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9General introduction

BARRETT ESOPHAGUS

Barrett esophagus (BE) is the replacement of the pale-coloured squamous epithelium of the distal 
esophagus by red-coloured, velvet-like columnar epithelium of any length that can be recognized 
at endoscopy. According to the guidelines of the American College of Gastroenterology, this 
endoscopic diagnosis has to be confi rmed by the presence of intestinal metaplasia (columnar 
epithelium with goblet cells) in biopsies of the distal esophagus.1, 2  Cardiac-type mucosa is also 
frequently observed in the columnar-lined esophagus,3 this is in contrast to intestinal metaplasia 
not regarded as a premalignant condition.4, 5 BE is caused by chronic gastroesophageal refl ux,6 
and predisposes to the development of esophageal adenocarcinoma (EAC). The incidence of both 
BE and EAC have increased rapidly over the past two decades in most Western countries and 
now comprises at least 60% of all esophageal cancer cases.7-10 The development of EAC in BE 
is a gradual process in which important biological processes become disrupted. This process is 
classifi ed into different stages, i.e., low-grade dysplasia (LGD), high-grade dysplasia (HGD), and 
fi nally EAC.5, 11-13 

Currently, histopathologic assessment is the standard to judge to what stage the neoplastic 
process has progressed in an individual patient, and based on this, to determine the interval 
of endoscopic surveillance in patients with BE. The aim of surveillance is to detect progression 
of dysplasia in an early, curable stage.1 Since cardiac-type mucosa is not regarded to be a 
premalignant condition, patients with only cardiac-type mucosa in their biopsies are currently 
excluded from a surveillance program. However, as intestinal metaplasia and cardiac-type mucosa 
are endoscopically indiscernible, sampling error can occur, and exclusion from endoscopic follow-
up might be incorrect.14 

Patients without dysplasia (no dysplasia; ND) in biopsies of BE are regarded to be at a lower risk 
of neoplastic progression than patients with LGD.15 Therefore, according to current guidelines, the 
presence or absence of dysplasia in intestinal metaplasia determines the frequency of surveillance 
upper endoscopy (e.g. yearly for LGD, and every 3 years for ND).1, 15, 16 However, a considerable 
interobserver variability in the interpretation of dysplasia has been demonstrated,17 which may lead 
to superfl uous follow-up endoscopies (in case of overdiagnosis), or insuffi cient control (in case of 
underdiagnosis).

It seems relevant to perform a straightforward risk stratifi cation to defi ne which patients with a 
columnar-lined esophagus with or without intestinal metaplasia should undergo endoscopic follow-
up, and at which frequency. As the risk of developing EAC in BE is low,15, 18, 19 the majority of these 
patients will not benefi t from a burdensome endoscopic surveillance program. Further stratifying the 
risk of neoplastic progression in BE might permit more effective surveillance of high-risk patients 
and in addition improve the cost-effectiveness of surveillance.
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Aim of this thesis
The aim of this thesis is to assess the currently used criteria for performing endoscopic surveillance 
in patients with BE, and to evaluate which clinical characteristics and biomarkers can contribute 
to risk stratifi cation in patients with a columnar-lined esophagus, in order to refi ne surveillance 
strategies in these patients.

Outline of this thesis
In chapter 2, the presence of markers for intestinal metaplasia, i.e. CDX2, MUC2 and villin, in a 
columnar-lined segment of the esophagus in the absence of a histological diagnosis of intestinal 
metaplasia are evaluated. Furthermore, the predictive value of these markers for the presence of 
undetected intestinal metaplasia in the columnar-lined esophagus is investigated. In chapter 3, a 
model based on clinical characteristics is developed to estimate the probabilities of the presence 
of intestinal metaplasia, ND and LGD in biopsies of the columnar-lined esophagus. In chapter 4, 
the interobserver variability in establishing the grade of dysplasia in BE is assessed, and compared 
between non-expert general pathologists and expert gastrointestinal pathologists on the one hand, 
and between expert gastrointestinal pathologists on the other hand. In chapter 5, the existing 
literature is reviewed regarding the so far evaluated candidate biomarkers for improving risk 
stratifi cation of patients with BE. In chapter 6, the most promising biomarkers, i.e. Ki67, p53, and 
DNA ploidy, are examined in more detail regarding their usefulness in identifying the subgroup of 
BE patients at highest risk for subsequent progression to EAC. In chapter 7, the perceived burden 
of upper gastrointestinal endoscopy in BE patients is explored. In the fi nal chapter, chapter 8, the 
results described in this thesis are summarized and discussed.
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ABSTRACT

Background: Intestinal metaplasia (IM; Barrett’s esophagus), but not cardiac-type mucosa (CM) in 
columnar-lined esophagus (CLE), is regarded as premalignant. Since IM and CM are endoscopically 
indiscernible, it is diffi cult to take targeted samples from CLE with consequently a risk of having 
undetected IM. 
Aim: To investigate whether the intestinal markers CDX2, MUC2 and villin can predict the presence 
of undetected IM in CLE.
Methods: Presence of IM or CM was identifi ed in 122 biopsy sets of CLE from 61 patients, 
collected at two subsequent follow-up upper endoscopies. CDX2, MUC2 and villin expression were 
determined by immunohistochemistry.
Results: All IM samples (55) were positive for CDX2 and MUC2 and 32/55 for villin. CDX2 
expression was detected in 23/67 (34%) samples with only CM. Detection of CDX2 in CM increased 
the likelihood of fi nding IM in another biopsy set of CLE (OR 3.5, 95% CI=1.2-10, p=0.02). MUC2 
was positive in13/23 (57%) of CDX2 positive CM samples, whereas villin was detected in 7/23 
(30%).
Conclusions: CDX2 expression in CM likely predicts the presence of undetected IM in CLE, and 
thus may be a putative marker for the presence of IM in absence of goblet cells.
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INTRODUCTION

Barrett’s esophagus (BE) is a premalignant condition caused by chronic gastro-esophageal 
refl ux,1 which can progress from low-grade dysplasia to high-grade dysplasia, and subsequently to 
esophageal adenocarcinoma.2-5

BE is characterized by the replacement of the squamous epithelium of the esophagus by 
columnar epithelium with goblet cells (specialized intestinal metaplasia (IM)).6 IM is associated 
with the expression of intestinal markers such as MUC2,7 and villin.8 Cardiac-type mucosa (CM) 
is also frequently observed in the columnar-lined esophagus (CLE),9 with the absence of goblet 
cells as the only histological difference compared to IM.10 CM, in contrast to IM, is not regarded 
as a premalignant condition.2, 11 Therefore, only patients with IM are currently advised to undergo 
periodic endoscopic surveillance to detect progression to dysplasia in an early, potentially curable 
stage.12 Others have reported that patients with biopsies from CLE without IM were at an increased 
risk of having undetected IM. This was explained by either sampling error or developing IM over 
time. According to current guidelines, these patients would have been falsely excluded from a 
surveillance program.13

The homeobox protein CDX2 is a transcription factor involved in the early intestinal differentiation 
of the epithelium of the intestines,14-16 and its expression is also linked with BE,17-19 suggesting 
that CDX2 is an early marker for the development of intestinal metaplasia in the esophagus as 
well. CDX2 regulates transcription of several intestinal genes, encoding proteins such as MUC2, 
alkaline phosphatase, and sucrase-isomaltase.20, 21 It has been reported that intestinal phenotypic 
modifi cations may also be detected in the absence of goblet cells by CDX2 expression in CLE.22, 23 
This epithelium has been regarded as being early-stage BE, but these studies were cross-sectional 
and therefore provided not enough evidence for this hypothesis.

The aim of this longitudinal study was to investigate whether intestinal markers for IM, i.e.: CDX2 
(early intestinal marker), MUC2 (goblet cell marker) and villin (late intestinal marker), were present 
in the columnar-lined segment of the esophagus in the absence of a histological diagnosis of IM 
(defi ned by the presence of goblet cells). Furthermore, we investigated whether these markers were 
predictive for the presence of IM in CLE, not detected due to sampling error or to IM developing 
over time.

MATERIALS AND METHODS

Patients and materials
In this multicenter study, 108 patients were evaluated for this retrospective study for the presence 
of an endoscopic CLE of at least 2 cm, and at least two follow-up endoscopies with biopsies being 
performed. Based on these inclusion criteria, 47 patients were excluded, and consequently 61 
patients could be included in this study. Biopsies were taken at different levels from the CLE and 
embedded together in one paraffi n block. In this study, sections of these paraffi n embedded biopsy 
sets were used for evaluation. These slides were reviewed for the presence of IM by an expert 
gastrointestinal pathologist (HvD). Based on the presence of IM, patients were divided into three 
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groups (Table 1): patients with IM in both biopsy sets (IM-group), patients with IM in one biopsy 
set and with only CM in the other biopsy set (discordant-group), and patients with only CM in both 
biopsy sets (CM-group). Patients with CM in the fi rst endoscopy and IM in the second endoscopy, 
and visa versa, were taken together as the discordant-group. 

Histology and immunohistochemistry
Six consecutive sections of 4 µm each from every biopsy set were mounted on adhesive slides, 
dried overnight at 37°C, and deparaffi nized with xylene. The fi rst of these serially sectioned slides 
was stained with haematoxylin and eosin (H&E) to determine the type of columnar epithelium (CM 
or IM). Alcian Blue and periodic acid-Schiff (PAS) stainings in consecutive slides were performed 
to facilitate the detection of mucin producing goblet cells. The next three slides were used for 
immunohistochemistry. 

For immunohistochemistry, antigen retrieval was performed by boiling the deparaffi nized samples 
in 10 mM monocitric acid buffer (pH 6.0) for 15 min, and slowly cooling down to room temperature 
(RT). Prior to immune staining, endogenous peroxidase activity was blocked by incubating the slides 
in a 0.5% solution of H2O2 in phosphate-buffered citric acid for 15 minutes at RT. Samples were 
washed for 5 minutes with TRIS-buffered saline (TBS) (pH 7.4). This was repeated 2 times. The 
samples were incubated in TBS buffer containing 10% rabbit non-immune serum (DAKO, Glostrup, 
Denmark) and 10% normal human plasma (DAKO) for 20 minutes. Sections were incubated for 16 
hours at 4°C with respectively primary antibody anti-CDX2 (clone 392M, Biogenex, San Ramon 

Table 1. Classifi cation of patients in groups, based on histology results from two subsequent 
endoscopies

IM-group Discordant-group CM-group

1st endoscopy IM IM CM CM

2nd endoscopy IM CM IM CM

no. of patients 15 16 9 21

Table 2. Patients characteristics

IM-group Discordant-
group CM-group p-value

No. of patients 15 25 21

Mean age at 1st endoscopy in years (range) 59 (28-82) 58 (39-78) 52 (27-74) 0.30

Mean length of the CLE in cm (range) 4 (2-8)* 3 (2-7) 3 (2-5) 0.016

Mean number of biopsies (range) 5 (1-17) 4 (1-7) 4 (1-8) 0.27

Interval between subsequent endoscopies in 
months (range) 42 (12-158) 31 (4-112) 30 (4-117) 0.54

Proton-pump inhibitor use (%) 11/13 (85%) 20/22 (91%) 12/19 (63%) 0.18

IM: intestinal metaplasia, CM: cardiac-type mucosa, CLE: columnar-lined esophagus
* responsible for the signifi cant difference
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CA, USA) in a 1:100 dilution, anti-MUC2 (clone Ccp58, Novocastra, Newcastle upon Tyne, UK) in 
a 1:100 dilution or anti-villin (clone CWWB1, Lab Vision, Fremont CA, USA) in a 1:2000 dilution. 
Samples were again washed 3 times for 5 minutes with TBS (pH 7.4). Subsequently, biotin-labeled 
rabbit-anti-mouse antibody (DAKO) was used as second antibody, followed by the addition of a 
streptavidin-horseradish peroxidase complex (DAKO) using 3-amino-9-ethylcarbazole as substrate. 
Slides were analyzed for nuclear CDX2 staining, cytoplasmic MUC2 staining and brush border villin 
staining by two independent investigators (MK, DAB) who were blinded for the presence or absence 
of IM. CDX2 expression was considered positive if a clear red staining of at least fi ve adjacent 
nuclei in the same gland was seen, to exclude incidental false positive nuclei. MUC2 expression 
was present if a red staining in the cytoplasm of (goblet) cells was observed. Villin expression was 
visualized as a red staining near the apical border of cells.

Statistical analysis
The Chi-square test, Mann-Whitney test, and Kruskal-Wallis test were used to compare the patient
characteristics and the immunohistochemical stainings between the three patient groups. A p-value 
< 0.05 was considered signifi cant. Odds ratios (ORs) with a 95% confi dence interval were used as 
an estimate of the relative risk for the presence of IM. Calculations were initially done with upper 
endoscopies as the unit of analysis, ignoring the statistical dependency of endoscopies within the 
same patients. Subsequently, analyses were repeated with the consideration of only one endoscopy 
per patient. Statistic analyses were conducted using SPSS software (SPSS version 11.0, Chicago, 
Illinois, USA). 

RESULTS

The presence of IM
IM was defi ned as the presence of goblet cell containing glands. In addition to goblet cells, non-
goblet cells can also stain positive with alcian blue. Therefore, the presence of IM was evaluated 
by light-microscopic examination of H&E stained slides. Consecutive alcian blue, and PAS stained 
slides were only used to confi rm a diagnosis of IM. 

IM was observed in 55/122 (45%) biopsy sets. In 67/122 (55%) biopsy sets, only CM was present. 
The mean number of biopsies taken was fi ve in the IM-group and four in the discordant- and CM-
group (similar at the two endoscopies in each group), which was not signifi cantly different (Table 2). 
When correcting for the length of the columnar segment, the mean number of biopsies taken per 
centimetre was not different in IM and CM biopsy sets (respectively 1.5/cm (range 0.1-4.3), and 1.5/
cm (range 0.3-4.0), p=0.68). Based on the presence of IM, the IM-group consisted of 15 patients, 
the discordant-group of 25 patients, and the CM-group of 21 patients. Of all patient characteristics, 
only the length of the CLE differed signifi cantly between the three groups (p=0.016), with CLE being 
longer in the IM-group, compared to the discordant- and the CM-group (Table 2). 
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CDX2 expression
To investigate the expression of CDX2 protein in IM and CM, CDX2 staining was evaluated. CDX2 
expression was observed in all IM positive biopsy sets (Table 3; Figure 1a -b), i.e., in 30 of the IM-
group and in 25 of the discordant-group. In addition, CDX2 expression was also observed in 

Table 3. Results of immunohistochemical stainings of all biopsy sets

IM CM

group (no.pts) IM (30) Discordant 
(25) total (55) Discordant 

(25) CM (42) total (67)

CDX2-positive 30 (100%) 25 (100%) 55 (100%) 13 (52%)** 10 (24%) 23 (34%)

MUC2-positive 30 (100%) 25 (100%) 55 (100%) 11 (44%) 5 (12%) 16 (24%)

villin-positive 22 (73%) 10 (40%) 32 (58%) 4 (17%)* 3 (7%) 7 (10%)

IM: intestinal metaplasia, CM: cardiac-type mucosa
* One sample could not be evaluated since not enough tissue was available
** p=0.019 (compared to CDX2 expression in biopsy sets with CM of the CM-group

Figure 1. CDX2 expression in columnar epithelium of the esophagus. (A) Intestinal-type columnar 
epithelium with goblet cells (hematoxylin-eosin). (B) Nuclear staining (red) for CDX2 in intestinal-type 
columnar epithelium in a serial section of the same patient as in (A). (C) Cardiac-type columnar epithelium 
without goblet cells (hematoxylin-eosin). (D) CDX2 expression in cardiac-type columnar epithelium in a 
serial section of the same patient as in (C). Original magnifi cations x100.
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23/67 (34% (95% CI: 23-47) biopsy sets without IM (Table 3; Figure 1c-d). 
CDX2 was more frequently observed in IM negative biopsy sets of patients of the discordant-

group, in which the other biopsy set was positive for IM (13/25; 52%), than in patients of the CM-
group, in which IM was absent in both biopsy sets (10/42; 24%) (p=0.019). The presence of CDX2 
in CM therefore signifi cantly increased the likelihood of observing IM in another biopsy set of the 
CLE (OR 3.5, 95% CI: 1.2-10, p=0.021), regardless if CM in the discordant-group was present in 
biopsies from the fi rst or second upper endoscopy. When we calculated the predictive value of 
CDX2 expression in biopsies with CM taken during the fi rst endoscopy, for the presence of IM in

 

Figure 2. MUC2 expression in columnar epithelium of the esophagus. (A) MUC2 staining in goblet cells 
(red) in intestinal-type columnar epithelium. (B) MUC2 expression in cardiac-type columnar epithelium 
without goblet cells in a serial section of the same patient as in 1C. Note that the MUC2 expression is not 
associated with goblet cells. Original magnifi cations x100.

Figure 3. Villin expression in columnar epithelium of the esophagus. (A) Villin staining of the brush 
border (red) in intestinal-type columnar epithelium. (B) Villin expression in cardiac-type columnar 
epithelium without goblet cells. Note that the villin expression is not associated with goblet cells. Original 
magnifi cations x200.
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biopsies of the next endoscopy, and visa versa, the ORs were similar (respectively 4.0, 95% CI:0.8-
21, p=0.10 and 3.2, 95% CI:0.8-13, p=0.10). In one patient of group 3, both IM negative biopsies 
were positive for CDX2. 

A longer segment of CLE was not associated with a higher change of CDX2 being present in CM 
(p=0.135). There was no correlation between the use of proton-pump inhibitors and the presence 
of CDX2 in CM (p=0.42).

MUC2 expression
Mucins are large glycoproteins forming the main components of the gel-like mucous layer on the 
surface of the intestine, protecting the mucosa against damaging luminal contents, such the gastro-
esophageal refl uxate.24 MUC2 is a mucin specifi c for IM.25-27 Since CDX2 regulates the transcription 
of MUC2,20 we evaluated the expression of MUC2 in IM and CM. MUC2 staining in goblet cells 
was found in all biopsy sets with IM (Table 3, Figure 2a), and was mainly localized in the cytoplasm 
alongside the membrane. Moreover, MUC2 was also expressed in CM in 16/67 (24%) samples 
without IM. In CM, MUC2 was expressed in the entire cytoplasm of non-goblet columnar cells that 
did not stain positive with alcian blue (Figure 2b). Thirteen of 16 (81%) MUC2 positive CM samples 
were also positive for CDX2 in the same region. 

Villin expression
Villin is an actin-binding cytoskeletal protein essential for brush border formation (microvilli) in 
normal end-differentiated epithelial cells of the intestine.28 Therefore, the presence of a brush border 
of the esophageal columnar epithelium can be demonstrated by villin expression. We investigated 
whether villin protein was also expressed in CM in addition to the intestinal markers CDX2 and 
MUC2. One CM sample could not be evaluated, as there was not enough tissue available for 
staining. Villin expression was observed in 32/55 (58%) of IM positive biopsy sets (Figure 3a). In 
7/66 (11%) CM samples, villin expression was found (Figure 3b), of which fi ve were also CDX2 
positive. Four CM samples (6%) were positive for CDX2 and MUC2, as well as for villin.

DISCUSSION

Patients with CM in CLE are currently excluded from surveillance endoscopy, as they are regarded 
as IM negative and thus as not having a premalignant condition.13 This study shows a signifi cant 
relationship between the intestinal marker CDX2 in CM and the presence of IM in biopsies taken
at another time point, as CDX2 stained positive in 52% of CM biopsy sets of the discordant-group 
(with an OR of 3.5), in which the biopsy set of the other endoscopy was positive for IM (Table 2). 
In our opinion it is unlikely that, despite the two-dimensional analysis of the biopsies, goblet cells 
have been missed in these CM biopsy sets, as the CDX2 expression was often observed in large 
areas without goblet cells (Figure 1c-d), and, in addition, in the six consecutive slides also no goblet 
cells were observed. Therefore, CDX2 staining may represent a useful histological marker for the 
presence of IM in CLE despite the absence of goblet cells suggestive for IM.

CDX2 expression in CM as an indicator for the presence of IM has been reported in previous 
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studies.17, 22 These studies were however cross-sectional, which means that biopsies were only 
evaluated at one time-point. In contrast, this study was a longitudinal study, in which biopsy sets of 
two subsequent endoscopies were compared. 

Previously, it has been suggested that there are two possible reasons for not detecting IM.13 
Firstly, several authors have proposed that IM may develop over time in a two-step process. It 
has been suggested that multilayered epithelium, with morphological and immunohistochemical 
characteristics of both squamous and columnar epithelium, may represent a transitional stage in 
the development of Barrett’s esophagus.29 Others have suggested that IM develops from previously 
induced CM in the esophagus under infl uence of chronic infl ammation.13, 30-32 According to this 
theory, the fi nding of CDX2 expression in CM, and in a subset also expression of MUC2 and villin, 
could indicate early intestinal differentiation prior to morphologic changes such as goblet cells,17, 33 
and in this way being an intermediate stage in the differential shift of CM towards IM.28, 32 

The second possibility for not detecting IM is sampling error. Although IM is predominantly present 
in the proximal end of the CLE,34 IM and CM may have a patchy distribution. Since IM and CM are 
endoscopically indiscernible from each other, and the presence of IM can be very focal,35 sampling 
error for the detection of IM may occur.13 Sixteen of the twenty-fi ve patients of the discordant-group 
had IM in their fi rst, and CM in their second biopsy set (Table 1). It seems likely that in these cases 
the fi nding of no IM can be contributed to sampling error. The likelihood of detecting IM increased 
with the number of biopsies taken, and therefore taking not enough biopsies could be a reasonable 
explanation for missing IM in this group. Since in this study the mean number of biopsies taken per 
cm was similar in the IM samples and the CM samples, the possibility of sampling error seems to be 
ruled out. However, since IM has a patchy appearance in the CLE but is predominantly located at 
the proximal end of the CLE,12, 34 it is possible that despite taking the same numbers of biopsies, IM 
could be missed due to taking proportionally less biopsies of the proximal part of the CLE. A similar 
explanation can be given for the other nine patients of the discordant-group who had CM detected 
at their fi rst endoscopy, whereas IM was found in biopsies from the second endoscopy. Since the 
mean interval between two subsequent endoscopies in the discordant-group was with 30 months 
relatively long, and the development of IM is thought to be a slow process, it is also possible that IM 
in this subgroup has developed over time.  

Although a fi nal conclusion on the cause of not detecting IM in one set of biopsies cannot be 
given, the ORs for the predicting value of CDX2 in CM in the different subgroups were similar, 
and thus it is reasonable to assume that CDX2 expression in CM represents a reliable marker for 
the detection of the premalignant IM in CLE at another time point. In line with this assumption, it 
is likely that the 24% with CDX2 expression in CM biopsy sets in whom IM was not detected in 
both biopsy sets taken at different time points, will show IM in biopsies taken at a next endoscopy. 
Unfortunately, due to exclusion from the surveillance program, these patients have currently not 
undergone another follow-up upper endoscopy to evaluate this. 

CDX2 is a transcription factor for MUC2, which is a mucin specifi c for IM.25-27 In our study, as 
expected, all IM biopsies stained positive for MUC2. In 13/23 (57%) of the CDX2 positive CM 
biopsies, MUC2 staining was also positive. Villin expression was observed in 58% of the IM-positive 
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samples. This lower result of villin expression in IM compared to CDX2 expression and MUC2 
expression has been suggested to be caused by the fact that the quantity of villin protein needs to 
have a suffi cient level to result in a mature brush border.36, 37 In addition to villin expression in IM, 5/23 
(22%) of the CDX2 positive CM samples also showed villin expression, suggesting the presence of 
end-differentiated intestinal characteristics in CM. Although less frequent, the presences of MUC2 
and villin expression in CM are supportive for the value of CDX2 as indicator of IM in CLE. 

A possible limitation of this study is the use of one single technique to detect CDX2 in the 
biopsies. The major reason that we only used immunohistochemistry was that additional techniques 
such RT-PCR,19 could not be performed on our paraffi n-embedded tissue, but only on fresh snap 
frozen biopsies, which were not available in this retrospective study. However, as we performed the 
CDX2 immunohistochemical stainings with a commonly used dilution,18, 19 which showed only very 
specifi c nuclear staining without background staining in the cytoplasm of cells, it is unlikely that the 
immunohistochemistry may have resulted in false positive results.

In conclusion, this study shows that the presence of CDX2 in CM might be able to predict the 
presence of IM in CLE, which was otherwise not detected due to sampling error or developing 
of IM over time. This suggests that CDX2 staining could be used as an additional marker for the 
presence of IM in CLE in the absence of goblet cells. A prospective follow-up study on patients with 
CM in their biopsies should be performed to confi rm the predictive value of CDX2. Nonetheless, as 
the presence of IM is still the gold standard for the presence of premalignant BE, we suggest an 
additional endoscopy in patients in whom CDX2 expression in CM is demonstrated. This should 
include the taking of extensive biopsies for the detection of IM (especially near the squamo-columnar 
junction) to evaluate if endoscopic surveillance is indeed indicated in these patients.
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ABSTRACT

Background and study aims: We evaluated clinical risk factors in patients with presumed Barrett 
esophagus that could predict the presence of IM and dysplasia in biopsies of columnar-lined 
esophagus (CLE) independent of histological results.
Patients and methods: In 908 patients with a CLE of ≥ 2 cm, data on age, gender, refl ux symptoms, 
tobacco and alcohol use, medication use and upper gastrointestinal endoscopy fi ndings were 
prospectively collected. Multivariable logistic regression analysis was performed, and a model for 
predicting the histological results was developed.
Results: In 127/908 patients, biopsies of CLE did not contain IM (No IM). Of the 781 patients with 
IM, 663 (85%) patients had no dysplasia (ND), and 118 (15%) low-grade dysplasia (LGD). Most 
important predictors for the presence of IM were length of CLE, size of hiatal hernia and male 
gender, while among those with IM age and male gender were most important for the presence of 
LGD. Multivariable combinations of these predictors yielded reliable models, which were able to 
discriminate IM well from No IM (area under ROC curve: 0.82), but only reasonably discriminated 
LGD from ND (area: 0.65).
Conclusions: A simple model based on clinical fi ndings is able to predict the presence of IM in 
biopsies from CLE. In contrast, predicting the presence of LGD versus ND in IM is more diffi cult. 
Predictions from these models may aid in the decision-making on whether surveillance should be 
performed in a patient with CLE in view of the known sampling error at endoscopy and interobserver 
variability at histology.
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INTRODUCTION

Barrett esophagus (BE) is a premalignant condition which is predominantly caused by chronic 
gastro-esophageal refl ux,1 and is characterized by the replacement of the squamous epithelium of 
the esophagus by columnar epithelium with goblet cells (specialized intestinal metaplasia (IM)).2

Cardiac-type mucosa (CM) is also frequently observed in the columnar-lined esophagus (CLE),3 
with the absence of goblet cells as the only histological difference from IM.4 CM, in contrast to 
IM, is not regarded as a premalignant condition.5, 6 Therefore, according to the guidelines of the 
American College of Gastroenterology (ACG), only patients with IM in CLE are currently advised to 
undergo periodic endoscopic surveillance to detect progression to dysplasia in an early, potentially 
curable stage.7 It has however been suggested that patients with CM in biopsies from CLE are at 
an increased risk of having undetected IM due to either sampling error or the development of IM 
over time, and thus for developing esophageal adenocarcinoma (EAC) on the long term.8, 9 Current 
guidelines would incorrectly exclude these patients, being also at risk for neoplastic progression, 
from a surveillance program.7 Therefore, it is relevant to perform risk stratifi cation by using easily 
available clinical characteristics, which are able to defi ne which patients with CLE with or without 
IM should undergo endoscopic follow-up. The most prominent risk factors for the presence of IM 
in CLE have been suggested to be male gender, frequent refl ux episodes, presence and size of a 
hiatal hernia (HH), and length of CLE.1, 10-13 However, in most of these studies, patients with IM in 
CLE were compared with controls without having CLE and not with controls with CLE without IM.

In a subset of patients, BE progresses via a stepwise process from low-grade dysplasia (LGD) to 
high-grade dysplasia, and subsequently to EAC.6, 14-16 Patients with no dysplasia (ND) in biopsies of 
BE are regarded to be at a lower risk of neoplastic progression than patients with LGD.17 Therefore, 
the presence or absence of dysplasia determines the frequency of surveillance upper endoscopy (e.g. 
yearly for LGD, and every 3 years for ND).7, 17, 18 Previous studies have demonstrated considerable 
interobserver variability in the interpretation of dysplasia,19, 20 which may lead to superfl uous follow-
up endoscopies (in case of overdiagnosis), or insuffi cient control (in case of underdiagnosis).19 Age, 
length of the BE, and size of the HH have previously been suggested as risk factors for developing 
EAC in BE.21, 22 Supplementary risk stratifi cation for the presence of LGD in patients with CLE based 
on clinical characteristics could be of additional value for surveillance strategies.

The aim of this study was to investigate which clinical characteristics were predictive for the 
presence of IM and dysplasia in CLE, and to develop a simple model to estimate the probabilities 
of the presence of IM, ND and LGD in biopsies of CLE.

MATERIALS AND METHODS

Patients 
This study was part of an ongoing, prospective clinical trial (CYBAR study) assessing the value 
of fl ow cytometry for individualizing the frequency of follow-up upper endoscopy in patients with 
BE. From October 2003 to December 2004, consecutive incident and prevalent patients with an 
endoscopic CLE of at least 2 cm were included in 15 Dutch hospitals. Patients were excluded if they 
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were unwilling to give informed consent, or if HGD/EAC was present at the index-endoscopy. The 
institutional review boards of all participating hospitals approved this study and informed consent 
was obtained from all patients prior to endoscopy.

Data collection and endoscopy
Several data were recorded at enrollment in the study (Table 1), as were endoscopical and 
histological fi ndings. Endoscopy was performed by experienced endoscopists. The presence of 
refl ux esophagitis was graded according to the Los Angeles classifi cation.23 The length of CLE was 
determined by measuring the distance between the squamocolumnar junction (the most proximal 

No IM IM+ND IM+LGD

n=127 n=663 n=118 p-value

Age, mean ± SD (y) 55 ± 12 60 ± 11 65 ± 12 <0.001

Male gender (%) 79 (62%) 479 (72%) 97 (82%) <0.001

CLE length, mean ± SD (cm) 2.7 ± 1.2 4.4 ± 2.5 5.0 ± 3.0 <0.001

HH present 88 (70%) 572 (87%) 102 (86%) <0.001

If HH present: mean size ± SD (cm) 2.6 ± 1.3 3.5 ± 1.7 4.0 ± 1.8 <0.001

BMI, mean ± SD 27 ± 3.7 27 ± 3.9 27 ± 3.7 0.99

Smoking 26 (21%) 141 (21%) 18 (15%) 0.85

Alcohol 108 (78%) 507 (76%) 84 (71%) 0.03

Medication use

PPI 110 (87%) 595 (90%) 107 (91%) 0.61

other antacidic med 15 (12%) 85 (13%) 11 (9%) 0.55

NSAID 13 (10%) 30 (5%) 5 (4%) 0.03

aspirin 6 (5%) 83 (13%) 18 (15%) 0.02

COX-2 2 (2%) 11 (2%) 0 0.37

GERD symptoms

heartburn 48 (38%) 205 (31%) 31 (26%) 0.13

regurgitation 45 (36%) 165 (25%) 20 (17%) <0.001

dysphagia 26 (21%) 89 (13%) 19 (16%) 0.12

Refl ux esophagitis present 14 (11%) 63 (10%) 15 (13%) 0.53

grade A 6 (43%) 19 (30%) 8 (53%)

grade B 4 (29%) 35 (56%) 6 (40%) 0.26

grade C 3 (21%) 7 (11%) 1 (7%)

grade D 1 (7%) 2 (3%) 0

IM, intestinal metaplasia; LGD, low-grade dysplasia; SD, standard deviation; CLE, columnar-lined esophagus; HH, hiatal 
hernia; BMI, body mass index; PPI, proton pump inhibitor; NSAID, nonsteroidal anti-infl ammatory drug; COX-2, cox-2 
inhibitor; GERD, gastroesophageal refl ux disease

Table 1. Patient characteristics per patient group
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location where the light-pink mucosa of the squamous-lined esophagus joins the red mucosa of 
the CLE) and the endoscopic lower esophageal sphincter (diaphragma indentation) or, in case 
of a HH, the proximal margin of the longitudinal gastric folds.24 The size of a HH was determined 
by measuring the distance between the proximal margin of the longitudinal gastric folds and the 
diaphragma indentation. According to current guidelines,7 four-quadrant biopsies were obtained at 
2-cm intervals along the length of the circumferential CLE, to identify the presence of IM and if so, 
the presence of dysplasia at histological investigation. Two biopsies at 2-cm intervals were taken of 
tongues of CLE comprising less than 50% of the circumference.

Histology
Biopsy specimens were fi xed in 10% formalin, and embedded in paraffi n. Sections of 4 µm each 
from every biopsy set were mounted on adhesive slides, dried overnight at 37°C, and deparaffi nized 
with xylene. These slides were stained with haematoxylin and eosin (H&E) to determine the type of 
columnar epithelium (CM or IM). Pathologists of all participating hospitals (see Appendix) assessed 
the H&E stained slides of biopsies of patients included in their own center for the presence of IM 
and the grade of dysplasia. IM was defi ned as the presence of goblet cells in CLE.7 Dysplasia 
was graded according to the Consensus Criteria of 1988, with adjustments made in 2001.20, 25 
Subsequently, one of a panel of fi ve expert (panel expert) pathologists randomly reviewed the 
slides. These panel experts were blinded for age, sex, identity of the patient, and diagnosis of the 
initial pathologist. If there was disagreement on the presence of IM or grade of dysplasia between 
the initial pathologist and the panel expert, slides were blindly reviewed by a second member of 
the expert panel. A fi nal diagnosis was established by a majority diagnosis, meaning that 2 of 3 
pathologists had to agree upon the diagnosis, as previously reported.19

Statistical analysis and model performance
Chi-square tests, Mann-Whitney tests, and Kruskal-Wallis tests were used to compare the clinical 
predictors for presence of IM, ND or LGD. A p-value < 0.05 was considered statistically signifi cant. 
Odds ratios (ORs) with 95% confi dence intervals were used as measure of association. Associations 
between predictors and outcomes were fi rst estimated univariately. Multivariable logistic regression 
analysis was applied to estimate the probability of the presence of IM in CLE. A second logistic 
regression model estimated the relative probability of LGD among patients with IM. The use of 
these two models was motivated by the clinical notion that the probability of the presence of IM 
is of predominant importance for the decision to perform endoscopic surveillance,7 and that the 
presence of ND or LGD in IM will further determine the frequency of endoscopic follow-up. 

Predictors were selected with a backward stepwise elimination procedure with p≤ 0.20 for 
inclusion.26 The relevance of predictors was expressed by partial R2 statistics, which account for 
the strength of effect (odds ratio) and the prevalence of a predictor. An infrequent predictor with 
high odds ratio has a lower R2 than a more frequent predictor with the same odds ratio. The partial 
R2 was calculated as the difference in Nagelkerke’s R2 statistics between a model including all 
predictors and a model that excluded one predictor at a time.27  
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Discrimination was assessed using receiver operating characteristic (ROC) analysis. The area 
under the ROC curve represents the proportion in which patients with a certain outcome (e.g. IM or 
LGD) had a higher probability than patients without that outcome.28 Calibration (or reliability) refers 
to the degree of agreement between predicted and observed outcomes. Calibration was assessed 
by the Hosmer-Lemeshow goodness-of-fi t test,28 and graphically by plotting observed frequencies 
of the outcome (IM or LGD) against predicted probabilities.

Internal validity of model performance indicates that the results of the analysis hold for the data 
under study. Internal validity was assessed with bootstrapping techniques.29 Moreover, bootstrap 
estimates were used to derive the fi nal predictive models by correcting the logistic regression 
coeffi cients for overoptimism.26 

Statistical analyses were conducted using SPSS software (SPSS version 11.0, Chicago, IL, USA), 
and R software (version 2.2.0, http://www.r-project.org/). 

RESULTS

Patient characteristics
A total of 956 consecutive patients were enrolled in this study. Forty-eight patients were excluded 
(8 patients decided shortly after inclusion to withdraw, in 25 patients HGD/EAC was found at index 
endoscopy and 15 patients had a CLE segment <2 cm). Consequently, 908 patients (665 men and 

IM# vs. No IM LGD vs. ND

Variable univariate multivariable ## Partial 
R2 univariate multivariable ## Partial 

R2

Age (decades)** 1.49 (1.27-1.75)* 1.30 (1.07-1.57)* 1.2% 1.39 (1.16-1.67)* 1.37 (1.14-1.66)* 2.6%

Male gender 1.71 (1.15-2.53)* 2.34 (1.46-3.76)* 2.1% 1.77 (1.08-2.93)* 2.55 (1.47-4.42)* 2.5%

Alcohol use 1.91 (1.12-1.85)* 2.00 (1.09-3.68)* 0.9% 1.43 (0.92-2.11) 1.61 (1.00-2.58) 0.7%

Heartburn 0.72 (0.48-1.06) - 0.78 (0.50-1.21) -

Regurgitation 0.57 (0.38-0.85)* 0.55 (0.35-0.86)* 1.1.% 0.61 (0.37-1.02) 0.62 (0.36-1.05) 0.7%

Dysphagia 0.63 (0.39-1.01) - 1.22 (0.71-2.09) -

NSAID 0.41 (0.21-0.80)* 0.38 (0.17-0.86)* 0.9% 0.93 (0.35-2.45) -

Aspirin 2.99 (1.29-6.97)* 2.16 (0.88-5.31) 0.6% 1.26 (0.72-2.18) -

Length of CLE 
(cm)*** 1.85 (1.55-2.21)* 1.63 (1.37-1.95)* 8.2% 1.08 (1.01-1.16)* -

Size of HH (cm)*** 1.65 (1.42-1.93)* 1.53 (1.28-1.83)* 4.4% 1.12 (1.01-1.23)* 1.13 (1.02-1.26)* 1.0%

Table 2. Relationship of predictors with the histological results of biopsies of CLE (ORs with 95% Confi -
dence Interval and Partial R2 value)

* p < 0.05
** increase in risk for presence of IM or LGD for every 10 year increase in age
*** increase in risk for presence of IM or LGD for every cm increase
# ND and LGD together   
## multivariable ORs only calculated if p ≤ 0.20
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253 women) were included in this study, with a mean age of 60 ± 12 years (range 19-88 years). 
Mean and median lengths of the columnar-lined segment were 4 cm, with a range of 2-16 cm, and 
mean number of biopsies taken per 2 cm CLE length was 4. Of these 908 patients, 127 (14%) had 
a CLE with columnar epithelium without goblet cells (No IM). BE was histologically confi rmed by the 
presence of IM in CLE in 781 (86%) patients, of which 663 (85%) had IM without dysplasia (ND), 
and 118 (15%) IM with LGD. Patient characteristics of the three patient groups are summarized in 
Table 1.

There was a gradual increase in mean age, proportion of males, mean CLE length, and mean HH 
size in patients with respectively No IM, IM with ND and IM with LGD. A HH was signifi cantly more 
often found in patients with IM compared to those without IM.

Univariate and multivariable analysis
Table 2 shows the results of the univariate and multivariable analyses of No IM vs. IM, and if IM 
was present, of ND vs. LGD. At IM vs. No IM analysis, the multivariable OR for length of CLE was 
1.63, which indicates that with every centimeter increase in length of CLE, the risk of having IM in 
the segment increased by 63%. In contrast, length of CLE was not a signifi cant predictor for the 
presence of LGD in CLE with IM at multivariable analysis (univariate OR 1.08). Length of CLE was 
the strongest predictor for the presence of IM (R2 8.2%), followed by size of HH (R2 4.4%), and male 
gender (R2 2.1%). Age (R2 2.6%) and male gender (R2 2.5%) were most predictive for the presence 
of LGD in CLE with IM. 

Model evaluation and application
The discriminative ability of the multivariable model for predicting the presence of IM in CLE was 
good (area=0.82, internally validated: 0.81) (Figure 1), whereas the model for LGD in CLE with IM 
had less discriminative ability (area=0.65, internally validated 0.64).

The two multivariable models were presented in a predictive score chart (Table 3). This score 
chart was intended to facilitate the estimation of the probabilities of IM in CLE, and the presence

Figure 1. ROC curves of the models predicting IM (A) and distinguishing LGD from ND (B), indicating 
discriminative ability. The areas under the curves are 0.82 for IM vs. No IM and 0.65 for LGD vs. ND.
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Table 3. Predictive score chart for the probability of IM and the relative probability of LGD in biopsies of 
CLE

Predictor IM LGD

Age (years):

< 50 0 0

50-69 +1 +2

>= 70 +2 +4

Male gender +2 +2

Alcohol use +1 +1

Regurgitation -1 -1

NSAID -2 -

Aspirin +2 -

Length CLE (cm):

2 +2 -

3 +3 -

4 +4 -

5 +5 -

6-7 +6 -

8+ +7 -

Size of HH (cm)*:

1 +1 0

2 +2 0

3 +3 0

4 +4 +1

5+ +5 +1

Sumscore: add relevant scores ** …. ….

* If no HH was present, a size of 1 cm was assumed
** the exact formulas to calculate the predicted probabilities with the sumscore are:

lpIM= -2.19+0.5 * score IM; predicted probability of IM = 1 / [1+e- (lpIM)]
lpLGD= -3.21 + 0.35 * score LGD; relative probability of LGD = 1 / [1+e- (lpLGD)]
Predicted probability of LGD = relative probability of LGD * predicted probability of IM
Predicted probability of ND = Predicted probability of IM - predicted probability of LGD
Predicted probability of No IM = 1 – predicted probability of IM

of LGD in biopsies of CLE with IM in clinical practice. Scores for each predictor were derived from 
the logistic regression coeffi cients (multiplied by 2 in the IM model and by 3 in the LGD model). 
Values for continuous predictors were presented in such a way that the scores show small steps 
between intervals, but scores for intermediate values can be estimated by linear interpolation.

For individual patients, the scores corresponding to the values of the predictors can be fi lled in 
on the score chart. An individual sumscore consists of the sum of all scores. Figure 2 shows the
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probabilities corresponding to this sumscore.
We used the score chart for two hypothetical 70-year-old males (Table 4). Patient 1 had a CLE of 

4 cm, and a HH of 2 cm. His medication use consisted of aspirin, but no NSAIDs. He did not have 
GERD symptoms, nor did he regularly consume alcohol. Patient 2 had different characteristics. 
The sumscores for patient 1 for IM and LGD were +13 and +7, respectively, and those for patient 
2 were +5 and +6, respectively. According to Figure 2, patient 1 had a probability of fi nding IM of 
98%, while patient 2 had a probability of 58%. Their relative probabilities of fi nding LGD were 31% 
and 24%, resulting in absolute probabilities of LGD of approximately 31% * 98% = 30%, and 24% 
* 58% = 14%, respectively. The exact probabilities can be calculated using the formulas shown 
under Table 3.

DISCUSSION

We evaluated the value of various clinical characteristics for the prediction of the presence of IM 
and LGD in a large prospective study of patients with CLE. This enabled us to construct a simple 
but powerful predictive model that may allow further refi nement of the surveillance strategy for 
individual patients with CLE. 
A longer length of CLE, a larger size of HH, and male gender were the most important predictors for 
the presence of IM in CLE. In previous studies from other groups, these factors were also reported 
to be associated with CLE.1, 10-13 Although the length of CLE has been shown to be associated with 
the size of HH,11, 30 we found in this study that the size of HH was also an independent risk factor 
for the presence of IM. In the multivariable analysis, age and male gender were also the most

Figure 2. Predicted probabilities for IM vs No IM and relative probabilities for LGD vs ND among those 
with IM in CLE, corresponding to the sumscore as calculated with the score chart (Table 3). Numbers 
of patients per score are shown at the bottom of the graph. For example, a sumscore of +10 for IM cor-
responds to a probability of 94% [95% confi dence interval 89% – 97%] in the left panel. To extract the 
predicted (absolute) probability for LGD in IM from the right panel, the score has to be multiplied with the 
score of IM (left panel). For example, a sumscore of +5 for LGD and +10 for IM corresponds with a pre-
dicted probability for LGD of 19%*94% = 18%.
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Table 4. Illustration of the application of the predictive score chart in two hypothetical patients

 patient 1 patient 2 IM: pt 1 IM: pt 2 LGD: pt 1 LGD: pt 2

Age (years) 70 70 +2 +2 +4 +4

Male gender yes yes +2 +2 +2 +2

Alcohol use yes no +1 0 +1 0

Regurgitation no yes 0 -1 0 -1

NSAID no yes 0 -2 - -

Aspirin yes no +2 0 - -

Length CLE (cm) 4 4 +4 +4 - -

Size of HH (cm) 2 0 +2 0 0 0

Sumscore: add relevant scores +13 +5 +7 +6

Predicted probabilities:

   Using Figure 2 ~98% ~58%* ~30% ~14%*

   Using the Formulas (Table 3)

        • No IM   1 % 42 %

        • IM 99 % 58 %

            - ND 67 % 44 %   

            - LGD  32 %  14 %

* Figure 2 provides relative probabilities for LGD. Predicted probability of LGD = relative probability of LGD * predicted 
probability of IM (see formula in Table 3). For patient 1: 31% * 98%=30%, for patient 2: 24% * 58%=14%.

prominent predictors for the presence of LGD in CLE with IM. These fi ndings are in line with previous 
studies evaluating risk factors for EAC.21, 31

In a recently published study 32 a signifi cant difference in BMI was found between patients with 
BE and a control group with a normal esophagus. The authors concluded that overweight was 
associated with an increased risk of developing BE. Furthermore, a relationship between a high 
BMI and the risk of EAC development has been reported in various case-control studies.31, 33, 34 
In our study, the mean BMI was high (category obese)10 in all three groups, without signifi cant 
differences between these groups. Therefore our results confi rm the fi ndings of a recent study of 
Bu et al. that not IM per se, but the presence of CLE (regardless the type of epithelium) may be 
associated with a high BMI,35 and consequently BMI seems to be not discriminative for improving 
surveillance strategies.

Based on the clinical predictors, we developed one model that could predict the fi nding of 
IM in biopsies taken from CLE, and a second model that could be able to distinguish ND from 
LGD in patients with IM in CLE. Since histological evaluation of biopsies is prone to sampling 
error and interobserver variability, these models could be of additional value in determining the 
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optimal surveillance frequency. The two models were found to be highly reliable. Internal validation 
procedures showed that IM could well be discriminated from No IM, however that LGD could only 
reasonably well be discriminated from ND. One should however realize that the absolute probability 
of LGD depends on the probability of the presence of IM, as was estimated with the fi rst model.

The fi nal models were presented in a predictive score chart. The probability of fi nding IM in 
biopsies from the CLE was high for the fi rst presented patient (99%), but substantial lower for the 
second patient (58%) (Table 4), suggesting that even in the absence of IM in biopsies taken from 
CLE, at least the fi rst patient should undergo endoscopic surveillance. It remains to be established 
what the frequency of this surveillance interval should be. The more general question is whether it 
is possible to defi ne thresholds for the decision to perform surveillance and to determine optimal 
surveillance intervals. These thresholds should be determined in future studies and related to 
the expected benefi ts (detecting neoplastic progression at an early treatable stage) and cost-
effectiveness of surveillance.36, 37

The strengths of our study are its prospective study design and size of the patient cohort. In 
addition, in order to minimize the known effect of substantial interobserver variation,19, 20 biopsies 
in our study were reviewed by a panel of expert pathologists, resulting in a consensus diagnosis. 
In many reported studies, comparisons of clinical characteristics between patients with dysplasia 
versus no dysplasia were performed on the histological diagnosis of just one (expert) pathologist,21, 

22, 38 and these comparisons should therefore be interpreted with some caution. 
There are also some limitations to our study. First, our predictive model was based on the 

comparison of three histologically different patient groups. In patients of the No IM group, IM could 
have been missed because of sampling error. It is however reasonable to assume that this occurred 
at a low frequency, since the endoscopists involved in this study had to follow a strict biopsy protocol 
for this prospective study. In addition, including patients with undetected IM in the No IM group 
would primarily have diluted the differences between both groups. Second, there may have been 
a selection bias. Patients with No IM in CLE at a previous endoscopy are currently not undergoing 
endoscopic surveillance in countries where the guidelines of the ACG are followed.7 Therefore, the 
No IM group was proportionally smaller than it would have been if all these patients would have been 
advised to undergo follow-up endoscopy in the study period. The number of patients that could be 
analyzed was however still large enough to make this study suffi cient statistically powered. Third, 
nonparticipation among patients may also have introduced bias. However, as nonparticipation was 
very low (data not shown) it is unlikely that these few patients could have infl uenced the results. 
Finally, intra- and interobserver variability in the interpretation of the length of CLE and size of HH 
is obviously a limitation, since different endoscopists performed the endoscopies. In a previous 
study, it was shown that the intraobserver agreement for length of CLE was only fair (ĸ=0.40), but 
agreement between true and measured length of CLE was considerable (κ=0.72).39

In conclusion, we found that the most important predictors for the presence of IM were length of 
CLE, size of HH and male gender, while age and male gender were the predominant determinants 
for the differentiation between LGD and ND among those with IM in CLE. The proposed predictive 
models were able to estimate the histology of biopsies (especially IM), based on easily available 
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clinical predictors. Although these models cannot replace histology-based surveillance yet, the 
predicted probabilities may aid in the decision on whether surveillance should be performed in a 
patient with CLE in view of the known sampling error at endoscopy and interobserver variability 
at histology. Future studies are needed to determine thresholds in the models for the decision to 
perform surveillance and at which interval, based on the expected benefi ts and cost-effectiveness 
of such a program.
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ABSTRACT

Aims: To determine interobserver variation in grading of dysplasia in Barrett esophagus (BE) 
between non-expert general pathologists and expert gastrointestinal pathologists on the one hand 
and between expert pathologists on the other hand. 
Methods and Results: In this prospective multicenter study, non-expert and expert pathologists 
graded biopsies of 920 patients with endoscopic BE, which were blindly reviewed by one member of 
a panel of expert pathologists (panel experts), and by a second panel expert in case of disagreement 
on dysplasia grade. Agreement between 2 of 3 pathologists was established as fi nal diagnosis. 
Analysis was by kappa statistics (κ). Due to absence of intestinal metaplasia, 127/920(14%) patients 
were excluded. The interobserver agreement for dysplasia (no dysplasia (ND) versus indefi nite 
for dysplasia/low-grade dysplasia (IND/LGD) versus high-grade dysplasia (HGD)/adenocarcinoma 
(EAC)) between non-experts and fi rst panel experts and between initial experts and fi rst panel 
experts was fair (κ=0.24 and κ=0.27, respectively), and substantial for differentiation of HGD/EAC 
from ND/IND/LGD (κ=0.62 and κ=0.58, respectively). 
Conclusions: We observed considerable interobserver variability in the interpretation of ND or IND/
LGD in BE between non-experts and experts, but also between expert pathologists. This implicates 
that less subjective markers are needed to determine the risk of developing EAC in BE.
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INTRODUCTION

According to the guidelines the American College of Gastroenterology (ACG),1 Barrett esophagus 
(BE) is characterized by the replacement of the normal stratifi ed squamous epithelium of the 
distal esophagus by columnar epithelium with specialized intestinal metaplasia (IM),2 which is 
characterized by the presence of goblet cells. BE is caused by chronic gastroesophageal refl ux,3 
and predisposes to the development of esophageal adenocarcinoma (EAC). This development is a 
gradual process in which the accumulation of (epi)genetic changes causes disruption of important 
biological processes at the cellular level, which can ultimately cause these cells to behave as cancer 
cells, i.e., invade surrounding tissues and metastasize. The morphologic counterpart of these cell 
biologic changes is called dysplasia, which by convention is classifi ed in different stages, i.e., low-
grade dysplasia (LGD), high-grade dysplasia (HGD), and fi nally EAC.4-7 Nowadays, histopathologic 
assessment is the standard read out to judge to what stage the neoplastic process has progressed 
in an individual patient, and based on this, to determine the interval of endoscopic surveillance 
in patients with BE. The aim of surveillance is to detect progression of dysplasia in an early, and 
therefore likely curable stage.1 

In 1988, histologic criteria for grading dysplasia were established by a group of experts in 
gastrointestinal pathology,8 and twelve years later the Vienna classifi cation was made to resolve 
the discrepancies in nomenclature between Western and Japanese pathologists.9 Various groups 
have demonstrated that the use of these criteria is still accompanied by considerable interobserver 
variability, although all these studies only included a relatively small number of patients, and most 
studies used percentage of concordance between observers in their evaluation.8, 10-12 However, as 
a part of this observed agreement was only explained by chance, it is preferable to use Cohen κ 
values to account for agreement beyond chance. Montgomery et al.13 published a study including 
two series of 125 slides and used kappa (κ) statistics for analyzing the histologic grade of dysplasia 
in BE. A moderate agreement (ĸ = 0.46) was found when clinically relevant diagnostic categories 
(ND;IND/LGD;HGD;EAC) were used. However, interobserver variation was only assessed between 
expert gastrointestinal (GI) pathologists. In daily practice general pathologists review the majority 
of BE biopsies. In this large prospective multicenter study we assessed interobserver variability in 
establishing the grade of dysplasia in BE and compared this between non-expert general pathologists 
and expert GI-pathologists, and between expert GI-pathologists. We performed this study in a large 
group of 920 patients with ≥ 2 cm columnar-lined epithelium of the distal esophagus.

MATERIALS AND METHODS

Case selection and histological material
This study was part of an ongoing, prospective clinical trial (CYBAR study) assessing the value of 
fl ow cytometry for individualizing the frequency of follow-up of upper GI endoscopy in patients with 
BE. From October 2003 to December 2004, 920 prevalent and incident consecutive patients with 
a columnar-lined segment of ≥ 2 cm in the distal esophagus were included in 15 Dutch hospitals. 
Four-quadrant biopsies were obtained at intervals of 2 cm, according to the current guidelines.1 The 
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biopsies were fi xed in formalin. The Medical Ethical Review Boards of all hospitals approved this 
study and written informed consent was obtained from all patients prior to endoscopy.

Histologic evaluation
Pathologists of all participating hospitals (see Appendix), including 9 non-expert general (non-
expert) pathologists and 6 expert GI (expert) pathologists, assessed haematoxylin and eosin 
(H&E) stained slides of paraffi n-embedded biopsies of patients included in their own center for 
the presence of IM and the grade of dysplasia. IM was defi ned as the presence of goblet cells 
in columnar epithelium of the esophagus. In line with the defi nition of BE according to the ACG 
guidelines,1 patients with biopsies without IM were excluded from this study. This is unlike the 
guidelines of the British Society of Gastroenterology (BSG) in the United Kingdom, which state that 
IM is not required for the diagnosis BE.14 Dysplasia was graded according to the Consensus Criteria 
of 1988, with adjustments made in 2001 (Table 1).8, 13

Subsequently, one member of a panel of fi ve expert (panel expert) pathologists randomly reviewed 
the slides. These panel experts were blinded for age, sex, identity of the patient, and diagnosis of 
the initial pathologist. Furthermore, specifi c areas of interest were not marked on the slides. The 
diagnostic selections were IM or no IM, and, if IM was present, ‘no dysplasia’ (ND), ‘indefi nite 
for dysplasia’ (IND)/LGD, HGD or EAC. It was recognized that in some slides it was diffi cult to

Table 1. Criteria for grading dysplasia in Barrett esophagus based on the Consensus Criteria of 1988
and 2001 8, 12

Negative for dysplasia  Architecture normal
    Surface maturation (nucleur-to-cytoplasmic ratio of surface cells is lower than of 
    deeper glands)
    Cytology normal (nuclear polarity normal, which means size not different and
    located basally)

Indefenite for dysplasia Architecture normal
   Surface maturation
   Cytology mild alterations (nuclear membrane irregularities, increased mitoses in
   deeper glands, infl ammation)

Low-grade dysplasia  Architecture mildly alterated (glandular crowding, but identifi cable lamina propria)
   Surface maturation distorted (surface similar as deeper glands)
   Cytology mild, diffuse alterations (nuclear hyperchromasia, nuclear membrane
   irregularities, nuclear polarity normal)

High-grade dysplasia  Architecture marked alterated (crowding of cytological abnormal glands)
   Surface maturation lacking
   Cytology marked alterations (nuclear hyperchromasia, prominent irregular nucleoli  
   with clumped chromatin, loss of nuclear polarity)

Intramucosal carcinoma Architecture marked alterated (lamina propria effacing, penetration through
   basement membrane into lamina propria, syncytial growth pattern, extensive back-
   to-back microglands)
   Surface maturation lacking
   Cytology marked alterations
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distinguish between the diagnoses ‘indefi nite for dysplasia’ or LGD, and for practical purposes we 
combined these two diagnoses into a diagnosis of IND/LGD. All participating pathologists agreed to 
commit themselves to one of these diagnostic choices. If there was disagreement on the presence 
of IM or grade of dysplasia, slides were blindly reviewed by a second member of the expert panel. 
A fi nal diagnosis was established by a majority diagnosis, meaning that 2 of 3 pathologists had to 
agree upon the diagnosis. In a few cases, in which disagreement on the grade of dysplasia was 
present after three opinions, a third member of the expert panel reviewed the slides, after which a 
fi nal majority diagnosis could be established in all cases. A meeting was held a few months after the 
start of the study, in which the histological criteria were re-emphasized.

Statistical analysis
Interobserver agreement was determined by using Cohen kappa (κ) statistics, which are widely 
used mathematical coeffi cients adjusting for agreement by chance alone.15 A value of zero indicates 
no agreement better than that which would be expected by chance alone. Values of < 0.21, 0.21-
0.40, 0.41-0.60, 0.61-0.80 and >0.80 correspond with a poor, fair, moderate, substantial, and very 
good interobserver agreement, respectively.15 The histological diagnoses were categorized as ND, 
IND/LGD, and HGD/EAC for the main analyses (3 categories). Further categorizations included 
ND, IND/LGD, HGD, and EAC (4 categories), ND/IND/LGD, and HGD/EAC (2 categories), and 
ND, and IND/LGD/HGD/EAC (2 categories). In some analyses, κ values could not be evaluated, 
since these values can only be computed if a symmetric 2-way table is present, which means that 
for example the second (expert) pathologist had to establish at least one time the same diagnosis 
as the initial (non-expert or expert) pathologist. Statistic analyses were conducted using SPSS 
software (SPSS version 11.0, Chicago, Illinois, USA). 

RESULTS

In total, 920 patients, of whom 662 were men and 258 women, were included with a mean (± 
standard error of the mean (SEM)) age of 60 ± 0.4 years (range 19-88 years). Mean (± SEM) length 
of the columnar-lined segment was 4.3 ± 0.1 cm (range 2-16 cm), and the median was 4.0 cm.

In 127/920 (14%) patients, no IM was diagnosed. In 23 of these 127 (18%) patients, a false 
positive diagnosis of IM was made by the initial non-expert pathologist, which was corrected to no 
IM by 2 panel expert pathologists. Since in many countries the presence of IM is required for the 
diagnosis BE1, these 127 patients were excluded from further analysis.

Of the remaining 793 patients with histologically confi rmed BE, an initial diagnosis on the grade of 
dysplasia was made in the center where the patient was included, and was performed in 698 cases 
by a non-expert pathologist, and in 95 cases by an expert pathologist. 

Grading dysplasia by the initial pathologists
The diagnoses of the initial pathologists (both non-experts and experts) were in 567/793 (72%) 
cases ND, in 210 (26%) IND/LGD, and in 16 (2%) HGD/EAC. These initial diagnoses and also the 
fi nal diagnoses are shown in Table 2. If 3 clinically relevant diagnostic categories for statistical 
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Table 2. Initial diagnoses and fi nal diagnoses of the grade of dysplasia in 793 patients with Barrett
esophagus after reviewing of the slides by the expert panel

Final diagnosis

Initial diagnosis ND IND/LGD HGD/EAC Totals

ND 546 19 2 567

IND/LGD 111 94 5 210

HGD/EAC 0 1 15 16

Totals 657 114 22 793

κ value = 0.25
ND: no dysplasia, IND: indefi nite for dysplasia, LGD: low-grade dysplasia, HGD: high-grade dysplasia,
EAC: esophageal adenocarcinoma

analysis were used (ND, IND/LGD and HGD/EAC), the interobserver reproducibility between the 
initial pathologists (non-experts and experts) and second pathologists (fi rst panel experts) for 
dysplasia was fair (κ=0.25, 95% confi dence interval (CI):0.18-0.32, p=0.00) (Table 3). When HGD 
and EAC were analyzed as 4 separate categories (ND; IND/LGD; HGD; EAC), the interobserver 
reproducibility was similar. Since only the presence of HGD and EAC in BE has important therapeutic 
consequences for patients, we also analyzed the interobserver agreement when 2 broad diagnostic 
categories (ND/IND/LGD and HGD/EAC) were evaluated. The κ value for interobserver agreement 
between the initial and fi rst panel expert pathologist when employing these 2 categories was 
substantial (κ=0.61). We also evaluated the interobserver reproducibility between no dysplasia and 
dysplasia (ND and IND/LGD/HGD/EAC), which was just as fair (0.27) as using 3 or 4 categories.

Initial diagnosis of non-expert pathologists
The diagnoses in patients with histological BE assessed by non-expert pathologists were in 500/698 
(71%) cases ND, in 187 (27%) IND/LGD, and in 11 (2%) HGD/EAC. 

In 502/698 (72%) patients, there was concordance on the dysplasia grade between the non-
expert and the fi rst panel expert pathologist. In 196/698 (28%) patients, a third opinion was needed 
because of disagreement between non-expert and fi rst panel expert pathologists. In 98/196 (50%) 
cases, the initial (non-expert) diagnosis was downgraded, mostly from IND/LGD to ND, in 22 (11%) 
it was upgraded, and in 76 (39%) the fi nal diagnosis was similar to the initial one. The interobserver 
reproducibility between non-expert and fi rst panel expert pathologists for dysplasia was fair if 
analyzed in 3 categories as described above (κ=0.24) (Table 3). This interobserver reproducibility 
remained fair when analyzing in 4 categories and in 2 categories (no dysplasia vs. dysplasia), 
but was again substantial better when analyzing the categories HGD/EAC versus ND/IND/LGD 
(κ=0.62).

Initial diagnosis of expert pathologists
The diagnoses of patients with histological BE initially assessed by expert pathologists, were in 
67/95 (71%) cases ND, in 23 (24%) IND/LGD, and in 5 (5%) HGD/EAC. 
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The expert pathologist establishing an initial diagnosis and the fi rst panel expert pathologist 
agreed on the dysplasia grade in 66/95 (69%) patients. In 29 (31%) patients, a third opinion was 
needed because of disagreement between both expert pathologists. Comparable to the results 
of the non-expert pathologists, the initial diagnosis was downgraded in 12/29 (41%) cases, again 
mostly from IND/LGD to ND. In 4 (14%) cases it was upgraded, and in 13 (45%) the fi nal diagnosis 
was similar to the initial one. The interobserver reproducibility for dysplasia between both expert 
pathologists (initial judgment and fi rst revision), analyzed in 3 categories as well in 4 categories, 
was fair (κ=0.27) (Table 3). When the interobserver agreement in 2 categories (no dysplasia or 
presence of dysplasia) was analyzed, the κ value was somewhat better, although still fair (k=0.33). 
The κ value for interobserver reproducibility of the categories ND/IND/LGD versus HGD/EAC was 
moderate (κ=0.58).

Agreement between panel expert pathologists
In 225 of 793 cases the initial pathologist (both non-experts and experts) and fi rst panel expert 
pathologist disagreed, and consequently a second panel expert had to give a third opinion. In 
103/225 (46%) of these cases there was concordance on the grade of dysplasia between the two 
panel expert pathologists, which corresponds with a poor interobserver reproducibility between the 
fi rst and second panel expert pathologist (κ=0.12), when using the 3 categories (Table 3). When 
analyzing the interobserver agreement between no dysplasia and the presence of any dysplasia, 
the κ value remained poor (0.16). Using 2 categories, in which HGD/EAC was separated from 
ND/IND/LGD, the κ value was moderate (0.41). The κ value of 4 dysplasia categories could not 
be calculated between the two panel expert pathologists, due to methodological limitations of the 
test.

p<0.05 in all categories and groups
#: κ value could not be calculated
ND: no dysplasia, IND: indefi nite for dysplasia, LGD: low-grade dysplasia, HGD: high-grade dysplasia, EAC: esophageal 
adenocarcinoma

Table 3. Calculated κ values (95% CI) to establish interobserver variation of dysplasia grading in Barrett 
esophagus for different categories of dysplasia

  3 categories: 4 categories: 2 categories: 2 categories:

  1. ND 1. ND 1. ND 1. ND/IND/LGD

  2. IND/LGD 2. IND/LGD 2. IND/LGD/HGD/
EAC 2. HGD/EAC

  3. HGD/EAC 3. HGD

  4. EAC   

fi rst vs. second path.

    total group  0.25 (0.18-0.32) 0.25 (0.18-0.32) 0.27 (0.20-0.34) 0.61 (0.44-0.78)

    fi rst opinion non-expert  0.24 (0.16-0.32) 0.25 (0.17-0.33) 0.26 (0.18-0.34) 0.62 (0.42-0.82)

    fi rst opinion expert  0.27 (0.08-0.46) 0.27 (0.08-0.46) 0.33 (-0.32-0.98) 0.58 (0.21-0.95)

Second vs. third path.  0.12 (0.00-0.24) # 0.16 (0.03-0.29) 0.41 (0.17-0.65)
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Finally, in 27 cases a fi nal diagnosis could not be established after the third opinion, as there was 
still no majority diagnosis on the grade of dysplasia. In these cases, a third panel expert pathologist 
blindly reviewed the slides. After four opinions, a fi nal diagnosis was established in all cases.

DISCUSSION

Histopathologic evaluation of BE biopsies is currently the only diagnostic tool that is used to 
determine the risk of progression to HGD or EAC. In line with previous studies, our study shows a 
high interobserver variability in interpretation of the grade of dysplasia in BE, which was calculated 
by Cohen κ values which corrects for agreement by chance alone. Remarkably, the interobserver 
variability was not different between non-expert and expert pathologists and between expert 
pathologists. This implicates that the subjective component in the evaluation of dysplasia in BE can 
hardly be improved by the initial reviewing of BE biopsies by expert pathologists.

Our study also showed a poor agreement between two panel expert pathologists. It should be 
pointed out however that a second panel expert pathologist was only involved in cases where 
disagreement was present between the initial and the fi rst panel expert. It may well be that these 
slides were more complex, which is demonstrated by the 27 cases in which a fi nal diagnosis could 
not be established after the third opinion, as there was still no majority diagnosis on the grade of 
dysplasia.

The interobserver variability was mainly based on disagreement between the presence of either 
ND or IND/LGD. The histologic grade of dysplasia determines the frequency of surveillance with 
upper endoscopy, corresponding with the risk of progression (yearly for LGD and every 3 years for 
ND).1, 16, 17 Misclassifi cation may lead to unnecessary, burdensome follow-up endoscopies18 (in case 
of overdiagnosis), or to possibly insuffi cient control (in case of underdiagnosis).

In contrast to the fair interobserver agreement in establishing a distinction between ND and 
IND/LGD, interobserver reproducibility was substantial, although still not perfect, in distinguishing 
HGD/EAC from ND/IND/LGD. This is an important fi nding which is in line with previous results,8, 

13 as mainly the presence of HGD or EAC in BE has at least short term clinical consequences 
for the treatment and prognosis of patients.19 Depending on the condition of the patient and the 
extent of HGD or early EAC, an individualized strategy is employed, which implicates endoscopic 
surveillance every three months, endoscopic mucosectomy or a surgical resection.1, 19  

For practical purposes, we did not make separate categories for biopsies with either IND or LGD. 
It seems unlikely that this has infl uenced the results of our study. Montgomery et al.13 found a similar 
result for interobserver variability if IND was separated from LGD compared to the situation where 
both groups were combined (κ=0,43 vs. κ=0,48 respectively).

The most important explanation for histology disagreement in grading dysplasia in BE is that the 
system of grading morphological progression of dysplasia in discrete categories (ND, IND/LGD, 
HGD) actually means an artifi cial segmentation of a morphologic continuum.5 It seems apparent 
that cases with morphology close to one of these artifi cial boundaries are more diffi cult to agree 
upon. In a previous study,13 it was concluded that using formalin-fi xative caused less disagreement 
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than Hollande-fi xed specimens. We excluded this cause of interobserver disagreement by using 
only formalin fi xation of the specimens in all participating centers. 

Currently, there is still no reliable method to improve the problem of interobserver variability 
in diagnosing dysplasia in BE.20 Montgomery et al.13 systematically investigated the effect of a 
consensus meeting. It was shown that hardly any improvement of interobserver variability was 
established after the consensus meeting. A strategy to overcome diffi culties with subjective grading 
is using morphometry, as has been performed by Polkowski et al.21 However, this approach required 
dedicated equipment and expertise, which is not universally available. Furthermore, morphometry 
has diffi culties to compensate for technical issues as tangential cutting or severe infl ammation.10 
Another study 22 suggested that p53 protein quantifi cation may improve interobserver variability 
in assessing the presence of LGD, however this was established in biopsies that were already 
histologically evaluated by an expert panel of pathologists, who agreed upon the level of dysplasia. 
In addition, enhanced magnifi cation endoscopy has been evaluated to increase the likelihood that 
indeed biopsies with a high a priori risk of containing dysplasia in BE are present. It has been 
reported however that interobserver agreement remained poor using this method (κ<0.4).23 

As there is currently no solution for decreasing the interobserver variability in histological grading 
of BE biopsies, the focus should be targeted on techniques that are additional to histology and less 
prone for interobserver variability, to identify those patients with ND or LGD who will most likely 
progress towards malignancy and really need frequent surveillance. This seems important, since 
approximately 75-90 % of patients with LGD will probably never develop EAC during their lifetime.17, 

24, 25 Several studies have been performed to investigate the value of such additional biomarkers. 
Firstly, in addition to the above described study, in which p53 quantifi cation was evaluated for 
decreasing interobserver variability, it has also been proposed to determine the presence of p53 
mutations as an adjunct to histology, to establish a more reliable cancer risk. Patients with LGD 
and p53 expression in their biopsies seem more likely to progress towards HGD/EAC (56-60%) 
than patients with LGD without p53 expression (0-25%)26-29 Secondly, fl ow cytometric analysis of 
DNA content has been reported to be promising in determining the risk of progression towards 
malignancy.30-32 Reid et al.31 demonstrated in a population of 322 BE patients, that patients with ND, 
IND or LGD in their biopsies, and an aneuploid or tetraploid nuclear DNA content, had a 28% 5-yr 
cumulative risk of EAC development compared to 0% for those with normal fl ow cytometric results. 
Large prospective studies need to confi rm these results. Finally, new endoscopy techniques have 
been developed to visualize early dysplasia, such as autofl uorescence endoscopy, high resolution 
endoscopy or magnifi cation chromendoscopy, to make targeted biopsies possible. Although these 
techniques seem promising for the visualization of areas with HGD in the columnar lined segment, 
LGD is still diffi cult to visualize.33-35 
In conclusion, this study demonstrates a high interobserver variability in the interpretation of 
dysplasia in a large cohort of BE patients between non-expert and expert GI pathologists, but 
also among experts together. Since morphology is still the best available marker to determine 
cancer risk, we recommend reviewing BE slides by at least two pathologists, and, when indicated, 
to consult a third (expert) pathologist to establish a fi nal diagnosis. In the meantime studies are 
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required which evaluate additional, less subjective markers to establish cancer risk in patients with 
BE, in order to determine the optimal surveillance frequency.
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ABSTRACT

Barrett esophagus (BE) is caused by chronic gastroesophageal refl ux and predisposes to the 
development of esophageal adenocarcinoma through different histological grades of dysplasia. Only 
a subset of BE patients will fi nally develop esophageal adenocarcinoma. The majority will therefore 
not benefi t from an endoscopic surveillance program, based on the histological identifi cation of 
dysplasia. Several studies have been performed to fi nd biomarkers that can be used to detect 
the subgroup of patients at an increased risk of developing malignancy in BE. In this review, we 
will summarize the most promising tissue biomarkers, i.e. proliferation/cell cycle proteins, tumor 
suppressor genes, adhesion molecules, DNA ploidy status and infl ammation associated markers, 
that can be used for risk stratifi cation in BE, and discuss their respective clinical application. 
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INTRODUCTION

Barrett esophagus (BE) is characterized by the replacement of the normal stratifi ed squamous 
epithelium of the distal esophagus by columnar epithelium with specialized intestinal metaplasia 
(IM),1 which is characterized by the presence of goblet cells. Chronic gastroesophageal refl ux is the 
most important factor in the development of BE.2 BE is a premalignant condition predisposing to 
the development of esophageal adenocarcinoma (EAC). This development is a gradual process in 
which the accumulation of (epi)genetic changes causes disruption of important biological processes 
at the cellular level, which can ultimately cause these cells to behave as cancer cells, i.e., invading 
surrounding tissues and metastasize. The morphologic counterpart of these molecular changes is 
called dysplasia. Dysplasia is commonly sub-classifi ed into three distinct morphological stages, 
each thought to represent a subsequent step in tumor progression, i.e., low-grade dysplasia (LGD), 
high-grade dysplasia (HGD), and fi nally EAC.3, 4 

Nowadays, histopathologic assessment is the standard read out to assess whether and to what 
stage neoplasia in BE has progressed in an individual patient, and based on this, to determine the 
interval of endoscopic surveillance in these patients. The aim of surveillance is to detect progression 
of dysplasia at an early, and therefore likely curable stage.1

Although EAC is frequently accompanied by Barrett’s metaplasia, only approximately 5% of 
patients who present with EAC are known with a prior diagnosis of BE.5, 6 Moreover, the risk of 
developing EAC in BE is low and has been suggested to be approximately 0.5% on a yearly basis.7-

9 This means that the majority of patients with BE will not benefi t from an endoscopic surveillance 
program.7-9 Further stratifi cation of the risk of progression of BE to EAC might permit more effective 
targeting of repeated endoscopy to patients with an increased risk of progression.

At present, patients with BE are only risk stratifi ed by the grade of dysplasia as assessed by 
histological evaluation of endoscopically taken biospies.10 In 1988, histologic criteria for grading 
dysplasia were established by a group of experts in gastrointestinal pathology.11 Histological 
grading according to these criteria is however accompanied by considerable interobserver 
variability, especially for the discrimination between no dysplasia (ND) and LGD.12 Considerable 
effort went in the identifi cation of a biomarker that could distinguish patients with high risk for EAC 
development from those with low risk for EAC. A biomarker can be defi ned as an indicator of 
pathological processes. The ideal biomarker for this would probably be a molecule that shows a 
variation in expression that is associated with neoplastic progression and is already detectable at 
an early stage in this process.13 In this review, the most promising tissue biomarkers known so far 
will be discussed. 

POTENTIAL BIOMARKERS FOR RISK STRATIFICATION

The transformation from a normal cell into a tumor cell requires several alterations, each of 
them leading to the induction of proteins involved in tumorigenesis or downregulation of proteins 
protecting the cell.14 These alterations comprise usually genetic lesions or altered methylation 
patterns of genes, resulting in changes in mRNA and protein expression. The molecules involved 



C
ha

pt
er

 5

60

in these processes may therefore provide markers for the detection of early malignant progression. 
Based on the molecular alterations these markers can be divided in different groups, which will 
consecutively be described in this review: proliferation/cell cycle proteins, tumor suppressor genes, 
adhesion molecules, DNA content, and infl ammation associated markers. In Figure 1, the pattern 
of expression of these biomarkers is shown in a schematic overview.

Proliferation/cell cycle proteins
Tissue damage by gastroesophageal refl ux will lead to proliferation in order to replace the injured 
cells by new ones. In order to proliferate, a cell has to progress from the G1 to the S phase in the 
cell cycle (Figure 2). Progression to a next stage in the cell cycle requires the action of cyclin-Cdk 
(cyclin-dependent kinase)-complexes. When this proliferation runs out of control, neoplastic lesions 
will occur. Abnormalities of proteins that play a role in the progression from the G1 to the S phase 
can be observed during carcinogenesis. These proteins (i.e. PCNA, Ki67, and Cyclin D1) could 
therefore possibly serve as biomarker in predicting the risk of neoplastic progression.

PCNA
Proliferating cell nuclear antigen (PCNA) is a cofactor of DNA synthase and an indicator of cell cycle 
progression at the G1/S transition (Figure 2).15 PCNA was the fi rst proliferation marker that could 
be used for immunohistochemical staining of formalin-fi xed paraffi n tissue. As a consequence most 
of the initial proliferation marker work focused on PCNA, simply because there were no practical 
alternatives.16 Several studies have shown that PCNA staining is increased in HGD/EAC, with an 
increase in intensity of PCNA expression with extension of the proliferative compartment upwards 
to the superfi cial layers of the glands as is seen in dysplasia.17-19 This was not confi rmed in another 
study, in which PCNA was found to be of limited value in differentiating between ND, LGD and 

Figure 1. Schematic overview of the expression of the discussed biomarkers in the progression from 
Barrett’s metaplasia towards esophageal adenocarcinoma. Biomarkers are grouped for those with an 
increased (A) or decreased (B) expression in the metaplasia-dysplasia-carcinoma sequence.
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‘indefi nite for dysplasia’ (IND) in BE.20 In addition, PCNA staining is affected by the fi xation method 
of the tissue, and antigen retrieval does result in staining of quiescent cells (G0 phase) (Figure 2).16 
Therefore, PCNA is probably not a good candidate marker that can be used for the prediction of 
patients at risk of neoplastic progression in BE.

Ki67
The human Ki67 protein is present during all active phases of the cell cycle (G1, S, G2, M), but is 
absent in resting cells (G0) (Figure 2). Although some of its features have been characterized, such 
as phosphorylation and nuclear transport, the function of the Ki67 protein is still largely unknown.16 
Expression of the Ki67 protein is strictly associated with cell proliferation. The fraction of Ki67 positive 
cells been demonstrated to correlate with the clinical course of the disorder.16 No other protein has 
been shown to have an expression pattern that is so closely associated with the proliferative status 
of the cell. With the development of the Ki67 equivalent MIB-1, Ki67 immunostaining can, just like 
PCNA, be easily performed on formalin-fi xed paraffi n-embedded tissue. In contrast to PCNA (see 
above), the Ki67-antibody does not stain quiescent cells, thus Ki67 is a superior proliferation marker 
(Figure 3, page 65).21

The extent of immunohistochemical Ki67 expression is associated with each histological grade, 
showing a stepwise increase in Ki67 expression with neoplastic progression of BE.22 In a study by 
Hong et al., statistical differences in expression levels between no dysplasia (ND), LGD and HGD 
were found. The category IND however had a great variety in expression pattern, sometimes even 
resembling HGD. These authors concluded therefore that Ki67 better can be used as an additional 
parameter to differentiate between BE patients with or without dysplasia.23 In contrast, Olvera et al. 
concluded that Ki67 was able to differentiate LGD from HGD, but could not distinguish LGD from 
reactive changes (IND). The number of cases in this study was however probably too small (n= 
25) for this conclusion to be made.24 Currently, only cross-sectional studies on Ki67 expression 
in BE have been performed and longitudinal follow-up studies for evaluating the value of Ki67 
as biomarker for risk prediction are therefore indicated. In a study by Polkowski et al.,25 using 

Figure 2. Cell cycle. G1 = gap 1, cells in resting phase (DNA = 2N); S = DNA synthesis; G2 = gap 2, cells 
are duplicated (DNA = 4N); M = mitosis, cells are divided in 2 daughter cells (DNA = 2N); G0 = resting 
phase, cells that cease division.
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morphometry with assessment of the percentage of nuclei positive for Ki67 per 100 counted nuclei, 
it was shown that Ki67 was a valuable marker to overcome diffi culties with subjective grading.26 

Most studies on Ki67 expression in Barrett epithelium have been performed with 
immunohistochemistry. Detection of Ki67-positive cells in Barrett biopsies can also be performed 
with fl ow cytometry, making rapid quantifi cation possible.27 In this study, fresh frozen biopsies were 
required for fl ow cytometric evaluation, while immunohistochemistry can be performed on more 
easily available paraffi n-embedded biopsies. In contrast to immunohistochemistry, the identity of 
Ki67-positive cells cannot be determined with fl ow cytometry. The usefulness of fl ow cytometry for 
Ki67 lies in the possibility to distinguish Ki67-positive G1 cells from quiescent G0 cells, which is 
important if combined with evaluation of the ploidy status (see further in ‘DNA ploidy’). 

Cyclin D1
The Cyclin D1 gene is known to regulate the G1/S-checkpoint in the normal cell cycle (Figure 2), and 
may therefore play a role in carcinogenesis.28 The role of cyclin D1 in cell cycle control is mediated 
through cyclin D1-cyclin-dependent kinase (cdk) complexes.29 In a prospective study by Bani-Hani 
et al., immunohistochemically detected cyclin D1 was found to be signifi cantly overexpressed in 
92% of samples with EAC. In addition, in 67% of biopsies of these patients taken at earlier time 
points cyclin D1 overexpression was present, compared to in 29% of biopsies of controls without 
malignant progression in BE. Based on these results, it was suggested that cyclin D1-staining could 
be a useful biomarker in identifying BE patients at increased risk of neoplastic progression.29 These 
results are however contradictory to more recent studies, in which cyclin D1 was not signifi cantly 
associated with risk of malignant progression.30, 31 Additional studies are clearly warranted. 

Geddert et al. found that cyclin D1 polymorphisms in patients with EAC were not signifi cantly 
different from those of healthy controls, and therefore were unlikely to be associated with 
an increased risk of EAC.28 In contrast, Casson et al found that the CCND1 A/A genotype was 
associated with an increased risk of developing BE and EAC, however no association was found 
between this genotype and cyclin D1 overexpression.32 

Tumor suppressor genes
Tumor suppressor genes control cell proliferation by preventing cells from uncontrolled expanding. 
Proteins that activate the tumor suppressor gene behave as tumor suppressors. In a mutated tumor 
suppressor gene, the function may be lost due to inactivation, and consequently the protein has 
become an oncogene, leading to uncontrolled growth of mutated cells, and fi nally to malignancy. It 
has been suggested that mutated tumor suppressor genes may have the ability to predict neoplastic 
progression. In BE, particularly the role of p53 en p16 has been explored.

p53
p53 is a tumor suppressor gene, located on the 17p13 chromosome. The gene is involved in controlling 
cell proliferation.33 Normally, cells contain low levels of wild-type p53. Wild-type p53 regulates two 
common responses to oncogenic stress, i.e., cell cycle arrest/DNA repair and apoptosis. In cells 
that are early in the G1-phase, p53 triggers a checkpoint blocking further progression through the 
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cell cycle, allowing the damaged DNA to be repaired before the cell enters the S-phase (Figure 2).34 
If the DNA damage cannot be repaired, p53 induces apoptosis.35 This suggests that failure of p53 to 
respond to DNA damage will increase the susceptibility to mutational, oncogenic changes. Mutated 
p53 is dominant negative, as it overwhelms the wild-type protein and prevents it from functioning.34 
These p53 mutations are associated with an increased half-life of the p53 protein, leading to its 
accumulation in the cell nucleus to levels that can be detected by immunohistochemistry (Figure 3, 
page 65).36 In contrast, wild-type p53 has a short half-life, and as a consequence these proteins do 
not accumulate and are therefore usually below the detection threshold of immunohistochemistry.37 
Approximately 90% of the p53 mutations are point mutations.38

As a consequence of DNA damage, the percentage of cells in G0/G1 or G2/M-phase that require 
DNA repair is increased.34 This can be accompanied by p53 mutation and protein accumulation.34 
Several studies have shown a stepwise overexpression of p53 with increasing grades of dysplasia 
in BE.22, 39-41 Younes et al. suggested that p53 accumulation might even occur before the phenotypic 
changes characteristic of dysplasia and malignancy become obvious, since normal-appearing 
nondysplastic glands adjacent to dysplastic glands or carcinoma were also positive for p53.42 p53 
as a biomarker of malignant progression in BE was confi rmed in other studies, but the sensitivity 
of this marker alone in these studies was too low to predict cancer risk.29, 30  Also when combined 
with other biomarkers, such as cyclin D1, β-catenin, and COX-2, p53 was found to be of limited 
value.30 

Although immunohistochemistry for detecting p53 is cheap, quick, and easy to apply compared 
with other techniques, there are some limitations that are important to consider. The p53 antibodies 
that are commonly used do not only stain the mutant p53, but also detect wild-type p53. Thus, 
overexpression of the p53 protein does not correlate with p53 mutation per se.37, 38 A second 
limitation of p53-based immunohistochemistry is that mutations for this tumor suppressor gene may 
exist without protein overexpression, and therefore will not be detected by immunohistochemistry.37, 

38, 43 
Another mechanism of inactivation of the wild-type p53 is loss of heterozygosity (LOH) for one or 

two alleles of the 17p13 gene.37 LOH has been shown to occur in 0-6% of BE patients with ND, in 
20-27% with LGD, in 57% with HGD,44, 45 and in 54-92% with EAC,45, 46 and sometimes coexists with 
a p53 mutation.45, 46 It has been shown that clones of 17p13 LOH show variable expansion within 
the Barrett segment,47 and a larger size of the LOH clone seems to be associated with a higher risk 
of progression to EAC.48 A strong association has also been found between 17p13 LOH and an 
abnormal fl ow cytometric DNA content in BE.47, 49 In 91% of fl ow cytometrically detected aneuploid/
tetraploid cases, LOH at 17p13 was also detected, in contrast to only 17% of diploid cases.47 In 
another study by the same group, LOH at 17p13 was found in 91% of diploid cases, in which 
aneuploidy developed during follow-up. Thus LOH preceded the development of aneuploidy during 
neoplastic progression in BE.49 Recently, these investigators showed in a prospectively followed 
cohort that 37% of patients with LOH at 17p13 progressed over time from ND to EAC, compared to 
3% of patients without LOH, suggesting that 17p13 LOH is an early event in the neoplastic cascade 
of BE.44 Since the technique for 17p13 LOH is not routinely available, it is not commonly being 
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applied yet.50

p16
p16 is a tumor suppressor gene, which is located on chromosome 9p21. This gene is also known 
as cyclin-dependent kinase inhibitor 2 (CDKN2), INK4, or multiple tumor suppressor 1 (MST1).47 
Normally, the expression of p16 leads to G1 arrest by inhibiting the cyclin-dependent kinases that 
are responsible for phosphorylation of the retinoblastoma protein (Figure 2). Inactivation of p16 will 
lead to uncontrolled cell proliferation.15 LOH is the predominant mechanism for inactivation of one of 
the p16 alleles, occurring in approximately 75% of samples taken from EAC.51 Clones of cells with 
LOH at 9p21 have been shown to expand along the Barrett segment, creating a condition in which 
other mutations may arise that are able to induce EAC.47, 52 CpG island methylation, mutation or 
homozygous deletions have also been suggested to be responsible for inactivation of the remaining 
p16 allele.45, 52-54 Epigenetic modifi cation of genes may already take place in normal mucosa of 
patients at risk of developing EAC, since hypermethylation was found to be present in 56% of 
biopsies of squamous epithelium of patients with EAC,54 with no differences being found in the 
prevalence of p16 abnormalities (i.e. p16 CpG island methylation, p16 mutation, and 9p21 LOH) 
with advancing grades of dysplasia (88% in ND, 87% in LGD, and 86% in HGD).52 It was shown 
that both LOH of 9p21 and p16 mutation occur as early lesions in diploid cell populations, prior to 
the development of aneuploidy and cancer.47, 51 Although LOH of 9p21 is a common event in BE, 
large-scale studies have not been performed and the technique is not routinely available in most 
centers.

Adhesion molecules 
Epithelial cells are tightly connected (cell-cell adhesion) with each other and one of the functions 
of this adhesion is to prevent development of malignancies by inhibition of proliferation. If cell-cell 
adhesion is loosened, penetration of toxic compounds, pathogenic organisms and infl ammatory cells 
may occur which can cause DNA damage e.g. through the formation of oxygen radicals.55 These 
oxygen radicals can cause DNA mutations leading to carcinogenesis. In addition, the loosened cell-
cell connections make it easier for the neoplastic process to invade neighbouring tissues. Changes 
in adhesion proteins could therefore be valuable in predicting neoplastic progression of BE towards 
HGD/EAC. The most commonly reported adhesion proteins are E-cadherin and β-catenin.

E-cadherin & β-catenin 
The transmembrane glycoprotein E-cadherin belongs to the family of calcium-dependent Wnt-related 
genes and plays a role in morphogenesis of tissues during embryogenesis. β-Catenin is directly 
linked to E-cadherin and together these proteins mediate cell-to-cell adhesion. The cell adhesion 
function of E-cadherin is frequently disturbed in carcinomas either by downregulation or mutation 
of the E-cadherin/catenin genes.56 Adenomatous polyposis coli (APC) tumor suppressor gene 
(located at 5q21) regulates the intracellular concentration of β-catenin by causing its degradation. 
When the APC tumor suppressor gene is mutated, β-catenin accumulates in the nucleus and binds 
to transcription factors, resulting in the promotion of cellular proliferation and the prevention of 
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cellular death.15 Normally, β-catenin is expressed in the membrane.57 In BE, a decrease of both E-
cadherin and membranous β-catenin on the one hand and an increase of nuclear β-catenin on the 
other hand has been observed during progression to EAC.57-61 In a study by Murray et al., nuclear 
β-catenin expression was however not signifi cantly associated with risk of malignant progression 
in BE.30 As a result of these contradictory fi ndings and the absence of large scale clinical cohort 
studies, the practical value of these proteins as biomarkers for predicting the risk of neoplastic 
progression in BE is still unclear. 

DNA content 
With the exception of germ-line cells, all other cells are normally diploid (2N). Human malignancies 
are associated with genomic instability, and many solid tumors show abnormalities of the cellular 
DNA content (aneuploidy or tetraploidy), which can be assessed by fl ow cytometry.62 Aneuploidy is 
diagnosed if an increased number of cells are in the S phase of the cell cycle (Figure 2). This can be 
seen at fl ow cytometric analysis as a second discrete peak at > 2.7N in the histogram, comprising 
at least 2.5% of nuclei.63, 64 Tetraploidy is present if > 6% of the nuclei are in the G2 phase, which 
is expressed by an increased 4N fraction (within range 3.85N-4.1N) at fl ow cytometry.63-66 Another 
type of change of the DNA content is loss of heterozygosity (LOH) for one or two alleles of a gene, 
leading to inactivation of a protein,37 as described above for p53 and p16.

DNA Ploidy
Neoplastic progression in BE is also associated with a process of genomic instability, leading to 
evolution of multiple aneuploid populations and fi nally to the development of a clone of cells capable 
of malignant invasion.67 

A correlation between an increase in the percentage of biopsies with an abnormal DNA content 
(aneuploidy or tetraploidy) and an increase in the grade of dysplasia in BE has been reported.27, 68, 

69 The percentage of abnormal DNA content ranges from 0-13% in ND, 0-60% in LGD, 40-100%

Figure 3. Typical examples of immunohistochemical staining for Ki67 and p53 expression in Barrett 
esophagus (specialized columnar epithelium). Original magnifi cations x400. (A) Ki67 overexpression. 
(B) p53 overexpression.
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in HGD and 71-100% in EAC.27, 66, 68, 70 Follow-up studies have suggested that the combination of 
histology and fl ow cytometry could be useful for the identifi cation of BE patients at risk of developing 
EAC.63, 71, 72 In contrast, Gimenez et al. found that DNA content as detected by fl ow cytometry was 
not able to predict progression in patients with ND or LGD. In this study, it was suggested that in 
the ‘indefi nite for dysplasia’ group, abnormal DNA content could be used to differentiate between 
future neoplastic progression and reactive epithelial changes.73 The majority of studies performed 
were based on the analysis of fresh material,27, 63, 66, 71, 72 since when compared to analysis based on 
formalin fi xed, paraffi n-embedded biopsies material, the resulting histograms are of better quality 
due to a smaller amount debris, resulting in smaller peaks in the histogram. A disadvantage of fresh 
material is that immediate processing following biopsy is required to prevent the occurrence of 
false-positive DNA aneuploidy results.64 This method is therefore not applicable in centers without 
an infrastructure to process fresh biopsy samples immediately. The technique of fl ow cytometry has 
been improved in such a way that the results on the more easily available formalin fi xed, paraffi n-
embedded biopsies have become comparable with those on fresh tissue.68, 70, 74 This suggests that 
DNA content as assessed by fl ow cytometry has the potential to become an easy to apply and 
useful biomarker for predicting neoplastic progression in BE. Additional large-scale prospective 
follow-up studies on formalin fi xed, paraffi n-embedded biopsies are however needed to confi rm the 
value of the DNA-ploidy status as biomarker in BE.

Infl ammation associated markers
Due to gastroesophageal refl ux, injured epithelial cells will secrete infl ammatory mediators such 
as cytokines and chemokines, leading to the attraction of infl ammatory cells. These infl ammatory 
cells produce reactive oxygen species, that can cause DNA damage and in this way induce tumor 
promoting mutations.75 Cyclo-oxygenase-2 (COX-2) is the most well described infl ammatory 
enzyme in relation to neoplastic progression in BE.

COX-2
COX-2 is an enzyme which is induced by infl ammatory stimuli and cytokines, and catalyses the 
synthesis of prostaglandins from arachidonic acid. These prostaglandins stimulate cancer cell 
proliferation, inhibit apoptosis, and enhance cancer-induced angiogenesis and invasiveness.76

In most studies, a high expression level of COX-2 in HGD and EAC has been demonstrated.77-

80 There is however confl icting evidence as to whether COX-2 is involved in early development 
of EAC, since levels of COX-2 vary considerably in BE patients with ND or LGD.81 Some studies 
showed no differences between ND and LGD,77, 80 whereas others reported a progressive increase 
in COX-2 expression throughout the metaplasia-dysplasia-adenocarcinoma sequence.78, 79 Cheong 
et al. found increased COX-2 expression in HGD compared to non-dysplastic BE, however COX-2 
expression in EAC was decreased compared to HGD and not different from ND.76 In a study by 
Murray et al., the combination of COX-2 expression and p53 expression was associated with a 
high risk of neoplastic progression (OR 27.3), although this combination was only present in 15% 
of patients who developed EAC.30 
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Different techniques have been used to evaluate COX-2 expression, such as immuno-
histochemistry,76, 77, 80 Western-blotting 77 or reverse transcriptase/real time polymerase chain 
reaction,79, 80, 82 but inconsistent results have been reported for all three techniques. Therefore, 
COX-2 is yet not reliable enough to be used as biomarker for stratifying neoplastic risk in BE.

CONCLUSION

It is generally accepted that the development of EAC in BE is a gradual process in which the 
disruption of biological processes at the cellular level is accumulating in the cascade from non-
dysplastic BE, through LGD and HGD, and fi nally EAC.83-86 At present, histological assessment of 
the degree of dysplasia is the gold standard for determining the risk of progression. This determines 
the frequency of endoscopic surveillance, according to the guidelines of the American College 
of Gastroenterology.1 Several studies have evaluated various biomarkers that might assist in the 
risk stratifi cation of progression from BE to EAC. In Table 1 the pros and cons of the biomarkers 
discussed in this review are briefl y summarized. Although some biomarkers, such as DNA ploidy, 
p53 and Ki67, are promising candidates, either as an additional marker or even a substitute for 
histology, contradictory fi ndings have been reported. Moreover, there is paucity of large prospective 
follow-up studies. For these reasons, biomarkers are not quite ready for use in clinical practice. One 
of the reasons that only a few large follow-up studies have been performed relates to the clinical 
observation that, although still increased, the incidence of EAC in the whole group of BE patients 
is relatively low.7-9 Consequently, it is diffi cult to perform adequately powered prospective studies 
investigating the predictive value of biomarkers, unless performed in a multicenter setting. 

Galipeau et al. recently showed that a panel of biomarkers (i.e. 17p13 LOH, 9p21 LOH, and 
DNA ploidy) improved the prediction of the subgroup of patients with BE at an increased risk of 
progression to EAC, compared to using only a single biomarker.87 Therefore, future studies on 
risk stratifi cation in BE should probably be performed in a multi-center setting in order to obtain 
large enough cohorts of BE patients that withstand rigorous statistical analysis, and should also 
be directed to the use of panels of biomarkers. We are convinced that in the future biomarkers will 
allow a more accurate prediction of the risk of neoplastic progression. And given the technological 
developments they will probably be determined in a (semi-)automated setup, eliminating observer-
bias and thus replacing the ‘classic’, labour-intenstive histopathologic evaluation. 
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ABSTRACT

Background: Unless detected at an early stage, esophageal adenocarcinoma (EAC) has a poor 
prognosis. Changes in cellular DNA content and expression levels of p53 and Ki67 in Barrett 
esophagus (BE) are associated with the development EAC and might serve as markers to identify 
EAC at an early stage. 
Aim and methods: To examine the presence of these three markers in various steps of neoplastic 
progression in BE towards EAC. Dysplasia was graded in 212 biopsy sets taken during follow-
up upper endoscopy in 27 patients in whom ultimately high-grade dysplasia (HGD) or EAC was 
detected. Ploidy status was determined by fl ow cytometry, whereas Ki67 and p53 expression was 
determined by immunohistochemistry. Smoothing splines were used to analyze trends in time. 
Results and conclusions: We found an increasing fraction of Ki67 overexpression and, to a lesser 
extent, abnormal DNA content in biopsies from BE patients, suggesting the potential value of these 
biomarkers in identifying patients at increased risk of progression towards HGD/EAC. Accumulation 
of p53 was seen several years before development of HGD/EAC, and may therefore be an early 
marker in BE at a stage when dysplasia is not yet detected with conventional histology. Prospective 
follow-up studies are needed to confi rm these fi ndings.
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INTRODUCTION 

Barrett esophagus (BE) is characterized by the replacement of the normal stratifi ed squamous 
epithelium of the distal esophagus by columnar epithelium with specialized intestinal metaplasia (IM), 
which is characterized by the presence of goblet cells.1 BE is caused by chronic gastroesophageal 
refl ux,2 and predisposes to the development of esophageal adenocarcinoma (EAC). The development 
of EAC is a gradual process in which the accumulation of (epi)genetic changes results in disruption 
of different biological processes at the cellular level. The morphologic counterpart of these cell 
biologic changes is called dysplasia, and is classifi ed in different stages, i.e., low-grade dysplasia 
(LGD), high-grade dysplasia (HGD), and fi nally EAC.3 Currently, histopathologic assessment is 
routinely used to stage the neoplastic progression in an individual patient and consequently to 
determine the interval of endoscopic surveillance in patients with BE. Surveillance aims to detect 
progression of dysplasia at an early, and therefore likely curable stage.4 

The annual risk of EAC development in BE of was recently estimated to be approximately 0.5%. 
The majority of patients will therefore never progress towards EAC.5-7 Substantial interobserver 
variation in the diagnosis of LGD makes histological evaluation of limited value in defi ning the 
subset of patients who need more frequent endoscopic surveillance.8, 9 

It has been shown that aneuploidy was associated with progression towards EAC, and the 
combination of histology and fl ow cytometry was able to identify BE patients at risk for developing 
EAC.10, 11 Another promising biomarker is the tumor suppressor gene p53, involved in controlling cell 
proliferation.12 This marker showed a stepwise overexpression with increasing grade of dysplasia 
in cross-sectional settings.13-16 On the other hand, a recent longitudinal study reported that the 
sensitivity of p53 as a biomarker was too low to predict HGD/EAC risk.17 The human Ki67 protein, 
which is present during all active phases of the cell cycle (G1, S, G2, M), but is absent in resting 
cells (G0), is strictly associated with cell proliferation.18 Ki67 could therefore serve as a potential 
biomarker in the identifi cation of patients at risk of neoplastic progression. No longitudinal studies 
have so far evaluated Ki67 expression in BE patients during follow-up. 

The aim of this study was to determine ploidy status and to examine expression of Ki67 and 
p53 in patients with BE who developed HGD or EAC after a prolonged period of endoscopic 
surveillance, and to evaluate if these markers could be used to identify a subgroup of patients at 
risk for subsequent progression to EAC.

METHODS

Patients and materials
In this retrospective, longitudinal study, 355 patients referred to the Erasmus MC - University Medical 
Center Rotterdam between January 1994 and December 2005 because of HGD or EAC in BE were 
evaluated. In order to be included, patients needed to have undergone at least one surveillance 
endoscopy with biopsies taken prior to the development of HGD/EAC, with a histological diagnosis 
of BE. As result, 328 patients were excluded and 27 patients were included into this study. All 
available paraffi n blocks with biopsies taken at different levels of the columnar-lined esophagus 
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(CLE) from all previously performed follow-up upper gastrointestinal (GI) endoscopies pertaining to 
this group of patients were retrieved. 

Histology and immunohistochemistry
Three consecutive sections of 4 µm each from every available biopsy set were mounted on 
adhesive slides, dried overnight at 37°C, and subsequently deparaffi nized with xylene. The fi rst 
of these serially sectioned slides was stained with haematoxylin and eosin (H&E) and evaluated 
by light microscopy for the presence of IM and grade of dysplasia by an expert gastrointestinal 
pathologist (HvD). IM was defi ned as the presence of goblet cell containing glands in columnar 
epithelium of the esophagus.3 In line with the defi nition of BE according to the American College of 
Gastroenterology (ACG) guidelines,4 blocks with biopsies with CLE but without IM were excluded 
from this study. Dysplasia in BE was graded according to the Consensus Criteria of 1988, with 
adjustments made in 2001.9, 19

The next two slides were used for immunohistochemistry to assess expression of p53 protein, 
and to estimate the proliferation rate by labeling the Ki67 antigen. Immunohistochemistry was 
performed as previously described,20 except for p53 staining, where antigen retrieval was performed 
by boiling the deparaffi nized samples for 15 minutes in 10mM Tris/EDTA buffer (pH 9.0). Sections 
were incubated for 16 hours at 4°C with the primary antibody anti-human Ki67 antigen (clone MIB-
1, DAKO) in a 1:100 dilution, or for 1 hour at RT with the primary antibody anti-human p53 protein 
(Clone DO-7, DAKO) in a 1:1000 dilution. 3-Amino-9-ethylcarbazole was used as substrate for 
Ki67 and diaminobenzodine for p53. All slides were analyzed in a blinded fashion for nuclear Ki67 
and p53 staining by two independent investigators. Only moderate to intense brown (p53) or red 
(Ki67) nuclear staining was considered positive. The percentage of positive cells was graded as 
previously described.21 For p53, a percentage of positive cells ≤ 15% was regarded as normal 
expression (grade 0), 16-40% as moderate overexpression (grade 1) and >40% as strong (grade 2) 
overexpression. For Ki67, the percentage of positive cells was determined in longitudinally sectioned 
crypts and villi, and a percentage of positive cells ≤ 20% was regarded as normal expression (grade 
0). A percentage of positive cells greater than 20% was regarded as increased proliferation (21-
50% as moderate (grade 1), and >50% as strong (grade 2) overexpression). 

Flow Cytometry
Sections of 50 µm from every biopsy set were deparaffi nized with xylene and rehydrated in series of 
decreasing concentrations of ethanol, and fi nally phosphate-buffered-saline (PBS). Subsequently, 
the samples were incubated with 0.05% protease in a water bath at 37°C for 45 minutes, with 
intermittent vigorous mixing. After centrifugation at 800g for 5 minutes at 4°C, the solution was 
removed and the samples were resuspended in a 0.3% BSA in PBS solution with a 20G needle 
and fi ltered through a 50 µm nylon mesh. After centrifuging (5 min at 800g), the BSA-solution was 
removed, and a 400 µl 0.01% RNAse-solution was added to digest RNA. Finally, the DNA was 
stained with propidium iodide (0.1mg/ml).22

Subsequently the DNA content of the isolated nuclei was analyzed using a 4-color fl ow cytometer 
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(FACScalibur, Becton Dickinson, San Jose, CA). Data analysis was performed using CellQuest 
software (Becton Dickinson). At least 10.000 nuclei were counted for each sample. The DNA content 
of the nuclei was determined at a slow fl ow speed to avoid the possibility of interpreting doublets as 
aneuploid cell populations. Flow cytometric results were independently scored by two investigators 
(MK, AJvV) who were blinded for the histological and immunohistochemical data of the samples. 
In line with previous studies, aneuploidy was defi ned as the presence of a second discrete peak 
on the histogram at > 2.7N containing at least 2,5% of the nuclei.10, 23 Similarly, tetraploidy was 
defi ned as the presence of a 4N fraction (range: 3.85N-4.1N) consisting > 6% of the nuclei, as 
described previously.10, 23 Finally, diploidy (normal DNA content) was defi ned as the presence of a 
large peak at 2N containing the majority of nuclei, while the remaining nuclei did not fulfi ll the criteria 
of aneuploidy or tetraploidy.

Statistical analysis
Mann-Whitney tests and Kruskal-Wallis tests were used to compare the results of the different 
markers. A two-sided p-value < 0.05 was considered statistically signifi cant. We considered p-
values to be approximate, since correlations of marker results in individual patients were ignored. 
Smoothing splines were used to indicate trends over time. Statistic analyses were conducted using 
SPSS software (SPSS version 11.0, Chicago, Illinois, USA) and S-Plus software (S-Plus version 7, 
Insightful Inc., Seattle, WA, USA).

RESULTS

Patients and materials
Twenty-seven patients (24 males, 3 females) were included in this study, with a mean (± standard 
deviation (SD)) age of 59 ± 10 years (range 37-67 years) at the time of BE diagnosis. A total of 167 
upper GI endoscopies (mean: 6 ± 3, range 2-18, per patient) was performed in the period from BE 
diagnosis until end of follow-up, which yielded 212 paraffi n blocks with biopsies from the CLE with 
an histological diagnosis of BE. Mean age at development of HGD/EAC was 65 ± 9 years (range 
47-78 years). A total of 108 endoscopies (mean: 4 ± 3, range 2-15, per patient) was performed 
before the diagnosis of HGD/EAC was made, which yielded 129 paraffi n blocks with biopsies that 
could be evaluated. Mean time between fi rst endoscopy and development of HGD/EAC was 75 ± 
51 months (range 4-187 months). Individual results of patients are shown in the Appendix.

Histology
ND was found in 99/212 (47%) biopsy samples, whereas LGD was detected in 69 (32%) samples, 
HGD in 31 (15%), and EAC in 13 (6%). Of the biopsies taken prior to the diagnosis of HGD/EAC, 
76/129 (59%) showed ND and 53 (41%) LGD. Although ND and LGD were alternately diagnosed 
in sequential biopsies of most patients until HGD/EAC developed (see Appendix), an increasing 
fraction of patients with LGD was observed when biopsies were taken at a closer time point prior to 
the moment of detecting HGD/EAC (Figure 1a).
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Figure 2. Examples of immunohistochemical staining for Ki67 and p53 expression (both grade 2) in 
biopsy samples of Barrett esophagus with high-grade dysplasia. Original magnifi cations x400. (A) Ki67 
overexpression. (B) p53 overexpression.
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Figure 1. Fraction of patients with an abnormal result of biomarkers in their biopsies over time until 
HGD/EAC development. In fi gure (A) the fraction with LGD is shown, in fi gure (B) the fraction with Ki67 
overexpression, in (C) the fraction with p53 overexpression, and in (D) the fraction with an abnormal DNA 
content (aneuploidy or tetraploidy). Smoothing splines were used to indicate the trend over time. The 
black dot at time point zero represents the fraction among the biopsy samples with HGD/EAC.
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Ki67 expression 
Normal Ki67 expression (grade 0) was present in 66/212 (31%) biopsy samples, grade 1 
overexpression in 81 (38%), and grade 2 overexpression in 65 (31%) (Figure 2a; Figure 3a). A 
stepwise increase in samples with Ki67 overexpression (grade 1 plus grade 2) was seen with 
increasing dysplasia grades (60/99 (61%) in ND, 46/69 (67%) in LGD, 28/31 (90%) in HGD, 
and 12/13 (92%) in EAC) (p=0.004) (Figure 3a). The proportion of biopsy samples with Ki67 
overexpression was higher in biopsies with HGD or EAC compared to those with ND or LGD 
(p<0.001). To evaluate if Ki67 could be valuable as a predictive marker for neoplastic progression, 
we separately analyzed the biopsy samples before HGD/EAC development. The proportion of 
these samples (with ND or LGD) with grade 2 expression was 12% (15/129), while grade 0 and 
grade 1 were present in respectively 43% and 45%. In total, 73/129 (57%) biopsy samples of 23 
patients showed Ki67 overexpression before HGD/EAC was diagnosed. The proportion of samples 
with Ki67 overexpression increased over time towards development of HGD/EAC (Figure 1b). The 
prevalence of LGD was similar in those with normal Ki67 expression (39%) or with overexpression 
(43%) (p=0.72). Separate analysis of Ki67 overexpression showed however that in biopsies with 
grade 2 expression, the percentage of biopsy samples with LGD was higher than in those with 
grade 1 expression (80% versus 33%, p=0.001).

p53 expression
Normal p53 expression (grade 0) was present in 97/211 (46%) biopsies samples, grade 1 
overexpression in 29 (14%) samples, and grade 2 overexpression in 85 (40%) samples (Figure 
2b; Figure 3b). One sample could not be evaluated, as there was not enough tissue available. The 
percentage of biopsies with p53 overexpression (grade 1 and 2) increased with increasing grades 
of dysplasia (38/98 (39%) in ND, 43/69 (62%) in LGD, 24/31 (77%) in HGD, and 9/13 (69%) in EAC, 
p<0.001), and was signifi cantly higher in HGD/EAC compared to ND/LGD (p=0.002). To evaluate 
the usefulness of p53 as a predictive marker for neoplastic progression, we separately analyzed

Figure 3. Results of biomarkers in biopsy samples with no dysplasia (ND), low-grade dysplasia (LGD), 
high-grade dysplasia (HGD) and esophageal adenocarcinoma (EAC). (A) Ki67 expression (  0-20% 
cells positive,  21-50% cells positive,  ≥ 50% cells positive). (B) p53 expression (  0-15% cells 
positive,  16-40% cells positive,  ≥ 40% cells positive). (C) DNA ploidy (  diploid cell population,  
aneuploid cell population,  tetraploid cell population).
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biopsy samples before the development of HGD/EAC. The percentage of samples with ND or 
LGD with grade 2 expression was 35% (45/128), grade 1: 14%, and grade 0: 51%. In total, 63/128 
biopsy samples of 22 patients showed p53 overexpression before the development of HGD/EAC. 
Overexpression was already present up to 15 years before HGD/EAC was diagnosed. The fraction 
of samples with p53 overexpression remained stable over time (Figure 1c). The percentage of 
biopsy samples with LGD was higher when p53 overexpression was present (51%), compared to 
samples with normal p53 expression (32%) (p=0.03). 

Flow cytometric results
One-hundred seventy-six of 210 (84%) biopsy samples showed a normal, diploid DNA content, 
whereas in 34 (16%) samples aneuploidy or tetraploidy was detected. In 2/212 (1%) samples not 
enough nuclei could be isolated for fl ow cytometric evaluation. The percentage of samples with 
abnormal DNA content increased with increasing grades of dysplasia (4/98 (4%) in ND, 11/68 (16%) 
in LGD, 10/31 (32%) in HGD, and 9/13 (69%) in EAC, p<0.001) (Figure 3c). Abnormal DNA content 
was found in 43% (19/45 (63% aneuploidy and 37% tetraploidy)) biopsy samples with HGD or EAC, 
which was higher than in biopsies with ND or LGD (9% (15/166) abnormal DNA content) (p<0.001). 
When only biopsy samples obtained during endoscopies prior to a diagnosis of HGD/EAC were 
evaluated, aneuploidy/tetraploidy was observed in 13/128 (10%) samples of 10 patients. The 
percentage of samples with aneuploidy/tetraploidy increased over time towards HGD/EAC (Figure 
1d). Seventy-seven percent (10/13) of the biopsy samples with aneuploidy/tetraploidy were graded 
as LGD, while LGD was only present in 37% (43/115) of samples with diploidy (p=0.006).

Predictive value of combined markers
Analyzing the results of the different biomarkers together, we found that with increasing grades of 
dysplasia, the number of abnormal markers also increased (p<0.001) (Table 1). If only 1 marker 
was abnormal, it was most often Ki67 overexpression (52/79, 66%). If 2 markers were abnormal, it 
was in the majority of cases (62/74, 84%) the combination of Ki67 and p53 overexpression. In all 
patients, at least one biomarker was abnormal in one or more biopsy samples before a histological
diagnosis of HGD/EAC was made. In total, 101/129 (78%) biopsy samples expressed one or more

Table 1. Number of markers with an abnormal biomarker result (aneuploidy/tetraploidy, Ki67 overexpression 
or p53 overexpression) in the different grades of dysplasia

Number of markers with abnormal result

Grade of dysplasia 0 1 2 3

ND 25 (26%) 44 (45%) 28 (29%) 0

LGD 7 (10%) 31 (46%) 23 (34%) 7 (10%)

HGD 2 (7%) 3 (10%) 19 (61%) 7 (23%)

EAC 1 (8%) 1 (8%) 4 (31%) 7 (54%)

ND, no dysplasia; LGD, low-grade dysplasia; HGD, high-grade dysplasia, EAC, esophageal adenocarcinoma
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abnormal biomarkers before the development of HGD/EAC, with a mean of 4 biopsy samples per 
patient with one or more abnormal biomarkers (range 1-17). To determine if these biomarkers could 
possibly replace current histology, we evaluated if abnormal results of biomarkers were present prior 
to or simultaneously with the presence of LGD. In total, in 19/27 (70%) patients p53 overexpression 
was detected prior to or simultaneous with the detection of LGD, compared to 12/27 (44%) cases in 
which LGD detection was present prior to or simultaneous with one or more other markers with an 
abnormal result. In 13/27 (48%) cases Ki67 overexpression was present prior to or simultaneous 
with the detection of LGD, and for FC abnormalities this was observed in 6/27 (22%) cases. In 
15/27 (56%) patients, one or more biomarkers were abnormal prior to initial detection of LGD. Of 
these, p53 overexpression was most frequently found (9/15 (60%) cases). 

DISCUSSION

An almost linear increase in the fraction of biopsy samples with LGD and/or Ki67 overexpression 
was observed at time points closer to the time of detecting HGD/EAC (Figure 1). Together with the 
fact that the interpretation of Ki67 expression has a low to moderate interobserver variation,24 our 
fi ndings suggest that Ki67 may be a reliable marker to predict risk of neoplastic progression in BE. 
In addition, in line with previous cross-sectional studies, a stepwise increase in the percentage of 
biopsy samples with Ki67 overexpression with increasing grade of dysplasia in BE was found.13, 25, 26 
The signifi cant difference in Ki67 expression between biopsies with ND or LGD compared to those 
with HGD or EAC can be used to differentiate LGD from HGD, as was reported previously.27 In 
contrast, others concluded that Ki67 overexpression could only be used as an additional parameter 
to differentiate between patients with or without dysplasia in BE.28 In a study by Polkowski et al.,29 
it was demonstrated that cell morphometry with assessment of the Ki67-positive area resulted in a 
more objective assessment of BE grading.30

A similar, but less pronounced, trend was found for an abnormal ploidy status (Figure 1). This 
suggests that ploidy status alone as a biomarker may not be sensitive enough in predicting 
neoplastic progression in BE, which was in contrast with fi ndings in previous studies.10, 11, 31, 32 As 
expected, we found that the prevalence of abnormal DNA content as determined by FACS analysis 
paralleled an increase in grade of dysplasia.31, 33, 34 Abnormal DNA content was signifi cantly more 
common in biopsy samples with HGD or EAC, although still only 43% of these showed aneuploidy 
or tetraploidy. A separate analysis of HGD (32%) and EAC (69%) demonstrated however that our 
results were in the lower range of those reported in previous studies, in which an abnormal ploidy 
status ranged from 40-77% in HGD and from 71-100% in EAC.31, 33-35 Our inferior results might have 
been caused by the fact that we used paraffi n-embedded tissues instead of fresh material for fl ow 
cytometry. Although fresh material would have been preferable as histograms are often of better 
quality due to less debris and smaller peaks, the method for the more easily available paraffi n-
embedded biopsies has been improved over the years and results have been shown to be almost 
comparable.36

In 70% of patients, p53 expression was increased prior to or simultaneous with a fi rst diagnosis of 
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LGD. As the percentage of samples with p53 overexpression remained stable over time (Figure 1), 
it confi rms the observation in other studies that p53 could be particularly useful as an early marker 
in identifying patients with an increased risk of neoplastic progression some time before other 
markers (including LGD) become positive in BE.37, 38 In a recent study, the sensitivity of p53 as a 
biomarker was however found to be too low to predict HGD/EAC risk.17 As expected, the frequency 
of samples with p53 overexpression increased with the severity of dysplasia,13-16, 38-40 although in 
these studies p53 overexpression was much lower in ND (0-5%) and LGD (9-36%) compared to 
our fi ndings.13-16, 39 An explanation for this could be that, in contrast to these studies, we compared 
biopsy samples of a patient cohort, in which all cases fi nally developed HGD or EAC. 

Only 25% of patients with LGD have been reported to fi nally develop neoplastic progression.6 
Dysplasia may therefore have limited value as a marker for risk of progression to HGD/EAC. In 78% 
of our biopsies, one or more of the investigated biomarkers were abnormal prior to the development 
of HGD/EAC, suggesting that this set of biomarkers could be of additional value in identifying 
the relatively small group of patients at risk of developing malignancy in BE. In addition, in 56% 
of patients one or more biomarkers were abnormal prior to the development of LGD, suggesting 
a role in addition to dysplasia as marker for risk stratifi cation. These biomarkers could also be 
helpful in improving the well-known interobserver variability in the histological differentiation of ND 
from LGD, since LGD was signifi cantly more frequently observed when aneuploidy/tetraploidy, p53 
overexpression, or strong (grade 2) Ki67 overexpression were present. 

To our knowledge, this is the fi rst study to evaluating Ki67 expression in a follow-up cohort study 
of BE patients developing HGD/EAC. Although this probably is the largest longitudinal study that 
evaluates various, relatively easy to apply biomarkers in the neoplastic progression of BE towards 
HGD/EAC, there are some limitations to our study. First, the number of patients included is still 
relatively small. This may have caused the plateau in the trend analysis in the period between 5 
and 10 years before the development of HGD/EAC (Figure 1). We suppose that if a larger number 
of patients with consequently more biopsies had been available, the trend would have shown a 
more straight line over the years. This limitation is however hard to overcome, as in daily clinical 
practice up to 95% of patients in whom HGD/EAC is detected, BE was not previously diagnosed.41, 

42 Likewise, only 8% (27/355) of patients who developed HGD/EAC in our study participated in an 
endoscopic surveillance program for BE according to the recommendation of the ACG.4 Secondly, 
although immunohistochemistry for detecting p53 is cheap, quick, and easy to apply compared 
to other techniques, there are also some drawbacks related to this method. The p53 antibody 
not only stains mutant p53, but also wild-type p53. Thus, overexpression of the p53 protein does 
not correlate with p53 mutation per se.43 However, as the wild-type p53 has a short half-life, it is 
reasonable to assume that in most cases overexpression was caused by the mutated p53, which 
has a prolonged half-life.44 In order to prevent overdiagnosis, we considered p53 expression up to 
15% as normal. Another limitation is that a mutation in p53 may exist without protein overexpression, 
and will therefore remain undetected by immunohistochemistry.43 Therefore, the results of our study 
comprise only IHC-detectable p53 mutations. 

In conclusion, our results show that the grade of dysplasia in BE correlates with the proportion of 
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biopsies with abnormal ploidy status, and Ki67 and p53 overexpression. The increasing prevalence 
of Ki67 overexpression and, to a lesser extent, abnormal DNA-content over time, indicates that 
these markers may be useful in identifying patients at risk for neoplastic progression. Accumulation 
of p53, occurring several years before development of HGD/EAC and even often before the 
diagnosis of LGD, can be an early marker in predicting future progression in BE at a stage when 
other biomarkers are still negative. A case-control study or, preferably, a prospective follow-up study 
in a large cohort of patients is however warranted to confi rm these fi ndings.

Acknowledgements

We thank Professor Fiebo J.W. ten Kate and Mr. Jos Mulder for their helpful suggestions to optimize 
the p53 immunostaining, and Enise Bagci for technical assistance.



C
ha

pt
er

 6

86

APPENDIX

Results for histology grade (dysplasia), DNA-content detected with fl ow cytometry, p53 expression, and 
Ki67 expression, in individual patients with Barrett esophagus, prior to a diagnosis of HGD/EAC. 

Years before HGD/EAC Years before HGD/EAC
Patient <10 10 9 8 7 6 5 4 3 2 1 0 Patient <10 10 9 8 7 6 5 4 3 2 1 0
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6
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17
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� �   �   �    �  � � �    � � �  � �
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          � �
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Years before HGD/EAC
Patient <10 10 9 8 7 6 5 4 3 2 1 0
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          � �

          � �

          � �

          � �
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25

        �   �

        �   �

        �   �

        �   �

 

26

         �  �

         �  �

         �  �

         	  �

 

27

      �  �  � �

      �  �  � �

      �  �  � �

      �  	  � �

Time point zero indicates the moment of detection of HGD/EAC. If more than one endoscopy was performed >10 years 
before HGD/EAC was detected, biopsies with most abnormal biomarker-results are shown. Explanation of symbols: 
�, DNA-content normal (diploid); �, DNA-content abnormal (aneuploid/tetraploid); �, p53 expression normal; �, p53 
overexpression; �, Ki67 expression normal; �, Ki67 overexpression; 	, no dysplasia; �, dysplasia; -, not enough 
tissue available for evaluation.
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ABSTRACT 

Background and study aims: Patients with Barrett’s esophagus (BE) are recommended to undergo 
regular surveillance with upper gastrointestinal (GI) endoscopy, an invasive procedure that may 
cause anxiety, pain and discomfort. We assessed patients’ perceived burden of this procedure.
Patients and methods: A total of 192 patients with BE were asked to fi ll out questionnaires one 
week before, on the endoscopy day, one week after and one month after the endoscopy. Four 
variables were assessed: 1) pain and discomfort experienced during endoscopy, 2) symptoms, 
3) psychological: anxiety, depression and distress levels (Hospital Anxiety and Depression scale, 
Impact of Event Scale), and 4) perceived risk of developing adenocarcinoma.
Results: At least one questionnaire was sent back by 180 patients (94%), 151 fi lled out all four 
(79%).  Of all patients, only 14% experienced the endoscopy as painful. However, 59% reported it 
to be burdensome. Apart from an increase in throat ache (47 % after endoscopy versus 12% before) 
the procedure did not cause physical symptoms. Patients’ anxiety, depression and distress levels 
were signifi cantly increased in the week before the endoscopy compared to the week after. Patients 
perceiving their risk of developing adenocarcinoma as high reported higher levels of psychological 
distress and more burden from the procedure.  
Conclusions: Upper GI endoscopy is burdensome for many BE patients and causes moderate 
distress. Perceiving a high risk of adenocarcinoma may increase distress and the burden 
experienced from the procedure. The benefi ts of endoscopic surveillance for BE patients should be 
weighted against its drawbacks, including the short-term burden for patients.  
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INTRODUCTION

The incidence of adenocarcinoma of the esophagus (EAC) has increased rapidly over the past two 
decades in most Western countries and it now comprises two-thirds of esophageal cancers.1-4 A 
major risk factor for adenocarcinoma is Barrett’s esophagus (BE), a condition in which the normal 
squamous epithelium of the distal esophagus is replaced by columnar epithelium of the intestinal 
type. The risk of developing EAC for patients with BE has been estimated to be approximately 0.5% 
per year.5 In order to detect adenocarcinoma at an earlier stage with more potential for curative 
treatment, patients diagnosed with BE are recommended to adhere to endoscopic surveillance.6

Upper gastrointestinal (GI) endoscopy is an invasive procedure that may be associated with 
anxiety, pain and discomfort. The number of subjects experiencing these side-effects is much 
larger than the number experiencing potential health benefi ts of the procedure, as only few will 
develop adenocarcinoma.5, 7-10 The extent to which patients with BE are burdened by regular upper 
gastrointestinal (GI) endoscopy is unclear, as data on anxiety, pain, discomfort and symptoms 
related to upper GI endoscopy have not been reported previously. 

The value of this potentially burdensome surveillance is furthermore uncertain, as evidence 
that it prolongs survival is still lacking.11-14 A risk of developing adenocarcinoma of about 0.5% 
per year 5 may be too low to allow surveillance to be cost-effective.15, 16 Given the uncertain value 
of endoscopic surveillance, it becomes even more important to take the burden of endoscopic 
surveillance on patients with BE into account. 

The aim of this study was to explore patients’ perceived burden of upper GI endoscopy. Using 
questionnaires we assessed pain and discomfort, symptoms, psychological distress, and perceived 
risk of developing EAC. 

PATIENTS AND METHODS

Patients
This questionnaire study was part of an ongoing clinical trial (CYBAR) assessing the value of fl ow 
cytometry for individualizing frequency of follow-up of upper GI endoscopy. Criteria to include 
prevalent and incident BE patients were: BE segment of 2 cm or more confi rmed by intestinal 
metaplasia, absence of high-grade dysplasia and of carcinoma, ability to speak and read Dutch, 
informed consent and willingness to undergo follow-up. Three hospitals participated in the present 
questionnaire study: one academic teaching hospital and two regional hospitals. We included 197 
patients between November 2003 and December 2004.

Questionnaires and measurements
Patients were asked to fi ll out questionnaires at four time points: one week before the endoscopy 
(baseline), at the endoscopy day (just before undergoing it), one week after and one month after 
the endoscopy. The different components are discussed below.
Pain and discomfort. Pain and discomfort experienced during the procedure were measured one 
week after the endoscopy. Items were adapted from earlier studies17, 18 assessing fi ve stages of 
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the procedure (receiving sedation, introduction of the endoscope, undergoing the endoscopy, 
removing the endoscope, period directly after endoscopy) in three response options (not, quite and 
very painful or unpleasant). Discomfort was additionally assessed for fasting and, if applicable, for 
waking up after sedation. Finally, we asked patients to rate the overall burden of the procedure (very, 
somewhat, not burdensome), and state the most and least burdensome parts of the procedure.
Symptoms. To detect whether the endoscopy caused physical symptoms, we compared the 
occurrence of ten symptoms at baseline and one week: throat ache, heartburn, regurgitation, 
fl atulence or feeling bloated, vomiting, hematemesis, dysphagia of solid foods, of fl uid foods, 
diarrhea, and constipation. Questions were composed in analogy to a previous study18 using four 
answer categories (not at all, one day, 2-3 days, 4 or more days). 
Psychological distress. At each time point the Hospital Anxiety and Depression scale (HAD), a 
validated self-report instrument with good reliability and a validity suffi cient for screening, assessed 
anxiety (7 items) and depression (7 items).19, 20 Scores per subscale range from 0-21, scores of 11 
or higher indicating clinical, and 8-10 borderline anxiety or depression.19, 20 Scores from a Dutch 
general population sample (n=1901) of similar age (average age of 61 year) and sex distribution 
(51% female) are available.19 
At baseline and one week the Impact of Event Scale (IES) measured psychological distress refl ected 
in intrusion (7 items) and avoidance (8 items) of thoughts and feelings.21, 22 The total scale ranges 
between 0 and 75, with scores of 26 or over indicating a high risk of developing a stress disorder.23 
At baseline we assessed distress associated with the upper GI endoscopy itself and at one week 
distress concerning the biopsy result. 
Perceived risk of developing EAC. We assessed patients’ subjective evaluation of their risk of 
developing adenocarcinoma (do they perceive their risk as high or low?) as a potential determinant 
of the perceived burden, in seven response options (very small, small, quite small, not small or big, 
quite big, big, very big).24 
Demographics and other data. Demographic data were collected at baseline, including patients’ 
classifi cation of their own health, using the EuroQol-5D.25-27 The EuroQol-5D contains fi ve items: 
mobility, self-care, usual activities, pain, and anxiety and depression with 3 response options (no, 
some, severe/ complete limitations).  

 Patients were asked whether this was their fi rst, second or a later endoscopy. Information 
regarding the endoscopy (e.g. grade of dysplasia, sedation) was recorded. 

Analyses
Categorical data were analyzed in SPSS version 11.0.1. Symptoms were compared before and after 
endoscopy using a method analogous to the Wilcoxon test: all responses were ranked and analysis 
of variance (ANOVA) was applied to the differences in these ranks. This model also allowed us to 
study effects of determinants (age, sex, hospital, previous endoscopies, sedation and dysplasia; 
stepwise inclusion p<0.1) and perceived risk (as continuous variable). Effects of determinants and  
perceived risk on reported pain and discomfort were studied using ANOVA after combining the 
items into pain and discomfort summary scores,  by adding the item responses (no = 0, quite = 1, 



97Burden of endoscopy in patients with Barrett esophagus

very = 2). After comparing Crohnbach’s alphas we included four items per score: introduction of 
the endoscope, undergoing the endoscopy, removal of the endoscope and the period immediately 
afterwards. 

The continuous HAD scores were compared over time with repeated-measures ANOVA, using 
‘proc mixed’ with REML and a compound symmetry covariance structure (this performed better 
than unstructured) in SAS version 8.2. The models comprised the main effects of time, possible 
determinants (stepwise inclusion), and interactions between a determinant and time. The effect of  

SD, standard deviation; PPI, proton pump inhibitor

Characteristic (measured at baseline) % (except where indicated) n Responses, n

Personal details
Sex: male 66.1 119 180

Age, years mean 61.9 (SD 12.1) 179

Marital status: married/ living with partner 76.6 134 175

Employment status
-       Pensioner/ early retirement
- In paid work
- Unemployed

49.7
33.9
16.4

87
59
29

175

Education
-       Secondary
- Elementary
- Tertiary and postgraduate

54.7
18.8
23.5

93
32
40

170

Hospital
- Ikazia Hospital
-        Deventer Hospital
-        Erasmus MC

45.6
33.9
20.6

82
61
37

180

Clinical details

Previous endoscopies, n
- 0
- 1
- 2 or more

0.6
15.2
84.2

1
26

144

171

Sedation: yes 25.0 43 172

Dysplasia
- none
- low-grade

77.8
22.2

119
34

153

Refl ux esophagitis 10.7 19 178

PPI use 91.6 164 179

General health, EuroQol
- No mobility problems
- No self-care problems
- No daily activities problems
- No pain or discomfort
- No anxiety or depression

78.9
97.0
79.5
56.5
83.7

135
164
136
96

144

169-172

Perceived risk
- Very small - small
-        Quite high - high

62.8
1.2

105
2

167

Table 1. Patient details and baseline data
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perceived risk (continuous) was studied in a separate model (main effects of risk perception, time, 
and their interaction).

RESULTS

Response and respondent characteristics
Of all 197 patients approached, 192 were eligible for the study: two were excluded because of not 
having BE and three for not attending their appointment. Ninety-four percent of these patients (180) 
fi lled out at least one questionnaire, 79% (151) all four. 

Table 1 shows the respondents’ characteristics. The majority was male (66%), older than 60 years 
(59%) and had undergone more than one endoscopy prior to this one (84%). Most respondents had 
no dysplasia (78%), while 22% had low-grade dysplasia. The majority did not report general health 
problems other than pain/ discomfort (41.8% reported some pain or discomfort on the EuroQol-5D). 
Most respondents perceived their own risk of developing esophageal cancer as very small or small 
(62.8%), almost none as quite high or high (1.2%).

Pain and discomfort
In Table 2 we show the percentage of respondents experiencing discomfort and pain from different 
parts of the procedure. Only 14% of patients experienced pain during the procedure (8% to 19% 
depending on the item). However, the majority reported discomfort (63% from introducing the

Table 2. Pain and discomfort reported by patients, for different stages of the endoscopic surveillance 
procedure

Measure Stage of the procedure
(no. of responses)     Not              Quite          Very        NA

n % n % n %

Pain introduction scope (172) 146 84.8 24 14.0 2 1.2

undergoing (170) 137 80.6 28 16.5 5 2.9

remove scope (171) 157 91.8 11 6.4 3 1.8

period after (171) 145 84.8 22 12.9 4 2.3

sedation (172) 43 100.0 0 0.0 0 129

Discomfort introduction scope (172) 64 37.2 81 47.1 27 15.7

undergoing (172) 75 43.6 72 41.9 25 14.5

remove scope (171) 144 84.2 24 14.0 3 1.8

period after (169) 136 80.5 29 17.2 4 2.4

sedation (172) 162 93.9 10 6.1 0 124

discomfort waking up (170) 44 97.8 1 2.2 0 125

fasting (171) 138 80.7 28 16.4 5 2.9

Burdensome total procedure (167) 68 40.7 87 52.1 12 7.2

NA, not applicable
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endoscope and 56% from the endoscopy itself) and assessed the procedure on the whole as 
‘burdensome’ (59%). Approximately half of the respondents chose ‘the introduction of the endoscope’ 
as the most burdensome part of the procedure and overnight fasting as the least burdensome (46% 
and 53%, respectively). 

Older patients reported less discomfort and burden (p=0.05 and 0.01, respectively). Reported 
discomfort was higher among patients who did not receive sedation (p=0.00), and differed between 
hospitals (p=0.00). No differences were found for education, between patients with no or low grade 
dysplasia, or patients with no, one or two or more previous endoscopies. A higher perceived risk of 
developing adenocarcinoma was associated with reporting more discomfort and burden from the 
procedure (p=0.02 and 0.01, respectively). 

Symptoms
Only a few patients reported symptoms before or after the endoscopy. Symptoms that were reported 
by more than 20% of respondents at baseline were: heartburn (34%), regurgitation (45%) and 
fl atulence (56%). After endoscopy also throat ache (47%) and dysphagia for solid foods (23%) were 
frequently reported. Except for an increase in throat ache (12% before and 47% after endoscopy, p 
= 0.00), the procedure did not cause symptoms. 

Psychological burden
Mean scores and 95% confi dence intervals of the anxiety and depression (HAD), and distress 
scales (IES), are shown for each time point in Figure 1. Before endoscopy, HAD and IES scores 
were signifi cantly higher than one-week after, indicating more anxiety, depression, and distress

 

Figure1. Measurements at four time points using the Hospital Anxiety and Depression (HAD) scale, and 
at two time points using the Impact of Event Scale (IES). Mean scores and 95% confi dence intervals are 
shown. The signifi cant p values were as follows (corrected for signifi cant determinants): HAD anxiety: 
baseline vs. 1 week, p=0.02; day of endoscopy vs. 1 week, p=0.00; day of endoscopy vs. 1 month, 
p=0.00. (Baseline vs. 1 month was borderline, p=0.075.) HAD depression: baseline vs. 1 week, p=0.00; 
day of endoscopy vs. 1 week, p=0.02. IES: baseline vs. 1 week, p=0.01.
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before the endoscopy (for p-values see Figure 1).  Anxiety scores were signifi cantly higher than 
scores reported by the general population (mean anxiety scores of 6.0 and 6.4 before and 5.3 and 
5.6 after endoscopy versus 3.90; p<0.0001). Depression scores were always signifi cantly lower 
(2.8; 2.9; 2.4 and 2.7 versus 3.70, p=0.00). At the day of endoscopy, 23% of patients (39) had 
scores indicative of clinical anxiety and 17% (28) of borderline anxiety. Clinical depression scores 
were seen in 2% (3) and borderline in 5% (8). High distress scores were found in 6% (11). 

At all time points, men reported less distress (IES, p=0.04). Patients with a high education 
showed lower depression scores (HAD, p=0.01). Between hospitals depression and distress 
differed (p=0.02 and 0.00, respectively). Scores did not differ by age, between fi rst, second or later 
endoscopies, sedation, or grade of dysplasia. Respondents’ perceived risk of developing EAC had 
a signifi cant effect on the scores of all scales (anxiety p=0.01; depression <0.0001; distress 0.00), 
a lower perceived risk predicting lower anxiety, depression and distress. No signifi cant interaction 
effects of any of the determinants with time were found, indicating that the pattern of the scores over 
time (e.g. higher depression scores before endoscopy) did not differ with perceived risk or any of 
the other determinants. This indicates that although levels of anxiety and depression differ by risk 
perception and some other determinants, their pattern over time does not. 

DISCUSSION

This study showed that upper GI endoscopy associated with anxiety and distress before, and 
discomfort during the procedure. The procedure is not experienced as painful and causes few 
symptoms afterwards. Overall, the procedure was assessed as burdensome by over half the 
patients. In agreement with prior belief of physicians and nurses, the introduction of the endoscope 
was most often experienced as the most burdensome part of the procedure, while undergoing the 
endoscopy itself came second.  

The procedure is clearly burdensome, as 60 percent of patients reported burden and discomfort. 
The higher levels of anxiety, depression and distress before the endoscopy may indicate that the 
procedure furthermore causes a psychological burden. However, these higher scores can also 
be explained by a positive reassurance effect of a favorable the test-result after the procedure. 
Nevertheless, we measured distress (IES) regarding the endoscopy itself before the endoscopy was 
performed and regarding the test-result afterwards. The higher distress scores before endoscopy 
thus indicate that patients were more distressed about undergoing the test than about the result of 
the biopsies. Also, most patients perceived their risk of developing esophageal cancer as very low. 
We therefore conclude that, although the procedure may also have a positive reassurance effect, 
the test defi nitely also has a negative psychological impact, causing anxiety and distress. The most 
important part of this psychological burden seems to be anxiety. Anxiety was signifi cantly higher 
than in the general population, and nearly a quarter of patients had scores indicative of clinical 
anxiety at the day of endoscopy. Depression levels were lower than in the general population and 
hardly any patients had depression or distress levels in the clinical range. 

Pain and discomfort from the procedure varied with age, hospital, whether sedation was given, 
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and perceived risk. Older patients reporting less discomfort and burden could possibly be explained 
by older patients having a less strong esophageal closure refl ex, making it easier for the endoscope 
to be introduced.28 Differences between hospitals may be caused by a variety of differences between 
patients, doctors and sedation in these hospitals. Sedation, as expected, decreased reported 
discomfort. Psychological scores also varied signifi cantly with age, hospital and perceived risk, and 
by sex and education. These determinants did infl uence anxiety and distress levels in general, but 
not the pattern of anxiety and distress across measurements, i.e. the psychological burden of the 
endoscopy. 

Patients who perceived their risk as higher were signifi cantly more anxious and distressed at all 
measurements and reported more discomfort and burden from the endoscopy. It seems logical that 
the thought of having a high risk of developing cancer will give rise to worries and this distress is 
not necessarily related to the endoscopy itself, as argued before. An explanation for these patients 
also reporting more discomfort and burden may be found in their higher psychological distress. It 
is often suggested that patients who are able to relax during the endoscopy experience less pain 
and discomfort from it. To investigate this we studied the effect of the psychological scores (at 
baseline) on reported pain and discomfort from the procedure in an additional analysis. In fact, we 
found the opposite of what we expected: higher psychological scores were related to reporting less 
discomfort and burden from the procedure. Thus, it remains unexplained why patients with a higher 
risk perception report more discomfort and burden. 

A drawback of this study is that only patients willing to undergo frequent surveillance were included 
in the study. This may have led to an underestimation of the burden. Patients not willing to adhere to 
(frequent) surveillance may be those patients who are very anxious and distressed and/ or patients 
who have experienced a very burdensome endoscopy in the past. Such patients are more likely 
to experience a higher burden. The fact that we found no effect of prior endoscopies on any of our 
outcome variables suggests that patients with a fi rst or second endoscopy report the same burden. 
However, as the vast majority of patients had already experienced more than one endoscopy, 
we may have to study this in another population. Nevertheless, although all patients in this study 
were under surveillance, more than half of them experienced the endoscopy as burdensome, 
strengthening our conclusion that upper GI endoscopy is burdensome.

This study shows that a majority of patients with BE experience discomfort from upper GI 
endoscopy and are distressed beforehand. Although this may not seem like a high burden, a 
majority of patients experience the procedure as burdensome. Perceiving one’s risk of developing 
adenocarcinoma of the esophagus as ‘high’ may increase a patient’s distress and the discomfort 
he/she experiences from the procedure. Recommendations for endoscopic surveillance should 
take into account the short-term burden and distress of upper GI endoscopy for patients and studies 
aimed at tailoring the frequency of surveillance to individual patient characteristics are warranted.   
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SUMMARY

The aim of surveillance in patients with a Barrett esophagus (BE) is to detect progression of dysplasia 
at an early and therefore likely curable stage. The interval of endoscopic surveillance in patients 
with BE is currently based on the histopathological stage (i.e. grade of dysplasia). This approach 
is however known to have several pitfalls. First, only patients with intestinal metaplasia (IM) in the 
columnar-lined segment of the esophagus (CLE) have so far been regarded to have a premalignant 
condition and are enrolled in an endoscopic surveillance program, in contrast to patients with only 
cardiac-type mucosa (CM) in their biopsies. However, as IM and CM can be both present in the 
CLE and are endoscopically indiscernible, sampling error can occur, and exclusion of patients with 
only CM from endoscopic follow-up might therefore be incorrect. In addition, it has been suggested 
that IM in CLE may develop over time, and a follow-up endoscopy in the course of time may 
than detect IM. Secondly, in line with the risk of neoplastic progression, the presence or absence 
of dysplasia in IM determines the frequency of endoscopic surveillance, but the interpretation of 
dysplasia is subject to considerable interobserver variability, leading to both superfl uous follow-up 
endoscopies in some patients and insuffi cient control of others. Therefore, it is relevant to perform 
risk stratifi cation to defi ne which subgroup of patients with CLE with or without IM should undergo 
endoscopic follow-up, and at which frequency. 

The aim of the work described in this thesis was to assess the currently used criteria for performing 
endoscopic surveillance in patients with CLE, and to evaluate which clinical characteristics and 
biomarkers could contribute to risk stratifi cation in patients with CLE, in order to refi ne surveillance 
strategies in these patients.

In chapter 2, the presence of various intestinal markers, i.e. CDX2, MUC2 and villin, in a CLE in 
the absence of a histological diagnosis of IM was evaluated. The aim of this study was to investigate 
whether these intestinal markers could predict the presence of undetected IM in CLE. In total, 122 
biopsy sets of CLE from 61 patients were evaluated. CDX2 expression was detected in 23/67 
(34%) samples with only CM. Detection of CDX2 in CM increased the likelihood of fi nding IM in 
another CLE biopsy set of the same patient (OR 3.5, 95% CI=1.2-10, p=0.02). On the basis of 
these data, we conclude that the presence of CDX2 in CM predicts the presence of IM in CLE, 
either simultaneously or over time. This suggests that CDX2 staining can be used as an additional 
marker for the presence of IM in CLE in the absence of goblet cells. A prospective follow-up study 
on patients with CM in their biopsies is however needed to confi rm the predictive value of CDX2 in 
this regard. 

In addition to predicting the presence of IM in CLE with histological markers, it is also of interest 
to determine if easily available clinical characteristics can be used to defi ne which patients with CLE 
with or without IM should undergo endoscopic follow-up. In chapter 3 a model based on clinical 
characteristics was developed to estimate the probabilities of the presence of IM and dysplasia in 
biopsies of CLE, regardless the histological results. In 908 patients with a CLE of ≥ 2 cm, data on 
age, gender, refl ux symptoms, tobacco and alcohol use, medication use and upper gastrointestinal 
endoscopy fi ndings were collected. Multivariable logistic regression analysis was performed to 
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develop a predictive model. Most important predictors for the presence of IM were length of CLE, 
size of hiatal hernia and male gender, while among those with IM, age, and male gender were 
most important for the presence of LGD. These results further showed that the proposed predictive 
models were able to estimate the histology of biopsies (especially IM), based on easily available 
clinical predictors. The predicted probabilities from these models may aid in the decision-making on 
whether surveillance should be performed in a patient with CLE in view of the known sampling error 
at endoscopy and interobserver variability at histology.

It has been reported that despite the use of established criteria for grading dysplasia in BE, a 
considerable interobserver variability between pathologists remains. This interobserver variation 
has however only been assessed between expert gastrointestinal (GI) pathologists. As in daily 
practice general pathologists review the majority of BE biopsies, we compared in chapter 4 the 
interobserver variability in establishing the grade of dysplasia in BE between non-expert general 
pathologists and expert gastrointestinal pathologists on the one hand, and between expert 
gastrointestinal pathologists on the other hand. In this prospective multicenter study, non-expert 
and expert pathologists assessed esophageal biopsies of 920 patients with endoscopic BE. These 
biopsies were blindly reviewed by an expert gastrointestinal pathologist, and the slides were reviewed 
by a second expert in case of disagreement on the presence of IM and/or dysplasia grade. The 
results of this study showed a fair (κ = 0.24) interobserver agreement in the distinction between ND 
and IND/LGD, and a substantial (κ = 0.62) interobserver agreement, although still not perfect, in the 
distinction between HGD/EAC and lower stages. Remarkably, the interobserver variability was not 
different between non-expert and expert pathologists and between expert pathologists, implicating 
that the subjective component in the evaluation of dysplasia in BE can hardly be improved if only 
expert pathologists would review biopsies from CLE. Although morphology is quite subjective, 
it is presently the most commonly used marker to determine cancer risk. It is our opinion that 
additional, less subjective markers are required to establish cancer risk in patients with BE, in order 
to determine the optimal surveillance frequency. 

Several studies have been performed to fi nd an ideal biomarker for improving the risk stratifi cation 
of BE patients. In chapter 5 the existing literature was reviewed regarding the so far evaluated 
candidate biomarkers for improving risk stratifi cation of patients with BE. Of these biomarkers, DNA 
ploidy, p53, and Ki67, seems most promising in being an additional marker or even a substitute for 
histology. As large prospective follow-up studies investigating the clinical value of these biomarkers 
have not been performed, these biomarkers are not ready for this purpose yet. 

In chapter 6 the most promising biomarkers, i.e. Ki67, p53, and DNA ploidy, were examined 
in more detail regarding their usefulness in identifying BE patients at highest risk for subsequent 
progression to EAC. The grade of dysplasia was determined in 212 biopsy sets taken during follow-
up upper endoscopies in 27 patients in whom ultimately HGD or EAC was detected. Mean follow-up 
time before HGD or EAC was detected was 75 ± 51 months (range 4-187 months). The grade of 
dysplasia in BE highly correlated with the proportion of biopsies with abnormal ploidy status, Ki67 
and p53 overexpression. Samples taken at a closer time point prior to the detection of HGD/EAC 
were more prone to contain LGD and Ki67 overexpression, and, to a lesser extent, to be aneuploid 
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or tetraploid, suggesting the value of these biomarkers in identifying patients at increased risk for 
neoplastic progression. Accumulation of p53 occurred up to 15 years prior to the development of 
HGD/EAC and was thus found to be a possible early marker in predicting future progression in 
BE at a stage when other biomarkers are still negative. Large, prospective follow-up studies are 
needed to confi rm these fi ndings.

The above-described chapters were directed to the improvement of identifying patients at risk 
for neoplastic progression in order to fi nd an optimal endoscopic surveillance strategy. Upper 
gastrointestinal endoscopy is however an invasive procedure that may be associated with anxiety, 
pain and discomfort. The extent to which patients with BE are burdened by regular upper endoscopy 
is unclear. In chapter 7, the perceived burden of upper gastrointestinal endoscopy in BE patients 
was explored with questionnaires. Risk perception was taken into account as a potential determinant 
of a patients’ perception of the burden of endoscopy. In total, 197 patients with BE were included 
in this questionnaire study. The results of this study showed that upper endoscopy caused anxiety 
and distress beforehand, probably because of the prospect of the endoscopic procedure. Although 
discomfort was experienced during the procedure, the endoscopy was usually not reported as 
painful and caused few symptoms afterwards. Patients with higher risk perceptions reported 
signifi cantly more discomfort and burden from the endoscopy. Overall, the procedure was assessed 
as burdensome by over half the patients, and patients were more concerned about undergoing the 
endoscopy itself than about the possible negative result of histological evaluation of the biopsies.  

CONCLUSIONS

Risk stratifi cation in patients with BE is important for determination of the optimal surveillance 
strategy, which should result in the detection of neoplastic progression at an early, curable stage 
at the one hand, at limited costs and patient burden on the other hand. In this thesis the pitfalls of 
the currently used method of determining endoscopic surveillance intervals in patients with BE are 
discussed, and suggestions for improving these strategies are proposed.

The guidelines of the American College of Gastroenterology,1 in which the presence of IM in CLE 
is required for being considered to have a premalignant condition and subsequently being enrolled 
in a surveillance program, are probably too strict. The British Society of Gastroenterology instead 
recently recommended endoscopic surveillance in all patients with CLE in the esophagus.2 This will 
however cause an increase in work-load and a decrease of cost-effectiveness of surveillance. In 
this thesis, an alternative strategy is proposed, in which IM is still regarded as the type of epithelium 
that is most likely to undergo neoplastic progression, but CM is not immediately excluded from 
endoscopic follow-up due to the possibility of having undetected IM (due to sampling error or 
development over time) in CLE. The detection of the intestinal marker CDX2 in CM and a high 
probability of having IM in CLE based on the predictive model reported in chapter 3, can be used to 
decide which patients with CM should undergo a follow-up endoscopy.

Patients who require endoscopic follow-up, can be stratifi ed into groups with different risks for 
malignant progression by using the clinical predictors from the predictive model for the presence of 
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LGD (chapter 3), and the presence of biomarkers such as p53, Ki67 and the fl ow cytometric fi nding 
of aneuploidy/tetraploidy in biopsies from CLE. The clinical usefulness of these biomarkers and 
the consequences for the frequency of surveillance intervals need however further investigation in 
large prospective studies before they can be used in clinical practice. 

The future of improving risk stratifi cation in BE will probably come from the use of panels of 
biomarkers. Further research in combinations of biomarkers should preferably be performed in 
a prospective, multicenter setting, as larger cohorts of BE patients are needed for an analysis 
with suffi cient statistical power. In addition, new endoscopy techniques that may have the capacity 
of visualizing dysplasia, such as autofl uorescence endoscopy, high resolution endoscopy or 
magnifi cation chromendoscopy, could make targeted biopsies possible, which will consequently 
result in a reduction of sampling error. The fi rst results with these techniques seem promising for 
the visualization of areas with HGD in CLE, the more diffi cult diagnosis LGD seems however still 
diffi cult to visualize.3-5
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SAMENVATTING

Het doel van surveillance bij patiënten met een Barrett-oesofagus (BO) is het in een vroeg stadium 
detecteren van progressie van dysplastische afwijkingen waardoor er meer curatieve mogelijkheden 
zijn. Het interval van endoscopische surveillance bij patiënten met BO is momenteel gebaseerd op 
het histopathologische stadium (de graad van dysplasie) van het Barrett epitheel. Deze benadering 
heeft echter enkele valkuilen. Ten eerste wordt alleen de aanwezigheid van intestinale metaplasie 
(IM) in het cilindrisch epitheel van de oesofagus beschouwd als een premaligne aandoening. Daarom 
doorlopen alleen patiënten met IM een endoscopisch surveillance programma, dit in tegenstelling 
tot patiënten met cardia-type mucosa (CM) in hun biopten. Zowel IM als CM kunnen in het cilindrisch 
epitheel aanwezig zijn. Deze typen epitheel zijn endoscopisch echter niet te onderscheiden, 
waardoor er sampling error kan optreden. Hierdoor worden patiënten met alleen CM mogelijk ten 
onrechte uitgesloten voor follow-up. Daarnaast zou IM zich in de loop van de tijd kunnen ontwikkelen 
in het cilindrisch epitheel waarin eerst alleen CM aanwezig was. Ten tweede wordt aan de hand van 
de graad van dysplasie het risico op neoplastische progressie in BO ingeschat, wat vervolgens de 
frequentie van endoscopische surveillance bepaald. Het is echter gebleken dat de interpretatie van 
dysplasie onderhevig is aan een aanzienlijke interobserver variabiliteit, wat kan leiden tot zowel te 
frequente follow-up endoscopieën als ook tot te weinig surveillance. Om deze reden is het relevant 
om met behulp van risico stratifi catie te defi niëren welke subgroep van patiënten met cilindrisch 
epitheel in de oesofagus (met of zonder IM) endoscopische follow-up zouden moeten ondergaan 
en met welke frequentie.

Het doel van het onderzoek dat wordt beschreven in dit proefschrift was om de huidige criteria voor 
endoscopische surveillance van patiënten met cilindrisch epitheel in de oesofagus te beoordelen. 
Tevens werd geëvalueerd welke klinische karakteristieken en biomarkers zouden kunnen bijdragen 
aan risico stratifi catie, met als doel de surveillance strategie voor deze patiënten te verfi jnen.

In hoofdstuk 2 werd gekeken naar de aanwezigheid van intestinale markers als CDX2, MUC2 
en villin in cilindrisch epitheel, zonder een histologische diagnose van IM. Het doel van deze studie 
was het onderzoeken van de bruikbaarheid van deze intestinale markers om de aanwezigheid 
van niet-gedetecteerde IM in cilindrisch epitheel te voorspellen. In totaal werden 122 samples 
met biopten afkomstig van 61 patiënten geëvalueerd. CDX2 expressie werd vastgesteld in 23/67 
(34%) samples waarin alleen CM was aangetroffen. De detectie van CDX2 in CM bleek de kans 
op het aantreffen van IM in andere biopten van dezelfde patiënt te verhogen (OR 3,5; 95% CI=1,2-
10; p=0,02). Op basis van deze gegevens werd geconcludeerd dat de aanwezigheid van CDX2 
in CM de aanwezigheid van IM in cilindrisch epitheel (gelijktijdig of in de loop van de tijd) kan 
voorspellen. Dit suggereert dat de CDX2 kleuring kan worden gebruikt als aanvullende marker, 
om de aanwezigheid van IM in cilindrisch epitheel zonder slijmbekercellen aan te tonen. Een 
prospectieve follow-up studie naar patiënten met CM in hun biopten is echter geïndiceerd om de 
voorspellende waarde van CDX2 op de aanwezigheid van IM te bevestigen.

Naast het voorspellen van de aanwezigheid van IM in cilindrisch epitheel met behulp van 
histologische markers, is het eveneens interessant om te bepalen of eenvoudig beschikbare 
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klinische karakteristieken gebruikt kunnen worden om te bepalen welke patiënten met cilindrisch 
epitheel met of zonder IM endoscopische follow-up zouden moeten ondergaan. In hoofdstuk 3 is 
een model ontwikkeld, dat op basis van klinische karakteristieken (zonder gebruik van histologie) 
kan inschatten wat de waarschijnlijkheid is dat IM of dysplasie aanwezig is in cilindrisch epitheel. 
Van 908 patiënten met cilindrisch epitheel in de oesofagus met een lengte van ≥ 2 cm werden 
gegevens verzameld zoals leeftijd, geslacht, refl ux-symptomen, roken, alcoholgebruik, medicatie 
en gastroscopie-bevindingen. Multivariabele logistische regressie werd gebruikt om het predictie-
model te ontwikkelen. De belangrijkste predictoren voor de aanwezigheid van IM zijn de lengte 
van het cilindrisch segment, de grootte van de hiatus hernia en mannelijk geslacht. Voor de 
aanwezigheid van laaggradige dysplasie (LGD) in IM zijn dit leeftijd en mannelijk geslacht. De 
resultaten lieten verder zien dat de voorgestelde predictie-modellen in staat zijn om met behulp van 
deze eenvoudig verkrijgbare klinische predictoren de histologische bevindingen (met name IM) in 
biopten uit de oesofagus te voorspellen. Met het oog op het risico van sampling error bij gastroscopie 
en interobserver variabiliteit bij histologie, zouden deze predictie-modellen nuttig kunnen zijn bij de 
besluitvorming of surveillance zou moeten plaatsvinden bij een patiënt met cilindrisch epitheel in 
de oesofagus.

Het is bekend dat, ondanks gevestigde criteria voor het graderen van dysplasie in BO, er een 
aanzienlijke interobserver variabiliteit tussen pathologen bestaat. Deze interobserver variabiliteit is 
echter alleen onderzocht tussen expert gastro-intestinale pathologen. Aangezien in de dagelijkse 
praktijk vooral algemeen pathologen de BO biopten beoordelen, is in hoofdstuk 4 de interobserver 
variabiliteit vergeleken tussen zowel niet-expert en expert pathologen, als ook tussen expert 
pathologen onderling. In deze prospectieve multicentrische studie werden door niet-expert en 
expert pathologen oesofagusbiopten van 920 patiënten met een endoscopische BO beoordeeld. 
Deze biopten werden zonder voorkennis herbeoordeeld door een expert patholoog. Indien er geen 
overeenstemming was betreffende de aanwezigheid van IM en/of de graad van dysplasie, werden 
de coupes vervolgens beoordeeld door een tweede expert patholoog. De resultaten van deze 
studie laten zien dat er sprake is van een slechte interobserver overeenstemming (ĸ=0,24) in het 
onderscheid tussen geen dysplasie (ND) en IND (‘indefi nite for dysplasia’)/LGD. Daarentegen is 
er een redelijke, maar zeker nog geen perfecte, interobserver overeenstemming (ĸ=0,62) in het 
onderscheid tussen HGD (hooggradige dysplasie)/EAC (oesofagus adenocarcinoom) enerzijds en 
lagere stadia van dysplasie anderzijds. Opvallend is dat er geen verschil is in de interobserver 
variabiliteit tussen niet-expert en expert pathologen en tussen expert pathologen onderling, wat 
impliceert dat de subjectieve component in de evaluatie van dysplasie in BO nauwelijks zou kunnen 
worden verbeterd wanneer alleen expert pathologen de biopten zouden beoordelen. Hoewel het 
histologisch onderzoek subjectief is, is het op dit moment de meest gebruikte marker om het 
risico op neoplasie te bepalen. Op grond van deze bevindingen kan geconcludeerd worden dat 
aanvullende, minder subjectieve markers nodig zijn om het risico op neoplasie en daarmee het 
surveillance interval te bepalen bij patiënten met BO.

Verscheidene studies zijn verricht om een biomarker te vinden waarmee risico stratifi catie van 
patiënten met BO kan worden verbeterd. In hoofdstuk 5 wordt beschreven wat er in de bestaande 
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literatuur bekend is over mogelijke kandidaat biomarkers. Van de beschreven biomarkers lijken 
DNA ploïdie, p53 en Ki67 het meest veelbelovend te zijn als aanvullende marker, of mogelijk zelfs 
als substituut voor histologie. Aangezien er nog geen grote prospectieve follow-up studies verricht 
zijn waarin de klinische waarde van deze biomarkers wordt onderzocht, zijn deze biomarkers nog 
niet klaar om gebruikt te worden voor bovenstaand doel.

In hoofdstuk 6 zijn de meest veelbelovende biomarkers Ki67, p53 en DNA ploïdie onderzocht 
op hun bruikbaarheid bij het identifi ceren van BO patiënten met een hoog risico op progressie 
richting EAC. De dysplasie-graad werd vastgesteld in 212 follow-up biopten van 27 patiënten die 
in de loop der tijd HGD of EAC hadden ontwikkeld. De gemiddelde follow-up duur voordat HGD/
EAC werd gedetecteerd was 75 ± 52 maanden (range 4-187 maanden). De dysplasie-graad in 
BO was zeer sterk gecorreleerd met het percentage biopten met een abnormale ploïdie-status, 
en met Ki67- en p53-overexpressie. Biopten afgenomen op een tijdstip dichter bij het moment 
waarop HGD/EAC werd gedetecteerd, lieten vaker LGD, Ki67-overexpressie en in minder mate ook 
aneuploïdie of tetraploïdie zien. Dit suggereert de waarde van deze biomarkers bij het identifi ceren 
van patiënten met een verhoogd risico op neoplastische progressie. Aangezien p53 overexpressie 
tot 15 jaar voor de ontwikkeling van HGD/EAC kan worden aangetoond, wordt p53 beschouwd als 
een potentiële vroege marker voor het voorspellen van progressie in BO in een stadium waarbij 
andere biomarkers nog negatief zijn. Grote prospectieve studies zijn echter noodzakelijk om deze 
bevindingen te bevestigen.

De hierboven beschreven hoofdstukken zijn gericht op de verbetering van het identifi ceren van 
patiënten at risk voor neoplastische progressie, met als doel de optimale endoscopische surveillance 
strategie vast te stellen. Een gastroscopie is echter een invasieve procedure die mogelijk is 
geassocieerd met angst, pijn en ongemak. De mate waarin patiënten met BO een gastroscopie 
als een belasting ervaren is onbekend. In hoofdstuk 7 werd de last die ervaren werd tijdens de 
gastroscopie door patiënten met BO nagegaan met behulp van vragenlijsten. Risico perceptie 
werd beschouwd als een potentiële determinant van de ervaren belasting van een gastroscopie. 
In totaal werden 197 patiënten geïncludeerd in deze vragenlijst-studie. De resultaten van deze 
studie laten zien dat een gastroscopie reeds voorafgaand aan het onderzoek angst en ongemak 
veroorzaakt, waarschijnlijk door het vooruitzicht van het moeten ondergaan van de endoscopische 
procedure. Hoewel de procedure zelf als onprettig werd ervaren, werd de gastroscopie meestal 
niet gerapporteerd als pijnlijk en veroorzaakte het weinig klachten achteraf. Patiënten die hun eigen 
risico op neoplastische progressie hoog inschatten, rapporteerden meer ongemak en last van de 
gastroscopie. In het geheel werd de procedure als belasting ervaren door meer dan de helft van de 
patiënten. Daarnaast waren patiënten meer bezorgd over het ondergaan van de gastroscopie zelf, 
dan over de mogelijke negatieve uitkomsten van de histologische beoordeling van de biopten.

CONCLUSIES

Risico stratifi catie bij patiënten met BO is belangrijk voor het vaststellen van de optimale surveillance 
strategie, wat zou moeten resulteren in de detectie van neoplastische progressie in een vroeg, en 
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daardoor mogelijk curatief stadium aan de ene kant, en in beperkte kosten en zo min mogelijk 
ongemak voor de patiënt aan de andere kant. In dit proefschrift worden de valkuilen in de huidig 
gebruikte methoden voor het bepalen van de endoscopische surveillance intervallen bediscussieerd 
en worden suggesties voor het verbeteren van deze strategieën voorgesteld.

Er kan geconcludeerd worden dat de richtlijnen van het American College of Gastroenterology 
(ACG)1 mogelijk te strikt zijn, omdat daarin de aanwezigheid van IM in cilindrisch epitheel van de 
oesofagus als vereiste wordt gegeven voor het hebben van een premaligne aandoening. Alleen 
deze patiënten worden geïncludeerd in een surveillance programma. In tegenstelling tot de ACG 
heeft de Britsh Society of Gastroenterology2 recent aanbevolen om bij alle patiënten met cilindrisch 
epitheel in de oesofagus endoscopische surveillance te verrichten. Dit zal echter een verhoging van 
de werkdruk geven met een verminderde kosteneffectiviteit van het surveillance programma. In dit 
proefschrift wordt een alternatieve aanpak voorgesteld. Hierbij wordt IM nog steeds beschouwd 
als het type epitheel dat het meest waarschijnlijk neoplastische progressie ondergaat, maar 
wordt CM niet direct uitgesloten van endoscopische follow-up, aangezien er sprake kan zijn van 
niet-gedetecteerde IM (door sampling error of door ontwikkeling van IM in de loop van de tijd) in 
cilindrisch epitheel. Zowel de aanwezigheid van de intestinale marker CDX2 in CM als ook een 
hoge waarschijnlijkheid op de aanwezigheid van IM in cilindrisch epitheel volgens het predictie-
model zoals beschreven in hoofdstuk 3, kunnen als indicatie worden gebruikt om te bepalen welke 
patiënten met CM endoscopische follow-up zouden moeten ondergaan.

Patiënten bij wie endoscopische follow-up is geïndiceerd, kunnen worden gestratifi ceerd 
in groepen met verschillende risicograden van kans op maligne progressie in BO. Dit kan met 
behulp van de klinische predictoren betreffende de aanwezigheid van LGD (hoofdstuk 3) en de 
aanwezigheid van de biomarkers p53, Ki67 en DNA-ploïdie in biopten uit cilindrisch epitheel. 
De klinische bruikbaarheid van deze biomarkers en de consequenties voor de frequentie van 
surveillance intervals behoeven echter verder onderzoek in grote prospectieve studies, voordat ze  
kunnen worden toegepast in de klinische praktijk.

In de toekomst zullen waarschijnlijk panels met meerdere biomarkes moeten worden gebruikt ter 
verbetering  van de risico stratifi catie van patiënten met BO. Toekomstig onderzoek naar mogelijke 
combinaties van deze biomarkers zou bij voorkeur in een prospectief multicentrisch studieverband 
uitgevoerd moeten worden, omdat statistische analyses met voldoende power relatief veel 
patiënten met BO eisen. Daarnaast lijken nieuwe endoscopische technieken, waarmee dysplasie 
gevisualiseerd kan worden, veelbelovend. Hierdoor is gerichter biopteren mogelijk, waardoor de 
sampling error zou kunnen worden gereduceerd. Ondanks het feit dat de eerste resultaten met 
deze technieken bij het visualiseren van gebieden met HGD in cilindrisch epitheel veelbelovend 
lijken te zijn, blijkt het voor de histologisch moeilijker diagnose LGD nog niet behulpzaam te zijn.3-5
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DANKWOORD

Hier ligt mijn proefschrift dan. Tot niet zo lang geleden kon ik me niet voorstellen dat het ooit af zou 
komen. Vele, vele uren zitten er in en ik ben er dan ook erg trots op. Dit proefschrift was echter nooit 
tot stand gekomen zonder de steun en interesse van velen, waarvoor iedereen héél hartelijk dank! 
Een aantal mensen wil ik graag specifi ek noemen.

Allereerst wil ik mijn beide copromotoren, Peter Siersema en Hans Kusters, bedanken. Het was 
voor mij behoorlijk wennen om vanuit de kliniek ineens in het onderzoekswereldje terecht te komen, 
op een laboratorium nog wel, waarin ik me in eerste instantie als met twee linkerhanden voelde. 
Gelukkig groeide ik er dankzij jullie begeleiding razendsnel in. Beste Peter, ik heb ontzettend 
bewondering voor je tomeloze inzet, kennis en snelheid waarmee jij artikelen nakijkt, terwijl 
je nog 10 andere promovendi te begeleiden hebt! Altijd als ik dacht, dit wordt niks, wist jij mijn 
pessimistische gedachten weer om te switchen en zag ik het weer rooskleuriger in. En zie hier het 
resultaat! Beste Hans, ook jij was er altijd bij bij de vele werkbesprekingen, met vaak goede ideeën. 
Artikelen kwamen vaak behoorlijk rood weer bij me terug, echter wel met goede suggesties, wat het 
eindresultaat zeer zeker ten goede kwam. 

Natuurlijk wil ik ook mijn promotor, Ernst Kuipers, heel hartelijk bedanken voor het creëren van 
de gelegenheid om promotie-onderzoek te mogen verrichten binnen de afdeling maag-darm-
leverziekten. Beste Ernst, eens in de zoveel tijd ging ik de ‘stand-van-zaken’ met je doorspreken, 
waarna ik door je interesse en positief ingestelde woorden altijd weer met een goed gevoel wegging. 
Tevens wil ik je bedanken voor het vertrouwen in mij als toekomstig MDL-arts en ik kijk er dan ook 
naar uit om de kneepjes van het vak binnen jouw afdeling te mogen leren.

Geen enkel artikel kan zonder goede statistiek. En geen goede statistiek zonder goede statisticus, 
dus daarom wil ik graag Ewout Steyerberg bedanken. Ik heb mezelf veel aangeleerd in SPSS, maar 
het was altijd erg prettig om even te checken of ik de juiste statistische tests had gebruikt. Beste 
Ewout, hartelijk dank hiervoor, maar niet in de minste plaats ook voor de ingewikkelde smoothing 
splines, predictie-modellen en andere ‘hogere’ statistiek, wat ik echt niet zelf had gekund. 

Mijn promotie-onderzoek is begonnen met het opstarten van de CYBAR-studie, waarbij in vele 
ziekenhuizen door het hele land veel Barrett-patiënten zijn geïncludeerd door MDL-artsen en 
research-verpleegkundigen en vele histologie-coupes zijn bekeken door de pathologen van deze 
ziekenhuizen. Hoewel deze studie uiteindelijk niet in mijn proefschrift terecht is gekomen, aangezien 
de follow-up nog niet is afgerond, wil ik toch graag al deze mensen heel hartelijk danken voor de 
fi jne samenwerking (zie Appendix). Zonder jullie zouden we nooit zo’n groot Barrett-cohort hebben 
kunnen opzetten, wat erg belangrijk is voor een goed onderzoek. Tevens wil ik specifi ek alle leden 
van het CYBAR-panel noemen, de pathologen die keer op keer al die ‘vreselijke’ doosjes vol met 
coupes van mij toegestuurd kregen om ze te herbeoordelen. Zonder jullie zou dit onderzoek niet 
zo goed zijn geweest als dat het nu is. Herman van Dekken, Dries Mulder, Gerrit Meijer, Adriaan de 
Bruïne, Ann Driessen, Arend Karrenbeld en Fiebo ten Kate, hartelijk bedankt!

Ook wil ik iedereen van het MDL-lab bedanken, mijn werkbasis van de afgelopen 3 jaar. 
Linda, jij bent een fantastische secretaresse en een goed luisterend oor. Jij hebt je hart echt 
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op de goede plek, dank je wel! Hanneke, bedankt voor het mij wegwijs maken in het lab. Die 
twee linkerhanden waren snel weer een linker en een rechter! En natuurlijk ook bedankt voor het 
meedenken tijdens en buiten alle werkbesprekingen. Enise, jou wil ik bedanken voor het uitvoeren 
van de vele immunohistochemische kleuringen in het kader van je afstudeerproject, maar ook van 
een stukje van mijn onderzoek. Özlem, het was erg fi jn dat je me een tijd kwam helpen met het 
invoeren van die honderden inclusie-formulieren. Michelle, onze samenwerking heeft tot een mooi 
hoofdstuk in dit proefschrift geleid. Anthonie, ik vind het erg leuk dat we samen zijn gaan salsa-
dansen. Inmiddels zijn we vergevorderd (ongelofelijk, maar waar) en hebben we andere collega’s 
aangestoken. Bedankt voor de gezellige salsa-uurtjes! Aan alle MDL-lab-collega’s: jullie bleken 
een bruisend vat vol gezelligheid te zijn. Alle vrijdagmiddagborrels in Dizzy, karaoke-avonden in 
het parlement, MDL-labdagen en overige leuke dingen waren een welkome afwisseling van de 
serieuze aangelegenheden. Iedereen erg bedankt hiervoor!

Helaas zaten we niet met alle promovendi op één afdeling, maar zat er nog een delegatie op de 
dakpoli en op de fl ex-plekken, waardoor we elkaar helaas niet vaak zagen. Gelukkig werd er af en 
toe geborreld en hadden we congressen, waardoor we toch weer gezellig konden bijkletsen. Lieve 
Jolanda, jij hebt je promotie al achter de rug. Ik ben zwaar onder de indruk hoe ontiegelijk hard 
jij hebt gewerkt om dat superboekje van je in zo’n korte tijd af te krijgen. En daarnaast nog altijd 
in de stemming voor een borrel! Lieve Sanna, samen co-schappen gedaan in het Martini, samen 
als poortarts gewerkt in Drachten, vervolgens beiden in Rotterdam aan een promotie-onderzoek 
begonnen, en nu tegelijk gestart met de opleiding MDL. Reuze-gezellig! Als alle drukte weer voorbij 
is, moeten we weer eens gaan skaten. Jij ook veel succes met de laatste zware loodjes bij het 
afronden van jouw promotie-onderzoek, het gaat je absoluut lukken! Lieve Sarwa, ook jou sprak 
ik helaas veel te weinig. Ik vind het superknap van je hoe je naast de drukke bezigheden omtrent 
je promotie-onderzoek ook nog eens al die ontzettend zware examens voor je toekomst in het 
buitenland wist voor te bereiden. Heel veel succes met alles! Ook alle andere mede-promovendi 
heel erg bedankt voor de leuke tijd. 

Ook wil ik mijn nieuwe collega’s van het Sint Franciscus Gasthuis bedanken voor alle steun en 
interesse in de vorderingen omtrent mijn promotie-onderzoek. En natuurlijk ook voor de gezellige 
borrels en etentjes! Zowel de maatschap als de collega-arts-assistenten creëren een erg prettige 
werkomgeving, ik kan me geen betere vooropleidingsplek toewensen!

Lieve Mirian en Brenda, ik vind het heel fi jn dat jullie mij op deze grote dag als paranimfen ter 
zijde willen staan. Ik zal jullie psychische steun in het zweetkamertje hard nodig hebben! Lieve 
Marieke, bedankt dat je altijd oprecht interesse wist te tonen, ondanks alles wat je voor je kiezen 
hebt gekregen. Lieve Jeltje, jij bent een ster in dingen in een helder perspectief plaatsen, ik kon 
altijd heerlijk mijn hart luchten. Ladies, helaas was ons contact de laatste tijd alleen nog af en toe 
over de telefoon, jullie wonen ook zo ver weg! Gelukkig breekt nu de tijd aan waarop we de schade 
kunnen gaan inhalen! Ook al mijn andere lieve vriendinnen, Gea, Sietske, Jasperien, Sanneke, 
Andrea, Esther en Klaske, bedankt voor al jullie interesse, gezellige telefoontjes en ook wij gaan 
de schade inhalen!

Zo’n heel promotie-onderzoek vergt nogal wat van je en dat zou me niet gelukt zijn zonder de 
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goede basis die ik heb meegekregen van mijn ouders. Lieve papa en mama, voor jullie was het best 
moeilijk dat ik ineens zo ver weg ging wonen, in mijn eentje in die grote stad Rotterdam. Gelukkig is 
alles op z’n pootjes terecht gekomen, mede dankzij jullie eeuwige steun en geloof in mij, waarvoor 
ik jullie enorm wil bedanken. Ik kan me geen betere, lievere ouders wensen, dikke kus! Lieve 
Wilfred en Geppy, Hugo en Lisette, jullie ook bedankt voor jullie interesse. Hopelijk kunnen we 
vanaf nu elkaar wat vaker opzoeken. Lieve Ferry en Sjanie, Erwin en Liselotte, ik heb er een lieve 
schoonfamilie bijgekregen, jullie ook bedankt voor al jullie interesse en begrip.

Dit promotie-onderzoek heeft mij niet alleen een mooi proefschrift opgeleverd. Lieve Sander, ik 
ben ontzettend blij dat ik jou heb leren kennen. Jij bent alles wat ik me kan wensen. Je vermogen om 
mijn ‘ik-zie-het-niet-meer-zitten’ buien om te vormen naar een optimistischer kijk op mijn onderzoek 
is erg groot. En je onvoorwaardelijke steun in de laatste fase van mijn promotie-onderzoek was 
fantastisch! Jij bent mijn atje, ik hou van jou!
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APPENDIX

CYBAR (Flow CYtometry for the detetion of BARrett’s patients at risk for developing 
adenocarcinoma) study group

Erasmus MC, Rotterdam
Afdeling Maag-Darm-Leverziekten: M Kerkhof, E J Kuipers, J G Kusters, P D Siersema; Afdeling 
Pathologie: H van Dekken; Afdeling Maatschappelijke Gezondheidszorg:  E W Steyerberg, M 
Kruijshaar, M-L Essink-Bot.

IJsselland Ziekenhuis, Capelle aan den IJssel
Afdeling Maag-Darm-Leverziekten: W A Bode, H Geldof; Afdeling Pathologie: H van der Valk.

Ikazia Ziekenhuis, Rotterdam
Afdeling Maag-Darm-Leverziekten: D J Bac, R J Th Ouwendijk, C Leunis; Afdeling Pathologie: R 
W M Giard.

VU Medisch Centrum, Amsterdam 
Afdeling Maag-Darm-Leverziekten: E C Klinkenberg, H Akol; Afdeling Pathologie: G A Meijer.

Albert Schweitzer Ziekenhuis, Dordrecht
Afdeling Maag-Darm-Leverziekten: W Lesterhuis, R Beukers, P Honkoop, W van de Vrie; Afdeling 
Pathologie: R J Heinhuis.

Deventer Ziekenhuis, Deventer
Afdeling Maag-Darm-Leverziekten: F ter Borg; Afdeling Pathologie: J W Arends.

Streekziekenhuis Midden Twente, Hengelo
Afdeling Maag-Darm-Leverziekten: G Tan; Afdeling Pathologie: J van Baarlen.

Rijnstate Ziekenhuis, Arnhem
Afdeling Maag-Darm-Leverziekten: N Aparicio, R de Vries, P Wahab, P van Embden; Afdeling 
Pathologie: A H Mulder.

Sint Franciscus Gasthuis, Rotterdam
Afdeling Maag-Darm-Leverziekten: L Berk, A J P van Tilburg, H S L M Tjen; Afdeling Pathologie:  H 
van der Valk.

Medisch Spectrum Twente, Enschede
Afdeling Maag-Darm-Leverziekten: J J Kolkman, P Mensink, R Veenstra; Afdeling Pathologie: J 
van Baarlen.

Maasland Ziekenhuis, Sittard
Afdeling Maag-Darm-Leverziekten: L Engels; Afdeling Pathologie: W Vos.

Universitair Medisch Centrum Groningen, Groningen
Afdeling Maag-Darm-Leverziekten: F T M Peters; Afdeling Pathologie: A Karrenbeld.



Isala Klinieken, Zwolle
Afdeling Maag-Darm-Leverziekten: M Oudkerk Pool, B E Schenk, J Kamp, W H Bos, F 
Veen; Afdeling Pathologie: F Moll.

De Heel Medisch Centrum, Zaandam
Afdeling Maag-Darm-Leverziekten: R Loffeld; Afdeling Pathologie: M J Flens.

Franciscus Ziekenhuis, Roosendaal
Afdeling Maag-Darm-Leverziekten: H van Roermund; Afdeling Pathologie: F Lockefeer.

Academisch Ziekenhuis Maastricht, Maastricht
Afdeling Pathologie: A de Bruïne, A Driessen.
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CURRICULUM VITAE

Marjon Kerkhof werd op 5 juli 1976 geboren te Deventer. Na het behalen van haar V.W.O. 
eindexamen aan de Rijksscholengemeenschap te Heerenveen in 1994, besloot ze geneeskunde 
te gaan studeren. Vanwege het ontbreken van natuurkunde en scheikunde in het vakkenpakket 
heeft zij in één jaar alsnog deze V.W.O. certifi caten gehaald aan de avondscholengemeenschap 
‘De Friese Wouden’ te Heerenveen en is zij in 1995 gestart met de studie geneeskunde aan de 
Rijksuniversiteit van Groningen. De coschappen heeft zij verricht in het Martini Ziekenhuis te 
Groningen, het keuze-coschap op de afdeling interne geneeskunde/maag-darm-leverziekten 
in het ‘Wilhelmina Ziekenhuis’ te Assen en in december 2001 behaalde zij vervolgens het 
arts-examen cum laude. Van februari 2002 tot september 2003 werkte zij als poortarts op de 
spoedeisende hulp van ‘Nij Smellinghe’ te Drachten. Vanaf september 2003 werkte zij onder 
begeleiding van haar promotor Prof.dr. E.J. Kuipers en haar copromotoren Dr. P.D. Siersema 
en Dr. J.G. Kusters aan haar promotie-onderzoek naar Barrett oesofagus. Dit onderzoek werd 
uitgevoerd op het laboratorium van de afdeling maag-darm-leverziekten van het Erasmus MC 
te Rotterdam en vormde de basis voor dit proefschrift. In december 2006 is zij gestart met haar 
opleiding tot maag-darm-leverarts via het Erasmus MC te Rotterdam (opleiders: Prof. Dr. E.J. 
Kuipers en Dr. R.A. de Man), waarbij de vooropleiding wordt verricht in het Sint Franciscus 
Gasthuis te Rotterdam (opleiders: Drs. A.P. Rietveld en Dr. H.C.T. van Zaanen). 
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