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Chapter 1:  General introduction and thesis outline

Cancer is a serious disease, with an estimated 3.2 million new cases per year in 

Europe1. Patient characteristics have a major influence on the development of cancer. 

It is estimated that only 5-10% of the cancers are caused by major gene defects, 

while the remainder is largely affected by lifestyle and environmental factors2. It has 

been suggested that more than 40% of new cancer cases per year could have been 

prevented, if the population would maintain a healthier lifestyle3. Furthermore, thirty 

percent of all cancer-related deaths are linked to dietary factors2. 

 Increasing awareness of cancer symptoms and determinants would benefit the 

treatment course of patients. Therefore, cancer prevention programs should focus on 

lifestyle changes and early detection through cancer awareness. Primary prevention 

may decrease the number of new cancer cases, which is a cost-effective long-term 

strategy for controlling cancer. In this regard, esophageal cancer (EC) patients would 

particularly benefit from early detection, since this tumor is usually detected at a late 

stage and is accompanied with a low 5-year survival4-6.

Part I: Role of patient characteristics on the development, treatment and survival 
of esophageal cancer

Esophageal carcinoma
EC is the eighth most common cancer type worldwide7. There are two main histology 

types, esophageal adenocarcinoma (EAC) and esophageal squamous cell carcinoma 

(ESCC). These two esophageal cancer types are different in development, etiology and 

treatment8. ESCC develops in esophageal squamous cells, which normally line the 

inner esophagus. For this reason, this cancer type may occur along the entire length 

of the esophagus. In contrast, EAC predominantly occurs in the distal esophagus and 

develops in metaplastic columnar epithelium.

Incidence
The incidence of EAC has increased in the last two decades. In this same period 

only a minimal increase in ESCC cases has been observed9, 10. One of the reasons 

for this is population aging11 due to the fact that life expectancy increased because 

of better treatment and a generally improved healthcare. Known risk factors for 

EAC are obesity, reflux and Barrett’s esophagus (BE), while risk factors for ESCC are 

smoking and alcohol use12. In the last few decades the overall lifestyle of the general 

population has deteriorated due to an overall increased intake of fatty acids and a 

decrease in physical activity13-16. This has also resulted in an increased prevalence in 

the risk factors for ESCC and EAC. Chapter 2 describes the change in incidence of 

both EAC and ESCC in the Netherlands. Moreover, we determined whether changes 

in prevalence of comorbidities, as a measure for lifestyle-related factors, were also 

associated with an overall increase in EC incidence.

Treatment
Nowadays, several treatment options for EC are available. Surgery is the most 

commonly used treatment modality with a curative intent. Other options include 
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chemotherapy and/or radiotherapy. Depending on the extent of the tumor or the 

condition of the patient, it can also be decided that one opts for no treatment or 

a treatment to relieve dysphagia by placing a stent into the esophagus or another 

palliative treatment modality. Relatively recent treatments are (neo-) adjuvant 

therapy, for which the patient undergoes chemo- or radiotherapy either before 

(neoadjuvant) or after (adjuvant) esophagectomy and esophageal mucosal resection, 

for which the tumor is removed endoscopically17. These therapies are however only 

possible in selected groups of patients18, 19.

 Multiple factors influence treatment choice in EC. Not only tumor characteristics 

are important, but also patient characteristics, e.g. their overall health condition. In 

EC and in other cancers, like pancreatic cancer, socioeconomic status has been found 

to influence treatment choice20, 21. Chapter 3 describes the role of the socioeconomic 

status on treatment choice and survival of a large group of patients treated in eleven 

different hospitals in the Netherlands. 

Esophageal cancer survival
As mentioned previously, EC has a low 5-year survival rate of 15-20%4-6. This is mainly 

caused by the late onset of symptoms, and therefore a diagnosis at a late stage. The 

most important factor that determines cancer survival is tumor stage (TNM), which  

is true for both EC and for cancer of the gastroesophageal junction22, 23. An effect of 

age on survival has also been reported for colon cancer, with older patients having 

a higher mortality than younger patients24. In addition, comorbidities were found to 

influence survival of colon and rectal cancer patients25. Chapter 4 describes the role 

of patient characteristics on short-, medium- and long-term survival of EC patients.

Part II: Development and detection of esophageal adenocarcinoma

Barrett’s esophagus, the precursor of EAC
Regular reflux episodes occur in 20-30% of the population and may cause inflammation 

in the distal part of the esophagus, which is known as reflux esophagitis (RE)26, 27. 

Gastroesophageal reflux occurs when the lower esophageal sphincter no longer 

functions properly and gastric content will reflux into the esophagus. Inflammation in 

the esophagus may in certain patients evolve to BE28-30. In patients with BE the normal 

squamous epithelium of the distal part of the esophagus is replaced by a columnar type 

of epithelium, containing goblet cells (Fig. 1)31. From one perspective, this can be seen 

as a protective mechanism of the esophagus to the destructive effect of the stomach 

content to the normal esophageal epithelium. On the other hand, patients with BE are 

at increased risk for developing an EAC, with an estimated annual incidence of 0.12-

0.50%, which is 10-40 times increased compared to the general population32-34. 

The presence of BE does not lead to specific symptoms, although BE patients may have 

symptoms related to the reflux episodes. These symptoms can be relieved by taking 

proton pump inhibitors (PPIs), making the stomach less acidic. Nevertheless, PPIs do 

not inhibit the development of BE and EAC in all patients 35, 36, suggesting that another 

reflux component may also be responsible for its development.
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Development of Barrett’s epithelium
The exact mechanism behind the development of BE remains unknown. Both acid 

and bile salts are likely to play a predominant role, since the refluxate of BE patients 

consists of higher concentrations of acid and bile salts compared to patients with 

RE37, 38. It has been suggested that multiple reflux episodes occur before Barrett’s 

epithelium develops39. Another study has shown, however, that a single long reflux 

episode may already be sufficient to induce the development of columnar type 

epithelium40. There are three theories on the development of BE41. The most obvious 

one is that gastric cardia cells migrate upwards to the esophagus to repair the damage 

caused by the refluxate. Evidence for this theory is based on transgenic mouse studies, 

which have suggested that cardia cells may function as progenitor cells for BE42. 

However, the required presence of goblet cells for a diagnosis of BE, has made this 

theory less probable, since the columnar epithelium of BE is of intestinal origin. The 

second theory proposes the colonization of the esophagus by circulating, multipotent 

bone marrow cells41. There is however no evidence that these cells are able to 

form epithelial populations. A third theory proposes the transdifferentiation of the 

squamous esophageal epithelial cells into columnar epithelium43. The occurrence of 

neosquamous epithelium after endoscopic removal of BE, weakens this theory. It is 

therefore believed by many that the acid-bile refluxate may cause the esophageal stem 

cells to induce the formation of columnar epithelia with intestinal characteristics41. 

However, there is currently only limited knowledge on human esophageal stem cells. 

Various published studies on BE have either focused on factors that are expressed by 

BE or on the upregulation of these factors by exposing cells to bile salts, low pH or 

other damaging agents. These BE specific factors are shown in Table 1. Several in vitro 

models to study the development of BE have been reported in the literature. A huge 

variability can be found in cell lines used for experiments, and in bile salts, pH and 

incubation conditions. In chapter 5, an overview of all the models used and which 

models should be preferred for studying the development of BE are described.

Factors

Bone morphogenetic protein 4 (BMP4)44

Caudal type homeo box transcription factor 2 (CDX2)45

Cyclo-oxygenase-2 (COX2)46

Interleukin-6 (IL-6)47

Mucin2 (MUC2)48

Nuclear Factor-κB (NF-κB)49

Sex-determining region Y-box 9 protein (SOX9)44

Table 1

Table 1: Factors highly expressed in Barrett’s esophagus tissue
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miRNAs and Barrett’s esophagus 
miRNAs are the rising stars in cancer genetics. They are small, evolutionarily 

conserved, non-coding RNAs of 18–25 nucleotides in length that act as expression 

regulators of genes involved in fundamental cell processes, such as development, 

differentiation, proliferation, survival and death50. Each miRNA has the potential 

to target a large number of genes. When a miRNA and its target mRNA sequence 

show nearly perfect complementarities, mRNA degradation is induced. In the case 

of an imperfect miRNA – mRNA target binding, translation into a protein is blocked. 

Regardless of which of these two events occur, the net result is a decrease in the 

number of proteins encoded by the mRNA targets51.

 Previously, it has been shown that miRNAs are differentially expressed between 

the various types of epithelium that may be found in the esophagus, e.g. normal 

squamous esophagus, BE and EAC52-54. Examples are miRNA-143, miRNA-145, 

miRNA-192 and miRNA-194, which are highly expressed in BE tissue, compared to 

SQ and EAC biopsies52. The specific functions of most of these miRNAs are largely 

unknown. miRNA-145 regulates the BMP4 pathway in the esophagus, which has been 

suggested to be an important pathway in the development of BE52. We hypothesized 

that BE-specific miRNAs could be induced in esophageal epithelial cells by acid and 

bile salts, and, as a result, might play a role in the transition of SQ towards BE. In 

chapter 6, we describe the effect of incubation of esophageal epithelial cells with low 

pH and bile salts on the expression of BE-specific miRNAs and the expression of these 

miRNAs in reflux esophagitis biopsies.   

 

Barrett’s esophagus in clinical practice
Over the last decades, the incidence rates of BE and EAC have dramatically risen 

in the Western world9. This increase cannot solely be explained by an increase in 

endoscopies performed55. The  development of BE towards EAC occurs in a metaplasia 

- varying grades of dysplasia -carcinoma sequence (Fig. 1). Dysplasia is an early 

neoplastic process and is characterized by cells of unequal size and abnormal shapes 

and a high number of dividing cells (Fig. 1). There are different degrees of dysplasia, 

i.e. low-grade dysplasia (LGD) and high-grade dysplasia (HGD). HGD is the most 

advanced stage of dysplasia, in which more than half of the cells are of unequal size 

and are frequently dividing.

 Surveillance programs are advocated in order to monitor the behavior of BE 

epithelium and to detect dysplasia and tumor development at an early and still 

curable stage. The most recent guidelines (American College of Gastroenterology) 

advise routine endoscopy, in which systematic four-quadrant biopsies should be 

taken every two centimeters of the BE segment56. These biopsies are evaluated 

by a pathologist for the presence of dysplasia. If LGD is seen, a new endoscopy is 

planned six months later. HGD and EAC require immediate action, e.g. staging and 

ablation or resection of the dysplastic or cancerous tissue. If metaplastic BE without 

dysplasia is found, the patient will be scheduled for a new endoscopy one to three 

years later. The time from endoscopy to pathology results takes on average 1-2 weeks. 

This waiting period may cause stress and discomfort to the patient. In addition, 
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histological evaluation is associated with interobserver variability, sampling bias and 

misdiagnosis occurs during surveillance57-59. Another problem is that a high number 

of EAC cases is not known with a prior BE diagnosis60, 61, which limits the number 

of patients that benefits from surveillance programs. As a result, the question has 

arisen whether surveillance is indeed cost-effective62. Hence, another, non-invasive, 

screening method would be preferable, which could either be used to screen persons 

for the presence of BE or to decrease the number of surveillance endoscopies by 

detecting those BE patients that are at an increased risk of progression to dysplasia 

and EAC. A possibility would be to use a biomarker, e.g. a specific protein or 

mutation that can discriminate BE from LGD, HGD and EAC. Many studies have been 

performed to find a biomarker for subgroups of cancer. For example, a mutation in the 

BRCA2 gene is known to increase the risk of developing breast cancer63. An example of 

a protein that is used as a biomarker is prostate specific antigen (PSA). Elevated PSA 

determined in human blood can be a sign of prostate cancer64. A huge advantage is 

that both are non-invasive blood tests. 

 Several studies have focused on determining a biomarker to detect the metaplastic 

transformation of SQ into BE and the dysplastic and neoplastic progression of BE 

towards EAC. Markers that were found range from methylation of the PKP1 gene65 

to the protein mesothelin66. Furthermore, miRNA-31 and -375 have been suggested 

to be biomarkers associated with BE carcinogenesis67. All these biomarkers require 

however the use of biopsies obtained via endoscopy. Mesothelin has been suggested 

to be a good serum marker to define BE carcinogenesis66. It is however difficult to use 

a protein-based biomarker in clinical practice due to the low levels of the proteins of 

interest in plasma or serum and the difficulties in developing suitable high-affinity 

detection agents. An option for non-invasive screening are circulating miRNAs, 

Figure 1: Transition of normal squamous epithelium towards Barrett’s epithelium and 

adenocarcinoma

A schematic overview of the metaplasia, dysplasia, carcinoma sequence in BE and BE associated 

EAC (© Alvarez H., John Hopkins University).
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which have many characteristics of a good biomarker, in that they are highly stable 

in body fluids, are conserved amongst different species and have been proven to be 

specifically expressed in several diseases68. Moreover, the expression of miRNAs is 

relatively easy assessed with Q-RT-PCR. From other cancer types, i.e. prostate and 

ESCC, it is known that a panel of circulating miRNAs can distinguish cancer patients 

from healthy controls69-71. In chapter 7 we explored the presence of circulating 

miRNAs in healthy controls and BE and EAC patients. In addition, we identified a 

circulating miRNA panel that seems competent to distinguish patients with BE from 

EAC and healthy controls with a high diagnostic potential.
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ABSTRACT
Objective: Lifestyle factors have been suggested to play 

an important role in cancer development, particularly in 

esophageal cancer (EC). We evaluated the incidence of 

EC and its subtypes esophageal squamous cell carcinoma 

(ESCC) and esophageal adenocarcinoma (EAC) over time 

and assessed whether changes in incidence rates were 

associated with lifestyle-related comorbidities. 

Methods: All diagnosed ESCC and EAC patients in the 

southern part of the Netherlands, were identified in the 

Eindhoven Cancer Registry. Chi-square tests were used to 

compare differences in patient characteristics at the time of 

diagnosis in the periods 1993-1998, 1999-2003 and 2004-2009.

Results: In total, 2,057 patients with primary EC, 1,172 

with EAC and 885 with ESCC, were included. In 2004-2009, 

the mean yearly incidence of EC was 2.5-fold increased 

compared to 1993-1998 (p<0.01), with a higher increase for 

EAC compared to ESCC (4-fold, p<0.01 vs. 1.5-fold, p<0.05; 

respectively). More males were diagnosed with EAC over time 

(p<0.01), while the proportion of EC patients with low socio-

economic status (SES) decreased (p<0.05). This rise in cancer 

incidence was associated with a 1.4-fold (p<0.01) and a 1.3-

fold (p<0.05) increase in cardiovascular diseases in EAC and 

ESCC, respectively. The prevalence of diabetes also increased 

1.4-fold in EAC patients (p<0.05) and 2.3-fold in ESCC 

patients (p=NS). No changes were found in the prevalence of 

pulmonary and liver diseases.

Conclusion: Changes in lifestyle-related comorbidities, i.e. 

cardiovascular diseases and diabetes, parallel the increase 

in EC incidence. The higher increase in EAC, compared to 

ESCC, may be explained by the fact that EAC and ESCC have 

some risk factors in common (e.g. smoking and alcohol use), 

but others that are different (e.g. obesity, gastro-esophageal 

reflux disease). 
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INTRODUCTION
In the US, the incidence of several types of cancer has been decreasing since 2001, 

both in males and females1; however, the incidence of some other cancer types has 

been increasing, i.e. that of hepatocellular carcinoma, and pancreatic and esophageal 

cancer (EC).2 In the Netherlands, the number of new cancer cases in general has 

increased with 3% on a yearly basis over the last 15 years3, which is partly due to an 

increase in EC incidence.4

 There are two main types of EC, esophageal adenocarcinoma (EAC) and 

esophageal squamous cell carcinoma (ESCC). EC diagnosis is associated with age, 

there is a higher incidence rate at older age.5 Patients with gastro-esophageal reflux 

disease (GERD) and/or Barrett’s esophagus (BE), and those that are obese, use 

alcohol and smoke are at an increased risk of developing EAC.5-9 Risk factors for 

ESCC are mainly smoking and alcohol consumption.6 All these factors are linked to 

lifestyle, which has dramatically changed during the last few decades.10 It is known 

that 36% of US adults (aged 40-74) had a body mass index (BMI) of ≥ 30 in 2006 and 

36% never exercised.10 In the Netherlands 40% of the population has a BMI ≥ 25 and 

45% never exercise, these numbers are also indicative of an unhealthy lifestyle.11-13 In 

addition, the unhealthy lifestyle also contributes to an increase in related diseases, 

i.e., atherosclerotic cardiovascular disease and diabetes mellitus.14 

Our aim in this study was to evaluate the changing EC incidence over the years in 

a large area of the Netherlands and to assess whether changes in lifestyle-related 

diseases, such as diabetes, cardiovascular, pulmonary and liver diseases were 

associated with changes in incidence of EC comparing three periods, i.e. 1993-1998, 

1999-2003 and 2004-2009.

 

PATIENTS AND METHODS
Data collection
Patients diagnosed with EC, either EAC or ESCC in the period January 1993 - 

December 2009 were selected from the population-based Eindhoven Cancer 

Registry, maintained by the Comprehensive Cancer Center South. This registry 

records data with regard to patient and tumor characteristics of all patients that are 

newly diagnosed with a malignancy in the southern part of the Netherlands. In this 

region eleven hospitals are located, covering approximately 15% of the total Dutch 

population. 

 Patients were stratified in three groups based on the year of diagnosis. The first 

group included patients diagnosed in the years 1993-1998, the second group patients 

diagnosed in 1999-2003 and the third group patients diagnosed in 2004-2009. 

Socio-economic status (SES) was defined at a neighborhood level, combining mean 

household income and mean house value, as provided by the Netherlands Statistics 

(CBS, Rijswijk, The Netherlands). This was derived from individual fiscal data that are 

available on an aggregated level (mean of 17 households in one area). Postal codes 

were then assigned to one of three predefined SES categories with the 1st - 3rd decile 

determined as low SES, the 4th - 7th decile as intermediate SES and the 8th - 10th decile 

as high SES.  
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Clinically relevant comorbidities were registered according to a modified version 

of the Charlson Comorbidity index, including cardiovascular diseases, pulmonary 

diseases previous malignancies and liver diseases.15 Cardiovascular comorbidities 

included aneurysmatic vascular disease, myocardial infarction, cardiomyopathy, 

cerebrovascular accident, hypertension, heart valve dysfunction, thrombosis, lung 

embolism and having a pacemaker. Pulmonary comorbidities included lung fibrosis, 

chronic lung disease, emphysema, chronic obstructive pulmonary disease (COPD) 

and bronchitis. Liver comorbidities included cirrhosis and hepatitis.

Study outcome
The outcome parameters of the study were incidence rates of EC, EAC and ESCC over 

the years and the numbers and types of comorbidities, age, gender and SES at the 

time of diagnosis. 

Statistical analysis
Statistical analysis was performed with the Statistical Package for Social Sciences for 

Windows (version 15.0; SPSS Inc., Chicago, IL, USA). The chi-square test was used 

to determine differences in patient characteristics between the pre-defined periods. 

P-values <0.05 were regarded as statistically significant.

RESULTS
Number of diagnoses
In total, 2,057 patients were diagnosed with EAC or ESCC in the period January 1993 

to December 2009. Of these, 1,172 were EAC and 885 were ESCC diagnoses. A 2.5-fold 

increase in number of EC diagnoses per year was found when comparing the periods 

1993-1998 with 2004-2009, with a higher increase (4-fold) in EAC diagnoses over time 

compared to ESCC diagnoses (1.5-fold) (Table 1).

Patient characteristics at EC diagnosis
Patient age at EC diagnosis was not significantly different over time. The proportion 

of males with a diagnosis of EC increased significantly (p<0.01). The percentage of 

patients with a low SES diagnosed with EC decreased when comparing the period 

1993-1998 with 2004-2009 (34% vs. 26%, respectively; p<0.05). In the same periods, 

the proportion of patients with a medium and high SES slightly increased (1993-1998, 

medium SES: 39% and high SES: 27%; 2004-2009, medium SES: 44% and high SES: 

30%; p<0.05). The percentage of patients known with 2 or more comorbidities in the 

period 2004-2009 was higher compared to the period 1993-1998 (1993-1998: 23%; 

2004-2009: 35%; p<0.01). The proportion of patients with cardiovascular comorbidities 

and the number of patients with diabetes also increased over time (1993-1998, 

cardiovascular 30%, diabetes 7%; 2004-2009, cardiovascular 43%, diabetes 14%; 

all p<0.01). No changes were found in the prevalence of pulmonary and liver  

diseases (Table 2). 
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Table 1. Changes in number of diagnoses of esophageal cancer (EC), and esophageal 

adenocarcinoma (EAC) and esophageal squamous cell carcinoma (ESCC) over time

Diagnoses 1993-1998 1999-2003 2004-2009 p-value

EC 424 591 1042 < 0.01

    Diagnoses/year      71      118      174

EAC 163 353 656 < 0.01

    Diagnoses/year     27      71      109

ESCC 261 238 386 < 0.05

    Diagnoses/year     44      48      64

Table 2. Changes in patient characteristics at EC diagnosis over time.

Characteristics 1993 – 1998 
(n=424)

1999 – 2003 
(n=591)

2004 - 2009 
(n=1042)

p-value

Age, 

    mean 
    median

66.94
68

66.85
67

67.19
67

ns.

Gender

    Male (%) 284 (67%) 445 (75%) 785 (75%) 0.002

SES

Low
    Medium
    High

145 (34%)
164 (39%)
115 (27%

182 (31%)
230 (39%)
179 (30%)

271 (26%) 
463 (44%) 
308 (30%)

0.013

# Comorbidities

    0
    1
 ≥ 2
    X

163 (38%)
130 (31%)
99 (23%)
32 (8%)

190 (32%)
171 (29%)
177 (30%)
53 (9%)

292 (28%)
278 (27%)
361 (35%)
111 (11%)

0.001

Cardiovascular 
comorbidities

No 
   Yes  
   Unknown

263 (62%)
129 (30%)
32 (8%)

322 (54%)
216 (37%)
53 (9%)

484 (46%)
448 (43%)
110 (11%)

0.001

Diabetes

    No
    Yes
    Unknown

363 (86%)
29 (7%)
32 (8%)

485 (82%)
53 (9%)
53 (9%)

788 (76%)
144 (14%)
110 (11%)

0.001

Liver disease

    No
    Yes
    Unknown

383 (90%)
9 (2%)
32 (8%)

531 (90%)
7 (1%)
53 (9%)

924 (89%)
8 (1%)
110 (11%)

0.093

Lung disease

    No
    Yes
    Unknown

338 (80%)
54 (13%)
32 (8%)

446 (75%)
92 (16%)
53 (9%)

791 (76%)
141 (14%)
110 (11%)

0.240
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Table 3. Changes in patient characteristics at EAC diagnosis over time.

Characteristics 1993 - 1998 
(n=163)

1999 - 2003 
(n=353)

2004 - 2009 
(n=656)

p-value

Age, 
    mean 
    median

69.28
71

67.60
71

67.35
68

ns

Gender
    Male (%) 120 (74%) 291 (82%) 553 (84%) 0.006

SES
    Low
    Medium
    High

52 (32%)
64 (39%)
47 (29%)

99 (28%)
142 (40%)
112 (32%)

169 (26%)
283 (43%)
204 (31%)

0.565

# Comorbidities
    0
    1
 ≥ 2
    X

64 (39%)
51 (31%)
38 (23%)
10 (6%)

118 (33%)
103 (29%)
104 (29%)
28 (8%)

184 (28%)
174 (27%)
234 (36%)
64 (10%)

0.009

Cardiovascular 
comorbidities
   No
   Yes
   Unknown

100 (61%)
53 (33%)
10 (6%)

193 (55%)
132 (37%)
28 (8%)

294 (45%)
298 (45%)
64 (10%)

0.001

Diabetes
    No
    Yes
    Unknown

134 (82%)
19 (12%)
10 (6%)

288 (82%)
37 (10%)
28 (8%)

483 (74%)
109 (17%)
64 (10%)

0.019

Liver disease
    No
    Yes
    Unknown

151 (93%)
2 (1%)
10 (6%)

324 (92%)
1 (0%)
28 (8%)

587 (89%)
5 (1%)
64 (10%)

0.389

Lung disease
    No
    Yes
    Unknown

133 (82%)
20 (12%)
10 (6%)

272 (77%)
53 (15%)
28 (8%)

509 (78%)
83  (13%)
64 (10%)

0.441
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Table 4. Changes in patient characteristics at ESCC diagnosis over time.

Characteristics 1993 – 1998 
(n=261)

1999 – 2003 
(n=238)

2004 – 2009 
(n=386)

p-value

Age, 
    mean 
    median

65.47
66

65.73
66

66.92
67

ns

Gender
    Male (%) 164 (63%) 154 (65%) 232 (60%) 0.497

SES
    Low
    Medium
    High

93 (36%)
100 (38%)
68 (26%)

83 (35%)
88 (37%)
67 (28%)

102 (26%) 
180 (47%) 
104 (27%)

0.042

# Comorbidities
    0
    1
 ≥ 2
    X

99 (38%)
79 (30%)
61 (23%)
22 (8%)

72 (30%)
68 (29%)
73 (31%)
25 (11%)

108 (28%)
104 (27%)
127 (33%)
47 (12%)

0.048

Cardiovascular 
comorbidities
    No
   Yes
    Unknown

163 (62%)
76 (29%)
22 (8%)

129 (54%)
84 (35%)
25 (11%)

190 (49%)
150 (39%)
46 (12%)

0.026

Diabetes
    No
    Yes
    Unknown

229 (88%)
10 (4%)
22 (8%)

197 (83%)
16 (7%)
25 (11%)

305 (79%)
35 (9%)
46 (12%)

0.051

Liver disease
    No
    Yes
    Unknown

232 (89%)
7 (3%)
22 (8%)

207 (87%)
6 (3%)
25 (11%)

337 (87%)
3 (1%)
46 (12%)

0.206

Lung disease
   No
   Yes
   Unknown

205 (79%)
34 (13%)
22 (8%)

174 (73%)
39 (16%)
25 (11%)

281 (73%)
59 (15%)
46 (12%)

0.476
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Patient characteristics at EAC diagnosis
Overall, 1,172 patients were diagnosed with EAC in the period 1993-2009. Median 

age of patients decreased non-significantly over time (1993-1998: 71 years; 2004-

2009: 68 years). The proportion of male gender increased over time, from 74% in the 

period 1993-1998 to 84% in the period 2004-2009 (p<0.01). SES classification (low, 

intermediate or high) of patients was not different in the three time periods. More 

patients with ≥2 comorbidities were diagnosed in the period 2004-2009, compared 

to 1993-1998 (1993-1998: 23%; 2004-2009: 36%; p<0.01). Both cardiovascular 

comorbidities and diabetes showed a 1.4-fold increase in incidence when comparing 

the period 2004-2009 with the period 1993-1998 (1993-1998, cardiovascular 33%, 

diabetes 12%; 2004-2009, cardiovascular 45%, diabetes 17%; both p<0.01). Pulmonary 

and liver comorbidities showed no change over time (Table 3). 

Patient characteristics at ESCC diagnosis
In total, 885 patients were diagnosed with ESCC. Median age of patients at diagnosis 

showed no change over time, when comparing the first and last period (1993-1998: 66 

years, 2004-2009: 67 years). The proportion of ESCC patients with low SES decreased 

over time comparing the periods 1993-1998 and 2004-2009 (36% and 26%; p<0.05), 

while the percentage of ESCC patients with intermediate SES increased (38% and 47%; 

p<0.05). The proportion of patients with ≥2 comorbidities also increased over time 

(1993-1998, ≥2 comorbidities 23%; 2004-2009, ≥2 comorbidities 33%; p<0.05). The 

percentage of patients with cardiovascular comorbidities increased 1.3-fold (1993-

1998, 29%; 2004-2009, 39%; p<0.05), while diabetes increased 2.3-fold from 1993-1998 

until 2004-2009 (4% vs. 9%, non-significant). No changes were found in pulmonary 

and liver comorbidities (Table 4). 

DISCUSSION
In this population-based study we found that ESCC diagnoses increased 1.5-fold and 

EAC diagnoses 4-fold, when comparing the periods 1993-1998 and 2004-2009. It has 

been reported that the total number of endoscopies had not significantly increased 

in the Netherlands in the same time period.16, 17 In addition, the Dutch population 

increased 1.1-fold and the total number of people aged  ≥ 65 years increased 1.2-

fold between 1990 and 2010.18 Therefore, the increases in EC cases in our cohort 

cannot fully be explained by an increase in number of endoscopies performed, or an 

increasing and/or aging population. The increase should therefore be seen as a real 

increase in diagnoses over the years.

 The lifestyle pattern in the Western world has become less healthy in the past 

decades, with an increasing use of high-fat diets and less physical exercise, resulting 

in an increase in lifestyle-related diseases, e.g. diabetes mellitus and cardiovascular 

diseases. We confirmed that the increasing incidence of EAC and ESCC parallels an 

increase in these lifestyle-related diseases. 

 In the general population the prevalence of diabetes increased 1.5-fold in the 

period 1995-2010 19, 20, while in our EC cases the number of patients with diabetes 

increased slightly more, i.e. 2-fold. The increase in diabetes in EAC patients in our 
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cohort was comparable to that observed in the general population. Diabetes and 

EAC have mutual risk factors, i.e. obesity and low physical activity.21, 22 A recent 

meta-analysis reported that patients with diabetes had a 2-fold increased risk of 

developing EAC 23. In addition, it has been found that diabetes is a risk factor for BE.24 

The previously mentioned meta-analysis found however no increased risk for diabetes 

mellitus patients to develop ESCC 23, although we found a 2.3-fold increase in diabetes 

mellitus in ESCC. Diabetes and ESCC also have similar risk factors, i.e. smoking and 

alcohol use25, 26, which may explain the increase in both disorders. The reason why 

we found an increase in diabetes incidence in ESCC and others did not 23 remains 

unclear, but it may be that one or more yet unidentified risk factors are involved. 

The prevalence of cardiovascular comorbidities in our EC cases also increased 

1.4-fold, when comparing the periods 1993-1998 and 2004-2009. This increase was 

higher than has been reported in the general population. In the USA, the prevalence 

of heart disease and cerebrovascular accident has remained unchanged, comparing 

1997 with 2009, while only hypertension increased 1.3-fold.27 Known risk factors for 

cardiovascular diseases are obesity, poor lifestyle and alcohol intake.28, 29 These are 

also risk factors for EAC and ESCC, which may explain the increase in cardiovascular 

diseases in our cohort. Nonetheless, as far as we know, a direct link between 

cardiovascular disease and EC has never been reported.        

 We also determined the incidence of lung and liver diseases in our cohort. These 

comorbidities did not change over time both in EAC and ESCC. Known risk factors 

for ESCC and to lesser extent EAC are smoking and alcohol use.6 Nonetheless, COPD 

has been reported not to be linked to the development of gastrointestinal cancers.30 

On the other hand, cirrhosis has been shown to be associated with an increased risk 

of developing EC.31 The absence of an association between cirrhosis and EC in our 

cohort may however be due to the low incidence of liver disease.

When investigating incidence rates of comorbidities in EC over time, there are only 

small differences between EAC and ESCC. Both show an increase in diabetes mellitus 

and cardiovascular disease. Another common risk factor for EAC is obesity.6, 28, 32 It 

is known that obese persons are more likely to have symptoms of gastro-esophageal 

reflux, causing GERD, BE and consecutively EAC.7-9 On the other hand, a high BMI has 

been reported to be associated with a lower risk for ESCC.33 This contradictory effect 

of obesity may be one of the reasons explaining the higher increase in EAC compared 

to ESCC. 

 Our study has several strengths and limitations. An advantage of our study is the 

large population-based dataset, with both pathological and clinical data of all patients 

diagnosed in a well-defined region over many years. On the other hand, BMI was 

only known in 13% of cases, of which 80% was registered in the period 2004-2009, 

while the waist-hip ratio was not documented in any of the cases. Moreover, smoking 

habits and a history of reflux symptoms are also unknown. This is clearly a drawback 

of this database as these characteristics are known to be important risk factors for the 

development of EC. 

 In conclusion, this study showed an increase in number of EC diagnosis in the 

period 1993-2009, with the highest increase seen in EAC. This increasing EC incidence 



32

over time was associated with an increase in diabetes mellitus and cardiovascular 

comorbidities. This change in comorbidities is higher than the overall prevalence 

in the general population in the same period. Furthermore, EAC and ESCC patients 

demonstrated a comparable shift in type and number of comorbidities. The much 

higher increase in EAC diagnoses may be explained by the fact that both malignancies 

also have specific risk factors. As has been suggested in other studies34, activities 

aiming at reducing lifestyle-related disorders, may well lead to a stabilization or even 

decrease in EC incidence. 
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ABSTRACT
Background: Optimal treatment choice for patients with 

esophageal cancer (EC) is complex, and largely determined 

by tumor characteristics, comorbidity and age. 

Goals: This study describes the role of patient characteristics, 

among which is socioeconomic status (SES), in esophageal 

cancer treatment.       

Study: Patients diagnosed with primary EC between 1990 and 

2008 in the southern part of the Netherlands were identified 

using the Eindhoven Cancer Registry. Multivariable logistic 

and proportional hazard regression analyses were used to 

identify determinants of treatment and survival. 

Results: We included 1,914 patients, 37% underwent 

intentionally curative treatment. Low SES patients were 

diagnosed at older age (16% vs. 9%, age ≥80) and with more 

advanced tumor stages (13% vs. 10%, stage T4) than high SES 

patients. Age <60 compared to 70-79 years (adjusted odds 

ratio (adj. OR) 4.51; 95% confidence interval (CI) 2.98-6.84) 

and high compared to low SES (adj. OR 1.59; 95% CI 1.07-

2.37) were independent predictors for curative treatment. 

Probability of death for high SES patients undergoing 

palliative treatment was decreased compared to low SES 

patients (hazard ratio 0.84; 95% CI 0.71-0.99). 

Conclusion: SES is an important factor in treatment choice 

of EC. As healthcare is equally accessible to the whole 

population in The Netherlands, this suggests that both 

patient- and physician-related factors are involved in this 

phenomenon.
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INTRODUCTION
Esophageal cancer (EC) is the 8th most common cancer worldwide and the 6th 

malignancy on the list of estimated cancer deaths1. Symptoms, i.e. dysphagia and 

retrosternal pain, occur at a relatively late stage of this malignancy; the tumor spreads, 

however, at an early stage to lymph nodes and solid organs. EC is therefore a highly 

lethal tumor with a 5-year survival rate of 15-20%2, 3.

 For adequate EC treatment, various options are available. Early stage tumors 

can be removed by endoscopic techniques, i.e. endoscopic mucosal resection in 

combination with an ablative treatment modality4. These relatively new techniques 

are however not yet fully implemented in daily clinical practice. More advanced EC 

can be treated by transhiatal or transthoracic esophagectomy often combined with 

neo-adjuvant radiation and/or chemotherapy5. Furthermore, there is an increasing 

use of chemoradiotherapy as treatment option with a curative intent for esophageal 

squamous cell carcinoma. 

 Elderly patients with multiple comorbidities, such as cardiovascular or pulmonary 

disease, may not be candidates for surgery and are therefore often not eligible for 

curative treatment options6. These patients mostly undergo a palliative treatment, 

such as (intraluminal) radiation therapy, stent placement or dilation to relieve 

dysphagia. Hence, the choice of treatment is not only based on tumor characteristics, 

such as tumor stage, but also on patient characteristics, such as age and comorbidity. 

 Some studies have shown that socioeconomic status (SES) may be involved in 

the decision-making of cancer treatment7, 8. Pancreatic cancer patients with a low 

SES were found to be less likely to undergo surgical treatment7. In patients with EC, 

it was reported that high SES patients underwent esophagectomy more frequently, 

compared to low SES patients8. This study however was based on a relatively small 

group of patients from a single institution. Besides treatment choice, cancer patients 

with a low SES also have a less favorable prognosis as compared to high SES patients, 

as was previously demonstrated for breast, colon, kidney and pancreatic cancer9-12.

 In the current study, we investigated patient and tumor characteristics of newly 

diagnosed EC patients from 11 centers in the southern part of the Netherlands, a 

country with equal access to healthcare and full healthcare insurance coverage. We 

also analyzed differences in treatment and survival, while taking into account SES and 

other relevant characteristics. 

PATIENTS AND METHODS
Data collection
Data from the population-based Eindhoven Cancer Registry, maintained by the 

Comprehensive Cancer Center South, were studied. This registry records data with 

regard to patient and tumor characteristics of all patients that have a newly diagnosed 

malignancy in the southern part of the Netherlands, which represents about 15% of 

the total Dutch population (2.4 million people). 

 For this study, patients diagnosed with primary EC in the period 1990-2008 were 

included. Tumor localization was categorized into anatomical subsites: distal third, 

middle third, proximal third, or unknown or overlapping subsites of the esophagus 
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(other). Two periods were defined in order to study cohort effects, 1990-2000 and 

2001-2008. Tumor stage was based on the clinical TNM classification, according 

to the 4th, 5th and 6th UICC editions, as appropriate13-15. TNM stage was determined 

by physical examination, endoscopy, endoscopic ultrasound (EUS), computed 

tomography of the neck, thorax or abdomen, or surgical exploration. 

 SES was determined at the neighborhood level using postal codes, combining 

mean household income and mean value of housing, as provided by the Netherlands 

Statistics Agency (CBS, Rijswijk, The Netherlands). This was derived from individual 

fiscal data that are made available on an aggregated level. Postal codes were then 

assigned to one of three predefined SES categories: low (1st – 3rd decile), intermediate 

(4th – 7th decile) and high (8th-10th decile).

 Clinically relevant comorbidities were registered according to a slightly modified 

version of the Charlson Comorbidity index, such as previous malignancies, chronic 

obstructive pulmonary diseases, cardiovascular diseases, digestive tract diseases, 

urinary tract diseases, connective tissue diseases, dementia, Parkinson’s disease, 

diabetes and infectious diseases16. 

Study outcomes
The primary outcomes of this study were treatment choice and survival. Choice of 

treatment was either curative or palliative, with curative treatment being defined as 

surgery with or without (neo-) adjuvant radiation and/or chemotherapy, or definite 

radiation and/or chemotherapy in patients with T1-3N0-1M0 disease. Radiation and/

or chemotherapy for T4N0-1M1 tumors, diagnostic procedures, other treatment or 

no treatment were regarded as palliative. Follow-up for overall survival was complete 

until January 2009. 

Statistical analyses
Statistical analysis was performed with the Statistical Package for Social Sciences for 

Windows (version 15; SPSS Inc., Chicago, IL, USA). The chi-square test was used to 

test differences in categorical variables between patients in the different treatment 

and SES groups. P-values <0.05 were regarded as statistically significant. Univariable 

and multivariable logistic regression analysis was performed to determine factors 

influencing treatment choice. All variables that showed a statistically significant 

association or a p<0.2 in the univariable analysis were included in the final 

multivariable model estimating odds ratios (ORs) with 95% confidence intervals (CI) 

and p-values. Survival analyses were performed using the Kaplan-Meier method, and 

comparisons between groups assessed by the log-rank test. Cox proportional hazards 

regression analysis was performed to investigate the effect of treatment and SES on 

overall survival before and after adjustment for confounding factors. Overall survival 

was calculated from the time of diagnosis, to either death or end of follow-up  

(January 2009).
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Table 1. Differences in the characteristics between the 3 socioeconomic status (SES) groups

SCC: squamous cell carcinoma; EAC: esophageal adenocarcinoma.

1993 - 1998 
(n=163)

1999 - 2003 
(n=353)

2004 - 2009 
(n=656)

p-value

Age (yrs)
    <60
    60 – 69
    70 – 79
    ≥ 80

135 (23)
170 (30)
179 (31)
92 (16)

262 (34)
246 (32)
207 (27)
65 (8)

181 (32)
174 (31)
155 (28)
48 (9)

<0.01

Gender (%)
    Male
    Female

391 (68)
185 (32)

598 (77)
182 (23)

414 (74)
144 (26)

<0.01

Tumor type
    SCC
    EAC

283 (49)
293 (51)

344 (44)
436 (56)

236 (42)
322 (58)

0.053

Tumor localisation
    Proximal third
    Middle third
    Distal third
    Other

53 (9)
123 (21)
367 (64)
33 (6)

58 (7)
141 (18)
555 (71)
26 (3)

42 (8)
98 (18)
380 (68)
38 (7)

<0.05

Differentation grade
    Well/moderate
    Poor
    Missing

231 (40)
204 (35)
141 (25)

289 (37)
289 (37)
202 (26)

207 (37)
224 (40)
127 (23)

0.320

Period
    1990 – 2000
    2001 – 2008

241 (42)
335 (58)

252 (32)
528 (68)

195 (35)
363 (65)

<0.01

Treatment
    Palliative
    Curative

403 (70)
173 (30)

492 (63)
288 (37)

311 (56)
247 (44)

<0.01

T
    1
    2
    3
    4
    X

13 (2)
25 (4)
89 (16)
72 (13)
377 (66)

28 (4)
33 (4)
163 (21)
78 (10)
478 (61)

18 (3)
38 (7)
125 (22)
53 (10)
324 (58)

<0.01

N
    0
    1
    X

181 (31)
203 (35)
192 (33)

235 (30)
302 (39)
243 (31)

187 (34)
239 (43)
132 (24)

<0.01

M
    0
    1
    X

320 (56)
160 (28)
96 (17)

387 (50)
274 (35)
119 (15)

319 (57)
174 (31)
65 (12)

<0.01

No. comorbidities
    0
    1
    ≥ 2
    Missing

153 (27)
151 (26)
190 (33)
82 (14)

251 (32)
220 (28)
228 (29)
81 (10)

184 (33)
154 (28)
142 (25)
78 (14)

<0.05
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RESULTS 
Population characteristics
Between January 1, 1990 and December 31, 2008, a total of 1914 patients were 

diagnosed with primary EC in the southern part of the Netherlands. The majority of 

the patients was male (n=1403; 73%). Fifty-five percent (n=1051) of the patients had 

an adenocarcinoma; the remainder was diagnosed with squamous cell carcinoma. 

Of the whole group of EC patients, 37% underwent a curative treatment. Treatment 

modalities in the curative group consisted of surgery (59%), surgery with neo-

adjuvant radiation and/or chemotherapy (15%), surgery with adjuvant radiation- 

and/or chemotherapy (3%), definite radiation therapy (14%), chemotherapy (1%) 

or a combination of chemo- and radiation therapy (8%). Treatment modalities in 

the palliative group consisted of chemotherapy (6%), radiation therapy (45%), a 

combination of radiation and chemotherapy (6%), metastasectomy (7%) and treatment 

to relieve dysphagia or no treatment (37%).

 Low SES patients were diagnosed at an older age (mean age of 68 years vs. 65 years 

for intermediate and 65 years for high SES; p<0.001) (Table 1). Low SES patients were 

more often diagnosed with a T4 carcinoma: 13% vs. 10% for an intermediate SES and 

10% for a high SES (p<0.01). Moreover, these patients more often had an unknown 

tumor stage (Tx; 66% vs. 61% for intermediate SES and 58% for a high SES). In the 

low SES group 59% of the patients had 1 or more comorbidities, compared to 57% in 

the intermediate SES and 53% in the high SES group (p<0.05). Patients with low SES 

were less likely to undergo a curative treatment (30% vs. 37% for intermediate SES and 

44% for high SES; p<0.01). There was no statistically significant difference in tumor 

histology between the SES groups.

Treatment choice
Comparison of characteristics between curative and palliative treated patients 

showed that patients with a curative treatment more often had a tumor in the distal 

third of the esophagus, were younger, had fewer comorbidities and a higher SES (Table 

2). High SES was identified as an independent predictor of undergoing a curative 

treatment (adj. OR 1.59; 95% CI 1.07–2.37), compared to low SES. In contrast, older 

age at diagnosis (≥ 80 years) was associated with a lower odds ratio of undergoing 

curative treatment (adj. OR 0.20; 95% CI 0.10 – 0.39) compared to patients that were 

70-79 year old. Patients with 2 or more comorbidities were less likely to undergo a 

curative treatment (adj. OR 0.54; 95% CI 0.36 – 0.80) compared to patients without 

comorbidities. A more distal tumor location was associated with a higher odds ratio of 

undergoing a curative treatment, while a proximal location was associated with a lower 

odds ratio (distal vs. mid-esophagus adj. OR 1.60; 95% CI 1.03 – 2.49; proximal vs. mid-

esophagus: adj. OR 0.42; 95% CI 0.21 – 0.85). 

 High SES patients in the palliative group more often underwent a combination of 

chemo- and radiotherapy than patients with a low SES (8% vs. 3%; p<0.01). Moreover, 

high SES patients in the palliative treatment group underwent less frequently no 

therapy at all, compared to low SES patients (33% vs. 39%; p<0.01).  
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Table 2. Differences in characteristics between the palliative and curative treatment groups 

and the likelihood of receiving curative treatment by means of logistic regression analysis

OR: odds ratio; CI: confidence interval; SCC: squamous cell carcinoma; EAC: esophageal 

adenocarcinoma; SES: socioeconomic status; Missing cases in multivariate analysis n=241, due 

to missing number of comorbidities. For the multivariable analysis we adjusted for all variables 

in the table.

Characteristics Palliative 
treatment
(n=1206) (%)

Curative 
treatment
(n=708) (%)

Univariable 

OR (95% CI)

Multivariable

OR (95% CI)

Age (yrs)
    <60
    60 – 69
    70 – 79
    ≥ 80

303 (25)
348 (29)
369 (31)
186 (15)

275 (39)
242 (34)
172 (24)
19 (3)

1,95 (1,53 – 2,48)
1,49 (1,17 – 1,91)
1,0
0,22 (0,13 – 0,36)

4,51 (2,98-6,84)
2,45 (1,65 – 3,64)
1,0
0,20 (0,10 – 0,39)

Gender (%)
    Male
    Female

880 (73)
326 (27)

523 (74)
185 (26)

1,0
0,96 (0,77 – 1,18)

1,0
1,05 (0,73 – 1,51) 

Tumor type
    SCC
    EAC

562 (47)
644 (53)

301 (43)
407 (57)

1,0
1,18 (0,98 – 1,42)

1,0
1,14 (0,80 – 1,63)

Tumor localisation
    Proximal third
    Middle third
    Distal third
    Other

119 (10)
246 (20)
772 (64)
69 (6)

34 (5)
116 (16)
530 (75)
28 (4)

0,61 (0,39 – 0,94)
1,0 
1,46 (1,14 – 1,86)
0,86 (0,53 – 1,41)

0,42 (0,21 – 0,85)
1,0
1,60 (1,03 – 2,49)
1,03 (0,44 – 2,42)

T
    1
    2
    3
    4
    X

9 (1)
18 (1)
96 (8)
192 (16)
891 (74)

50 (7)
78 (11)
281 (40)
11 (2)
288 (41)

1,0
0,78 (0,33 – 1,87)
0,53 (0,25 – 1,11)
0,01 (0,004 – 0,03)
0,06 (0,03 – 0,12)

1,0
2,23 (0,57 – 8,81)
1,22 (0,37 – 3,98)
0,01 (0,001 – 0,02)
0,05 (0,02 – 0,16)

N
    0
    1
    X

278 (23)
484 (40)
444 (37)

325 (46)
260 (37)
123 (17)

1,0
0,46 (0,37 – 0,57)
0,24 (0,18 – 0,31)

1,0
0,43 (0,28 – 0,64)
0,47 (0,32 – 0,70)

M
    0
    1
    X

456 (38)
560 (46)
190 (16)

570 (80)
48 (7)
90 (13)

1,0
0,07 (0,05 – 0,09)
0,38 (0,29 – 0,50)

1,0
0,02 (0,01 – 0,04)
0,51 (0,32 – 0,80)

SES
    Low
    Intermediate
    High

403 (33)
492 (41)
311 (26)

173 (24)
288 (41)
247 (35)

1,0
1,36 (1,08 – 1,72)
1,85 (1,45 – 2,36)

1,0
1,26 (0,87 – 1,83)
1,59 (1,07 – 2,37)

Period
    1990 – 2000
    2001- 2008

448 (37)
758 (63)

240 (34)
468 (66)

1,0
1,15 (0,95 – 1,40)

1,0
1,03 (0,74 – 1,42)

No. comorbidities
    0
    1
    ≥ 2
    Missing

349 (29)
331 (27)
373 (31)
153 (13)

239 (34)
194 (27)
187 (26)
88 (12)

1,0
0,86 (0,67 – 1,09) 
0,73 (0,58 – 0,93)
_

1,0
0,78 (0,54 – 1,13)
0,54 (0,36 – 0,80)
_
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Figure 1 (a) Survival curve for the curative group

Figure 1 (b) Survival curve for the palliative group

Figure 1: (a) Survival analysis for the different socioeconomic status (SES) 

groups within the curative treatment and (b) palliative treatment group

0-1 year 1-2 year 2-3 year 3-4 year 4-5 year

Number at 
risk

708 445 334 292 273

0-1 year 1-2 year 2-3 year 3-4 year 4-5 year

Number at 
risk

1206 257 134 109 101
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Table 3. Proportional hazards regression analysis according to intent of treatment: survival

Curative treatment (HR 95% CI) Palliative treatment (HR 95% CI)

Characteristics Univariable Multivariable Univariable Multivariable

Age (yrs)
   < 60
   60 – 69
   70 – 79
   ≥ 80

0,85 (0,67 – 1,07)
0,91 (0,72 – 1,16)
1,0
1,70 (0,99 – 2,92)

0,80 (0,61 – 1,06)
0,81 (0,61 – 1,06)
1,0
1,65 (0,92 – 2,98)

0,95 (0,81 – 1,11)
1,05 (0,90 – 1,22)
1,0
1,03 (0,85 – 1,24)

0,77 (0,64 – 0,93)
0,93 (0,78 – 1,10)
1,0 
1,12 (0,92 – 1,37)

Gender
   Male
   Female

1,0
0,89 (0,72 – 1,10)

1,0
0,79 (0,62 – 1,01)

1,0
0,94 (0,83 – 1,08)

1,0
0,99 (0,86 – 1,16)

Histology
   SCC 
   EAC

1,0
0,76 (0,64 – 0,92)

1,0
0,80 (0,63 – 1,03)

1,0
0,91 (0,81 – 1,02)

1,0
0,87 (0,75 – 1,01)

Sublocalisation
   Proximal third
   Middle third
   Distal third
   Other

1,10 (0,72 – 1,68)
1,0 
0,77 (0,61 – 0,98)
0,91 (0,55 – 1,49)

1,21 (0,74 – 1,97)
1,0 
0,94 (0,69 – 1,27)
1,02 (0,57 – 1,83)

0,82 (0,66 – 1,04)
1,0 
0,94 (0,81 – 1,09)
1,36  (1,04 – 1,79)

0,87 (0,68 – 1,13)
1,0
0,99 (0,82 – 1,18)
1,40 (1,04 – 1,90)

Comorbidity
   0
   1 
   ≥ 2    

1,0
1,30 (1,03 – 1,63)
1,22 (0,96 – 1,55)

1,0
1,34 (1,05 – 1,70)
1,45 (1,11 – 1,89)

1,0
1,11 (0,95 – 1,30)
1,01 (0,87 – 1,18)

1,0
1,12 (0,95 – 1,31)
1,05 (0,89 – 1,23)

T-status
   1
   2
   3
   4
   X

1,0
1,22 (0,74 – 2,02)
1,70 (1,11 – 2,60)
1,92 (0,94 – 4,12)
1,34 (0,88 – 2,05)

1,0
0,96 (0,54 – 1,68)
1,21 (0,73 – 1,99)
1,56 (0,64 – 3,81)
1,19 (0,73 – 1,95)

1,0
1,29 (0,53 – 3,13)
1,31 (0,61 – 2,83)
1,65 (0,78 – 3,52)
1,67 (0,79 – 3,51)

1,0
1,67 (0,47 – 5,95)
1,67 (0,52 – 5,37)
2,67 (0,84 – 8,49)
2,41 (0,77 – 7,56)

N-status
   0
   1
   X

1,0
1,57 (1,28 – 1,93)
1,24 (0,97 – 1,59)

1,0
1,49 (1,15 – 1,94)
1,22 (0,91 – 1,64)

1,0
1,45 (1,24 – 1,70)
1,70 (1,45 – 1,91)

1,0
1,20 (1,00 – 1,43)
1,50 (1,26 – 1,78)

M-status
   0
   1
   X

1,0
2,14 (1,51 – 3,02)
1,26 (0,96 – 1,65)

1,0
2,11 (1,44 – 3,11)
1,19 (0,87 – 1,62)

1,0
1,81 (1,59 – 2,07)
1,38 (1,16 – 1,65)

1,0
2,09 (1,78 – 2,46)
1,22 (1,00 – 1,49)

SES
   Low
   Medium
   High

1,0
1,0 (0,79 – 1,26)
1,13 (0,89 – 1,43)

1,0
1,03 (0,79 – 1,33)
1,17 (0,90 – 1,53)

1,0
0,90 (0,78 – 1,03)
0,88 (0,76 – 1,03)

1,0
0,86 (0,74 – 1,00)
0,84 (0,71 – 0,99)

Period
  1990 – 2000
  2001 – 2008 

1,0
0,68 (0,56 – 0,82)

1,0
0,61 (0,49 – 0,77)

1,0
0,95 (0,84 – 1,07)

1,0
0,91 (0,80 – 1,05)

SCC: squamous cell carcinoma; EAC: esophageal adenocarcinoma; HR: hazard ratio; CI: 

confidence interval; SES: socioeconomic status; missing cases in multivariate analysis n=241. For 

the multivariable analysis we adjusted for all variables in the table.
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Treatment outcome
Survival analysis was based on all patients, with a total of 1581 patients (83%) having 

died at the end of follow-up. Median survival of the entire cohort was 7 months 

(mean 14.7 months; 95% CI: 13.6 – 15.8). Patients with a curative treatment had a 

longer median survival (14 months, mean 25.9; 95% CI: 23.5 – 28.3) than those with a 

palliative treatment (5 months, mean 8.1; 95% CI: 7.4 – 8.9). No significant differences 

in survival time were found between the different SES groups either within the curative 

or palliative treatment groups (Figures 1a and 1b).  

 Hazard ratios for survival were calculated and are shown in Table 3. High SES was 

associated with a lower mortality risk in the palliative treatment group (adj. HR 0.84; 

95% CI 0.71 – 0.99), but no effect was found in the curative group. Moreover, patients 

younger than 60 years had a lower mortality risk in the palliative group (adj. HR 0.77; 95% 

CI 0.64-0.93), while age played no statistically significant role in the curative treatment 

group. The presence of at least 1 comorbidity had a negative prognostic impact on 

survival in the curative group (adj. HR 1.34; 95% CI 1.05 – 1.70 for 1 comorbidity; adj. HR 

1.45; 95% CI 1.11 – 1.89, for 2 or more comorbidities).

DISCUSSION
In this study, we determined the role of patient- and tumor characteristics on treatment 

choice and survival in EC patients. We found that low SES patients were diagnosed at 

a higher age, a more advanced tumor stage and had more comorbidities. Moreover, 

high SES patients had a higher likelihood of undergoing a curative treatment, even after 

adjustment for comorbidity, tumor stage and age. High SES also had a positive effect on 

life expectancy in the palliative group, after adjustment for age, tumor stage, histology 

and localization.

 Our results confirm prior studies in which an effect of SES was found on treatment 

choice in EC patients8, 17. In one study, it was found that low SES patients more 

frequently underwent stent placement, while high SES patients were more often 

treated with chemotherapy or underwent esophageal resection8. Others have suggested 

that belonging to a minority group, no tumor staging and one or more comorbidities 

influenced the likelihood of undergoing a curative treatment18. This study was conducted 

in the United States of America (USA) where healthcare is not equally accessible. In 

the Netherlands, however, there is similar access to healthcare for all income groups, 

with equal high coverage of healthcare insurance and compensation of treatment 

costs. Based on this, one would not expect a difference in the likelihood of undergoing 

a curative treatment for EC. However, previously treatment disparities across the SES 

groups have been reported for esophageal, pancreatic and colorectal cancer in the 

Netherlands8, 17, 19. Our study confirms the role of SES in esophageal cancer treatment; 

however, our database contained patients from 11 different hospitals and 5 extra years 

of patient inclusion. Moreover, our SES-scale is more specific, as we calculated with 

fewer households (17 vs. 4000 inhabitants in the previous study) and added the house-

value for a more stable calculation. Thus, 5 years later, SES is still an important factor in 

determining treatment options.

 It has previously been found that low SES patients have an increased delay between 



47

Chapter 3:  The effect of socioeconomic status on staging and treatment decisions in esophageal 
cancer

symptom awareness and visiting primary healthcare in case of upper gastrointestinal 

tumors, including EC20, 21. This could explain the differences between SES groups in our 

study. However, other factors might also be involved as, adjusted for age and tumor stage, 

low SES was still associated with a lower likelihood of undergoing a curative treatment. 

For example, a less “healthy” lifestyle can be involved. It has been found that low SES 

patients are more often smokers, obese and have more comorbidities, factors which are 

known to influence the development and treatment of EC22-24. Moreover, it has previously 

been reported that cancer patients with a low SES more often have one or more serious 

comorbidities, compared to high SES24. Our information on comorbidities showed that 

low SES patients more often had 2 or more comorbidities. 

 The difference in relative risk of death between low and high SES patients in the 

palliative treatment group was remarkable and may be explained by the fact that a 

higher percentage of high SES patients were treated with a combination of radio- and 

chemotherapy compared to low SES patients. Differences in treatment and survival 

between different SES groups have been reported for various cancer types, both in 

Europe and the USA. Swedish women with breast cancer and a high SES have a higher 

mortality risk, while in the Netherlands and the USA a decreased mortality was found in 

this group25-27. Low SES patients with colorectal cancer were found to have a poor survival 

compared to high SES patients, both in Europe and the USA11, 28. Pancreatic cancer 

patients with a low SES had a higher mortality rate in the USA, while SES had no effect on 

pancreatic cancer mortality in Germany7, 29. Although the observed differences between 

the USA and Europe are often explained by the absence of a multi-payer healthcare 

system in the US, this data suggests that differences in outcome for several cancer types 

in Europe are most likely also due to decisional factors that are at least partly related to 

SES. 

 Even though high SES patients more often received a curative treatment in our study, 

this is not reflected in the survival curves. This suggests that treatment with a curative 

intent is not always beneficial, and/or that high SES patients may have received a 

curative treatment while they did not meet the specific requirements for this, e.g. tumor 

stage and age.  

 The odds for receiving a curative treatment were not significantly different between 

the two studied periods (1990-2000 vs. 2001-2008). However, the relative risk for death 

was lower in the second period in patients receiving a curative treatment. This suggests 

that esophagectomy mortality decreased over time, mostly due to higher hospital 

volumes30. 

 Our study has several strengths and limitations. Our database contains both 

pathological and clinical data of all patients diagnosed in a well confined region. On the 

other hand, we did not have information on smoking, weight, race or education. Race 

has been shown to be an important factor, next to SES, in the mortality of patients with 

breast, prostate and colorectal cancer31. In the Netherlands, however, race is not thought 

to be involved, since health care is equally available for all inhabitants, irrespective to 

socioeconomic status or race. In addition, a recent study about colon cancer treatment 

in the US concluded that race was not affecting treatment outcome, if patients received 

similar treatment32. 
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It can be imagined that education plays a role in healthcare seeking behaviour and 

treatment choice. However, studies that evaluated patient delay in presenting with 

upper gastrointestinal cancer symptoms to their physician showed inconclusive data 

regarding the role of education33, 34. Another limitation is the high number of unknown 

TNM stages, which was caused by insufficient tumor staging and was mainly found 

in the period 1990-2000, in patients > 80 years and in patients with low SES. This is 

unfortunately a reflection of the daily clinical practice as was especially the case in the 

1990’s, the patient’s incapability to undergo staging procedures or the limited added 

value of elaborate staging procedures in patients with extensive disease and/or low life 

expectancy. In addition, the high proportion of patients with unknown TNM stage may 

be related to the population-based nature of this study, which included patients who did 

not undergo a resection as well, still the vast majority of patients with esophageal cancer.

 Overall, this study shows that even in a country with equal access to healthcare, SES 

is involved in treatment choice and survival of EC. Further studies are needed to provide 

more insight in the causes of these inequalities. It remains to be determined whether 

the effect of SES is mainly caused by patient- or physician-related factors, and how these 

factors can be modified. 
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ABSTRACT
Background and objectives: Medium- and long-term 

survival is low in esophageal cancer (EC) patients, which 

is thought to be due to tumor characteristics. Our aim 

was to determine both tumor- and non-tumor-related 

characteristics affecting survival in these patients.

Methods: Patients with primary EC between 1990 and 2008 

in the southern part of the Netherlands were identified. 

Multivariable logistic regression was used to identify 

determinants of survival.

Results: In total, 703 patients with EC were included for 

the 1-year, 551 for the 3-year and 436 for the 5-year survival 

analysis. Poor 1-year survival was independently associated 

with chemoradiation (compared to surgery), positive lymph 

nodes (N1-stage) and 1 or ≥2 comorbidities. Adenocarcinoma 

(EAC) compared to squamous cell carcinoma was 

significantly associated with a better 1-year survival. Poor 

3- and 5-year survival was associated with N1-stage and 

chemoradiation. Positive prognostic factors for 3- and 5-year 

survival were neoadjuvant therapy and female gender.

Conclusion: Both tumor-related (negative lymph nodes 

and EAC histology) and non-tumor-related factors (surgery, 

neoadjuvant therapy and female gender) are associated with 

a better survival of EC. Although it is not clear how histology 

and gender affect EC survival, knowledge of these factors may 

be relevant for clinical decision making.
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INTRODUCTION
Esophageal cancer (EC) has a low 5-year survival rate of approximately 15-25%1. 

This is mostly caused by the late onset of symptoms, particularly dysphagia and 

retrosternal pain, and early metastatic spread to lymph nodes and other organs. In 

case of EC, patients often present with advanced tumor stage and positive lymph 

nodes, limiting the possibilities for a curative treatment. In current practice, therapies 

with a curative intention are no longer surgery alone, but include surgery combined 

with neoadjuvant therapy and definitive chemoradiation in an effort to improve the 

prognosis2. 

 Earlier estimates of long-term cancer survival varied widely, and to date, the most 

important prognostic system for determining survival is the tumor node metastasis 

(TNM) staging system. This accounts not only for EC, but also for cancer located at the 

gastroesophageal junction and cardia3, 4. An effect of age on survival has been reported 

for colon cancer, with older patients having a higher mortality than younger patients5. 

Tumor-related and particularly non-tumor-related factors affecting medium- and 

long-term survival of EC have not extensively been studied. These factors may 

however play a role in choosing the appropriate treatment option. 

 The aim of this study was to determine which tumor- and patient-related factors 

influence medium- and long-term survival in patients with EC undergoing an 

intentionally curative treatment and to compare these with factors that affect short-

term survival.  

PATIENTS AND METHODS
Patients
The population-based Eindhoven Cancer Registry was used to define a group of 

patients with EC in the southern part of the Netherlands. Patients that underwent 

treatment with a curative intent were included in our analysis. This treatment was 

defined as surgery, a combination of radio- and/or chemotherapy and surgery 

(adjuvant, neoadjuvant treatment), or definitive chemoradiation for cT1-3N0-1M0 

patients. Tumor types in the esophagus were subdivided into esophageal squamous 

cell cancer (SCC), esophageal adenocarcinoma (EAC) and a group consisting of 

undifferentiated carcinoma, adenosquamous carcinoma and large cell carcinoma 

(other). 

 For the 1-year survival analysis, patients diagnosed between January 1990 and 

December 2008, for the 3-year survival analysis, patients diagnosed between January 

1990 and December 2006 and for the 5-year survival analysis, patients diagnosed 

between January 1990 and December 2004 were included. With regard to the survival 

analysis, none of the patients were lost to follow-up.

 Tumor localization was categorized into anatomical subsites: distal third, middle 

third, proximal third, and unknown or overlapping subsites of the esophagus (other). 

For each treatment group, tumor stage was based on the clinical TNM classification, 

according to the 4th, 5th and 6th UICC editions, as appropriate for the time period6-8.  

TNM stage was determined by combinations of physical examination, upper 

endoscopy, endoscopic ultrasound (EUS), computed tomography (CT) of the neck, 
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thorax and/or abdomen, abdominal ultrasound of the neck and/or abdomen, and 

surgical exploration. cN+ was defined as a positive regional lymph node or nodes 

found before therapy started.

SES was determined at the neighborhood level using postal codes, combining mean 

household income and mean value of housing, as provided by the Netherlands 

Statistics Agency (CBS, Rijswijk, The Netherlands). This was derived from individual 

fiscal data that are available on an aggregated level. Postal codes were then assigned to 

one of three predefined SES categories: low (1st-3rd decile), intermediate (4th-7th decile) 

and high (8th-10th decile).

 Clinically relevant comorbidities, present at time of diagnosis or identified prior 

to primary treatment, were registered according to a slightly modified version of 

the Charlson Comorbidity index, i.e., as previous malignancies, chronic obstructive 

pulmonary diseases, cardiovascular diseases, digestive tract diseases, urinary tract 

diseases, connective tissue diseases, dementia, Parkinson’s disease, diabetes and 

infectious diseases9. 

Study outcome
The primary outcome of the study was 1-, 3- and 5-year survival. Follow-up for overall 

survival was complete until January 2010. 

Statistical analysis
Statistical analysis was performed with the Statistical Package for Social Sciences for 

Windows (version 15; SPSS Inc., Chicago, IL, USA). The chi-square test was used to 

test for differences in categorical variables between patients in the different survival 

groups. P-values of <0.05 were regarded as statistically significant. Univariable and 

multivariable logistic regression analysis was performed to determine factors that 

have an effect on survival. All variables showing a statistically significant association 

or a p<0.2 in the univariable analysis were included in the final multivariable model 

estimating odds ratios (ORs) with 95% confidence intervals (CI) and p-values. 

RESULTS
1-year survival
For the 1-year survival analysis, 703 patients were included. The 1-year survival rate 

was 67% (469/703). Of the total group, 73% was male (515/703). Mean age of 1-year 

survivors was 62 ± 10 years and of non-survivors 64 ± 10 years (p=0.041) (Table I). 

Patients in the 1-year survivor group more often had a histology of EAC and a tumor 

localization in the distal third of the esophagus (both, p=0.001) (Table I). 

 During the first year, 38% (70/187) of patients aged ≥70 years had died compared 

to 32% (164/516) of those aged <70 years (p= 0.160). In patients undergoing only 

surgery, 1-year survival was 69% (293/424), while this was 80% (90/113) in patients 

treated with neoadjuvant therapy and 52% (73/141) in the patients treated with 

chemoradiation alone (p=0.001) (Table I). 

 Multivariable analysis showed that patients with EAC had a lower risk of dying 

in the first year after the diagnosis was made (odds ratio (OR) 0.62; 95% confidence 
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Table 1: Patient characteristics of 1-year survivors vs. non-1-year survivors

SES: socioeconomic status; SCC: squamous cell carcinoma; EAC: esophageal adenocarcinoma; 

NS: non-significant; Chi-square test was performed to determine statistical significance.

Characteristics 1-yr survivors 
(N=469) (%)

Non 1-yr survivors 
(N=234) (%)

Significance

Age (mean ± SD) 62 ± 10 64 ± 10 0.041

Gender
      Male
      Female

351 (75)
118 (25)

164 (70)
70   (30)

0.180

SES
      Low
      Intermediate
      High

106 (23)
198 (42)
165 (35)

61  (26)
94  (40)
79  (34)

0.595

Tumor type
      SCC
      EAC
      Other

172 (37)
289 (62)
8     (2)

122 (52)
107 (46)
5     (2)

0.001

Differentiation:
     Well
     Moderate
     Poor
     Undifferentiated
     Unknown

31   (7)
164 (35)
184 (39)
3     (1)
87   (19)

9     (4)
84   (36)
100 (43)
3     (1)
38   (16)

0.429

T-stage
      1
      2
      3
      4
      X

40    (9)
56   (12)
176 (38)
5     (1)
192 (41)

11   (5)
22   (9)
92   (39)
4     (2)
105 (45)

0.261

N-stage
      0
      1
      X

234 (50)
153 (33)
82   (17)

98 (42)
91 (39)
45 (19)

0.125

M-stage
     0
     1
     X

394 (84)
19   (4)
56   (12)

193 (82)
11   (5)
30   (13)

0.862

Tumor localisation
    Middle third
    Proximal third
    Distal third
    Other

65   (14)
17   (4)
370 (79)
17   (4)

54   (23)
16   (7)
153 (65)
11   (5)

0.001

Therapy
    Surgery
    Neoadjuvant
    Adjuvant
    Chemoradiation

293 (62)
90 (19)
13 (3)
73 (16)

131 (56)
23 (10)
12 (5)
68 (29)

0.001

Comorbidities
    0
    1
    ≥ 2
    X

169 (36)
116 (25)
117 (25)
67   (14)

67 (29)
72 (31)
69 (29)
26 (11)

0.069
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Table 2: Multivariable logistic regression analysis to determine risk of death within 1 year 

after diagnosis.

Characteristics N (%) OR (95% CI)

Gender
      Male
      Female

515 (73)
188 (27)

1,0
0,98 (0,66 – 1,45)

Age
       < 60
       60 – 69
       70 – 79
       ≥ 80

276 (39)
240 (34)
170 (24)
17 (2)

1,0
0,86 (0,58 – 1,28)
1,01 (0,63 – 1,59)
2,60 (0,87 – 7,73)

SES
      Low
      Intermediate
      High

167 (24)
292 (42)
244 (35)

1,0
0,92 (0,60 – 1,42)
0,95 (0,61 – 1,49)

Tumor type
      SCC
      EAC
      Other

294 (42)
396 (56)
13 (2)

1,0
0,62 (0,41 – 0,92)
0,66 (0,19 – 2,36)

Differentiation:
     Well
     Moderate
     Poor
     Undifferentiated
     Unknown

40 (6)
248 (35)
284 (40)
6 (1)
125 (18)

1,0
1,51 (0,66 – 3,47)
1,80 (0,79 – 4,12)
2,61 (0,37 – 18,43)
1,18 (0,49 – 2,87)

T-stage
      1
      2
      3
      4
      X

51 (7)
78 (11)
268 (38)
9 (1)
297 (42)

1,0
0,99 (0,40 – 2,46)
1,35 (0,60 – 3,03)
3,29 (0,68 – 17,43)
2,58 (1,17 – 5,65)

N-stage
      0
      1
      X

332 (47)
244 (35)
127 (18)

1,0
1,63 (1,04 – 2,54)
1,30 (0,81 – 2,08)

M-stage
     0
     1
     X

587 (83)
30 (4)
86 (12)

1,0
1,64 (0,70 – 3,83)
1,03 (0,61 – 1,74)

Tumor localisation
    Middle third
    Proximal third
    Distal third
    Other

119 (17)
33 (5)
523 (74)
28 (4)

1,0
1,15 (0,50 – 2,63)
0,75 (0,46 – 1,22)
1,01 (0,41 – 2,50)

Therapy
    Surgery
    Neoadjuvant
    Adjuvant
    Chemoradiation

424
113
25
141 

1,0
0,62 (0,35 – 1,10)
1,85 (0,78 – 4,38)
2,35 (1,36 – 4,07)

Comorbidities
    0
    1
    ≥ 2
    X

236 (34)
188 (27)
186 (26)
93 (13)

1,0
1,68 (1,08 – 2,61)
1,63 (1,03 – 2,60)
0,83 (0,46 – 1,49)

SES: socioeconomic 

status; SCC: squamous 

cell carcinoma; 

EAC: esophageal 

adenocarcinoma; For the 

multivariable analysis we 

adjusted for all variables 

in the table.
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Table 3: Patient characteristics of 3-year survivors vs. non-3-year survivors

Characteristics 3-yr survivors 
(N=186) (%)

Non 3-yr survivors 
(N=365) (%)

Significance

Age (mean ± SD) 61 ± 10 62 ± 10 0.110

Gender
      Male
      Female

126 (68)
60   (32)

271 (74)
94   (26)

0.108

SES
      Low
      Intermediate
      High

48 (26)
74 (40)
64 (34)

87   (24)
148 (41)
130 (36)

0.876

Tumor type
      SCC
      EAC
      Other

67   (36)
118 (63)
1     (1)

172 (47)
182 (50)
11   (3)

0.004

Differentiation:
     Well
     Moderate
     Poor
     Undifferentiated
     Unknown

15 (8)
71 (38)
65 (35)
1   (1)
34 (18)

19   (5)
131 (36)
154 (42)
5     (1)
56   (15)

0.301

T-stage
      1
      2
      3
      4
      X

16 (9)
19 (10)
54 (29)
4   (2)
93 (50)

24   (7)
34   (9)
133 (36)
5     (1)
169 (46)

0.462

N-stage
      0
      1
      X

109 (59)
44  (24)
33  (18)

165 (45)
127 (35)
73   (20)

0.008

M-stage
     0
     1
     X

163 (88)
4     (2)
19   (10)

307 (84)
15   (4)
43   (12)

0.403

Tumor localisation
    Middle third
    Proximal third
    Distal third
    Other

23   (12)
8     (4)
148 (80)
7     (4)

70  (19)
21   (6)
257 (70)
17   (5)

0.138

Therapy
    Surgery
    Neoadjuvant
    Adjuvant
    Chemoradiation

121 (65)
50 (27)
4 (2)
11 (6)

221 (61)
36 (10)
20 (5)
88 (24)

0.001

Comorbidities
    0
    1
    ≥ 2
    X

70 (38)
51 (27)
36 (19)
29 (16)

122 (33)
103 (28)
96   (26)
44   (12)

0.231

SES: socioeconomic status; SCC: squamous cell carcinoma; EAC: esophageal adenocarcinoma; 

NS: non-significant; Chi-square test was performed to determine statistical significance.
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Table 4: Multivariable logistic regression analysis to determine risk of death within 3 year 

after diagnosis.

Characteristics N (%) OR (95% CI)

Gender
      Male
      Female

397 (72)
154 (28)

1,0
0,62 (0,40 – 0,98)

Age
       < 60
       60 – 69
       70 – 79
       ≥ 80

231 (42)
186 (34)
122 (22)
12 (2)

1,0
1,23 (0,78 – 1,93)
1,26 (0,56 – 1,68)
4,30 (0,49 – 37,79)

SES
      Low
      Intermediate
       High

135 (24)
222 (40)
194 (35)

1,0
1,15 (0,69 – 1,92)
1,30 (0,77 – 2,19)

Tumor type
      SCC
      EAC
      Other

239 (43)
300 (54)
12 (2)

1,0
0,62 (0,39 – 1,00)
2,89 (0,33 – 25,62)

Differentiation:
     Well
     Moderate
     Poor
     Undifferentiated
     Unknown

34 (6)
202 (37)
219 (40)
6 (1)
90 (16)

1,0
1,25 (0,55 – 2,83)
1,78 (0,78 – 4,05)
2,40 (0,19 – 30,76)
1,04 (0,42 – 2,57)

T-stage
      1
      2
      3
      4
      X

40 (7)
53 (10)
187 (34)
9 (2)
262 (47)

1,0
0,66 (0,25 – 1,77)
1,06 (0,45 – 2,53)
1,20 (0,23 – 6,25)
1,48 (0,68 – 3,22)

N-stage
      0
      1
      X

274 (50)
171 (31)
106 (19)

1,0
2,09 (1,22 – 3,58)
1,66 (0,96 – 2,85)

M-stage
     0
     1
     X

470 (85)
19 (3)
62 (11)

1,0
2,17 (0,63 – 7,47)
1,10 (0,58 – 2,09)

Tumor localisation
    Middle third
    Proximal third
    Distal third
    Other

93 (17)
29 (5)
405 (73)
24 (5)

1,0
0,65 (0,22 – 1,93)
0,76 (0,40 – 1,43)
0,77 (0,25 – 2,37)

Therapy
    Surgery
    Neoadjuvant
    Adjuvant
    Chemoradiation

342 (34)
86 (27)
24 (26)
99 (13)

1,0
0,37 (0,21 – 0,66)
2,97 (0,93 – 9,42)
4,86 (2,13 – 11,04)

Comorbidities
    0
    1
    2
    X

192 (35)
154 (28)
132 (24)
73 (13)

1,0
1,20 (0,73 – 1,99)
1,70 (0,97 – 2,97)
0,68 (0,36 – 1,29)

SES: socioeconomic 

status; SCC: squamous 

cell carcinoma; 

EAC: esophageal 

adenocarcinoma; For the 

multivariable analysis we 

adjusted for all variables 

in the table.
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SES: socioeconomic status; SCC: squamous cell carcinoma; EAC: esophageal adenocarcinoma; 

NS: non-significant; Chi-square test was performed to determine statistical significance.

Table 5: Patient characteristics of 5-year survivors vs. non-5-year survivors

Characteristics 5-yr survivors 
(N=101) (%)

Non 5-yr survivors 
(N=335) (%)

Significance

Age (mean ± SD) 61 ± 10 62 ± 10 0.266

Gender
      Male
      Female

66 (65)
35 (35)

247 (74)
88  (26)

0.101

SES
      Low
      Intermediate
      High

29 (29)
43 (43)
29 (29)

84   (25)
130 (39)
121 (36)

0.385

Tumor type
      SCC
      EAC
      Other

40 (40)
60 (59)
1   (1)

164 (49)
161 (48)
10   (3)

0.098

Differentiation:
     Well
     Moderate
     Poor
     Undifferentiated
     Unknown

9   (9)
40 (40)
32 (32)
0   (0)
20 (20)

20   (6)
126 (38)
136 (41)
6     (2)
47   (14)

0.186

T-stage
      1
      2
      3
      4
      X

6   (6)
10 (10)
19 (19)
2   (2)
64 (63)

17   (5)
30   (9)
112 (33)
7     (2)
169 (50)

0.087

N-stage
      0
      1
      X

65 (64)
16 (16)
20 (20)

152 (45)
107 (32)
76   (23)

0.001

M-stage
     0
     1
     X

94 (93)
0   (0)
7   (7)

281 (84)
11   (3)
43  (13)

0.04

Tumor localisation
    Middle third
    Proximal third
    Distal third
    Other

14 (14)
4   (4)
78 (77)
5   (5)

65   (19)
20   (6)
235 (70)
15   (4)

0.482

Therapy
    Surgery
    Neoadjuvant
    Adjuvant
    Chemoradiation

65 (64)
28 (27)
3 (3)
5 (5)

203 (61)
39 (12)
18 (5)
75 (22)

0.001

Comorbidities
    0
    1
    ≥ 2
    X

38 (38)
29 (29)
20 (20)
14 (14)

124 (37)
91   (27)
74   (22)
46   (14)

0.967
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interval (CI) 0.41-0.92). Patients having positive lymph nodes (N1-stage) (OR 1.63; 

95% CI 1.04-2.54), an unknown tumor stage (Tx-stage) (OR 2.58; 95% CI 1.17-5.65), 

and patients known with 1 (OR 1.68; 95% CI 1.08-2.61) or 2 or more comorbidities 

(OR 1.63; 95% CI 1.03-2.60) and treated with chemoradiation compared to surgery  

(OR 2.35; 95% CI 1.36-4.07) had a higher risk of dying within 1 year after the  

diagnosis (Table II). 

3-year survival
Five-hundred and fifty-one patients were included in the 3-year survival analysis. The 

three-year survival rate was 34% (186/551). Of the total group, 72% was male (397/551). 

Mean age of the 3-year survivors was 61 ± 10 years, while mean age in the non-survivor 

group was 62 ± 10 years (p= 0.110) (Table III). Patients in the 3-year survivor group more 

often had a histology of EAC and negative lymph nodes (N0-stage) (Table III). After 3 

years, 70% (94/134) of patients aged ≥70 years had died compared to 65% (271/417) of 

patients <70 years (p= 0.272). In patients undergoing only surgery, 3-year survival was 

35% (121/342), while this was 58% (50/86) in patients treated with neoadjuvant therapy 

and 11% (11/99) in patients treated with chemoradiation (p=0.001) (Table III).

Multivariable analysis showed that female patients (OR 0.62; 95% CI 0.40-0.98) and 

patients treated with neoadjuvant therapy (OR 0.37; 95% CI 0.21-0.66) had a lower 

risk of dying within 3 years after diagnosis. A positive lymph node status (N1-stage) 

and undergoing chemoradiation were associated with a higher risk of dying within 

3 years after diagnosis (OR 2.09; 95% CI 1.22-3.58 and OR 4.86; 95% CI 2.13-11.04, 

respectively) (Table IV). 

5-year survival
For the 5-year survival analysis, data from 436 patients were available. The 5-year 

survival rate was 23% (101/436). Of the total group, 72% (313/436) was male. Mean age 

of the survivors was 61 ± 10 years, while mean age in the non-survivor group was 62 ± 

10 years (p= 0.266) (Table V). Patients in the 5-year survivor group more often had a 

negative lymph node status (N0-stage) and no metastases (M0-stage) (Table V). After 

5 years, 80% (83/104) of patients aged ≥70 years had died compared to 76% (252/332) 

of patients <70 years (p= 0.410). In patients undergoing only surgery, 5-year survival 

was 24% (65/268), while this was 42% (28/67) in patients treated with neoadjuvant 

therapy and 6% (5/80) in patients treated with chemoradation (p=0.001) (Table V).

Multivariable analysis showed that female patients (OR 0.56; 95% CI 0.32-0.99) and 

patients treated with neoadjuvant therapy (OR 0.38; 95% CI 0.19-0.76) had a lower 

risk of dying within 5 years after a diagnosis of EC. In contrast, patients diagnosed 

with positive lymph nodes (N1-stage) and patients treated with chemoradiation had 

an increased risk of dying (OR 2.56; 95% CI 1.20-5.46 and OR 4.44; 95% CI 1.40-14.11, 

respectively) (Table VI).

DISCUSSION
In this study, we showed that patients undergoing treatment with a curative intent 

had a 1-, 3- and 5-year survival rate of 67%, 34% and 23%, respectively, which is 



63

Chapter 4:  Prognostic factors for long- and short-term survival of esophageal carcinoma in the 
Netherlands

Table 6: Multivariable logistic regression analysis to determine risk of death within 5 year 

after diagnosis.

Characteristics N (%) OR (95% CI)

Gender
      Male
      Female

313 (72)
123 (28)

1,0
0,56 (0,32 – 0,99)

Age
       < 60
       60 – 69
       70 – 79
       ≥ 80

189 (43)
143 (33)
94 (22)
10 (2)

1,0
1,25 (0,71 – 2,20)
0,94 (0,47 – 1,88)
1,93 (0,21 – 18,24)

SES
      Low
      Intermediate
      High

113 (26)
173 (40)
150 (35)

1,0
0,91 (0,49 – 1,69)
1,56 (0,81 – 2,99)

Tumor type
      SCC
      EAC
      Other

204 (47)
221 (51)
11 (3)

1,0
0,63 (0,35 – 1,14)
1,76 (0,18 – 17,25)

Differentiation:
     Well
     Moderate
     Poor
     Undifferentiated
     Unknown

29 (7)
166 (38)
168 (38)
6 (1)
67 (15)

1,0
1,13 (0,43 – 2,97)
1,74 (0,65 – 4,67)
_
0,84 (0,29 – 2,44)

T-stage
      1
      2
      3
      4
      X

23 (5)
40 (9)
131 (30)
9 (2)
233 (53)

1,0
0,49 (0,12 – 1,96)
1,01 (0,28 – 3,63)
1,28 (0,16 – 10,19)
0,92 (0,30 – 2,81)

N-stage
      0
      1
      X

217 (50)
123 (28)
96 (22)

1,0
2,56 (1,20 – 5,46)
1,66 (0,87 – 3,19)

M-stage
     0
     1
     X

375 (86)
11 (3)
50 (11)

1,0
_
1,98 (0,80 – 4,92)

Tumor localisation
    Middle third
    Proximal third
    Distal third
    Other

79 (18)
24 (5)
313 (72)
20 (5)

1,0
0,95 (0,23 – 3,90)
0,91 (0,42 – 2,00)
0,61 (0,16 – 2,27)

Therapy
    Surgery
    Neoadjuvant
    Adjuvant
    Chemoradiation

268 (61)
67 (15)
21 (5)
80 (18)

1,0
0,38 (0,19 – 0,76)
2,03 (0,52 – 7,89)
4,44 (1,40 – 14,11)

Comorbidities
    0
    1
    ≥2
    X

162 (37)
120 (27)
94 (22)
60 (14)

1,0
0,95 (0,51 – 1,76)
1,04 (0,51 – 2,11)
0,71 (0,32 – 1,59)

SES: socioeconomic 

status; SCC: squamous 

cell carcinoma; 

EAC: esophageal 

adenocarcinoma; For the 

multivariable analysis we 

adjusted for all variables in 

the table.
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comparable to other studies, in which 5-year survival rates of 15-25% have been 

reported1. In addition, an unknown T-stage, positive lymph node status, treatment 

with chemoradiation therapy and being known with one or more comorbidities 

negatively contributed to short-term survival, while a histological diagnosis of EAC 

positively affected short-term survival. Finally, for medium- and long-term survival, 

positive lymph nodes and treatment with chemoradiation had a negative effect, while 

female gender and neoadjuvant therapy were positive prognostic factors. 

 In previous studies, mainly tumor characteristics have been reported to affect 

medium- and long-term survival of EC, with a low T-stage, a negative lymph node 

status, a well-differentiated tumor histology and the absence of invasion in other 

tissues being positive prognostic factors for 5-year survival4. The same was reported 

for 1-year survival, in which a positive lymph node status and a positive tumor 

resection margin were found to adversely determine survival10. 

 In the current study, a positive lymph node status was found to be a negative 

prognostic factor for short-, medium and long-term survival of EC. Inappropriate 

tumor staging, as reflected by an unknown T-stage, particularly plays a role in short-

term survival. These patients all received either (neo-) adjuvant treatment or surgery, 

which we considered as treatment with a curative intent. One could only speculate 

why these patients were not appropriately staged or correctly registered. However, 

patients in this group were also older and had more comorbidities which likely 

explains the effect on 1-year survival. 

 We found that EAC was positively associated with short-term survival, compared 

to SCC. One explanation could be that the surveillance in BE patients provides 

opportunities to detect early EAC. This should then be visible in the TNM-stage, 

this was, however, not different from patients diagnosed with SCC in our database. 

It has been reported that post-operative mortality is higher in SCC than in EAC11. 

Moreover, pulmonary complications following a surgical resection have also been 

reported to occur more frequently in patients with SCC compared to EAC, which 

might have influenced post-operative survival12. Nonetheless, post-operative mortality 

in our cohort was not significantly different between patients with SCC and EAC. 

Unfortunately, we had no information available on pulmonary complications or the 

cause of death. However, the presence of the comorbid condition chronic obstructive 

pulmonary disease (COPD), which is a pre-operative risk factor affecting mortality13, 

was not significantly different in patients with SCC and EAC (1-yr survival group: 

12.6% and 9.8%, respectively, p=0.246).

 We also found that female patients treated for EC had a significantly reduced risk 

of having died in the 3- and 5-year survival analysis (0.62- and 0.56-fold, respectively), 

compared to male patients. It has previously been shown that the mortality rate of 

EC in females is lower than in males14. In that same study, male gender was found 

to be a negative prognostic factor for 5-year survival; however, this was a relatively 

modest increase in risk of only 5% after adjustment for age, stage and tumor grade14. 

Micheli et al. reported that younger age at diagnosis was the main reason for the 

survival advantage of women in EC15. Mean age of women at diagnosis in our cohort 

was however non-significantly different compared to the mean age of males (1-year 
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survival cohort, male: 62 ± 10, female: 63 ± 10; 3-year survival cohort, male: 62 ± 10, 

female: 62 ± 11; 5-year survival cohort, male: 61 ± 10, female: 62 ± 11), which suggests 

that the female survival advantage in this cohort was not linked to age.

 Hormonal differences have been reported to play a role in the survival differences 

between men and women in colon cancer16. In addition, a recent study showed that 

female patients younger than 55 years (no menopause) with metastatic SCC had a 

lower risk of dying compared to those older than 55 years17. These data indeed suggest 

a role for hormonal influences, but their contributing role to survival is only poorly 

understood17. Moreover, there seems to be no strong link between estrogens and EAC 

development18. 

 Other reasons for improved female cancer survival that have been reported include 

differences in treatment response and differences in health-related behavior causing a 

delay in diagnosis and start of treatment in men14, 15, 19. A delay in tumor diagnosis can 

be deducted from the TNM-stage; however, in our dataset no significant differences 

were found in tumor stage at diagnosis between males and females. Therefore, our 

results suggest that there is as yet no clear explanation for the observed better long-

term survival of women compared to men in EC and further studies are needed.  

 In our cohort, only 1-year survival was affected by age of the patient. This is 

comparable to what is found in colon cancer5. Age was not linked to 3- and 5-year 

survival in our cohort. A possible explanation may be that our adjustment for the type 

of therapy limited the effect of age on survival, as chemoradiation and neoadjuvant 

therapy were found to be strong prognostic factors in our study.

 Other studies have reported that (severe) comorbidities play a role in short- and 

long-term survival of patients with head and neck tumors, breast cancer and colon 

or rectal cancer20, 21. In our study, comorbidities only played a role in short-term 

survival, while this factor was no longer significant in medium- and long-term 

survival. It has been shown before that the number and severity of comorbidities 

influence post-operative mortality22. We determined the role of cardiovascular, lung, 

renal and liver disorders, previous tumors and diabetes separately on 1-year survival 

with a univariable analysis and found no significant effect. As causes of death are not 

registered in our database, we were not able to elucidate this in more detail. 

 We found that survival in EC was not influenced by SES. It has previously been 

shown that a high SES increased the likelihood of undergoing a curative treatment 

option23. This study shows however that although patients with a higher SES more 

often underwent a treatment with a curative intent, their survival rate was not 

significantly different from patients with a low SES. This is contradictory to what has 

been reported in colon cancer patients in Sweden, where low SES patients were found 

to have a worse survival24.

 In this study we included patients that most likely underwent a treatment with 

curative intent. When comparing the different treatments we found that patients 

treated with chemoradiation had a significantly lower survival rate than patients 

treated with surgery or neoadjuvant therapy. In the 20 years described in our study, 

type of surgery, number of investigated lymph nodes, resection type, neoadjuvant 

treatment and centralization have been recognized as important factors in 
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survival25-27. In the Hivex-trial two different surgical techniques were compared, 

transthoracic versus transhiatal esophagectomy, in order to find the best surgical 

treatment for EC25. Patients undergoing transhiatal esophagectomy had a lower 

morbidity while those undergoing transthoracic esophagectomy had a higher 

morbidity, but a non-significant increase in survival25. This suggests that a particular 

surgical technique had no clear advantage over another in this dataset and mostly 

depended on patient and tumor characteristics. In our dataset, the type of surgery 

was registered in more detail since 2004. Transhiatal was more frequently used than 

transthoracic esophagectomy (n=106 vs. n=38, respectively). No differences in 1-, 

3- and 5-year survival were found, when comparing these two techniques. In our 

database, in 68% of the patients the number of investigated lymph nodes is known, 

in 7% of these 20 or more lymph nodes were investigated. The number of investigated 

lymph nodes did not influence 1-year survival. Resection type is known in 57% of 

the patients in our dataset. As expected, R1-resection is a negative prognostic factor, 

while not enough data was known to determine this for R2-resection. Neoadjuvant 

treatment was introduced in our database in 1994. However, the percentage of 

patients treated with surgery, (neo-) adjuvant treatment or chemoradiation therapy 

did not differ between the patients included in the 1-, 3- and 5-year survival analyses. 

Sixteen patients receiving neoadjuvant treatment (14%) showed a complete response 

to the chemoradiation therapy, and 28 patients showed a partial response (25%). 

Another change in treatment is the centralization of esophageal cancer treatment, 

which started in 1999. It has been proven that this increased survival in EC patients 

diagnosed in the same area that we report on28. In our database, we found that an 

increasing number of patients were referred to high volume centers and that survival 

increased during this period. One-year survival in patients diagnosed between 1990-

2000 was 55%, while patients diagnosed between 2001-2008 had a 1-year survival rate 

of 73%. All this data was not included in the analysis, because it is either only known 

in patients undergoing surgery, which might result in a confounding effect, or it is 

only identified in a limited number of patients. 

 Our study has several strengths and limitations. An advantage of our database 

is the large dataset, with information on both patient and tumor characteristics of 

all patients diagnosed with EC in a well-defined region. On the other hand, this is a 

retrospective study which spanned many years. During these years, progress has been 

made with regard to clinical staging, treatment options, peri-operative care and in the 

fact that increasingly older patients were treated and/or patients with one or more 

comorbidities. Another issue is that in our study not all patients were appropriately 

staged; this is however a representation of daily clinical practice, in which staging 

is not always performed in older patients or in patients with severe comorbidities. 

A third limitation is that treatment choice is influenced by patient and tumor 

characteristics, which might have resulted in some bias in our analysis. To eliminate 

the effect of these confounding factors, further research with larger patient groups is 

needed, in which the analysis can be performed in a propensity matched way. Despite 

these limitations, we were able to identify patient characteristics that affect survival of 

patients with EC.  
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 In conclusion, prognostic factors affecting survival after curative treatment for 

esophageal cancer vary between 1-, 3- and 5-year survival. Of the non-tumor-related 

factors, short-term survival is negatively affected by the presence of one- or more 

comorbidities; while long-term survival is associated with female gender. Tumor-

related factors for survival are positive lymph nodes and having an EAC. Although 

it is not yet clear how tumor histology and gender affect EC survival, these factors 

may be relevant for clinical decision making with regard to treatment decisions in 

these patients.
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ABSTRACT
Background: Barrett’s esophagus (BE) is a premalignant 

condition caused by chronic gastroesophageal reflux. BE 

patients have an increased risk of developing esophageal 

adenocarcinoma (EAC). As many aspects of this condition 

are still unknown, there is a need for in vitro models to study 

BE development. 

Aim: To review the literature on cell lines and incubation 

conditions for studying BE development.

Methods: A literature search was performed using PubMed, 

EMBASE and the Cochrane library, combining the words 

esophagus, cell line, culture, Barrett’s, bile, acid, exposure, 

reflux and adenocarcinoma. 

Results: A wide range of cell lines and incubation conditions 

to study BE development have been reported. The most 

commonly used cell lines are derived from epithelium from 

patients with BE or EAC. A 25-minute incubation with 200 µM 

bile salts induced cell proliferation and Akt phosphorylation. 

However, increased CDX2 and MUC2 expression was 

only observed with longer incubations or higher bile salt 

concentrations. Two-hundred µM bile at pH 6 showed a 

higher toxicity to EAC cells than the same concentration at 

pH 7. Multiple 5-minute exposures with 200 µM bile at pH 4 

or pH 7 increased CK8/18 and COX2 in BE epithelial cells.

Conclusions: Two-hundred µM conjugated primary or 

secondary bile salts at pH 4 for multiple short exposures is 

able to induce BE specific factors in BE cell lines. In SQ and 

EAC cell lines; however, higher concentrations of secondary 

bile salts for 8 hours are needed to induce BE specific 

molecules. Due to the high variability in reported methods, 

it is difficult to determine the most effective in vitro setup for 

studying the development of BE.
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INTRODUCTION
Physiological reflux of gastric content from the stomach into the esophagus occurs in 

the majority of individuals1. When these reflux episodes occur more frequently, it will 

lead to gastroesophageal reflux disease (GERD). In patients with GERD, the refluxed 

fluid contains predominantly acid, which is exposed to the esophageal mucosa 

for a longer period of time compared to the physiologic situation2. GERD patients 

have also been shown to have higher concentrations of bile salts in the refluxate 

compared to healthy volunteers3. According to several studies, patients with GERD 

have an increased risk of developing Barrett’s esophagus (BE)4-6. In BE, the normal 

squamous epithelium of the distal esophagus is replaced by intestinal metaplastic 

columnar-lined epithelium, containing goblet cells7. BE is a pre-malignant condition 

that predisposes to esophageal adenocarcinoma (EAC), with an incidence of 

approximately 0.5 % per patient year8-10. This incidence is rising faster than that of any 

other malignancy in the Western world11. The prognosis of patients with EAC is mostly 

infaust with a 5-year survival rate of 10-15%12. 

 It has been shown that the refluxate of BE patients also consists of higher 

concentrations of acid and bile salts compared to patients with GERD3, 13. Since long, 

it has been suggested that acid and bile salts play a predominant role in inducing BE 

and, when this condition is present, it may stimulate progression towards EAC. The 

exact mechanism remains however unknown.

 Barrett’s epithelium is characterized by the expression of several factors that 

distinguishes it from the normally present squamous epithelium in the distal 

esophagus, for example Caudal type Homeobox transcription factor 2 (CDX2), Cyclin 

D1, Cyclooxygenase-2 (COX2), Mucin 2 (MUC2) and Bone morphogenetic protein 4 

(BMP4)14-19. Other factors that are expressed in BE include Nuclear Factor-κB (NF-

κB), Mucin 1 (MUC1), c-myc and the inflammatory cytokines Interleukin-8 (IL-8) 

and IL-1β20-24. Moreover, the phosphorylation of ERK1/2 is decreased, which is known 

to regulate proliferation and apoptosis25. Of special interest are the cytokeratins 

(CKs), which are often used to differentiate between normal squamous esophageal 

epithelium and BE18. CK10 and 13 are expressed in normal squamous esophageal 

epithelium, while CK7, 8, 18 and 20 expression is typically found in BE16, 18. 

 The metaplastic process causing esophageal squamous epithelial cells to transform 

into intestinal metaplastic columnar-lined epithelium (BE), followed by progression 

to EAC is complex26. In order to understand the pathogenetic mechanisms that 

induce BE, it is important to know how bile salts and/or acid induce these changes 

and whether these processes can be inhibited. Since there is no good animal model 

available, an in vitro model, in which reflux of acid, bile or a combination, and its 

effects can be simulated and inhibited, would be useful. Over the last few years, 

several studies using various types of cell cultures to investigate the underlying 

mechanisms of bile and/or acid involved in BE development have been published. In 

this review, we will discuss these cell culture models with specific emphasis on cell 

lines, reflux components and incubation conditions. 
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METHODS
A systematic search of the English-language literature indexed in PubMed, the 

Cochrane library and EMBASE was conducted that included a combination of the 

following search queries: esophagus, Barrett’s, cell line, culture, bile, acid, exposure, 

reflux and  adenocarcinoma. The search was performed for the period 1990 until 

October 2011. In addition, a manual search of citations in relevant articles was 

performed. In order to limit the focus of this review, papers using ex vivo cultures, 

colon cancer cell lines and esophageal squamous carcinoma cell lines, papers 

reporting patient studies, animal studies and previous reviews were excluded. Our 

query resulted in 159 papers. Fourty-six publications finally met the inclusion criteria.

RESULTS
Cell lines
Cell lines have the advantage that large numbers can be grown and are expected to be 

a more or less stable model. In addition, cell lines can be cultured for a longer period 

than ex vivo cultures of esophageal squamous epithelial or Barrett’s epithelial cells. In 

a study by Palanca-Wessels et al., the majority of primary (ex vivo) cultures of Barrett’s 

epithelium were maintained for 1 week, whereas only a small number of cultures 

extended for longer periods, up to 4 months27.  

 A disadvantage of cell lines is however that they can differentiate towards 

another cell type or that cross-contamination may occur, particularly when several 

cell lines are cultured simultaneously at the same site. Several studies using cells 

that had differentiated towards another cell type have been published28, 29. Another 

disadvantage is that cultured cell lines do not interact with other cell types or stroma, 

as these are not present in the culture, but likely play a role in overall functioning in 

the in vivo situation. 

 In the literature, various cell lines have been reported for studying the development 

of BE, ranging from normal esophageal epithelial cell lines to BE and EAC cells. 

It is uncertain whether the cell lines that have been used in the literature indeed 

contain the specific cell characteristics as suggested. For example, Feagins et al. 

reported that their non-neoplastic Barrett’s epithelial (BAR) cells behaved in fact as 

normal fibroblast cells and doubted their Barrett’s origin30. Furthermore, Avissar et 

al. suggested that the EAC cell line Seg-1 had characteristics that are typical of lung 

epithelium31. Moreover, Alvarez et al. questioned the origin of several esophageal 

adenocarcinoma cell lines, among which were Seg-1 cells32. These cell lines have been 

widely used to study BE development2, 17, 33-40.

 From literature, it is known that the transformation of Barrett’s metaplasia towards 

dysplastic epithelium and EAC is accompanied by an increase in genomic alterations 

and instability41, 42. This suggests that BE cell lines contain fewer genomic alterations; 

which can be of potential influence in an in vitro model, as the EAC cell lines will 

respond differently to bile and / or acid exposure than the BE cell lines. This might 

be an important factor to keep in mind, while setting up cell culture experiments. 

It is difficult to determine which cell line is the ideal in vitro model for induction of 

factors normally expressed in BE. This will often depend on the aim of the study and 



77

Chapter 5:  Cell culture models for studying the development of Barrett’s esophagus: 
a systematic review

should be repeatedly determined for each experiment. Based on the in vitro results in 

the literature using the Seg-1 cell line incubated with bile salts at low or neutral pH, 

this cell line could be an appropriate cell line to use; however, it has been suggested 

that these cells are not from an esophageal origin, but rather from lung epithelium31. 

Therefore, we suggest using a squamous esophageal epithelial (Het-1A), Barrett’s 

epithelial (e.g. BAR-T) or EAC cell line (e.g. OE33) (Table 1). 

Bile salts at neutral pH
The type and concentration of bile salts in the gastro-esophageal refluxate of BE 

patients has been determined in several studies13, 43. Nehra et al. reported that the 

median bile salt concentration in BE patients was 181 µM compared to 124 µM in 

patients with erosive esophagitis and 14 µM in patients with minimal mucosal injury13. 

The percentage of secondary bile salts was also higher in the refluxate of BE patients, 

compared to GERD patients and controls13. Secondary bile salts (e.g. deoxycholic 

acid (DCA), lithocholic acid (LCA) and their conjugated forms) are bile salts that 

are dehydroxylated and unionized at neutral pH and therefore more lipophilic, 

which may cause cell membrane rupture. Primary bile salts are cholic acid (CA) and 

chenodeoxycholic acid (CDCA) and these are the products of cholesterol metabolism. 

Takahashi et al. found that the bile hydrophobicity ratio is a predictor of developing 

BE, in which the ratio is calculated by dividing the concentration of hydrophobic 

bile acids (LCA, glycolithocholic acid (GLCA) and taurolithocholic acid (TLCA)) 

through the concentration of hydrophilic bile acids (ursodeoxycholic acid (UDCA), 

glycol-ursodeoxycholic acid (GUDCA) and tauro-ursodeoxycholic acid (TUDCA)); 

LCA, GLCA and TLCA are in higher concentrations found in the BE reflux than in 

the reflux of non-BE patients43. Nehra et al. also found that in BE patients, higher 

concentrations of conjugated bile acids are present13. Conjugation of bile acids leads 

to different toxic properties, with unconjugated bile acids and glycine conjugated bile 

salts having a higher toxicity than taurine conjugated bile acids. Bile acid toxicity has 

been investigated in Het-1A cells by Sharma et al. who found that CDCA, DCA and 

LCA dramatically decreased cell viability, while the conjugated forms of DCA and 

CDCA showed no change in viability44. Moreover, from LCA and DCA it is known that 

they play a role in colorectal carcinogenesis45. Based on these data, we can conclude 

Table 1: Cell lines for studying pathogenetic mechanisms of Barrett’s esophagus

Various cell lines used to study BE in an in vitro culture model along with the type of cell.

Cell lines Cell type

Het-1A Squamous esophageal epithelial cell line

NES-B3T, NES-B10T Cell line derived from  squamous tissue from GERD 
patient with BE

NES-G2T, NES-G4T Cell line derived from squamous tissue from GERD 
patient without BE

CP-D, BAR-T Barrett’s epithelial cells

OE33, OE19, FLO-1, SKGT4 Esophageal adenocarcinoma cell line
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that the most important bile acids in the development of BE are LCA, DCA, CDCA and 

glycine conjugated bile acids.

 In several studies, reflux was simulated by exposing cell lines to different types of 

bile salts. The most frequently used bile salts are the secondary bile salt DCA (1-1,000 

µM) and the conjugated primary bile salt glycochenodeoxycholic acid (GCDCA) (50-

1,000 µM)17, 36, 37, 46-48. Bile salt mixtures have been used in concentrations ranging from 

100-940 µM, and mostly consist of conjugated primary bile salts34, 38, 48-51. 

 An increase in NF-κB activity was found in OE33 cells upon incubation with a 

secondary bile salt for 2 hours, while an even higher increase was measured after 

8 hours of incubation47. Incubation of BAR-T, Het-1A and OE33 cells with the same 

secondary bile salt resulted in increased production of reactive oxygen species (ROS) 

and nitric oxide (NO), DNA damage and NF-κB activity52-54.

 Increased IL-6 secretion was found upon incubation of OE33 cells with a primary 

bile salt55. Increased MUC2 and CDX2 expression was found upon exposure to 300 

and 1,000 µM DCA in Seg-1 cells17, and lower concentrations of this bile salt (50 

and 100 µM) were found to increase MUC2 and NF-κB expression56. An increase in 

MUC2 and CDX2 expression has been measured in Het-1A cells after exposure to 

1,000 µM DCA17. It has also been reported that lower concentrations (500 µM) of (un-)

conjugated primary bile salts were already sufficient to increase CDX2 expression in 

Het-1A cells57. CDX2 expression was also increased in OE19 cells (an EAC cell line) 

upon incubation with 100 µM DCA; however, CDX2 protein levels were not changed58. 

 Seg-1 cells showed a significant increase in proliferation rate, measured by cell 

count, upon incubation with a conjugated primary bile acid, with the highest increase 

in cell numbers at a concentration of 500 µM37. Akt plays a role in the inhibition 

of apoptosis and the promotion of proliferation; its activity was found to be 3-fold 

increased in Seg-1 cells after exposure to the same conjugated primary bile acid, and 

after exposure to 300 µM DCA36, 59. 

 Keeping the normal clinical situation in mind, it seems most relevant to study the 

effect of bile salt mixtures in an in vitro model. We found 6 studies that used bile salt 

mixtures to simulate the gastroesophageal refluxate, an overview of these studies, 

together with the toxicity profile is shown in Table 2 34, 38, 44, 48-51. One bile mixture 

consisted for 80% of conjugated bile acids, incubation with this mixture did not show 

oxidative stress in EAC, BE and SQ cell lines34. The bile mixtures in the other 5 studies 

consisted of only conjugated bile acids. Incubation of Seg-1 cells with these mixtures 

caused an increase in CDX2 mRNA, but did not affect cell viability and oxidative 

stress34, 38, 49. Incubation of Het-1A cells with these mixtures decreased cell viability and 

increased CDX2 and MUC1 mRNA 48, 49, 51. While FLO-1 cells (an EAC cell line) showed 

a decrease in cell viability upon incubation with these mixtures48.

 Exposure of Seg-1 cells, BAR cells and Het-1A cells to 200 µM conjugated primary  

bile  salts increased cell proliferation and Akt phosphorylation36, 37. NF-κB activation, 

MUC2 and CDX2 expression were however only induced after exposing cells to higher 

concentrations of secondary bile salts, i.e. 300 and 1,000 µM17, 47. Taken together, 

these results suggest that low concentrations of conjugated primary bile salts or 

higher concentrations of secondary bile salts can be used for incubation to see a BE 
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Table 2: Bile mixtures to study pathogenetic mechanisms of Barrett’s esophagus

Article Bile mix Cell line Incubation 
period

Findings Conjugation 
status

Toxicity 
profile44

Dvorak  
et al.34

20 µM GCA+ 20 
µM TCA+ 20 µM 
GDCA+ 20 µM 
GCDCA+ 20 µM 
DCA

Seg-1, 
Barrett’s cells 
and Het-1A

10 minutes No increase 
in oxidative 
stress

80% GCA, TCA, 
GDCA, 
GCDCA: +
DCA: -

Hao  
et al.38

0.54 mM NGCA 
+ 0.1 mM NTCA 
+ 0.2 mM GCA + 
0.1 mM NTCDCA

Seg-1 1 hour Cell number 
↑;
No change in 
cell viability

100% All: +

Jolly  
et al.48

NGCA + GCA 
+ NTCA + 
NTCDCA (250 
µM and higher)

Het-1A 3 hours Cell 
viability↓

100% All: +

NGCA + GCA 
+ NTCA + 
NTCDCA 
(500 µM and 
higher)

FLO-1 3 hours Cell 
viability↓

100% All: +

Liu 
et al. 49

GCA + TCA 
+ GCDCA 
+ TCDCA + 
GDCA +  TDCA 
(20:3:15:3:6:1) 
(400 µM)

Het-1A and 
Seg-1

3 * 10 
minutes/
day for 7 
days

Increase in 
CDX2 mRNA 

100% All: +

Huo  
et al. 50

GCA, TCA, 
GCDCA, 
TCDCA, GDCA, 
TDCA (400µM) 
(20:3:15:3:6:1) at 
pH 4 or 7.2

NES-G2T, 
NES-G4T; 
NES-B3T, 
NES-B10T

3 * 10 
minutes/
day for 7 
days

Increase in 
CDX2 mRNA 
and protein 
in NES-B3T 
and NES-
B10T at pH 4 
and pH 7.2

100% All: +

Van Roon 
et al.51

GCA + TCA 
+ GCDCA 
+ TCDCA + 
GDCA + TDCA 
(20:3:15:3:6:1) 
(120 µM)

Het-1A 3 * 5 
minutes/
day for 3 
days

Increase in 
MUC1 mRNA

100% All: +

Various articles investigated the pathogenetic mechanisms of Barrett’s esophagus, along with the 

bile mixtures, cell lines, incubation periods and the observed effect on cell viability, cell growth, 

oxidative stress and CDX2 expression.  

GCA, glycocholic acid; TCA, taurocholic acid; GDCA, glycodeoxycholic acid; GCDCA, 

glycochenodeoxycholic acid; DCA, deoxycholic acid; NGCA, sodium glycocholic acid; NTCA, 

sodium taurocholic acid; NTCDCA, sodium taurochenodeoxycholic acid. NES-G2T and NES-

G4T, squamous esophageal epithelium cell line from GERD patients without BE; NES-B3T and 

NES-B10T, esophageal epithelium cell line from GERD patients with BE. CDX2, caudal type 

homeobox transcription factor 2; 

Toxicity profile: +, no effect or increased cell viability in bile salt toxicity test of Het-1A cells; -, 

decrease in cell viability below 50%.
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specific effect. The bile mixtures that have been reported in the literature are mainly 

conjugated primary bile acids, with the results showing that these induce BE specific 

effects as well 34, 38, 48, 49, 51.

Acid
A refluxate with a pH of 2 is rather common in BE patients2. However, the pH that is 

in contact with the esophageal epithelium is unlikely to be that low, as epithelial cells 

in vivo have a mucus layer at the apical side, which is able to neutralize at least partly 

the acid environment. When in vitro cell lines are used, this protection is not present, 

which makes it likely that a pH of 2, when used in cell culture experiments, is more 

harmful than it actually is in vivo. 

 In the reported studies, cells were exposed to pHs ranging from pH 2 to pH 7, 

with  proliferation and oxidative stress measured as endpoints2, 30, 34, 38, 39, 47, 48, 60. In 

Het-1A and Seg-1 cells, exposure to pH 2 or 4 for 1 minute caused an increase in ROS 

formation, while another study showed that a 10-minute exposure to pH 4 did not 

result in increased oxidative stress2, 34. In addition, incubation of Seg-1 cells at pH 3.5 

for 20 minutes did not result in increased cell proliferation or COX2 expression38. In 

contrast, Morgan et al. showed that the same incubation schedule caused suppression 

of the apoptosis-related protease, Caspase-9, and upregulation of Proliferating Cell 

Nuclear Antigen39. Moreover, a 10-minute exposure to pH 4 caused ROS production 

and DNA damage in BAR-T cells61. Total cell numbers were found to be decreased, 

when BAR cells were incubated twice with medium acidified to pH 4 for 3 minutes, at 

intervals of 10, 60 or 120 minutes30. An increase in DNA damage was found in Het-1A 

cells after a 30-minutes exposure to pH 4.548. NF-κB activity was increased in OE33 

cells upon incubation with pH 4 for 1 hour47. Moreover, a 1-hour exposure to pH 6 

caused an increase in Early Growth Response 1 gene (EGR1) expression in these cells. 

This gene encodes for a transcription factor which regulates cell proliferation and 

apoptosis60.

 According to the studies summarized above, both pH 2 and pH 3.5 damage 

cells and therefore should not be used in an in vitro model. In contrast, incubation 

conditions at pH 4 and pH 6 results in measurable effects. This was further illustrated 

by the finding that 1-hour exposure to pH 4 in OE33 cells increased NF-κB activity, 

which has also been reported in ex vivo cultures of Barrett’s tissue and EAC tissue, and 

in in vivo biopsies47. 

 It can be concluded that incubating cell lines with pH 4 seems to a large extent 

comparable to what is found in vivo; therefore this pH should be used in in vitro 

models when bile salts are not included in the incubation schedule.

Bile salts at acidic pH
According to Nehra et al. reflux in BE patients mainly consists of bile salts at low or 

neutral pH 13. Therefore, the combination of bile salts and acid is widely used in in 

vitro models. Bile salts can either be ionized or unionized depending on the pH of the 

solution and the pKa value of the specific bile salt 62.  The pKa value of unconjugated 

bile salts is between 5.2 – 6.2, while glycine conjugates have a pKa of 3.8 – 4.8 and 
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Table 3: Bile salts at acidic pH to study pathogenetic mechanisms of Barrett’s esophagus

Article Cell line Bile pH Incubation 
period

Findings Conjugation 
status

Toxicity 
profile44

Feagins et 
al. 67

BAR-T cells 200 µM GCDCA 3, 4, 5 3 minutes ROS levels 
increased

100% +

NES-B3T
NES-G2T

200 µM GCDCA 4 3 minutes ROS levels 
increased

100% +

Dvorak et 
al. 34

Seg-1
Het-1A

100 µM bile mix  
(GCA+TCA+ 
GDCA+GCDCA 
+DCA)

4 10 minutes Oxidative 
DNA 
damage

80% GCA, TCA, 
GDCA, 
GCDCA: + 
DCA: -

Jolly et 
al.48

Het-1A 
FLO-1

1, 10, 100 µM bile 
mix (NGCA+GCA+ 
NTCA+NTCDCA)

4.5 15 minutes DNA 
damage

100% All: +

Jenkins 
eet al. 46

OE33 100 µM – 200 µM 
DCA

5.5 1 hour Increase in 
micronuclei

0% -

OE33 100 µM – 400 µM 
DCA

6 1 hour Increase in 
micronuclei 

0% -

Liu et al. 49 Het-1A
SEG-1

400 µM bile mix
(GCA + TCA + 
GCDCA + TCDCA 
+ GDCA + TDCA 
(20:3:15:3:6:1)) 

4 3 * 10 
minutes/day 
for 7 days

Increase in 
CDX2 mRNA

100% All: +

Huo et 
al. 50

NES-G2T, 
NES-G4T; 
NES-B3T, 
NES-B10T

GCA, TCA, 
GCDCA, 
TCDCA, GDCA, 
TDCA (400µM) 
(20:3:15:3:6:1)

4 3 * 10 
minutes/day 
for 7 days

Increase in 
CDX2 mRNA 
and protein 
in NES-B3T 
and NES-
B10T

100% All: +

Goldman 
et al. 68

Het-1A 200 µM bile mix 
(GCA + TCA + 
GDCA + GCDCA 
+ DCA)

5.5 Initially 10 
minutes/ 
once or 
twice a 
week; built 
up till 120 
minutes.

Increase 
in villin, 
CDX2, 
CK8/18, 
COX2 
expression 
and IL-6 
secretion

80% GCA, 
TCA, 
GDCA, 
GCDCA: +
DCA: -

An overview of the articles studying the effect of acid and bile on the expression pattern and 

behaviour of esophageal cell lines. 

NES-B3T, esophageal epithelium cell line from GERD patients with BE; NES-G2T, 

squamous esophageal epithelium cell line from GERD patients without BE; GCDCA, 

glycochenodeoxycholic acid; ROS, reactive oxygen species; GCA, glycocholic acid; TCA, 

taurocholic acid; GDCA, glycodeoxycholic acid; DCA, deoxycholic acid; NGCA, sodium 

glycocholic acid; NTCA, sodium taurocholic acid; NTCDCA, sodium taurochenodeoxycholic 

acid; CDX2, caudal type homeobox transcription factor 2. CK, cytokeratin; COX2, cyclo-

oxygenase-2; IL-6, Interleukin-6. Toxicity profile: +, no effect or increased cell viability in bile salt 

toxicity test of Het-1A cells; -, decrease in cell viability below 50%.
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Table 4: The effect of the different durations of bile salt and/or acid incubations on the 

behaviour of the cell lines

         Cell line 

Time (min)

Squamous esophageal 
epithelial cells (Het-1A)

Barrett’s epithelial cells 
(BAR-T)

Adenocarcinoma cells 
(Seg-1, FLO-1, OE33, 
OE21)

1 pH 2, pH 4 → oxidative stress2 pH 2 → oxidative stress2 

3 200 µM GCA at pH 4 → 
oxidative stress67

5 50 µM CDCA → cell 
proliferation ↑ 37

50 – 100 µM TCA at pH 3-4.5 
→ ERK and p38 activation74 

10 100 µM bile mix at pH 4 → 
oxidative stress34  

100 µM DCA at pH 5 → CDX2, 
VEGF ↑ 75

15 100 µM bile mix at pH 4.5 →  
DNA damage 48

100 µM bile mix at pH 4.5 → 
DNA damage 48 

pH 3.5 → no change in cell 
proliferation 38

20 pH 3.5 → no change in cell 
proliferation 38 

50–1000 µM GCDCA → cell 
proliferation↑ 36

An overview of the changes measured upon one short exposure to bile salts and/or acid
GCA, glycocholic acid; CDCA, chenodeoxycholic acid; TCA, taurocholic acid; DCA, deoxycholic 
acid; CDX2, caudal type homeobox transcription factor 2; VEGF, vascular endothelial growth 
factor; GCDCA, glycochenodeoxycholic acid.
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Table 5: The effect of the different durations of bile salt and/or acid incubations on the 

behaviour of the cell lines

Table 6: In vivo and in vitro reflux episodes and their induced changes

         Cell line 

Time (hrs)

Squamous esophageal 
epithelial cells (Het-
1A) 

Adenocarcinoma cells 
(Seg-1, FLO-1, OE33, SKGT4)

1 940 µM bile mix → cell proliferation ↑ 38

100 or 200µM DCA → DNA damage ↑ 46

pH 4 → NF-↑B activity ↑47

pH 6-7 → EGR1 mRNA ↑ 60

2 300 µM DCA → NF-↑B activity ↑ 47

3 250 µM bile mix → cell viability ↓ 48 500 µM bile mix → cell viability ↓ 48

4 1000 µM DCA → CDX2, MUC2 ↑ 17

300 µM DCA → COX2 ↑ 73

300 µM DCA → IL-8, I↑B ↑ 77

8 1000 µM DCA → MUC2, CDX2 ↑ 17 300 µM DCA → MUC2, CDX2 ↑ 17

18 50, 100 or 300 µM DCA, CDCA or TCA → NF-↑B and MUC2 
↑ 56

24 200, 500 µM CA, 500 µM GCA or 
1000 µM DCA → CDX2 ↑ 57

1000 µM DCA → CDX2, MUC2 ↑ 17

50, 100, 200 µM DCA → oxidative stress and micronuclei ↑ 46

500 µM TCA, 1000 µM TDCA, 500 µM TCDCA, 500 µM GCA 
or 50 µM DCA → MUC1 ↑ 76

100 µM DCA or CDCA with/without pH 4 → c-myc ↑ 24

100 µM DCA → CDX2, VEGF ↑ 75

48 100 µM CDCA → IL-6 secretion ↑ 55

Barrett’s 
epithelium of 
BE patients

Squamous 
esophageal 
epithelial cell lines

Barrett’s cell lines Esophageal 
adenocarcinoma 
cell lines

Exposure: 181 μM bile 
mix13

1000 µM DCA 200 µM GCDCA 200 µM 
GCDCA at 
pH4 or 7.4

300 µM DCA

Incubation 
period:

Multiple reflux 
episodes with 
an average 
duration of 2.6 
minutes 71

8 hours 5 minutes Multiple 
incubations 
of 5 
minutes

8 hours

Upregulation 
of:

CDX2
CK7, 20, 8, 18
COX2
MUC2
NF-κB
Cell 
proliferation ↑

CDX2 17

MUC2 17

Cell proliferation 
↑ 37

CK8, 18 79

COX2 79

CDX2 17

MUC2 17

NF-κB 47

An overview of the changes measured upon one longer exposure to bile salts and/or acid
DCA, deoxycholic acid; NF-κB, Nuclear Factor- κB; EGR1, early growth response gene 1; CDX2, 
caudal type homeobox transcription factor 2; MUC2, mucin 2; GCA, glycocholic acid; CA, 
cholic acid. COX2, cyclooxygensase-2; IL-8, Interleukin-8; CDCA, chenodeoxycholic acid; TCA, 
taurocholic acid; TDCA, taurodeoxycholic acid;  TCDCA, taurochenodeoxycholic acid; GCA, 
glycocholic acid; MUC1, mucin 1; VEGF, vascular endothelial growth factor.

The effect of bile and different incubation periods on the expression pattern and behaviour of 
esophageal cell lines and the changes on the expression in vivo.
DCA, deoxycholic acid; GCDCA, glycochenodeoxycholic acid; CDX2, caudal type homeobox 
transcription factor 2; CK, cytokeratin; COX2, cyclo-oxygenase 2; MUC2, mucin 2; NF-κB, 
Nuclear Factor- κB 
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taurine conjugates a pKa of around 2 63, 64. Lowering the pH towards these values may 

unionize bile salts, which makes them less soluble and able to enter the epithelial 

cells and influence intracellular pathways. Conjugation of bile acids results in a 

higher amount of bile salts in its soluble and ionized form at any given pH, so a higher 

concentration of bile acids can reflux into the esophagus65. The pH range in which 

most bile acids exist in their soluble, unionized form is pH 3 – 6. At these pHs, bile 

acids can enter epithelial cells and affect important pathways65. At lower pH, bile 

acids are precipitated and no longer damaging the epithelium, while at higher pH, 

bile acids exist in their non-damaging ionized form66. This suggests that unconjugated 

and glycine conjugated bile acids are most toxic between pH 3-6, while for taurine 

conjugated bile acids the pH needs to be approximately 2 to be able to pass the cell 

membrane.

 Nine studies have reported on the combination of bile salts and acid to mimic 

reflux34, 46, 48-50, 67-69 (Table 3). Jolly et al. reported that a pH 4.5 alone increased DNA 

damage in Het-1A cells, which did not further increase upon exposure to pH 4.5 in 

combination with a bile salt mixture 48. Similar results were found by Jenkins et al., 

who found that incubation of OE33 cells with 200 µM DCA at pH 5.5 showed the same 

increase in DNA damage as DCA at pH 7 46. These results suggest that low pH or bile 

salts alone are as toxic to these cells as bile salts at low pH. However, incubation of 

the same cells with 100-400 µM DCA at pH 6 enhanced toxicity to cells compared to 

DCA at pH 7 46. An increase in DNA damage was also reported in Het-1A cells upon 

exposure to a 100 µM bile mixture at pH 4, with no difference if treated with acid alone 
34. In CP-A, CP-D (two Barrett’s cell lines, metaplastic and dysplastic, respectively) and 

Seg-1 cells, DNA damage was however only seen after exposure to the combination 

of 100 µM bile mixture at pH 4 34, 69. Feagins et al. showed that ROS production is 

increased in BAR-T, NES-B3T and in NES-G2T cell lines (the latter two are cell lines 

derived from squamous tissue from GERD patients with or without BE, respectively) 

upon incubation with a conjugated bile salt at pH4; these cell lines used however 

different mechanisms to increase this production 67. These data suggest that already 

significant changes occur in the transition of reflux esophagitis towards BE.  

 The most frequently reported bile salt concentrations in vitro are 100 µM and 200 

µM conjugated primary and secondary bile salts, and 100 and 200 µM bile mixture at 

pH 4-6, consisting for 80% out of conjugated bile salts and for 60% out of primary bile 

salts. An increased toxicity has been found in OE33 cells upon a 1-hour incubation 

with 100 or 200 µM secondary bile salt at pH 5.5  and in Het-1A cells upon incubation 

with a 100 µM bile mixture at pH 4.5 for 15 minutes 46, 48. 

 It can be concluded from these results that the combination of 100 or 200 µM bile 

salts, either conjugated primary or unconjugated secondary bile salts, at pH 4 seems 

the most optimal and physiological culture condition for cell lines, as demonstrated 

by the observations that these conditions show a higher toxicity compared to bile salts 

at pH 7 34, 46, 48.  
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Incubation periods
It is not sure whether BE develops after prolonged and/or chronic exposure of 

esophageal squamous epithelial cells to a refluxate containing bile salts and acid, 

or, alternatively, whether just one period of severe reflux causing severe damage to 

the esophageal lining is causing this premalignant condition70. Based on 24-hour pH 

monitoring, the incubation period that is most comparable to the reflux episodes in 

vivo is approximately 3 minutes71. However, in order to obtain comparable results as 

in the in vivo situation, incubation periods should probably be longer; Since, even 

negative controls experience reflux episodes, measured by pH monitoring13, 72.

 In the literature, various different incubation periods have been reported, ranging 

from 1 minute to up to 48 hours2, 17, 24, 34, 36-39, 46-48, 55, 57, 60, 67, 73-77. The shorter incubation 

periods, ranging from 1-20 minutes, are summarized in Table 4. A 3-minute exposure 

to 200 µM conjugated primary bile salt caused an increase in oxidative stress in 

BAR-T, NES-G2T and NES-B3T cells, while an exposure of 10 minutes to a 100 µM bile 

mixture at pH 4 caused oxidative stress in Seg-1 cells34, 67. Exposure of OE33 cells to a 

secondary bile salt at pH 5 caused an increase in CDX2 expression75. An exposure of 

15 minutes to pH 4.5 alone caused a higher increase in DNA damage in FLO-1 cells 

and Het-1A cells than exposure to a 100 µM bile mixture at pH 4.5 using the same 

incubation time48. 

 The results from longer incubation periods, from 1-48 hours, are shown in Table 5. 

Exposure times of 1 and 24 hours have most frequently been used. The effects that 

are measured upon a 1-hour exposure to bile salts or acid are consistent with those 

occurring in vivo, such as an increase in NF-κB activity47, cell proliferation38 and EGR1 

expression60. 

 Reflux episodes occur more frequently in patients with GERD and BE compared to 

healthy controls78, this suggests that multiple or pulsatile exposures of cell cultures to 

acid and/or bile salt seem to correspond most optimal to the clinical situation. This 

approach was used in five studies30, 49, 51, 79, 80. In one study, BAR-T cells were incubated 

with conjugated primary bile salts at pH 4, pH 6 and pH 7.4 for 5 minutes79. A single 

exposure did not result in a measurable effect, while daily exposures of 5 minutes 

for a period of 2-6 weeks made these cells showing a more colonic phenotype, 

characterized by expression of CK8/18, as well as a colonic epithelial protein, which is 

specifically expressed in colonic epithelial and BE cells79. Another study showed that 

daily 5-minute exposures of BAR-T cells to a conjugated primary bile salt for 22 weeks, 

increased the COX2 expression 10-fold80. The other studies showed that exposure 

of BAR cells to two 3-minute incubations of pH 4 at 10-, 60- or 120-minute intervals 

decreased cell numbers; that three 10-minute exposures per day to 400 µM bile 

mixture at acidic and neutral pH resulted in an increase in CDX2 expression in Het-1A 

and SEG-1 cells and that 5-minute exposures 3 times per day for 3 days to 120 µM bile 

mixture caused an increase in MUC1 expression in Het-1A cells30, 49, 51.  

 In summary, repeated 3- or 5-minutes exposures or one single exposure of 1 hour 

to bile salts and / or low pH result in BE specific changes in vitro. 
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SUMMARY
In table 6, an overview of the in vitro changes in the several cell lines upon incubation 

with bile salts at low or neutral pH are shown, together with the changes known to 

occur in BE patients. In SQ cell lines, CDX2 and MUC2 mRNA is increased upon 

incubation with a secondary bile salt17. In Barrett’s cell lines either one exposure or 

multiple exposures to a conjugated primary bile salt, results in an upregulation of BE 

specific factors, e.g. COX237, 79. In an EAC cell line, one incubation with a secondary 

bile salt results in the upregulation of CDX2, MUC2 and NF-κB17, 47. In an in vivo model 

of BE in rats, in which BE is induced by performing an esophagogastroduodenal 

anastomosis, it has been shown that COX2, CDX2 and MUC2 is upregulated81, 82. 

Moreover, in BE biopsies it has been shown that CDX2, CK7/8/18/20, COX2 and 

MUC2 expression is increased, along with an increased NF-κB activation and an 

increased proliferation15-18. These changes also occur in the in vitro models mentioned 

in table 6. Taken together, the in vitro models shown in table 6 are the most ideal 

models that can be used to study the development of BE.

DISCUSSION
The last decades, both BE and EAC have dramatically risen in incidence83. Patients 

with BE have an increased risk of developing EAC, with an annual incidence of 

approximately 0.5% 8-11. For this reason, endoscopic surveillance programs for BE 

patients have been developed to detect early stage EAC aiming to improve the 

prognosis of BE patients diagnosed with EAC84. 

 It is currently largely unknown by which mechanism(s) BE develops. It has 

been suggested that at least partly a genetic basis is involved85, 86; however, the 

type and severity of gastroesophageal reflux is most probably involved as well3, 13. 

Unfortunately, an animal model that is clearly representing the situation in humans is 

not available. The most used animal models are variants of surgical rat models, which 

are physiologically not similar to humans and require long time periods to develop 

BE and EAC87, 88. Rodents also have keratinized epithelium and no submucosal 

glands, which is the opposite to the human epithelium89. In addition, there is a high 

mortality rate after the surgical procedure, a low incidence of BE lesions, uncertainty 

about the true nature of the lesion and the progression to malignancy is not similar to 

human malignant progression90-92. Finally, knocking out certain genes in rats is rather 

complicated, if not impossible.

 Therefore, until there are animal models available that are validated for studying BE 

and EAC, we need to rely on ex vivo and in vitro models. The latter are easiest to use, 

as in vitro models have the advantage that they are widely available, can be cultured 

for longer periods and are not dependent on the presence of patients with BE. It is 

important that there is consensus on which in vitro model to use, in order to combine 

the results of different studies.  

 In this review, we reported a large variety of in vitro models that have been 

reported to induce factors normally expressed in BE. This review shows that many 

different cell lines and incubation conditions are available, and, in addition, the 

measured outcome parameters are often different. It is therefore difficult to conclude 
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that there is a single most perfect in vitro model to study BE development. 

 It seems likely that the choice for a specific cell line to investigate pathogenetic 

mechanisms in BE largely depends on the research question. If the aim is to study the 

process of metaplasia of normal esophageal squamous epithelial cell to a Barrett’s like 

cell type, esophageal squamous epithelium cell lines, such as Het-1A cells, are most 

appropriate to use in an in vitro model. For other research questions, particularly 

the development of esophageal adenocarcinoma, BAR-T or OE33 cells can be used. 

It is, however, important to keep in mind that cell lines are usually transformed in 

order to keep the cells continuously growing, and therefore may behave differently 

compared to esophageal cells growing in vivo. Moreover, the microenvironment is 

also not present in an in vitro system, i.e., cells do not interact with other cell types, 

particularly inflammatory cells, or with products secreted by the surrounding stroma, 

i.e., growth factors and inflammatory mediators, which also play a role in the grow 

pattern and functioning of esophageal lining cells.

 From the reviewed studies it can be concluded that in vitro bile salts at either a low 

or neutral pH are required to induce the changes that are seen in BE, such as NF-κB 

activation and increased cell proliferation. Based on our review, we suggest that a 

combination of bile salts and acid, i.e., 100 or 200 µM conjugated primary bile salts 

at pH 4 for 1 hour, seems the most optimal culture condition to induce a Barrett’s like 

phenotype. This concentration of bile salts at low pH is similar to what is found in the 

refluxate of BE patients and has been shown to induce DNA damage13, 34. In addition, 

incubation with pH 4 alone increased NF-κB activity and incubation with 100 or 200 

µM bile salt at neutral pH increased MUC2 and CDX2 expression47, 56, 58. An alternative 

experimental in vitro model includes multiple short exposures to bile salts and/

or acid, which is comparable to the gastroesophageal reflux episodes that occur in 

GERD49, 50, 79. Moreover, multiple incubations with 200 µM bile salt at pH 4 induced the 

upregulation of CK8, CK18 and COX279. 

In conclusion, this data suggests that some selected in vitro cell line systems are able 

to induce the expression of markers that are specific for Barrett’s epithelium. When 

these models are used it may well be that our knowledge on the pathogenesis of the 

development of BE and its progression towards EAC can be improved.
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ABSTRACT
Background: Barrett’s esophagus (BE) is a metaplastic 

condition of the distal esophagus that occurs due to chronic 

gastroesophageal reflux. Previous studies have identified 

BE-specific microRNAs (miRNAs) in comparison to normal 

squamous epithelium (SQ). We hypothesized that BE-specific 

miRNAs could be induced in esophageal SQ cells by exposure 

to acid and/or bile salts.

Aim: To determine whether BE-specific miRNAs are 

upregulated in an esophageal SQ cell line (Het-1A) in an 

environment with acid and/or bile salts and to determine 

whether this is NF-κB dependent. 

Materials and Methods: Acid and/or bile salt incubations 

were performed in Het-1A cells. Experiments were performed 

with or without inhibiting the NF-κB pathway. Q-RT-PCR was 

performed to determine expression of miRNA-143, -145, -192, 

-194, COX2, MUC2 and SOX9. For validation, we determined 

levels of these miRNAs in biopsies from patients with reflux 

esophagitis (RE) and normal SQ.

Results: Significantly increased expression levels of 

miRNA-143 (2.7-fold), -145 (2.6-fold), -192 (2.0-fold), -194 

(2.2-fold), COX2, MUC2 and SOX9 were found upon acidic 

bile salt incubation, but not upon acid or bile salt alone. NF-

κB pathway inhibition significantly decreased miRNA-143, 

-192, -194, COX2 and MUC2 expression. Additionally, 

miRNA-143, -145 and -194 expression was increased in RE 

biopsies compared to normal SQ, but no changes were found 

in miRNA-192 expression.

Conclusion: Our findings suggest that upregulation of 

BE-specific miRNAs by acidic bile may be an early event in 

the transition of SQ to BE and that their expression is partly 

regulated by the NF-κB pathway.
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INTRODUCTION
Barrett’s esophagus (BE) is characterized by the replacement of normal squamous 

epithelium (SQ) by intestinal type columnar-lined epithelium. BE patients have an 

increased risk of developing esophageal adenocarcinoma (EAC), with an estimated 

annual incidence of 0.33%.1 The incidence of EAC is rising faster than any other 

malignancy in the Western world and is associated with a poor 5-year survival.2, 

3 Reflux of gastric contents into the esophagus is thought to play a role in the 

metaplastic process through the induction of reflux esophagitis (RE) which may 

result in the development of BE.4, 5 Previous studies have shown that BE patients have 

a higher concentration of secondary bile acids, i.e. deoxycholic acid (DCA), in their 

refluxate than controls, which suggests a role for bile in BE development.6 

 Several genes and proteins are involved in the development of BE;7, 8 however, the 

underlying mechanism of their differential expression is largely unknown. MicroRNAs 

(miRNAs) have been suggested to play a role in these processes by negatively 

regulating protein translation.9 miRNAs are endogenous RNAs of 21-25 nucleotides 

in length which can affect specific cellular processes.9 Previous studies have shown 

that different miRNA expression profiles can be found in SQ, BE and EAC tissue.10, 11 

Particularly miRNA-143, -145, -192 and -194 are highly expressed in BE compared to 

SQ and EAC and miRNA-203 and miRNA-205 are highly expressed in SQ compared 

to BE and EAC.11 The exact role of these miRNAs and how they are induced during BE 

development is however not well known.

 Nuclear factor-κB (NF-κB) is thought to play an important role in BE development. 

Its expression is increased in BE tissue and it transcribes Caudal Homeobox gene 

2 (CDX2), one of the key transcriptional regulators in the development of BE.12, 13 

In addition, NF-κB is a crucial factor in the inflammatory response and has been 

suggested to be one of the links between inflammation and cancer.14 NF-κB can be 

activated by various stimuli, including bile salts.15 Previous studies have shown that 

miRNA-143 is transcribed by NF-κB in hepatocellular carcinoma.16 To our knowledge, 

no data regarding the effect of NF-κB signaling on esophageal miRNA expression have 

been reported. 

 In the present study, we aimed to determine the effect of acid and/or bile salts 

in a normal squamous esophageal cell line (Het-1A). We specifically focused on 

the expression of miRNAs that were previously found to be at least six-fold and 

significantly increased in BE tissue compared to SQ tissue 11, and studied the effect 

of NF-κB inhibition on the expression of these miRNAs. Finally, we validated 

these results by determining the expression of these miRNAs in biopsies from the 

inflamed esophagus of patients with RE compared to normal squamous esophagus, 

because changes in miRNA expression profiles may already be present prior to 

the development of BE, when only inflammatory changes, including RE, are seen 

endoscopically and/or histologically.
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MATERIAL & METHODS
Cell culture
The human squamous esophageal cell line Het-1A was obtained from American Type 

Culture Collection (ATCC, Manassas, VA) and cultured as previously described.11  

Cells were exposed to acid (with 2M Hydrochloric acid) and/or bile mixture (25% 

DCA, 45% glycocholic acid (GCA), 30% taurochenodeoxycholic acid (TCDCA); 

Sigma-Aldrich Chemie-GmbH, Steinheim, Germany) dissolved in culture media. This 

mixture was chosen as it was previously reported by Nehra et al. that both conjugated 

(e.g. GCA) and unconjugated bile salts (e.g. DCA) were found in the refluxate of 

patients with erosive esophagitis and BE.6  In addition, Nehra et al. found comparable 

median values of taurine and glycine conjugated bile acids.6 Twenty-four hours after 

incubation, cell viability was measured, supernatant was collected and total RNA was 

isolated. Cell viability was measured using the MTT assay (ATCC), according to the 

manufacturer’s instructions. 

 To inhibit NF-κB signaling, cells were treated with 5μM Bay11-7082 (Sigma-

Aldrich)17, 2 hours prior to incubation with acid and/or bile mixture.

IL-6 secretion
IL-6 levels were determined in the supernatant by ELISA (BD OptEIA™; San Diego, CA, 

USA), according to the manufacturer’s instructions. TMB substrate reagent set was 

obtained from BD OptEIA™ and H2SO4 from J.T. Baker (Deventer, The Netherlands).

Biopsy Specimens
This study was approved by the Medical Ethical Committee of the UMC Utrecht and 

all patients signed informed consent. Biopsies were obtained during upper endoscopy 

of 9 patients with RE grade A (Los Angeles criteria) and 7 negative controls, defined 

as having no endoscopic abnormalities and no symptoms of gastroesophageal reflux 

using a validated questionnaire. Of the RE patients, 6 (67%) were males, mean age was 

59 years (range 43-81) and all used proton pump inhibitors (PPIs, 20-80 mg daily). Of 

the negative controls, 3 (43%) were males with a mean age of 55 years (range 23-73) 

and none used PPIs or other acid-inhibiting drugs.

 All biopsies were taken according to a standardized procedure. Paired biopsies 

were taken from RE patients in the reflux segment, while additional SQ biopsies were 

taken at approximately 5 cm above this segment. In controls, biopsies were taken 

5 cm above the gastroesophageal junction. Of each set, one biopsy was used for 

histopathological confirmation.

Table 1: Primer sequences for Q-RT-PCR with annealing temperature and PCR product 

lengths.

Forward primer Reverse primer Product 
length

Annealing 
temp.

COX2 ATTCCCTTCCTTCGAAATGCAA AGAGAAGGCTTCCCAGCTTTTG 116 60

MUC2 ACTCCAACATCTCCGTGTCC AGCCACACTTGTCTGCAGTG 110 60

SOX9 GACCAGTACCCGCACTT TTCACCGACTTCCTCCG 175 57.5
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Figure 1: Effect of bile salts and low pH on cell viability of the esophageal epithelial cell line, 

Het-1A

Figure 1: A, Three-minute incubation with pH6 and lower decreased cell viability. B, Cell 

viability of Het-1A cells significantly decreased upon 60-minute incubation with 800µM bile 

mixture at pH7, compared to regular medium. No change was measured using shorter time 

points and lower concentrations bile mixture. C, Incubation with 400µM bile mixture at pH5 for 

10 and 30 minutes significantly decreased cell viability, compared to regular medium. Four-

hundred µM acidic bile mixture for 60 minutes and every incubation length with 800µM acidic 

bile mixture caused an even higher decrease in viability. Results are expressed as mean±SEM  

of 3 independent experiments; two-tailed t-tests; *p<0.05, **p<0.01, ***p<0.001.
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Quantitative reverse transcriptase polymerase chain reaction 
(Q-RT-PCR) of miRNAs
Total RNA was isolated from Het-1A cells and biopsies, using the miRNeasy Minikit 

(Qiagen GmbH; Hilden, Germany), following the manufacturer’s protocol. For RNA 

quantification, the NanoDrop (ThermoScientific, Wilmington, DE) was used. All 

samples had an excellent 260/280 ratio.

 Real-time RT-PCR assays were performed by using the TaqMan MicroRNA Assay 

kit, according to the manufacturer’s protocol (Applied Biosystems, Foster City, CA, 

USA) and as described previously.11 All experiments were performed in duplicate. 

U6 snRNA was used for normalization. miRNA levels were calculated using the ∆Ct 

method.

Q-RT-PCR of mRNAs
RNA was isolated using RNeasy Micro Kit (Qiagen) according to manufacturer’s 

instructions. cDNA synthesis and RT-PCR reactions were performed as described 

previously.11 The primers (Table 1) were mRNA-specific to prevent signals from 

contaminating genomic DNA. 

Two reference genes were measured: GAPDH and βeta-2-Microglobulin (Hs4333764F, 

Hs4333766F; Applied Biosystems). PCR reactions were performed using 12.5µl 

2xiQ Supermix (BioRad), 0.5µl MgCl2 (BioRad), 1.25µl 20xAssay-on-demand gene 

expression mix and 2µl cDNA. All cDNA samples were analyzed in duplicate. mRNA 

levels were calculated using the ∆Ct method. 

Statistical analysis
Cell viability, miRNA expression and IL-6 levels of in vitro experiments were 

expressed as mean ± standard error of the mean (SEM), while the mRNA data were 

presented in boxplots, showing the median value and 5-95% range. Expression 

patterns of in vivo data were shown in scatterplots, with the median value. 

Data were analyzed using GraphPad Prism V.5.03. Significance of in vitro experiments 

was determined by using two-tailed unpaired t-tests. Comparisons between two tissue 

groups were performed using two-tailed paired t-tests or Mann-Whitney U tests.

RESULTS
Effect of bile salts and low pH on the cell viability of esophageal 
epithelial cells
To determine the effect of low pH, cells were incubated with various pHs for 3 

minutes and cell viability was measured. Decreased cell viability was measured upon 

incubation with medium at pH6 or lower (Figure 1A). 

 Het-1A cells were incubated with bile mixture for several time points to investigate 

the effect of bile salts on cell viability. We found that 800µM bile mixture at normal pH 

for 5, 10 or 30 minutes had no effect on viability compared to regular medium. When 

Het-1A cells were incubated with this concentration for 60 minutes, a significant 

decrease in cell viability was observed (Figure 1B).

 When incubating Het-1A cells with 400µM bile mixture at pH5 for 10 and 30 
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Figure 2: Secretion and expression of molecules highly expressed in Barrett’s esophagus 

upon acidic bile salt incubation of Het-1A cells

Figure 2: Q-RT-PCR analysis of Het-1A cells incubated with bile mixture at pH5 or pH7 for 

30 minutes. Cells incubated with 400µM acidic bile mixture showed increased COX2, MUC2 

and SOX9 expression, compared to regular medium (A-C). Incubation with acid or bile alone 

showed no increase in expression. Data are shown as median, 5-95% range of four independent 

experiments; each value was measured in duplicate. 

IL-6 secretion increased upon incubation with acidic bile mixture (D). Results are shown as 

mean±SEM of 3 independent experiments; each value was measured in duplicate. Two-tailed 

t-test, **p<0.01; ***p<0.001.
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minutes, cell viability was also significantly reduced. Four-hundred µM for 60 minutes 

and 800µM for 10, 30 and 60 minutes at pH5 showed an even more pronounced 

decrease in cell viability, suggesting that these combinations were too toxic (Figure 

1C). 

Secretion and expression of BE-specific molecules
To determine whether our in vitro model simulates BE development, we measured the 

expression of factors that are known to be highly expressed in BE, i.e., interleukin-6 

(IL-6), cyclo-oxygenase-2 (COX2), sex determining region Y-box 9 (SOX9) and 

mucin 2 (MUC2).18-20 Q-RT-PCR analysis showed an increased COX2, MUC2 and 

SOX9 expression upon incubation with acidic bile mixture for 30 minutes compared 

to regular medium (Figure 2A-C). Moreover, the acidic bile mixture increased IL-6 

secretion (Figure 2D). 

miRNA expression upon incubation of Het-1A cells with bile 
mixture and low pH
To investigate the effect of bile and acid on miRNA expression, we determined the 

effect of acidic bile mixture on miRNA-143, -145, -192 and -194 expression. Incubation 

with 400µM bile mixture at pH5 for 30 minutes resulted in a significant 2.7-fold 

induction of miRNA-143 and a 2.6-fold induction of miRNA-145 expression, compared 

to regular medium (Figure 3A-B). In addition, miRNA-192 (2-fold) and -194 (2.2-fold) 

expression was also significantly increased upon incubation with 400µM bile mixture 

at pH5 for 30 minutes (Figure 3C-D). 

NF-κB inhibition
Previous studies have shown that the NF-κB pathway is able to induce the expression 

of factors increased in BE.21-23 Therefore, we tested the effect of NF-κB inhibition on 

acidic bile-induced mRNA and miRNA expression, by pre-incubation with Bay11-

7082, a selective and irreversible agent.17 Previously, this inhibitor has been shown 

to suppress the effect of bile acids on Barrett’s epithelial cell line (CPC-A) and 

esophageal cancer cell line (SKGT4 and BE3) proliferation.24 

 Our results showed that cell viability and acidic bile-induced COX2 and MUC2 

expression decreased upon pre-incubation with Bay11-7082 (Figure 4A-C). Moreover, 

acidic bile-induced miRNA-143, -192 and -194 expression significantly decreased 

upon pre-incubation with Bay11-7082 (Figure 5A, 5C-D). SOX9, miRNA-145 and IL-6 

secretion were not affected by NF-κB pathway inhibition (Figure 4D-E, 5B). 

miRNA and mRNA expression in RE and squamous epithelium 
To validate our in vitro results, we determined the expression of miRNA-143, -145, 

-192 and -194 in RE and SQ tissue of RE patients and SQ tissue of negative controls. In 

addition, we determined the expression of miRNA-203 and -205, known to be highly 

expressed in normal SQ epithelium.11 The expression of miRNA-143 and miRNA-145 

was upregulated in RE biopsies, compared to SQ biopsies of RE patients and 

negative controls (Figure 6A-B). miRNA-194 expression was increased in RE biopsies, 
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Figure 3: Expression of miRNAs highly expressed in Barrett’s esophagus upon acidic bile salt 

incubation of Het-1A cells 

Figure 3: Q-RT-PCR analysis of Het-1A cells incubated with acidic or neutral bile mixture for 30 

minutes. Acidic bile mixture resulted in an increased expression of miRNA-143, -145, -192 and 

-194 (A-D) compared to regular medium. Incubation with pH5 or bile alone showed no effect. 

Results are shown as mean±SEM of three independent experiments; each value was measured in 

duplicate. Two-tailed t-test, *p<0.05; **p<0.01; ***p<0.001. 
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Figure 4: Secretion and expression of molecules highly expressed in Barrett’s esophagus 

upon NF-κB inhibition in Het-1A cells

Figure 4: Het-1A cells incubated with 400µM bile mixture at pH5 for 30 minutes showed a 
significant decrease in cell viability, compared to regular medium. Addition of the NF-κB 
inhibitor Bay11-7082, 2 hours prior to low pH and/or bile mixture incubation, further decreased 
cell viability (A). Results are shown as mean±SEM of three independent experiments; each value 
was measured in duplicate. 
 COX2, MUC2 and SOX9 expression increased upon incubation of Het-1A cells with acidic 
bile mixture compared to regular medium (B-D). Prior incubation with the NF-κB inhibitor 
decreased COX2 and MUC2 expression (B-C), no effect was found on SOX9 expression (D). 
Results are shown as median, 5-95% range of four independent experiments; each value was 
measured in duplicate. 
 IL-6 secretion increased upon acidic bile incubation, NF-κB pathway inhibition had no effect 
on this increase (E). Results are shown as mean±SEM of 3 independent experiments and were all 
measured in duplicate. Two-tailed t-test, *p<0.05; **p<0.01; ***p<0.001.
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Figure 5: Expression of miRNAs highly expressed in Barrett’s esophagus upon NF-κB 

inhibition in Het-1A cells

Figure 5: Thirty-minute incubation with 400µM bile mixture at pH5 increased miRNA-143, 
miRNA-145, miRNA-192 and miRNA-194 expression in Het-1A cells (A-D). NF-κB pathway 
inhibition decreased acidic bile-induced miRNA-143, miRNA-192 and miRNA-194  expression 
(A, C-D). miRNA-145 expression was not altered (B). Results are shown as mean±SEM of three 
independent experiments, each value was measured in duplicate. Two-tailed t-test, *p<0.05; 
**p<0.01. 
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compared to SQ biopsies of negative controls (Figure 6D). No significant difference in 

miRNA-194 expression was found between SQ tissue of RE patients compared to SQ 

tissue of negative controls and in the expression of miRNA-192, -203 and -205 (Figure 

6C, 6E-F). 

 To determine whether COX2, MUC2 and SOX9 expression was increased in RE 

biopsies, we analyzed their expression as well. No change in COX2 expression was 

found in these biopsies (Suppl. Figure 1A). We found an upregulation of MUC2 in RE 

biopsies, compared to SQ biopsies of RE patients and negative controls (Suppl. Figure 

1B). SOX9 was increased in RE biopsies, compared to SQ biopsies of RE patients 

(Suppl. Figure 1C). 

DISCUSSION
In this study we showed that incubation of Het-1A cells with acidic bile mixture 

increased miRNA-143, -145, -192 and -194 expression. Moreover, COX2, MUC2 and 

SOX9 expression and IL-6 secretion increased upon acidic bile mixture incubation. 

All these factors are known to be increased in BE.11, 19, 20, 25 These factors were, however, 

not increased upon incubation with acidified medium alone, which suggests that in 

our experimental set-up, bile salts were required to induce these changes. Our results 

are supported by a previous study, in which multiple incubations with a combination 

of bile salts and low pH resulted in an increased secretion of IL-6 and an increased 

expression of COX2.26 

 We demonstrated increased expression of the BE-specific miRNA-143, -145 and 

-194, both in Het-1A cells upon acidic bile salt incubation and in RE biopsies.11 

Previously Smith et al. reported increased miRNA-143 and -145 expression 

in ulcerative esophagitis compared to controls using Q-RT-PCR and in situ 

hybridization.27 We confirmed the increased miRNA-143 and -145 expression and also 

identified miRNA-194 expression. To our knowledge, we are the first to study miRNA 

expression in esophageal cells upon incubation with bile salts and acid. An increased 

miRNA-194 expression has been linked to intestinal epithelium differentiation.28 In 

esophageal squamous cell carcinoma, it has been demonstrated that miRNA-143 and 

-145 have a tumor-suppressive function, by regulating tumor invasion.29, 30 In addition, 

it has been demonstrated that miRNA-145 regulates the BMP4 signal transduction 

pathway during BE development.11, 31 Our data showed an acidic bile-induced 

expression of miRNA-145 in RE. In addition, previous studies have shown that BMP4 

expression is increased in RE.31 This may well suggest that miRNA-145 regulates BMP4 

expression and signaling already during reflux episodes. Nonetheless, further studies 

are needed to elucidate this in more detail. 

 Recently, it has been shown that incubation of Barrett’s epithelium cells (BAR-T) 

with bile salts activated the NF-κB pathway through the production of reactive 

oxygen species.15 We showed that NF-κB pathway inhibition resulted in a decrease 

in cell proliferation and acidic bile-induced miRNA-143, -192 and -194 expression. 

Previously, it has been reported that cell proliferation is reduced upon NF-κB 

inhibition.24 Furthermore, our miRNA data are in accordance with a study in which 

miRNA-143 was found to be transcribed by NF-κB.16 miRNA-145 was not significantly 
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Figure 6: miRNA expression in reflux esophagitis and normal squamous epithelium

Figure 6: Q-RT-PCR analyses of SQ biopsies from negative controls (NC SQ) and from patients 

with reflux esophagitis (RE) either from the non-inflamed (RE SQ) or the inflamed epithelium 

(RE RE). miRNA-143 and miRNA-145 expression was increased in inflamed compared to 

non-inflamed RE biopsies and biopsies of negative controls (A-B). miRNA-194 expression was 

increased in inflamed compared to non-inflamed RE biopsies (D). miRNA-192, -194, -203 and 

-205 (C, E-F) did not show significant differences. Results are shown as separate points and 

median value. NC SQ-group consisted of 7 patients, the RE-group of 9 patients. Two-tailed paired 

t-tests were performed to compare the SQ and RE tissue of RE patients, Mann-Whitney U tests 

were used to compare the other groups. *p<0.05. 
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decreased upon NF-κB pathway inhibition in our study. Currently, there are no data 

available on the role of NF-κB on miRNA-145 expression. Previously, miRNA-145 

has been shown to be co-transcribed with miRNA-143 32, which may suggest that 

regulation of miRNA-145 occurs through a similar process. Further studies are 

needed to elucidate this in more detail. With regard to miRNA-192 and -194, no direct 

regulation by NF-κB has been demonstrated;  however, previous studies have shown 

that these miRNAs were upregulated by p53, which is known to be induced by NF-

κB.33, 34 

 Apart from analyzing the expression of several miRNAs known to be highly 

expressed in BE, we also determined COX2, MUC2 and SOX9 expression to investigate 

whether our in vitro model indeed simulates BE development. Acidic bile-induced 

expression of COX2 and MUC2 decreased upon NF-κB pathway inhibition. COX2 is a 

known target of NF-κB, with two NF-κB responsive elements.35 Moreover, MUC2 was 

upregulated in colon cancer cells incubated with DCA via activation of the NF-κB 

pathway.36 NF-κB pathway inhibition did not result in decreased SOX9 expression and 

IL-6 secretion. Both are known to be mediated by NF-κB, however these effects were 

measured in bone and thyroid tissue.37, 38 

 In this study, we chose to determine the effect of bile salts and pH on Het-1A cells. 

This cell line originates from human tissue and has normal squamous esophageal cell 

morphology, as was shown by the high level of cytokeratin 13 expression and their 

non-tumorigenicity in athymic nude mice.39 A drawback of Het-1A cells is that in vivo 

the normal SQ epithelium has a protective mucus layer. In addition, it is generally 

thought that far longer and more extensive periods of gastroesophageal reflux are 

needed before BE develops.40 

 Based on our results, we suggest that upregulation of several BE-specific miRNAs 

could well be an early event in the development of RE and BE; however, more 

experiments are needed to elucidate the function of these miRNAs during BE 

development in detail. The expression of these miRNAs is induced by acidic bile. Our 

group previously showed that miRNA-145 is involved in regulating the BMP4 pathway 

in BE.11 The current study suggests that particular episodes of reflux with acidic bile 

salts are likely to cause this effect. 

 In conclusion, our study showed that acidic bile causes an upregulation of miRNAs 

and molecules known to be BE-specific. These data were validated in RE and SQ 

biopsies. Based on this, we propose that the upregulation of BE-specific miRNAs 

may occur at an early stage in the transformation of SQ to BE and that this is partially 

regulated by NF-κB, which might well suggest a role for miRNAs and NF-κB in 

BE development.
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Suppl. Figure 1: mRNA expression in reflux esophagitis and normal squamous epithelium

SUPPLEMENTARY DATA

Suppl. Figure 1: Q-RT-PCR analyses of biopsies from esophageal squamous (SQ) epithelium of 

negative controls (NC SQ) and biopsies from patients with reflux esophagitis (RE) either from 

the non-inflamed esophageal squamous epithelium (RE SQ) or from the inflamed esophageal 

squamous epithelium (RE RE). COX2 expression (A) did not show a significant difference, while 

MUC2 (B) expression was increased in the inflamed esophagus biopsies compared to the non-

inflamed biopsies of reflux esophagitis patients and negative controls. SOX9 (C) expression was 

increased in the inflamed esophagus biopsies compared to the non-inflamed biopsies of reflux 

esophagitis patients. Results are shown as separate points and median value. Two-tailed paired 

t-tests were performed to compare the RE SQ and RE RE groups, Mann-Whitney U tests were 

used to compare the other groups. *p<0.05; **p<0.01.
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ABSTRACT
Background: Circulating microRNAs (miRNAs) have been 

suggested as promising novel markers for various diseases. 

The goal of this pilot study was to identify circulating miRNAs 

that were able to discriminate between Barrett’s esophagus 

(BE), esophageal adenocarcinoma (EAC) and normal 

controls (NC).

Methods: miRNA expression profiling was performed by 

quantitative polymerase chain reaction (qPCR) array using 

plasma samples from 10 BE and 10 EAC patients, and 10 

NC. Subsequent validation was performed by analyzing the 

expression of 6 miRNAs, selected from our initial profiling, by 

quantitative RT-PCR in plasma of 41 BE and 59 EAC patients, 

and 15 NC. Area under the curve (AUC) analysis was used to 

evaluate diagnostic accuracy.

Results: Of the panel of 175 miRNAs, we identified 3 miRNAs 

that were elevated in EAC, 4 miRNAs that were elevated in BE 

and 9 miRNAs that were elevated in NC. Further validation 

showed that miRNA-382 was significantly increased and 

miRNA-133a significantly decreased in EAC compared to BE 

and NC. miRNA-194 and -451 were significantly increased 

and miRNA-136 significantly decreased in BE compared to 

NC. A combination of 3 or more miRNAs was found to have a 

good diagnostic performance in discriminating BE from NC 

(AUC: 0.832), EAC from NC (AUC: 0.846) and BE from EAC 

(AUC: 0.797).

Conclusion: Our data suggest that analysis of plasma 

levels of miRNA-95, -133a, -136, -194, -382 and -451 adds 

discriminative value to the diagnosis of BE and EAC. In 

the future, these miRNAs can potentially function as non-

invasive molecular markers for BE and EAC screening.
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INTRODUCTION
Barrett’s esophagus (BE) is a premalignant condition of the distal esophagus, 

characterized by the metaplastic replacement of normal stratified squamous 

epithelium by specialized intestinal columnar epithelium.1 BE is associated with an 

increased risk of progression to esophageal adenocarcinoma (EAC) with an estimated 

annual incidence of 0.33%.2 Over the last decades, the incidence rates of BE and EAC 

have increased dramatically in the Western world.3 

 The current approach of BE screening includes routine surveillance endoscopy 

with histopathological analysis of biopsies taken during endoscopy. For the diagnosis 

of BE and EAC, morphological assessment of biopsies is the golden standard. The 

histological presence or absence of dysplasia is the basis for the advised endoscopic 

follow-up intervals in BE. Unfortunately, sampling bias occurs 4 and there is an 

ongoing discussion on whether BE surveillance is indeed cost-effective.5 Additionally, 

histological grading of BE biopsies is subject to considerable interobserver 

variability.6, 7 It is therefore important to have easy-to-use markers that are able to 

distinguish BE and EAC patients from the normal population.

 miRNAs are small non-coding RNAs of approximately 21-25 nucleotides long. They 

function by negatively influencing the protein translation machinery via translational 

repression or mRNA degradation.8 Expression profiles of miRNAs in various cancers 

have been studied, which have shown that miRNA expression profiles are disease- and 

tissue-specific and are therefore considered to be candidate biomarkers.9-11 This also 

accounts for BE and EAC tissue, in which miRNA expression profiling showed tissue 

specific miRNAs.12-15 

 The stability and predictive value of miRNAs make them ideal to be tested in 

plasma or serum samples16, 17 surpassing the need for more invasive procedures, such 

as upper endoscopy. It has been suggested that circulating miRNAs are byproducts 

of necrotic and apoptotic cells.18 Additionally, recent publications have shown 

that circulating miRNAs are the result of active secretion and may be taken up by 

surrounding and distant recipient cells in which they have distinctive functions.19, 20  

At present, the exact origin and function of circulating miRNAs remains unknown. 

Unique miRNA profiles in plasma and serum have been identified in patients with 

colorectal, breast and esophageal squamous cell cancer (ESCC).21-26 However, the 

expression of circulating miRNAs in BE and EAC has as yet not been evaluated. We 

hypothesized that different miRNA expression patterns are present in plasma of BE 

and EAC patients compared to normal controls. Several studies have shown that 

miRNAs that were upregulated in cancer tissue were not necessarily upregulated in 

plasma of these cancer patients. 27, 28 We therefore determined circulating miRNA 

expression profiles in BE and EAC patients and in healthy controls (normal controls, 

NC). Based on this, we selected a panel of miRNAs that was subsequently validated in 

a different and larger group of BE and EAC patients.

MATERIALS AND METHODS
Ethics statement
This study was approved by the Medical Ethical Committee of the University Medical 



118

Center Utrecht and Radboud University Medical Center. Written consent was 

obtained from all patients prior to obtaining samples and patient anonymity has  

been preserved. 

Study subjects
All participants, including NC, underwent routine endoscopy. Twelve ml blood for 

plasma miRNA analysis was collected in EDTA-containing tubes (BD Biosciences, 

Plymouth, UK) from all BE or EAC patients and NC. All blood samples were obtained 

at the day of endoscopy. Plasma from EAC patients were collected before treatment. 

All BE patients were on long term proton pump inhibition (PPI) in a dose of 40 to 80 

mg daily to treat and/or prevent reflux esophagitis. NCs had no reflux symptoms or 

endoscopic abnormalities and did not use PPIs. Biopsies were taken from NC, BE 

and EAC patients for histopathological confirmation. Squamous epithelium (SQ) 

biopsies from NC were collected 2 cm above the gastro-esophageal junction, while SQ 

biopsies from BE and EAC were collected 2 cm proximal to the BE or EAC segment. 

In EAC patients, both BE and EAC were biopsied. Histopathology confirmed that 

all BE patients had proven BE (with intestinal metaplasia) without dysplasia, NC 

had no signs of inflammation and EAC patients had confirmed BE and EAC. Patient 

characteristics are summarized in Tables 1A-B and the study design in Suppl. figure 1.

 Blood samples were centrifuged for 10 minutes at 2,100 g at 4ºC and the plasma 

was collected. Samples were stored at -80ºC or -20ºC, before subsequent miRNA 

expression analysis.

RNA isolation
RNA was isolated from 200 μl plasma as previously described29, 30 and according to 

the manufacturer’s protocol using the miRNeasy Minikit kit (Qiagen, Venlo, The 

Netherlands). 

 Briefly, 3.75-volume Qiazol (Qiagen, Venlo, The Netherlands) containing 1.25 μg/

ml MS2 RNA (Roche Diagnostics, Mannheim, Germany) was added to the plasma 

and the mixture was shortly vortexed. After a 5-min incubation at room temperature, 

0.2-volume chloroform (Merck, Darmstadt, Germany) was added, the sample was 

shortly vortexed and kept at room temperature for 2 min. After centrifugation at 

12,000 g for 15 min at 4ºC, supernatant was transferred to a clean tube, 1.5-volume 

of 100% ethanol (Merck) was added and mixed by pipetting. The sample was then 

applied directly to a Qiagen RNeasy Mini Spin Column. The isolated RNA was 

dissolved in 50 μl RNase-free water. 

Quality control and miRNA expression profiling
RNA quality control and subsequent miRNA expression profiling were performed 

by Exiqon, Denmark. For quality control, 2 µl RNA was reverse transcribed (RT) in 

10 µl reactions using the miRCURY LNATM Universal RT microRNA polymerase 

chain reaction (PCR), Polyadenylation and cDNA synthesis kit (all from Exiqon). 

Each reverse transcription reaction was performed in duplicate, including an 

artificial RNA spike-in (Sp6, Exiqon). cDNA was diluted 50x and assayed in 10 µl PCR 
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Figure 1: Venn diagram of circulating microRNAs in esophageal adenocarcinoma, Barrett’s 

esophagus  and normal squamous esophagus; profiling study.

Plasma sample microRNA ID

NC* hsa-miRNA-1
hsa-miRNA-10a
hsa-miRNA-92b
hsa-miRNA-133a
hsa-miRNA-133b
hsa-miRNA-328
hsa-miRNA-365
hsa-miRNA-500
hsa-miRNA-574-3p

BE** hsa-miRNA-95
hsa-miRNA-122
hsa-miRNA-451
hsa-miRNA-1974

EAC*** hsa-miRNA-186
hsa-miRNA-195
hsa-let-7e

NC and BE hsa-miRNA-532-3p

NC and EAC hsa-miRNA127-3p
hsa-miRNA-136
hsa-miRNA-154
hsa-miRNA-382

BE and EAC hsa-miRNA-194

Figure 1: Venn diagram showing the 

distribution of microRNA expression 

comparing plasma samples from 

negative controls (NC), patients with 

Barrett’s esophagus (BE) and esophageal 

adenocarcinoma (EAC) (A). Depicted 

are all miRNAs significantly differentially 

expressed or more than 1.5-fold up- or 

downregulated comparing the various 

groups. B shows the specific microRNAs 

depicted in the Venn diagram.

A

B
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Table 1A: Characteristics of negative controls and patients with Barrett’s esophagus or 

esophageal adenocarcinoma used for microRNA expression profiling.

*) NC = negative control, **) BE = Barrett’s esophagus, ***) EAC = esophageal adenocarcinoma, 

****) CM = circumference length, maximum length.

Variable NC*
(n=10)

BE**
(n=10)

EAC***
(n=10)

Gender (male) 5 (50%) 9 (90%) 8 (80%)

Age  (years, mean ± SD & [range]) 54.6 ± 10.9
[40 - 75]

58.0 ± 12.2
[40 - 76]

58.0 ± 11.0
[42 - 74]

Barrett length (mean & [range]) n.a. C3M4****
[C0M2 - C10M11]

C7M7
[C3M4 - C13M13]

Tumor stage (T)
        1
        2
        3 
        4
        X (unknown)

n.a. n.a. 0 (0%)
1 (10%)
7 (70%)
1 (10%)
1 (10%)

Lymph node status (N)
         0
         1
         2
         3
         4
         X (unknown)

n.a. n.a. 3 (30%)
3 (30%)
0 (0%)
3 (20%)
0 (10%)
1 (10%)

Metastases (M)
         0 
         1
         X (unknown)

n.a. n.a. 0 (0%)
1 (10%)
9 (90%)
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Table 1B: Characteristics of negative controls and patients with Barrett’s esophagus or 

esophageal adenocarcinoma used for validation by Q-RT-PCR.

*) NC = negative control, **) BE = Barrett’s esophagus, ***) EAC = esophageal adenocarcinoma, 

****) CM = circumference length, maximum length.

Variable NC*
(n=15)

BE**
(n=41)

EAC***
(n=59)

Gender (male) 3 (20%) 31 (76%) 53 (90%)

Age (years, mean ± SD & [range]) 39.5 ± 14.7 
[19 - 68]

59.2 ± 11.7 
[35 - 81] 

65.8 ± 10.8 
[42 - 85]

Barrett length (mean & [range]) n.a. C3M4 ****
[C0M2 - C10M11]

C5M8
[C0M2 – C14M14]

Tumor stage (T)
        1
        2
        3 
        4
        X (unknown)

n.a. n.a. 4 (7%)
8 (14%)
31 (53%)
0 (0%)
16 (27%)

Lymph node status (N)
         0
         1
         2
         3
         4
         X (unknown)

n.a. n.a. 18 (31%)
23 (39%)
4 (7%)
0 (0%)
0 (0%)
14 (24%)

Metastases (M)
         0 
         1
         X (unknown)

n.a. n.a. 4 (8%)
7 (12%)
48 (81%)



122

reactions according to the protocol for miRCURY LNATM Universal RT microRNA 

PCR; 4 miRNAs (miRNA-103, miRNA-191, miRNA-423-3p and miRNA-451) and Sp6 

were assayed by quantitative polymerase chain reaction (qPCR). The amplification 

was performed in a LightCycler® 480 Real-Time PCR System (Roche, Mannheim, 

Germany). The amplification curves were analyzed using the Roche LC software, 

both for determination of Cp (∆∆Cp method) and for melting curve analysis. A mean 

Cp was calculated for the duplicate RT’s and evaluation of expression levels was 

performed based on raw Cp-values. High technical quality was achieved, since all four 

miRNAs and the synthetic spike-in were found to be present in the samples.

For miRNA expression profiling, 5 µl RNA was reverse transcribed in 25 µl reactions 

using the miRCURY LNATM Universal RT microRNA PCR, Polyadenylation and cDNA 

synthesis kit (Exiqon). cDNA was diluted 50x and assayed in 10 µl PCR reactions. 

PCR panels containing primers for microRNAs found in serum and plasma were used 

(Serum / Plasma Focus miRNA PCR panels, Exiqon). This panel consisted of 175 

miRNAs that are known to be present in human plasma samples. Negative controls, 

samples excluding template in the RT reaction, were included. The amplification was 

performed in a LightCycler® 480 Real-Time PCR System (Roche). The amplification 

curves were analyzed using the Roche LC software, both for determination of Cp 

(∆∆Cp method) and for melting curve analysis.

Data analysis, miRNA expression profiling
The amplification efficiency was calculated using algorithms similar to the LinReg 

software.31 All assays were inspected for distinct melting curves and the melting 

temperature was checked to be within known specifications for the assay. miRNA 

assays were included in the final analysis if the samples were detected 5 Cp’s lower 

than the negative control (excluding template in the RT reaction), the upper limit of 

detection was set to Cp 37. NormFinder was used to find the best normalizer.32 Based 

on this, data were normalized to the average of assays detected in all samples (average 

– assay Cp). Fold changes were measured using mean ratios. miRNAs with a p-value 

of 0.05 or lower (analysis of variance (ANOVA)) or fold changes of 1.5 or higher were 

listed and supposed to be differentially expressed between the various groups. 

Validation by real-time reverse transcribed polymerase chain 
reaction 
Real-time reverse transcribed polymerase chain reaction (RT-PCR) assays were 

performed to quantify the expression of miRNA-95, -133a, -136, -194, -382 and -451. In 

addition, assays to determine miRNA-93, -103, -106a, -423-3p and -423-5p expression 

were included for normalization. 

 RT-PCR assays were performed by three experienced researchers, who were 

blinded to the results of the histopathology. The analyses were performed by using 

the TaqMan MicroRNA Assay kit according to the manufacturer’s protocol (Applied 

Biosystems). All RT and PCR reactions were performed on a thermal cycler (iCycler iQ 

system, BioRad, Hercules, CA, USA). Assays were performed in duplicate. 
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microRNA ID Mean 
expression 
NC

Mean 
expression 
BE

Mean 
expression 
EAC

Fold 
induction 
BE/NC

Fold 
induction 
EAC/NC

Fold 
induction 
EAC/BE

hsa-let-7e 1.22 1.08 1.61 0.88 1.32 1.50*

hsa-miRNA-1 1.74 0.61 0.51 0.35 0.29 0.84

hsa-miRNA-10a 1.01 0.64 0.57 0.63 0.56* 0.89

hsa-miRNA-92b 1.13 0.88 0.72 0.77 0.64 0.82

hsa-miRNA-95 1.18 2.61 0.93 2.21 0.79 0.36*

hsa-miRNA-122 1.09 1.65 1.07 1.52 0.99 0.65

hsa-miRNA-127-3p 1.31 0.79 1.30 0.60 0.99 1.65

hsa-miRNA-133a 1.64 0.51 0.52 0.31 0.32 1.02

hsa-miRNA-133b 2.21 0.71 0.70 0.32 0.32 0.99

hsa-miRNA-136 1.17 0.68 1.43 0.58 1.22 2.11

hsa-miRNA-154 1.31 0.84 1.32 0.64 1.01 1.58

hsa-miRNA-186 1.01 0.86 1.05 0.86 1.04 1.21*

hsa-miRNA-194 1.12 2.47 2.55 2.21 2.28 1.03

hsa-miRNA-195 1.00 1.25 1.46 1.24 1.45* 1.17

hsa-miRNA-328 1.01 0.84 1.06 0.84* 1.06 1.26

hsa-miRNA-365 1.07 0.87 0.67 0.82 0.62* 0.76

hsa-miRNA-382 1.15 0.76 1.57 0.65 1.36 2.08*

hsa-miRNA-451 1.10 2.01 1.29 1.83* 1.18 0.64

hsa-miRNA-500 1.09 0.77 0.65 0.71 0.59 0.84

hsa-miRNA-532-3p 1.03 0.96 0.74 0.93 0.71* 0.77*

hsa-miRNA-574-3p 1.02 0.87 0.72 0.85 0.71* 0.83

hsa-miRNA-1974 1.39 3.20 1.73 2.31 1.25 0.54

Table 2: microRNA expression in plasma samples;  profiling study

MicroRNAs significantly (p<0.05) or more than 1.5 fold up- or down-regulated comparing 

plasma samples from esophageal adenocarcinoma (EAC), Barrett’s esophagus (BE) and NC. 

Mean expression along with their fold induction are shown. *) miRNAs that were significantly 

differentially expressed (two-tailed t-tests; p<0.05).
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Figure 2: microRNA expression in plasma samples from patients with esophageal 

adenocarcinoma, Barrett’s esophagus and negative controls; validation study.

Figure 2: Validation by Q-RT-PCR of plasma samples from negative controls (NC), Barrett’s 

esophagus (BE) and esophageal adenocarcinoma (EAC) patients. The upper and lower limits of 

the boxes and the lines inside the boxes indicate the 5th and 95th percentiles and the median, 

respectively. Significance was determined by two-tailed t-tests *p<0.05, **p<0.01.
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Figure 3: Evaluation of the diagnostic potential of microRNAs in the plasma samples from 

negative controls (NC), Barrett’s esophagus (BE) and esophageal adenocarcinoma (EAC) 

patients. Presented Receiver Operating Characteristic (ROC) curves show the greatest Area under 

the Curve (AUC) for distinguishing NC, BE and EAC patients. All formulas, used to combine the 

microRNAs, were calculated by performing logistic regression analysis. (A) The ROC analysis 

to distinguish NC from BE patients. A combination of miRNA-95, -136, -194 and -451 was used. 

The formula used: 0.391 + (0.734*miRNA-95) + (-0.217*miRNA-136) + (0.158*miRNA-194) + 

(0.322*miRNA-451). (B) Diagnostic performance of miRNA-133a, -382 and -451 for distinguishing 

NC from EAC patients. The formula used: -0.303 + (-0.703*miRNA-133a) + (0.925*miRNA-382) 

+ (0.380*miRNA-451) (C) ROC curve analysis showing the diagnostic performance of miRNA-

133a, -136, -382 in order to distinguish BE from EAC patients. The formula used: 0.103 + 

(-0.557*miRNA-133a) + (0.068*miRNA-136) + (0.215*miRNA-382).

Figure 3: Receiver operating characteristic curve analyses for discriminating normal 

controls from patients with Barrett’s esophagus and esophageal adenocarcinoma and 

patients with Barrett’s esophagus from esophageal adenocarcinoma.  
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microRNA ID Mean 
expression 
NC

Mean 
expression 
BE

Mean 
expression 
EAC

Fold 
induction 
BE/NC

Fold 
induction 
EAC/NC

Fold 
induction 
EAC/BE

hsa-miRNA-95 0.23 1.01 0.63 4.39 2.75 0.63

hsa-miRNA-133a 1.33 1.11 0.53 0.83 0.40* 0.48*

hsa-miRNA-136 3.94 1.31 3.80 0.33* 0.96 2.91

hsa-miRNA-194 0.62 2.58 2.01 4.17* 3.25 0.78

hsa-miRNA-382 0.93 1.39 3.34 1.50 3.60* 2.41*

hsa-miRNA-451 1.09 2.84 2.36 2.61* 2.17 0.83

Table 3: microRNA expression in plasma samples; validation study

Table 4: Expression and function of miRNAs

Validation of miRNAs by Q-RT-PCR of plasma samples from negative controls (NC), patients with 

Barrett’s esophagus (BE) and patients with esophageal adenocarcinoma (EAC).

Mean expression along with their fold induction are shown. *) miRNAs that were significantly 

differentially expressed (two-tailed t-tests; p<0.05). 

*ESCC=Esophageal squamous cell carcinoma; **BE=Barrett’s esophagus; ***EAC=Esophageal 

adenocarcinoma; ****TGF-beta=transforming growth factor-beta.

miRNA Presence in plasma/serum Tissue expression/known function

hsa-miRNA-95 _ Colorectal cancer: ↑ 46

Oncogenic role46 

hsa-miRNA-133a ESCC patients: ↓ 23 Ileal carcinoid tumor ↓ 47

Tumor-suppressive role 48

hsa-miRNA-136 _ Lung cancer: ↑ 49

Oncogenic role 49

hsa-miRNA-194 ESCC patients: ↑ 24 BE/EAC tissue: ↑ 12

hsa-miRNA-382 Breast cancer patients: ↑ 36 Ovarian cancer: ↓ 50

Role in TGF-beta pathway 51

hsa-miRNA-451 Gastric cancer patients: ↑ 37 BE/EAC tissue: ↑ 12
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Tissue Plasma

BE*/SQ** BE/NC***

hsa-miRNA-194 36.02 2.17

hsa-miRNA-451 3.97 1.83

hsa-miRNA-133b 3.11 0.58

hsa-miRNA-1 2.64 0.56

hsa-miRNA-10a 2.24 0.55

  

 EAC****/SQ EAC/NC

hsa-miRNA-194 18.62 2.21

hsa-miRNA-365 0.45 0.62

hsa-miRNA-133b 2.58 0.65

hsa-miRNA-1 2.31 0.44

EAC/BE EAC/BE

hsa-miRNA-451 0.48 0.61

Table 5: Comparison of miRNA profiles in tissue and plasma

*BE=Barrett’s esophagus; **SQ= squamous epithelium; ***NC= negative control;

****EAC= esophageal adenocarcinoma.

miRNAs more than 2-fold up- or downregulated comparing tissue samples and miRNAs 

more than 1.5-fold up- or downregulated comparing plasma samples from esophageal 

adenocarcinoma (EAC), Barrett’s esophagus (BE) and NC are shown.
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Data analysis, validation study
The relative level of the miRNAs was calculated using the ∆Ct method. miRNA 

expression was expressed in box plots. Data was analyzed using GraphPad Prism 

version 5.03, Graphpad software (San Diego, CA, USA). Comparisons between 

two groups were analyzed using two-tailed t-tests. To evaluate whether circulating 

miRNAs could be used to distinguish between the different groups Receiver Operating 

Characteristic (ROC) curve analysis was performed to determine the accuracy of 

the established miRNA panel (area under the curve (AUC), 95% confidence interval 

(CI), sensitivity and specificity) (GraphPad Prism). The best miRNA panel and the 

formulas used to combine these miRNAs for the ROC curve analysis were determined 

by logistic regression analysis (Statistical Package for Social Sciences for Windows 

(version 20; SPSS Inc., Chicago, IL, USA)).

RESULTS
miRNA expression profiling
Three unique circulating miRNA profiles of plasma samples from BE and EAC 

patients, and NC were obtained. On average, 161 miRNAs were detected in each 

sample, with an overlap of 114 miRNAs in all samples. Seven samples (4 NC, 2 BE and 

1 EAC) showed signs of hemolysis and 1 sample (EAC) contained marked amounts 

of inhibitors and could not be analyzed for miRNA content; these samples were 

taken out of the analysis. The complete circulating miRNA expression profiles can be 

found on the Gene Expression Omnibus website (http://www.ncbi.nlm.nih.gov/geo/, 

accession code: GSE51410).

 A Venn diagram (Figure 1A) was constructed to sort the distribution of the miRNAs 

in plasma samples from BE and EAC patients, and NC. The diagram demonstrated 

that 9 miRNAs were elevated in plasma samples from NC, 4 miRNAs were elevated 

in plasma samples from BE and 3 miRNAs were elevated in plasma samples from 

EAC. The specific miRNAs presented in the Venn diagram are shown in Figure 1B. 

Comparing the various groups, we found that miRNA-194 was highly present in 

plasma samples from EAC and BE patients compared to NC. miRNA-532-3p was 

highly expressed in both BE and NC compared to EAC, while miRNA-136, -127-3p, 

-154 and -382 were highly present in EAC and NC compared to BE (Figure 1B). 

miRNAs differentially expressed in plasma from BE and EAC 
patients and NC
We first investigated the miRNAs that were differentially expressed when comparing 

plasma samples from BE with NC (Table 2). Five miRNAs were more than 1.5-fold 

upregulated and 8 miRNAs were more than 1.5-fold downregulated comparing BE 

with NC. In addition, 2 miRNAs were significantly differentially expressed, of which 1 

miRNA was up- and 1 miRNA was downregulated in BE compared to NC (miRNA-451 

and miRNA-328, respectively). 

 Comparing plasma samples from EAC and NC, we identified 1 miRNA that 

was more than 1.5-fold upregulated and 7 miRNAs that were more than 1.5-fold 

downregulated (Table 2). Particularly, miRNA-10a and -365 were significantly 
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downregulated in EAC compared to NC. An additional 3 miRNAs were significantly 

differentially expressed comparing the two groups; these were however not more than 

1.5-fold induced or reduced. 

 Comparing plasma samples from EAC patients and BE patients, we found 5 

miRNAs that were more than 1.5-fold upregulated and 4 miRNAs that were more 

than 1.5 fold downregulated (Table 2). Particularly, miRNA-382 and let-7e were 

significantly and more than 1.5-fold upregulated in EAC compared to BE, whereas 

miRNA-95 was significantly and more than 1.5 fold downregulated in EAC compared 

to BE. Additionally, 2 miRNAs were significantly differentially expressed comparing 

the two groups, but did not show an up- or downregulation of more than 1.5-fold.

Validation study of selected miRNAs as plasma marker candidates
We subsequently validated our miRNA profiling study results using plasma samples 

from another 41 BE and 59 EAC patients and 15 NC. Based on our miRNA profiling 

study we selected 6 miRNAs that were used for the validation study, i.e., miRNA-95, 

-133a, -136, -194, -382 and -451. These miRNAs met the selection criteria and when 

comparing the various groups were 1.5-fold induced/reduced and significantly 

differentially expressed or more than 2-fold induced/reduced in one or two of the 

groups (Suppl. Figure 2).

 Q-RT-PCR results indicated that miRNA-133a was significantly higher expressed 

in plasma samples from NC (2.5-fold) and BE (2.1-fold) compared to EAC (Figure 2A) 

and miRNA-136 was significantly higher expressed in plasma samples from NC (3.0-

fold) compared to BE (Figure 2B). In addition, miRNA-194 and -451 were significantly 

higher expressed in BE (4.2-fold and 2.6-fold, respectively), compared to NC (Figures 

2C and 2D). miRNA-382 was significantly higher expressed in plasma samples from 

EAC compared to BE patients (2.4-fold) and NC (3.6-fold)  (Figure 2E).  miRNA-95 

showed an increased expression in BE and EAC compared to NC (4.4- and 2.8-

fold, respectively Table 3), this was however not significant (Figure 2F). miRNA-136 

showed an increased expression in EAC compared to BE (2.9-fold) and miRNA-194 an 

increased expression in EAC compared to NC (3.2-fold; Table 3). Known functional 

and expression data from these 6 miRNAs are summarized in Table 4.

Diagnostic potential of circulating miRNAs in plasma samples, 
validation study
To investigate the diagnostic potential of circulating miRNAs, we determined the 

discriminatory power between the various groups by performing logistic regression 

and ROC analysis using the Q-RT-PCR results from the validation study  (Figure 

3). The most informative diagnostic panel to distinguish NC from BE was the 

combination of miRNA-95, -136, -194 and -451 showing the highest AUC 0.832 (95% 

CI: 0.698 - 0.967) with a sensitivity of 78.4% and specificity of 85.7% (Figure 3A). A 

combination of miRNA-133a, -382 and -451 showed an AUC of 0.846 (95% CI: 0.738 

- 0.954), a sensitivity of 85.7% and a specificity of 80.0% to distinguish EAC from NC 

(Figure 3B). The highest potential to discriminate between BE and EAC patients was 

found by using a combination of miRNA-133a, -136 and -382, with an AUC of 0.797 
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(95% CI: 0.699 - 0.896), with a sensitivity of 80.9% and a specificity of 78.4% (Figure 

3C).

Comparison of miRNAs expressed in tissue and present in plasma
Previously, our group performed miRNA expression profiling using esophageal 

squamous epithelium (SQ), BE and EAC tissue biopsies.12 We compared the miRNA 

expression profiles of plasma samples described in the present study with the miRNA 

expression profiles of corresponding tissue samples described in the previous study.12 

Comparing BE samples with those from NC, we found that miRNA-194 and -451 were 

higher expressed in both tissue and plasma from BE. Comparing EAC samples with 

those from NC, we found that miRNA-194 was higher expressed in both tissue and 

plasma from EAC. miRNA-451 was found to be lower expressed in both tissue and 

plasma from EAC compared to BE (Table 5).

DISCUSSION
In this exploratory study we demonstrated that circulating miRNAs may have a promising 

diagnostic performance for the detection of BE and EAC. This raises the possibility of 

using such markers to develop a non-invasive and rapid diagnostic test for detecting BE 

and EAC. The investigation of plasma miRNAs as diagnostic markers is still in its early 

stages. However, considering the rapid advancements in this field, the development of 

non-invasive blood-based miRNA diagnostics may well be proven to be successful in the 

near future. In comparison to the current routine surveillance endoscopy program with 

histopathological analysis of biopsies, a plasma test would by far be more convenient, 

less invasive and possibly also cost-effective. 

 BE is thought to develop from no dysplasia via low-grade dysplasia and high-grade 

dysplasia to EAC.33 In the present study, we only included BE patients without dysplasia, 

however future studies focusing on miRNA plasma levels in BE patients progressing from 

low-grade to high-grade dysplasia are needed. If circulating miRNAs can be used for the 

detection of progression to EAC, it would add even more value to the use of miRNAs for 

EAC prevention. 

 Several studies investigating circulating plasma miRNAs as potential markers to detect 

various types of cancer have shown promising results.21, 25, 34 For example, a combination 

of 2 miRNAs (miRNA-21 and -375) has been suggested to have a predictive value for 

the detection of ESCC.21 Several other miRNAs have been shown to be differentially 

expressed in plasma or serum of ESCC patients, compared to controls.21-24 Two of these 

miRNAs were also found in our dataset. miRNA-194 was increased in ESCC patients 24, 

which is comparable to our results. miRNA-133a, however, was found to be increased 

in ESCC 23, while we found a decreased expression of miRNA-133a in plasma from BE 

and EAC patients. These two esophageal cancer types are fundamentally different in 

pathogenesis and tumor biology 35, which likely explains the differences in circulating 

miRNA expression. Of the other miRNAs in our dataset, miRNA-382 has been found to be 

increased in plasma of breast cancer patients and was suggested to be part of a panel to 

detect breast cancer.36 miRNA-451 was elevated in plasma of gastric cancer patients and 

proposed to be part of a panel to diagnose early stage gastric cancer (Table 4).37
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In table 5, we compared miRNA expression in plasma and tissue from healthy 

controls, patients with BE and patients with EAC. miRNA-194, -451 and -365 

expression showed a similar expression pattern in tissue and plasma. Other miRNAs 

showed contradictory results, with an increase in BE or EAC tissue and a concomitant 

decrease in BE or EAC plasma. Since the exact origin and function of circulating 

miRNAs is unknown, we are unable to explain the difference in expression. 

 miRNA measurement in plasma is affected by the occurrence of hemolysis or 

the presence of residual platelets in the sample 38, as red blood cells and platelets 

are known to contain miRNAs as well.39, 40 In order to remove residual platelets 

we performed post-storage centrifugation of the plasma samples. We excluded 

eight samples (4 NC, 2 BE and 2 EAC) from our miRNA expression profiling due to 

hemolysis or the presence of marked amounts of inhibitors. Hemolysis of whole-

blood samples results in an increase of erythrocyte specific miRNAs (miRNA-16 and 

miRNA-144), which are not disease specific.41, 42 In the current study we also identified 

miRNA-451 as one of the promising markers. Results on miRNA-451 should however 

be interpreted with caution, since hemolysis can greatly affect the presence of this 

miRNA.41 To determine whether the differential miRNA-451 expression was due to 

hemolysis, we measured the presence of miRNA-16. Our validation samples did not 

show an effect on miRNA-16 expression (data not shown) and therefore we concluded 

that our samples were free of hemolysis.

 Although our results are promising, we are aware of some limitations. First, 

we included significantly more females in the NC group. From a Chinese study it 

is known that 90 of 101 miRNAs are present in both male and female serum, but 

miRNA-100, -184 and -923 are male specific, while miRNA-222 is female specific.43 

These miRNAs were not induced or reduced in our groups; therefore we concluded 

that gender probably did not influence our results. In addition, the patients in the NC 

group were younger than the patients in the BE and the EAC groups. This is a result of 

our inclusion criteria, in which persons in the NC group were excluded when they had 

reflux symptoms. It was challenging to include persons with similar characteristics 

in the NC group, particularly because both BE44 and reflux symptoms45 are more 

common among older males. 

 Although the number of studies published on circulating miRNAs as potential 

markers for cancer is increasing, data normalization remains an important issue. In 

tissue miRNA analysis, U6snRNA is commonly used for normalization; however its 

expression is not stable in plasma.43 There are few approaches which can be used to 

minimize experimental variation, for example spike-in RNAs.16 During our quality 

control experiments, we included an artificial spike-in RNA and achieved high 

technical quality. In addition, we used NormFinder to identify the best normalizer.32 

This showed that the average of assays detected in all samples could be used for 

normalization in our miRNA expression profiling dataset and that a set of 5 miRNAs 

(miRNA-93, -103, -106a, -423-3p and -423-5p) could be used in our validation. These 

miRNAs were stably expressed in each group during our initial miRNA expression 

profiling (Suppl. figure 3). However, in the future, a consensus endogenous control 

suitable for normalization needs to be established.   
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In summary, we performed a profiling study to identify circulating miRNAs that 

are able to distinguish BE and EAC patients from NC and validated this in a larger 

cohort. In the future, this may have important clinical implications as it may be able 

to develop minimally invasive markers for diagnosing BE and EAC. These markers 

could make future screening and surveillance protocols that are based on upper 

endoscopy more (cost-)effective assigning patients to endoscopy when circulating 

miRNAs suggest that they are at risk of developing EAC, whereas in those not at risk 

endoscopy would not be indicated. Nevertheless, for now, further validation in larger 

and independent cohorts is required.
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Supplementary data

Supplementary figure 1: Study design flowchart

Supplementary figure 2: Selection criteria for the miRNAs in the validation study

Suppl. figure 1: We divided the study into a profiling and validation study.

Suppl. figure 2: This figure shows the selection criteria for the 6 miRNAs used for validation. 

After the selection of all miRNAs that were elevated in two groups (*), we selected 2 additional 

miRNAs elevated in BE and 1 additional miRNA elevated in NC (**). These additional miRNAs 

were chosen, because they fitted the selection criteria best. miRNA-133a was chosen because 

this miRNA showed the highest increase in NC compared with both BE and EAC. miRNA-451 was 

chosen since this miRNA has been found to be increased in BE tissue.12
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Supplementary figure 3: microRNA expression in plasma samples from patients with 

esophageal adenocarcinoma, Barrett’s esophagus and negative controls; profiling study

Suppl. figure 3: miRNA expression in plasma samples from negative controls (NC), Barrett’s 

esophagus (BE) and esophageal adenocarcinoma (EAC) patients in the profiling study. Depicted 

are the miRNAs chosen for normalization in the validation study. The upper and lower limits 

of the boxes and the lines inside the boxes indicate the 5th and 95th percentiles and the median, 

respectively. 
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Chapter 8:  General discussion

Esophageal cancer (EC) is the 8th most common cancer type worldwide1. It has a 

high mortality, which makes it 6th on the list of estimated cancer deaths1. The two 

main histological types are esophageal adenocarcinoma (EAC) and squamous cell 

carcinoma (ESCC). Risk factors for EAC are the occurrence of gastro-esophageal reflux 

disease (GERD) and/or Barrett’s esophagus (BE), obesity, alcohol and tobacco use2-4. 

The main risk factors for ESCC are smoking and alcohol consumption3. Since most 

patients are diagnosed at a late stage, primary prevention may offer the most effective 

long-term effect on reducing mortality from this malignancy. Primary prevention 

can be performed by reducing obesity, controlling reflux and stopping smoking 

and drinking alcohol. Another way to decrease mortality could be to detect tumor 

development at an earlier stage. 

Part I: Role of patient characteristics on the development, treatment 
and survival of esophageal cancer.
Apart from the above mentioned risk factors, we concluded in chapters 2, 3 and 4 that 

diabetes mellitus, cardiovascular diseases, socio-economic status (SES) and gender all 

have an effect on the development, treatment choice and survival of EC.

 Patients with diabetes are known to have an increased risk of developing several 

types of cancer, e.g. pancreas and colon cancer5. Previously, a modestly increased 

risk for EC was reported in diabetes patients, with a higher risk for EAC compared 

to ESCC6. The association between cancer and diabetes however remained unclear. 

It can be caused by hyperglycemia, insulin resistance or by shared risk factors, 

such as obesity, dietary factors, alcohol use and reduced physical activity7. Obesity 

is considered to be the starting point of the metabolic syndrome. This syndrome 

comprises of abdominal obesity, hypertension, dyslipidemia and hyperglycemia 

and is linked to insulin resistance8. All these factors increase the risk of developing 

both diabetes and cardiovascular diseases8. Insulin resistance will result in increased 

insulin levels, which is known to have also oncogenic effects9. Moreover, a strong 

association between blood glucose levels, hyperglycemia and EC risk has been 

reported in a European and Korean study10, 11. In addition, the link between diabetes 

and EAC may be delayed gastric emptying, which is found in half of patients 

with diabetes, and subsequent gastro-esophageal reflux which is linked to the 

development of BE12, 13.  Finally, patients with diabetes are also at an increased risk of 

having cardiovascular disease14, which may well explain the simultaneous increased 

prevalence of both diabetes and cardiovascular disease in our cohort (chapter 2). To 

our knowledge, cardiovascular disease has not been linked to cancer. It has previously 

been shown that physical activity is beneficial in preventing cancer development, 

however, data on EC prevention is insufficient15. Nonetheless, increasing physical 

activity in a population will reduce the prevalence of diabetes mellitus, cardiovascular 

diseases and obesity. Since lifestyle-related disorders seem to have an effect on the 

development of EC, activities aiming at reducing these lifestyle-related disorders 

or intensified surveillance in these patients may well lead to stabilization or even a 

decrease in EC incidence. 

 In the Netherlands, healthcare is equally accessible to the whole population. One 
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would therefore not expect a difference in treatment choice between the different 

SES groups in the population, as we evaluated in chapter 3. A possible explanation 

may be that patients with a low SES have a different perspective on healthcare, a 

different health literacy. The latter group of patients are known with an increased 

delay between symptom awareness related to EC and visiting a general practitioner16, 

17. A delayed diagnosis results in a more advanced tumor stage. In our analyses we 

adjusted however for tumor size. Other important factors might be that low SES 

patients are more often obese or use tobacco, which are risk factors for EC18, 19. Our 

database did not include data on weight, length or tobacco use; therefore, we were not 

able to elucidate this effect. Since low SES had such a profound effect on treatment 

choice, it might be relevant to further study this group, to be able to eliminate this 

effect. 

 The effect of female gender on survival of EC may have multiple explanations. 

First, it has been reported that females are diagnosed with EC at a younger age20, 

which may have a positive impact on survival. However, we found no difference in 

age between males and females in our cohort (chapter 4). Additionally, differences 

in health literacy between females and males might cause a delayed diagnoses and 

start of treatment in men. This aspect can be deducted from the TNM stage. We 

therefore adjusted for tumor stage in our analysis and still found a gender effect. 

Third, hormonal differences have been suggested to have an effect on ESCC survival21. 

The effect of hormones on both ESCC and EAC development is however still poorly 

understood21, 22.  It is known that both ESCC and EAC express the estrogen receptor 

(ER)-β 23, 24. In addition, estrogens have been shown to have an inhibitory effect on 

ESCC growth in a mouse model25. It has been suggested that estrogens and/or ER-β 

have a protective role in the development of EC. Activating the ER-β pathway, by 

binding of estradiol or related ligands, may therefore provide a new therapy option for 

EC. It can be hypothesized that males with ER-β positive tumors may well benefit from 

hormonal treatment, but this needs further study. 

Part II: Development and detection of EAC
The incidence rates of BE and EAC have increased over the last few decades26, 27. BE is 

a known risk factor for EAC2-4 and over 95% of all EAC cases are associated with BE28. 

Upon BE diagnosis, patients are advised to enter a surveillance program, to monitor 

possible changes in the BE epithelium and to detect EAC development at an early 

stage. However, studies have shown that less than 10% of Dutch patients diagnosed 

with EAC were known with a prior BE diagnosis29. This suggests that a large group of 

patients with BE are undiagnosed and are therefore not included in a surveillance 

program. This might result in an EAC diagnosis at a later stage and consequently a low 

5-year survival. 

 In order to decrease the incidence of BE and subsequently EAC cases, it is necessary 

to understand the pathogenesis of BE. In chapter 5 we report the large variations in 

the in vitro models used in studies aiming to determine the development of BE. Most 

studies used squamous cell lines, Barrett’s epithelium cell lines or adenocarcinoma 

cell lines. Upon incubation with bile salts and/or acid an increase in BE specific factors 
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have been reported. However, no reports on cell differentiation changes towards 

columnar metaplasia have been published. It therefore seems as if esophageal cells 

have no easy intrinsic capacity for the differentiation to columnar metaplasia. 

 Previous studies have shown that different miRNA expression profiles can be found 

in squamous epithelium (SQ), BE and EAC tissue30. miRNAs are important regulators 

of gene expression31, but the exact role of these miRNAs and how they are regulated 

during BE and EAC development is unknown. We found that miRNA-143, -145, -192 

and -194 expression was upregulated upon incubation of a SQ cell line with bile salts at 

pH5. In addition, miRNA-143 and -145 were already upregulated in the precursor of BE, 

reflux esophagitis (RE) (chapter 6). The BMP4 signaling pathway, which is activated 

in RE and BE32, is known to be regulated by miRNA-145 in BE cells30. BMP4 belongs to 

the TGF-beta family, which is known to have an effect on cellular differentiation33, an 

important step in the development of BE. Both miRNA-143 and -145 are implicated 

in the epithelial-to-mesenchymal transition in prostate cancer34.  During this process, 

epithelial cells lose their cell-cell adhesion, which results in cancer progression and 

metastasis. Since esophageal cancer metastasizes at an early stage, this transition has 

also been suggested to be relevant in the pathogenesis of EAC35. In addition, one of 

the cell adhesion molecules that decreases during the EMT process, E-cadherin36, is 

known to decrease during the transition process of metaplasia - dysplasia - carcinoma 

in the esophagus37. Moreover, expression of miRNA-143 and -145 has been found to be 

associated with ESCC risk38 and are therefore proposed as possible biomarkers for early 

diagnosis and prognosis of ESCC38. Since these miRNAs are already upregulated in RE, 

they may also function as biomarkers for BE and possibly EAC development.

 Furthermore, in our in vitro model, inhibition of the Nuclear Factor-κB (NF- κB) 

pathway resulted in a decreased expression of miRNA-143, -192 and -194 in normal 

esophageal epithelial cells upon incubation with bile salts at pH5 (chapter 6). This 

suggests that the upregulation of these miRNAs is at least partly regulated by the NF-κB 

pathway. NF-κB is thought to play an important role in BE development39. Its activation 

is increased in BE tissue and it transcribes Caudal Homeobox gene 2 (CDX2), one of 

the key transcriptional regulators in the development of BE40, 41. 

 A recent study showed that BE surveillance was not associated with a decreased risk 

of death from EAC42. This might be caused by the low annual risk of EAC development 
43-45 and the high number of EAC cases without a known prior BE diagnosis29, 46, 47. In 

addition, sampling bias occurs during surveillance48. These are important arguments 

in the ongoing discussion whether surveillance is indeed cost-effective. Furthermore, 

the discomfort of the endoscopy and the stress while waiting for the outcome of the 

histological analysis has an impact on the quality of life of BE patients49. A possible 

solution for all these issues would be to have easy-to-use biomarkers, that are able to 

distinguish BE and EAC patients from the normal population with a high sensitivity 

and specificity. In addition, these biomarkers could  be used in the general population 

to screen for BE in patients without gastro-esophageal reflux symptoms and for 

patients with EAC. This may lead to a reduced number of endoscopies and a higher 

5-year survival. Extensive studies have been performed to detect biomarkers for 

the development of low-grade dysplasia, high-grade dysplasia and EAC50-53. These 
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studies focused on aneuploidy, RNA, miRNA and protein expression in biopsies taken 

during endoscopy. The most ideal strategy would however be to collect the source of 

these biomarkers using a non-invasive method, e.g. by obtaining blood samples. We 

determined the circulating miRNA profiles of healthy controls, BE and EAC patients, 

and subsequently validated 6 miRNAs in a larger cohort (chapter 7). These miRNAs 

were able to distinguish between the three patient groups. These findings could be the 

start of using circulating miRNAs to develop a non-invasive and rapid diagnostic test 

for detecting BE and EAC. 

Early detection in patients at risk
As a result of the increasing incidence of EC, a 4-fold increase in EAC and a 1.5-fold 

increase in ESCC over a period of 16 years (chapter 2), it would be of high interest to 

consider the use of circulating miRNAs as a preliminary screening tool in the general 

population. Patients at risk, e.g. males (EAC: chapter 2 and 4; ESCC54), with a low SES 

(chapter 3) or reflux symptoms (chapter 5 and 6), could represent a subgroup for 

screening. The use of miRNAs might be helpful in deciding whether a particular patient 

needs an endoscopy, based on the detection of certain miRNAs, which could increase 

the cost-effectiveness of the BE surveillance program. Another possible scenario would 

be to measure circulating miRNAs of BE patients at regular time intervals to determine 

whether dysplasia develops. These patients could then be treated at an early time point 

in the development of cancer. Further studies are however mandatory to see whether 

this is indeed an interesting future approach (chapter 7).
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Barrett’s esophagus (BE) is a premalignant condition of the esophagus and is 

characterized by the metaplastic replacement of esophageal squamous epithelium 

by specialized intestinal-type columnar epithelium. A BE diagnosis is based on 

endoscopy and histological examination of biopsies taken during endoscopy. Patients 

with BE have an increased risk of developing esophageal adenocarcinoma (EAC), 

following a metaplasia-varying grades of dysplasia-carcinoma sequence. The estimated 

annual incidence of EAC in BE patients is 0.12-0.50%, which is 10-40 times increased 

compared to the general population1-3. Patients with BE are therefore advised to 

participate in a surveillance program, in order to detect dysplasia and progression 

towards EAC at an early and hopefully curable stage. 

Part I: Role of patient characteristics on the development, treatment 
and survival of esophageal cancer 
In chapter 2, we examined the changing esophageal cancer (EC)  incidence over the 

years and assessed whether changes in lifestyle-related diseases were associated with 

trends in EC incidence. Additionally, we studied the differences between the two main 

histology subtypes of EC, esophageal squamous cell carcinoma (ESCC) and EAC. We 

found that EC incidence increased between 1993 and 2009, with a higher increase 

in EAC compared to ESCC. In both EC types, cardiovascular diseases and diabetes 

were also increased, compared to the general population. No difference was seen in 

liver and lung comorbidities comparing EC with the general population. It can be 

concluded that despite the differences in known risk factors and origin of ESCC and 

EAC, no differences were found in lifestyle-related comorbidities between these two 

histologic subtypes. It may therefore be that the higher increase in EAC compared to 

ESCC can be explained by an increase in obesity and gastro-esophageal reflux disease, 

which are specific risk factors for EAC. 

 In chapter 3, we examined whether patient characteristics influenced treatment 

choice. It was found that patients with a low socio-economic status (SES) were 

diagnosed with EAC or ESCC at an older age, with a more advanced tumor stage and 

they had more comorbidities compared to high SES patients. In addition, a more 

distal tumor location was associated with a higher likelihood of undergoing a curative 

treatment. After adjustment for comorbidities, tumor stage and age, patients with a 

high SES were more likely to undergo a curative treatment.  It can be concluded that 

SES is an important factor in the treatment choice of EC. As healthcare is equally 

accessible to the  Dutch population, this is most likely due to patient- and treating 

physician-related factors, both being at least partly related to SES. Further research 

to determine the specific causes of this effect is needed to decrease the role of SES in 

treatment choice.

 For the study presented in chapter 4, we studied tumor-related and particularly 

patient-related factors affecting short-, medium- and long-term survival of EAC and 

ESCC. Short-term survival was found to be inversely associated with an unknown 

T-stage, a positive lymph node status, chemoradiation therapy and presence of one 

or more comorbidities. In contrast  the histological subtype EAC was associated with 

positive effect on short-term survival. Medium- and long-term survival were inversely 



154

affected by positive lymph nodes and chemoradiation therapy, while female gender 

and neoadjuvant therapy were positive prognostic factors. Based on this study, it can 

be concluded that both tumor- and patient-related factors are associated with a better 

survival of EC. The most remarkable finding is the effect of gender on survival. It is 

however not yet clear how gender affects EC survival. Knowledge of these factors may 

be relevant in clinical practice.

Part II: Development and detection of EAC
Acid and bile salts are suggested to play a predominant role during BE development4. 

An in vitro model in which this process can be studied would therefore be useful. In 

chapter 5, we summarized the available studies on this topic and we concluded that 

due to the high variability in reported methods (cell lines, types and concentrations 

of bile salts, pH, incubation periods and outcome parameters), it is difficult to find 

the most effective in vitro set-up. Nonetheless, multiple short exposures of 200 µM 

conjugated bile salts at pH4 in BE cell lines seems able to induce BE specific factors. 

In esophageal squamous (SQ) and EAC cell lines, a longer exposure with a higher 

concentration of bile salts is required to observe an effect. 

Several miRNAs, for example miRNA-143, -145, -192 and -194, have been reported to 

be highly expressed in BE tissue5, however how this is regulated is largely unknown. 

In chapter 6, we showed that, in addition to factors known to be highly expressed 

in BE tissue, miRNA-143, -145, -192 and -194, are upregulated in a SQ cell line upon 

incubation with an acidic bile mixture. In addition, inhibition of  the NF-κB pathway 

resulted in significantly decreased miRNA-143, -192, -194 expression. Taken together, 

these results suggest that upregulation of BE-specific miRNAs by acidic bile may be an 

early event in the transition of SQ epithelium to BE and that their expression is partly 

regulated by the NF-κB pathway.

In chapter 7, we determined the expression of circulating miRNAs in healthy controls, 

BE patients and EAC patients. Twenty-two miRNAs were found to be differentially 

expressed in plasma of healthy controls, BE patients and EAC patients. Six miRNAs 

were selected for further validation in a larger group of patients and healthy controls. 

Our results suggest that the analysis of circulating miRNAs may be useful for the 

diagnosis of BE and EAC. Therefore, miRNA-95, -133a, -136, -194, -382 and -451 can 

potentially function as non-invasive molecular markers for BE and EAC screening.



155

Chapter 9:  Thesis summary

References

1.  Dulai GS, Guha S, Kahn KL, et al. 

Preoperative prevalence of Barrett’s 

esophagus in esophageal adenocarcinoma: 

a systematic review. Gastroenterology 

2002;122:26-33.

2.  Shaheen NJ, Crosby MA, Bozymski EM, et 

al. Is there publication bias in the reporting 

of cancer risk in Barrett’s esophagus? 

Gastroenterology. 2000;119:333-338.

3.  Hvid-Jensen F, Pedersen L, Drewes AM, 

et al. Incidence of adenocarcinoma 

among patients with Barrett’s esophagus. 

N.Engl.J.Med. 2011;365:1375-1383.

4.  Menges M, Muller M, Zeitz M. Increased 

acid and bile reflux in Barrett’s esophagus 

compared to reflux esophagitis, and 

effect of proton pump inhibitor therapy. 

Am.J.Gastroenterol. 2001;96:331-337.

5.  van Baal JW, Verbeek RE, Bus P, et al. 

microRNA-145 in Barrett’s oesophagus: 

regulating BMP4 signalling via GATA6. Gut. 

2013;62:664-75.

 



156



Chapter 10

Summary in Dutch - 
Samenvatting in het 
Nederlands

157



158



159

Chapter 10:  Summary in Dutch - Samenvatting in het Nederlands

Barrett-oesofagus ontstaat door een metaplastische epitheelverandering, waarbij 

het normaal aanwezige plaveiselepitheel in de distale oesofagus vervangen wordt 

door cilinderepitheel. De diagnose Barrett-oesofagus wordt gesteld op basis van de 

resultaten van endoscopie en de histologische beoordeling van de afgenomen biopten. 

Patiënten met Barrett-oesofagus hebben een verhoogde kans op het ontstaan van 

oesofaguscarcinoom, in het bijzonder adenocarcinoom, waarbij het metaplastische 

epitheel zich via een aantal dysplastische stappen naar adenocarcinoom ontwikkelt. 

De jaarlijkse incidentie van adenocarcinoom in deze groep is 0.12 - 0.50%, wat 10 - 

40x hoger is dan in de normale populatie1-3. Patiënten met Barrett-oesofagus krijgen 

daarom het advies om te participeren in een surveillance programma, waarbij het 

Barrett-slijmvlies regelmatig wordt gecontroleerd met behulp van endoscopie, met 

als doel de ontwikkeling van dysplasie en adenocarcinoom in een vroeg stadium te 

detecteren.

Deel I: De rol van patiëntkarakteristieken in de ontwikkeling, 
behandeling en overleving van oesofaguscarcinoom
In hoofdstuk 2 beschrijven we de incidentie van oesofaguscarcinoom, hoe 

deze in Nederland verandert over de tijd en wat hierin de rol van verschillende 

gezondheid-gerelateerde aandoeningen is. We hebben hierbij onderscheid gemaakt 

tussen de twee belangrijkste histologische subtypes van oesofaguscarcinoom, 

namelijk plaveiselcelcarcinoom en adenocarcinoom. Wij vonden dat de incidentie 

van oesofaguscarcinoom steeg tussen 1993 en 2009, waarbij de toename van 

adenocarcinoom hoger was dan van plaveiselcelcarcinoom. Bij beide types was de 

incidentie van diabetes mellitus en hart- en vaatziekten eveneens toegenomen ten 

opzichte van de algemene populatie. Er waren geen verschillen in het voorkomen van 

lever- en longaandoeningen. Ondanks de verschillen in bekende risicofactoren en 

tumorontwikkeling tussen plaveiselcelcarcinoom en adenocarcinoom, werden geen 

verschillen in gezondheid-gerelateerde aandoeningen vastgesteld. De hogere toename 

van adenocarcinoom in vergelijking met plaveiselcelcarcinoom kan mogelijk worden 

verklaard door een toename in overgewicht en gastro-oesofageale refluxziekte in de 

populatie. Dit zijn specifieke risicofactoren die geassocieerd zijn met het ontstaan van 

adenocarcinoom van de oesofagus.

In hoofdstuk 3 werd onderzocht wat de invloed is van patiëntkenmerken op de 

uiteindelijke keuze voor een behandeling van oesofaguscarcinoom. Het bleek 

dat patiënten met een lage sociaal-economische status op een latere leeftijd 

gediagnosticeerd werden met zowel een plaveiselcelcarcinoom als adenocarcinoom. 

Deze patiënten hadden daarnaast meerdere overige aandoeningen in vergelijking 

met patiënten met een hoge sociaal-economische status. Daarnaast werd gevonden 

dat patiënten met een tumor in de distale oesofagus vaker een curatieve behandeling, 

een behandeling gericht op overleving, ondergingen dan patiënten met een meer 

proximaal oesofaguscarcinoom. Na correctie voor tumorstadium, leeftijd en de 

aanwezigheid van meerdere aandoeningen bleken patiënten met een hoge sociaal-

economische status een grotere kans te hebben op het ondergaan van een in opzet 
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curatieve behandeling. Sociaal-economische status blijkt een belangrijke factor 

in de keuze voor een behandeling van oesofaguscarcinoom. Dit is een opvallende 

bevinding, aangezien de gezondheidszorg in Nederland voor iedere ingezetene gelijk 

toegankelijk is. Het effect van sociaaleconomische status op de behandelingskeuze 

is daarom waarschijnlijk te wijten aan zowel patiënt- als arts-gerelateerde factoren. 

Verder onderzoek naar de specifieke oorzaken van dit effect is nodig om de rol van 

sociaaleconomische status te verminderen.

In hoofdstuk 4 bestudeerden we het effect van tumor- en patiëntgebonden 

factoren op korte-, middellange- en langetermijnoverleving van adenocarcinoom 

en plaveiselcelcarcinoom van de oesofagus. Kortetermijnoverleving bleek negatief 

beïnvloed te worden door het onbekend zijn van de tumoruitgebreidheid, 

aanwezigheid van positieve lymfeklieren, een behandeling met chemo- of 

radiotherapie en de aanwezigheid van een of meerdere overige aandoeningen. Een 

positieve invloed op de kortetermijnoverleving werd gevonden voor het histologische 

subtype adenocarcinoom. Middellange- en langetermijnoverleving werden negatief 

beïnvloed door aanwezigheid van positieve lymfeklieren en een behandeling met 

chemo- of radiotherapie, terwijl het vrouwelijk geslacht en een behandeling met 

neoadjuvante therapie positief voorspellende factoren waren. Op basis van deze 

resultaten kan worden geconcludeerd dat zowel tumor- als patiëntgebonden factoren 

geassocieerd zijn met een betere overleving van het oesofaguscarcinoom. De meest 

opvallende factor is het positieve effect op overleving van het vrouwelijk geslacht. Het 

is nog niet duidelijk hoe dit effect wordt veroorzaakt. Kennis van deze oorzaken kan 

van belang zijn bij de behandeling van oesofaguscarcinoom patiënten.

Deel II: ontwikkeling en detectie van adenocarcinomen in de 
oesofagus
De algemene gedachte is dat langdurige reflux van zuur en galzouten vanuit de maag 

naar de oesofagus een belangrijke rol speelt tijdens de ontwikkeling van Barrett-

oesofagus4. Een in vitro model waarin deze ontwikkeling kan worden bestudeerd 

zou daarom nuttig zijn. In hoofdstuk 5 werden de gepubliceerde artikelen over dit 

onderwerp samengevat. Wij concludeerden dat, door de grote variabiliteit in de 

gebruikte methoden (cellijnen, galzoutconcentraties en -soorten, pH, incubatietijd 

en gemeten parameters), het moeilijk is om het meest effectieve in vitro model vast te 

stellen. Ondanks deze variatie zagen we dat cilinderepitheelcellen na meerdere korte 

incubaties met 200 µM geconjugeerde galzouten, Barrett-oesofagus specifieke factoren 

tot expressie kunnen brengen. In plaveiselepitheelcellen en adenocarcinoomcellen 

zijn langere incubaties met hogere concentraties galzouten nodig om de expressie van 

deze factoren te kunnen induceren.

 Het is bekend dat verschillende miRNAs, bijvoorbeeld miRNA-143, -145, -192, en 

-194 hoger tot expressie komen in Barrett-oesofagus5. Hoe deze miRNA expressie is 

gereguleerd is echter nog onbekend. In hoofdstuk 6 toonden we aan dat na incubatie 

met galzouten in combinatie met een lage pH de expressie van miRNA-143, -145, -192 

en -194 verhoogd is in plaveiselepitheelcellen, die net als andere factoren, zoals COX2 
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en MUC2, hoger tot expressie komen in Barrett-oesofagus. Daarnaast zagen we dat de 

inhibitie van de NF-κB route, twee uur voor incubatie met zuur en galzouten, zorgde 

voor een significant lagere expressie van miRNA-143, -192 en -194. Dit suggereert dat 

de verhoogde expressie van deze miRNAs een vroege gebeurtenis is in de overgang van 

plaveiselepitheel naar cilinderepitheel en dat deze expressie deels wordt gereguleerd 

door de NF-κB route.

 In hoofdstuk 7 werd de expressie van circulerende miRNAs in plasma gemeten 

bij gezonde personen, bij patiënten met Barrett-oesofagus en bij patiënten met een 

adenocarcinoom van de oesofagus. Tweeëntwintig miRNAs bleken verschillend 

tot expressie te komen in het plasma van deze drie groepen. Zes plasma miRNAs 

werden geselecteerd voor verdere validatie in een grotere groep patiënten en gezonde 

personen. Onze resultaten lieten zien dat deze circulerende miRNAs gebruikt 

kunnen worden voor het vaststellen van de aanwezigheid van Barrett-oesofagus en 

adenocarcinoom van de oesofagus. Plasma miRNA-95, -133a, -136, -194, -382, en -451 

zouden in de toekomst ingezet kunnen worden als niet-invasieve moleculaire markers 

voor screening van deze twee aandoeningen.
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