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Barrett's esophagus surveillance in a prospective Dutch
multi‐center community‐based cohort of 985 patients
demonstrates low risk of neoplastic progression
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Abstract

Background and Aims: Barrett's esophagus (BE) is accompanied by an increased

risk of developing esophageal cancer. Accurate risk‐stratification is warranted to
improve endoscopic surveillance. Most data available on risk factors is derived

from tertiary care centers or from cohorts with limited surveillance time or

surveillance quality. The aim of this study was to assess endoscopic and clinical

risk factors for progression to high‐grade dysplasia (HGD) or esophageal

adenocarcinoma (EAC) in a large prospective cohort of BE patients from com-

munity hospitals supported by an overarching infrastructure to ensure optimal

surveillance quality.

Methods: A well‐defined prospective multicenter cohort study was initiated in six
community hospitals in the Amsterdam region in 2003. BE patients were identified

by PALGA search and included in a prospective surveillance program with a single

endoscopist performing all endoscopies at each hospital. Planning and data

collection was performed by experienced research nurses who attended all en-

doscopies. Endpoint was progression to HGD/EAC.

Results: Nine hundred eighty‐five patients were included for analysis. During me-
dian follow‐up of 7.9 years (IQR 4.1–12.5) 67 patients were diagnosed with HGD
(n = 28) or EAC (n = 39), progression rate 0.78% per patient‐year. As a clinical risk
factor age at time of endoscopy was associated with neoplastic progression (HR

1.05; 95% CI 1.03–1.08). Maximum Barrett length and low‐grade dysplasia (LGD) at
baseline were endoscopic predictors of progression (HR 1.15; 95% CI 1.09–1.21 and

HR 2.36; 95% CI 1.29–4.33).
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Conclusion: Risk of progression to HGD/EAC in a large, prospective, community‐
based Barrett's cohort was low. Barrett's length, LGD and age were important

risk factors for progression.

(www.trialregister.nl NTR1789)
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Key Summary

Established knowledge
� Barrett's esophagus is the most important risk factor for esophageal cancer.

� Accurate risk‐stratification is warranted to improve endoscopic surveillance.
� Most data available on risk factors is derived from tertiary care centers or from cohorts

with limited surveillance time or surveillance quality.

New findings
� Risk of progression to high‐grade dysplasia/esophageal adenocarcinoma in a large, pro-
spective, community‐based Barrett's cohort is low.

� Barrett's length, low‐grade dysplasia and age are important risk factors for progression.

INTRODUCTION

Barrett's esophagus (BE) surveillance is common practice to detect

esophageal adenocarcinoma at curable stage. Also, precursor lesions

such as low‐grade dysplasia (LGD) and high‐grade dysplasia (HGD)
may be found and treated before malignant progression. The effec-

tiveness and efficiency of endoscopic surveillance, however, is

questionable, given the low risk of malignant progression,1–4 the high

inter‐observer variability between pathologists in grading

dysplasia,5–7 possible biopsy sampling error and the costs of endos-

copies and histopathological assessment.

Tools to stratify patients into a high‐risk group that benefits from
endoscopic surveillance or prophylactic treatment, and a low‐risk
group in which surveillance intervals can be prolonged or stopped,

could reduce the clinical andeconomicburdenofBarrett's surveillance.

Much research effort has been put in identifying endoscopic and

clinical risk factors that can predict progression to HGD and cancer in

BE patients and in assessing the progression risk. Most data, however

have been derived from case‐control studies,8–10 retrospective

cohort studies or from prospective observational studies with limited

surveillance history or no standardized endoscopic protocol. Other

studies have included patients with prevalent HGD/cancer.11–13

Another important limitation of most studies, however, is the

tertiary referral center setting, where both the selected patient

cohort and the setting are not representative for the majority of BE

surveillance patients (Table S1).14–21

The aim of this project was to assess the risk of neoplastic pro-

gression in BE, to identify endoscopic and clinical risk factors for

progression and to compose a biobank with biopsy samples to facil-

itate objective risk stratification using biomarkers. To overcome the

previously mentioned drawback of other studies, we established a

well‐defined prospective cohort of BE patients, in a multicenter

community‐based setting, with long‐term and standardized surveil-

lance, which was supervised by an over‐arching infrastructure to
ensure surveillance quality (Table S2).

METHODS

Study design and patient selection

In 2003, a prospective, multicenter cohort study was initiated and

coordinated from the University Medical Centers Amsterdam, loca-

tion AMC, including six community hospitals in the Amsterdam area.

The Dutch nationwide database comprising all pathology reviews

since 1971 (PALGA)22 was searched for the identification of patients

with known BE. Patient charts were reviewed to assess whether

inclusion criteria, that is, endoscopic and histological evidence of BE,

were met. Eligible patients were asked to participate in this pro-

spective study. Patients who were newly diagnosed during the study

period were asked informed consent for prospective inclusion.

Exclusion criteria were: no intestinal metaplasia (IM); history of

HGD or esophageal cancer; prevalent HGD/cancer (i.e., at baseline or

within 12 months after index endoscopy); unfit for endoscopic

surveillance; history of endoscopic treatment; only one surveillance

endoscopy during the study period.

Retrospective data collection at the start of the
prospective registry

All endoscopy and pathology reports from examinations prior to the

prospective surveillance, were retrieved from the patient charts and

processed on standardized case record forms.
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Prospective data collection

Data were prospectively collected from 2003 to July 2017. At each

center, monthly endoscopy programs dedicated to surveillance of BE

patients were scheduled. Patients were surveyed according to

guidelines.23,24 Patients with NDBE underwent endoscopy every

3 years and patients with LGD every 6–12 months. Adequate

adherence to the advised surveillance intervals was ensured by su-

pervised scheduling of patients by two research nurses operating

from the coordinating center.

To further ensure protocol adherence, correct biopsy sampling,

and data collection, surveillance programs were attended by one of

these two research nurses, both with ample experience in Barrett's

surveillance. At each center a single endoscopist was responsible for

all surveillance endoscopies and all six endoscopists were uniformly

trained.25

Collected endoscopic data included Barrett length, signs of

reflux, and presence of visible abnormalities. Questionnaires were

used to collect data on length, weight, medication use (reflux, anti‐
inflammatory and statins), smoking, alcohol use, family history of

BE, and/or esophageal cancer.

Histological evaluation

Formalin‐fixed biopsies from four quadrants were taken every 2 cm

of Barrett's mucosa according to the Seattle protocol,26 and if pre-

sent, from any visible abnormalities. All biopsies were assessed by

local pathologists. Dysplasia was graded according to the Vienna

classification.27 If dysplasia was diagnosed, biopsies were reviewed

by an expert pathologist at the coordinating center.6

Database

All data were entered in a specially designed web‐based database
(ProMISe software developed by the Leiden University Medical

Center). Access to the database and coordination of the surveillance

program was centrally managed at the coordinating center.

Outcomes and statistical analysis

Primary endpoint was progression to HGD/cancer, diagnosed by an

expert pathologist. Total surveillance time was reported as the time

from index endoscopy (first endoscopy with IM) to either last sur-

veillance endoscopy, progression to HGD/cancer, or in until RFA

treatment in a small subset of patients who developed LGD.

As secondary endpoints detection of progression through

random or targeted biopsies and further treatment after progression

were evaluated.

Endoscopic, histological, and demographic data were exported

from the database to Statistical Package for the Social Sciences (SPSS

20.0, SPSS) and R (version 1.1.383, The R foundation for Statistical

Computing) was used for statistical analysis.

Median and interquartile range (IQR) were used to describe

variables with a skewed distribution. To assess the effect of each

risk factor on progression cox proportional hazard models were

used. Assumptions were tested and checked by visual inspection of

plots. For each risk factor, the univariate association with the

occurrence of neoplastic progression was calculated and presented

as hazard ratio (HR) with 95% confidence interval (CI). Multivari-

able cox proportional hazard regression analysis was used to assess

the adjusted associations between these risk factors and the

occurrence of neoplastic progression. All risk factors that showed a

significant association with neoplastic progression in the univariate

analysis were included in the multivariable analysis, as well as sex.

Missing data were assumed to be missing at random. Multiple

imputation, using a multivariable model, was performed to adjust

for missing values.28 Analyses were performed using five imputed

datasets.

Ethical considerations

The study was approved by the medical ethics committee of the

Amsterdam UMC, location AMC and the medical ethic review board

of each participating center (Dutch trial register NTR1789). Written

informed consent was obtained from all patients. All authors had

access to the study data and reviewed and approved the final

manuscript.

RESULTS

Patient inclusion and characteristics

A total of 2710 patients were screened after being identified by

the PALGA search or after being diagnosed with BE during the

study period (Figure 1). Patients with no IM or gastric IM

(n = 1053), prevalent HGD/cancer (n = 40) and with squamous‐
cell carcinoma (n = 4) were excluded. Patient charts of 1613 pa-

tients were reviewed, after which 143 patients were excluded

because they were unfit for surveillance, had died, had moved,

declined surveillance or had undergone endoscopic treatment. In

318 cases, no informed consent could be obtained, or patients

declined. One hundred sixty‐seven patients who were included

during the study period, only had undergone one endoscopy by

the time the study was closed in July 2017, these patients were

also excluded.

A total of 985 patients were included of which 485 patients had

a IM diagnosis prior to inclusion. Table 1 shows baseline de-

mographic, endoscopic, and histological characteristics. Mean age at

first endoscopy was 57 (±11) years, 74% of patients were male, mean
BMI was 27 (±4.3). A history of smoking was reported in 627 patients
(64%), and alcohol use in 650 patients (66%). The majority of patients
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(90%) used PPI's. Patients had a median surveillance time of 7.9 years

(IQR 4.1–12.5), with a median number of 4 endoscopies (IQR 3–6).

Progressors

Progression to HGD (n = 28) or esophageal adenocarcinoma

(n = 39) was diagnosed in 67/985 patients (6.8%), with a median

time from index endoscopy to progression of 7.8 years (IQR 4.6–

12.7; Table 2). Annual risk of progression to HGD/cancer was

0.78% per patient‐year with a total of 8642 patient‐years of

follow‐up.
Of the 67 patients with progression to HGD or EAC 41 patients

(61.2%) had a visible lesion. In 26 patients (38.8%) progression was

detected by random biopsies. However, in 14/26 (53.8%) patients a

lesion was detected at the next work up endoscopy at a Barrett

expert center. All of the 12 patients without a visible lesion had a

diagnosis of HGD.

The majority of progressors (81%) were treated endoscopically

for HGD or T1 adenocarcinoma. Two patients with focal HGD diag-

nosed upon biopsy, confirmed after revision by an expert pathologist,

had no more HGD at follow‐up endoscopy and were therefore not
treated. Two patients declined treatment.

Three patients were treated with primary surgery (T1aN0M0,

T1bN0M0, T2N0M0). Three patients received surgery with

neo‐adjuvant chemoradiotherapy (T3N1M0, T2N0M0, T3N0M0).

Two patients received definitive chemoradiotherapy (T1bN0M1,

unknown). One patient with poor performance status with a

T1bN0M0 tumor was deemed unfit for surgery and chemo-

radiotherapy and received palliative radiation therapy.

Predictors for progression

Clinical and endoscopic risk factors for progression to HGD or cancer

in patients with BE are presented in Table 3. Patients with progres-

sion to HGD or cancer were older at their first endoscopy compared

to patients with no progression (mean 59 years ± 10.2 vs. 57

years ± 11.5, resp.), and had a significantly longer maximum BE

segment (median 6 cm [IQR 3–9] vs. 3 cm [IQR 2–5]). In the group of

patients with progression, a baseline diagnosis of LGD was more

common than in the non‐progressor group (19.4% vs. 7.1%).

Univariate analyses showed that age at first endoscopy (HR 1.06,

95% CI 1.04–1.09, p < 0.05), maximum BE length in cm (HR 1.18,

95% CI 1.12–1.24, p < 0.05) and a diagnosis of LGD at baseline (HR

2.42, 95% CI 1.32–4.44, p < 0.05) were associated with an increased
risk of progression. A family history with esophageal cancer was not

significantly associated with progression (HR 1.72, 95% CI 0.88–3.34,

p = 0.11). Multivariable analysis showed similar results.

DISCUSSION

In this prospective, multicenter community‐based study in six Dutch
hospitals with 985 BE patients undergoing standardized, high‐quality
endoscopic surveillance for almost 8 years, we assessed the risk of

F I GUR E 1 Flowchart
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developing HGD/cancer, and we identified associated risk factors.

We found an HGD/cancer incidence rate of 0.78% per patient‐year.
Higher age at first endoscopy, longer length of the maximum BE

segment and LGD at baseline were significantly associated with

progression. As listed in Supplement 1, most available studies on

progression risk in BE have significant shortcomings, which may

explain differences in incidence rate reported in literature, ranging

from 0.22% to 1.02%. With our prospective study, we aimed to

overcome these shortcomings. We only included patients from a

community care setting, with histological and endoscopic evidence of

BE, diagnosis of HGD/cancer was confirmed by an expert pathologist,

endoscopies were performed by dedicated and uniformly trained

endoscopists strictly adhering to guidelines, and data were collected

on site by dedicated research nurses and by standardized question-

naires. Furthermore, we had a large patient cohort (n = 985) with

surveillance of almost 8 years. We therefore think that our incidence

risk of 0.78% per patient‐year is reliable and representative for

progression to HGD and cancer in BE. Meta‐analyses on the inci-
dence of HGD and esophageal adenocarcinoma in BE found incidence

rates ranging from 0.93% to 1.02%.4,29 This is slightly higher than our

0.78%, but this might be explained by the fact that most included

studies came from tertiary care centers, resulting in possible selec-

tion bias by selecting high‐risk patients. Large population‐based
studies with a reduced risk of selection bias of high‐risk patients
found incidence rates ranging from 0.22% to 0.58%. A limitation of

these studies, however, is the absence of endoscopic confirmation of

BE,1,2,30 which could have resulted in inclusion of patients with IM in

the cardia, but without endoscopic BE, leading to an underestimation

of the progression risk.

When looking at risk factors associated with progression, a

recent systematic review and meta‐analysis including 20 cohort

studies, found that older age, male sex, smoking, longer BE segment

and LGD were associated with progression to HGD/cancer in BE.31 In

our study, we also found that older age at baseline endoscopy,

maximum BE length and presence of LGD at baseline were significant

risk factors for malignant progression. We did not, however, find a

significant association between progression and male sex (HR 0.97

[0.56–1.68], p = 0.90) or smoking (HR 1.51 [0.84–2.01], p = 0.17). The
categorization of smoking in “ever” versus “never,” without a

distinction of “current” versus “former” or total years of smoking

could have influenced this result.

LGD was the strongest predictor for malignant progression (HR

2.36; 95% CI 1.29–4.33) in our study. This is in line with previous

studies that have demonstrated that patients with LGD confirmed by

TAB L E 2 Characteristics progressors

Progressors; n 67

Time to progression (years); median (IQR) 7.8 (4.6–12.7)

Male; n (%) 50 (74.6%)

Age at progression; median (IQR) 69 (63–75)

Worst pathology

HGD 27 (40.3%)

EAC M1‐M3 30 (44.8%)

EAC ≥ SM1 10 (14.9%)

Treatment

Conservative 4 (6.0%)

Endoscopic 54 (80.6%)

Surgery (± adjuvant therapy) 6 (9.0%)

CRT 2 (3.0%)

Palliative radiotherapy 1 (1.5%)

Abbreviations: CRT, chemoradiotherapy; EAC, esophageal

adenocarcinoma; HGD, high grade dysplasia.

TAB L E 1 Baseline characteristics

Baseline characteristics

Total cohort size; n 985

Age at endoscopy; mean ± SD 57 ± 11.4

Male gender; n (%) 727 (74%)

BMI (kg/m2); mean ± SD 27 ± 4.3

Smoking

Former/current 627 (63.7%)

No 267 (27.1%)

Unknown 91 (9.2%)

Alcohol use

Former/current 650 (66.0%)

No 243 (24.7%)

Unknown 92 (9.3%)

PPI use

Yes 882 (89.5%)

No 19 (1.9%)

Unknown 84 (8.5%)

Family members with Barrett's esophagus

Yes 87 (8.8%)

No 679 (68.9%)

Unknown 219 (22.2%)

Family members with esophageal cancer

Yes 73 (7.4%)

No 702 (71.3%)

Unknown 210 (21.3%)

Surveillance time; median (IQR) 7.9 (4.1–12.5)

Number of endoscopies; median (IQR) 4 (3–6)

Barrett length (maximum, cm); median (IQR) 3 (2–5)

LGD at baseline; n (%) 78 (7.9%)

Signs of reflux; n (%) 306 (31.1%)
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an expert pathologist have a significantly increased risk of malignant

progression.6,32

Increasing length of the BE segment has been found predictive of

progression in multiple studies and has been incorporated in most

recent guidelines that advise shorter surveillance intervals in patients

with longer segments of BE.33,34

A recent study by Parasa et al. also assessed risk factors for

progression to HGD/cancer in BE in a multicenter cohort of 2697

patients from six tertiary referral centers.21 When looking at the

baseline characteristics of the patients included at the six partici-

pating centers, it is striking that there are remarkable differences in a

number of relevant characteristics such as progression rate (ranging

from 1.4% to 10.7%), number of female patients (1.7% to 26.8%),

mean age (28.1–61.4), and LGD at baseline (2.3%–15%). Despite the

baseline heterogeneity between the groups, data were pooled and

70% of the cohort was used to derive a model predicting risk of

progression and 30% of the cohort was used to validate the devel-

oped scoring system. Progression to HGD/cancer occurred in 154

patients, with an annual progression rate of 0.95%. By using back-

ward selection, Parasa et al. included four variables in their model

that were significantly associated with progression: male sex, BE

length, smoking, and confirmed LGD at baseline. The developed

scoring system differentiated between low, intermediate, and high

risk of progression to HGD/cancer. They found a total risk of

progression at the end of study period to HGD/cancer of 0.5% in the

low‐risk group, 4.6% in the intermediate group and 12.3% in the

high‐risk group. When we applied this scoring system to our study

population, however, we found a risk of progression of 3.6% in the

low‐risk group, 5.3% in the intermediate group and 18.0% in the

high‐risk group (Figure 2). Furthermore, Parasa et al. found a signif-
icant HR of 18.4 (95% CI 7.4–45.5) for the high‐risk group and HR 5.6
(95% CI 2.3–13.8) for the intermediate‐risk group at 7 years

TAB L E 3 Risk factors for neoplastic progression

Non‐progressors
n = 918

Progressors

n = 67

Univariate

HR (95% CI) p value
Multivariable

HR (95% CI) p value

Clinical factors

Age at first endoscopy ‐ years (mean ± SD) 57 ± 11.5 59 ± 10.2 1.06 (1.04–1.09) 0.00 1.05 (1.03–1.08) 0.00

Male (female reference) 677 (73.7%) 50 (74.6%) 0.97 (0.56–1.68) 0.90 1.05 (0.60–1.85) 0.85

BMI ‐ kg/m2 (mean ± SD) 27.0 ± 4.3 27.6 ± 3.5 1.02 (0.97–1.08) 0.37

Smoking 575 (62.6%) 52 (77.6%) 1.51 (0.84–2.01) 0.17

Alcohol 599 (65.3%) 51 (76.1%) 1.19 (0.67–2.13) 0.55

PPI use 817 (89.0%) 66 (98.5%) 1.08 (0.14–8.13) 0.94

Family history with Barrett's esophagus 80 (8.7%) 7 (10.4%) 0.86 (0.37–2.01) 0.73

Family history with esophageal cancer 63 (6.9%) 10 (14.9%) 1.72 (0.88–3.34) 0.11

Endoscopic and histology factors

Total endoscopies; median (IQR) 4 (3–6) 5 (4–8)

Maximum BE segment length – median (IQR) 3 (2–5) 6.0 (3–9) 1.18 (1.12–1.24) 0.00 1.15 (1.09–1.22) 0.00

LGD at baseline 65 (7.1%) 13 (19.4%) 2.42 (1.32–4.44) 0.00 2.36 (1.29–4.33) 0.01

Signs of reflux 280 (30.5%) 26 (38.8%) 1.37 (0.84–2.25) 0.21

Notes: Data shown as n (%) or median + IQR unless otherwise stated. Predictors are measured at baseline, unless otherwise specified.

F I GUR E 2 Bar chart of risk scores and incidence of high‐grade
dysplasia/esophageal adenocarcinoma
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compared to the reference low‐risk group. In our cohort, the model
was also able to show a significant difference between the low‐ and
high‐risk group with a HR of 5.3 (95% CI 2.0–14.5), but the model

could not distinguish between low and intermediate risk (HR 0.8

[95% CI 0.3–2.3]; Figure 3). The inability of the Parasa scoring system

to differentiate between the intermediate‐risk group and the low‐risk
group was also found when it was externally validated in the

population‐based Northern Ireland Barrett's registry.
Since the scoring system developed by Parasa et al. does not

adequately differentiate between the majority of the BE surveil-

lance population, namely the intermediate and low risk BE patients,

in two individual cohorts, its clinical value appears to be limited.

Despite the dedicated prospective surveillance protocol used in

our study, risk of progression to HGD/cancer was low. Of the 67

patients that showed progression, all but one patient could be

treated with a curative intent, and the majority of patients was

successfully treated endoscopically. This implies that for the patients

at risk of progression, current surveillance strategies are sufficient to

prevent cancer‐related death in BE patients. The current problem in

BE surveillance is thus not how to identify the small group of

high‐risk patients, but how to stratify the remaining majority of BE

patients into an intermediate‐risk and a low‐risk group. Optimization
of BE surveillance will only happen if we can identify a true low‐risk
group in whom surveillance is not beneficial. In addition, we have to

remain critical on which patients to include in a surveillance program

regarding comorbidity and life expectancy. As discussed, the

currently known risk factors that are most consistently found in BE

surveillance studies, o.a. BE length and LGD at baseline, appear to be

not enough to optimize current Barrett surveillance strategies.

Developments in the field of biomarkers that may be used to predict

risk of malignant progression, however, hold the promise to make

objective risk stratification of BE patients within reach. For all

patients included, clinical data and biopsy specimens obtained dur-

ing the prospective surveillance are centrally stored. Given the

long follow‐up and number of events, this study population could be
an ideal cohort to validate biomarker‐related risk stratification

studies.

To our knowledge, this is the only large prospective multicenter

study done in a completely community‐based setting, without in-
clusion of patients from an expert or tertiary care center. Results

are therefore representative for the general Barrett surveillance

population and risk of selection bias has been minimized. Another

strength is the prospective setting with a standardized surveillance

protocol. Patients were approached, planned, and actively followed

by two research nurses, resulting in a high‐quality patient follow‐up
with few patients lost to follow‐up. All endoscopies were performed
by dedicated, trained endoscopists and dysplasia was revised by

expert pathologists. Limitations of our study are the fact that

although our cohort consisted of a large number of patients, pro-

gression to HGD/cancer does not occur frequently, leading to a

limited number of events. Therefore, the possibility of type II errors

must be taken into account. One of the strengths of our study,

namely the standardized surveillance protocol on a dedicated pro-

gram with dedicated endoscopists could also be a limitation, since in

most community hospitals surveillance programs on BE will not be

performed in these ideal circumstances. However, this will not

affect the development of HGD or EAC, but could affect the stage

of progression when detected.

Furthermore, the study may not be representative for a non‐
Dutch population.

In conclusion, the results of our study demonstrate that the risk

of malignant progression in patients with BE is low (0.78% per pa-

tient‐year). Maximum Barrett's length, presence of LGD at baseline

and age at first endoscopy were identified as relevant risk factors for

progression.
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