection at an early stage of neoplastic 

progression may be important in improving survival.

The risk of developing EAC is 30- to 40-fold higher in patients with Barrett’s esophagus (BE) 

compared to the general population.5, 6 A recent meta-analysis showed an EAC incidence rate 

of 6.2 per 1,000 personyears of follow-up in BE.7 BE is characterized by the replacement of 

the normal stratified squamous epithelium of the distal esophagus by specialized intestinal 

columnar epithelium. This premalignant condition is thought to develop as a result of severe 

gastro-esophageal reflux disease.8

The development of EAC in BE has been shown to occur through a multi-step process 

of increasing grades of epithelial dysplasia, from no dysplasia (ND) to low-grade dysplasia 

(LGD), high-grade dysplasia (HGD) and finally EAC.9 This timescale gives the opportunity to 

early detect neoplastic progression and prevent progression to incurable EAC. The American 

guidelines recommend that patients with BE with ND should be included in an endoscopic 

surveillance program at 3-5 year intervals. If LGD is detected, surveillance is performed at 6-12 

months intervals.10, 11 However, the cost-effectiveness of surveillance of BE is controversial and 

well-designed randomized trials are lacking.12 Data with regard to surveillance characteristics 

prior to a diagnosis of HGD are scarce.13, 14

When HGD or (early) EAC is detected in BE, guidelines recommend nowadays a therapeutic 

intervention. In the past decade, the treatment of recommendation shifted from surgical 

resection to endoscopic ablation, with endoscopic mucosal resection (EMR) in case of mu-

cosal irregularities.10, 11, 15, 16 Most experts nowadays agree that endoscopic therapy is the first 

choice treatment in patients with HGD.17, 18,  19 Others advocate however a more expectative 

policy using intensive endoscopic surveillance with biopsies at 3-months intervals in HGD.20 

Data with regard to follow-up strategies in HGD patients are largely based on relatively small 

patient numbers and mostly come from prospective clinical trials investigating at most two 

treatment modalities for HGD. In the largest reported HGD cohort, photodynamic therapy 

was compared to surgical resection21 or the use of proton pump inhibitors only22 in ap-

proximately 200 HGD patients. Risk factors for malignant progression in patients with BE have 

been reported to be male sex, older age, the (known) presence of BE for more than 10 years, 

esophagitis, LGD at baseline and the presence of biomarkers such as p53 loss of heterozygos-

ity in biopsies.13, 23-25 In HGD, the presence of nodular mucosal lesions and diffuse HGD have 

both been identified as risk factors for progression to EAC.26
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The use and effect of surveillance and follow-up strategies have not been extensively 

investigated in patients with HGD in BE and it is largely unknown which patients are at the 

highest risk for progression towards EAC. These data are essential in optimizing surveillance 

and follow-up policies in patients with BE and HGD.

We performed a nationwide population-based study in the Netherlands to identify 

surveillance patterns and follow-up strategies in a large cohort of patients with HGD in BE. 

In addition, we identified risk factors of progression to EAC when a diagnosis of HGD was 

established. Our hypothesis was that participation of patients in a surveillance program prior 

to a diagnosis of HGD reduces the risk of progression to EAC. Finally, in order to support 

current practice, we evaluated whether endoscopic treatment modalities are indeed valid 

alternatives to surgery as well that an aggressive treatment approach in HGD patients to 

reduce EAC progression rates is justified.

METhoDs

study population

All patients with a first diagnosis of HGD in BE between January 1999 to August 2008 were 

identified in PALGA, the nationwide network and registry of histo- and cytopathology in the 

Netherlands. Since its establishment in 1971 the summaries of the original histo- and cytopa-

thology reports are archived centrally in this database.27 Each report is linked to a diagnostic 

code, in line with the Systematized Nomenclature of Medicine (SNOMED) issued by the col-

lege of American Pathologists.28 This code reflects location and type of the tissue sample 

in combination with the histological- or cytological diagnosis (e.g. esophagus*biopsy*high 

grade dysplasia). Pathology reports are linked to each individual patient, based on the en-

crypted first 4 letters of his/her name, date of birth and gender. In 1991, PALGA accomplished 

a nationwide coverage, resulting in archiving the reports generated by all 64 pathology 

laboratories in the Netherlands.27

The PALGA database was searched for diagnostic codes of all types of dysplasia and atypia 

in both esophagus and stomach to minimize the risk of missing incorrectly coded esophageal 

HGD cases. The search details are described in the Appendix. Cases with esophageal HGD were 

identified by reviewing the collected summaries of the pathology reports of the the first 1,000 

cases. All synonyms and codes used for HGD were documented. Then all reports were searched 

for these synonyms and codes and all retrieved reports were reviewed. Inclusion criteria were 

HGD, severe dysplasia or carcinoma in situ diagnosed in the columnar lined esophagus. Cases 

with mild, moderate and low grade dysplasia and HGD in squamous epithelium or stomach 

(including cardia) were excluded. Other exclusion criteria were EAC prior to or simultaneously 

(in the same set of biopsies) detected in combination with a first diagnosis of HGD, and gastric 

cardia carcinoma. In case of detection of an adenocarcinoma in an endoscopic or surgical 
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resection specimen, only patients in whom (the bulk of ) the tumor was stated to be or clearly 

found to be located above the gastro-esophageal junction were included.

Data collection

For each HGD patient, all pathology reports with regard to the esophagus and stomach prior 

to and at least 2 years after a HGD diagnosis (until August 2010) were collected to assess 

prior endoscopy and follow-up characteristics. All reports were reviewed by two review-

ers (RV and PS). During this process, a pathologist (FK) was closely involved. The following 

data were extracted: age, gender, number of endoscopies with biopsies and intervals, most 

severe histologic diagnosis prior to HGD, date of HGD diagnosis, type of hospital (general/ 

university) where a HGD diagnosis was made, extent of HGD, follow-up strategy and date of 

last follow-up or EAC diagnosis. We assumed that patients who had least two separate sets 

of biopsies prior to a HGD diagnosis in the database were actually participating in a surveil-

lance program. Unifocal HGD was defined as only one focus of HGD in at most one biopsy, in 

line with the Mayo Clinic definition.26 Following a HGD diagnosis, patients were suspected to 

have undergone ablative therapy if this was either stated explicitly in the pathology report 

or when neosquamous epithelium or eradication of Barrett epithelium in the absence of an 

(endoscopic) resection specimen was stated in at least one of the follow-up reports. Due to 

its systematic approach, detection of a malignancy in BE almost always results in a separate 

histopathological evaluation and consequent registration in the PALGA database. Prevalent 

EACs were defined as EACs detected ≤6 months following an initial HGD diagnosis.29, 30 EACs 

diagnosed >6 months after a diagnosis of HGD were defined as incident EACs. Intramucosal 

EACs were limited to the lamina propria or muscularis mucosae.

statistical analysis

Characteristics at the time of HGD diagnosis were analyzed with standard descriptive sta-

tistics and compared between patients with (≥2 prior sets of biopsies) and without (0 or 1 

prior set of biopsies) surveillance prior to a diagnosis of HGD using the chi-square test and 

student’s t-test where appropriate. Differences in characteristics between patients that were 

subject to the various follow-up strategies and between patients with and without progres-

sion towards EAC (total number) were then compared using the chi-square test, student’s 

t-test and Wilcoxon rank-sum test where appropriate. The use of surveillance and follow-up 

strategies were compared between 1999-2003 and 2004-2008, to analyze changes over time, 

using the chi-square test. The time distribution of detection of EACs in HGD patients was 

subsequently plotted. Crude incidence rates for progression towards EAC were calculated as 

the total number of EACs per 100 personyears of follow-up. Likewise, Kaplan-Meier survival 

analysis was applied to calculate EAC progression rates. For the total number of EACs, the 

proportion of intramucosal versus advanced EACs was compared between patients with 

and without surveillance biopsies prior to a diagnosis of HGD using a chi-squared analysis. 
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Kaplan-Meier survival analysis with log-rank testing was used to plot the progression to 

EAC (total number) for patients that did or did not participate in a surveillance program. We 

then analyzed prevalent and incident EACs separately. Multivariate Cox proportional hazard 

regression analysis was used to identify independent risk factors associated with progression 

to prevalent or incident EACs. Moreover, crude incidence rates and EAC progression rates us-

ing Kaplan-Meier survival analysis were calculated for incident EACs. Censoring was applied 

at the moment of a first diagnosis of EAC or at the last endoscopy with biopsy sampling. 

Two-sided p-values <0.05 were considered statistically significant. SPSS software version 15.0 

for Windows was used for the statistical analyses.

REsulTs

A total of 14,196 patients with dysplasia or atypia in the esophagus or stomach from 1999 to 

August 2008 were identified in the PALGA database. Of these, 827 patients (77% men, mean 

age (±SD) 67±12 years) with a first diagnosis of HGD in BE were identified and included in 

the study cohort (Figure 1, Table 1). Characteristics regarding a HGD diagnosis are shown in 

Table 1. In 181 (22%) patients, HGD was characterized as unifocal at initial diagnosis and in 

figure 1. Identification of the HGD study cohort in PALGA, the nationwide network and registry of histo- 
and cytopathology in the Netherlands.
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59 patients (7%) as multifocal. In the remaining patients (71%), the extent of HGD was not 

specified in the summaries of the pathology reports.

surveillance participation

In 337 of 827 (41%) patients, no upper endoscopy with biopsy sampling was performed prior 

to HGD diagnosis and in 159 (19%) patients only 1 prior biopsy sampling of BE was performed 

at a median interval of 0.8 (interquartile range (IQR) 0.2-2.8) years. In 331 (40%) patients >2 bi-

opsy samplings were performed with a median of 4 (IQR 2-7) biopsy samplings and a median 

interval between evaluations of 1.4 (IQR 0.9-2.1) years. According to our definition, the latter 

group participated in a surveillance program. The surveillance participants were significantly 

younger than patients with one or no prior biopsy sets (mean age (±SD) 65 ±11 vs. 67 ±12 

years, p=0.01) (Table 1). Surveillance participation was higher if HGD was diagnosed between 

2004 and 2008 compared to 1999 and 2003 (207/478; 43%) vs. 124/349; 36%), p=0.02). Similarly, 

surveillance participation was higher in university hospitals (89/164; 54%) than in general 

hospitals (229/634; 36%) (p<0.01). In almost half (160/331; 48%) of patients undergoing surveil-

lance, LGD was detected in at least one biopsy taken prior to an initial HGD diagnosis (Table 1).

Table 1. Characteristics of patients with and without surveillance prior to HGD diagnosis

Surveillance prior to HGD

Total No* Yes

N= 827 (%) N= 496 (60%) N=331 (40%) p-value

Gender

Male 640 (77) 382 (77) 258 (78) 0.75

Female 187 (23) 114 (23) 73 (22)

Mean age – yr (SD) 67 (12) 67 (12) 65 (11) 0.01

Year of HGD diagnosis

1999-2003 349 (42) 225 (45) 124 (38) 0.02

2004-2008 478 (58) 271 (55) 207 (62)

Hospital of HGD diagnosis

General 634 (77) 405 (82) 229 (69) <0.01

University 164 (20) 75 (15) 89 (27)

Unknown 29 (3) 16 (3) 13 (4)

Most severe histology prior to HGD**

LGD 191 (23) 31 (6) 160 (48) <0.01

Indefinite for dysplasia 118 (14) 26 (5) 92 (28)

BE 122 (15) 58 (12) 64 (19)

Esophagitis 17 (2) 11 (2) 6 (2)

Gastric type of epithelium 28 (3) 25 (5) 3 (1)

Other diagnosis 15 (2) 9 (2) 6 (2)

* 0 or 1 prior endoscopy with biopsy sampling
** 1 or ≥2 prior endoscopies with biopsy sampling
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follow-up strategies

After HGD diagnosis, 203 (25%) of the 827 HGD patients were treated with EMR, 59 (7%) with 

ablative therapy, 106 (13%) with surgical resection and 5 (1%) with another treatment modal-

ity. Endoscopic follow-up with biopsies was performed in 326 (39%) HGD patients, with a 

median of 2 (IQR 1-5) evaluations at a median interval between biopsy samplings of 0.5 (IQR 

0.2-1.0) years. In 128 (15%) patients, no follow-up evaluations were performed after the initial 

HGD diagnosis.

Patients in whom treatment was performed (endoscopic treatment or surgical resection) 

were significantly younger than patients subject to endoscopic follow-up with biopsies or 

no follow-up (mean age 64±10 vs. 69±12 years, p<0.01). Patients assumed to participate in 

a surveillance program prior to HGD were more often treated for this compared to patients 

who did not participate in such a program (193/331; 58% vs. 180/496; 36%, p<0.01). In addition, 

a HGD diagnosis in a university hospital resulted significantly more often in treatment than a 

diagnosis in a general hospital (96/164; 59% vs. 264/634; 42%, p<0.01).

From 1999-2003 to 2004-2008, the proportion of patients undergoing endoscopic treat-

ment increased from 18% (63/349) to 42% (199/478), whereas that of surgical resection, 

endoscopic follow-up with biopsies or no follow-up decreased from 82% (285/349) to 56% 

(275/478) (p<0.01).

Detection of EaC

A diagnosis of EAC was confirmed in 249 (36%) of 699 HGD patients in whom follow-up evalu-

ations (biopsy sampling or resection) were performed during 1,762 personyears of follow-up 

(median 1.6 (IQR 0.3-4.0) personyears) (Table 2). The crude incidence rate was 14.1 EACs per 

100 personyears. Kaplan Meier survival analysis showed EAC detection rates of 0.30 (95%CI 

0.29-0.34), 0.35 (95%CI 0.33-0.39) and 0.41 (95%CI 0.38-0.45) after 1, 3 and 5 years, respectively, 

Table 2. Characteristics of HGD patients with and without detection of an EAC.

Total*
N= 699 (%)

Progression
N= 249 (36%)

No progression
N= 450 (64%)

p-value

Surveillance prior to HGD

No 391 (56) 168 (67) 223 (50) <0.01

Yes 308 (44) 81 (33) 227 (50)

Follow-up strategy

Endoscopic follow-up with biopsies 326 (47) 130 (52) 196 (44) <0.01

Ablative therapy 59 (8) 3 (1) 56 (12)

EMR 203 (29) 55 (22) 148 (33)

Surgical resection 106 (15) 60 (24) 46 (10)

Other 5 (1) 1 (1) 4 (1)

* All patients in whom follow-up evaluations (biopsy sampling and/ or resection) were performed after 
HGD diagnosis
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following HGD diagnosis. EAC was less frequently detected in patients in whom >2 biopsy 

samplings were performed prior to HGD diagnosis (81/308; 26%) compared to patients with 

1 or no prior evaluations (168/391; 43%) (p<0.01) (Table 2). The median number of prior en-

doscopies was 2 (IQR 0-4) in patients without a diagnosis of EAC compared to 0 (0-2) (p<0.01) 

in patients with EAC detected. This finding was confirmed by Kaplan Meier survival analysis 

showing a significant reduced EAC detection rate with surveillance participation prior to HGD 

diagnosis compared to no surveillance according to our definition (Figure 3). Of all EACs, 35% 

(88/249) were intramucosal lesions. The time to EAC detection was not significantly longer in 

surveillance participants compared to those not undergoing surveillance (mean time (±SD) 

1.1 ±2.1 vs 0.8 ±1.7 years, p=0.25). Participation in a surveillance program prior to HGD was as-

sociated with a significantly higher proportion of intramucosal EACs (44/81; 54%) compared 

to no surveillance (44/168; 26%) (p<0.01).

Prevalent EACs

In 177 (25%) patients, EAC was detected within 6 months after HGD diagnosis and defined 

as prevalent (Figure 2). Multivariate Cox proportional hazards regression analysis showed 

that surveillance participation, presence of unifocal HGD, diagnosis in a university hospital, 

and endoscopic therapy were independently associated with a decreased risk of detection 

of prevalent EAC in HGD patients (Table 3). The risk of a prevalent EAC was increased in older 

HGD patients (65-75 years).

Incident EACs

After exclusion of prevalent EACs and patients with <6 months follow-up, progression towards 

an incident EAC was confirmed in 72 (16%) of 443 HGD patients during 1,714 personyears of 

follow-up (median 3.3 (IQR 1.8-5.2) personyears). The crude incidence rate was 4.2 EACs per 

100 personyears and the EAC progression rates were 0.06 (95%CI 0.03-0.08), 0.12 (95%CI 0.09-

     

















 
 

    





 


 






figure 2. Time distribution of detection of prevalent (n=177) and incident (n=72) EACs in 699 HGD patients 
in whom follow-up endoscopies evaluations were performed during the study period from January 1999 
to August 2010.
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0.16) and 0.20 (95%CI 0.15-0.24), respectively, 1, 3 and 5 years following HGD diagnosis. Crude 

incidence rates were 1.2 EACs per 100 personyears for patients undergoing ablative therapy, 

7.9 for EMR, 14.4 for endoscopic follow-up with biopsies, and 34.5 for surgical resection. 

Among those undergoing prior surveillance, EAC diagnosis was decreased in patients who 

received therapy for HGD compared to those who did not (9/142; 6% vs. 19/83; 23%, p<0.01). 

Multivariate Cox proportional hazards regression analysis showed that progression towards 

incident EAC was significantly reduced when participating in a surveillance program prior 

to HGD diagnosis, and after ablative therapy. The risk of progression towards incident EAC 

was significantly increased in patients older than 75 years, and with an interval >6 months 

between initial HGD diagnosis and first follow-up evaluation (biopsy sampling or resection) 

(Table 3).
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number at risk

No Surveillance 391 146 95 33 12 6

Surveillance 308 168 79 45 23 11

figure 3. Kaplan-Meier survival analysis (+log rank test) for EAC detection in patients with and without 
surveillance endoscopies prior to HGD diagnosis. All 699 cases with follow-up after HGD diagnosis were 
included in the analysis.
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Table 3. Independent risk factors associated with detection of a prevalent and incident EAC in HGD patients 
as identified by multivariate Cox proportional hazards regression analysis. In addition to all variables listed 
in the table, the Hazard ratios (HR) are corrected for gender.

Prevalent EAC*
(177/ 699)

Incident EAC**
(72/ 443)

N Unadjusted
HR

95% CI Adjusted
HR

95% CI N Unadjusted
HR

95% CI Adjusted 
HR

(95% CI)

Age

< 65 years 316 reference - reference - 209 reference - reference -

65-75 years 249 1.21 0.87-1.68 1.46 1.04-2.04 157 1.32 0.76-2.30 1.37 0.77-2.44

> 75 years 134 1.23 0.82-1.85 1.27 0.83-1.94 77 3.64 2.03-6.51 3.80 2.01-7.18

Year of HGD diagnosis

1999-2003 289 reference - reference - 185 reference - reference -

2004-2008 410 1.26 0.93-1.71 1.61 1.17-2.22 258 1.28 0.77-2.13 2.68 1.52-4.73

Hospital of HGD diagnosis

General 527 reference - reference - 315 reference - reference -

University 151 0.40 0.25-0.65 0.53 0.33-0.86 114 0.79 0.46-1.36 1.06 0.60-1.85

Extent of HGD

Other 543 reference - reference - 324 reference - reference -

Unifocal 156 0.33 0.20-0.55 0.33 0.20-0.56 119 0.62 0.34-1.11 0.66 0.36-1.22

Surveillance

No 391 reference - reference - 218 reference - reference -

Yes 308 0.47 0.34-0.65 0.67 0.48-0.94 225 0.55 0.34-0.88 0.55 0.33-0.91

Interval between HGD diagnosis and 1st re-evaluation

0- 3 months 543 reference - reference - 305 reference - reference -

4- 6 months 74 0.29 0.14-0.58 0.31 0.15-0.63 56 1.42 0.71-2.88 1.80 0.88-3.69

7- 12 months 42 - - - - 42 2.57 1.23-5.35 2.88 1.31-6.33

> 12 months 40 - - - - 40 3.65 2.05-6.52 2.54 1.33-4.84

Follow-up strategy

Endoscopic 
follow-up with 
biopsies

326 reference - reference - 186 reference - reference -

Ablative therapy 59 0.05 0.01-0.36 0.04 0.01-0.30 58 0.15 0.04-0.60 0.19 0.04-0.81

EMR 203 0.61 0.42-0.89 0.49 0.33-0.72 155 0.45 0.25-0.82 0.54 0.28-1.05

Surgical resection 106 1.68 1.18-2.38 1.28 0.88-1.84 37 2.11 1.10-4.04 5.47 2.55-11.7

* All 699 HGD patients at risk in whom follow-up evaluations were performed after HGD diagnosis
** 443 HGD patients at risk; prevalent EACs and patients with <6 months follow-up excluded
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DIsCussIon

In this large population-based cohort of patients with HGD in BE, the initial HGD diagnosis 

was established at index endoscopy in 41% of all patients and in 40% of patients participating 

in a surveillance program. In 36% of all HGD patients, an EAC was detected. The (incident 

and prevalent) EAC risk was reduced with previous surveillance and endoscopic treatment 

of HGD and increased with older age. The majority of EACs was detected within 6 months of 

initial HGD diagnosis. In addition, the risk of prevalent EAC was decreased with unifocal HGD 

and when a HGD diagnosis was established in a university hospital compared to a general 

hospital. The risk of incident EAC was increased with a longer interval between initial HGD 

diagnosis and the first follow-up evaluation.

In total, 25% of the HGD cohort had a prevalent EAC, whereas another 11% progressed to 

an incident EAC. After excluding the prevalent EACs, the overall EAC progression rate was 4.2 

per 100 personyears. In untreated HGD patients, our crude incidence rate of 14.4 EACs per 100 

personyears was higher than the weighted-average incidence rate of 6.6 (range 2.2 to 19.0) 

EACs per 100 personyears that was reported in a recent meta-analysis.29 One study in this 

meta-analysis excluded however EACs within 1 year after HGD diagnosis20 and not within 6 

months as we did, whereas another study included unifocal HGD only31, while we included 

both unifocal and multifocal HGD. It seems likely that this can explain the lower incidence 

rate in this meta-analysis.29 The EAC incidence rate of 1.2 per 100 personyears in patients 

undergoing ablative therapy in the present study was in line with the 1.7 EACs per 100 per-

sonyears reported by Wani et al.30 The number of EACs detected in the resection specimens 

of HGD patients undergoing surgery in our study cohort (57%) was slightly higher compared 

to 40% (range 0-73%) as was reported in a recent meta-analysis.32 This may at least partly be 

explained by confounding by indication in our study, meaning that in these patients signs 

might have been presented indicating more advanced disease, which resulted in the clinical 

decision to perform surgical resection. On the other hand, it should also be kept in mind that 

in the meta-analysis studies with relatively small patient numbers were included.

The majority of EACs was detected within 6 months following a first HGD diagnosis. As is 

generally accepted, it is likely that these malignancies were already present at the moment 

of HGD diagnosis. This can be explained by sampling bias or misclassification by the patholo-

gist, the latter being incorrectly diagnosed as HGD instead of EAC (overestimation of the 

number of HGD patients). With regard to the latter, it is known that a relatively high inter- and 

intra-observer agreement exists for a diagnosis of HGD/EAC in BE; however, still some (less 

experienced) pathologists come to an alternative histological diagnosis in these cases.33,  34 

The high number of prevalent EACs indicates that there is still room for improvement in both 

screening and surveillance of BE.

Due to the large study cohort, we were able to identify independent risk factors for pro-

gression towards EAC in HGD patients. Only the presence of nodular mucosal lesions and 
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diffuse HGD were previously reported as risk factors for malignant progression.26 In line with 

these results, we found that unifocal HGD decreased the prevalent EAC risk. Considering the 

large proportion of patients in whom the extent of HGD was unknown, this factor should 

be further explored. Moreover, age between 65 and 75 years was a risk factor for prevalent 

EAC, whereas age above 75 years was associated with an increased incident EAC risk. It is 

unclear how this can be explained, but it may be that surveillance at 3-months intervals was 

less strictly followed in these patients, due to the fact that these patients may have had one 

or more co-morbidities, which made physicians reluctant in planning these patients for a 

follow-up endoscopy and/or made patients themselves reluctant to undergo endoscopy 

according to the guidelines.

The risk of progression towards EAC was decreased in patients undergoing endoscopic 

treatment (compared to endoscopic follow-up with biopsies), while it was increased with 

a longer interval between initial HGD diagnosis and the first follow-up evaluation. As men-

tioned before, the increased EAC risk in patients undergoing surgical resection compared to 

EMR may be caused by confounding by indication. Nevertheless, this may further emphasize 

that endoscopic treatment, either by EMR when nodular lesions are present and/or ablation, 

is an attractive alternative to surgical resection in HGD patients.35-37

The assumed participation in a surveillance program prior to HGD diagnosis was rather 

high in our study cohort (40%), in particular when comparing this to studies including EAC 

patients, in which only 10-15% were found to have undergone prior surveillance endosco-

pies.38-40 Surveillance characteristics prior to a HGD diagnosis have been reported previously 

in only small groups of patients and were mainly based on follow-up results in BE cohorts.13, 14 

The detection of LGD prior to HGD diagnosis in 48% of the patients supports the supposed 

multi-step process of increasing grades of epithelial dysplasia in the progression to cancer. 

When HGD patients were assumed to participate in a surveillance program, we found that the 

risk of a (prevalent and incident) EAC decreased. In addition, when an EAC was detected in the 

surveillance participants, this was found to be more often an intramucosal EAC than an inva-

sive EAC. This may at least partly be explained by an increasing use of (endoscopic) treatment 

modalities for HGD and the detection of earlier stage disease in surveillance participants. 

These results are identical to previous studies, in which it was shown that an increased overall 

survival and detection of earlier-stage EAC was found in patients undergoing surveillance 

compared to no surveillance.39-42 However, the possible effect of length time bias should be 

taken into account. Patients with more progressive disease are less likely to be detected in 

a surveillance program. This may have resulted in an over-representation of more advanced 

disease in the non-surveillance group. More progressive disease is often associated with a 

poorer prognosis, which may have contributed to the worse outcome in the non-surveillance 

group. Lead time bias probably has not played an important role in our study since the time 

to EAC detection was not significantly longer in the surveillance participants compared to 

those not undergoing surveillance. Taken together, these data suggest that surveillance in 
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BE should be considered as it may improve survival related to EAC in these patients. It should 

however be kept in mind that the risk of progression towards EAC in BE is relatively low and 

in only a minority of patients the cause of death.10, 33 This emphasizes that risk stratification in 

surveillance is needed, e.g. by developing easy to apply biomarkers that are able to identify 

the small group of BE patients at the highest risk for progression towards HGD and EAC.23

We also found that the attitude of physicians towards surveillance and follow-up strategies 

changed over a period of 10 years in our cohort. Patients who participated in a surveillance 

program prior to HGD diagnosis and/or patients who underwent treatment after diagnosis of 

HGD were younger, more often had HGD diagnosed in the last period of the study, and were 

more often diagnosed in a university hospital compared to a general hospital. During the 

study period, the proportion of patients that was not treated for HGD and that underwent 

surgical resection decreased, whereas the proportion of patients that was endoscopically 

treated increased. A diagnosis of HGD in the second study period was associated with an 

increased risk of progression towards EAC compared to the first period. This may be due to 

a combination of more intensive biopsy sampling (more biopsies taken during endoscopy), 

better diagnostic modalities (high-resolution endoscopes, chromoendoscopy, narrow-band 

imaging, etc.), increased awareness of endoscopists and a rising EAC incidence in the Western 

population.1

Strengths of our study are the large unselected population-based cohort, nationwide 

coverage of the Netherlands, which is assumed to be representative for other Western coun-

tries, and extensive documentation of histologic follow-up. The population-based design of 

this study enabled comparison of all possible follow-up strategies in HGD patients, whereas 

previous studies comprised at most two treatment arms.36 Moreover, our outcomes are based 

on the review of the summaries of the pathology reports, instead of the diagnostic codes 

from databases that were used in other studies.

However, our study has also some limitations. The PALGA database contains only pathol-

ogy data. Therefore, we did not have access to any information regarding indication of the 

biopsy sampling, endoscopic findings (length of the Barrett segment, irregularities in the 

Barrett segment and macroscopic location of the tumor) and medication use. In spite of our 

inclusion criteria, we cannot completely rule out that we selected some patients with HGD 

in the cardia. Due to the large patient numbers, we are however convinced that this will 

have a negligible impact on the results. Furthermore, it may also be possible that histological 

criteria for a diagnosis of HGD were incorrectly used. However, the inter-observer agreement 

between pathologists for a diagnosis of HGD is known to be relatively high.33,  34 In future 

studies it will be interesting to examine the histologic features of the progressive and non-

progressive HGD lesions in detail.43

In conclusion, the assumed adherence to surveillance endoscopy prior to a diagnosis of 

HGD has been relatively high (40%) in the last 10 years in the Netherlands, although this also 

shows that there is still room for improvement. In 36% of this large nationwide population-
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based HGD cohort, an EAC was detected during follow-up, which mostly were prevalent 

EACs. The risk of both prevalent and incident EAC was reduced with previous surveillance 

and endoscopic treatment while it was increased with older age. The risk of a prevalent EAC 

was further reduced with unifocal HGD and when a diagnosis was established in a university 

hospital. A longer interval between HGD diagnosis and first follow-up was associated with 

an increased incident EAC risk. We think that surveillance in BE should be considered, based 

on the more favorable outcome in this group. However, better strategies are needed to 

identify patients at the highest risk for neoplastic progression. Once an initial diagnosis of 

HGD is established, a therapeutic approach should be taken into account. These data support 

the current practice of performing endoscopic treatment in HGD patients. Moreover, more 

studies are needed that evaluate the long term effect of ablative therapy and the optimal 

post-ablation follow-up strategy.30 A more aggressive approach is recommended since an 

EAC was already present in a substantial number of patients and the progression risk was 

increased with a longer interval between HGD diagnosis and first follow-up. Based on this, 

we should consider starting treatment as soon as HGD is detected, also in older patients as 

endoscopic treatments are only minimally invasive.

aPPEnDIX

Diagnostic codes used in the PALGA search strategy

Item Specification Code

Location Esophagus OR stomach T62,T63

Sample type Biopsy OR resection OR excision 
OR autopsy

P11400 , P11260, P11200, P11230, P11261, P11420, P11100, P11101, 
P11282, P11100, P11102, P11140 , P11999

Diagnosis Dysplasia M74000, M74006, M74007, M74008, M74009

Atypia M69700, M69710, M69720, M69730, M69770
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aBsTRaCT

Background and aim

Consistency of high-grade dysplasia in Barrett’s esophagus is incompletely known and the 

clinical course may vary between patients. We aimed to evaluate the consistency of high-

grade dysplasia diagnosis in a Dutch nationwide cohort and to identify predictors for (re-)de-

tecting high-grade dysplasia or esophageal adenocarcinoma when ≥1 follow-up evaluations 

after an initial high-grade dysplasia diagnosis were scored with a lower histological grade.

Methods

In this retrospective cohort study, all patients diagnosed with high-grade dysplasia in Barrett’s 

esophagus between 1999 and 2008 in the Netherlands were selected using the nationwide 

histopathology registry. Multivariate analysis was performed to identify predictors for (re-)

detecting high-grade dysplasia or esophageal adenocarcinoma in patients with ≥1 follow-up 

evaluations scored with a lower grade.

Results

In total, 512 high-grade dysplasia patients were included, of whom 53% had ≥1 follow-up 

evaluations scored with a lower grade. The (re-)detection risk was increased when follow-

up was performed in a university hospital and when endoscopic/surgical resection was 

performed and decreased with an increasing number of follow-up evaluations scored with 

a lower grade.

Conclusion

High-grade dysplasia diagnosis was inconsistent in more than half of patients. (Endoscopic) 

resection in an expert center is recommended to (re-)detect high-grade dysplasia or esopha-

geal adenocarcinoma when an endoscopic follow-up protocol with biopsies repeatedly 

shows a lower histological grade.
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InTRoDuCTIon

Barrett’s esophagus (BE) is a premalignant condition predisposing to the development of 

esophageal adenocarcinoma (EAC).1, 2 The neoplastic progression is thought to occur through 

a gradual stepwise process from no dysplasia to low-grade dysplasia (LGD), high-grade 

dysplasia (HGD) and finally EAC.3, 4 In clinical practice, the histological finding of dysplasia is 

the most commonly used method to predict progression risk and is used to determine en-

doscopic surveillance intervals and to decide whether or not there is an indication for treat-

ment. Current guidelines recommend endoscopic treatment when HGD in BE is detected.5-7 

We recently demonstrated that the progression rate to EAC in HGD patients was 4.2 per 100 

personyears, after excluding prevalent cases.8

Even though we have gained insight in the progression rates in BE, the consistency of a 

diagnosis of HGD in BE is incompletely known. In clinical practice, HGD may not be detected 

in repeat biopsy samples during endoscopic follow-up after an initial HGD diagnosis, unless 

endoscopic or surgical treatment is performed and the specimen is meticulously histologi-

cally evaluated. No data are available indicating that HGD regresses spontaneously, however, 

this phenomenon can also not be completely excluded. It is more likely that a finding of 

no dysplasia after previous HGD diagnosis is the result of sampling error during endoscopy 

or interobserver variability between pathologists during histological evaluation, which to 

some extent can be due to the co-presence of inflammation.9 At the lower end of the meta-

plasia- dysplasia sequence (no dysplasia, indefinite for dysplasia (IFD), LGD) interobserver 

agreement of the diagnosis has been reported to be poor,10-12 but is substantial in case of 

HGD or EAC, with kappa values ranging from 0.61 to 0.72.10, 11, 13 The interobserver agreement 

is somewhat lower for distinguishing between HGD and EAC in biopsy samples, and is even 

further reduced in HGD with a predominant architectural distortion.14

There is no evidence available indicating which patients are at the highest risk of re-detect-

ing HGD or detecting EAC when HGD is not seen during one or more endoscopic follow-up 

evaluations. We hypothesized that HGD diagnosis was inconsistent in a considerable propor-

tion of patients and that cases with HGD confirmed by an expert pathologist and undergoing 

aggressive treatment (resection) were at the highest risk of (re-)detecting HGD or EAC. The 

aim of this study was therefore to evaluate the consistency of a diagnosis of HGD in BE in a 

large cohort of patients and to identify predictors for (re-)detecting HGD or EAC, particularly 

when one or more follow-up evaluations after an initial HGD diagnosis were scored with a 

lower histological grade.
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MaTERIals anD METhoDs

study population

All patients diagnosed with HGD in BE between January 1999 and August 2008 were selected 

in the PALGA database, which is a Dutch nationwide registry in which all summaries of histo- 

and cytopathology are centrally archived. Nationwide coverage, including all 64 pathology 

laboratories in the Netherlands, was accomplished in 1991.15 Each pathology report is linked to 

a diagnostic code, reflecting a topological term and type of the tissue sample in combination 

with the histo- or cytological finding (e.g. esophagus*biopsy*high grade dysplasia). These 

diagnostic codes correspond to the Systematized Nomenclature of Medicine (SNOMED) is-

sued by the college of American Pathologists.16

To minimize the risk of missing incorrectly coded esophageal HGD cases, patients with all 

types of dysplasia and atypia in both the esophagus and stomach were identified in the data-

base. For each patient, the summaries of all pathology reports with regard to the esophagus 

and stomach were retrieved. Patients with HGD in BE were selected by searching and review-

ing the reports for HGD synonyms. Cases with HGD, severe dysplasia or carcinoma in situ 

diagnosed in a segment with intestinal metaplasia in the esophagus were included. Exclusion 

criteria were mild and moderate dysplasia, LGD, HGD in squamous epithelium or stomach 

(including gastro-esophageal junction), EAC prior to or simultaneously (in the same set of 

biopsies) detected with a first diagnosis of HGD and carcinoma of the gastro-esophageal 

junction. In case of detection of EAC in a resection specimen only patients in whom the bulk 

of the tumor was located above the gastro-esophageal junction were included.

Data collection

Of the selected HGD cases, all retrieved pathology reports were reviewed by two reviewers 

(RV and PS), with consultation of a pathologist (FK) in doubtful cases. The following data 

were extracted from these reports, i.e., gender, age, number of histological evaluations and 

intervals, diagnosis and type of sample (biopsy or resection specimen), year of HGD diag-

nosis, type of hospital of HGD diagnosis and follow-up (general/ university), extent of HGD, 

conclusion of a second opinion by an expert pathologist, follow-up strategy, date of (re-)

detection of HGD or EAC when HGD was not seen during one or more follow-up evaluations 

and date of last follow-up. Unifocal HGD was defined as only one focus of HGD in at most one 

biopsy, in line with the Mayo Clinic definition.17

In order to evaluate the consistency of a diagnosis of HGD, patients treated with ablative 

therapy and with <2 histological follow-up evaluations were excluded. Patients were assumed 

to have undergone ablative therapy if this was either explicitly stated in the pathology report 

or when the presence of neosquamous epithelium or eradication of Barrett epithelium in the 

absence of an (endoscopic) resection specimen was stated.
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Subsequently, patients with one or more histological follow-up evaluations (biopsies as 

well as resection specimens) after an initial HGD diagnosis scored with a lower histological 

grade and patients with HGD detected in all follow-up evaluations until HGD was resected 

were identified.

statistical analysis

Characteristics of HGD patients were analyzed using standard descriptive statistics. Multi-

variate Cox proportional hazards regression analysis was performed to identify independent 

determinants for (re-)detection of HGD or EAC after a period with evaluations scored as less 

severe than HGD. Censoring was applied at the moment of (re-)detecting HGD or EAC or at 

the last follow-up evaluation. Two-sided p-values <0.05 were considered statistically signifi-

cant. SPSS software version 15.0 for Windows was used for the statistical analyses.

REsulTs

Consistency of hgD diagnosis

For this study on the consistency of a diagnosis of HGD in BE, 512 patients were included 

(Figure 1). Mean age (±SD) of the study cohort was 64 (±11) years and 80% (n=410) was male. 

The median duration of follow-up was 1.9 (interquartile range (IQR) 0.3-4.3) personyears.

In 31% (160/512) of the total cohort, the initial HGD diagnosis was evaluated by a second 

(expert) pathologist. HGD diagnosis was confirmed in 94% (150/160) of the revisions, down-

graded in 5% (8/160) and upgraded to EAC in 1% (2/160). In 240 (47%) patients, HGD was 

found after the initial HGD diagnosis in all histological follow-up evaluations until HGD was 

resected (n=98; 19%), or until EAC was detected (n=142 (28%), which was in 113 patients ≤6 

figure 1. Identification of the high-grade dysplasia study cohort in the nationwide registry of histo- and 
cytopathology.
* 128 patients had no follow-up and 128 only one follow-up evaluation.
HGD= high-grade dysplasia
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months and in 29 patients >6 months). In total, 272 (53%) patients had ≥1 follow-up evalua-

tions after an initial HGD diagnosis scored with a lower histological grade (Figure 1).

Re-detection of hgD or EaC

In 272 patients with an initial HGD diagnosis and with ≥1 evaluations scored with a lower his-

tological grade, the (re-)detection rate of HGD or EAC was determined. The median number 

of follow-up evaluations scored as less severe than HGD was 3 (IQR 1-5), with a maximum of 

18. In 66% (151/272) of these patients, HGD was no longer detected during follow-up, even 

after confirmation of the initial HGD diagnosis by an expert pathologist in 25% of the cases 

(38/151) or undergoing an endoscopic (n=33) or surgical resection (n=4) in 25% (37/151). A 

second opinion by an expert pathologist in these patients resulted in downgrading of the 

initial HGD diagnosis in 5% (8/151). In the remaining 44% (121/272) of the study cohort, HGD 

(n=91) or EAC (n=30) was (re-)detected after ≥1 evaluations scored with a lower grade than 

HGD during a median follow-up of 2.2 (IQR 0.8-4.8) years. In 31% (38/121) of these patients, 

a second opinion of HGD diagnosis was performed prior to the evaluations scored with a 

lower grade, which confirmed HGD in all cases. In none of these patients the HGD diagnosis 

was down-graded during revision by an expert pathologist. Multivariate Cox proportional 

hazards regression analysis revealed that the (re-)detection rate of HGD or EAC after a pe-

riod with follow-up evaluations scored as less severe than HGD was increased in patients 

undergoing endoscopic mucosal resection (EMR) (hazards ratio (HR) 3.69, 95% confidence 

interval (CI) 2.10-6.49) or surgical resection (HR 6.64, 95%CI 2.37-18.6) compared to histological 

follow-up with biopsies (Table 1). When HGD or EAC was not detected in a resection specimen, 

the risk of (re-)detection of HGD or EAC during further follow-up decreased (diagnosis less 

severe than HGD in both resection specimen and biopsies vs. biopsies only HR 0.15, 95%CI 

0.07-0.34). An increasing number of evaluations being scored as less severe than HGD was 

associated with a decreased risk of (re-)detecting HGD or EAC (e.g. ≥6 vs. 1-2 evaluations HR 

0.05, 95%CI 0.02-0.13). The (re-)detection rate of HGD or EAC was increased if the initial HGD 

diagnosis was confirmed by an expert pathologist compared to patients in whom no revision 

was performed (HR 1.52, 95%CI 1.11-2.23), which was abolished when hospital of follow-up 

was included in the analysis (HR 1.14, 95%CI 0.73-1.76). HGD was more often confirmed by an 

expert pathologist in patients with follow-up performed in a university hospital (57/148; 39%) 

compared to a general hospital (17/111; 15%) (p<0.001). (Re-)detection of HGD or EAC was not 

seen during follow-up if the initial HGD diagnosis was down-graded in a second opinion of 

the specimen (n=8), while it was increased when follow-up was at least partially performed 

in a university hospital compared to follow-up in a general hospital only (HR 3.54, 95%CI 2.15-

5.84). Including hospital of follow-up in the analysis did not correct for the other predictors of 

(re-)detecting HGD or EAC. Age, gender, year of diagnosis of HGD, hospital of HGD diagnosis, 

extent of HGD and number of HGD diagnoses prior to follow-up evaluations scored with a 

lower grade were not independently associated with (re-)detection of HGD or EAC.
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Table 1. Determinants for the (re-)detection of high-grade dysplasia or esophageal adenocarcinoma

(Re-)detection of hgD/ EaC
(121/ 272; 44%)

Determinant
n unadjusted

hR
95%CI adjusted

hR
95%CI

Hospital of HGD diagnosisa

General 198 Reference - reference -

University 60 0.72 0.45-1.13 1.24 0.76-2.02

Extent of HGD

Other 188 Reference - reference -

Unifocal 84 1.03 0.70-1.52 1.18 0.78-1.80

Second opinion prior to diagnosis of ‘X’

No revision 188 Reference - reference -

HGD confirmed
76

1.44 0.97-2.12 1.52
1.11-2.23c

HGD downgraded 8 0.00 0.00-N/A 0.00 0.00-N/A

Number of HGD diagnoses prior to ‘X’

1 230 Reference - reference -

> 2 42 1.75 1.14-2.67 0.88 0.52-1.47

Number of evaluations scored as ‘X’

1-2 134 Reference - reference -

3-5 88 0.23 0.14-0.35 0.27 0.16-0.43

≥ 6 50 0.05 0.02-0.11 0.05 0.02-0.13

Type of sample with diagnosis of ‘X’

Biopsy 220 Reference - reference -

Resection specimen 4 2.18 0.80-5.93 0.70 0.23-2.19

Biopsy and resection specimen 48 0.40 0.21-0.77 0.15 0.07-0.34

Follow-up strategyb

Histological follow-up 194 Reference - reference -

EMR 69 1.58 1.06-2.36 3.69 2.10-6.49

Surgical resection 9 2.91 1.18-7.26 6.64 2.37-18.6

Independent determinants for the (re-)detection of HGD/EAC after ≥1 evaluations following the initial HGD 
diagnosis scored with a lower histological grade, as identified by multivariate Cox proportional hazards 
regression analysis. In addition to all variables listed in the table, the Hazard ratios (HR) were adjusted for 
gender, age and year of HGD diagnosis.
a. Hospital of HGD diagnosis is missing in 14 cases
b. The applied strategy from HGD diagnosis to the moment of censoring: (re-)detection of HGD/ EAC or 
last follow-up
c. The effect was abolished when including hospital of HGD follow-up in the analysis (HR 1.14, 95%CI 0.73-
1.76). University (at least partially) vs. general hospital of follow-up: HR 3.54 (95%CI 2.15-5.84)
X Evaluations scored with a lower grade after an initial HGD diagnosis
CI=confidence interval; EAC=esophageal adenocarcinoma; EMR=endoscopic mucosal resection; 
HGD=high-grade dysplasia; HR=hazards ratio
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DIsCussIon

In this large Dutch nationwide population-based study focusing on the consistency of a di-

agnosis of HGD in BE, we showed that, after an initial HGD diagnosis, 47% of the patients had 

HGD diagnosed in all histological follow-up evaluations until HGD was resected or EAC was 

detected. The other 53% of patients with an initial diagnosis of HGD had at least one follow-

up evaluation scored with a lower histological grade. In these patients, the (re-)detection rate 

of HGD or EAC was 44%. Determinants of (re-)detecting HGD or EAC were undergoing follow-

up in a university hospital compared to a general hospital and undergoing an endoscopic or 

surgical resection of the Barrett’s segment compared to histological follow-up with biopsies. 

Re-detection of HGD or EAC was decreased with an increasing number of evaluations being 

scored with a lower histological grade of dysplasia or no dysplasia.

The Dutch pathology database PALGA was previously used by another study group to 

report progression rates in patients diagnosed with BE.18 We recently reported on EAC pro-

gression rates in patients with HGD in BE identified in this database.8 In the current study, we 

chose another approach and evaluated the consistency of a diagnosis of HGD in BE, focusing 

on follow-up evaluations that were scored with a lower histological grade after an initial HGD 

diagnosis.

We were surprised to find that the proportion of patients in whom the diagnosis of HGD was 

inconsistent was so high; more than half of the patients had follow-up evaluations in which 

HGD was not detected. This may be caused by multiple factors, i.e., sampling error during 

endoscopy, misclassification during histological evaluation or even regression. Unfortunately, 

based on the histopathology data, it was not possible to distinguish between these factors. 

The interobserver agreement in distinguishing HGD or EAC from LGD or IFD has been reported 

to be substantial.10, 11,  13 In this study, we showed that revision by an expert pathologist con-

firmed the HGD diagnosis in 90%, supporting a substantial interobserver agreement for a HGD 

diagnosis. In addition, in none of the patients in whom the HGD diagnosis was down-graded 

by the expert pathologist, HGD or EAC was detected during follow-up. These observations 

suggest that sampling error was the predominant factor involved rather than misclassification.

Data with regard to the consistency of a diagnosis of HGD in BE are scarce. Kaye et al. 

showed that HGD was not confirmed during follow-up in a small proportion of patients (9%; 

3/33), even after a consensus diagnosis for HGD.19 We showed that HGD was not (re-)detected 

during follow-up in 29% (151/512) of the total HGD study cohort, of which a quarter was 

confirmed by an expert pathologist. This observation may suggest that regression of HGD 

occurred or that small focal areas of HGD were resected by taking biopsies.

The occurrence of sampling error or misclassification is also demonstrated by the detec-

tion of prevalent EACs in patients diagnosed with HGD. We previously showed that in 22% of 

the HGD patients EAC was detected within 6 months following the initial HGD diagnosis.8 The 

interobserver disagreement between HGD and EAC is known to be much lower.14
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Confirmation of the HGD diagnosis by an expert pathologist was associated with an in-

creased risk of (re-)detecting HGD or EAC during a period in which HGD was not seen in 

histological follow-up evaluations. This effect was however abolished when hospital type, 

either university or general, in which follow-up was performed was included in the analysis, 

showing an increased risk of (re-)detecting HGD or EAC when partially performed in a uni-

versity hospital compared to a general hospital. This observation may be explained by the 

association between revision of a HGD diagnosis by an expert pathologist and the quality of 

follow-up endoscopies in a university hospital. The increased likelihood of (re-)detecting HGD 

or EAC when follow-up was performed in a university hospital may well be associated with 

better diagnostic modalities or a larger number of biopsies taken per endoscopy; however, 

this remains speculative as we have no details on the performed endoscopic procedures.

Our observations support the recommendations in current guidelines and recent consen-

sus statements to perform a treatment when HGD is diagnosed in patients with BE, with a 

preference for an endoscopic resection.5-7, 20 This study showed that endoscopic or surgical 

resection in case of a prior HGD diagnosis significantly increased the risk of (re-)detecting 

HGD or EAC compared to histological follow-up with biopsies. An additional advantage of 

performing a resection is the increased concordance between pathologists for a diagnosis of 

HGD in (endoscopic) resection specimens compared to biopsy samples.5, 20-22

In order to reduce sampling error, better strategies are needed to identify dysplastic areas 

within the Barrett segment. Recent advances in imaging modalities, such as high-resolution 

endoscopy, narrow band imaging, chromoendoscopy and confocal laser endomicroscopy 

may help to improve recognition and characterization of dysplasia.20, 23-27 In addition, the use 

of biomarkers may aid in improving the histological diagnosis and especially the detection of 

neoplastic changes in BE.3, 28

Strengths of our study are the large population-based design and nationwide coverage of 

the Netherlands, which is assumed to be representative for other Western countries. This is 

the first large study describing the consistency of a diagnosis of HGD in BE and examining 

predictive factors for the (re-)detection of HGD or EAC in patients in whom HGD was not seen 

during subsequent histological evaluations. Furthermore, our results are based on a review of 

all pathology reports, while other studies used the diagnostic codes only.

There are also some limitations that need to be considered. First, this study is based on 

histopathology data only. Unfortunately, we did not have access to endoscopic findings, 

patient characteristics including medication use and the clinical decision making process in 

these patients. This may have resulted in confounding by indication; HGD cases with clinical 

signs indicating more advanced disease may have had a higher likelihood of undergoing 

follow-up in a university hospital or surgical resection contributing to an increased risk of 

(re-)detection of HGD or EAC. In addition, we did not have any information regarding the 

applied biopsy protocol. However, the Dutch surveillance protocol for BE corresponds to 

the international guidelines and has previously been shown to be applied by the majority 
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of Dutch endoscopists.29 Second, a substantial number of patients was excluded from the 

analysis due to a limited number (<2) of histological follow-up evaluations. In some of these 

patients surgical resection may have been performed immediately after HGD diagnosis 

without any further follow-up with biopsy sampling, especially in the first period of the 

study. Excluding these patients may have resulted in an overestimation of the occurrence of 

inconsistent HGD diagnoses, as in these cases HGD diagnosis may have been less difficult or 

questionable. Third, the results of the second opinions by expert pathologists as performed 

in clinical practice were used in this study and we did not perform a standardized revision 

of all HGD diagnoses. Therefore, the applied histological criteria may differ between HGD 

patients depending on the pathologist. Fourth, in patients with no (re-)detection of HGD or 

EAC, HGD or EAC may still have been present since a surgical resection was performed in only 

in a minority of patients. Therefore, the decreased risk of (re-)detecting HGD or EAC with an 

increasing number of evaluations scored as less severe than HGD should be interpreted with 

some caution.

In conclusion, this large population-based study showed that diagnosing HGD was fre-

quently inconsistent; more than half of the patients with an initial diagnosis of HGD in BE had 

no or a lower grade of dysplasia in follow-up biopsies. The risk of (re-)detecting HGD or EAC, 

after a period in which HGD was not seen, was increased when follow-up was performed in 

an expert center and when endoscopic or surgical resection was performed. Based on these 

results, endoscopic resection is strongly recommended when HGD is diagnosed, preferably 

in an expert center, to re-detect and resect the HGD tissue segment and to ensure timely 

EAC detection. Resection is recommended even when HGD is not seen during subsequent 

follow-up evaluations, as the risk of (re-)detecting HGD or EAC is high and the interobserver 

agreement for a HGD diagnosis is increased in (endoscopic) resection specimens compared 

to biopsy samples.21, 22 When the decision is taken that a patient with HGD should undergo 

endoscopic follow-up, it important to realize that patients with a finding of no or a lower 

grade of dysplasia needs careful follow-up to (re-)detect HGD or EAC in time.
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aBsTRaCT

Background and aim

Barrett’s esophagus (BE) is associated with an increased risk of developing esophageal ad-

enocarcinoma (EAC). Patients with a known diagnosis of BE are usually advised to participate 

in an endoscopic surveillance program but its clinical value is unproven. Our objective was to 

compare patients participating in a surveillance program for BE prior to EAC diagnosis with 

those not participating in such a program, and to determine predictive factors for mortality 

from EAC.

Methods

All patients diagnosed with EAC between 1999 and 2009 were identified in the nationwide 

Netherlands Cancer Registry. These data were linked to PALGA, the Dutch Pathology Registry. 

Prior surveillance was evaluated, and multivariable Cox proportional hazards regression 

analysis was performed to identify predictors for all-cause mortality at 2-year and 5-year 

follow-up.

Results

In total, 9,780 EAC patients were included. Of these, 791 (8%) patients were known with a prior 

diagnosis of BE, of which 452 (57%) patients participated in an adequate endoscopic surveil-

lance program, 120 (15%) patients in an inadequate program and 219 (28%) patients had a 

prior BE diagnosis without participating. Two-year (and 5-year) mortality rates were lower in 

patients undergoing adequate surveillance (adjusted (adj.) HR 0.79, 95%CI 0.64-0.92) when 

compared to patients with a prior BE diagnosis not participating. Other factors associated 

with lower mortality from EAC were lower tumor stage (stage I vs. IV HR 0.19, 95%CI 0.16-0.23) 

and combining surgery with neoadjuvant chemo/radiotherapy (HR 0.66, 95%CI 0.58-0.76).

Conclusion

Participation in a surveillance program for BE, but only if adequately performed, reduces 

mortality from EAC. Nonetheless, it remains to be determined whether such a program is 

cost-effective as more than 90% of all EAC patients were not known with BE prior to diagnosis.
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InTRoDuCTIon

Over the past decades, esophageal adenocarcinoma (EAC) has been shown to have the 

most rapidly rising incidence of all malignancies in the Western world.1 Despite improving 

diagnostic modalities, EAC is frequently detected at an advanced stage, making treatment 

with a curative intention no longer possible.1-3 The incidence of Barrett’s esophagus (BE), the 

premalignant precursor lesion of EAC, is also rising.4,  5 As the risk of progression to EAC is 

increased in BE, guidelines recommend participation in an endoscopic surveillance program 

once a diagnosis of BE is established.6-9

Surveillance participation for BE has been shown to be associated with a lower tumor 

stage at the time of EAC detection.10-13 However, results regarding better survival in surveilled 

participants are not largely available and conflicting. Two studies were not able to show a 

survival advantage, including a recently published case-control study.13, 14 Moreover, studies 

showing an improvement of mortality in surveillance participants were based on small pa-

tient populations and did not perform multivariable analyses.10-12

The objective of the current study was to compare EAC patients with a prior BE diagnosis 

participating in a surveillance program with patients not participating in such a program. 

In addition, we identified predictive factors for all-cause mortality at 2-year and 5-year 

follow-up, including the role of surveillance, in a large nationwide population-based cohort 

of patients with EAC. Our hypothesis was that mortality was lower in adequately surveilled 

patients when compared to patients not participating in a surveillance program prior to EAC 

diagnosis.

METhoDs

study population and data collection

All patients diagnosed with EAC between 1999 and 2009 in the Netherlands were selected 

from the nationwide Netherlands Cancer Registry.15 In this database, all new cancer diagno-

ses are registered since 1991. Data were collected from the patient registration systems of all 

Dutch hospitals by trained personnel. Exclusion criteria were high-grade dysplasia (HGD), 

carcinoma in situ and adenocarcinoma of the gastro-esophageal junction. The following 

data were extracted from the registry, i.e., age, gender, year of EAC diagnosis, tumor stage, 

differentiation grade and localization, type of hospital (academic vs. non-academic) of EAC 

diagnosis, type of hospital where treatment was performed, treatment choice, and vital 

status at the end of follow-up. Follow-up data were retrieved until the end of 2011 in order to 

have at least 2 year follow-up for each subject.

The cancer registry data were linked to PALGA (Pathologisch-Anatomisch Landelijk 

Geautomatiseerd Archief ), the nationwide network and registry of histo- and cytopathology 
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in the Netherlands, to retrieve information about histologic evaluations prior to EAC diagno-

sis. The summaries of all original histo- and cytopathology reports are archived centrally in 

this database.16 From PALGA all pathology reports related to the esophagus were obtained, 

including endoscopic evaluations with biopsies and resection specimens. The presence of 

endoscopic evaluations with biopsies prior to EAC diagnosis and related intervals and a prior 

diagnosis of BE (with or without dysplasia) were evaluated.

Definitions

A prior or known BE diagnosis was defined as a diagnosis of intestinal metaplasia (with or 

without dysplasia) one year or longer before EAC diagnosis. An interval of at least one year 

was chosen to limit the selection of cases in whom more advanced disease was suggested at 

the moment of BE diagnosis, resulting in the clinical decision to repeat upper endoscopy at 

an earlier stage. Participation in a surveillance program was defined as a prior BE diagnosis 

one year or longer before EAC diagnosis with at least one additional endoscopy with biop-

sies between the first histologic BE and EAC diagnosis. Inadequate surveillance was defined 

as an interval between first BE diagnosis and EAC diagnosis that was more than 1.5 times 

longer than expected based on diagnoses of intermediate histologic evaluations and recom-

mended intervals in surveillance guidelines, i.e. >4.5 years in BE with no dysplasia, >1.5 years 

in indefinite-for-dysplasia (IFD) and low-grade dysplasia (LGD) and >4.5 months in HGD.6, 8, 9 

All other surveillance intervals were defined as adequate.

statistical analysis

Characteristics of EAC patients were analyzed with standard descriptive statistics. Differences 

between patients undergoing adequate or inadequate surveillance and with or without a pri-

or BE diagnosis not undergoing surveillance were analyzed using a chi-square test, Wilcoxon’s 

rank-sum test or Kruskal-Wallis test whenever appropriate. The proportion of EAC patients 

participating in an adequate or inadequate surveillance program prior to EAC diagnosis and 

with or without a prior BE diagnosis not participating were plotted over time and compared 

using chi-square testing. At a population level, EAC incidence rates and absolute 2-year and 

5-year all-cause mortality rates were calculated and plotted as the number of EAC diagnoses 

and overall deaths per 100,000 inhabitants at risk of >20 years per year of EAC incidence. 

Kaplan-Meier survival analysis with log-rank testing was used to compare mortality rates in 

EAC patients undergoing adequate or inadequate surveillance and with or without a prior 

BE diagnosis not undergoing surveillance. Multivariable Cox proportional hazards regression 

analysis was performed to identify independent predictors for all-cause mortality at 2-year 

and 5-year follow-up, reflecting early and late mortality. When analyzing mortality at 5-year 

follow-up, patients with an EAC diagnosis from 2007 to 2009 were excluded because of lim-

ited follow-up time. All extracted variables, either known or assumed to be associated with 

mortality in EAC patients17-23, were included in both univariable and multivariable analyses 
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and were all entered in the model. Two-sided p-values <0.05 were considered statistically 

significant. SPSS software version 20.0 for Windows was used for the statistical analyses.

REsulTs

study population

A total of 9,863 patients diagnosed with EAC between 1999 and 2009 were identified in the 

Netherlands Cancer Registry. We excluded 64 patients with carcinoma in situ and 19 patients 

with no follow-up data available. In total, 9,780 EAC patients were included. The mean age 

was 68 (standard deviation (SD) 12) years and 80% (7,833) were male.

surveillance participation

BE was known prior to EAC diagnosis in 791 (8%) patients; of these 452 (57%) patients par-

ticipated in an adequate endoscopic surveillance program prior to EAC diagnosis, 120 (15%) 

patients in an inadequate program and 219 (28%) patients had a prior BE diagnosis without 

participating, according to our definition. The adequate surveillance participants underwent 

a median of 5 (interquartile range (IQR) 3-7) histologic evaluations from first BE diagnosis 

to EAC detection, compared to 2 (IQR 2-3) evaluations in the inadequate surveillance group 

(p<0.001). Tumor stage deteriorated from patients undergoing adequate surveillance, to 

those with inadequate surveillance and a prior BE diagnosis without participating, to pa-

tients without a prior BE diagnosis (Table 1). In patients undergoing adequate surveillance, 

cancers were more often detected at a surgically resectable stage (T1-3N0-3M0). In addition, 

adequately surveilled patients more frequently underwent a curative treatment (resection ± 

(neo)adjuvant therapy) when compared to patients with inadequate surveillance or patients 

with or without a prior BE diagnosis not participating in such a program. The proportion 

of adequate or inadequate surveillance, and of patients with or without a known prior BE 

diagnosis not participating in a surveillance program remained stable over time (Figure 2).

Mortality

In the total EAC study cohort, the median survival after EAC diagnosis was 0.8 (IQR 0.3-

2.0) years. The 2-year and 5-year all-cause mortality rates were 75% (7,295/9,780) and 89% 

(5,607/6,334), respectively. At a population level, the overall 2-year mortality rate increased 

from 4.2 per 100,000 inhabitants at risk in 1999 to 6.7 in 2009, with a mean annual increase 

of 5.1%. The rise in mortality was not as pronounced as the rise in EAC incidence rate, which 

increased from 5.1 to 9.9 per 100,000 during this period. Although less evident, this effect was 

also observed in 5-year mortality rates (Figure 1).

Unadjusted mortality was significantly lower in patients undergoing adequate surveillance 

compared to patients with a prior BE diagnosis not participating in a surveillance program 
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Table 1. Characteristics of EAC patients with or without a prior BE diagnosis, with or without participation 
in an (adequate) surveillance program

Total

n=9,780 (%)

adequate 
surveillance
n=452 (5%)

Inadequate
surveillance
n=120 (1%)

BE known,
no surveillance
n=219 (2%)

BE unknown

n=8,989 (92%)

p-value

Gender

Female 1,947 (20) 99 (22) 30 (25) 63 (29) 1,755 (20) 0.002

Male 7,833 (80) 353 (78) 90 (75) 156 (71) 7,234 (80)

Age at diagnosis

<60 years 2,490 (26) 116 (26) 22 (18) 39 (18) 2,313 (26) <0.001

60-80 years 5,780 (59) 276 (61) 66 (55) 127 (58) 5,311 (59)

> 80 years 1,510 (15) 60 (13) 32 (27) 53 (24) 1,365 (15)

Time between BE and EAC diagnosis

Median years (IQR) 7.4
(3.8-11.9)

7.5
(3.7-11.4)

12.6
(8.9-15.0)

5.2
(2.6-9.1)

- <0.001

Highest dysplasia grade prior to EAC

IM 360 (4) 141 (31) 44 (37) 175 (80) - <0.001

IFD 168 (2) 106 (23) 37 (31) 25 (11) -

LGD 75 (1) 57 (13) 12 (10) 6 (3) -

HGD 188 (2) 148 (33) 27 (23) 13 (6) -

Hospital of EAC diagnosis

Non-academic 8,854 (91) 346 (77) 107 (89) 196 (90) 8,204 (91) <0.001

Academic 920 (9) 104 (23) 13 (11) 23 (10) 780 (9)

Unknown 6 (0) 1 (0) 0 (0) 0 (0) 5 (0)

Tumor differentiation grade

Poorly 3,581 (37) 107 (24) 46 (38) 71 (33) 3,357 (37) <0.001

Moderately 2,350 (24) 111 (25) 25 (21) 64 (29) 2,150 (24)

Well 306 (3) 46 (10) 6 (5) 5 (2) 249 (3)

Undifferentiated 12 (0) 1 (0) 0 (0) 0 (0) 11 (0)

Unknown 3,531 (36) 187 (41) 43 (36) 79 (36) 3,222 (36)

Tumor stage

IV 3,759 (38) 42 (9) 29 (24) 62 (28) 3,626 (40) <0.001

III 1,809 (19) 52 (12) 18 (15) 32 (15) 1,707 (19)

II 1,529 (16) 87 (19) 21 (18) 39 (18) 1,382 (15)

I 791 (8) 214 (47) 22 (18) 38 (17) 517 (6)

Unknown 1,892 (19) 57 (13) 30 (25) 48 (22) 1,757 (20)

Resectability at diagnosis

Resectable* 3,415 (35) 256 (57) 44 (37) 95 (43) 3,020 (34) <0.001

Irresectable 1,757 (18) 44 (10) 24 (20) 36 (16) 1,653 (18)

Unknown 4,608 (47) 152 (33) 52 (43) 88 (39) 4,316 (48)
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(2-year mortality 38% vs. 69%, respectively; unadjusted HR 0.40; 95%CI 0.32-0.50). Mortality 

rates in inadequate surveillance participants were comparable to those in patients with a prior 

BE diagnosis not participating, however, mortality was increased in EAC patients without a 

prior BE diagnosis (Figure 3, Table 1). After adjustment, adequate surveillance was, indepen-

dent of tumor stage and treatment, associated with lower 2-year mortality when compared 

to patients with a prior BE diagnosis not participating in a surveillance program. Inadequate 

surveillance was not independently associated with lower 2-year mortality. Additionally, a 

lower 2-year mortality was observed with a better EAC differentiation, a lower tumor stage, 












































 

 

 

   

 


 


 





 





 
 




figure 1. Incidence of EaC and mortality over time at a population level
At population level, the 2-year mortality in EAC patients per 100,000 inhabitants at risk aged ≥ 20 years did 
not increase as fast as the EAC incidence during the 10-year study period in the Netherlands. This effect was 
less evident in 5-year mortality.

Table 1. (continued)

Total

n=9,780 (%)

adequate 
surveillance
n=452 (5%)

Inadequate
surveillance
n=120 (1%)

BE known,
no surveillance
n=219 (2%)

BE unknown

n=8,989 (92%)

p-value

Treatment

Resection 2,332 (24) 280 (62) 39 (33) 69 (32) 1,944 (22) <0.001

Neoadjuvant CTx/
RTx

880 (9) 21 (5)
6 (5)

8 (4) 845 (9)

Adjuvant CTx/RTx 63 (1) 3 (1) 3 (2) 1 (0) 56 (1)

CRTx 482 (5) 9 (2) 3 (3) 8 (4) 462 (5)

CTx 858 (9) 14 (3) 5 (4) 9 (4) 830 (9)

RTx 2076 (21) 57 (12) 22 (18) 45 (20) 1,952 (22)

No treatment 3,089 (31) 68 (15) 42 (35) 79 (36) 2,900 (32)

2-year mortality 7,295 (75) 170 (38) 81 (68) 150 (69) 6,894 (77) <0.001

BE=Barrett’s esophagus; CRTx=chemoradiotherapy; CTx=chemotherapy; EAC=esophageal adenocarcino-
ma; HGD=high-grade dysplasia; IFD=indefinite for dysplasia; IM=intestinal metaplasia; IQR=interquartile 
range; LGD=low-grade dysplasia; RTx=radiotherapy; *T1-3N0-3M0 tumors
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figure 2. surveillance participation and a prior BE diagnosis in EaC patients over time
The proportion of patients participating in an adequate or inadequate surveillance program prior to EAC 
diagnosis and with a BE diagnosis not participating in such a program did not increase over time.
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figure 3. Mortality related to a prior BE diagnosis and surveillance participation
Kaplan-Meier survival analysis (+log-rank test) for mortality in EAC patients, with and without a prior BE 
diagnosis, with or without participating in an (adequate) surveillance program. BE unknown vs. BE known, 
no surveillance: p=0.006; BE unknown vs. inadequate surveillance: p=0.007, BE unknown vs. adequate sur-
veillance: p<0.001; Adequate vs. inadequate surveillance: p<0.001. Adequate surveillance vs. BE known, no 
surveillance: p<0.001.
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treatment in an academic hospital, surgical treatment (an even lower mortality was observed 

when surgery was combined with neoadjuvant chemo- and/or radiotherapy), female gender 

and lower age at diagnosis (Table 2). Predictors of 5-year mortality were comparable to those 

of 2-year mortality (Supplementary Table 1).

Table 2. Predictors for 2-year mortality in EAC patients

2-year mortality (7,295/9,780; 75%)

Total
n= 9,780

unadj.
hR

95% CI adjusted hR 95% CI

Gender

Female 1,947 (20) Reference - Reference -

Male 7,833 (80) 0.91 0.86-0.97 1.06 1.01-1.13

Age at diagnosis- mean (SD)

<60 year 2,490 (26) Reference - Reference -

60-80 year 5,780 (59) 1.27 1.20-1.35 1.08 1.01-1.15

> 80 year 1,510 (15) 2.03 1.89-2.18 1.19 1.10-1.31

Prior BE/ surveillance

BE known, no surveillance 219 (2) Reference - Reference -

Adequate surveillance 452 (5) 0.40 0.32-0.50 0.79 0.64-0.92

Inadequate surveillance 120 (1) 0.95 0.72-1.24 1.00 0.76-1.31

BE unknown 8,989 (92) 1.23 1.04-1.44 1.14 0.97-1.34

Year of EAC incidence

1999-2002 2,693 (28) Reference - Reference -

2003-2006 3,641 (37) 0.92 0.87-0.97 1.01 0.95-1.07

2007-2009 3,446 (35) 0.79 0.74-0.83 0.98 0.92-1.04

Hospital of EAC diagnosis

Non-academic 8,854 (91) Reference - Reference -

Academic 920 (9) 0.72 0.66-0.78 0.99 0.91-1.09

Unknown 6 (0) 1.06 0.48-2.36 1.14 0.51-2.55

Tumor sublocalization

Lower third 8,433 (86) Reference - Reference -

Middle third 710 (8) 1.19 1.09-1.29 1.00 0.92-1.09

Upper third 116 (1) 1.37 1.12-1.68 1.21 0.99-1.48

Overlapping 322 (3) 1.53 1.36-1.73 1.11 0.98-1.26

Not specified 199 (2) 1.31 1.12-1.53 1.16 0.99-1.35

Tumor differentiation grade

Poorly 3,581 (37) Reference - Reference -

Moderately 2,350 (24) 0.71 0.66-0.75 0.75 0.71-0.79

Well 306 (3) 0.40 0.34-0.47 0.60 0.51-0.71

Undifferentiated 12 (0) 0.96 0.50-1.86 1.00 0.52-1.92

Unknown 3,531 (36) 0.94 0.89-0.99 0.75 0.71-0.81
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DIsCussIon

This study is the first nationwide population-based cohort of EAC patients in which surveil-

lance participation prior to EAC diagnosis was evaluated. In total, 8% of the patients were 

diagnosed with BE at least one year prior to EAC diagnosis, of which the majority participated 

in a surveillance program. The results of our study are comparable to previous small non-

population-based studies (3-16%).10-13 These studies concluded that both a diagnosis of BE 

at least one year prior to EAC diagnosis, and surveillance participation were associated with 

lower stage tumors at diagnosis.10-13 We showed that 57% of the patients with a diagnosis of 

BE prior to EAC detection participated in an adequate surveillance program, in accordance 

with the guidelines. The tumor stage advantage was confirmed in these patients. We also 

showed that undergoing adequate surveillance was, independent of tumor stage and 

treatment, associated with reduced all-cause mortality (e.g. 2-year mortality HR 0.79, 95%CI 

Table 2. (continued)

2-year mortality (7,295/9,780; 75%)

Total
n= 9,780

unadj.
hR

95% CI adjusted hR 95% CI

Tumor stage

IV 3,759 (38) Reference - Reference -

III 1,809 (19) 0.43 0.40-0.46 0.65 0.61-0.70

II 1,529 (16) 0.24 0.22-0.26 0.40 0.36-0.43

I 791 (8) 0.08 0.07-0.10 0.19 0.16-0.23

Unknown 1,892 (19) 0.75 0.71-0.80 0.52 0.49-0.56

Hospital of EAC treatment

Non-academic 3,808 (39) Reference - Reference -

Academic 2,763 (28) 0.58 0.55-0.62 0.84 0.78-0.89

Both 317 (3) 0.59 0.51-0.68 0.90 0.78-1.05

Unknown 2,892 (30) 1.14 1.08-1.20 0.99 0.94-1.05

Treatment

Resection 2,332 (24) Reference - Reference -

Neoadjuvant CTx/RTx 880 (9) 0.73 0.64-0.83 0.66 0.58-0.76

Adjuvant CTx/RTx 63 (1) 1.26 0.90-1.76 1.08 0.77-1.52

CRTx 482 (5) 2.39 2.12-2.70 1.51 1.33-1.72

CTx 858 (9) 3.48 3.17-3.83 1.81 1.63-2.02

RTx 2,076 (21) 3.81 3.53-4.12 2.71 2.47-2.96

No treatment 3,089 (31) 7.65 7.11-8.23 5.16 4.71-5.64

BE=Barrett’s esophagus; CI=confidence interval; CRTx=chemoradiotherapy; CTx=chemotherapy; 
EAC=esophageal adenocarcinoma; HR=hazard ratio; RTx=radiotherapy; SD=standard deviation; 
Unadj=unadjusted. In multivariable Cox proportional hazards regression analysis, hazard ratios were ad-
justed for all listed variables.
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0.64-0.92) compared to EAC patients with a prior BE diagnosis not participating. However, 

inadequate surveillance was not independently associated with lower mortality. The survival 

advantage in surveillance vs. non-surveillance participants was also reported in previous 

studies, e.g. with 2-year mortality rates of 27% vs. 87%10, however, only univariable analyses 

were performed and small patient numbers were included.10-12

In contrast to our results, a recent case-control study showed that surveillance was not 

associated with a reduced risk of EAC related mortality (OR 0.99, 95%CI 0.36-2.75) in 38 cases 

with a prior diagnosis of BE who died as a result of EAC compared to 101 matched BE controls 

who did not die from EAC.14 The contradictory results regarding survival advantage of surveil-

lance may be due to the fact that the authors compared surveillance with no surveillance 

participants without taking survival or follow-up time into account.14 We performed Cox 

proportional regression analyses to correct for these factors. Furthermore, Corley et al14 did 

not make a distinction between adequate and inadequate surveillance. The wide confidence 

intervals in their study indicate dispersion in mortality risk, which does not exclude a survival 

advantage in adequately surveilled participants.

We found that surveillance participation and the proportion of EAC patients with a prior 

BE diagnosis remained stable over time during the 10-year study period in the Netherlands, 

suggesting that it is unlikely that the rising EAC incidence can be explained from an increased 

EAC detection due to increasing surveillance participation in patients with BE. This is sup-

ported by the previous observation of an increase in incidence of all tumor stages instead of 

lower stage tumors only.24

In our population-based EAC cohort, 2-year and 5-year overall mortality rates were 75% and 

89%, respectively, which is comparable to those in a previously studied European cohort.25 At 

a population level, the EAC related mortality increase was not as steep as the EAC incidence,, 

which is in accordance with the observed trend of decreasing mortality rates that started 

already in the 1970s.26, 27 Although the prognosis of patients diagnosed with EAC continues to 

improve, morbidity and mortality has remained high.28-30

Strengths of this study include the use of a large nationwide population-based cohort, 

making selection bias unlikely. Furthermore, the combination of clinical data from the 

Netherlands Cancer Registry and the histological data from the Dutch Pathology Registry, 

both with nationwide coverage, to obtain information regarding endoscopies with biopsies 

prior to EAC detection is unique. The design of our study enabled comparison of surveillance 

strategies and the effect on mortality in a large number of patients. Limitations of our study 

include its retrospective design without standard protocols for treatment and follow-up. We 

were limited to the risk factors that were registered, and had no access to other variables of 

interest, e.g. BMI, race/ethnicity, endoscopic findings (particularly the length of the Barrett’s 

segment and the indication for performing endoscopy), comorbidities and cause of death.

We acknowledge the possible effect of length time bias as slow growing tumors are more 

likely to be detected in a surveillance program, which may have resulted in an overrepre-
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sentation of less progressive disease in the surveillance group. On the contrary, as a result of 

adjusting for tumor stage and differentiation grade and separated 2-year mortality and 5-year 

mortality analyses, we have minimized lead-time bias.

In conclusion, this large nationwide population-based cohort shows that undergoing ad-

equate surveillance for BE prior to EAC diagnosis was associated with lower tumor stages and 

mortality rates compared to patients with a prior BE diagnosis not participating. As this effect 

was not observed in cases undergoing inadequate surveillance, we recommend adhering 

to surveillance guidelines once a diagnosis of BE is established until better strategies are 

available. Nonetheless, as more than 90% of EAC cases were not identified as being at an in-

creased risk, it remains to be determined whether surveillance for BE is indeed cost-effective, 

particularly if no efforts are taken to identify on a population level this subgroup at risk.6, 8, 9, 31
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supplementary Table 1. Predictors for 5-year mortality in EaC patients

5-year mortality (n=5,607/6,334;  89%)

Total
n= 6,334

unadjusted
hR 95% CI

adjusted 
hR 95% CI

Gender

Female 1,282 (20) Reference - Reference -

Male 5,052 (80) 0.94 0.88-1.01 1.07 1.00-1.14

Age at diagnosis- mean (SD)

<60 year 2,683 (27) Reference - Reference -

60-80 year 3,677 (58) 1.29 1.22-1.38 1.11 1.04-1.18

> 80 year 974 (15) 2.00 1.84-2.17 1.22 1.11-1.35

Prior BE/ surveillance

BE unknown 5,820 (92) Reference - Reference -

BE known, no surveillance 146 (2) 0.79 0.66-0.94 1.11 0.92-1.32

Inadequate surveillance 75 (1) 0.77 0.60-0.98 1.01 0.75-1.38

Adequate surveillance 293 (5) 0.32 0.28-0.38 0.74 0.58-0.94

Year of EAC incidence

1999-2002 2,693 (43) Reference - Reference -

2003-2006 3,641 (57) 0.92 0.87-0.96 1.00 0.95-1.06

2007-2009 - - - - -

Hospital of EAC diagnosis

Non-academic 5,701 (90) Reference - Reference -

Academic 629 (10) 0.71 0.65-0.78 0.98 0.89-1.09

Unknown 4 (0) 0.99 0.37-2.64 0.97 0.36-2.60

Tumor sublocalisation

Lower third 5,444 (86) Reference - Reference -

Middle third 474 (8) 1.17 1.06-1.29 0.98 0.88-1.08

Upper third 82 (1) 1.28 1.02-1.60 1.18 0.94-1.48

Overlapping 207 (3) 1.41 1.22-1.62 1.01 0.88-1.17

Not specified 127 (2) 1.27 1.06-1.53 1.08 0.89-1.30

Tumor differentiation grade

Poorly 2,421 (38) Reference - Reference -

Moderately 1,638 (26) 0.71 0.67-0.76 0.80 0.75-0.86

Well 199 (3) 0.40 0.34-0.48 0.59 0.49-0.71

Undifferentiated 12 (0) 0.82 0.44-1.53 0.84 0.45-1.57

Unknown 2,064 (33) 0.98 0.92-1.04 0.77 0.72-0.82

Tumor stage

IV 2,318 (37) Reference - Reference -

III 1,229 (19) 0.47 0.44-0.50 0.71 0.65-0.77

II 948 (15) 0.26 0.24-0.29 0.42 0.38-0.47

I 477 (8) 0.10 0.08-0.11 0.20 0.17-0.23

Unknown 1,362 (21) 0.78 0.73-0.83 0.56 0.52-0.60
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supplementary Table 1 (continued)

5-year mortality (n=5,607/6,334;  89%)

Total
n= 6,334

unadjusted
hR 95% CI

adjusted 
hR 95% CI

Hospital of EAC treatment

Non-academic 2,457 (39) Reference - Reference -

Academic 1,702 (27) 0.58 0.54-0.62 0.83 0.77-0.90

Both 151 (2) 0.58 0.48-0.69 0.84 0.69-1.01

Unknown 2,024 (32) 1.10 1.03-1.17 0.99 0.92-1.05

Treatment

Resection 1614 (25) Reference - Reference -

Neoadjuvant CTx/RTx 335 (5) 0.74 0.64-0.86 0.65 0.56-0.75

Adjuvant  CTx/RTx 44 (1) 1.13 0.80-1.61 0.93 0.65-1.33

CRTx 231 (4) 2.25 1.94-2.61 1.50 1.29-1.75

CTx 496 (8) 3.08 2.77-3.44 1.74 1.54-1.97

RTx 1,379 (22) 3.38 3.11-3.67 2.54 2.31-2.79

No treatment 2,235 (35) 6.51 6.02-7.03 4.63 4.20-5.10

BE=Barrett’s esophagus; CI=confidence interval; CRTx=chemoradiotherapy; CTx=chemotherapy; 
EAC=esophageal adenocarcinoma; HR=hazard ratio; RTx=radiotherapy; SD=standard deviation. In multi-
variable Cox proportional hazards regression analysis, hazard ratios were adjusted for all listed variables. 
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aBsTRaCT

Background and aim

Cryotherapy is a relatively novel ablation modality for the endoscopic ablation of Barrett’s 

esophagus (BE). Data on the use of pressurized carbon dioxide (CO2) gas for cryoablation are 

scarce. The aim of this study was to determine efficacy and safety of cryospray ablation using 

pressurized CO2 gas in the treatment of BE with early neoplasia.

Methods

In this prospective single center case series, we aimed to include 30 patients with BE and early 

neoplasia. Nodular neoplastic lesions were treated with endoscopic mucosal resection (EMR). 

Residual BE mucosa was treated with cryospray ablation every 4 weeks until the complete BE 

segment was eliminated or up to 7 treatment sessions. If no reduction of the BE segment was 

observed after 2 subsequent treatment sessions, cryoablation was terminated. Patients were 

contacted at day 1 and 4 post-treatment to evaluate the level of discomfort. Endoscopic and 

histologic follow-up evaluations were performed up to 24 months post-treatment.

Results

After the inclusion of 10 patients insufficient effect of cryoablation was observed, resulting 

in early termination of the study. In total, 7 patients with intramucosal carcinoma (IMC) and 

3 with high-grade dysplasia (HGD) were included. Prior EMR was performed in 9 patients. A 

median of 2.5 (IQR2.0-4.0) cryoablation sessions were performed. At 6 months of follow-up 

complete eradication of intestinal metaplasia was observed in 11% (1/9; 1 patient deceased, 

not treatment or disease related) of the patients and complete eradication of dysplasia in 

44% (4/9). In 3 patients HGD and IMC were detected during follow-up, which was endoscopi-

cally treated. Apart from a gastric perforation as a result of gastric distention caused by CO2 

gas during the first treatment, cryospray treatments were well tolerated.

Conclusion

After a short learning curve, cryoablation using CO2 gas was found to be a safe and well 

tolerated treatment modality. However, in our experience, the efficacy of CO2 cryoablation 

combined with EMR for nodular lesions is disappointing for the treatment of BE associated 

neoplasia.
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InTRoDuCTIon

Barrett’s esophagus (BE), defined as the presence of specialized intestinal metaplasia (IM) 

in the distal esophagus, is associated with an increased risk of neoplastic progression.1 In 

the past decades, endoscopic modalities have been developed to treat early neoplastic 

lesions in order to prevent progression to invasive esophageal adenocarcinoma.2 Nodular 

lesions can be treated successfully with endoscopic mucosal resection (EMR).3 Various 

ablative techniques, including radiofrequency ablation (RFA), photodynamic therapy (PDT) 

and argon plasma coagulation (APC), have been introduced to eradicate the BE mucosa at 

risk to the original normal squamous epithelium, however, there is still room for improve-

ment.4-6

Cryotherapy is a relatively new modality for the endoscopic ablation of BE. Results based 

on a device using liquid nitrogen as cryogen have been shown to be promising, with high 

rates of eradication of high-grade dysplasia (HGD) and IM.7, 8 Data on the use of pressurized 

carbon dioxide (CO2) gas for cryoablation are scarce. Promising results have been presented 

during conferences;9, 10 however, except for one pilot study including patients with BE with 

or without low-grade dysplasia (LGD)11 no results have been published. The aim of this study 

was to determine efficacy and safety of cryospray ablation using pressurized CO2 gas in the 

treatment of BE with early neoplasia.

PaTIEnTs anD METhoDs

In this prospective single center case series, we aimed to include 30 consecutive treatment 

naive patients with BE and HGD or intramucosal carcinoma (IMC). The sample size of this 

pilot study was not optimized for hypothesis testing but was based on previous cryoablation 

studies.7, 11, 12 Since this is a post-market study of an FDA-approved device, which was used in 

accordance with its “instructions for use” under conditions of standard medical practice, no 

additional institutional review board (IRB) approval or trial registration was required accord-

ing to Dutch regulations.

Exclusion criteria were prior ablative or radiation therapy, and surgery involving the 

esophagus. Nodular-appearing abnormalities or lesions were first removed by a cap-assisted 

EMR procedure.

The residual BE mucosa was treated with cryospray ablation using pressurized CO2 gas 

as cryogen (Polar Wand, GI supply, Camp Hill, Pennsylvania, USA; Figure 1) within 3 months 

following EMR. The Polar Wand cryoablation device is FDA (Food and Drug Administration) 

approved for treatment of esophageal lesions. Informed consent was obtained from each 

patient. The principle of CO2 cryoablation is based on repeated cycles of rapid freezing and 

thawing, resulting in apoptosis and destruction of the BE mucosa. The compressed CO2 gas is 
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a b

c

figure 1. The Polar wand Co2 cryotherapy system
a)  The front of the portable system.
b)  The tank with the compressed CO2 gas and the disposable suction bottle at the back of the system, and 

the foot pedal to apply the gas flow. C. The 7-French flexible cryospray catheter, which is introduced 
through the working channel of the endoscope.
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stored at room temperature. A 7-French cryospray catheter is introduced through the work-

ing channel and a suction catheter is attached to the tip of the endoscope. The release of 

the pressurized CO2 gas at the mucosal surface results in a rapid temperature drop to −78°C 

(Joule Thompson effect) and subsequent freezing of the mucosa (Figure 2). Cryospray abla-

tion was performed at monthly intervals until the complete BE segment was eliminated or 

up to 7 treatment sessions (Figure 3). If no reduction of the BE segment was observed after 

2 subsequent treatment sessions cryoablation was terminated to minimize the burden to 

patients. Cryoablation treatments consisted of 6 applications with a CO2 catheter per 2-3 cm 

hemi-circumferential BE segment during 20 seconds, with active suctioning of the stomach 

between applications (Video, Supplementary Material). Midazolam or propofol were used as 

sedative agents during the cryospray treatments. All procedures were performed by 2 experi-

enced endoscopists (PS and FV). During the cryoablation phase proton pump inhibitors were 

prescribed in a dose of 40mg twice daily.

Patients were contacted at day 1 and day 4 post-treatment to evaluate the level of discom-

fort using a questionnaire, which was based on previous cryoablation studies.7, 12 Biopsies of 

BE and neo-squamous epithelium were obtained from 4-quadrants at 1-2 cm distance along 

the whole BE segment, either existent and/or ablated, prior to the 1st (following EMR), 4th 

a

c

b

figure 2. application of the pressurized Co2 gas
a) Endoscopic view of the BE segment. b) The release of the pressurized CO2 gas results in freezing of the 
mucosa. c) After 20 seconds of freezing, the CO2 release is interrupted, resulting in thawing of the mucosa.
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and 7th treatment and at 3, 6, 12, 18 and 24 months post-treatment using a disposable large 

capacity forceps. All histopathological sections were evaluated by an expert pathologist (FK). 

EMR (of nodular lesions) and APC were performed in case of HGD or IMC detection post-

cryoablation.

The primary outcome measure was complete eradication of IM at 6 months of follow-up. 

Additional outcomes measures were complete eradication of dysplasia (including indefinite 

for dysplasia (IFD), LGD and HGD) at 6 months of follow-up, complete eradication of IM and 

dysplasia at 12 and 24 months of follow-up, endoscopic reduction of the BE segment length, 

progression, and occurrence of adverse events. Patients with complete eradication of IM also 

had dysplasia completely eradicated and were included in both endpoints.

Month Phase Endoscopy 

-4 to 0 Baseline
Baseline 

endoscopy + Bx

-3 to 0 EMR 
EMR visible 

lesions + Bx

0 Bx + Cryospray 1 

1 Cryospray 2 

2 Cryospray 3

3 Bx + Cryospray 4 

4 Cryospray 5 

5 Cryospray 6

6 Bx + Cryospray 7

 + 3 Endosc. + Bx

 + 6 Endosc. + Bx

 + 12 Endosc. + Bx

 + 18 Endosc. + Bx

 + 24 Endosc. + Bx

Cryoablation 

phase

Surveillance

phase

Bx: HGD/ IMC

 Termination of cryospray  

treatments in case of:

 * complete eradication

    of BE

*  no effect after 2

    subequent reatments   

EMR (nodular lesions)

or APC

figure 3. flow chart of the cryoablation study protocol
Following removal of nodular lesions by EMR in patients with HGD or IMC, cryospray ablation was per-
formed at monthly intervals until the complete BE segment was eliminated or up to 7 treatment sessions. 
At 3, 6, 12, 18 and 24 months post-treatment follow-up endoscopies with biopsies were performed. EMR 
(of nodular lesions) and APC were performed in case of HGD or IMC was detected post-cryoablation. 
Bx=biopsies; Endosc=endoscopy.
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REsulTs

After the inclusion of 10 patients from January 2011 to September 2011, insufficient effect of 

cryoablation was observed, which resulted in the decision to early terminate the inclusion 

of patients. In total, 7 patients with IMC and 3 with HGD were included with a mean age (± 

standard deviation (SD)) of 71 (±9) years. Prior to cryoablation, a single EMR procedure was 

performed in 9 patients. No nodular lesions were observed following EMR, prior to cryospray 

treatments. Pre-cryoablation diagnoses were IM (n=4), LGD (n=5) and HGD (n=1). A median 

of 2.5 (interquartile range (IQR) 2.0-4.0) cryoablation sessions were performed. Cryoablation 

treatments were terminated when the BE segment was completely eradicated in 2 patients, 

when the maximum of 7 treatments was performed in 2 patients, when no effect was observed 

after 2 subsequent treatment sessions in 5 patients, and when treatment was complicated by 

a gastric perforation in 1 patient. Propofol was used in 9 of the 32 cryospray procedures in 

a total of 3 patients. In the remaining cryoablation treatments patients were sedated with 

Midazolam. A non-significant reduction of the BE segment length was observed following 

cryoablation treatments 5.0 (IQR 1.8-7.3) cm pre-cryoablation vs. 2.5 (IQR 0.9-6.3) cm 3 months 

post-cryoablation, p=0.08).

Three patients deceased and were subsequently censored and excluded from data analy-

sis at 6 (n=1) and 24 months (n=2) of follow-up. Their causes of death were not related to 

esophageal neoplasia or cryoablation treatment but were due to pneumonia, primary lung 

cancer and necrotizing fasciitis after resection of a skin lesion. Complete eradication of IM 

was observed in 11% (1/ 9; 1 patient deceased) and complete eradication of dysplasia in 44% 

(4/ 9) of the patients at 6 months of follow-up (Figure 4). In 3 patients HGD and IMC were 

detected during follow-up, which was treated with EMR (n=3; at 6 months of follow-up) and 

APC (n=1; at 24 months of follow-up) (Table 1). Complete eradication of IM and dysplasia at 

12 and 24 months of follow-up was affected by treatment performed in these 3 patients with 

progression (Figure 4). No buried BE glands were detected in the ablated segments during 

follow-up. In 1 patient, a longitudinal perforation along the lesser curvature of the stomach 

was detected 1 day after the first ablation treatment, comprising 6 cryospray applications 

of a hemi-circumferential BE segment of 1 cm. Following surgical intervention, no further 

cryoablation was applied in this patient. In another 2 patients, the first cryoablation treat-

ment was complicated by a superficial esophageal laceration without need for intervention. 

In 6/ 32 (19%) cryospray treatments, patients complained of mild retrosternal pain and in 6/ 

32 (19%) and 7/ 32 (22%) of self-limiting odynophagia and dysphagia, respectively, in the first 

1 to 4 days post-treatment. No strictures were detected.
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Various endoscopic therapies have been developed for the ablation of BE. Cryotherapy is 

a relatively new non-contact ablative modality with two different systems based on liquid 

nitrogen and pressurized CO2 gas, respectively. This is the first report on the use of cryoabla-

tion based on pressurized CO2 combined with EMR for nodular lesions in the treatment of BE 

associated neoplasia. In our experience, the effect of CO2 cryotherapy was disappointing, with 

complete eradication of IM and dysplasia at 6 months of follow-up in only 11% and 44% of the 

patients, respectively. Additionally, HGD and IMC were detected at 6 months of follow-up in 

33% of patients. Based on the time after initial treatment, these are most likely “incident” can-

cers as a result of progression during and after cryoablation. However, it cannot be excluded 

that these may have been missed during prior endoscopy despite extensive endoscopic and 

biopsy protocols; in that case these lesions should be classified as “prevalent cancers”. The 

inclusion of patients was prematurely terminated because of insufficient efficacy.
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figure 4. Complete eradication of dysplasia and intestinal metaplasia following cryoablation treat-
ments
a, b. Proportion of patients with complete eradication of dysplasia and IM at 6 months and 12 months 
post-cryoablation, respectively; total number of patients: 9; 1 patient deceased. c. Complete eradication of 
dysplasia and IM at 24 months post-cryoablation; total number of patients: 7; 3 patients deceased. Results 
at 12 and 24 months of follow-up were affected by EMR performed at 6 months of follow-up in 3 patients 
with progression.
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Only one previous study using pressurized CO2 for the ablation of BE and associated LGD 

has been published.11 Xue et al reported complete eradication of LGD in 100% (6/6) and com-

plete eradication of IM in 85% (17/20) of the cases at 6 months of follow-up in a prospective 

case series. Possible explanations for the better outcome in the study by Xue et al may be 

the inclusion of cases with only BE and LGD with shorter BE segments, which may be, at 

least theoretically, easier to ablate, the relatively short follow-up period, the less thorough 

follow-up biopsy protocol, the presence of persistent endoscopic signs of BE in the majority 

of cases but with eradication of IM at histologic evaluation, and the younger and Asian study 

population. Additionally, CO2 dosimetry was not clearly documented by Xue et al.

In contrast, results based on the liquid nitrogen device (CSA Medical Inc, Baltimore, Md) are 

promising. Three studies using this system, both single-center and multi-center with relatively 

large patient samples (n=30-98), have been published.7, 8, 12 Dumot et al included inoperable 

patients with BE and HGD or IMC and demonstrated downgrading of the histopathology 

stage in 68% of HGD and 80% of IMC patients after cryoablation treatment during a median 

follow-up period of 12 months.12 Others showed complete eradication of HGD in 97-100% of 

the patients, complete eradication of all dysplasia in 87% and complete eradication of IM in 

57%-84% during a median follow-up of 10 months to 24 months.7, 8

The device used in these studies delivers liquid nitrogen at a temperature of −196°C at the 

mucosa,7, 8, 12 while mucosal freezing is achieved at −78°C using the pressurized CO2 system. It 

may well be that the relatively “less cold” temperature with CO2 cryoablation affects the depth 

and degree of mucosal injury. Studies comparing the two types of cryoablation devices have 

not been performed.

CO2 dosimetry in our study was based on previous cryoablation studies and on testing 

experiments in a pig model resulting in mucosal, submucosal and transmural necrosis fol-

lowing 15, 30 and 120 seconds , respectively, of cryoablation.7-13 We assumed that repeated 

cycles of 20 seconds of cryospray treatment would ablate the complete mucosal layer in 

BE. A longer period of continuous CO2 cryospray ablation is not recommended as the gas 

inflated at a flow of 8L/min results in considerable gastric distention. The effect of the suction 

catheter attached to the tip of the endoscope is only minimal.

The first treatment session in our study was complicated by gastric perforation and a gas-

tric and esophageal laceration. We are convinced that this can be attributed to the learning 

curve, with extra time needed to adequately position the catheter to achieve the ice-effect, 

which resulted in the accumulation of more CO2 gas and increased gastro-esophageal 

distention. Perforation may be prevented by accurate positioning of the cryospray catheter 

prior to activation of the gas flow, and by limiting the duration of CO2 spraying to 20 seconds 

per application, which reduces accumulation of CO2 gas and subsequent distension of the 

esophagus and stomach. Active suctioning of the stomach between cryospray applications 

was included in the study protocol to limit perforation risk. Besides gastric perforation, 

cryospray treatments were tolerated well, with only mild retrosternal pain, odynophagia and 
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dysphagia in a minority of the patients, which is comparable to the number of adverse events 

reported by Xue et al.11 Additionally, no strictures were detected in both CO2 cryotherapy 

studies. In studies using liquid nitrogen cryoablation, strictures and severe retrosternal pain 

were reported in a small number of patients,7, 8 again suggesting more severe mucosal injury 

with liquid nitrogen cryoablation compared to CO2 cryoablation.

Advantages of CO2 cryoablation are the lower costs and the ease in controlling the en-

doscope because of less stiffness and cold, when compared to the liquid nitrogen device. 

Advantages of cryoablation above RFA are the non-contact method facilitating ablation of 

the irregularly lined mucosa, the adjustable dosimetry, the lower costs and, not in the least, 

cryoablation is considered less painful.14, 15

In conclusion, after a short learning curve, cryoablation using CO2 gas was found to be a 

safe and well-tolerated treatment modality. However, in our experience, the efficacy of CO2 

cryoablation combined with EMR for nodular lesions is disappointing for the treatment of BE 

associated neoplasia.
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InTRoDuCTIon

Worldwide, esophageal cancer is the eighth most common malignancy and the sixth most 

common cause of cancer-related death.1,  2 Over the past decades, esophageal adenocarci-

noma (EAC) has demonstrated the most rapidly rising incidence of all malignancies in the 

Western world.3 Barrett’s esophagus (BE) is the premalignant precursor lesion, which is identi-

fied in the vast majority of EAC cases.4, 5 The incidence of BE is also increasing.6 It has been 

generally accepted that chronic exposure to gastro-esophageal reflux is pivotal in the initia-

tion of the transition of normal squamous esophagus tissue to BE, which is characterized by 

intestinal metaplasia in the presence of goblet cells.4, 7, 8 Although the pathophysiology of the 

development of BE and the progression to EAC has been studied extensively, the knowledge 

regarding the orchestra of diverse processes involved is incomplete. This multi-step cascade 

from gastro-esophageal reflux to BE, increasing grades of epithelial dysplasia and finally EAC 

enables opportunities for early detection, which is relevant for clinical management.7-9 There-

fore, patients are recommended to participate in an endoscopic surveillance program once 

a diagnosis of BE is established.10-12 Presently, diagnostic strategies to identify BE patients and 

the subgroup with increased risk for developing EAC are insufficient and critical to improve. 

Current surveillance strategies in patients with BE are a strongly debated issue, since its cost-

effectiveness and benefit are questionable.

The development of BE and progression towards EAC remain a major interesting area of 

investigation, with the ongoing rising incidence of EAC, its persistent poor prognosis, the 

incomplete unraveled pathogenesis and the time course linked to this multistep pathogenic 

process.2, 3, 7, 9 This thesis aimed to explore the role of genetic and environmental factors in 

gastro-esophageal reflux, BE and EAC (part I). Accordingly, surveillance strategies for BE and 

the effect on progression risk to EAC and mortality were analyzed and the safety and efficacy 

of CO2 cryoablation in the treatment of BE associated neoplasia were examined (part II). In 

this chapter, the main findings of this thesis and the clinical implications and future perspec-

tives were discussed.

MaIn fInDIngs

Part I: pathogenesis of Barrett’s esophagus and esophageal 
adenocarcinoma

Genetic aspects

The hereditary genetic modifications triggering the development of BE and EAC remain 

poorly understood. The early observation that BE and EAC occur predominantly in white men 

suggested a genetic substrate.13 Previously, clustering of BE and EAC within families has been 
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suggested.14,  15 Studying familial aggregation of BE and EAC may contribute to a better un-

derstanding of the pathogenesis of BE and EAC, both in sporadic and familial cases, and may 

help to unravel the genetic background. This thesis demonstrated the presence of familial BE, 

defined as ≥ 1 first or second degree relative with histological confirmed BE or EAC, in 7% of 

patients with BE and EAC, with 10% of their first degree relatives affected, corresponding with 

previous findings.16, 17 The prevalence of BE and EAC was much higher in these familial BE cases 

when compared to the general population, with a reported prevalence of 0.8% and 1.6% in the 

Netherlands and Sweden, respectively, supporting the hypothesis of clustering of BE and EAC 

within families.18, 19 The significant earlier onset of reflux symptoms and younger age at EAC 

diagnosis in familial compared to non-familial cases in this thesis, together with the previously 

demonstrated younger age at EAC diagnosis in families with multiple affected cases suggest 

inherited susceptibility to reflux, BE and EAC.20 Interestingly, this indicated a genetic contribu-

tion of reflux disease, which is supported by the increased concordance of gastro-esophageal 

reflux in monozygotic twins when compared to dizygotic twins.21, 22 In addition, a genetic role 

in the presence of hiatal hernia and pediatric reflux in specific families has been reported.23, 24 

Furthermore, an association between attenuated familial polyposis, gastro-esophageal reflux, 

BE and EAC has been reported in one family.25 Overall, these observations support a possible 

central role of gastro-esophageal reflux in the induction of BE and EAC.

In familial BE, an autosomal dominant inheritance pattern of BE with incomplete penetrance 

and involvement of multiple genes has been indicated based on segregation analysis.26 

The incomplete penetrance might be caused by exposure to environmental factors, which 

are discussed in the next section. This pattern of inheritance is implied by the families with 

multiple affected members identified in our study. Genome-wide association studies using 

high-throughput genotyping technology have discovered germ line single nucleotide 

polymorphisms (SNPs) to be associated with BE and EAC in affected siblings, with MSR1 (mac-

rophage scavenger receptor 1) the most commonly affected, followed by ASCC1 (activating 

signal co-integrator 1 complex subunit 1) and CTHRC1 (collagen triple-helix repeat-containing 

1). These SNPs were validated in sporadic cases with BE and EAC and encode proteins associ-

ated with macrophage function, inflammatory events and enhancement of the transcription 

factor nuclear factor kappa-B (NF-KB).27 Additional genome-wide association studies have 

shown a high genetic concordance and a significant polygenic overlap between BE and EAC, 

implicating that shared genes are fundamental in the development of BE and EAC.28 Interest-

ingly, multiple genetic variants at loci encoding proteins involved in esophageal develop-

ment (e.g. FOXF1, a transcription factor in hedgehog signaling) and oncogenic activity, were 

recently demonstrated to be associated with BE and EAC.29-31 Interestingly, SNPs predisposing 

to obesity have also been associated with an increased risk for BE.31 Additionally, functional 

polymorphisms associated with inflammation and proliferation, such as Toll-like receptor 

(TLR)9 and COX-2, have been found to be associated with an increased risk for BE and EAC.32
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Summarized, the identification of the genetic variations may elucidate the pathogenic 

origination of BE and EAC. These genetic alterations can result in a disruption of signal 

transduction pathways, cultivating an imbalance between proliferation and apoptosis and 

uncontrolled tissue growth. All these changes may generate a genetic susceptibility for the 

development of BE and EAC, with either germ line mutations or acquired somatic modifica-

tions, which may be provoked by environmental factors in turn.

Environmental aspects

In addition to underlying genetic alterations, growing evidence designates at the contribu-

tion of exposure to environmental factors in the pathogenesis of BE and EAC. Accordingly, 

the increasing incidence of both BE and EAC may be related to alterations in environmental 

exposures. Clustering of BE and EAC in families as mentioned earlier, can also be the result 

of a shared environment. In contradiction, no differences in life style risk factors, i.e. alcohol 

consumption, cigarette smoking and obesity, were observed between familial and non-

familial cases in this thesis and in previous studies.16,  17,  33 However, additional unidentified 

environmental factors, e.g. dietary and geographic factors, may play a role in familial BE. 

Notably, obesity, cigarette smoking and dietary factors have previously been demonstrated 

to be associated with an increased risk of BE and EAC in sporadic cases.5, 34-36 Results regarding 

alcohol consumption as a risk factor are less convincing and conflicting.37 In addition to a 

suggested genetic contribution to reflux disease, life-style factors may be involved as well. In 

this thesis, reflux symptoms were more frequently reported in first and second degree rela-

tives in familial BE when compared to non-familial cases, which is consistent with previous 

studies.15, 38, 39 Interestingly, obesity has been linked to an increased inflammatory state and 

a higher risk of development of gastro-esophageal reflux.34, 40 Ongoing exposure to gastro-

esophageal reflux is assumed to contribute to a chronic inflammatory state in the esophageal 

epithelium.

There is growing evidence that chronic inflammation in the gastro-intestinal tract predis-

poses to changes in tissue morphology, accompanying the development of cancer, including 

EAC.8, 41 In addition to gastro-esophageal reflux, other factors may contribute to the inflam-

matory state, such as the microbiome on the luminal site of the esophagus. Alterations in 

the composition of the microbial flora may be involved in the pathogenesis of BE.42 Normal 

squamous esophagus has been suggested to be associated with gram-positive bacteria, 

while gram-negative anaerobes are predominantly detected in the inflamed esophagus 

and BE.43, 44 These gram-negative anaerobes are composed of lipopolysaccharide, the natural 

ligand of innate immune receptor TLR4. This thesis showed that TLR4 expression was signifi-

cantly increased in reflux esophagitis, BE and EAC compared to normal squamous esophagus. 

The activation of TLR4 resulted in induction of an inflammatory immune response in normal 

squamous esophagus, duodenum and most evident in BE tissue. In addition, TLR4 activation 
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resulted in a strong increase in COX-2 expression in BE, which was not observed in normal 

squamous esophagus and duodenum tissue. As COX-2 is considered to play an important 

role in EAC progression in BE, this observation is crucial. TLR4 signaling may contribute to 

the neoplastic development of EAC in BE through the induction of COX-2, which in turn 

may result in a cascade of increased prostaglandin E2 production, phosphorylation of the 

epidermal growth factor receptor and increased proliferation, assisting to the anti-apoptotic 

phenotype in BE and the progression towards EAC.45 Remarkably, comparable results have 

previously been reported in colitis-associated carcinogenesis.46

In addition to microbial products, TLR4 may be activated by danger signals released in 

stressed tissue, such as reflux esophagitis.42 Endogenous TLR4 ligands, e.g. heat-shock protein 

60 and 70, have been demonstrated in esophageal tissue.47, 48 These data suggest that both 

exogenous and endogenous ligands may activate the TLR4 signaling pathway and thus con-

tribute to inflammation associated carcinogenesis in BE. Interestingly, TLR4 activation may 

be affected by the use of proton pump inhibitors via alterations in the luminal microenviron-

ment and reduction of damage caused by gastro-esophageal reflux.42, 49-51

In contradiction to gram negative bacteria, microbial products obtained from gram positive 

bacteria, e.g. lipoproteins and peptidoglycans, are the natural ligands of TLR2.52 TLR2 was pre-

viously demonstrated to play a protective role in inflammation associated carcino genesis.53 

This thesis showed that activation of TLR2 signaling in acid and bile salts exposed BE 

epithelium resulted in an elevated amount of mitochondria, an extended number and larger 

volumes of lysosomes and an increased expression of lysosomal enzymes and accompanying 

factors involved in endocytosis. This effect was not observed when incubated with acid and 

bile salts or the TLR2 agonist alone. These results suggested induction of lysosomal activity 

and endocytosis following TLR2 activation in acid and bile salts exposed BE epithelium. The 

lysosomal compartment is crucial in tissue homeostasis and cellular function, including 

processing exogenous material and recycling damaged organelles and molecules.54-57 TLR2 

signaling in BE during reflux episodes may increase degradation of waste products and 

elimination of luminal danger signals, contributing to cellular homeostasis, and thus might 

importantly protect against EAC development in BE. Notably, effective lysosomal function is 

crucial in malignancies, to facilitate survival and rapid growth of cancer cells.56 Accordingly, 

increased Cathepsin B activity, altering lysosomal function, was correlated with lymph node 

involvement in adenocarcinomas of the gastro-esophageal junction.56, 58-60

Interestingly, the effect of TL2 and TLR4 activation in BE in this thesis illustrates a possible 

role of the innate immune system. The diverse and unique microenvironment may affect 

genotype and subsequently phenotype differently between individuals, contributing to 

inflammation associated carcinogenesis in BE.61 Insight into the immunological processes 

accompanied with increased COX-2 expression and lysosomal function parallel to neoplastic 
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progression in BE could pave the road for innovative therapeutic strategies for the prevention 

of EAC.

Conclusively, the development of normal esophageal tissue to BE and EAC is orchestrated 

by a complex interplay between genetic susceptibility and environmental factors. Gastro-

esophageal reflux, obesity and chronic inflammation are thought to be crucial in this mul-

tifactorial process. Environmental exposures may determine whether a genetic susceptible 

host will develop BE and progresses towards EAC.

Part II: surveillance and follow-up of Barrett’s esophagus

The benefit of surveillance of Barrett’s esophagus

In order to early detect neoplastic lesions, patients are recommended to participate in an 

endoscopic surveillance program once a diagnosis of BE is established. However, current 

surveillance strategies are controversial as a result of the relatively low progression rates in BE 

patients of 0.12-0.38% per year and because of insufficient and conflicting evidence regarding 

survival benefit, both contributing to doubtful cost-effectiveness.62-64 The population-based 

studies in this thesis showed a significant more favorable outcome in patients diagnosed 

with high-grade dysplasia (HGD) or EAC that participated in a surveillance program for BE. 

First, prior surveillance participation was associated with a lower risk of progression towards 

EAC in patients diagnosed with HGD. Second, a tumor stage advantage was confirmed in 

patients participating in a prior surveillance program, which is in line with previous retro-

spective studies.65-68 Third, undergoing surveillance, but only if adequately performed in 

accordance with the guidelines, was independent of tumor stage and treatment associated 

with reduced all-cause mortality compared to EAC patients with a prior BE diagnosis not 

participating in surveillance. The survival advantage in surveillance participants was also 

reported in previous studies; however, only univariable analyses were performed and small 

patient numbers were included.65-67 In contrast to these findings, a recent case-control study 

did not confirm the survival advantage in surveillance participants, however, in this study no 

appropriate survival analysis was performed and no distinction was made between adequate 

and inadequate surveillance participation.69 Based on the results of this thesis, there is now 

more convincing evidence with regard to the benefit of prior surveillance participation once 

a diagnosis of HGD or EAC is established.

Screening for Barrett’s esophagus

This thesis showed that only a minority of patients diagnosed with HGD or EAC was known 

with a prior diagnosis of BE. Our nationwide cohort studies showed that 59% of HGD patients 

had a prior diagnosis of BE. Furthermore, only 8% of EAC patients were known with BE, at least 

one year prior to EAC detection, which is confirmed by previous small non-population-based 

studies.65-68 In order to identify new BE cases in an early phase, there is a need to improve the 
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screenings strategies for BE. Widespread screening for BE has not been introduced as of yet, 

because upper endoscopy is expensive, invasive and associated with a small complication 

risk, while documented impact on the mortality from EAC is lacking.10-12 Endoscopic screening 

for BE can still be considered in cases with chronic or severe reflux symptoms and multiple 

risk factors, including age 50 years or older, white race, male gender and obesity.10 As familial 

clustering of BE and EAC has been reported (this thesis), a positive family history of BE or 

EAC, especially in first degree family members, can lower the threshold for screening for BE. 

There are some dilemmas in screening for BE that warrant consideration, i.e. reflux symptoms 

are common in the general population and a large number of BE and EAC patients does not 

have reflux symptoms.70 A population-based study has shown that 44% of patients with a first 

diagnosis of BE indeed did not have reflux symptoms in the previous 3 months and at least 

40% of EAC patients had no antecedent reflux symptoms.4, 18 Non-invasive techniques, such 

as capsule endoscopy, tethered capsule endomicroscopy, a non-endoscopic cytology collec-

tion device (Cytosponge) and flexible transnasal endoscopy may enhance the applicability 

of screening for BE, however, but further refinement is needed before clinical use can be 

advised.10, 71, 72

Risk stratification in surveillance of Barrett’s esophagus

The histological finding of dysplasia is the only factor that is nowadays used to determine en-

doscopic surveillance intervals in patients diagnosed with BE.10-12 Since the progression rates 

are relatively low, only a small proportion of BE patients will benefit from participation in a 

surveillance program. This emphasizes the urgent need to apply risk stratification, selecting 

patients with the highest risk for progression that advantage mostly from surveillance and 

determining surveillance intervals. In that way, cost-effectiveness may be improved, thereby 

reducing patients’ burden. Moreover, clinical predictors and biomarkers are warranted to 

categorize patients in risk groups, facilitating personalized screening strategies.

Previously, a multicenter prospective cohort study has demonstrated that a known dura-

tion of BE for ≥ 10 years, a longer length of the BE segment, and the presence of low-grade 

dysplasia (LGD) and/ or esophagitis were independently associated with an increased risk of 

progression to HGD and EAC. 73 This thesis showed that EAC was diagnosed at an earlier age 

in familial BE, which is an argument to intensify surveillance intervals in familial cases. Results 

regarding gender, smoking, alcohol consumption and BMI as predictors of progression are 

inconsistent or have not found to be associated with progression.10, 73 Additionally, molecular 

biomarkers related to early progression, such as p53 and ki67 overexpression, may be used in 

the future to optimize surveillance intervals.10, 73 In high risk groups with multiple risk factors, 

surveillance intervals should be intensified. In low risk groups, e.g. patients with a BE seg-

ment <3 cm10, 74-76 without additional risk factors, surveillance intervals can be extended, or it 

may even be justified to terminate BE surveillance in subgroups of patients.
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Neoplastic progression in Barrett’s esophagus

This thesis contributes to an improved knowledge of the natural disease course of HGD 

and EAC. The detection of LGD before HGD diagnosis in 48% of the patients supports the 

supposed multistep process of increasing grades of epithelial dysplasia in the progression 

to cancer. The HGD diagnosis was inconsistent in more than half of the patients (53%). This 

inconsistency may be due to sampling error during endoscopy or interobserver variability 

between pathologists during histological evaluation, for example caused by the co-presence 

of inflammation.77 Follow-up in a specialized (academic) hospital, with confirmation of the 

histological diagnosis by an expert pathologist (this thesis), improved diagnostic modali-

ties and an extended biopsy protocol may help to assure the presence of HGD.10-12 EAC was 

diagnosed during follow-up in 36% of HGD patients, with 25% detected within 6 months, 

highlighting the severity of a diagnosis of HGD in BE.

The rapidly rising incidence of EAC has been reported to reach a plateau level in the United 

States, from an annual increase of 8-9% before 1996 to an increase of 1-2% since 1997.78, 79 This 

plateau in EAC incidence was not confirmed in the period from 1999 to 2009 in the Nether-

lands, with a mean annual percentage change of 7.1% (this thesis). A comparable increase 

was previously reported for the period 1989 to 2003 in the Netherlands.80 As confirmed in 

this study, only a minority of EAC patients was known with a prior diagnosis of BE. Impor-

tantly, the proportion of EAC patients participating in a BE surveillance program prior to EAC 

detection was stable over time, indicating that the rising EAC incidence is not explained by 

more EAC cases detected due to increasing surveillance participation. The ongoing rise in 

EAC incidence in the Netherlands may therefore be caused by the steeper increase in health 

disability and overweight in comparison to the United States.81

Follow-up of Barrett’s esophagus associated neoplasia

High-grade dysplasia
Once a HGD diagnosis is established, surveillance is advised every 3 months, however, guide-

lines recommend a therapeutic intervention. Endoscopic treatment is currently the preferred 

strategy for the management of HGD and intramucosal carcinoma (IMC).10-12 In this thesis, a 

significant proportion of patients underwent the first re-evaluation after >3 months follow-

ing HGD detection and did not undergo treatment. Based on these findings, combined with 

the high progression rates and the notable high numbers of prevalent cancers in this thesis, 

a more aggressive approach is recommendable than the current practice in the Netherlands. 

Several advantages have been linked to either endoscopic or surgical resection of HGD. In 

this thesis, resection was associated with increased re-detection of HGD or EAC when these 

lesions were not found during subsequent follow-up evaluations. Furthermore, consensus 

between pathologists is improved in the histological evaluation of resection specimens 

when compared to biopsy samples.82, 83 Finally, the risk of progression towards EAC is lower in 

patients undergoing endoscopic resection of HGD when compared to endoscopic follow-up 
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with biopsies (this thesis). In addition to endoscopic and surgical resection, various ablative 

techniques have been developed to eradicate the BE mucosa in the presence or absence 

of neoplastic changes.84-86 Of these endoscopic modalities, radiofrequency ablation (RFA) 

is nowadays recognized for its safety and effectiveness.85 Recently, cryoablation was intro-

duced into this field.87-90 Advantages of cryoablation above RFA are the non-contact method 

facilitating ablation of the irregularly lined mucosa, the adjustable dosimetry, the lower costs 

and cryoablation is considered to be less painful.91,  92 Based on the disappointing rates of 

complete eradication of intestinal metaplasia and dysplasia in this thesis, CO2 cryoablation, 

combined with endoscopic mucosal resection (EMR) for nodular lesions, is not recommended 

in the treatment of BE-associated neoplasia. Furthermore, histological progression was ob-

served during follow-up after cryoablation treatment in a significant number of patients. No 

previous studies with CO2 cryoablation for the treatment of BE with HGD or IMC have been 

performed. On the contrary, results based on the nitrogen cryoablation system, which deliv-

ers the cryogen at a temperature of −196°C at the mucosa, seem promising.87-89 It may well be 

that the relatively “warmer” temperature in CO2 cryoablation, with mucosal freezing achieved 

at −78°C, negatively affects the depth and degree of mucosal injury. Studies comparing the 

two types of cryoablation devices have however not been performed.

Low-grade dysplasia
Difficulties in the management of LGD in BE include the uncertainty about the diagnosis, 

which is due to the natural history and substantial interobserver agreement.93,  94 Various 

endoscopic ablative techniques have been shown to be effective in the eradication of LGD 

in BE.90, 95, 96 Although the efficacy of CO2 cryoablation in patients with HGD or IMC was found 

to be disappointing in this thesis, a previous prospective study showed promising results 

using this device for the ablation of BE and associated LGD, with complete eradication of 

dysplasia in 100% of the patients and intestinal metaplasia in 85%.90 A possible explanation 

for the better outcome in the latter study is the inclusion of cases with only BE and LGD 

with shorter BE segments, which are, at least theoretically, easier to ablate. In addition, stud-

ies based on RFA for the ablation of BE and associated LGD showed promising results, with 

complete eradication of dysplasia in 95% and intestinal metaplasia in 87%.95 Interestingly, 

a randomized controlled trial of APC ablation versus surveillance for BE (non-dysplastic or 

with LGD), showed that >95% eradicated BE persisted during long-term follow-up (7 years) 

in 66% of the patients in the APC group.96 However, limited patient numbers were included 

and progression towards HGD was observed in some patients undergoing APC ablation, 

although to a lesser extent when compared to the surveillance group. This and previous 

observations indicate that ongoing surveillance endoscopies are still required following 

ablative therapy.95, 96 As no randomized controlled trials comparing ablative techniques with 

endoscopic surveillance including a significant number of BE patients with or without LGD 

are available, ablative treatment is not recommended in clinical practice in these patients.
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Esophageal adenocarcinoma
Despite improving diagnostic modalities, EAC is frequently detected at an advanced stage, 

making treatment with a curative intention no longer possible.3, 78, 97 In the population-based 

cohort of EAC patients in this thesis, the majority of EACs (66%) was detected at an incurable 

stage. Estimated 2-year and 5-year overall mortality rates were 75% and 89%, respectively, 

which is comparable to a previously reported European study.98 Furthermore, mortality rates 

continued to decrease until 2009, in accordance with the observed trend that already started 

in the 1970s.99, 100 Predictors for reduced mortality in EAC were younger age, participation in an 

adequate surveillance program prior to EAC diagnosis, a lower tumor stage at initial diagno-

sis and treatment performed in an academic compared to a non-academic center. Mortality 

rates decreased when combining surgery with neo-adjuvant chemo- and/ or radiotherapy, 

but increased when patients were treated with chemo- and/ or radiotherapy alone or when 

no treatment was performed compared to surgical resection without (neo)adjuvant treat-

ment. Age, tumor stage and treatment characteristics are known to be predictive factors for 

mortality from other studies.79, 101-105 Although the prognosis of patients diagnosed with EAC 

continues to improve, morbidity and mortality has remained high, thus identification of BE 

patients at risk, stratification in surveillance and improvements of diagnostic and therapeutic 

modalities is of importance.98, 106, 107

ConClusIons anD fuTuRE DIRECTIons

The incidence of EAC is rapidly rising in the Western world, which is alarming because of its 

persistent poor prognosis. The pathogenesis of BE and EAC is incompletely known, creating 

an interesting and challenging field for ongoing research. Growing evidence designates at a 

complex interplay between genetic susceptibility and environmental factors. In this thesis, 

clustering of BE and EAC within families was confirmed. The role of gastro-esophageal reflux 

and obesity may be central. Studying familial BE in greater detail, focusing on families with 

multiple affected cases, is of importance to increase knowledge regarding the contribution 

of genetic as well as environmental factors. A polygenic, autosomal dominant inheritance 

pattern, with incomplete penetrance caused by exposure to environmental factors is 

suggested in these familial cases. Elaborating on the environmental factors, increasing 

evidence indicates a role of chronic inflammation in the development of BE and neoplastic 

progression. In addition to gastro-esophageal reflux and obesity, the microbiome on the 

luminal site of the esophagus may aggravate the inflammatory state of the mucosa. Based 

on this thesis, TLR4 activation by gram-negative bacteria in BE was suggested to contribute 

to malignant transformation via induction of COX-2. TLR4 may be a potential therapeutic 

target that interferes with malignant progression in BE. On the contrary, TLR2 activation by 

gram-positive bacteria was implied to play a protective role against EAC development in BE 
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through induction of lysosomal activity and endocytosis and thereby contributing to tissue 

homeostasis.

The molecular drivers for the difference in the inflammatory response between BE and 

duodenum and normal squamous esophagus are an interesting focus for further investiga-

tion. Future studies need to answer the question on how microbiota and lysosomal function 

participate in the pathogenesis of esophageal inflammation and carcinogenesis, and of TLR2 

agonists and TLR4 antagonists as a potential anti-cancer drug. Currently available animal 

models and organoids for BE need further refinement in an effort to develop and evaluate 

potential anti-cancer therapy in order to interfere with neoplastic progression in BE.

Current recommended screening and surveillance strategies for BE are controversial. The 

population-based studies in this thesis demonstrated that only a minority of patients diag-

nosed with HGD or EAC was actually known with a prior diagnosis of BE. Therefore, more 

effort should be considered to identify new BE cases at risk, and thus to develop non-invasive, 

eventually non-endoscopic screenings approaches. In addition, endoscopic screening of 

relatives of familial BE probands is recommended to identify new BE cases. No randomized 

controlled trials have demonstrated the value of surveillance of BE in terms of survival ad-

vantage. Once patients are diagnosed with HGD or EAC, the advantage of prior participation 

in a surveillance program for BE in terms of progression and mortality was however demon-

strated in this thesis. Since the progression rates are relatively low, risk stratification in the 

selection of BE patients at the highest risk for progression who benefit most from surveillance 

is urgently needed. In the future, socio-demographic risk factors, characteristics of the BE 

segment and molecular biomarkers will be taken into account to determine personalized 

surveillance intervals. A prediction model based on these factors need to be generated and 

validated, together with the evaluation of cost-effectiveness of individualized surveillance, 

including its effect on mortality. In order to optimize surveillance strategies, future studies 

focusing on the natural disease course of LGD in BE and of small segments of BE is war-

ranted. Prospective studies are needed to evaluate and confirm the initial positive effects 

of endoscopic ablation in LGD. The high rates of malignant progression and the presence of 

prevalent EACs in a significant number of cases indicate the severity of a diagnosis of HGD in 

BE. Following HGD detection, a more aggressive approach is recommended than the current 

clinical practice in the Netherlands; immediate endoscopic ablation of the dysplastic BE seg-

ment should be performed, also in older patients, to reduce malignant progression. Based on 

the disappointing results in this thesis, CO2 cryoablation is currently not nominated for this 

indication. Long term follow-up results in patients that underwent endoscopic ablation are 

needed to determine recurrence and progression rates and to optimize follow-up guidelines.
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In conclusion, this thesis demonstrated novel insights in the genetic and environmental 

contribution to the development of BE and EAC. Accordingly, the effect of surveillances 

strategies for BE on EAC progression risk and mortality, and the efficacy of follow-up strate-

gies in BE-associated neoplasia were elucidated. Altogether, for the best of patient interest, 

these results importantly contribute to optimizing current surveillance and follow-up strate-

gies in BE in order to reduce progression towards EAC.
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suMMaRy

Barrett’s esophagus (BE) is a premalignant condition predisposing to the development of 

esophageal adenocarcinoma (EAC). The latter has been shown to occur through a multistep 

process of increasing grades of epithelial dysplasia, from no dysplasia to low-grade dysplasia, 

high-grade dysplasia (HGD) and finally EAC. During the past decades, the incidence rates 

of both BE and EAC have been rising. The prognosis of patients with EAC is poor, despite 

improved diagnostic and therapeutic modalities. Previous studies on the pathogenesis, sur-

veillance and follow-up of BE and progression towards EAC are marked by various unsolved 

issues demanding further evaluation. In chapter 1, the general aims and outline of this thesis 

are summarized.

PaRT I: PaThogEnEsIs of BaRRETT’s EsoPhagus anD EsoPhagEal 
aDEnoCaRCInoMa

The pathogenesis of the development of BE and progression towards EAC is incompletely 

known. Both genetic and environmental factors are considered to play a role and require 

further study. Chapter 2 reports on the identification of first- and second-degree relatives 

of patients with BE and EAC to determine the extent of familial clustering in a multicenter 

cohort, and to study differences between familial and non-familial cases. Familial BE, defined 

as ≥ 1 first- or second-degree relative(s) with histological confirmed BE or EAC, was demon-

strated in 7% (39/603) of the index patients with BE and EAC, with 10% of the first-degree 

relatives and 2% of the second-degree relatives being affected. Familial BE cases were found 

to have a younger age of onset of reflux symptoms and diagnosis of EAC compared to non-

familial BE. Additionally, relatives in familial BE reported more frequently reflux symptoms 

and more often underwent upper endoscopy. Interestingly, families with multiple affected 

cases of BE and EAC were identified, indicating clustering of BE and EAC within families and 

consequently the involvement of both genetic and environmental factors.

In chapter 3, the expression of the innate immune receptor toll-like receptor (TLR)4 in the 

esophagus was evaluated. TLR4 mRNA expression was significantly increased in EAC, BE and 

reflux esophagitis compared to normal squamous esophagus. Functional activity of TLR4 was 

demonstrated in ex vivo cultures of BE, duodenum and normal squamous esophagus biopsies 

and in a BE cell line. Following TLR4 activation, COX-2 expression was significantly increased 

in ex vivo cultured BE biopsies; however, no effect was demonstrated in normal squamous 

esophagus and duodenum biopsies, with the latter included as a positive control of intestinal 

type of epithelium. As COX-2 is considered to play an important role in EAC progression, 

these findings suggest that TLR4 activation in BE may promote carcinogenesis.
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In chapter 4, the expression of TLR2 in esophageal biopsies was studied. Additionally, the 

effect of long-term activation of the TLR2 signaling pathway on morphological changes and 

the expression of factors involved in lysosomal function in BE epithelium cells exposed to 

acid and bile salts was analyzed. TLR2 was expressed in normal squamous esophagus, reflux 

esophagitis, BE and was most prominent in EAC. Long-term TLR2 activation in acid and bile 

salts exposed BE epithelium cells resulted in the presence of more and/or larger lysosomes 

and mitochondria and increased expression of lysosomal enzymes (Cathepsin B and C) and 

factors involved in endocytosis (LAMP-1 and M6PR) when compared to samples stimulated 

with acid and bile salts or the TLR2 agonist alone. The upregulated expression of factors 

involved in lysosomal function following TLR2 activation in BE during reflux episodes suggest 

increased clearing of waste accumulations contributing to cellular homeostasis and defence, 

and might help in protecting the BE epithelium against EAC development.

PaRT II: suRVEIllanCE anD follow-uP of BaRRETT’s EsoPhagus

Guidelines recommend participation in an endoscopic surveillance program once a diag-

nosis of BE is established in order to detect neoplastic lesions at an early stage. However, 

data regarding the benefit of surveillance of BE is questionable and the optimal follow-up 

strategies when neoplastic lesions are detected are incomplete. Chapter 5 analyzed prior 

surveillance and follow-up strategies in a large population-based cohort of patients with 

HGD in BE and identified predictors of EAC progression. To this end, 827 patients diagnosed 

with HGD between 1999 and 2008 were identified in PALGA, a nationwide network and 

registry of histopathology and cytopathology diagnoses in the Netherlands. In this, to our 

knowledge, largest reported HGD cohort worldwide, the EAC detection rate was 14.1 per 100 

person-years and 4.2 per 100 person-years after excluding prevalent cases (EAC detected ≤6 

months). Multivariable Cox proportional hazards regression analysis showed that the risk of 

both prevalent and incident EAC was increased with older age, while it was reduced with 

previous surveillance and endoscopic treatment, supporting the advantage of prior surveil-

lance of BE and the current practice of performing endoscopic treatment of HGD.

In chapter 6, the consistency of a diagnosis of HGD was evaluated in the same nationwide 

cohort of patients with HGD in BE. Additionally, independent predictors for (re-)detecting 

HGD or EAC when ≥1 follow-up evaluations after an initial HGD diagnosis were scored with 

a lower histological grade were identified. HGD diagnosis was inconsistent in 53% of the 

patients. The (re-)detection risk was increased when follow-up was performed in an academic 

hospital and when endoscopic or surgical resection was performed and decreased with an 

increasing number of follow-up evaluations scored with a lower histological grade, indicating 

the importance of careful follow-up.
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Chapter 7 reported on the effect of prior surveillance of BE on mortality from EAC in a popula-

tion-based cohort of EAC patients. In total, 9,780 patients diagnosed with EAC between 1999 

and 2009 were identified in the nationwide Netherlands Cancer Registry. These data were 

linked to the Dutch Pathology Registry (PALGA). Only 8% of the patients was diagnosed with 

BE prior to EAC detection, of which 57% participated in an adequate endoscopic surveillance 

program, according to the current surveillance guidelines. Multivariable Cox proportional 

hazards regression analysis showed that mortality rates were lower in patients undergoing 

adequate surveillance when compared to cases with a prior BE diagnosis not participating in 

such a program, supporting the advantage of adequate surveillance in BE patients.

In chapter 8, the efficacy and safety of CO2 cryoablation, combined with endoscopic mu-

cosal resection (EMR) for nodular lesions in the treatment of BE-associated neoplasia, was 

studied in a prospective single center case series. After the inclusion of 10 patients with HGD 

or intramucosal carcinoma, the study was early terminated because of insufficient efficacy. 

Complete eradication of dysplasia and intestinal metaplasia at six months of follow-up was 

observed in only 44% and 11% of these patients, respectively, and progression to HGD and 

intramucosal carcinoma (IMC) during follow-up was seen in 33% of the patients. Besides a 

gastric perforation, CO2 cryospray treatments were tolerated well, with only short-term mild 

retrosternal pain, odynophagia and dysphagia in a minority of the patients. Overall, it was 

concluded that the results of CO2 cryoablation are disappointing and insufficient to warrant 

clinical application.

Finally, the results as obtained in this thesis, the implications for clinical practice and future 

perspectives were discussed in chapter 9.
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Een Barrett slokdarm (Barrett’s esophagus, BE) is een premaligne aandoening waarin slok-

darmkanker kan ontstaan. Dit proces ontstaat via toenemende gradaties van epitheliale 

dysplasie en wordt onderverdeeld in geen dysplasie, laaggradige dyspasie, hooggradige dys-

plasie (HGD) en tenslotte adenocarcinoom van de slokdarm (Esophageal Adenocarcinoma, 

EAC). Gedurende de afgelopen decennia is de incidentie van zowel BE als EAC toegenomen. 

Ondanks verbeteringen in diagnostische en therapeutische technieken in de laatste 10 jaar 

is de prognose van patiënten met EAC nog steeds ongunstig. In het onderzoeksgebied van 

de pathogenese, surveillance (periodieke screening) en follow-up van BE en progressie naar 

EAC doen zich verschillende onopgeloste problemen voor, die verdere studies nodig maken. 

In hoofdstuk 1 worden de algemene doelstellingen van het onderzoek in dit proefschrift 

beschreven als inleiding op de studies in de daarop volgende hoofdstukken.

DEEl I: PaThogEnEsE Van BaRRETT slokDaRM En 
aDEnoCaRCInooM Van DE slokDaRM

De pathogenese van de ontwikkeling van BE en progressie naar EAC is onvoldoende bekend. 

Zowel genetische als omgevingsfactoren spelen een rol en vereisen nader onderzoek. Om de 

mate van familiaire clustering van deze aandoeningen vast te stellen wordt in hoofdstuk 2 de 

identificatie van eerste- en tweedegraads familieleden van patiënten met BE en EAC beschre-

ven in een multicentrisch cohortonderzoek. In dit hoofdstuk werden de verschillen tussen 

familiaire en niet-familiaire vormen van BE en EAC bestudeerd. Familiaire BE, gedefinieerd als 

≥ 1 eerste- of tweedegraads familielid met histologisch bewezen BE of EAC, werd aangetoond 

bij 7% (39/603) van de indexpatiënten met BE en EAC. Tien procent van de eerstegraads 

familieleden van deze indexpatiënten en 2% van de tweedegraads familieleden bleken ook 

gediagnosticeerd met BE en EAC. Vergeleken met niet-familiaire BE hadden familiaire BE pati-

enten gemiddeld een jongere leeftijd waarop refluxklachten zich openbaarden en waarop de 

diagnose EAC werd vastgesteld. Bovendien hadden de familieleden van bewezen familiaire 

BE patiënten vaker symptomen van reflux en ondergingen zij frequenter gastroscopieën. 

Concluderend werden families geïdentificeerd waarin meerdere familieleden werden gedi-

agnosticeerd met BE of EAC. Dit suggereert clustering van BE en EAC binnen families, waarbij 

genetische en omgevingsfactoren een belangrijke rol lijken te spelen.

In hoofdstuk 3 werd de expressie van de toll-like receptor (TLR)4 als onderdeel van het 

aangeboren immuunsysteem in de slokdarm onderzocht. In vergelijking met normaal pla-

veiselcelepitheel van de slokdarm was de TLR4 mRNA expressie significant verhoogd in EAC, 

BE en reflux oesofagitis. TLR4 bleek functioneel actief in ex vivo kweken van biopten van BE, 



CHAPTER 10

182

duodenum en normaal plaveiselcelepitheel en in een BE cellijn. TLR4 activatie resulteerde in 

significant verhoogde COX-2 expressie in ex vivo gekweekte BE biopten. Er werd echter geen 

effect gevonden in normaal plaveiselcelepitheel van de slokdarm en duodenum biopten, 

waarbij de laatstgenoemde als een positieve controle diende van intestinale type epitheel-

cellen. Omdat COX-2 een belangrijke rol speelt in de ontwikkeling van EAC, suggereren deze 

resultaten dat TLR4 activatie in BE de carcinogenese bevordert.

In hoofdstuk 4 werd de expressie van toll-like receptor (TLR)2 in slokdarmbiopten be-

studeerd. Daarnaast werd het effect van langdurige blootstelling van BE epitheelcellen 

aan galzouten in een zuur milieu op morfologische veranderingen en de activiteit van de 

lysosomale signaleringsroute geanalyseerd. TLR2 werd tot expressie gebracht in normaal 

plaveiselcelepitheel van de slokdarm, reflux oesofagitis, BE en het meest prominent in EAC. 

Langdurige TLR2 activatie in BE epitheelcellen die blootgesteld werden aan galzouten in een 

zuur milieu resulteerde in een toegenomen aantal danwel grotere lysosomen en mitochon-

driën en verhoogde expressie van lysosomale enzymen (Cathepsine B en C) en factoren die 

betrokken zijn bij endocytose (LAMP-1 en M6PR). De verhoogde lysosomale activiteit als ge-

volg van TLR2 activatie in BE tijdens reflux episodes suggereert een toegenomen verwerking 

van afvalproducten, die bijdragen aan de cellulaire homeostase en afweer en zou daarmee 

het BE epitheel kunnen beschermen tegen EAC ontwikkeling.

DEEl II: suRVEIllanCE En follow-uP Van BaRRETT slokDaRM

Huidige richtlijnen raden patiënten die zijn gediagnosticeerd met BE deelname aan een 

endoscopisch surveillance programma aan, met als doel het vroegtijdig opsporen van neo-

plastische afwijkingen. Het voordeel van zo’n surveillance programma voor BE patiënten is 

echter discutabel en de optimale follow-up strategieën van nieuw ontdekte neoplastische 

afwijkingen zijn onvoldoende bekend.

In hoofdstuk 5 werden eerdere surveillance en follow-up strategieën in een groot cohort 

patiënten met HGD in BE onderzocht en werden voorspellers van progressie naar EAC 

geïdentificeerd. Hiervoor werden 827 HGD patiënten geïncludeerd die tussen 1999 en 2008 

waren geregistreerd in het Pathologisch Anatomisch Landelijk Geautomatiseerd Archief 

(PALGA), een landelijk netwerk van histopathologische en cytopathologische diagnoses in 

Nederland. In dit wereldwijd grootste gerapporteerde HGD cohort werden 14,1 EACs per 100 

persoonsjaren gedetecteerd en 4,2 per 100 persoonsjaren wanneer prevalente gevallen (EAC 

≤ 6 maanden) werden uitgesloten. Multivariabele Cox proportional hazards regressie analyse 

liet zien dat zowel het risico van prevalente als incidente EACs verhoogd was als patiënten 

ouder waren, terwijl het risico juist verlaagd was wanneer surveillance van BE voorafgaand 

aan HGD detectie en endoscopische behandeling van HGD waren verricht. Deze resultaten 
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ondersteunen het voordeel van vroegtijdige surveillance van BE in de huidige praktijk en het 

uitvoeren van endoscopische behandeling van HGD.

In hoofdstuk 6 werd de consistentie van de diagnose van HGD geëvalueerd in hetzelfde lan-

delijke cohort van patiënten met HGD in BE. Daarnaast werden onafhankelijke voorspellers 

geïdentificeerd voor het (her-)detecteren van HGD of EAC bij patiënten met ten minste één 

follow-up evaluatie waarbij een lagere histologische graad werd gevonden na een initiële 

HGD diagnose. De diagnose HGD was inconsistent bij 53% van de patiënten. Het risico op 

(her-)detectie van HGD of EAC was verhoogd wanneer follow-up werd uitgevoerd in een 

academisch ziekenhuis en wanneer endoscopische of chirurgische resectie was verricht. Het 

risico op (her-)detectie was verlaagd bij een toenemend aantal endoscopische follow-up 

evaluaties met afname van biopten waarbij een lagere histologische graad dan HGD werd 

gevonden. Deze resultaten geven het belang weer van zorgvuldig gekozen follow-up stra-

tegieën.

In hoofdstuk 7 werd het effect beschreven van vroegtijdige surveillance van BE op de uit-

eindelijke sterfte van EAC in een landelijk cohort van EAC patiënten. Tussen 1999 en 2009 

werden in totaal 9.780 EAC patiënten geïdentificeerd in de Nederlandse Kankerregistratie. 

Deze gegevens werden gekoppeld aan PALGA. Slechts 8% van de patiënten was bekend met 

de diagnose BE voorafgaand aan EAC detectie. Hiervan had 57% van de patiënten deelge-

nomen aan een adequaat endoscopisch surveillance programma overeenkomstig aan de 

huidige richtlijnen. Multivariabele Cox proportional hazards regressie analyse liet zien dat 

de sterftecijfers lager waren bij patiënten die deelnamen aan een adequaat surveillance 

programma dan bij patiënten die eerder waren gediagnosticeerd met BE en niet deelnamen 

aan een dergelijk programma. Deze resultaten ondersteunen het belang van een adequaat 

surveillance programma van BE patiënten.

In hoofdstuk 8 werd in een prospectieve single-center patiënten serie de werkzaamheid en 

veiligheid van CO2-cryoablatie in combinatie met endoscopische mucosale resectie (EMR) 

onderzocht voor de behandeling van nodulaire BE-geassocieerde neoplasie. Na de inclusie 

van 10 patiënten met HGD of intramucosaal carcinoom (IMC) werd de studie vroegtijdig 

beëindigd wegens onvoldoende werkzaamheid. Volledige eradicatie van dysplasie en intes-

tinale metaplasie werd slechts bij respectievelijk 44% en 11% van de patiënten gezien na een 

follow-up duur van 6 maanden. Progressie naar ernstige dysplasie en IMC werd gedurende 

deze follow-up bij 33% van de patiënten gevonden. Behoudens een maagperforatie, werden 

de CO2-cryoablatie behandelingen goed verdragen, met kortdurende milde retrosternale 

pijn, odynofagie en dysfagie bij een minderheid van de patiënten. Samengevat waren de 

resultaten van CO2-cryoablatie teleurstellend en niet veilig en effectief genoeg voor klinische 

toepassing.
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Ten slotte werden deze resultaten zoals gevonden in dit proefschrift, de implicaties voor de 

dagelijkse praktijk en toekomstige toepassingen in hoofdstuk 9 bediscussieerd.
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Op deze laatste, wellicht meest gelezen bladzijden wil ik iedereen bedanken die bewust of 

onbewust een bijdrage heeft geleverd aan dit proefschrift. Het zijn intensieve, leerzame jaren 

geweest, met pieken en dalen. Zonder de steun van de vele mooie en fijne mensen om mij 

heen was ik niet op dit punt terecht gekomen. Een aantal personen wil ik in het bijzonder 

bedanken.

Allereerst gaat mijn dank uit naar de patiënten die hebben deelgenomen aan de verschil-

lende studies. Zonder hun bereidheid om biopten af te staan, vragenlijsten in te vullen en 

nieuwe behandelingen te ondergaan was dit proefschrift nooit tot stand gekomen. 

Zeer gewaardeerde promotor Prof. dr. P.D. siersema, ik kan mij het moment in de zomer 

van 2008 waarop wij brainstormden over een promotietraject op het gebied van Barrett 

slokdarm en de Toll-like receptor nog goed herinneren. Geen moment heb ik getwijfeld 

en geen moment heb ik spijt gehad. Dat bewuste gesprek is uitgemond in een veelzijdige 

promotie. Uw enthousiasme voor de wetenschap werkt aanstekelijk en motiverend. Tijdens 

de vele besprekingen heb ik uw wetenschappelijke input, kritische blik en luisterende oor 

erg gewaardeerd. Het gegeven dat het mapje met notulen inmiddels uit haar voegen barst, 

suggereert dat het de hoogste tijd is om er een punt achter te zetten. Ik wil u bedanken voor 

de mogelijkheid die u me heeft geboden om te promoveren en te starten met de opleiding 

tot Maag-, Darm- en Leverarts. Er rest mij nog één vraag: is het dan nu tijd voor de andere 

helft van dat glaasje champagne? 

Dr. J.w.P.M. van Baal, beste Jantine, ik had me geen betere co-promotor kunnen wensen. 

Je nuchtere kijk op zowel de wetenschap als het leven heeft het voor mij tot een hele fijne 

samenwerking gemaakt! Zonder jou was het experimentele gedeelte van dit proefschrift er 

niet geweest, was er geen cel gaan groeien en geen Western Blotbandje op de juiste plek 

terechtgekomen. Ik heb je grenzeloze geduld gewaardeerd toen ik als lab-groentje de 

kneepjes van het vak van jou leerde. Je bent een goede leermeester. Je hebt me vrij gelaten 

en tegelijkertijd sturing gegeven daar waar het nodig was. Ik wens je een succesvolle carrière 

als scientist en een mooie toekomst met Jaap en de kinderen toe. Bedankt voor alles!

Dr. M.g.h. van oijen, beste Martijn, je bent wat later in het traject als co-promotor aange-

schoven. Ik had je bijdrage aan het epidemiologische gedeelte van dit proefschrift niet willen 

missen. Je originaliteit en motiverende karakter hebben mijn promotie meer kleur gegeven. 

Je wist mijn soms wat brede uiteenzettingen weer tot de kern terug te brengen en hield me 

aan de door mijzelf opgelegde deadlines. Je leerde me wetenschap te “verkopen” en op z’n 

Amerikaans een hamburger te bestellen. Bedankt!
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Prof. dr. l. koenderman, beste Leo, bedankt voor de nuttige en inspirerende discussies 

tijdens de Barrett-meetings. Deze hebben mij vele malen aan het denken gezet en tot nieuwe 

inzichten gebracht. Ik wil u en de overige leden van de promotiecommissie, Prof. dr. R. van 

Hillegersberg, Prof. dr. G.J.A. Offerhaus, Prof. dr. B.L.A.M. Weusten en Prof. dr. F.J.G. Backx, 

bedanken voor de bereidheid om dit proefschrift te beoordelen en met mij van gedachten te 

wisselen op de openbare verdediging op 2 oktober a.s. 

Prof. dr. f.J. ten kate, bedankt voor de vele uren die wij achter de microscoop hebben door-

gebracht om de Barrett-coupes te beoordelen en voor uw expert opinion. 

Dear Dr. R.f. souza, I really appreciated our collaboration. Thank you very much for providing 

the BAR-T cells and your scientific input.

Ook wil ik alle andere co-auteurs heel erg bedanken voor de samenwerking en input. Mede 

dankzij jullie zijn de diverse onderzoeksprojecten tot een mooi eindresultaat gebracht. In het 

bijzonder wil ik Martin de smet, Mattie van Rijen, kees fluiter, folkert Morsink en george 

Posthuma bedanken voor de hulp bij de diverse experimenten in de afgelopen jaren. 

Daarnaast gaat mijn uit dank uit naar stichting Palga, in het bijzonder Mariël  Casparie 

en Lucy Overbeek, en naar Integraal kankercentrum nederland (IKNL), met name Anne-

marie Eeltink-Conijn en Jessie Steevens, voor de prettige samenwerking. Het koppelen van 

histopathologische en epidemiologische gegevens heeft geleid tot interessante resultaten, 

waar ik met veel plezier mee heb gewerkt. Ook het bestuur en de leden van roeivereniging 

Rijnland, in het bijzonder Mies Bernelot Moens en Berend Glazenburg, wil ik bedanken voor 

de samenwerking en het invullen van de vragenlijsten.

ada en linda, Cora en Marja, de andere secretaresses en de endoscopieverpleegkundi-

gen, bedankt voor het prettige contact en de gezelligheid! Leuk om nu met de klinische pet 

op met jullie samen te werken. 

Lief stikstofemmertje, bedankt dat je er altijd voor me was als ik je nodig had.

Masterstudenten Judith de haan, willemijn kremer en lisanne spittuler, jullie inzet is 

onmisbaar geweest voor uiteenlopende facetten van dit onderzoek. Ik heb jullie nooit horen 

klagen (althans, niet tegen mij) en heb genoten van de samenwerking. Ik heb van jullie 

kunnen leren. Jullie zijn stuk voor stuk harde werkers en bleken ook nog eens een gezellige 

aanwinst! Bedankt! Ik wens jullie het allerbeste voor de toekomst. 
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Pauline, hoewel wij verschillend zijn, hebben we een leuke tijd gehad als kamergenoten 

en als lab-maatjes. Als biomedicus en geneeskundige hebben wij elkaar goed aan weten te 

vullen. Jij kunt heerlijk verrassend uit de hoek komen. Daar heb ik van genoten. Ik wens je 

veel succes op jouw promotie op 18 november a.s. en voor de toekomst. Max, mijn statistiek-

helpdesk en rots in de branding. Zonder jou zou ik waarschijnlijk herhaaldelijke pogingen 

hebben gedaan mijn computer het raam uit te werken. Je bent een topper! Ik geef je straks 

graag weer wat geld voor een biertje op STVU.

Lief prullenbakje, bedankt dat je zo nu en dan wat chipolatataart voor me achterhield om 

tijdens de late uurtjes op het lab van te genieten. 

Collegae MDl-onderzoekers, Jan Steven, Anke, Vincent, Mike, Tim, Erik, Sacha, Suzanne, 

Wouter, Christine, Mirjam en Jorrit, bedankt voor de gezellige tijd, alle koffie-, borrel- en 

vooral ook taartmomenten, skitripjes en congresbezoekjes. Ik hoop jullie nog vaak tegen te 

komen in de toekomst! Christine, het Barrett-stokje is bij jou in goede handen, succes! 

Collegae van de Interne geneeskunde van het st. antonius ziekenhuis, bedankt voor 

de leerzame en gezellige tijd tijdens de vooropleiding. Jullie waren als een warm bad. Dr. 

A.B.M. Geers, beste Tom, bedankt voor de ruimte die ik heb gekregen om tussen de klinische 

werkzaamheden door aan mijn onderzoek te werken, voor de persoonlijke interesse en de 

interesse in mijn naaste familie. Wellicht dat mijn promotie ook als reünie kan dienen?

Maag-, Darm- en leverartsen van het uMC utrecht, beste Bas Oldenburg, Auke Bogte, 

Karel van Erpecum, Jan Monckelbaan, Frank Vleggaar, Herma Fidder en Leon Moons, bedankt 

voor de afgelopen leerzame maanden, het aanleren van de endoscopieskills en de ruimte die 

jullie me gegeven hebben om dit onderzoek tot een goed einde te brengen.

Collegae aIos MDl van het uMC utrecht, beste Wouter, Durk, Jurjen, Maarten, Philip, 

Marian, Ofke en Petra, bedankt voor de goede en warme ontvangst, voor de antwoorden op 

al mijn vragen, voor het relativeren en voor de gezelligheid! 

Lieve lotte, nicolette, Daisy en Mirthe, nooit gedacht dat ik aan de onderzoekstijd zo’n 

leuke vriendinnengroep over zou houden. Een goed glas wijn, goed eten, goede gesprekken 

(diepgaand en minder diepgaand) en goede grappen. Het is altijd een feestje om met jullie 

af te spreken. Dat blijven wij in de toekomst zeker doen!

Lieve fiona, Roooommmmiiee, met een grote glimlach kijk ik terug op de periode die wij 

als  kamergenoten hebben doorgebracht. De momenten waarop wij driftig zaten te typen 

(jij 90-degrees voorovergebogen) werden afgewisseld door de gezellige koffiemomenten, 
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waarbij  de belangrijkere zaken van het leven besproken werden, zoals mode en de laatste 

roddels in showbizzland, de oprichting van Qogea en de organisatie van de maandelijkse 

borrels en de eerste MDL-wintersport. Onze wederzijdse voorliefde voor schoolkrijtjes en 

bokkenpootjes maakten het feest compleet. Ik heb veel bewondering voor je daadkracht. 

Naast een fijne collega ben jij ook een goede vriendin geworden. Heel erg leuk dat jij mijn 

paranimf wilt zijn!

Lieve Meike, mattie, de afgelopen zes jaar zijn wij onafscheidelijk geweest. Na de onder-

zoekstijd begonnen wij samen aan de vooropleiding Interne Geneeskunde. Ik weet nog 

goed hoe we, verscholen achter onze acute boekjes, de eerste uren als arts-assistent op de 

spoedeisende hulp doorbrachten. Het werkte heerlijk ontspannend en relativerend om de 

belevenissen met jou onder het genot van een borrel en kaasstengels te evalueren. Er is 

een mooie vriendschap ontstaan, die werd bekroond met een gezellige vakantie in Barça. 

Het schitterende appartement, biertjes op het strand, flaneren op onze fietsen en google-

translategesprekken. Ik heb genoten. Net zoals ik ga genieten van jou als paranimf.

Lieve familie en vrienden, ontzettend bedankt voor alle steun en begrip en vooral ook 

afleiding in de afgelopen jaren. Ik kijk ernaar uit weer meer van jullie te genieten!

Lieve jaarclub ludique, lieve Mila, Roxy, Anneke, Mireya, Dinette, Linda, Jola en Loes, wat 

zijn jullie een schatten! Jullie verrassingspakket heeft me over de eindstreep getrokken. Heel 

bijzonder om te zien wat voor vriendschap we de afgelopen twaalf jaar hebben opgebouwd 

en dat wij er voor elkaar zijn, in goede en slechte tijden. Opdat het altijd goed komt! 

Lief sB, lieve Camel, Meijer, Jespers, Paul, Anne en Maris, na een jaar op Unitas SR te hebben 

doorgebracht, kennen we elkaar door en door. Heerlijk om met jullie te borrelen, weinig 

woorden nodig te hebben en jezelf te kunnen zijn. Ik ben blij met jullie in mijn leven! 

Allerliefste klaske, zusje, wat moet ik zonder jou? Jij bent heel belangrijk voor mij; ieder 

moment samen met jou is genieten. Hopelijk is er nu weer tijd om elkaar vaker te zien! Ik kijk 

ernaar uit om weer eens voeten te wassen in een bidet of later met onze rollatortjes in het 

park te hangen en terug te kijken op een duurzaam leven. 

Lieve silvie, heel bijzonder dat onze basisschoolvriendschap is uitgegroeid tot zo iets moois. 

Ik vond het een hele eer en bijzonder om jullie bruiloft als ceremoniemeester van zo dichtbij 

mee te maken en kan niet wachten om je straks weer vaker te zien.

Lieve Marije en sjoerd, bedankt voor het fijne Amsterdamse dak boven mijn hoofd, waaron-

der ik heel wat uurtjes aan dit proefschrift heb zitten werken.
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Lieve Bruno en frederik, ik kan mij geen leukere broertjes wensen! Ook kan ik mij geen 

betere ICT helpdesk wensen. Ik geniet ervan om er met z’n drieën op uit te trekken. Dat gaan 

wij nu zeker weer vaker doen!

Allerliefste Papa en Mama, bedankt voor jullie onvoorwaardelijke liefde en steun die ik altijd 

gevoeld heb. Jullie zijn heel belangrijk, zowel tijdens dit promotietraject als in mijn leven. 

Zonder jullie had ik hier niet gestaan. Papa, het gegeven dat bij jou een Barrett slokdarm 

werd geconstateerd heeft dit onderzoek voor mij in perspectief geplaatst. Ik vind het heel 

bijzonder dat jij hebt deelgenomen aan een aantal onderzoeksprojecten. Mama, ook jij en je 

vertaalkunsten hebben een direct steentje bijgedragen aan dit onderzoek, bedankt! Ik kijk 

ernaar uit om weer meer tijd met jullie door te brengen, op de boot en op de skies, of gewoon 

gezellig aan de keukentafel. 

Lieve Joost, ik heb altijd gezegd dat ik hoopte dat mijn droomman bij mijn promotie zou zijn. 

Daar ben je dan. In korte tijd heb jij je van leukste collega ontpopt tot belangrijkste persoon 

in mijn leven. Jij bent een onbeschrijfelijk grote steun geweest tijdens deze eindsprint. Ik kan 

niet wachten om samen met jou iedere dag tot een nog groter feestje te maken en van al 

het moois dat de wereld om ons heen te bieden heeft te genieten. Laten we beginnen met 

Maleisië en Borneo! Ik hou van je! 
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aBsTRaCT

Background and aim

Recently, three rowers of a Dutch rowing society were within a period of one year diagnosed 

with esophageal adenocarcinoma (EAC). This resulted in the hypothesis that rowing may 

induce gastro-esophageal reflux and thereby increases the risk of EAC development. In this 

study, we evaluated the association between rowing and gastro-esophageal reflux.

Methods

A literature review was performed to investigate the prevalence of gastro-esophageal reflux 

associated to type and intensity of exercise (part I). In addition, a questionnaire was sent 

to all rowers (n=380) of the particular rowing society to estimate the prevalence of reflux 

symptoms during rowing (part II).

Results

The literature search revealed seven studies reporting on the prevalence of gastro-

esophageal reflux in a total of 439 athletes during exercise based on both pH monitoring and 

questionnaires (part I). Only one study included rowers. All studies demonstrated that reflux 

symptoms are induced by any type of exercise. Moreover, frequency and duration of reflux 

episodes were associated with type of exercise and its intensity. pH monitoring showed more 

reflux episodes per hour during weightlifting compared to running and cycling. Additionally, 

rowing was found to induce reflux. Of the 196 responders (response rate 52%) in the question-

naire study (part II), 100 rowers (51%) experienced reflux symptoms, of which 52% less than 

once a month, 20% monthly, 22% weekly and 6% daily. However, more reflux symptoms were 

encountered during rowing compared to daily life experience in this population. Marathon 

(67%) and tour (40%) rowers indicated that they had more frequently reflux symptoms than 

recreational (23%) and competition (19%) rowers (p=0.02).

Conclusion

Rowers experience more gastro-esophageal reflux symptoms during rowing than in daily life 

and the frequency was found to be associated with the intensity of rowing. This is supported 

by previous studies demonstrating exercise-induced reflux associated with type and inten-

sity of exercise. Nonetheless, the relatively low frequency of reflux symptoms in the present 

rowing cohort when compared to general prevalence makes a direct association between 

rowing-induced gastro-esophageal reflux and EAC development unlikely.
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InTRoDuCTIon

Recently, three members of the same rowing society and the same team in the Netherlands 

were within a period of one year diagnosed with esophageal adenocarcinoma (EAC). In 

the Western world, EAC has been demonstrated to have the fastest rising incidence of all 

malignancies.1, 2 The peak in EAC incidence in this rowing population motivated us to further 

explore this epidemiologic and possibly causative phenomenon.

The exact cause of EAC is unknown; however, a number of factors have been associated 

with this malignancy. Patients with Barrett’s esophagus (BE), caused by gastro-esophageal 

reflux disease, are known to have an increased risk of developing EAC.3, 4 Athletes in general, 

and possibly rowers in particular, are known to experience abdominal symptoms during 

and/or (immediately) after exercise, including heartburn, regurgitation, belching, nausea 

and vomiting, with reported rates of 30-67%.5-7 Reflux symptoms induced by exercise are 

caused by a combination of increased intra-abdominal pressure, delayed gastric emptying 

and transient relaxation of the lower esophageal sphincter.8

Type and intensity of exercise are suspected to affect the prevalence of reflux symptoms. 

A comprehensive overview of the association between reflux symptoms and diverse sport 

activities and their intensity is not yet available.

As a result of these EAC diagnoses in three rowers, we wondered whether reflux is more 

common in rowing people. To this end, two studies were conducted: 1) a literature review of 

published studies on gastro-esophageal reflux in athletes, with particular attention to type 

and intensity of exercise; and 2) a questionnaire study on the prevalence of reflux symptoms 

and the association with intensity of rowing in the rowing society.

METhoDs

Part I: literature study

Using PubMed a systematic search was performed to identify the association between ex-

ercise (type and intensity) and gastro-esophageal reflux in adults. Studies published from 

1985 to March 2014 were included using the following search terms and synonyms: “Sports/ 

Athletes” AND “Gastro-esophageal reflux/ heartburn”. Title and abstract of the papers that re-

sulted from the systematic search were evaluated for inclusion and exclusion criteria (Figure 

1). Subsequently, the full text of the selected manuscripts was reviewed. Only Dutch and 

English studies aiming to examine the prevalence of reflux during exercise were included. 

Studies were excluded when they did not contain original data or when the study popula-

tion included less than 5 participating subjects performing sport. The occurrence of gastro-

esophageal reflux during or immediately after exercise and associated to type and intensity 

of exercise was evaluated by a questionnaire as well as esophageal pH monitoring. In studies 
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based on pH monitoring, reflux was defined as a drop in pH below 4 during more than 6% 

of the time.9 Information about the prevalence of gastro-esophageal reflux or associated 

symptoms during exercise, type and intensity of exercise and demographic data (such as age 

and gender) were collected. As a measure of exercise intensity, the percentage of maximal 

oxygen uptake (VO2 max) was used or calculated if necessary.10

Part II: Questionnaire study

At the end of 2011, a total of 380 questionnaires, both digitally and on paper, were sent out to 

all members of the rowing society of Southwest Netherlands. The questionnaire comprised a 

general section with personal information, a section on current and history rowing activities 

and a medical section, explicitly aiming at reflux symptoms. The returned and completed 

questionnaires were anonymously processed. Characteristics of the rowers were obtained 

and a differentiation was made between aspirant or recreational, competition, tour (tour 

throughout the day) and marathon (contest with a minimum distance of 50 kilometer) row-

ing. The prevalence of gastro-esophageal reflux, defined as heartburn and/or (acidic or non-

acidic) regurgitation during rowing and the association with its intensity were determined. 

Characteristics of the rowers, with or without reflux symptoms during the most vigorous 

rowing period, were compared using a chi-square test, t-test and Mann-Whitney U test, 

whenever appropriate. Two-tailed p-values <0.05 were considered as statistically significant. 

The statistical analyses were performed using SPSS version 20.0.

 

-

-
-
-

figure 1. Flowchart. Selection of articles based on the association between exercise (type and intensity) 
and gastro-esophageal reflux in the literature study.
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Part I: literature study

The initial search strategy yielded 48 studies. Based on the inclusion and exclusion criteria 

seven studies on the association between exercise (type and intensity) and gastro-esoph-

ageal reflux were ultimately included (Figure 1). The prevalence of reflux symptoms during 

exercise was analyzed in a total of 439 athletes in the seven included studies. The age of the 

athletes varied between 20 and 47 years and the majority was male (n=298, 68%) (Table 1). In 

76 athletes, obtained from six studies, the incidence of reflux was determined by pH moni-

toring.9, 11-15 The remaining study evaluated reflux symptoms using a questionnaire (adapted 

from the Gastro-intestinal Symptom Rating Scale).16

Four studies compared the prevalence of reflux for different types of sports.9, 12, 15, 16 Gastro-

esophageal reflux (as measured by pH monitoring) was present for a longer period during 

exercise in weightlifters compared to runners (p=0.04) and cyclists (p=0.03) (Figure 2A).12 

Weightlifters experienced moderate symptoms of heartburn whereas other athletes encoun-

tered mild symptoms. In triathlon athletes, reflux was significantly more common during run-

ning than during cycling.9 In another study, pH monitoring showed that reflux was induced 

by rowing in 70% of subjects (p=0.03),15 however, based on quantitative measurements no 

significant difference in the degree of reflux before and during rowing and no association 

between symptoms and reflux were observed. The questionnaire survey showed a higher 

prevalence of reflux symptoms during exercise in surfers (21%; 38/178) compared to other 

athletes (6%; 12/185) (p=0.001).16

Five studies examined the association between intensity of exercise and reflux.11-14,  16 A 

higher intensity of exercise was found to be associated with a significantly longer period of 

esophageal acid exposure in both cyclists and runners (Figure 2B)11, 13, 14 and with significantly 

more reflux symptoms among surfers and other athletes compared to a lower exercise inten-

sity or no excercise.16 The association between reflux and intensity of exercise was confirmed 

in runners in a study by Collings et al, however, no association was found in studies with 

cyclists and weightlifters.12

Part II: Questionnaire study

Of the 380 questionnaires, 196 were returned (response rate 52%). Among the responders 

51% was male (n=96), mean age ± standard deviation (SD) was 49±14 years and 84% of par-

ticipants obtained a high degree of education (Table 2). Of all participants, 45% had a history 

of competition rowing. In total, 100 rowers (51%) encountered reflux symptoms. Of these, 81 

subjects explicitly indicated the frequency of reflux symptoms: 6% (5/81) daily, 22% (18/81) 

weekly, 20% (16/81) monthly and 52% (42/81) less than once a month, respectively.

During the most vigorous rowing period, additional (mild, moderate or severe) symptoms 

of reflux were experienced more frequently during rowing (24%, 25/103 rowers; p=0.04) than 
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immediately after rowing (10%, 10/103 rowers; p=0.009), or in daily life experience (18%, 

18/103; p=0.03) (Figure 3). Significantly more women experienced symptoms of reflux during 

rowing than men; age and body mass index (BMI) were not associated with reflux symptoms 

(Table 3). Competition rowers experienced the lowest frequency of reflux symptoms during 

the most vigorous rowing period in their life, followed by aspirant or recreational and tour 

rowers. Marathon rowers indicated most frequently reflux symptoms (p=0.02; Table 3). The 

prevalence of reflux symptoms was not associated with the number of rowing hours per week.






















  






 
 

  
 






 








 
 


 


 



            














 


 


 

 
   














 

 


 


 


figure 2.
a)  Average percentage of time with pH≤4 during 50 to 80 minutes of exercise ± standard deviation as re-

ported in two included studies. The dotted line indicates the maximum percentage of time with pH<4 
in healthy individuals.9, 12

b)  Average percentage of time with pH≤4 related to the intensity of exercise as a percentage of VO2 max 
± standard deviation, during excercises varying from 30 minutes to 4 hours11, 13, 14; * p<0.05.
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DIsCussIon

The literature review (part I) demonstrated that gastro-esophageal reflux was induced by ex-

ercise, with type and intensity of sport activity determining its occurrence. The most frequent 

and severe reflux episodes were observed during weightlifting, which may be explained by 

a high increase in intra-abdominal pressure.12 Furthermore, the prevalence of reflux was 

significantly higher during running compared to cycling,9, 12 which may be the result of con-

tinuous total body movement.17 However, in cyclists upper gastro-intestinal symptoms were 

also common, which were suggested to be caused by an increased intra-abdominal pressure 

created by the stooped posture.5

Accordingly, pH monitoring has been demonstrated to be induced by gastro-esophageal 

reflux during rowing.15 Apart from an increase in intra-abdominal pressure, this was suggested 

to be caused by delayed gastric emptying and transient relaxation of the lower esophageal 

sphincter.5-8 In our questionnaire study (part II), 28% of rowers encountered weekly or daily 

reflux symptoms, which was more frequent than the reported prevalence of reflux symptoms 

in other athletes, including surfers and non-surfers (14%).16 Additionally, rowers experienced 

more symptoms of reflux during rowing than in daily life. Nonetheless, the prevalence of 

reflux symptoms in rowers was still lower compared to the general Western population, with 

reflux symptoms being encountered monthly in 8% vs. 25%, weekly in 9% vs. 12%, and daily 

in 3% vs. 5%, respectively.18

Long-distance rowers (marathon and tour) experienced most frequently reflux symptoms 

compared to other types of rowing activities. As long-distance rowers are successively exer-

cising for hours, these rowers need to utilize sufficient carbohydrates, which may, together 

with repetitive physical movements generating increased intra-abdominal pressure, may in-

















   





 

 

 








 

 





figure 3.
The prevalence of reflux symptoms in daily life, during and immediately after rowing, during the most vig-
orous rowing period in 103 included rowers, designating the presence of reflux symptoms in this particular 
period; * p<0.05, ** p<0.01. Definition of mild reflux: inconvenient complaints, not daily; moderate reflux: 
daily inconvenient complaints; severe reflux: inconvenient complaints affecting daily practice.
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Table 2. Characteristics of the 196 included rowers participating in the questionnaire survey.

Total
n=196 (%)

general

Gender: male 99 (51)

Higher education level 164 (84)

Age- mean (SD) 59 (14)

BMI- median (IQR) 23 (22-25)

Ever smoked- yes 58 (30)

Packyears- median (IQR) 6 (2-12)

Rowing

Type of rower
• Aspirant or recreation
• Tour
• Marathon
• Competition

55
41
12
88

(28)
(21)
(6)
(45)

Number of rowing years- median (IQR) 14 (7-25)

Number of rowing hours per week, most vigorous period- median (IQR) 6 (4-10)

BMI=body mass index, IQR=interquartile range, N=number, SD=standard deviation.

Table 3. Reflux symptoms during the most vigorous rowing period.

Reflux symptoms
n (%)

28 (27)

no reflux
symptoms

n (%)

75 (73)

p-value

Gender

• Male (n=54) 10 (36) 44 (59) 0.047

• Female (n=49) 18 (64) 31 (41)

Age- mean (SD) 52 (31-60) 45 (21-60) 0.24

BMI- median (IQR) 23 (21-24) 22 (21-24) 0.48

Type of rower

• Aspirant or recreation (n=26) 6 (21) 20 (27) 0.02

• Tour (n=15) 6 (21) 9 (12)

• Marathon (n=9) 6 (21) 3 (4)

• Competition (n=53) 10 (37) 43 (57)

Rowing hours per week- median (IQR) 6 (3-10) 6 (4-10) 0.65

A total of 103 rowers that designated the occurrence of reflux symptoms in this particular period were in-
cluded in the analysis. BMI=body mass index, IQR=interquartile range, N=number, SD=standard deviation.
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duce gastro-esophageal reflux. In general, competition rowers usually are no longer than one 

and a half hour consecutively exercising and therefore will not take large consumptions such 

as complete meals shortly before or during rowing. Accordingly, aspirant and recreational 

rowers are in general also exercising for a shorter period. Previously, more severe reflux was 

demonstrated when performing exercise immediately after a meal or sports drink consump-

tion in weightlifters and runners.9, 12

The long-term consequences of reflux in rowers are expected to be comparable to the 

general population and include esophagitis, stricture formation, BE and EAC.19 In the study by 

Choi et al, 16 runners with a high training intensity of ≥ 200 running kilometers per week were 

undergoing upper endoscopy.20 Six of them (38%) had endoscopic esophagitis, which may 

have been caused by exercise-induced reflux. However, these results cannot be extrapolated 

to the general sport population due to the extremely high exercise intensity. No previous 

studies have demonstrated an association between rowing and development of EAC. When 

compared to the crude EAC incidence rate of 9.9 per 100,000,000 inhabitants at risk in 2009 

in the Netherlands,21 the detection of EAC in 3 rowers of a rowing society with a little less 

than 400 members is at least remarkable. Previous studies have suggested a protective 

effect of physical activity on gastro-intestinal cancer risk. In a prospective European study 

including 420,449 participants, weekly exercise was associated with a reduced gastric cancer 

risk (hazard ratio 0.69; 95% confidence interval 0.50-0.94).22 No association between physi-

cal activity and esophageal cancer was found. Additionally, moderate physical activity was 

demonstrated to reduce colorectal cancer risk with 20-25%.23 These results, in combination 

with the relatively low frequency of reflux symptoms in rowers compared to the general 

population, suggest that the peak in EAC incidence in this particular rowing cohort may 

be most likely due to coincidence rather than to a causal relation between rowing-induced 

reflux and EAC development.

A strength of this study is the combination of a literature review and a questionnaire 

survey in a rowing cohort, in which reflux symptoms during and immediately after rowing 

and in daily life and the association with rowing intensity were compared. A limitation is the 

possible reporting bias in the questionnaire that we used. Not all active rowing members 

returned the questionnaire (response rate 52%) and rowers with reflux symptoms may actu-

ally have been more likely to respond. Furthermore, the prevalence of reflux in rowers was 

only analyzed by means of a symptom questionnaire and not combined with pH monitoring 

or upper endoscopy. Finally, the current study design does not allow to conclude on a causal 

relation between rowing and EAC. Future studies are required to examine the possible long-

term consequences of exercise-induced reflux in a large cohort of athletes, including rowers.

Based on these results, it is recommendable not to underestimate reflux symptoms in 

athletes. When experiencing reflux symptoms during exercise, first life style modifications 

should be considered. The American College of Gastroenterology recommends elevation of 

the head of the bed, to reduce dietary fat intake and discontinue smoking, and to avoid a 
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horizontal position shortly postprandial.24 Prior to demanding exercise solid food and drinks 

with carbohydrate content should possibly be avoided.25

In conclusion, exercise has been demonstrated to induce gastro-esophageal reflux, which 

is related to type of exercise and intensity. Rowers experienced more symptoms of reflux 

while rowing than in daily life. Given the relatively low prevalence of reflux symptoms in the 

present rowing cohort compared to the general population, an association between rowing, 

gastro-esophageal reflux and EAC seems unlikely.
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