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Abstract 
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Abstract 

 

Endoscopic mucosal resection (EMR) and radiofrequency ablation (RFA) are 

safe and effective for management of Barrett’s oesophagus with dysplasia; 

however, some patients have a poor response to RFA, and recurrence of 

dysplasia can occur.  There are controversies surrounding the management of 

Barrett’s oesophagus with low grade dysplasia (LGD) due to the conflicting data 

in the literature on diagnosis and progression rate.  This thesis describes the 

long-term outcomes of endoscopic eradication therapy in management of 

dysplastic Barrett’s oesophagus and factors associated with poor response to 

RFA.  In addition, this thesis also addresses the wide range of progression rate 

of LGD in the literature, investigates the use of specific histologic criteria to 

predict progression from LGD and describes a different phenotype of LGD in 

Barrett’s oesophagus.  
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The clinical studies performed and presented in this thesis were under the 

supervision of Associate Professor Andrew Taylor and co-supervised by 

Associate Professor Paul Desmond from the Department of Gastroenterology, 

St Vincent’s Hospital Melbourne (SVHM).  

 

This thesis includes five main research chapters, two of which have been 

published in peer-reviewed journals and another two chapters have been 

submitted to peer-reviewed journals for consideration of publication.  A 

subsection of the literature review has been published in a peer-reviewed 

journal and included in appendix 1 (all outlined in “List of Publications and 

Presentations Relating to this Thesis” section).   

 

The St Vincent’s Hospital Melbourne Barrett’s Unit database was the foundation 
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established in 2008 by Associate Professor Andrew Taylor and Associate 
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by Dr Chatura Jayasekera (2010-2011), Dr Georgina Cameron (2012-2013), Dr 

Puneet Mahindra (2014-2015), Dr Linda Yang (2019-2020) and myself (2016-

2020). Ms. Jenny Peel from Microsoft Access provided technical support for the 

database.   
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Chapter 2 (unpublished material not submitted for publication) of this thesis 

provides an overview and summary of the database from 2008 to the end of 

2019.   Chapter 3 (In revision following peer review by Gastrointestinal 

Endoscopy) is a multicentre study which involved six Barrett’s units across 

Australia.  Professor Michael Bourke from Westmead Hospital (NSW), Dr 

Darren Pavey from Bankstown Lidcombe Hospital (NSW), A/Prof Luke 

Hourigan from Princess Alexandra Hospital (QLD), Dr Spiro Raftopoulos from 

Sir Charles Gairdner Hospital (WA), Prof Rajvinder Singh from Lyell McEwin 

Hospital (SA) and Dr Puneet Mahindra (SVHM) assisted with data collection.  

Ms. Bernadette De Graaff provided support with ethics and governance 

applications across all sites.  

 

Chapter 4 (published by Endoscopy International Open on 11/9/19) was an 

observational study and involved data extraction from the database which was 

assisted by Dr Sasha Fehily.  Chapter 5 (submitted for publication to Pathology 

on 1/1/21) was a case control study and involved four expert GI pathologists: 

Prof. Richard Williams (Department of Pathology, SVHM), Dr Michael Christie 

(Department of Pathology, RMH), Dr Siddhartha Deb (Anatpath) and Dr David 

Machet (Anatpath) to review histology slides for the study.  A/Prof Vijaya 

Sundararajan (University of Melbourne) provided statistical support.  Chapter 6 

(published by ANZ Journal of Surgery on 23/12/19) was an observational study 

based on data extracted from the database.  
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Endoscopic assessment and management of the Barrett’s cohort presented in 

this thesis were performed by A/Prof Andrew Taylor, Dr Bronte Holt, Dr Robert 

Chen, Dr Chatura Jayasekera, Dr Georgina Cameron, Dr Puneet Mahindra and 

myself.   These procedures included gastroscopy with Barrett’s mapping, 

confocal endomicroscopy, endoscopic mucosal resection, endoscopic 

submucosal dissection, radiofrequency ablation, and management of 

complications including strictures, bleeding and perforation. A/Prof Andrew 

Taylor was the principal supervisor in teaching me these endoscopic 

techniques.  

 

All pathology assessment in this thesis was overseen by Prof. Richard Williams, 

with Dr Richard Norris (Department of Pathology, SVHM) providing additional 
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Introduction and aims of thesis 

 

The main focus of this thesis is to address the controversies in the management 

of Barrett’s oesophagus related dysplasia.  After performing a literature review 

(chapter 1) and describing an overview of our Barrett’s program (chapter 2), I 

was able to generate specific aims for this thesis.  As the research chapters 

developed throughout the course of my PhD, new aims have emerged and 

consequently evolved into this thesis.   

 

The literature review has demonstrated that the current controversies in 

management of dysplasia in Barrett’s oesophagus revolves around the difficult 

diagnosis and management of LGD.  As mentioned in Chapter 1, it is often 

challenging to differentiate between inflammation and LGD, thereby leading to 

significant interobserver variation, not only between community pathologists and 

expert GI pathologists, but also between expert GI pathologists themselves.  

Owing to this fact, I sought to answer the question of whether  endoscopic 

assessment and its subsequent outcomes performed in the community differed 

from that when performed in a high volume Barrett’s oesophagus referral unit.  

This has led to the multicentre study performed in Chapter 3.   

 

Given the difficulty and controversies in the diagnosis of LGD, this raises the 

question of whether the existing studies in medical literature, on which current 
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treatment guidelines are based, may include patients who do not actually have 

true LGD, and consequently, leading to the wide range of reported LGD 

progression rates.  

 

Following the completion of the study in Chapter 3, we discovered that 

endoscopic assessment at a high volume centre has resulted in the detection of 

more visible lesions compared to endoscopic assessment performed in the 

community.  Moreover, in noting that LGD has traditionally been regarded as 

not being endoscopically visible, we have, as a case series in Chapter 4, also 

identified a new phenotype of patients with predominantly LGD that is 

endoscopically visible. 

 

Once the diagnosis of LGD is made, there is then a need to address the 

contentious issue of management of true LGD. As it is preferable to only treat 

patients whom are likely to progress to HGD or OAC with RFA and survey those 

whom would not progress, it is more often than not a difficult decision to make, 

owing to the unknown progression risk of true LGD that has resulted from the 

heterogenous nature of current studies.  This then leads to the question of 

identifying patients with true LGD that is at risk of progression to HGD or OAC.  

 

As described in chapter 1, the risk factors for LGD progression include various 

histological, endoscopic, molecular and patient aspects. Regarding histological 
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factors, we have noted, in the course of our clinical practice, that not all LGD 

has the propensity to progress. While current standard of practice involves 

reporting dysplasia in a two-tier system (HGD or LGD), we noted that our expert 

GI pathologists will often report LGD on a spectrum, as either “higher end of 

LGD” (containing certain features suspicious of but falling short of HGD)  or 

“lower end of LGD” (closer to NDBO, but still classified as LGD).  As a result, 

we performed a case control study (see appendix 6), the outcomes of which 

found that those who were classified as “higher end of LGD” were more likely to 

progress to HGD or OAC compared to those classified as “lower end of LGD”.  

However, this study method, which was heavily dependent on the interpretation 

of LGD by our expert GI pathologists and thereby less likely to be reproducible, 

led us to seek an even more objective and specific histological criteria.  A 

criteria, which offers not only greater reliability, but also a higher level of 

reproducibility in the identification of patients with LGD that is more likely to 

progress to HGD or OAC.  During our search, we identified Ten Kate et al.’s 

study on specific histological criteria on predicting progression in patients with 

LGD and aimed to assess the reproducibility of this specific histological criteria 

by replicating it within our cohort of patients (Chapter 5).  

 

Moreover, following the overview of our Barrett’s cohort in Chapter 2, we 

discovered that certain patients had a poorer response to RFA than others, 

thereby requiring a greater number of RFA sessions in order to achieve 

complete eradication of dysplasia and intestinal metaplasia.  Subsequently, this 
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then gave us impetus to determine the factors associated with a poorer 

response to RFA.  

 

Over the course of the PhD, the following aims were conceived to address the 

controversies in the management of Barrett’s oesophagus related dysplasia: 

 

1. To determine the difference in endoscopic assessment performed in the 

community compared with that performed in a high volume Barrett’s 

referral unit. 

2. To determine if inadequate endoscopic assessment performed in the 

community may be contributing to the reported wide range of LGD 

progression rates in medical literature. 

3. To describe a new phenotype of Barrett’s oesophagus with 

predominantly LGD that is endoscopically visible. 

4. To determine the reproducibility of using a specific histologic criteria to 

predict progression from LGD to HGD or OAC. 

5. To determine the factors associated with a poorer response to RFA in 

the management of patients with dysplastic Barrett’s oesophagus. 
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Thesis outline 

 

This thesis includes five clinical studies to address the controversies in 

management of Barrett’s oesophagus related dysplasia. All studies are derived 

from a Barrett’s database from our high volume Barrett’s oesophagus referral 

unit in Melbourne, Victoria.  

 

Chapter 2: “A ten year experience in management of Barrett’s 

oesophagus with dysplasia: an Australian Barrett’s oesophagus referral 

unit perspective” provides an overview of our Barrett’s program and a 

summary of the data from our Barrett’s database which includes patient 

demographics, referral source, endoscopic and pathological assessment 

findings, endoscopic treatment outcomes and complications as well as 

recurrence post endoscopic therapy.   

 

The main controversy in Barrett’s oesophagus is the management of low grade 

dysplasia (LGD).  This is due to the difficulty in diagnosing LGD and the 

uncertainty surrounding the true progression rate of LGD.     One of the reasons 

to the wide range of reported progression rates will be explored in Chapter 3: 

“Barrett’s esophagus with low grade dysplasia: High rate of upstaging at 

Barrett’s Esophagus Referral Units suggests progression rates may be 

overestimated”.  This chapter is written in a manuscript format and has been 
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accepted for publication by the journal Gastrointestinal Endoscopy on the 18th of 

May 2021. A PDF of the accepted manuscript is included in this chapter.   

 

The purpose of surveillance in Barrett’s oesophagus is to identify dysplasia so 

that appropriate therapy may be applied to reduce the risk of progression to 

OAC and hence improve overall survival. The key to surveillance in Barrett’s 

oesophagus either pre or post endoscopic eradication therapy is to allow 

adequate time for careful inspection of the Barrett’s segment with the aid of 

advanced imaging techniques.  However, LGD has been considered to be 

endoscopically invisible.  In chapter 4: “Diffuse Endoscopically Visible, 

Predominantly Low Grade Dysplasia in Barrett’s Esophagus” we have 

reported a previously undescribed phenotype of Barrett’s oesophagus with 

predominantly LGD which is endoscopically visible and may also be a more 

advanced phenotype.  This chapter has been published in the journal 

Endoscopy International Open.  A PDF of the paper is included in this chapter. 

 

Deciding on which patient with LGD to treat with radiofrequency ablation (RFA) 

is also controversial as not all patients with LGD will progress to oesophageal 

adenocarcinoma (OAC).  Therefore, risk stratification is extremely important. 

The most important risk factor for progression is the finding of LGD itself. 

However, this is also challenging to identify due to inflammation and 

interobserver variability among pathologists.  We have explored the use of a 
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specific histologic criteria to predict progression in chapter 5: “Not all Low 

Grade Dysplasia in Barrett’s oesophagus is the same: using specific 

histologic criteria in predicting progression to neoplasia”.  This chapter is 

written in a manuscript format and has been accepted for publication in the 

journal Pathology on 18th June 2021.  A PDF of the accepted manuscript is 

included in this chapter.  

 

Endoscopic eradication therapy (EET) is relatively safe and effective.  

Endoscopic mucosa resection (EMR) is extremely useful for resection of visible 

lesions and histologic staging, while RFA is effective and safe for treatment of 

the remaining flat dysplastic mucosa.  However, RFA is associated with a poor 

response in certain individuals and will be discussed further in chapter 6: 

“Factors that predict a poor response to radiofrequency ablation for 

Barrett’s oesophagus with dysplasia”. This chapter has been published in 

ANZ Journal of surgery.  A PDF of the paper is included in this chapter.  
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1. Literature Review 

 

1.1 Introduction 

Barrett’s oesophagus (BO) occurs when the normal squamous lining of the 

distal oesophagus is replaced with columnar epithelium containing intestinal 

metaplasia[1].   This is often due to chronic inflammation and injury to the tissue 

from reflux of gastric contents into the distal oesophagus[2]. Over time, the 

ongoing tissue inflammation may cause the new epithelium to develop 

dysplasia in a stepwise fashion, from non dysplastic Barrett’s oesophagus 

(NDBO), to low grade dysplasia (LGD), to high grade dysplasia (HGD) and 

eventually oesophageal adenocarcinoma (OAC). OAC is a condition which has 

a poor 5 year survival rate of 15-20% if left untreated[1, 3].  

Over the last 15 years, new emerging technologies are evolving and long term 

evidence is emerging for treatment of Barrett’s oesophagus with dysplasia [4, 

5]. 

 

 

1.2 History of Barrett’s Oesophagus 

The term “Barrett’s oesophagus” has been used since the 1950’s.  The 

definition has also evolved over time due to the discovery of new concepts 

regarding this condition[6]. 
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In the early 1900’s, the presence of ulcers within a columnar lined foregut had 

been described[6]. 

1950: Dr Norman Barrett, an Australian born British thoracic surgeon suggested 

that sections of the gastrointestinal tract were defined by their mucosa.  He 

therefore claimed that ulcers found below the squamocolumnar junction 

represent gastric ulcers that had been drawn up by scar tissue into the 

mediastinum[7].  

1953: Allison and Johnstone showed that the tubular portion of the foregut 

previously mentioned by Dr Barrett was in fact part of the oesophagus due to 

the fact that there were no peritoneal covering and had normal oesophageal 

musculature with typical oesophageal mucosal glands[8].  

1957: Dr Barrett agreed with Allison and Johnstone that columnar epithelium 

may extend into the oesophagus[9].   

1959: Moersch et al reviewed specimens from 36 patients who had 

oesophageal resections for oesophagitis at the Mayo Clinic and noted evidence 

of young columnar cells.  He subsequently concluded that the evidence of 

columnar epithelium in the oesophagus was likely due to an acquired 

inflammatory process rather than congenital[10].  

1970: Bremner et al confirmed the association between columnar lined 

oesophagus and gastro-oesophageal reflux disease.  Therefore the congenital 

theory was disproven[11].  
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1976: Paull et al described three histologic types of columnar epithelium: gastric 

fundic type with chief and parietal cells, a junctional type with mucosal glands 

and a specialised type with intestinal mucous glands and goblet cells, without 

parietal or chief cells[12].  

1978: Haggitt, suggested that the Intestinal type of columnar mucosa was 

premalignant[13].  

Mid-1980’s: The definition of Barrett’s oesophagus evolved to require both 3cm 

of columnar mucosa within the oesophagus and evidence of intestinal 

metaplasia on histology[6]. 

 

 

1.3 Definition of Barrett’s oesophagus 

The definition of BO is different between United States of America (USA) and 

the United Kingdom (UK).  In the USA, BO is defined as >1cm of columnar 

epithelium that replaces the squamous epithelium in the distal oesophagus with 

the presence of intestinal metaplasia (IM) on histology.  In the UK, BO is 

defined as > 1cm of columnar epithelium from the GOJ.  Intestinal metaplasia 

within the oesophagus is not a requirement for diagnosis of BO[14].  

 

1.3.1 Histological definition 

There is debate regarding the histopathological diagnosis of Barrett’s 

oesophagus, specifically whether the presence of specialised intestinal 
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metaplasia with goblet cells is required.  Most guidelines such as AGA, ASGE, 

ACG  and ESGE agree that IM is required to make a diagnosis of Barrett’s 

oesophagus[4, 15-17].  BSG and JSG state that columnar metaplasia with or 

without IM is required to diagnose BO[5, 18]. 

The UK guideline suggests that routine surveillance for short segment BO 

(<3cm) without IM (confirmed by two endoscopies) is not recommended due to 

the low risk of progression to OAC in patients without IM [5]. 

In cases with an irregular Z line, biopsies should not be routinely taken, as an 

incidental finding of IM is likely due to IM of the gastric cardia and does not 

require routine surveillance.  Gastric IM may be identified in up to 18% of 

gastroscopies and have a very low risk of cancer progression. [19, 20] 

 

1.3.2 Endoscopic definition 

As per the UK guidelines[21], Intestinal metaplasia on biopsy is not required to 

diagnose BO[21]. It is diagnosed endoscopically by first identifying the GOJ 

which is the most proximal extent of the gastric folds.  Barrett’s oesophagus is 

identified if there is >1cm of columnar epithelium (salmon-coloured mucosa), 

extending proximal to the top of the gastric folds. At the proximal margin of the 

columnar epithelium is the squamocolumnar junction (SCJ)  which is where the 

columnar epithelium meets the squamous epithelium (pale squamous 

mucosa)[22]. 
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The identification of the GOJ is important, however it is not always easy to 

identify, especially in the context of a hiatus hernia which has the potential to 

cause interobserver variation in determining the length of BO[23, 24](Fig.1.1).    

The ACG, BSG and ESGE require ≥ 1 cm of columnar epithelium identified on 

endoscopy to diagnosis BO[4, 5, 17].  The AGA and JSG do not have a 

minimum length to diagnose BO endoscopically[19, 25]. 

 

Figure 1.1 (A) Diagram of gastro-oesophageal junction and 
squamocolumnar junction.  (B) Endoscopic image of GOJ and Barrett's 
segment with Prague classification[26] 

 

 

1.4 Epidemiology of Barrett’s oesophagus 

1.4.1 Prevalence of Barrett’s oesophagus  

It is difficult to determine the exact prevalence of Barrett’s oesophagus in the 

general population due to lack of accurate population based estimates[26].  

Based on a population study by Ronkainen et al. in 2005, the prevalence of 
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Barrett’s oesophagus in the Swedish population was 1.6% [27] and may be up 

to 10% in patients with gastro-oesophageal reflux disease (GORD)[28]. 

 

1.4.2 Prevalence of Barrett’s oesophagus based on risk factors 

The prevalence of Barrett’s oesophagus also varies depending on the patients’ 

risk factors.  For instance, a meta-analysis by Qumseya et al including 2741 

studies involving a total of 307,273 individuals, suggests that the prevalence of 

Barrett’s oesophagus varies based on risk factors.   In populations without risk 

factors, the prevalence of BO is 0.8% (95% CI 0.6%- 1.1%), GORD 3% ( 2.3-

4%), GORD plus any other risk factors (such as age 50, male gender, obesity 

and family history of Barrett’s oesophagus or OAC) 12.2% ( 10.2%- 14.6%) and 

family history of Barrett’s oesophagus or OAC is 23.4% (13.7- 37.2%) [29]. 

 

1.4.3 Incidence of neoplasia in patients with Barrett’s oesophagus 

Oesophageal adenocarcinoma (OAC) has a rising incidence in Western 

countries over the past four decades[30, 31].  The incidence rate of neoplasia in 

patients with BO is difficult to ascertain due to bias introduced by the increasing 

use of upper gastrointestinal endoscopy over time[26].  The estimated incidence 

of OAC reported in earlier studies (pre 2000) was approximately between 2-4% 

per year in patients with NDBO[32]. However, this figure was likely 

overestimated with the inclusion of high risk patients due to publication bias or 

those with inadequate diagnosis[32].  More recent population studies and meta-

analyses reported incidence rates of 0.1 -0.5% per year[33, 34]. 
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1.5 Risk factors for developing Barrett’s oesophagus 

1.5.1 Reflux 

Chronic reflux is the most common risk factor for developing Barrett’s 

oesophagus with an OR of 2.9 (95% CI 1.86-4.54) p=0.0001 [35]. In addition, 

several authors had reported that advanced neoplasia was more likely to be 

identified on the right wall of the esophagus[36]. A potential explanation for this 

finding may be due to the asymmetrical increased exposure to acid reflux on the 

right wall of the oesophagus as demonstrated by Omae et al’s study which 

performed 25 hour pH monitoring on 33 patients with Barrett’s related 

adenocarcinoma[36]. Their study revealed that in 90.9% of cases, the location 

of adenocarcinoma coincided with the direction of acid or non-acid reflux.  

 

1.5.2 Obesity 

Kubo et al showed that waist circumference is an independent risk factor for 

developing Barrett’s oesophagus after adjusting for other variables such as BMI 

and reflux[37] [38].  In addition, their logistic regression analysis suggested that 

for every 5cm increase in waist circumference, the OR of developing Barrett’s 

oesophagus is 1.14 (95% CI 1.03-1.27, p=0.02)[38]. 
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1.5.3 Smoking 

In a meta-analysis, Andrici et al identified that people who had ever smoked 

was at a higher risk of developing Barrett’s oesophagus compared to those who 

had never smoked in the general population, with an OR of 1.42 (95% CI 1.15-

1.76)[39]. 

 

1.5.4 Male Sex 

In a large cohort study performed by Blankenstein et al, they showed that out of 

21,899 endoscopies performed, the prevalence of Barrett’s oesophagus in male 

compared to female was represented in a 4: 1 ratio (OR 4.15; 95% CI 2.99-

5.77)[40]. 

 

1.5.5 Age 

Age is also a risk factor associated with Barrett’s oesophagus as demonstrated 

by Rubenstein et al’s retrospective cross-sectional study of 155,641 patients 

who underwent their first gastroscopy.  This study showed that there was an 

increased prevalence of Barrett’s oesophagus from 2.1% in the 3rd decade to 

9.3% in the 6th decade[41].   

 

1.5.6 Helicobacter pylori 

Helicobacter pylori infection is associated with a reduced risk of developing 

Barrett’s oesophagus and subsequent oesophageal adenocarcinoma.  This is 
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likely due to the low acid state within the stomach as a result of chronic H.Pylori 

infection[42]. 

 

1.5.7 Race 

In a retrospective cohort study, Wang et al examined 280,075 patients who had 

endoscopic procedures; they discovered that Caucasian subjects were more 

likely to have Barrett’s oesophagus compared to other race (Caucasian 5%, 

Hispanic 2.9%, Asian/Pacific Islander 1.8%, Black 1.5%;  p<0.0001 )[43]. 

 

1.5.8 Alcohol 

There is conflicting evidence regarding the association of alcohol use and risk of 

developing Barrett’s oesophagus[44].  Alcohol consumption has not been 

consistently associated with development of Barrett’s oesophagus. However, 

the type of alcohol may be associated with different risk profile; for instance, 

spirits may be associated with a higher risk of BO than wine[45]. 

 

1.5.9 Family history 

Chak et al in their case control study showed that a family history of OAC or 

Barrett’s oesophagus was more likely to be associated with BO (OR 12, 95% CI 

3.3-44.8).  Similarly, BO was more likely to occur in patients with a family history 

of Barrett’s oesophagus in a 1st or 2nd degree relative compared to controls, 

24% vs 5%, p<0.05[46].  
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1.5.10 Diet 

Certain diets containing higher levels of nitrates (such as cured meats and 

processed meats) resulting in the formation of higher levels of oxides of 

nitrogen have been shown to contribute to mutagenesis of epithelial cells at the 

GOJ. This in turn may lead to Barrett’s oesophagus[47, 48].  A diet consisting of 

high vegetable intake have a protective effect against Barrett’s oesophagus[49].  

There is no associated risk of BO with intake of red meat [50]. 

 

1.5.11 Medications 

The use of proton pump inhibitors (PPI) and statins may be associated with a 

decreased risk of developing BO[51].  NSAIDs use is associated with a lower 

risk of developing OAC however it has not been shown to decrease the risk of 

BO[44]. 

 

1.5.12 Hiatal hernia 

The size of hiatus hernia is associated with increased risk of developing BO, 

however, this is likely due to the reflux of acid and gastric contents which has 

been commonly identified in patients with a large hiatus hernia[52]. 
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1.5.13 Risk factors for developing Barrett’s oesophagus: Summary 

Most of the significant risk factors for developing Barrett’s oesophagus are non-

modifiable, as Barrett’s oesophagus is more likely to affect older white males 

with a family history of Barrett’s oesophagus or OAC.  Of the modifiable risk 

factors, chronic reflux is by far the most significant. 

 

 

1.6 Pathology of Barrett’s oesophagus 

As mentioned, Barrett’s oesophagus is the replacement of normal squamous 

mucosa by columnar epithelium[1].  There are 3 different types of columnar 

epithelium found in Barrett’s oesophagus: cardiac type mucosa, fundic type 

mucosa and specialised columnar epithelium with goblet cells[53].  The z line or 

squamocolumnar junction (SCJ) is usually at the same level as the GOJ, 

however, the SCJ may lie 1-2 cm proximal to the GOJ in “normal’ 

individuals[54].  Therefore, cardiac and fundic type mucosa may be found in the 

in normal individuals and is thought to be due to physiologic reflux[55].   

Kilgore et al in their study of 30 paediatric autopsies identified cardiac mucosa 

in all patients on the gastric side of the GOJ, suggesting that gastric cardiac 

mucosa is present from birth[56]. Therefore, a biopsy from the distal 

oesophagus which shows columnar epithelium with either cardiac or fundic type 

mucosa is not diagnostic of Barrett’s oesophagus.  If however, the endoscopic 

assessment is suggestive of Barrett’s oesophagus, then the absence of 

intestinal metaplasia may be due to sampling error[54]. The finding of Barrett’s 
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oesophagus without intestinal metaplasia is rare.  Weinstein et al in their study 

of 250 patients with Barrett’s oesophagus found non-intestinal tongues of 

columnar epithelium extending >2cm into the lower oesophagus in < 1% of 

cases[57].    

 

1.6.1 The revised Vienna classification and dysplasia subtypes 

Prior to 1998, there had been significant differences in reporting of 

gastrointestinal epithelial neoplasia based on the conventional Western and 

Japanese classification systems[58].  On the 5th and 6th of September 1998, a 

workshop included 48 pathologists from 15 countries was held in Vienna, 

Austria.  Within this workshop, 31 pathologists from 12 countries participated in 

a slide set review of 35 gastric, 20 colorectal, and 21 oesophageal biopsy and 

resection specimens.  They concluded that there was a large difference 

between the conventional Western and Japanese diagnosis; the agreement and 

kappa values were: 37% and 0.16 for gastric; 45% and 0.27 for colorectal; and 

14% and 0.01 for oesophageal lesions[58].   

At the meeting, the Vienna classification was proposed which regrouped 

specimens based on cytological and architectural severity and invasion status 

into the following categories: 1- negative for dysplasia, 2- Indefinite for 

dysplasia, 3- non-invasive low grade neoplasia, 4 non-invasive high grade 

neoplasia and 5- invasive neoplasia (including intramucosal carcinoma, 

submucosal carcinoma and beyond).  Using this classification, they found that 
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the agreement and kappa values had improved to: 71% and 0.55 for gastric; 

65% and 0.47 for colorectal; and 62% and 0.31 for oesophageal lesions[58].  

 

1.6.2 Histopathologic diagnosis of dysplasia 

Dysplasia is defined as the presence of neoplastic epithelium confined within 

the basement membrane of the gland[59].  It often lacks nuclear stratification 

and arise in glands which maintain their structure[59].  The degree of dysplasia 

is classified as either low grade dysplasia or high grade dysplasia[59].  

 

1.6.2.1 Indefinite for dysplasia 

The differentiation of regenerative changes from dysplasia is often challenging 

due to inflammation or ulceration from acid reflux; therefore a diagnosis of 

indefinite for dysplasia (IND) is used in some cases[54]. Moreover, in some 

cases, IND is used when there is glandular atypia without definitive cytologic 

atypia in the surface epithelium[54].  IND can be indefinite for LGD or indefinite 

for HGD. 

 

1.6.2.2 Low grade dysplasia  

In low grade dysplasia, the nuclei tend to display variable hyperchromasia with 

nuclear crowding and irregular nuclear contours.  Cytological atypia is generally 

limited to the basal half of the crypts, with the crypt architecture preserved.  

Dystrophic goblet cells may be seen[54](Fig.1.2).  
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Figure 1.2 Histology slide showing widespread LGD, with nuclear 
enlargement, mild cytological atypia with preservation of architecture 

 

1.6.2.3 High grade dysplasia 

Compared to low grade dysplasia, high grade dysplasia tends to show more 

severe cytologic atypia and involves architectural complexity. Cytologically, cells 

demonstrate more nuclear pleomorphism and hyperchromasia than that seen in 

LGD with nuclear stratification to the crypt surface. Architectural complexity 

tends to involve villiform configuration of the mucosal surface or cribriform 

crypts[54] (Fig.1.3). 
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Figure 1.3 EMR specimen demonstrating an area of ulcerated high grade 
dysplasia with architecturally dysplastic glands, high grade cytological 
atypia and numerous mitoses 

 

1.6.2.4 Intramucosal adenocarcinoma 

Intramucosal adenocarcinoma by definition is when the neoplastic cells have 

penetrated through the basement membrane into the lamina propria either as 

single cells or in small clusters[54] (Fig.1.4). 

 

 

Figure 1.4 EMR specimen showing an area of intramucosal 
adenocarcinoma and extensive high grade architectural atypia, back to 
back glands and marked cytological atypia  
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1.7 Interobserver variability  

There is large interobserver variability among community and expert 

pathologists in diagnosing NDBO, IND and LGD[60, 61]. This is mainly due to 

the subjectivity in the assessment of the revised Vienna classification especially 

in the context of reactive atypia and inflammation[62]. This is likely to be one of 

the reasons for the wide range of reported progression rates of LGD from 0.4% 

to 13.4%[60, 61, 63].  Kerkhof et al in their prospective multicentre study 

showed that there was significant interobserver variability in agreement for 

dysplasia between community pathologists and expert GI pathologists (k=0.24).  

This variation was also evident between expert GI pathologists themselves, 

especially when differentiating between NDBO vs IND/LGD (k=0.27)[64].  

Montgomery et al in their study which involved 12 expert GI pathologists who 

assessed 250 slides, found that interobserver agreement was substantial for 

HGD/OAC (k=0.65), moderate for NDBO (k=0.58) and only fair or slight for LGD 

and IND with k=0.32 and k=0.15 respectively[65]. 

Due to the interobserver variation in reporting Barrett’s oesophagus with 

dysplasia, current guidelines recommend confirming the diagnosis by a second 

expert GI pathologist[4, 5, 17].  This interobserver variability between 

community and expert pathologists have also contributed to the overdiagnosis 

of LGD in the literature (see Chapter 1.15.1 “Natural history of LGD”). 
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1.8 Screening for Barrett’s oesophagus 

The purpose of screening for Barrett’s oesophagus is early detection of patients 

at risk of OAC[4]. Approximately 90% of patients diagnosed with OAC do not 

have a prior diagnosis of Barrett’s oesophagus, suggesting that our current 

clinical practice is inadequate in identifying patients who are at risk of OAC[66].   

Kastelein et al has shown that screening is associated with early detection of 

OAC and thus resulted in better 5 year survival outcomes[67].   

 

1.8.1 Cost effectiveness of screening 

Current methods of screening are not cost effective as there is no evidence of 

screening leading to a survival advantage[68, 69].  To increase yield, several 

international guidelines suggest screening only those with risk factors instead of 

a general population screening for Barrett’s oesophagus [4, 14-17, 21, 70]. 

 

1.8.2 Screening population  

Current guidelines (AGA[15], ACG[4], ASGE[71], BSG[14, 21] and ESGE[17]) 

do not recommend screening for the general population.  However, they do 

suggest screening in certain patients depending on their risk profile.  Whiteman 

et al from Australia [70] suggests one time screening in 50 year old male with 

GORD.  Other guidelines recommend screening at risk patients as follows: 

AGA- screening patients with symptoms of reflux and older than 50 years of 

age, ACG screening of high risk individuals (>2 risk factors), if negative they 

suggest a repeat gastroscopy in 1-2 years;  if there is evidence of LA grade B,C 
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or D reflux oesophagitis,  then they suggest a repeat gastroscopy after PPI 

therapy for 8-12 weeks. ASGE suggests screening patients with >1 risk factor 

and no further screening if negative finding.  BSG suggests screening patients 

with chronic GORD and with > 3 risk factors.  If there is a positive family history 

of BO or OAC in at least one first degree relative, then screening may 

commence in patients with <3 risk factors.  The ESGE guideline recommends 

screening patients with chronic GORD and multiple risk factors.  

 

1.8.3 Gastroscopy with sedation 

The current gold standard in screening is by gastroscopy[72]; however, 

performing gastroscopies for screening is not cost efficient due to the high costs 

involved for a low yield outcome.  Especially in the setting of low incidence of 

BO which has a low risk of progression to OAC.  In order to make screening 

feasible for the general population, new techniques of screening for Barrett’s 

oesophagus are evolving.  

 

1.8.3.1 Unsedated transnasal endoscopy (uTNE) 

This uTNE uses an ultrathin endoscope with topical anaesthetic which does not 

require sedation.  Compared to a gastroscopy, it detects 98% of columnar lined 

oesophagus and 91% of IM with a 100% specificity [73].  The mean procedural 

time is 3.7 +/- 1.8 mins to 5.5 +/-1.7 mins. Recovery is faster than conventional 

gastroscopy due to no sedation, (18.5 mins vs 67.3 mins, p<0.001) [74-76].  

Compared to gastroscopy, uTNE is safer with fewer procedure and sedation 



 
Literature Review 

26 

related complications,  patients are more willing to undergo a repeat 

procedure[77, 78].  There are no serious adverse events described when using 

uTNE, in addition, it is significantly cheaper when compared with a gastroscopy 

with a mean difference in cost of US $1386.72 (95% CI 1291.79-1486.07) [79]. 

 

1.8.3.2 Cytosponge 

Cytosponge is a mesh surrounded by a gelatin capsule attached to a string. 

When this capsule is swallowed, the capsule will dissolve, revealing a sponge in 

the stomach which will expand to approximately 3cm in size. The sponge is 

removed from the stomach by pulling a string.  Along with the sponge, cells are 

obtained from the oesophagus for cytology, stained with Trefoil Factor 3 (TFF3) 

biomarker for IM [80].   

One prospective study of 504 patients on acid suppression showed that 

cytosponge with TFF3 has a sensitivity of 73.3% (95CI 44.9-92.2%) and a 

specificity of 93.8% (95% CI 91.3-95.8) for detecting BO >= 1cm of 

circumferential length [81].  In addition, a case control study involving 1110 

GORD patients, compared cytosponge and TFF3 with gastroscopy which 

demonstrated a sensitivity of 79.9% and a specificity of 92.4%, the sensitivity 

was increased to 89% when swallowed twice[80]. 

The BE Trial 3 (BEST 3) is a randomised control trial performed in 109 general 

practice clinics in England.  They randomised patients to either “usual care 

group”, which consists of standard management of gastro oesophageal reflux or 

“intervention group” with the use of Cytosponge-TFF3 procedure.  They 
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demonstrated over an average of 12 months follow-up period that 140 (2%) of 

6834 participants in the intervention group and 13 (<1%) of 6388 participants in 

the usual care group were diagnosed with Barrett’s oesophagus (absolute 

difference 18.3 per 1000 person-years [95% CI 14.8-21.8])[82].   

Futhermore, Benaglia et al. showed in their microsimulation model that when 

compared with no screening, Cytosponge screening of 50 year old men with 

symptoms of gastro-oesophageal reflux disease followed by treatment of 

patients with dysplasia or intramucosal cancer costs an additional $240 (95% 

credible interval, $196-$320) per screening participant, resulted in a mean gain 

of 0.015 (95% credible interval, -0.001 to 0.029) QALYs and an incremental 

cost-effectiveness ratio of $15,700 per QALY[83].   

A qualitative study showed high acceptability and comfort [84]. Using a visual 

analog scale, the cytosponge appears to be accepted in 93.9 - 99% of patients 

(p<0.001) [80, 81]. Mild abrasions and sore throats have been described in 

16.7% of patients which resolved without intervention[80]. 

 

1.8.3.3 Non-endoscopic balloon 

The non-endoscopic balloon is a prototype involving a balloon with spikes.  It is 

a device which is swallowed by the patient and is 6 fold cheaper than 

performing a gastroscopy[85].  It has a sensitivity of 83%, but is only tolerable in 

49% of patients[85]. 

. 
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1.8.3.4 Oesophageal capsule endoscopy  

The oesophageal capsule endoscopy uses the same technology as small bowel 

capsule.  Bhardwaj et al in their meta-analysis of 9 studies involving 618 

patients, showed a pooled sensitivity of 77% and a specificity of 86% in 

diagnosing BO[86]. It is safe and 80% of patients prefer having a capsule than a 

gastroscopy, however, it is unable to obtain histology or cytology for 

analysis[87, 88].  

 

1.8.3.5 Liquid biopsy 

Liquid biopsy uses a blood sample to detect circulating micro RNAs (miRNAs) 

in the blood.  miRNA may be dysregulated and expressed in a specific pattern 

in cancer.  Bus et al in their case control study of 41 patients, were able to 

distinguish those with Barrett’s oesophagus from controls with a sensitivity and 

specificity of 78% and 86% respectively[89].  Further development is required to 

obtain an improved sensitivity and specificity before routine clinical use.  

 

1.8.3.6 Exhaled volatile organic compounds (VOC) 

Exhaled volatile organic compounds (VOC) are products of metabolism in 

breath detected by an external device, which is able to identify patients with 

Barrett’s oesophagus with an 82% sensitivity and an 80% specificity in a study 

of 66 patients [90, 91].  This test is noninvasive with good patient tolerability; 

however, further studies are needed for validation.  
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1.8.4 Screening for Barrett’s oesophagus: Summary 

The current gold standard in screening for Barrett’s oesophagus is gastroscopy 

with sedation.  However, this is not cost effective for widespread population 

screening.  It is reasonable to perform a screening gastroscopy in certain at risk 

groups, namely males aged 50 years old and over with symptoms of chronic 

reflux.   Of the many novel screening techniques, the cytosponge appears to be 

the most promising for widespread use due to its sensitivity, specificity, 

affordability, tolerability and ease of use.    

 

1.9 Surveillance for neoplasia in patients with Barrett’s oesophagus 

Current guidelines suggest the use of Seattle protocol for taking biopsies during 

endoscopic surveillance, however Gupta et al in their post hoc analysis showed 

that careful inspection of Barrett’s segment and allowing adequate time to 

perform the endoscopic procedure is key.  They have shown that longer 

inspection time; allowing 1 minute per centimetre of Barrett’s segment was 

associated with a higher detection of advanced dysplasia[92]. A limitation of this 

study is due to its post hoc analysis study design.  This study was not designed 

to assess Barrett’s inspection time; therefore it is possible that endoscopists in 

the study may have spent a longer duration due to time spent on characterising 

lesions[92].   In addition, Cameron et al demonstrated the importance of 

performing surveillance at a high volume expert Barrett’s unit.  They showed 

that endoscopic assessment performed at a specialised Barrett’s unit resulted in 

higher detection of lesions and OAC[93] (Fig.1.5). 
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Figure 1.5 Endoscopic images (NBI) of visible lesions detected at an expert 
Barrett's oesophagus referral unit 

 

1.9.1 Surveillance intervals and techniques 

The current gold standard for performing surveillance endoscopies is by high 

definition white light examination (HD-WLE) with biopsies as per the Seattle 

protocol[94].  This may be used in conjunction with chromoendoscopy with 

acetic acid.  In addition, advanced imaging techniques such as narrow band 

imaging (NBI), autofluorescence imaging and confocal laser endomicroscopy 

(CLE) may be used for improved accuracy to enable targeted biopsies[95].    

Jayasekera et al. performed a cross-sectional study assessing a total of 1190 

individual biopsy points in 50 consecutive patients with dysplastic Barrett’s 

oesophagus in an expert Barrett’s unit.  They demonstrated that the sensitivity, 

specificity and accuracy of detecting HGD or OAC were: HD-WLE 79.1%, 

83.1% and 82.8%; NBI, 89%, 80.1% and 81.4%; and CLE, 75.7%, 80.0% and 
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79.9% respectively.  They also demonstrated that all mucosal points with OAC 

and patients with HGD were detected by targeted biopsies using a combination 

of HD-WLE and NBI[96].   Verbeek et al. showed that participation in a 

surveillance program for Barrett’s oesophagus reduces mortality from OAC, 

HR= 0.79 (95% CI 0.64-0.92) when compared with patients with Barrett’s 

oesophagus who did not undergo surveillance[97, 98].  Furthermore, Cameron 

et al demonstrated a 56% increase in OAC detection rate when the assessment 

was performed in an expert Barrett’s unit compared to that performed in the 

community[99].    

 

1.9.2 Surveillance in patients with non-dysplastic Barrett’s 

oesophagus 

Current surveillance intervals are dependent on the length of Barrett’s segment 

and degree of dysplasia.  Short Barrett’s segment is defined as <3cm in length.  

If there is no evidence of dysplasia, current guidelines recommend endoscopic 

surveillance every 3-5 years[4, 14, 15, 17].  Endoscopic surveillance is 

recommended every 2-3 years in patients with long segment Barrett’s 

oesophagus as defined by >3cm in length[4, 14, 15, 17].  Seattle protocol 

should be performed by taking quadrantic biopsies every 2 cm from the 

Barrett’s segment[94, 100].  To increase yield, biopsies should be ideally 

performed only after inflammation or erosive oesophagitis have resolved with 

PPI[14, 101]. 

 



 
Literature Review 

32 

1.9.3 Surveillance in patients with Barrett’s oesophagus with IND 

The current ACG guidelines recommend patients with indefinite for dysplasia to 

have a repeat endoscopy in 3-6 months after optimisation of acid suppression 

therapy.  If on repeat endoscopy, IND is confirmed, then a surveillance interval 

of 12 months is recommended [4]. The revised British guidelines have also 

suggested a repeat endoscopy at 6 months with maximal acid suppression 

followed by the recommended surveillance interval based on its outcome[21].  

 

1.9.4 Surveillance in patients with Barrett’s oesophagus with LGD 

The American and revised British guidelines both recommended confirmation of 

a diagnosis of LGD by a second expert GI pathologist.  A repeat endoscopy 

should be performed after optimisation with PPI to reduce any associated 

inflammation. ACG guideline suggests that endoscopic eradication therapy may 

be considered, otherwise surveillance endoscopy in 12 months may be 

considered[4].  The revised British guideline recommends surveillance at 6 

monthly intervals and consideration of endoscopic therapy [21][14].  The 

European Society of Gastrointestinal Endoscopy position statement suggests 

that patients with confirmed LGD should be referred to an expert centre for a 

repeat endoscopy in 6 months.  If there is no dysplasia found, then the interval 

may be increased to 12 months.  After two consecutive endoscopies with 

negative for dysplasia, standard NDBO surveillance protocol should be 

adopted.  If a confirmed diagnosis of LGD is found in the subsequent 

endoscopy, endoscopic ablation should be offered [17]. 
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1.9.5 Surveillance in patients with Barrett’s oesophagus with HGD 

Patients with HGD should be treated with endoscopic eradication therapy.  

These patients have a high risk of progression to OAC and therefore should not 

just have surveillance[4]. 

 

 

1.10 Advanced imaging techniques and tissue acquisition for 

assessment of Barrett’s oesophagus  

1.10.1 Tissue sampling 

Current guidelines recommend taking biopsies from the oesophagus as per the 

Seattle protocol. This involves taking quadrantic biopsies every 2cm from the 

Barrett’s segment for patients with non dysplastic Barrett’s oesophagus (NDBO) 

and LGD[94, 100].  This has been proven to increase dysplasia detection in 

patients with BO[101]. 

 

1.10.2 White light endoscopy  

The current gold standard in assessment of Barrett’s oesophagus is to use high 

definition white light endoscopy with quadrantic biopsies as per Seattle 

protocol[4] (Fig 1.6).  A meta-analysis of 843 patients demonstrated that 

advanced imaging techniques increased the diagnostic yield of dysplasia 

detection by 34% (95% CI 0.13- 0.56; p=0.0001) when compared with white 
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light endoscopy (WLE) with quadratic biopsies [102].  ASGE endorses the 

routine use of advanced imaging techniques, however other societies such as 

AGA, ACG, BSG do not recommend routine use[103].   In addition, ASGE 

introduced a PIVI criteria (preservation and incorporation of valuable 

endoscopic innovations, for advanced imaging techniques) with a hope that it 

may replace random four quadrant biopsies if the endoscopist has a per patient 

sensitivity of more than or equal to 90%, a specificity of greater or equal to 80% 

and a negative predictive value (NPV ) of >=98% for detecting HGD/OAC.  

Targeted biopsies with acetic acid, narrow band imaging and CLE meet these 

thresholds [104].  

 

Figure 1.6 Visible lesion detected on high definition white light (HDWL) 
endoscopy 

 

1.10.3 Chromoendoscopy  

Dye based chromoendoscopy uses chemicals such as acetic acid, indigo 

carmine and methylene blue to enhance the mucosa during endoscopy to assist 

the endoscopist in identifying abnormal mucosal lesions.   Methylene blue and 
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indigo carmine does not meet the ASGE PIVI standards[103].  

Chromoendoscopy with acetic acid has a high diagnostic accuracy for detecting 

HGD/OAC with a sensitivity of 92% and specificity of 96%[105].   Overall, 

chromoendoscopy increases detection of dysplastic lesions, however it is time 

consuming and is endoscopist dependent, which results in significant 

interobserver variability[104, 106, 107]. 

 

1.10.4 Virtual chromoendoscopy 

Virtual chromoendoscopy allows advanced imaging without using dyes.  This is 

achieved by using different wavelength of light available on the different 

endoscopy processors.  By filtering white light into blue and green, it allows real 

time identification of early neoplastic lesions, irregular mucosal and vascular 

patterns.   Different brands of processors each have their own version of virtual 

chromoendoscopy, for instance, Olympus named their virtual chromoendoscopy 

as Narrow Band Imaging (NBI) (Fig.1.7), Pentax uses I-Scan and Fujinon 

named it as Blue Laser Imaging (BLI) [108].  NBI allows better detection of 

HGD/OAC with a pooled sensitivity, specificity and NPV of 94.2%, 94.4% and 

97.5% [109].   Moreover, the Barrett’s International NBI group developed a NBI 

classification which is user friendly with a good interobserver agreement (k-

0.681) [110]. 

The use of virtual chromoendoscopy such as NBI allows detection of advanced 

dysplasia with high sensitivity and specificity([96, 111, 112]. In a randomised 

controlled trial from three tertiary referral centres comparing high definition white 
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light endoscopy with Seattle protocol and NBI with targeted biopsies by Sharma 

et al, they showed that NBI detected a higher proportion of areas with dysplasia 

(30% vs 21%, p=0.01)[111].  In de Groof et al.’s study on BLI for inspection of 

Barrett’s oesophagus related neoplasia, they showed that there was no 

significant difference in detection of advanced dysplasia when comparing BLI 

with BLI + WLE[108].  

In addition, Jayasekera et al, assessed 1190 individual biopsy points from 50 

consecutive patients with Barrett’s oesophagus and showed that the use of NBI 

was highly accurate in the detection of HGD and IMC with a sensitivity, 

specificity and accuracy of 89%, 80.1% and 81.4% respectively[96].  Singh et al 

in their prospective study included 28 endoscopists from 11 countries (from the 

Asia-Pacific region) demonstrated a sensitivity, specificity, positive predictive 

value and negative predictive value of NBI as 89%, 89%, 56% and 98% 

respectively[112]. 

Although these studies showed the reliability of detecting advanced dysplasia 

such as HGD or IMC using NBI, none of these studies included identification of 

LGD[96, 111, 112].  This is because, NBI does not reliably detect LGD[112].  

 We have identified a phenotype of LGD in Barrett’s oesophagus which is visible 

on endoscopic imaging.  This will be described in detail in Chapter 4: (“Diffuse 

endoscopically visible, predominantly low grade dysplasia in Barrett’s 

oesophagus”). 
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Figure 1.7 Barrett's island identified on Narrow Band Imaging (NBI) 

 

1.10.5 Autofluorescence imaging (AFI) 

Autofluorescence imaging uses endogenous molecules which emits 

fluorescence light of a longer wavelength when excited with a short wavelength 

light (i.e. blue light)[113].   Advanced dysplasia such as HGD or IMC can be 

differentiated from NDBO based on the differences in the intensity of 

autofluorescence.  Although, AFI is associated with increased detection of 

advanced dysplasia, it is also associated with a high false positive rate[113].  

Curvers’ et al. showed in their prospective multi-centre study that the false 

positive rate of AFI was reduced from 81% to 26% by performing a detailed 

inspection with NBI after high resolution endoscopy and AFI[114]. Egger et al in 

their cohort of 35 patients with Barrett’s oesophagus, showed that AFI had a low 

sensitivity of 21% to 37%, hence routine biopsies as per Seattle protocol and 

careful inspection of Barrett’s mucosa is still necessary[115].    
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Di Pietro et al. demonstrated in their prospective cross-sectional study in three 

tertiary referral centres that a three biomarker panel (aneuploidy, p53 

immunohistochemistry and cyclin A) performed on a small number of AFI 

positive targeted biopsies provided an accurate and objective diagnosis of 

dysplasia in Barrett’s oesophagus.[116].  

 

1.10.6 Confocal Laser Endomicroscopy (CLE)  

Confocal Laser Endomicroscopy (CLE) allows in vivo histological assessment 

by use of a probe which allows 1000 times magnification.   This probe based 

CLE has a high specificity for advanced dysplasia (98%), low sensitivity (67%) 

and reasonable interobserver agreement ( k=0.6).  The advantage of using this 

technique is that it allows real time decision making [117].  CLE meets ASGE 

PIVI standards (pooled sensitivity 90.4, specificity 92.7, and NPV 98.3) [109].  

There is also a version of CLE which is integrated in the distal tip of a 

conventional video endoscope (EC3870K; Pentax, Tokyo, Japan)[118]. 

However, CLE is not used routinely due to the fact that it is expensive and 

requires correlation between imaging and histology which requires the 

extensive expertise in histology-like interpretation.  In addition, it is also time 

consuming especially If CLE is used to image a long segment of Barrett’s 

oesophagus[103].  
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1.10.7 Volumetric Laser Endomicroscopy (VLE) 

Volumetric Laser Endomicroscopy (VLE) is an imaging technique that provides 

real time cross-sectional images using a 3.7mm probe within a balloon.   It 

scans the oesophagus with a 360 degree circumferential view of up to 3mm in 

depth [104].  A total length of 6cm is scanned at a time [104].  The balloon is 

available in 3 sizes; 14mm, 17mm and 20mm [103].  VLE allows identification of 

lesions that were not seen under WLE, specifically subsquamous lesions and 

allows targeted biopsy of these lesions by use of laser marking.  Imaging 

features which predict BO neoplasia include lack of layering, higher surface 

than subsurface signaling and irregularly dilated glands.  It has a sensitivity and 

specificity for dysplasia detection of 86% and 88% respectively.  A recent study 

compared the yield of dysplasia detection using VLE compared to Seattle 

protocol which demonstrated a higher dysplasia detection in the VLE group, OR 

2.1 p=0.03 [119].  

 

1.10.8 Wide area transepithelial sampling with computer assisted three-

dimensional analysis (WATS3D)  

Wide area transepithelial sampling with computer assisted three-dimensional 

analysis (WATS3D) uses a through the scope brush which allows full thickness 

tissue acquisition, it then uses a computer assisted analysis and synthesises a 

single 3-dimensional image for pathological review by using 100 two 

dimensional optical slides.  Currently there is a multicentre randomised control 

trial in progress.  Vennalaganti et al in their 160 patients with Barrett’s 

oesophagus using WATS 3D in addition to Seattle protocol biopsies, showed an 
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additional 23 cases of HGD/OAC was identified (14.4%; 95% CI 7.5%-21.2%) 

when WATS3D was used compared to biopsy alone[120].  The interobserver 

agreement is high k=0.95 for HGD/OAC and k= 0.74 for LGD, and IND [121].  

Performing the procedure with WATS3D added 4.5 minutes to the procedure 

time[120].    It is important to note that there are also a few limitations to this 

study, which includes a selection bias of patients with advanced dysplasia 

referred to an academic referral center and the fact that only the WATS positive 

HGD/OAC slides were reviewed by pathologists without the diagnosis of 

dysplasia being confirmed by histology, therefore raising the possibility of false 

positive results[122].  

WATS 3D allows better detection of glandular changes compared to cytology, 

however, it is not as good when compared with histology in detecting 

architectural changes, and may sometimes lead to over estimation of 

dysplasia[122].  

Further studies with larger population and longer follow up periods are required 

prior to routine use.  

 

1.10.9 New emerging techniques- artificial intelligence (AI) 

At present, there are multiple studies and presentations at international 

conferences looking at integration of artificial intelligence (AI) into clinical 

practice.  The principle of AI is to use vector machines and neural networks to 

allow a machine to learn and detect abnormal lesions. The limiting factor of this 

technique is that it requires a large number of images to train the algorithm.  
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Further studies are required to validate these methods prior to routine clinical 

use [103, 123]. 

 

1.10.10 Advanced imaging techniques and tissue acquisition for 

assessment of Barrett’s oesophagus: Summary 

Over the last two decades, there have been many advances in imaging 

technology.  Targeted biopsies with acetic acid, NBI and CLE have met the 

ASGE PIVI criteria. Seattle protocol is the current gold standard for tissue 

sampling, however, there is still risk of sampling error, it is time consuming and 

adherence is poor in the community.  Undoubtedly, the most important part to 

Barrett’s surveillance is having adequate time to carefully inspect the Barrett’s 

segment by an experienced endoscopist and taking targeted biopsies with the 

aid of virtual chromoendoscopy +/- chromoendoscopy with acetic acid 

depending on the endoscopists’ experience and comfort level with these 

adjuncts.   Although CLE meets the ASGE PIVI criteria it is not in routine use 

due to the need for extra training and the fact that it is expensive and time 

consuming. Other novel techniques such as VLE, WATS3D and use of AI are 

not in routine use due to lack of robust and long term data.  
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1.11 Risk factors for progression of Barrett’s oesophagus to 

oesophageal adenocarcinoma 

It is important to keep in perspective that even though some of the relative risk 

for developing Barrett’s oesophagus may be high, the absolute risk of OAC is 

still low.  For instance, Kunzmann et al in their prospective cohort study of 

355,034, showed that the risk of developing OAC was up to 0.16% at 5 years 

follow up.[124]  Many of the risk factors for developing BO are also risk factors 

for progression of BO to LGD to HGD or OAC[26]. 

This thesis looks at addressing the controversies in management of Barrett’s 

oesophagus.  One of current controversies in the literature is the management 

of LGD which is discussed in Chapter 1.15 (“Management of Barrett’s 

oesophagus with LGD”).  To address the management of LGD, it is imperative 

for the treating clinician to understand and assess a patient’s risk of 

progression.  

Many studies have investigated the risk of progression[31, 125-134].   These 

risk factors for progression may be classified as patient and lifestyle factors, 

endoscopic factors, histological factors and molecular factors such as 

biomarkers. 

 

1.11.1 Histological factors 

The risk of progression is determined primarily by the degree of dysplasia within 

a Barrett’s segment, this is demonstrated in Krishnamoorthi’s meta-analysis 

suggesting an OR of 3.92; 95% CI, 2.20-6.96 in patients with a diagnosis of 
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LGD[127].  Unfortunately, much of the controversy stems from the difficulty in 

diagnosing LGD due to inflammation and interobserver variability between 

pathologists. (this is discussed in detail in Chapter 1.6 “Pathology of Barrett’s 

oesophagus”).   

Cameron et al in their retrospective cohort study of 116 patients with BO with 

LGD demonstrated that when LGD was further sub-divided into mild or 

moderate by two expert GI pathologists, those who were classified as LGD-

moderate had a higher cumulative risk for progression compared to those who 

were classified as LGD-mild: 100% in 95 months vs 55.6% in 105.8 months, 

p<0.0001[135]. This interesting finding suggests that there may be clusters of 

varying degrees of dysplasia severity within the LGD spectrum itself. Similarly, 

we have divided LGD into 2 different subsets: 1) LGD-1, the lower end of LGD 

spectrum and 2) LGD-2, the higher end of LGD spectrum, with architectural or 

cytological features suspicious for, but falling short of HGD.  This resulted in 

LGD-2 being associated with a higher risk of progression, however this method 

is dependent on the expert GI pathologists and hence may not be reliably 

reproducible[136] (Fig.1.8).   
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Figure 1.8 (a-c) LGD-1, (d-f) LGD-2-Architecture remains fairly simple, and 
nuclear features of HGD are incomplete, with basally oriented nuclei and 
some surface maturation 

 

Fiebo J.C. ten Kate et al proposed the use of a combination of histological 

criteria with moderate interobserver agreement (kappa between 0.4-0.6) and 

were validated with an independent cohort of 98 patients with Barrett’s 

oesophagus[134]. These criteria included: loss of maturation, mucin depletion, 

nuclear enlargement and increase of mitosis[134].  They showed that a 

combination of 2 criteria were associated with a risk of progression from LGD 

to HGD or OAC (HR 5.47; 95%CI 1.81-17; p=0.002) [134]. 

Ten Kate et al’s use of specific histological criteria prompted the hypothesis of 

Chapter 5 (“Not all Low Grade Dysplasia in Barrett’s oesophagus is the same: 

using specific histologic criteria in predicting progression to neoplasia.”) which 

explores the feasibility of using specific histological criteria to predict 

progression in patients with LGD (Fig.1.9).   
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Figure 1.9 Diagnostic criteria assessed included (a) high mitosis (defined 
as at least 1 mitosis at the epithelial surface or in the neck of the crypts; 
mitoses in the base of the crypt are disregarded )(red arrow) (200 x 
magnification), (b) mucin depletion (red circle)(100 x magnification.), (c) 
loss of surface maturation (200 x magnification) and (d) nuclear 
pleomorphism (400 x magnification). In some cases (e) all four features 
were noted (200 x magnification) 

 

1.11.1.1 Multifocal LGD 

The evidence for multifocal LGD as a risk factor for progression in contradictory.  

Wani et al. in their multicentre study of 210 patients with Barrett’s oesophagus 

and LGD demonstrated that there was no significant difference in risk of 

progression when they compared patients with unifocal LGD and multifocal 

LGD[137]. However, other studies have suggested that multifocal LGD may be 

associated with an increased risk of progression[129-131].  This is reinforced by 
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Duit et al’s findings in their retrospective study of 255 patients with LGD. They 

showed that there was a 10-fold increase in risk of progression when 2 or more 

biopsies (multifocal) showing LGD was compared to nil biopsies confirming 

LGD. However, when compared to a single biopsy proven LGD, there was no 

statistical difference[131].   Furthermore, Srivastava et al in an observational 

study looking at baseline biopsies from 77 dysplastic Barrett’s oesophagus 

patients demonstrated that the extent of LGD as measured by a total patient 

crypt count such as multifocal dysplasia is also a significant risk factor for 

progression to OAC[132]. 

 

1.11.1.2 Confirmed LGD and Persistent LGD 

Another predictor of progression is persistent LGD (defined as LGD on 2 

consecutive endoscopies)[131]; this has also been shown by Kestens et al, in a 

retrospective study of 161 patients with confirmed LGD by expert GI 

pathologists to be an independent risk factor for progression with a hazard ratio 

of 3.5 (95% CI 1.48-8.28)[129].  In addition, Duits et al in their retrospective 

analysis demonstrated that the risk of progression was increased with 

persistence of LGD over time (defined as LGD confirmed on two different 

endoscopy) OR 9.28; 95% CI, 4.39-19.64[133].  Furthermore, in the same 

study, they have also demonstrated the number of pathologist confirming the 

diagnosis of LGD was associated with progression risk, for instance, when all 3 

pathologist in the study agreed on a diagnosis of LGD, the OR was 47.14; 95% 

CI 13.10-169.70)[133].  Consequently, this has led to guideline 

recommendations of treating patients with LGD who have the diagnosis 
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confirmed with another expert GI pathologist and those who have evidence of 

persistent LGD[17]. 

 

1.11.2 Patient factors 

Patient and lifestyle factors such are age, male sex and smoking are associated 

with a higher risk of progression from NDBO to dysplasia and OAC[125-128].   

 

1.11.2.1 Age 

In Krishnomoorthi et al’s meta-analysis of 20 studies involving 74,943 patients, 

they identified increasing age (per year) as a risk factor for progression (OR 

1.027; 95% 1.007-1.046)[127].  This finding remained significant when the 

analysis was adjusted for sex (OR 1.03, 95% CI, 1.004-1.057)[127].   

 

1.11.2.2 Male gender 

Similarly, Krishnomoorthi’s meta-analysis also showed that male gender was 

associated with a risk of progression even when adjusted for age and length of 

Barrett’s segment (OR 2.16; 95% CI, 1.84-2.53)[127].   

 

1.11.2.3 Smoking 

Patients who are currently smoking or have a history of prior smoking are at 

increased risk of progression to OAC with an OR 1.47; 95% CI 1.09-1.98) [127, 

128].  This finding remained significant after adjusting for age and sex[127]. 
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1.11.3 Endoscopic factors 

Endoscopic factors such as increasing length of Barrett’s oesophagus segment 

is associated with an increased risk of progression[31, 129-133]. 

 

1.11.3.1 Barrett’s length  

An increase in Barrett’s segment length was associated with a higher risk of 

progression based on Krishnomoorthi’s meta-analysis; OR 1.25; 95% CI, 1.16-

1.36)[127]. This remained significant after adjusting for age and sex[127]. In a 

Meta-analysis by Desai et al who analyzed 57 studies of patients with NDBO, 

they also demonstrated a higher incidence of OAC in long segment Barrett’s 

oesophagus (defined as >3cm) than short segment Barrett’s oesophagus 

(defined as <3cm); 0.33% per year vs 0.19% per year[31]. 

 

1.11.4 Biomarkers 

Over the last two decades, there have been many studies using biomarkers as 

a way to risk stratify progression to OAC and hence guide therapy [138-140].  

However, to date there is no single biomarker that has shown to be superior to 

evidence of dysplasia on histology to predict progression to OAC[138, 141, 

142]. 

Reid et al showed that loss of heterozygosity of p53 was associated with a 16-

fold increase in the risk of progression (p<0.001)[140], while Schulmann et al 
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demonstrated that hypermethylation of p16 by quantitative methylation-specific 

polymerase chain reaction was an independent risk factor for progression to 

HGD or OAC (OR 1.74; 95% CI 1.33-2.20)[143]. Although, these results appear 

promising, there is not enough evidence to support routine clinical use of 

biomarkers[144]. Despite our knowledge of these predictors of progression, we 

are still very poor at risk stratifying patients with LGD[17].   

As discussed in Chapter 1.10.5, Di Pietro et al. used a three biomarker panel 

consisting of aneuploidy, p53 immunohistochemistry and cyclin A  on a small 

number of AFI positive targeted biopsies which provided an accurate and 

objective diagnosis of dysplasia in Barrett’s oesophagus, however there was no 

follow up data to assess its use in predicting progression[116]. 

A recent study by Killcoyne et al. investigated the use of genome-wide copy 

number instability as a marker for risk of progression.  They performed  shallow 

whole-genome sequencing of 777 biopsies from 88 patients with Barrett’s 

oesophagus with LGD in a demographically matched, case-control cohort. They 

were able to identify 55% of the samples from the non progressor patients as 

“low risk” and 77% of samples from patients who progressed as “high risk”.  

Although this study is limited by the small number of patients in the cohort, it 

provides the possibility of using genomic changes to predict future cancer 

risk[145].  

There is a trend towards treating patients with LGD, however there is still a lack 

of robust evidence on the best way to manage patients with LGD, therefore  

most guidelines suggest managing patients with LGD on a case by case basis.  
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Therefore, as clinicians, it is crucial to determine the patient’s risk profile based 

on a combination of patient demographic, lifestyle, endoscopic, histologic and 

molecular risk factors, while balancing the patient’s comorbidities and personal 

preference. 

 

1.11.5 Risk factors for progression of Barrett’s oesophagus to 

oesophageal adenocarcinoma: Summary 

Many risk factors for progression of Barrett’s oesophagus to oesophageal 

adenocarcinoma have been reported in the literature.  Of these the most 

significant risk factor by far is the degree of dysplasia.  Therefore, the first sign 

of low grade dysplasia during surveillance of Barrett’s oesophagus is extremely 

important to identify.  Unfortunately, most of the controversies also arise due to 

the difficulty in diagnosing and confirming LGD due to the pathologist inter-

observer variability and the difficulty to distinguish LGD from reflux/inflammation 

which is a common occurrence within the Barrett’s population.  Hopefully this 

issue may be eliminated in the future with the help of biomarkers to provide an 

objective method of risk stratification.   

 

 

1.12 Medical therapies for Barrett’s oesophagus 

The mainstay of medical therapy is to control reflux symptoms, reduce 

progression to dysplasia or cancer and to promote healing of the metaplastic 

epithelium post ablative therapy[6]. 
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1.12.1 Proton pump inhibitors 

Proton pump inhibitors (PPI) reduce the progression rate of NDBO to neoplasia 

especially when compared to either no therapy or H2 receptor antagonist [146, 

147]. This may be due to its anti-inflammatory effect rather than acid 

suppression [148].  The current guideline suggests regular PPI use for Barrett’s 

oesophagus with dysplasia and for reflux symptoms [149].  Many associated 

adverse effects have been described in the literature, however there are no high 

quality evidence to suggest a cause and effect of PPI and adverse events[150]. 

The recommendations suggest that twice daily PPI is better than standard 

dosing and may improve outcomes in patients with BO with dysplasia, however 

is not supported by strong evidence (44). 

 

1.12.2 Chemoprevention 

Observational studies have shown that aspirin and NSAID use reduce the risk 

of OAC in patients with Barrett’s oesophagus. This is probably due to the anti-

inflammatory properties [53, 151].  Moreover, NSAID use is associated with a 

reduction in risk of OAC in the general population [152, 153]. The AspECT 

randomised control trial investigated the use of high does esomprazole (80mg), 

low dose esomeprazole (20mg) with or without aspirin (300mg per day) for at 

least 8 years and demonstrated that both high dose PPI and aspirin 

chemoprevention therapy significantly improved outcomes in terms of 

composite end points of all cause mortality, oesophageal adenocarcinoma, and 
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high grade dysplasia in patients with Barrett’s oesophagus.  They showed that 

high dose PPI is better than low dose for patients with BO in terms of delaying 

death, cancer and dysplasia,  Combining high dose PPI and aspirin seems to 

be more effective in reducing composite endpoint than either treatment alone, 

with only 1% of participants reporting serious adverse events.  However, the 

data showed that before 5 years of taking these agents, there appears to be no 

chemopreventative effects, but after 8.9 years of follow up, the effect was 

significant[154]. The benefit of chemoprevention for recurrent intestinal 

metaplasia post-CEIM is unknown [155].  

 

 

1.13 Endoscopic therapy for Barrett’s oesophagus 

Oesophagectomy was previously considered the gold standard for patients with 

Barrett’s oesophagus related HGD and early OAC, however, due to its high risk 

of serious complications, endoscopic eradication therapy (EET) is now the 

preferred therapy given the 2 year and 5 year survival rates in patients with EET 

and oesophagectomy are quite similar [156].  

 

The aim of endoscopic eradication therapy (EET) is to reduce the progression 

of BO to OAC, to prevent metastatic disease in patients with adenocarcinoma, 

to prevent the need for oesophagectomy and to improve survival.  EET has 

replaced oesophagectomy as the gold standard of care in patients with HGD 

and intramucosal cancer [2, 15].  The principle of EET is first to resect focal 
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visible lesions then ablate the remaining flat residual Barrett’s mucosa.  This is 

favored over complete radical surgical resection due lower risk of 

complications[4, 149, 157, 158].  Endoscopic resection may be performed via 

endoscopic mucosal resection (EMR) or endoscopic submucosal dissection 

(ESD) technique. 

 

1.13.1 Endoscopic mucosal resection (EMR) 

Endoscopic mucosal resection (EMR) allows the removal of dysplasia while 

concurrently obtaining sample for accurate staging[159].  It carries a low but 

significant risk of complications, namely stricture formation[160]. 

EMR allows enbloc resection of lesions up to 2cm, while larger lesions may be 

removed in a piecemeal fashion [161].  There have been multiple EMR methods 

described, these include a cap method and ligation assisted EMR (Fig.1.10).  

The Cap method uses a transparent cap attached to the tip of the endoscope, 

the cap has a groove in which a snare can be opened and positioned.  The 

endoscope is aligned over the lesion and the mucosa is sucked into the cap.  A 

snare is closed over the mucosa and the lesion is then resected using snare 

electrocautery [161]. Ligation assisted EMR or band ligation uses a band which 

is deployed, creating a pseudo polyp; a snare is then used to resect below the 

ligation band[161].  Complications and efficacy of the 2 methods are 

comparable [162, 163].  Tomizawa et al, showed that of the 681 patients who 

had received EMR, bleeding occurred in 1.2% with no perforations [164] 

(Fig.1.11). 
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Figure 1.10 Diagram representation of (A) cap EMR and (B) band ligation 
EMR[165]  

 

 

 

Figure 1.11 Endoscopic image of post EMR defect 
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1.13.2 Endoscopic submucosal dissection (ESD) 

When compared to EMR, endoscopic submucosal dissection (ESD) allows 

higher complete resection rates, regardless of the size of the lesion[166].  In 

2017, a RCT compared EMR and ESD in patients with HGD or early OAC 

3cm; ESD has higher initial complete and curative resection rates at 3 months.  

Both methods have comparable rates of remission in conjunction with ablation 

[167].  ESD is more technically difficult and time consuming than EMR, with 

higher complication rates of bleeding, perforation and strictures[168]. 

ESD is best used for larger, bulkier lesions which may not be fully or completely 

resected with EMR (or in lesions with a higher chance of submucosal invasion 

based on endoscopic appearance) [169].   

 

ESD has comparable rates of recurrence to EMR with ablation. Therefore, EMR 

is currently the resection method of choice.  Complications of ESD included 

bleeding 1-9%, perforation 0-5%, stricture formation 0-60% [167, 170-173].  

 

1.13.3 Radiofrequency ablation (RFA) 

Radiofrequency ablation (RFA) was first reported in 2007. It is currently the 

most studied ablation method for Barrett’s oesophagus (Fig.1.12). RFA is 

limited to the level of the muscularis mucosa[174].    According to the UK RFA 

registry, and the meta-analysis performed by Orman et al, strictures occur up to 

5% of patients and are easily treated with dilation[174, 175]. Perforation during 

or after RFA is rare (36, 51). 
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Figure 1.12  Radiofrequency ablation catheter.  (Top) Halo360 catheter. 
(Bottom) Halo90 catheter. (Medtronic Inc., Minneapolis, MN) 
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1.13.3.1 Effectiveness and safety of radiofrequency ablation 

In a randomised controlled trial by Shaheen et al[149].  127 patients with 

dysplastic Barrett’s oesophagus were randomly assigned in a 2:1 ratio to 

receive either radiofrequency ablation (RFA) or a sham procedure.  RFA 

successfully eradicated 90.5% of LGD compared to 22.7% of those in the 

control group.  Patients in the RFA group also had lower progression rate to 

HGD or OAC 3.6% vs. 16.3%.  A subsequent follow-up study looking at the 

durability of RFA in dysplastic Barrett’s oesophagus showed that dysplasia 

remained eradicated in >85% of patients after 3 years without maintenance 

therapy[15].  Moreover, a randomised controlled trial by Phoa et al. including 

136 patients with LGD were randomised in a 1:1 ratio to receive either RFA or 

surveillance.  RFA in LGD was superior to surveillance in reducing risk of 

neoplastic progression[157].   

RFA is an effective therapy for dysplastic Barrett’s oesophagus, however there 

is also a significant recurrence rate.  For instance, Cameron et al. illustrated in a 

prospective observational study of 137 patients receiving RFA for dysplastic 

Barrett’s oesophagus that adverse events occurred in 4% of patients, of which 

the majority were strictures followed by bleeding: 1.3% and 0.9% respectively.  

They also demonstrated that 9% of patients had recurrence of dysplasia and 

28% of patients had recurrence of intestinal metaplasia after initial eradication 

after a median follow up time of 12.4 months[176].   Similarly, Shaheen et al 

showed that of the 127 patients, 3.9% of patients had a serious adverse event 

while 15% and 25% of patients had a recurrence of dysplasia and intestinal 

metaplasia respectively[177].  
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1.13.3.2 Response to RFA  

RFA can achieve eradication of dysplasia, intestinal metaplasia and 

consequently reduce progression of Barrett’s oesophagus[149, 178] (Fig.1.13).   

Undoubtedly RFA is safe and effective[157, 179, 180], however, approximately 

13% of patients show a slow response of eradication of Barrett’s oesophagus to 

RFA treatment[181].  These patients often required more RFA treatment 

sessions.   

Poor response to RFA may be due to length of Barrett’s segment, size of hiatus 

hernia and uncontrolled acid reflux as demonstrated by Krinshnan et al in their 

37 patient cohort study[182].  In addition, van Vilstern et al suggested that 

uncontrolled acid reflux is the main contributor of poor response to RFA[181].  

The first step to management of acid reflux is the use of medical therapy such 

as PPI, H2RA and sucralfate[181].  In certain circumstances, medical therapy 

alone is inadequate to control acid reflux and requires surgical intervention such 

as fundoplication prior to RFA, as demonstrated by Oh et al’s case study [183].  

There are no RCT’s addressing the effectiveness of fundoplication prior to RFA, 

however we know that concurrent RFA and fundoplication is safe  and useful in 

certain subgroups of patients with altered anatomy [184].  A large registry which 

assessed prior fundoplication to RFA did not demonstrate improved outcomes 

and had similar efficacy and adverse event rates compared to medical therapy 

alone [185].  Furthermore, a multicentre retrospective study on endoscopic 

therapy followed by fundoplication showed similar durability compared to 

medical therapy alone [186]. 
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Response to RFA will be discussed in detail in Chapter 6 (“Factors that predict 

a poor response to radiofrequency ablation for Barrett’s oesophagus with 

dysplasia”). 

 

Figure 1.13 (A) before RFA  (B) during RFA with HALO360  (C) immediately 
after RFA  (D) 8 weeks after RFA 

 

1.13.4 Other ablative therapies 

1.13.4.1 Argon Plasma Coagulation (APC) 

Argon Plasma Coagulation is a thermal ablation technique using high-frequency 

electric current through ionised argon gas.  It is effective in the treatment of 

Barrett’s epithelium after the resection of IMC and reduced the rate of recurrent 

neoplasia compared with surveillance alone[187, 188]. Hybrid APC uses a 
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higher frequency electric current which is combined with a submucosal fluid 

injection.  This appears to be effective as it is associated with fewer strictures 

due to the protective element of the submucosal fluid[189]. APC is significantly 

cheaper than RFA or cryotherapy, however, it is operator dependent and often 

requires more treatment sessions to achieve complete eradication of BO 

epithelium and is associated with residual intestinal metaplasia[26].  

 

1.13.4.2 Photodynamic therapy (PDT) 

Photodynamic therapy is a technique which involves the administration of a 

photosensitizer (2mg/kg intravenous sodium porfimer 48 hours prior to 

photoradiation) or (60mg/kg of oral 5-aminolevulinic acid [ALA] ingested 4 hours 

prior to photoradiation)[190].  During the procedure, light is delivered to the 

Barrett’s mucosa via bare cylindrical diffusing fibers or balloon diffusing fibers.  

This results in oxygen radical formation and tissue destruction[190].  Due to the 

risk of photosensitivity of skin and other mucosal areas, patients are required to 

avoid light after the procedure[190]. This technique is currently not routinely 

used due to high stricture rates and photosensitivity [191]. 

 

1.13.4.3 Cryotherapy 

Cryotherapy is the use of cryogen to oesophageal mucosa (with either liquid 

nitrogen, nitrous oxide or carbon dioxide), this is different to RFA, as 

cryotherapy tends to leave the tissue architecture of the superficial squamous 

layer relatively intact, so is associated with a decreased rate of strictures[155].  
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Cryotherapy is able to ablate deeper than RFA to the level of the submucosa 

[192] which may potentially lead to lower recurrence rates, however there are 

no studies on its long term effects. 

There are 2 forms of cryotherapy.  One is the use of liquid nitrogen spray which 

can target a larger area; however, this technique is limited due to decrease 

visibility from the cryogen spraying on scope lens.  The second is a balloon 

based nitrous oxide.  It has a probe within a balloon which sprays cryogen 

against the balloon that contacts the mucosa.  There have been small studies, 

mainly retrospective [192-195] or small prospective cohort studies [194, 196, 

197] demonstrating similar rates of CE-D and CE-IM when compared to RFA.  

A small study of 41 patients showed CE-IM in 88% and CE D in 95% of patients 

at one year [198].  Currently there are no RCT addressing the efficacy of RFA 

vs cryotherapy as the primary method of eradication of dysplastic BO.  

Cryotherapy is often used as salvage therapy and is not in routine use for 

primary treatment. 

A multicentre prospective study by Solomon et al showed that patients 

undergoing cryotherapy tends to have less post procedural pain than RFA.   

RFA was associated with 5 X more chance of pain than liquid nitrogen 

cryotherapy immediately and 48 h after procedure [199].  A small study showed 

that stricture formation is the most common adverse event of cryotherapy at 3% 

[200] while another study showed that strictures requiring dilation may occur up 

to 10% [198]. Overall, cryotherapy appears to be safe as Shaheen et al in their 

98 patients with cryotherapy demonstrated bleeding in 1% with no perforations 
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seen[200]. Furthermore, Canto et al. in their multicenter prospective clinical trial 

showed that the use of cryotherapy was safe and effective.  Of the 120 patients 

with dysplastic Barrett’s oesophagus, the CE-D and CE-IM rates were 97% and 

91% respectively (per-protocol analysis). Post ablation pain was mild and short 

lived.  Fifteen patients developed strictures requiring dilation.  There were no 

perforations[201]. 

 

1.13.5 Complications of endoscopic therapies 

It is not uncommon for patients to experience chest pain post RFA, however, 

stricture requiring dilation is the most common complication post RFA, occurring 

between 5-14% of cases [174].  Bleeding after RFA occurs less frequently (<1% 

of cases) and may be exacerbated in patients on anticoagulation therapy[202].  

Occasionally, incomplete eradication of intestinal metaplasia may result in 

subsquamous Barrett’s mucosa, also known as “Buried Barrett’s” due to 

neosquamous epithelium healing over partially eradicated Barrett’s 

mucosa[203].  The exact significance of subsquamous Barrett’s is still 

uncertain, however there is the potential to progress to OAC[204].  

Pech et al studies a prospective cohort of 1000 consecutive patients who had 

EMR for treatment of Barrett’s oesophagus with dysplasia with a mean follow up 

period of 56.6 +/- 33.4 months.  The complication rate from EMR was 2.8%, 

mainly comprising strictures requiring endoscopic dilations, followed by bleeding 

(Fig.1.14). There was one patient with perforation which was managed 

endoscopically. There were no deaths [205]. 
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Figure 1.14 (Left) Stricture post extensive EMR  (Right) Same stricture- 4 
weeks post dilatation 

 

 

1.13.6 Endoscopic therapy for Barrett’s oesophagus: Summary 

As demonstrated by Phoa et al in the EURO II trial, multimodality endoscopic 

eradication is safe and effective[206]. Focal endoscopic resection should first be 

performed followed by ablation of the remaining flat Barrett’s mucosa[206].  

Endoscopic resection for visible lesions in Barrett’s oesophagus is extremely 

important for histologic staging and therapeutic purposes.   Although current 

evidence favors EMR due to its simplicity and safety profile compared to ESD, it 

is important to note that ESD may have a role in endoscopic resection of larger 

lesions in Barrett’s oesophagus as emerging evidence is showing a trend to 

better resection margins with comparable safety profile especially in the hands 

of experienced endoscopists at high volume centres.   Whilst the choice 

between routine EMR vs ESD for visible lesions in Barrett’s oesophagus is 
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based on the experience and technique of the endoscopist, it will be interesting 

to see future studies on long term patient outcomes when comparing EMR vs 

ESD in combination with RFA.   

Regarding ablative therapy, most of the data supports the routine use of RFA, 

however, cryotherapy may be considered in the future as more evidence is 

emerging regarding its efficacy and safety profile.  More studies on long term 

outcomes are needed before routine clinical use of cryotherapy.  

 

 

1.14  Management of non dysplastic Barrett’s oesophagus 

see 1.9.2 “Surveillance in patients with non-dysplastic Barrett’s oesophagus 

 

 

1.15 Management of Barrett’s oesophagus with LGD 

Current international guidelines have clear recommendations regarding the 

management of non-dysplastic Barrett’s oesophagus and Barrett’s oesophagus  

with high grade dysplasia[15, 207]. However, there is still controversy regarding 

the management of low grade dysplasia. This is due to the difficulty in the 

diagnosis of LGD (see Chapter 1.6.1 “The revised Vienna classification and 

dysplasia subtypes” and Chapter 1.7 “interobserver variability”) and the wide 

range of reported progression rates from LGD to HGD or OAC [14, 15, 95, 130]. 

 



 
Literature Review 

65 

1.15.1 Natural history of LGD 

The progression rate from LGD to HGD and OAC varies greatly in the literature 

from 0.4% to 13.4% [63].  In 2009, a systematic review investigated the 

progression rate from NDBO, LGD and HGD to OAC [208].  The overall 

average progression rate from LGD to OAC was 1.7 per 100 patient years, 

while progression rate from NDBO to OAC was 0.6 per 100 patient years and 

6.6 per 100 patient years for progression from HGD to OAC [208]. 

There were three more recent European studies which demonstrated higher 

progression rates from LGD to HGD or OAC.   A German study showed a 

progression rate of 19% over two years [209].  While a Dutch study by Curvers 

et al involving 147 patients with a community diagnosis of LGD showed that 

85% of the LGD cases were downstaged to NDBO or IND after the community 

slides were reviewed by two expert GI pathologists[210], only 15% of the cases 

were deemed to be considered true LGD.  Of those with confirmed LGD, the 

progression rate from LGD to HGD or OAC was 13.4% per year (over 109 

months of follow up) [210].  A randomised control trial of RFA vs surveillance by 

Phoa et al demonstrated a progression rate from LGD to be 26.5% in the 

surveillance group at three years [211].  

The reduced rates of progression in the RFA group, along with the published 

high rates of progression from LGD have led to several published guidelines to 

recommend RFA for individuals with confirmed and persistent LGD [4, 16, 17].  

The progression rate from LGD may be underestimated if there is an 

overdiagnosis of LGD reported by a single community pathologist[212], 
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conversely, the progression rate may also be overestimated if there is an under 

diagnosis of prevalent HGD or OAC which was not identified at the index 

endoscopy prior to the LGD study (see Chapter 3 “Barrett’s esophagus with low 

grade dysplasia: High rate of upstaging at Barrett’s Esophagus Referral Units 

suggests progression rates may be overestimated”). 

The true progression rate and natural history of LGD is difficult to determine due 

to the literature containing many studies with over-diagnosis of LGD, variability 

in outcomes between community and expert centres, and interobserver 

variability between pathologists. This has led to the controversies in 

management of LGD.   

 

1.15.2 Controversies in the management of LGD 

There is no consensus regarding the management of patients with LGD.  

Current guidelines suggest either close surveillance with 6-12 monthly 

gastroscopies and biopsies or referral to an expert centre for endoscopic 

eradication therapy[70, 213].   This lack of consensus is mainly due to 

conflicting evidence concerning the diagnosis and progression rate of LGD.   

There is a trend towards treating patients with persistent LGD with 

radiofrequency ablation as suggested by the ESGE guideline[17].  This is likely 

due to the emerging evidence of reduced risk of progression in patients with 

LGD treated by RFA as demonstrated by Pouw et al’s long term outcome from 

the original “SURF study”[211] which concluded that after a median follow up of 
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73 months, RFA in patients with LGD reduced the risk of progression with a 

sustained clearance of Barrett’s oesophagus in 91% and LGD in 96%[214]. 

While there is no clear consensus from all guidelines on the best management 

practices for LGD, it is best for the treating clinicians to decide on the best 

approach based on the patient’s preference, risk profile, comorbidities, cost 

effectiveness and long term implications of ongoing surveillance post 

eradication.  

 

1.15.3 Cost effectiveness of radiofrequency ablation 

Radiofrequency ablation is an effective treatment option for BO with LGD[149], 

however, there are also the associated adverse events of strictures and 

bleeding, as well as risk of recurrence of intestinal metaplasia and dysplasia 

after initial eradication[176].  In addition, these patients will also need on-going 

surveillance[176, 177].  Although RFA is effective for the management of BO 

with LGD, it is significantly more expensive than surveillance and may not be 

cost effective[215].   Moreover, when progression is identified on surveillance; 

endoscopic therapy of HGD or OAC is usually effective[149, 157, 177, 216]. 

A number of studies have demonstrated the cost effectiveness of RFA for 

Barrett’s oesophagus with HGD suggesting potentially increasing life 

expectancy by 3 quality adjusted life years for a cost of <$6000 when compared 

to no intervention[217, 218]. Regarding treatment of LGD, although RFA is 

more effective at reducing the risk of progression[214], it is significantly more 

expensive than endoscopic surveillance[216], and therefore may not be cost 
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effective.  Ultimately the cost effectiveness of using RFA for LGD depends on 

the long-term effectiveness of ablation, progression rate of LGD to HGD or OAC 

and whether surveillance endoscopy can be discontinued after successful 

ablation.   

Furthermore, there is still no adequate long term data about the durability of 

RFA.  Shaheen et al reported on a 3 year follow up of his cohort from 19 sites, 

suggesting that dysplasia remained eradicated in >85% and intestinal 

metaplasia remained eradicated in >75% of patients.  Pouw et al reported a CE-

IM of 91 % and CE-D of 96% in patients with LGD after a median follow up of 

73 months[214].  Most subjects with recurrences could again attain complete 

eradication of intestinal metaplasia with further treatment[177].  While this data 

is promising, there is no certainty regarding maintaining long term durability of 

neosquamous mucosa and hence further surveillance and therapeutic 

endoscopies are likely still warranted post eradication therapy.   

 

1.15.4 Surveillance vs. radiofrequency ablation 

Owing to the many uncertainties of diagnosis and management of Barrett’s 

oesophagus with LGD in the literature; the question of surveillance or treatment 

with radiofrequency ablation currently is best addressed on a case by case 

basis and involving the patient in a thorough discussion regarding the potential 

risks and benefits of treatment options.   As the current evidence stands, it 

would be beneficial for all patients with LGD be referred to a high volume expert 

Barrett’s Unit for an assessment endoscopy and review of pathology by at least 
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one expert GI pathologist.  If there are risk factors for progression identified, 

then RFA should be considered, otherwise it is reasonable to continue with 

surveillance as per guideline recommendations. 

 

1.15.5 Management of Barrett’s oesophagus with LGD: Summary 

The best practice in management of LGD is based upon our ability and 

confidence in 1) diagnosing LGD and 2) understanding the risk of progression 

to OAC.  The former may be optimised by performing the assessment 

gastroscopy after inflammation has been treated with high dose PPI and having 

the histology reviewed by an additional expert GI pathologist.  The reported 

progression rates in the literature have been both under and overestimated.  It 

is under-estimated due to the over-diagnosing of LGD in the community 

because of the associated inflammation and interobserver variability between 

community and expert GI pathologists.  It is also over-estimated due to “missed” 

prevalent advanced dysplasia in the community. Future studies with strict 

inclusion criteria of “true LGD” are needed to decipher the “real” progression 

rate of LGD.  It is extremely important that the pathological and endoscopic 

assessment occurs at a high volume expert Barrett’s unit with experienced 

endoscopists and expert GI pathologists.  

Despite the trend in treating LGD with RFA;  LGD is best managed on a case by 

case basis, involving the patient in the treatment discussion, while factoring the 

patient’s wishes, risk of progression and their comorbidities.  
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1.16 Management of Barrett’s oesophagus with HGD 

All patients with HGD confirmed by a second expert GI pathologist should be 

referred to a Barrett’s oesophagus expert centre for further assessment and 

treatment with endoscopic eradication therapy[4, 14, 17].  At the expert center, 

all visible lesions should be resected with EMR for histological staging and the 

remaining flat Barrett’s mucosa treated with endoscopic ablation with RFA.  If 

there are no lesions identified, endoscopic ablation should be performed[17]. 

 

 

1.17 Management of Barrett’s oesophagus with OAC 

Management of OAC depends on the risk of OAC progression to metastatic 

disease.  Intramucosal OAC (T1a) is confined to the mucosal layer with <2% 

chance of lymph node or distant metastasis. OAC which involves the 

submucosa is associated with a significant increased risk of lymph node 

metastasis[219]. OAC which involve the superficial layer of the submucosa 

(sm1) defined as invasion depth ≤ 500𝜇𝑚 are associated with a 0-21% risk of 

lymph node metastasis.  This risk increases to 36-54% if the OAC invades into 

the deeper layers of the submucosa (sm2 or sm3)[220, 221].   

Therefore, it is recommended for patients with intramucosal OAC (T1a) to be 

treated endoscopically, while oesophagectomy is the main therapy 

recommended for submucosal OAC due to high rates of lymph node and distant 

metastasis [213].   
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Regarding management of superficial submucosal OAC (invasion depth ≤ 

500𝜇𝑚 );   A case series of 67 patients with superficial submucosal OAC had 

endoscopic resection which resulted in only one patient with lymph node 

metastasis.  This equates to a risk of 1.5% which is below the usual mortality 

rate of an oesophagectomy[220, 221].  This suggests that EET for superficial 

OAC may be considered as an alternative to oesophagectomy in patients with 

low-risk features (such as invasion depth ≤ 500𝜇𝑚 into the submucosa, good to 

moderate differentiation, and no lymph node invasion) and those who are poor 

surgical candidates [213]. The decision on therapy for patients with OAC should 

be made on an individual basis. These patients should be discussed at a 

multidisciplinary meeting involving the gastroenterologists, surgeon, oncologist, 

radiologist and pathologist while accounting for patients’ preference and 

medical comorbidities.  

 

 

1.18 Staging of cancer in Barrett’s oesophagus 

Accurate staging of Barrett’s oesophagus is extremely important to guide the 

selection of therapeutic options in order to achieve the optimal overall outcomes 

and survival in patients with OAC[222].  Staging of Barrett’s oesophagus may 

be in the form of histological staging with either EMR or ESD, endoscopic 

ultrasound or cross sectional imaging with PET-CT or MRI[222].  
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1.18.1 Histological staging with EMR or ESD 

Endoscopic resection is the preferred approach for treatment of dysplastic 

Barrett’s oesophagus as a staging and treatment modality [5, 223].  Histological 

staging is the only reliable method to distinguish between mucosal from 

submucosal cancers and well differentiated from poorly differentiated 

cancers[213]. 

Endoscopic resection may be performed via endoscopic mucosa resection 

(EMR) or endoscopic submucosal dissection (ESD).  Both methods have similar 

efficacy in resection of dysplastic lesions, however there is controversy in the 

preferred technique [167, 224, 225].    Some studies have shown no significant 

difference in overall outcomes between ESD vs EMR but have noted a higher 

complication rate with ESD compared to EMR [167, 226].  Other studies have 

suggested that ESD allowed better orientation, and evaluation of deep and 

lateral margins which may in turn guide further therapy [224, 227] (Fig.1.15).  

Podboy et al in their retrospective analysis of 51 patients with dysplastic 

Barrett’s oesophagus who had either ESD or EMR, showed that EMR was 

associated with greater pathologic uncertainty as a lateral or vertical margins 

were not able to be identified in 13 of 31 EMR specimens[227].   
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Figure 1.15 Post ESD defect 

 

1.18.2 Endoscopic ultrasound for staging 

Endoscopic ultrasound has good accuracy in nodal staging; however it has 

suboptimal specificity of 67% in differentiation between lesions confined to the 

mucosa compared to submucosa [228, 229].  Qumseya et al in their meta-

analysis demonstrated that the use of EUS in Barrett’s oesophagus patients 

with dysplasia and T1a OAC resulted in a significant proportion of over-staging 

(9%) and under-staging (9%) with an overall accuracy of less than 75%[222].  

Furthermore, Young et al in their analysis of 12 studies, demonstrated the poor 

correlation between EUS findings and pathology staging outcomes[230].  

Consequently, the 2015 ACG guidelines did not advocate routine use of EUS 

for staging of patients with nodular BO or intramucosal cancer (T1a OAC) [4].  

However, EUS may have a role in management of T1b OAC due to the higher 
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risk of lymph node invasion.  Specifically, lymph node invasion confirmed by 

EUS and fine needle aspirate (FNA) will preclude EET from achieving a curative 

outcome[231].  

 

1.18.3 PET-CT or MRI for staging 

The use of cross-sectional imaging such as PET-CT or MRI have relatively low 

resolution to detect lesions at the mucosal and submucosal levels and therefore 

cannot accurately differentiate the individual layers of the oesophageal wall.  

Owing to the low risk of distant metastasis in patients with intramucosal cancer 

(T1a OAC),  imaging with PET-CT or MRI is not routinely used for staging of 

intramucosal cancer (T1a OAC)[232]. However, PET-CT is recommended to 

detect lymph node and distant metastasis in patients with T1b OAC or above[4].   

 

1.18.4 Staging of cancer in Barrett’s oesophagus: Summary 

Accurate staging is extremely important to guide management.  Cross sectional 

imaging with PET-CT or MRI are unable to accurately differentiate the individual 

layers of the oesophageal wall, therefore are recommended for more advanced 

disease such as T1b OAC or above and has minimal benefit in management of 

T1a OAC.    EUS lacks the overall accuracy and may even over or under stage 

the lesion in T1a OAC. With the ability to perform FNA, it is more accurate in 

nodal staging, hence is more beneficial in managing patients with T1b OAC.  

The best approach currently is histological staging as it allows us to distinguish 

between mucosal vs submucosal cancers and well differentiated vs poorly 
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differentiated cancers.  This is demonstrated by van de Ven et al. in their 

prospective multicentre cohort study in performing endoscopic reassessment of 

clinically staged T2 oesophageal adenocarcinoma.  After an endoscopic 

reassessment, they were able to downstage 15/25 patients from T2 to T1 OAC.  

Of these 15 patients, endoscopic resection was successful in 12/15 patients, 

with 3 patients underwent successful surgical resection due to tumour invasion 

into the muscle layer[233].  

 

1.19 Surgical therapy for Barrett’s oesophagus 

1.19.1 Oesophagectomy 

Prior to 2013, surgical resection was the recommended treatment for patients 

with BO with HGD or early cancer [234].  A meta-analysis of seven 

retrospective cohort studies published between 2003 and 2011 showed that 

endoscopic eradication therapy for BO with HGD or early OAC (T1a) was 

associated with fewer major adverse events, and similar rates of neoplastic 

remission and 5 year survival[179, 235-237].  Subsequently, these findings had 

influenced the 2013 ASGE guidelines in supporting EET for treatment of early 

OAC[16].  Currently, surgical resections are mainly considered in patients with 

submucosal invasion[221]. 

 

1.19.2 Antireflux surgery 

One of the main risk factors for development of Barrett’s oesophagus is chronic 

reflux[35]. Therefore antireflux surgery for Barrett’s oesophagus may be 
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considered if there are concerns regarding patient compliance, the safety of 

long-term high dose acid-suppression therapy and the return of symptoms after 

medication withdrawal[6].  Antireflux surgery restores the function of the lower 

oesophageal sphincter and prevents reflux of gastric contents resulting in 

prevention of further injury to the Barrett’s mucosa or normal oesophageal 

mucosa[6].  Antireflux surgery has been proven to be safe, effective and 

durable.  Clinical studies have also shown better control of reflux when 

compared to medical therapy alone[238, 239].  There is only limited evidence 

from low quality studies to suggest reduced progression and regression of 

Barrett’s epithelium after antireflux surgery[6][240]. 

 

 

1.20 Durability of endoscopic eradication therapy  

Many studies have investigated the safety and efficacy of endoscopic 

eradication therapy, specifically focusing on the combination therapy of EMR 

and RFA[241].  Apart from the safety and efficacy profiles, many studies also 

reported on the durability of RFA [155].  A recent meta-analysis demonstrated 

that even though RFA is effective at treating dysplasia, recurrence of intestinal 

metaplasia and occasional dysplasia or OAC can occur[242].  

Fujii-Lau et al’s meta-analysis showed that recurrence of IM and dysplasia post 

EET treatment were not inconsiderable[242], it is important to note that the 

definition of recurrence of intestinal metaplasia (CE-IM) was different between 

the studies.   For instance, Gupta et al defined CE-IM as two consecutive 
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sessions with remission of intestinal metaplasia on endoscopic and histologic 

examination, while other studies only required one session to define CE-IM[243-

245].  Some authors defined recurrent disease only in the tubular oesophagus, 

while others included IM in the cardia and GOJ [155]. 

Fujii-Lau et al’s meta-analysis of 39 studies showed an overall pooled 

recurrence of disease post CE-IM of 8.6/100PY (95% CI 6.7-10.5/100 PY) 

[242], while the incidence rate of recurrent dysplasia post CE-IM was 1.9/100PY 

(95% CI 1.3-2.5/100PY) [242]. 

Recurrence of disease occurs not infrequently, but IM is more likely to recur 

compared to dysplasia or OAC as demonstrated by Pasricha et al in their large 

US registry.  They showed that 334 (20%) patients who had RFA and achieved 

CE-IM had recurrence out of 1634 patients.  Within these 334 patients with 

recurrence,  34 patients (10%) had recurrence of dysplasia; (19 patients with 

LGD (6%) and 15 patients had HGD(4%))  [243].  Recurrence was more likely 

to occur at the GOJ [246] and recurrence with OAC in the post CE-IM cohort 

was rare[247].  Fujii-Lau et al showed that of the 1000 relapses, 54 patients had 

OAC.  Even though IM recurred not infrequently, it tends to be benign and can 

be easily treated with further EET with good effect [155, 248], when recurrence 

occurred, it tends to recur early within the first 2 years [249].  

Many studies also noted a correlation between the recurrence rates and the 

pretreatment grade of dysplasia[155, 243]. Data from the US registry indicated 

the recurrence rates for patients with a baseline of NDBO was 7 per 100 PY, 
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baseline LGD 11 per 100 PY, baseline HGD 10  per 100PY, baseline IMC 12 

per 100 PY, baseline invasive OAC 19 per 100 PY ([243]. 

Subsquamous IM often referred to as buried Barrett’s is the presence of IM 

beneath a layer of squamous epithelium.  The detection rate of buried Barrett’s 

was approximately 0.9% in patients undergoing surveillance post ablative 

therapy [175, 250].  The clinical significance of buried Barrett’s is still uncertain, 

as some authors advocate further treatment with EET while others prefer 

surveillance until further progression to dysplasia [155].  Shaheen et al 

maintains that it is generally a benign entity and it is quite rare to detect 

subsquamous OAC post CEIM, in addition, they also showed that the 

prevalence of subsquamous IM decreased over time during their post RFA 

surveillance, from 25.2% to 3.8% at 24 months post CE-IM[149]. 

 

 

1.21 Surveillance post endoscopic therapy 

Surveillance post CE-IM is important because recurrent disease is not 

uncommon[242].  The current guidelines for post CE-IM surveillance are based 

on expert opinion and the recommended interval is the same as that for pre CE-

IM which is dependent upon the highest pretreatment histologic grade before 

CE-IM was achieved[4].  For instance, patients with HGD or IMC pre CE-IM will 

require 3 monthly surveillance for the first year, then 6 monthly surveillance for 

the second year and then yearly thereafter[4].  Those with LGD are 
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recommended to undergo 6 months surveillance gastroscopy in the first year, 

then yearly thereafter[4].  

Some authors may regard this as too aggressive or too frequent because the 

theoretical risk of progression post CE-IM should be lower than pretreatment, 

and therefore suggest that the post CE-IM surveillance recommendations 

perhaps should be less frequent [245, 249].  Cotton et al have therefore 

proposed a new surveillance protocol based on individual risk groups 

determined by a patient’s pretreatment histology grade.   They have suggested 

for patients with LGD, surveillance endoscopy may be performed at 1 and 3 

years after CE-IM.  For patients with HGD or IMC, surveillance endoscopy may 

be performed at 3 months, 6 months and 1 year post CE-IM, then annually[245]. 

 

 

1.22 Recurrence of disease post EET 

In Fujii-Lau et al’s meta-analysis of 39 studies, recurrent IM post CE-IM was 

more common than dysplasia, at 4.4 per 100 PY (95% CI 3.4-5.4) vs 1.6 per 

100 PY (95% CI 1.1-2.1)[242].  In addition, their meta-analysis looked 

specifically at two groups, comparing the recurrence in patient who received 

RFA +/-EMR (25 studies) and those who had stepwise complete EMR (13 

studies).  There was more IM recurrence in the RFA +/- EMR group compared 

to the stepwise complete EMR group, 5.8 per 100PY (4.3-7.3) vs 3.3 per 100 

PY (2-4.7), p<0.01.  Despite these conclusions, it is important to note that there 
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is significant heterogeneity in the studies used for the analysis as demonstrated 

by the high I2 statistic of 86%[242]. 

 

1.22.1 Most recurrences are amenable to further EET 

The purpose of surveillance post CE-IM is to identify recurrent disease with an 

aim of further endoscopic therapy to reduce malignant progression [155].  

Fortunately, most recurrences are amenable to further EET [175, 249, 251].  

This was demonstrated by Cameron et al in their prospective cohort study of 

137 patients on treatment with RFA.  Of the 65 patients with CE-IM, there were 

18 patients with recurrent IM and of these, 9 patients successfully re-achieved 

CE-IM with further therapy. Similarly, there were 6 patients with recurrent 

dysplasia, of whom 5 obtained CR-D and CR-IM with further EET[176]. 

 

1.22.2 Recurrences are more likely to occur at the GOJ  

Cameron et al showed that recurrences were more likely to occur at the GOJ 

[176], Similarly, Sami et al, in a multicenter prospective study of 594 patients 

from 3 centres in USA and 2 in UK who had achieved CE-IM , showed that of 

the 151 patients who had recurrence post CE-IM, 74% of recurrences 

developed at the GOJ, and the other 26% occurred in the tubular oesophagus.  

The recurrences at the GOJ are less likely to be identified endoscopically than  

those in the tubular oesophagus [252].    
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1.22.3 Recurrence may occur late 

Sami et al’s prospective study showed that recurrences may occur late[252]. 

There was a 19% risk of recurrence of BO at 2 years.  In addition, the authors 

predicted another 49% risk over 8.6 years.  Their predictive model suggested 

that the estimated risk of recurrence remained constant over time and hence 

may occur late.  

 

1.22.4 Late recurrence is rare 

On the contrary, Cotton et al, reported on follow up of 127 patients from a RCT, 

of whom 110 (92%) patients achieved CE-IM with a total of 324.5PY of follow 

up. The overall recurrence incidence was 10.8 per 100 PY, while the recurrence 

of dysplasia was 5.2 per 100 PY.  They noticed that there was a greater 

probability of recurrence in the first 2 years.   There were no recurrences in their 

cohort after 4 years.  Their RRR was 0.62, suggesting that the risk of 

recurrences diminished as time progressed [249]. 

 

1.22.5 Recurrence may be subsquamous 

Recurrence may often be subsquamous, i.e. “buried Barrett’s”.  Cotton et al, 

noted that of the 110 patients who had achieved CE-IM, there were 35 

recurrences and of these, 10 (29%) had subsquamous intestinal metaplasia.  

None of these patients had a histology grade higher than LGD [249]. 
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1.22.6 Risk factors for recurrence 

Various risk factors have been described for recurrence of intestinal metaplasia 

or dysplasia post CE-IM.  Tan et al, in their retrospective cohort study 

comprised of multiple Veteran Affairs hospital network, identified 430 patients 

with Barrett’s oesophagus treated with RFA between 2005 and 2016 through 

hospital coding.   Of these 430 patients, 337 patients achieved CE-IM (78%).  

From the 337 patients who had achieved CE-IM, 98 patients (29%) had 

recurrence of Barrett’s oesophagus during the 906 PY follow up.  The authors 

performed multiple Cox regression analysis which identified risk factors for 

recurrence. 

They found that recurrences were more likely to occur in low volumes centres 

when compared to those from high volume centres.  Risk of recurrence was 

higher in those who have a more advanced pre-treatment histology, or those 

with a longer segment of Barrett’s oesophagus i.e. >3cm[253, 254].  In addition, 

patients with persistent IM were more likely to develop recurrence as 

demonstrated by Sawas et al, in their meta-analysis of 40 studies which 

comprised 4410 patients with 12,976 PY follow up.  They showed that patients 

who achieved CE-IM were associated with a lower risk of recurrent dysplasia 

and advanced neoplasia when compared to CR-D only [255]. 
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1.22.7 Surveillance post endoscopic eradication therapy and 

recurrence of dysplasia: Summary 

There is ample data in the literature on the effectiveness and safety of RFA.  

More studies are now focusing on the recurrence of dysplasia post endoscopic 

eradication therapy.  There is still conflicting evidence on the timing of 

recurrence and the significance of subsquamous Barrett’s mucosa.  However, 

we know that recurrence of Barrett’s oesophagus post endoscopic eradication 

therapy is not uncommon and is often amenable to further EET.  In addition, 

recurrence tends to occur in patients with more advanced pretreatment grade of 

dysplasia and greater length of Barrett’s oesophagus.  

The key to surveillance post endoscopic eradication therapy is to allow 

adequate time for careful inspection at a high volume centre and applying 

further treatment to any recurrent dysplasia with EET.
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Methods and Results section of thesis 
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2. A ten year experience in management of Barrett’s 

oesophagus with dysplasia: an Australian Barrett’s 

oesophagus referral unit perspective 

 

2.1 Introduction 

Barrett’s oesophagus (BO) is the replacement of normal squamous mucosa 

with columnar epithelium[2].  It is a premalignant condition which is associated 

with oesophageal adenocarcinoma (OAC) which has a poor 5 year survival rate 

of 15-20% if left untreated[1].  The progression from non-dysplastic Barrett’s 

oesophagus (NDBO) to low grade dysplasia (LGD) to high grade dysplasia 

(HGD) and oesophageal adenocarcinoma (OAC) occurs in a step wise 

manner[13].   

Management of Barrett’s oesophagus includes careful endoscopic surveillance 

with targeted biopsies and biopsies taken as per Seattle protocol[101].  If 

dysplasia is identified, it is recommended that patients be referred to a high 

volume Barrett’s oesophagus unit for assessment and consideration of 

treatment with endoscopic eradication therapy (EET)[17]. EET includes the use 

of endoscopic mucosal resection (EMR) and radiofrequency ablation (RFA) to 

eradicate dysplasia and intestinal metaplasia (IM).  The goal of therapy is to 

obtain complete eradication of intestinal metaplasia (CE-IM) and dysplasia (CE-

D).   
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Although EET is the current standard of treatment for dysplastic Barrett’s 

oesophagus[15, 16], we are still uncertain of its long term effects; specifically 

relating to recurrence of dysplasia post EET.   

 

2.2 Aim 

To describe the long-term outcomes in management of dysplastic Barrett’s 

oesophagus from a single Barrett’s oesophagus referral unit. 

 

2.3 Methods 

2.3.1 St Vincent’s Hospital Melbourne 

Our Barrett’s Unit is the main referral centre for Barrett’s oesophagus in Victoria 

and Tasmania.  We studied all patients referred with dysplastic Barrett’s 

oesophagus from November 2008 to July 2019.  All data on patients referred to 

our Barrett’s Unit is entered prospectively into an access database.  

The Barrett’s database was established in 2008 using Microsoft Access.  Each 

patient record includes data on demographics, referring specialist and their 

endoscopy and histology details.  Subsequent assessment, treatment and 

follow up endoscopies performed were prospectively entered.   
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2.3.2 Assessment protocol 

The initial assessment endoscopy performed at our centre comprises of 

detailed inspection of the Barrett’s segment using high definition white light and 

Narrow Band Imaging performed with Olympus HQ180 and HQ190 gastroscope 

by four expert endoscopists (AT, GC, BH and ET) with extensive experience in 

assessment of dysplastic Barrett’s oesophagus.  EMR via the Duette system 

(multiband cap and snare technique) was performed for any visible mucosal 

abnormalities that may harbor high grade dysplasia (HGD) or OAC.  Quadrantic 

biopsies were then performed as per the Seattle protocol with routine biopsies 

taken from the gastro-oesophageal junction (GOJ). 

 

2.3.3 Pathology assessment 

The pathological assessment process was performed in conjunction with an 

expert gastrointestinal pathologist (RW) at a multidisciplinary meeting prior to 

RFA treatment.  

 

2.3.4 Endoscopic mucosal resection  

EMR using the Duette system (multiband cap and snare technique) was 

performed for any visible mucosal abnormalities which may harbor dysplasia or 

OAC.  
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2.3.5 Radiofrequency ablation   

Radiofrequency ablation (RFA) was performed using either the Halo360  

(Medtronic/Barryx Medical, Sunnyvale, California, USA) for circumferential 

ablation or Halo90 for focal ablation depending on the length of Barrett’s 

oesophagus.  Up until March 2017, each treatment session with HALO360 

comprised two ablations of 12J/cm2, 40 Watt/cm2: with cleaning of ablation zone 

and catheter after the first pass.  From April 2017, Halo360 was performed using 

the 360 Express RFA (Medtronic/Barryx Medical) self-adjusting ablation balloon 

catheter which delivers 10J/cm2 with cleaning of ablation zone after the first 

pass and then one further ablation.   Treatment session with HALO90   comprised 

two ablations of 12J/cm2: with cleaning of ablation zone after the first pass, then 

another two ablations of 12J/cm2. Repeat treatment sessions were performed 

every 3 months until complete eradication of dysplasia and intestinal metaplasia 

(CE-D and CE-IM).   

 

2.3.6 Medical therapy 

All patients with dysplasia were treated with high dose twice daily proton pump 

inhibitor (Pantoprazole 40mg bd, omeprazole 40mg bd or esomeprazole 40mg 

bd). 
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2.3.7 Surveillance protocol post CE-IM  

After complete eradication of intestinal metaplasia (CE-IM), surveillance was 

performed as per clinical guidelines[4, 17].  Patients with HGD or IMC had 

endoscopic surveillance every 3 months for the first year following CEIM, every 

6 months in the second year and annually thereafter.  In patients with LGD, 

endoscopic surveillance was performed every 6 months for the first year 

following CE-IM, and annually thereafter.  

 

2.4 Results 

Seventy-five percent of the patients were male with a mean age of 72 years old.   

 

2.4.1 Referral indication 

Between June 2008 and July 2019, there were 346 patients referred to our 

centre with dysplastic Barrett’s oesophagus. Seventy-nine percent of the 

referrals were from gastroenterologists, 19% of the referrals were from 

surgeons and 2% from GPs.  Of the 346 patients referred with dysplastic 

Barrett’s oesophagus; 158 (46%) patients were referred with LGD, 126 (36%) 

with HGD and 62 (18%) patients referred with OAC (Fig.2.1).   
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Figure 2.1 Referral indication 

 

 

2.4.2 Treatment prior to referral  

Prior to referral, 64 (18%) patients had treatment performed.  Most of the 

treatment performed included EMR (72%) followed by APC (9%).  

 

2.4.3 Referral scope findings 

From the referral endoscopy reports obtained, the median length was 4 (IQR 2-

7) cm (not all reports documented circumferential and maximal length).  Seven 

(2%) patients out of 346 had a stricture identified on referral, 29 (8%) patients 

were noted to have ulceration within the oesophagus at the time of referral.  
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Forty-nine (14%) patients had a nodule and 84 (24%) patients had a mucosal 

abnormality detected by the referring endoscopist.  A median of 8 (IQR 5-12) 

biopsies were taken by the referring endoscopist prior to referral.  The use of 

advance imaging technique such as narrow band imaging (NBI) was 

documented in 21% of the patients. 

 

2.4.4 Expert GI pathologist review of community histology slides 

Prior to the assessment endoscopy, 346 patients had their original referral 

histology slide reviewed by an expert GI pathologist. After review by the expert 

GI pathologist, 69 (20%) patients had BO with OAC, 126 (36%) patients had BO 

with HGD, 112 (32%) patients had BO with LGD, and 39 (11%) patients had BO 

without dysplasia.  After an expert GI pathologist review of the original referral 

slide, 81% of the time, the diagnosis remained the same.  In 15%, the diagnosis 

was downgraded and in 4% of patients, the diagnosis was upgraded.  

 

2.4.5 Assessment endoscopy performed at St Vincent’s Hospital 

The Median time between the referral endoscopy performed in the community 

and the assessment endoscopy performed at St Vincent’s Hospital was 77 (IQR 

45-136) days.  The median circumferential length was 3cm (IQR 0-7) and the 

median maximal length of BO was 3cm (IQR 0-13). At the assessment 

gastroscopy, the endoscopist identified a visual mucosa abnormality 73% [Paris 

classification: IIb (n=215), IIa (n=38)] of the time and a nodule in 34% [Paris 
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classification: Is (n=101), IIa (n=13), IIa+c (n=5)] of patients.  The number of 

patients with ulceration and stricture identified on assessment gastroscopy was 

50 (14%) [Paris classification: IIc (n=45), IIa+c (n=5)] and 15 (4%) respectively.  

Most patients had a hiatus hernia, (n=307 89%) with an average size of 6.36 cm 

(SD 3.97cm).  All patients were assessed with narrow band imaging and 

biopsies taken as per Seattle protocol. 

 

2.4.6 Most advanced pathology finding after assessment gastroscopy 

After full pathological and endoscopic assessment.  Ninety patients (26%) had 

Barrett’s oesophagus with OAC, 107 (31%) patients had Barrett’s oesophagus 

with HGD, 90 (26%) patients with Barrett’s oesophagus with LGD.  Fifty-nine 

(17%) patients had Barrett’s oesophagus without dysplasia (Fig.2.2). These 

patients were followed up for a median of 594 (IQR 25-1459) days. 

After a full pathological and endoscopic assessment, out of the 62 patients 

referred with OAC, 11(18%) patients were downgrade to HGD (n=7), LGD (n=2) 

and NDBO (n=2).  Of the 126 patients referred with HGD, 25 (20%) patients 

were upgraded to OAC and 33 (26%) patients downgraded to LGD (n=24) and 

NDBO (n=9).  Of the 158 patients referred with LGD, 46 (29%) patients were 

upgraded to HGD (n=32) and OAC (n=14), and 48 (30%) patients were 

downgraded to NDBO.  
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Figure 2.2 Most Advanced pathology after full assessment 

 

 

2.4.7 Endoscopic eradication therapy: Endoscopic mucosal resection  

Out of the 346 patients referred with dysplastic Barrett’s oesophagus, 242 

(70%) patients had an EMR performed.  EMR was performed on 458 occasions, 

of which, a complication was encountered on 27 (6%) occasions.  Of the 

patients who had an EMR performed, the median number of EMR sessions 

performed was 1 [IQR 1-2] per patient.   

Out of the 27 complications encountered, 11(41%) patients had a stricture 

requiring dilatation, 10 (37%) patients had bleeding and required hospitalisation 

for monitoring, of which only one patient required blood transfusion and one 

patient experienced delayed bleeding.  Two patients (7%) had a perforation, 
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one patient required surgery and another patient had the defect successfully 

closed endoscopically.  There were 4 patients who experienced pain post 

procedure and required hospital admission for further monitoring (Fig.2.3).  

 

 

Figure 2.3 EMR complications 

 

 

2.4.8 Endoscopic eradication therapy: Radiofrequency ablation 

Radiofrequency ablation was performed 503 times on 219 (63%) patients.  A 

complication was encountered on 22 (4.3%) occasions.  Of the patients who 

received radiofrequency ablation, the median number of RFA sessions 

performed per patient was 2 [IQR 1-3].   
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Complications included 10 (45%) patients with strictures requiring dilation, four 

(18%) patients with delayed bleeding, (one patient on warfarin which was 

stopped prior to procedure, 3 patients on aspirin only).  There was one 

perforation in a man who had recurrent vomiting the next day and presented to 

the emergency department unwell 2 days post RFA with perforation, he 

required surgical oesophagectomy and survived after a prolonged admission. 

He had previous RFA with no evidence of previous complications or pre-

treatment stricture. There were 5 (23%) patients with superficial mucosal tears 

post RFA (all related to sizing balloon pre 2017) and two (9%) patients 

experienced pain post procedure requiring hospital admission (Fig.2.4).  

 

 

Figure 2.4 RFA complications 
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2.4.9 Oesophageal adenocarcinoma (OAC) 

There were 90 patients with a diagnosis of OAC after a full assessment at St 

Vincent’s Hospital with a median follow-up time of 603 days (IQR 182- 1400).  

Of these 90 patients, 21 (23%) patients were referred for surgery (all prior to 

March 2015), 5 (6%) patients were referred for chemotherapy/radiotherapy.  

There were 64 patients who received endoscopic eradication therapy, all of 

these patients [n=64 (100%)] obtained eradication of dysplasia within a median 

time of 174 (IQR 82.5- 423) days from their date of assessment (Fig.2.5).  Out 

of the 64 patients who had successful eradication of dysplasia, 11 (17%) had 

recurrence of dysplasia in a median time of 190 (IQR 122-582) days.  Three 

(27%) patients had recurrence with IMC, five (45%) patients had recurrence of 

HGD, and three (27%) patients had recurrence of LGD. The dysplasia 

recurrence rate is 8.72 per 100 person-years.  At the time of census date, 8 

(73%) patients out of 11 had successful eradication of the recurrent dysplasia 

with further endoscopic eradication therapy.   The remaining 3 patients had 

recurrence with HGD and is still undergoing EET at the time of census.  There 

was no evidence of progression or metastatic disease(Fig.2.6).  
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Figure 2.5 Management of oesophageal adenocarcinoma 

 

 

Figure 2.6 Recurrence post EET in patients with OAC 
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2.4.10 High grade dysplasia (HGD) 

There were 107 patients with HGD with a median follow-up time of 681 (IQR 

131-1617) days.  Of these, 81 (76%) patients had successful eradication of 

dysplasia in a median time of 333 (IQR 241-486) days (Fig.2.7).  Of the 81 

patients who had eradication of dysplasia, 6 (7%) patients developed 

recurrence of dysplasia in a median of 287 (IQR 60-364) days (recurrence rate 

of 3.18 per 100 person-years). These 6 recurrences included 2 (33%) patients 

with HGD and 4 (67%) patients with LGD.  Four (67%) patients obtained 

eradication of dysplasia with further EET.  The remaining 2 patients had 

recurrence with LGD and is still undergoing therapy at time of census (Fig.2.8). 

 

Figure 2.7 Management of high grade dysplasia 
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Figure 2.8 Recurrence post EET in patients with HGD 
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eradication of recurrent dysplasia with further EET. The recurrence rate was 

2.77 per 100 person-years (Fig.2.10).  

 

Figure 2.9 Management of LGD 

 

Figure 2.10 Recurrence post EET in patients with LGD 
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2.4.12 Non dysplastic Barrett’s oesophagus (NDBO)  

Fifty-nine patients had a diagnosis of NDBO, of these, 6 (10%) patients 

progressed to LGD in a median time of 390 (IQR 165-433 days) [incidence rate- 

1.454 per 100 person-years].  There was no progression to HGD or OAC 

(Fig.2.11). 

 

 

Figure 2.11 Progression in NDBO 
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HGD (3.18 per 100 person years) (log rank p= 0.9630).  However, when 

comparing LGD or HGD with OAC, patients who had a pretreatment diagnosis 

of OAC were more likely to develop recurrence of dysplasia earlier than those 

with LGD or HGD (HR 3.01, 95%CI 1.10 – 8.28, p=0.032) (Fig.2.12). 

 

 

Figure 2.12 Dysplasia recurrence in LGD, HGD and OAC 

 

 

2.4.14 Durability Analysis  

In this durability analysis, we compared outcomes between patients who have 

achieved CR-IM with patients who have achieved CR-D only without CR-IM 
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from two years post their initial RFA.  The first surveillance endoscopy two 

years post their initial RFA is consider as t0.  During surveillance, patients still 

received intermittent touch up therapy with either RFA or APC at the 

endoscopist’s discretion.  

 

2.4.14.1 Definition of patients with CR-D with CR-IM vs CR-D only 

without CR-IM                                                                                                       

CR-D without CR-IM is defined as absence of dysplasia with evidence of 

intestinal metaplasia on histology taken from the first surveillance endoscopy 

two years post their initial RFA. Similarly, patients with CR-IM is defined as the 

absence of intestinal metaplasia and dysplasia on histology from biopsies taken 

from the first surveillance endoscopy two years post their initial RFA.  

Patients who demonstrated a complete eradication of dysplasia with or without 

intestinal metaplasia at two years post their first session of RFA were entered 

into a surveillance program.  These patients were followed for a median time of 

553 (IQR 77-1494) days. 

Out of 287 patients with a diagnosis of dysplastic Barrett’s oesophagus after full 

assessment at St Vincent’s Hospital; 219 patients had RFA treatment and of 

these, 149 (68%) patients achieved eradication of dysplasia at 2 years post 

initial RFA.  There were 101 (68%) patients who achieved eradication of 

dysplasia and intestinal metaplasia (with CRIM), and 48 (32%) patients 

achieved eradication of dysplasia only without CR-IM (without CR-IM). 
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2.4.14.2 Baseline characteristics 

There was no difference in the baseline characteristics between the two groups.  

The median follow-up time was similar between those with CR-IM compared 

with those without CR-IM (598 (IQR 109-1772) vs 588 (IQR 60-1456), p 0.7567.  

The proportion of patients who had OAC, HGD or LGD after full assessment 

was also similar between those with CR-IM and without CR-IM [16% vs 27%, 

41% vs 31%, and 37% vs 27%; p=0.123].  The median maximal length of 

Barrett’s oesophagus between those with CR-IM and without CR-IM was 5 cm 

(IQR 2-7) vs 5.5 cm (IQR 3-9), p= 0.1102.   

 

2.4.14.3 Patient with CR-IM  

Of the 101 patients who had achieved complete eradication of dysplasia with 

CR-IM, there were 49 patients who had a follow up gastroscopy at 1 year, 36 

(73%) patients remained in CR-IM while 45 (92%) CR-D.  At 2 year follow up, 

there were 36 patients who had a follow up gastroscopy, of which, 30/36 (83%) 

patients achieved CR-IM and 36/36 (100%) achieved CR-D.  At 3 year follow 

up, 18/27 (66.67%) had CR-IM and 25/27 (92.59) had CR-D.  At 4 years, 16/20 

(80%) had CR-IM and 20/20 (100%) had CR-D.  At 5 years, 5/9 (56%) had CR-

IM and 9/9 (100%) had CR-D.  By 6 years 7/12 (58%) had CR-IM and 10/12 

(83%) had CR-D.  At 7 years, 5/7 (71%) CR-IM and 7/7 (100%) CR-D.  At 8 

year follow up, 2/4 (50%) had CR-IM and 4/4 (100%) had CR-D. 
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2.4.14.4 Without CR-IM 

Out of the 48 patients who had CR-D only without CR-IM, 22 (100%) out of 22 

patients had CR-D at 1 year.  At 2 years, 21/21 (100%) patients had CR-D, 

15/15 (100%), 9/9 (100%), 8/8 (100%), 3/3/(100%), 3/3/ (100%) and 3/3 (100%) 

at 3 years, 4 years, 5 years, 6 years, 7 years and 8 years respectively.   

 

2.4.14.5 Recurrences 

In this durability analysis, there were a total of 12 patients with recurrence of 

dysplasia over a median time of 368 (IQR 256-927) days, resulting in an overall 

recurrence rate of 3.56 per 100 person-years.  Five patients had a pretreatment 

histology of OAC, 3 patients had a pre-treatment histology of HGD and 4 with 

pre-treatment histology of LGD after full assessment (Fig.2.14). Of the 12 

patients with recurrence of dysplasia, 6 (50%) patients had recurrence detected 

at the GOJ and 6 (50%) patients had recurrence detected in the tubular 

oesophagus (Fig.2.15). There was no difference in the proportion of patients 

with recurrence of dysplasia between those who have achieved CR-IM and 

those without CR-IM, 7/101 (7%) vs 5/48 (10%) (p=0.465)  respectively.  There 

was no difference in the rate of recurrence of dysplasia between the two groups 

HR 0.5687 (95% CI .179441 – 1.802662) p=0.338 (Fig.2.13). 
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Figure 2.13 Dysplasia recurrence in patients with CR-IM vs without CR-IM 

 

Pretrement histology  Number of patients with recurrent 

dysplasia 

OAC 5 

HGD 3 

LGD 4 

Total  12 

 

Figure 2.14 Dysplasia recurrence based on pretreatment histology 
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Location of recurrence Number of patients with recurrent 

dysplasia 

GOJ 6 

Tubular oesophagus 6 

Total  12 

 

Figure 2.15 Dysplasia recurrence based on location  

 

 

2.5 Discussion 

This paper describes the experience in management of Barrett’s oesophagus 

with dysplasia from the largest single centre cohort in Australia.  Four important 

conclusions can be inferred from our results.  The first was that endoscopic 

eradication therapy for dysplastic Barrett’s oesophagus was relatively safe and 

effective.  Second, recurrences of dysplasia tended to occur early within the 

first-year post therapy and further EET was often effective. Third, more 

advanced pre-treatment histology was associated with earlier recurrence of 

dysplasia.  Finally, there was no significant difference in dysplasia recurrence 

rate between those with CR-IM and without CR-IM. 

Endoscopic eradication therapy was relatively safe and effective for 

management of dysplastic Barrett’s oesophagus.  Complete eradication of 

dysplasia was obtained in 100% of patients with OAC, 76% of patients with 
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HGD and 97% of patients with LGD at the time of census. Complications were 

encountered on 6% of occasions with EMR and 4% with RFA.  This was 

comparable with international studies such as Tomizawa et al who had 

performed 1,388 EMRs with 1.2% of patients with bleeding, 1% strictures and 

no perforations[164].  Furthermore, Orman et al in their meta-analysis of 18 

studies evaluating the efficacy and safety of RFA, demonstrated that 

oesophageal stricture was the most common adverse event which occurred in 

5% of patients (95% CI, 3%-7%) [174]. 

Recurrence of dysplasia tended to occur early within the first year post 

endoscopic eradication therapy.  More advanced pre-treatment histology tended 

to be associated with earlier recurrence and were often amenable to further 

EET.  These findings were supported by Cotton et al in their study of 119 

patients who received RFA.  They had a dysplasia recurrence rate of 5.2 per 

100 PY and demonstrated that majority of recurrences occurred in the first year 

post EET with no recurrence after 4 years[249]. Tan et al demonstrated in their 

retrospective cohort of 337 patients who achieved CR-IM that recurrence of 

dysplasia was associated with more advanced pre-treatment histology (HR 

1.71; 95 CI 1.03-2.84)[256].  In addition, Phoa et al illustrated in their 

experience of Barrett’s oesophagus with early neoplasia treated with RFA, that 

after 5 years of follow-up,  all recurrences post EET were successfully managed 

endoscopically[251].  

In our durability analysis, we have demonstrated no difference in dysplasia 

recurrence rate between those who had achieved CR-IM vs CR-D only. This 
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finding was different to that of Sawas et al’s meta-analysis of 40 studies 

comprised of 4410 patients with 12,976 PY follow up.  They showed that 

patients who achieved CR-IM had a lower risk of dysplasia and advanced 

neoplasia recurrence compared to CR-D only[255].  The discrepancy in findings 

may be attributed to three reasons.  First, there was significant heterogeneity of 

studies included in their meta-analysis, the studies included in the analysis were 

not specifically designed to compare recurrence of dysplasia between CR-IM vs 

CR-D only.  Second, Sawas et al demonstrated that most of the recurrence 

occurred at the GOJ, and not all studies included in the analysis routinely ablate 

the GOJ. Whereas our treatment protocol will ablate the GOJ with HALO 90 

device in all patients undergoing RFA. Finally, the definition of “CR-D only” used 

in the meta-analysis was eradication of dysplastic Barrett’s oesophagus with 

persistent IM in 1 or 2 successive endoscopies, contrary to this, we defined 

“CR-D only” as absence of dysplasia on surveillance endoscopy 2 years after 

their first RFA session.  Given that most dysplasia recurrence occurred within 

the first-year post therapy, we have excluded these patients from the analysis to 

reduce bias from potential sampling error or inadequate treatment.  

 

2.6 Conclusion 

This is the largest single centre experience in management of dysplastic 

Barrett’s oesophagus in Australia.  Over the last decade, we have demonstrated 

that EET is relatively safe and effective for management of dysplastic Barrett’s 

oesophagus. Recurrence of dysplasia tended to occur within the first-year post 



 
A ten year experience in management of Barrett’s oesophagus with dysplasia: 
an Australian Barrett’s oesophagus referral unit perspective 
 

110 

therapy, was associated with more advanced pre-treatment histology and was 

amenable to further EET.  There was no difference in dysplasia recurrence rate 

between those who have achieved CR-IM vs CR-D only. 
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3. Barrett’s esophagus with low grade dysplasia: High rate 

of upstaging at Barrett’s Esophagus Referral Units 

suggests progression rates may be overestimated 

 

3.1 Introduction and Summary 

The reported progression rate of LGD to HGD or OAC is between 0.4% to 

13.4% per year[63].  This is partly due to an underestimation from the over 

diagnosis of LGD in the community as demonstrated by Curvers et al[63]. Of 

note, in Curvers’ et al.’s study, the dysplasia was reviewed by a panel of expert 

GI pathologists which may have a more stringent criteria for LGD diagnosis, 

hence resulting in a high proportion of patients being downgraded to NDBO.     

Moreover, we hypothesise that some of the reported progression rates in the 

literature is overestimated due to prevalent advanced dysplasia that was 

“missed” during the index endoscopy performed in the community.  

Subsequently, when either HGD or OAC was identified in the studies, it was 

considered as progression rather than prevalent advanced dysplasia.  

Our multicentre study showed that an endoscopic assessment performed at a 

Barrett’s oesophagus referral unit was able to detect up to 26% of HGD or OAC 

in patients referred from the community with a recent diagnosis of LGD.  This 

high rate of upstaging at Barrett’s oesophagus referral units, suggest that the 

reported progression rates in the literature may have been overestimated.  We 
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therefore suggest that all patients with a diagnosis of LGD in the community be 

referred to a Barrett’s oesophagus referral unit for further assessment and 

management.  

Further prospective studies on LGD are required, however, LGD must be 

excluded by expert pathology and endoscopic assessment prior to enrollment.  

Furthermore, many studies in the literature did not apply a “cut off” time frame to 

distinguish prevalent vs incident HGD/OAC.  Perhaps, future studies may 

include a 12 month time frame as a potential criteria to differentiate prevalent (> 

12 months) from incident (<12 months) HGD/OAC.   
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4. Diffuse Endoscopically Visible, Predominantly Low Grade 

Dysplasia in Barrett’s Oesophagus 

 

4.1 Introduction and Summary 

Advanced dysplasia such as HGD or OAC can be reliably detected 

endoscopically especially with the aid of advanced imaging techniques[96, 112].  

However, LGD is generally considered to be undetectable endoscopically[112].  

We have identified and described a new phenotype of LGD that we have 

termed “Diffuse Endoscopically Visible, Predominantly Low Grade Dysplasia in 

Barrett’s oesophagus” (DELVB).  DELVB consists of an area of at least 6cm2 

with: 1) diffusely abnormal mucosa with either a) patchy loss of or variation in 

mucosal pattern, and/or b) widespread, subtle nodularity. 2) a clear demarcation 

from normal looking smooth Barrett’s mucosa and 3) histology showing 

predominantly multifocal LGD, some focal areas of more advanced dysplasia. 

We have noticed that the focal areas of more advanced dysplasia are often 

difficult to differentiate from the surrounding LGD within the DEVLB area 

endoscopically.  Therefore, we recommend performing EMR of the DEVLB area 

followed by RFA of the remaining flat Barrett’s mucosa.  

DEVLB is a distinct phenotype which may have a more aggressive behaviour or 

a more advanced stage.  Future studies with biomarkers such as p53 staining 

or shallow genomic sequencing would be beneficial to further characterise this.  
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5. Not all low grade dysplasia in Barrett’s oesophagus is the 

same: using specific histologic criteria in predicting 

progression to neoplasia 

 

5.1 Introduction and Summary 

Risk stratification is extremely important in management of LGD.  Throughout 

our clinical practice, we have noticed that not all LGD in Barrett’s oesophagus 

behaves in the same way, as only some cases will progress.   

Di Pietro et al. used a three biomarker panel consisting of aneuploidy, p53 

immunohistochemistry and cyclin A  on a small number of AFI positive targeted 

biopsies which provided an accurate and objective diagnosis of dysplasia in 

Barrett’s oesophagus, however there was no follow up data to assess its use in 

predicting progression[116]. 

A recent study by Killcoyne et al. investigated the use of genome-wide copy 

number instability as a marker for risk of progression.  They performed  shallow 

whole-genome sequencing of 777 biopsies from 88 patients with Barrett’s 

oesophagus with LGD in a demographically matched, case-control cohort. They 

were able to identify 55% of the samples from the non progressor patients as 

“low risk” and 77% of samples from patients who progressed as “high risk”.  

Although this study is limited by the small number of patients in the cohort, it 

provides the possibility of using genomic changes to predict future cancer 

risk[145].  
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 At our institution, we have divided LGD into LGD-1 and LGD-2 (defined as 

more severe end of the LGD spectrum) and we found that patients with LGD-2 

were more likely to progress to HGD or OAC[136].  However, this method is 

dependent on our expert GI pathologists and may not be easily reproducible.  

Ten Kate et al proposed a specific set of histologic criteria to predict 

progression from LGD to HGD or OAC[134].  They identified four criteria (loss of 

surface maturation, mucin depletion, nuclear enlargement and increase of 

mitosis) which were associated with progression from LGD.  

Our study used the same histologic criteria as Ten Kate et al to predict 

progression from LGD in our cohort of patients.   We found that progression 

from LGD to HGD or OAC was associated with identification of all four histologic 

criteria.  This suggests that the use of a specific histologic criteria is more likely 

to be reproducible in predicting progression from LGD to HGD or OAC.  

In light of the evolving evidence on biomarkers, future studies on biomarker use, 

specifically p53 staining in addition to the use of specific histologic criteria may 

be useful to further refine a set of criteria for risk stratification of LGD.  
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6. Factors that predict a poor response to radiofrequency 

ablation for Barrett’s oesophagus with dysplasia 

 

6.1 Introduction and Summary 

Radiofrequency ablation is safe and effective for management of Barrett’s 

oesophagus with dysplasia [157, 179, 180]. However, approximately 13% of 

patients show a poor response to RFA[181].   

Our cohort study examined multiple factors such as patient age, gender, 

presence of hiatus hernia, hiatus hernia size, grade of histology at referral, 

presence of endoscopically visible reflux oesophagitis, circumferential and 

maximal length of Barrett’s oesophagus and its association with RFA response.   

We have demonstrated that patients with endoscopic evidence of reflux 

oesophagitis and those with a longer segment of Barrett’s oesophagus were 

associated with a poorer response to RFA.  Therefore, we recommend 

aggressive treatment of reflux oesophagitis prior to commencement of RFA 

therapy.  

A limitation of this study is our definition of Poor Responders as patients 

requiring four or more RFA treatment sessions to achieve CR-IM and CR-D.  As 

a result, length of Barrett’s segment was found to be a predictor of poor 

response.  It is important to be aware that this may represent a longer treatment 

pathway rather than poor response as patients with longer Barrett’s segment 

often require a more RFA treatment.  
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7. Discussion of thesis 

 

The main focus of this thesis, which addresses the controversies in the 

management of Barrett’s oesophagus related dysplasia, is achieved by 

first understanding and addressing the issues in the diagnosis of “true 

LGD”. Following this, we can then begin to approach the management 

difficulties of LGD.  

 

 

As discussed in the Chapter 1 literature review, the importance of having 

two or more expert GI pathologists to review and confirm the diagnosis of 

LGD has been well established in medical literature over the past two 

decades.  However, we have demonstrated that the endoscopic 

assessment process, is just as important if not more, in the diagnosis of 

patients with LGD.  Chapter 3 highlighted that having an endoscopic 

assessment performed at a high volume Barrett’s oesophagus referral 

unit detects more advanced dysplasia and visible lesions compared to an 

endoscopic assessment performed in the community.  As approximately 

one in four patients referred from the community with a recent diagnosis 

of LGD had a prevalent or “missed” HGD or OAC, there exists a 

possibility that some of the studies on LGD outcomes in the literature 

may also contain prevalent advanced dysplasia due to inadequate 
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endoscopic assessments and, therefore, contribute to the wide range of 

reported LGD progression rates. Until this issue is addressed with 

further, larger prospective studies on true LGD, confirmed by high quality 

pathological and endoscopic assessments prior to enrolment, the natural 

history or progression rates of “true LGD” continues to remain uncertain 

and its management contentious.  

 

 

Further, during the endoscopic assessment process, it is important to be 

mindful of a new phenotype; “DEVLB” (described in Chapter 4), which 

often harbours more advanced dysplasia and is difficult to endoscopically 

distinguish the areas of more advanced dysplasia from surrounding LGD 

within the DEVLB area. 

 

 

We, therefore, suggest resecting this DEVLB area with EMR prior to 

performing RFA for the remaining flat Barrett’s mucosa.  As Chapter 4 

consists of a small case series of patients with DEVLB, we are, therefore, 

unable to confirm whether this is indeed a more aggressive phenotype.  

Future studies are required to determine if this phenotype is a biologically 

distinct form of Barrett’s oesophagus with more aggressive behaviour, or 

simply a more advanced stage.  
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After removing all visible lesions and DEVLB areas by endoscopic 

resection, RFA may be applied to the remaining flat Barrett’s mucosa.  

Chapter 6 highlighted that both endoscopic evidence of reflux 

oesophagitis and the length of Barrett’s segment are factors associated 

with a poorer response to RFA, thus we suggest treating the reflux 

oesophagitis with aggressive acid suppression prior to RFA therapy.    

  

 

For now, as clinicians, we have to make a decision on the best 

management strategy for our patients by engaging them in the decision 

making process and relying on our clinical judgement within the confines 

and limitations of current evidence.  During the decision-making process, 

in addition to taking into careful consideration endoscopic, molecular and 

patient risk factors, we also suggest the utilisation of specific histologic 

criteria to help risk stratify patients with LGD. Although the study, as 

described in Chapter 5, is limited by its smaller sample size and 

retrospective study design, it nevertheless, demonstrated the 

reproducibility of using specific histologic criteria in risk stratification.  

Undoubtedly, this will benefit from further prospective studies to validate 

such a method before incorporation in future LGD management 

guidelines.  
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8. Summary and Conclusions of thesis 

 

In summary, the clinical studies presented in this thesis have demonstrated that 

endoscopic eradication therapy is relatively safe and effective for treatment of 

dysplastic Barrett’s oesophagus.  However, recurrence of dysplasia post 

endoscopic eradication therapy can occur and is generally amenable to further 

therapy.   More advanced pretreatment histology is associated with earlier 

recurrence.   

 

Endoscopic and pathologic assessment performed at a Barrett’s oesophagus 

referral unit resulted in higher detection of visible lesions, and advanced 

dysplasia such as HGD or IMC in patients referred from the community with a 

recent diagnosis of LGD.  This suggests that the reported progression rates of 

LGD may be overestimated in the literature due to prevalent or “missed” 

HGD/IMC in the community from inadequate endoscopic assessment.    

Therefore, we recommend that all patients with a diagnosis of LGD in the 

community be referred to a Barrett’s oesophagus referral unit for further 

assessment and management.  Future studies on LGD progression are 

required, however it is important to confidently exclude HGD or IMC by expert 

pathologic and endoscopic assessments prior to enrolment into studies.  
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Moreover, these studies should also consider having a duration “cut-off” 

criterion to differentiate between progression to HGD/IMC vs prevalent 

HGD/IMC (i.e.  >12 months for progression vs < 12 months for prevalent 

HGD/IMC).  

 

DEVLB is a new phenotype of LGD that can harbor focal advanced dysplasia.  

The advanced dysplasia is often difficult to differentiate endoscopically from the 

surrounding LGD within the DEVLB area. We therefore recommend performing 

EMR of the DEVLB area.  

 

Not all LGD behaves the same, as only certain individuals with LGD will 

progress to OAC.  The use of a specific histologic criteria can help predict 

progression from LGD.  

 

Reflux oesophagitis is associated with a poor response to RFA in patients with 

dysplastic Barrett’s oesophagus.   Therefore, aggressive management of reflux 

oesophagitis is recommended prior to ablative therapy with RFA.  Length of 

Barrett’s segment is associated with a longer treatment pathway and will likely 

require more RFA treatment sessions. Clinicians should consider this when 

advising patients on treatment duration.  
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9. Future directions 

 

9.1 Future directions: Natural history and management of “true” low 

grade dysplasia 

We are still unsure of the progression rate of “true” LGD.  Our next project will 

be a cohort study looking at the long term outcomes of patients with a diagnosis 

of “true” LGD after a full assessment by the expert GI pathologist and 

endoscopic assessment at a Barrett’s oesophagus referral unit.      Moreover, 

further research is required to incorporate risk stratification of LGD in future 

management guidelines.  

 

 

9.2 Future directions: Recurrence of dysplasia post endoscopic 

eradication therapy 

Over time we know that endoscopic eradication therapy is safe and effective, 

however, we are now noticing more recurrences post EET.   Further research is 

required to investigate predictors of recurrent disease and how best to 

endoscopically identify recurrent dysplasia (including subsquamous dysplasia).  

Our next step is to perform a retrospective analysis of all patients within our 

database with recurrence of dysplasia post EET.  We aim to identify the 

proportion of patients with dysplasia identified by targeted biopsies compared to 
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that identified by mapping biopsies.  We will also aim assess the location of 

these recurrence, specifically whether the recurrence is more likely to occur at 

the site of previous dysplasia, at the GOJ or in the tubular oesophagus. Once 

we have a better understanding of the above, we will then be able to decide on 

the best surveillance interval and methods following endoscopic eradication 

therapy. 
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10.1 Appendix 1: PDF of published article: Addressing 

controversies in the management of Barrett’s oesophagus with low 

grade dysplasia 
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10.2  Appendix 2: AGW poster: Barrett’s oesophagus with low 

grade dysplasia: true progression or missed lesions? A national 

tertiary referral evaluation 
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10.3  Appendix 3: UEG poster presentation: Good and poor 

responders to radiofrequency ablation for Barrett’s oesophagus 

related dysplasia: Can we predict who they are? 
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radiofrequency ablation in Barrett’s oesophagus with dysplasia: A 
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socioeconomic inequality on presentation of Barrett’s oesophagus 
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Addressing Controversies in the 
Management of Barrett’s 

Oesophagus with Dysplasia

Dr Edward Tsoi 
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St Vincent’s Hospital Melbourne
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1

Thesis Outline

1. Long term outcomes of endoscopic eradication therapy for dysplastic Barrett’s 
oesophagus

2. High rate of upstaging at Barrett’s oesophagus referral units in patients referred with 
low grade dysplasia: reported progression rates may be overestimated in the literature

3. A new phenotype of low grade dysplasia

4. Using specific histologic criteria to predict progression from low grade dysplasia

5. Factors that predict a poor response to radiofrequency ablation for Barrett’s 
oesophagus with dysplasia
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Part 1:

Long term outcomes of endoscopic eradication 
therapy for dysplastic Barrett’s oesophagus

3

EAC
62

HGD
126

LGD
158

REFERRAL INDICATION

EAC
90

HGD
107

LGD
90

NDBE
59

MOST ADVANCED PATHOLOGY AFTER FULL 
ASSESSMENT

St Vincent’s Hospital Barrett’s Database 
(November 2008- July 2019) (346 patients)
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3

Endoscopic mucosal resection (EMR)

• 0f the 346 patients:

• EMR was 
performed on 458 
occasions on 242 
(70%) patients.

5

EMR complication- 27 (6%) occasions 

EMR sessions performed
431

Strictures
11

Bleeding
10

Perforation
2Pain

4

Complications
27

EMR COMPLICATIONS

6
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4

Radiofrequency ablation (RFA)

• RFA performed 503 
times on 219 (63%) 
patients

• Median number of RFA 
sessions performed per 
patient was 2 [IQR 1-3]

7

RFA Complications- 22 (4.3%) occasions

RFA sessions without 
complications, 481

Strictures, 10

Delayed bleeding, 4

Superficial mucosal tear, 5

Pain, 2
Perforation, 1

Complications, 22

RFA COMPLICATIONS

8
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Oesophageal adenocarcinoma (90 patients)

Surgery
21

Chemoradiotherapy
5

maintained Ce-D
52

Recurrence of dysplasia
11

EET
64

DYSPLASIA RECURRENCE RATE IS 8.72 PER 100 PERSON-YEARS

64 (100%) obtained 
CE-D in a median 
time of 174 days

9

Oesophageal adenocarcinoma (90 patients)

Surgery
21

Chemoradiotherapy
5

maintained Ce-D
53

Recurrence of dysplasia
11

EET
64

DYSPLASIA RECURRENCE RATE IS 8.72 PER 100 PERSON-YEARS

11 patients had recurrence 
of dysplasia in a median 
time of 190 days 
(3 IMC, 5 HGD, 3 LGD)

8 patients had successful 
eradication of recurrent 
dysplasia with EET

3 patients with recurrent 
HGD still undergoing EET

No metastatic disease

10
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6

HGD- Ongoing therapy
26

Maintained CE-D
75

Recurrence of dysplasia
6

CR-D
81

RECURRENCE RATE OF 3.18 PER 100 PERSON-YEARS

81 had successful 
eradication of 
dysplasia in median 
time of 333 days.

High grade dysplasia (107 patients)

11

HGD- Ongoing 
therapy

26

Maintained CE-D
75

Recurrence of 
dysplasia

6

CR-D
81

RECURRENCE RATE OF 3.18 PER 100 PERSON-YEARS

6 patients developed 
recurrence of dysplasia 
in a median of 287 days
(2 HGD, 4 LGD)

4 patients obtained 
eradication of dysplasia 
with further EET

2 patients with 
recurrent LGD, still 
undergoing EET

High grade dysplasia (107 patients)

12
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Low grade dysplasia (90 patients)

LGD without treatment
20

LGD treated with RFA without 
CR-D

2
CR-D achieved with EET

62

Recurrence of dysplasia
6

LGD treated with RFA with CR-D
68

RECURRENCE RATE WAS 2.77 PER 100 PERSON-YEARS

68 (97%) patients had 
eradication of dysplasia

13

Low grade dysplasia (90 patients)

LGD without treatment
20

LGD treated with RFA 
without CR-D

2

CR-D achieved with EET
62

Recurrence of 
dysplasia…

LGD treated with RFA with 
CR-D

68

RECURRENCE RATE WAS 2.77 PER 100 PERSON-YEARS

6  patients had 
recurrence of 
dysplasia at a median 
time of 362  days
(1 HGD, 5 LGD)

All obtained CR-D of 
recurrent dysplasia 
with EET

14
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8

Non Dysplastic Barrett’s Oesophagus
(59 patients)

6  patients 
progressed to LGD in 
a median time of 
390 days

No progression to 
HGD or EAC

NDBE
53

Progressed to LGD
6

INCIDENCE RATE OF 1.45 PER 100 PERSON-YEARS

15

0
.0

0
0
.2

5
0
.5

0
0
.7

5
1

.0
0

0 1000 2000 3000
analysis time

EAC HGD

LGD

Kaplan-Meier survival estimates

(HR 3.01, 95% CI 1.10 – 8.28, p=0.032)

LGD (2.77 per 100 PYs) vs 
HGD (3.18 per 100 PYs) 

(p= 0.9630)

Recurrence of dysplasia between LGD/HGD/EAC

16
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Conclusions

• EET is safe and effective for dysplastic Barrett’s oesophagus

• Recurrence of dysplasia tend to occur within the first year post EET

• Further EET often effective 

• Pre treatment histology of EAC associated with earlier recurrence 
compared to LGD or HGD

17

Part 2:

High rate of upstaging at Barrett’s oesophagus
referral units in patients referred with low grade 

dysplasia. 

Reported progression rates may be overestimated in 
the literature

18
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Progression rate from LGD to HGD or EAC

•0.4% - 13.4% per year

1. Wani S, Puli SR, Shaheen NJ, et al. Esophageal adenocarcinoma in Barrett's esophagus after endoscopic ablative therapy: a meta-analysis 
and systematic review. Am J Gastroenterol 2009;104:502-13.
2. Von Rahden BHA, Stein HJ, Weber A, et al. Critical reappraisal of current surveillance strategies for Barrett's esophagus: analysis of a
large German Barrett's database. 2008;21:685-689.
3. Curvers WL, ten Kate FJ, Krishnadath KK, et al. Low-grade dysplasia in Barrett's esophagus: overdiagnosed and underestimated. Am J 
Gastroenterol 2010;105:1523-30.
4. Phoa KN, van Vilsteren FG, Weusten BL, et al. Radiofrequency ablation vs endoscopic surveillance for patients with Barrett esophagus 
and low-grade dysplasia: a randomized clinical trial. JAMA 2014;311:1209-17.
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11

Barrett’s registry 2000-2006

Review of community slides by 
2 expert GI pathologist

85% downstaged

Progression rate 0.49%/yr

Curvers et al, Gastroenterology; 2010

LGD over diagnosed, progression 
underestimated.

21

Progression rate from LGD to HGD or EAC

•0.4% - 13.4% per year

•Progression from LGD may be overestimated in the 
literature due to prevalent HGD/EAC missed in 
community setting

1. Wani S, Puli SR, Shaheen NJ, et al. Esophageal adenocarcinoma in Barrett's esophagus after endoscopic ablative therapy: a meta-analysis 
and systematic review. Am J Gastroenterol 2009;104:502-13.
2. Von Rahden BHA, Stein HJ, Weber A, et al. Critical reappraisal of current surveillance strategies for Barrett's esophagus: analysis of a
large German Barrett's database. 2008;21:685-689.
3. Curvers WL, ten Kate FJ, Krishnadath KK, et al. Low-grade dysplasia in Barrett's esophagus: overdiagnosed and underestimated. Am J 
Gastroenterol 2010;105:1523-30.
4. Phoa KN, van Vilsteren FG, Weusten BL, et al. Radiofrequency ablation vs endoscopic surveillance for patients with Barrett esophagus 
and low-grade dysplasia: a randomized clinical trial. JAMA 2014;311:1209-17.

22



 
Appendices 

172 

  



 
Appendices 

173 

  



 
Appendices 

174 

  



 
Appendices 

175 

  



 
Appendices 

176 

  

9/17/20

16

BERU detected extra visible lesions in 

No visible lesions detected on 
referral endoscopy

(n=114)

Visible lesions 
detected at BERU 

(n=47)

No visible lesions 
detected at BERU

(n=67)

NDBE=9
IND=1
LGD=18
HGD=10
IMC=9

Referral 
endoscopy 

performed in 
the community 

Outcomes post 
endoscopic 
assessment  

performed at BERU

NDBE= 25
IND= 3
LGD= 33
HGD= 5
IMC= 1

31

Visible lesions

32
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True LGD  

EMR
18

RFA
28

EMR & RFA
4

Surveillance
28

TREATMENT FOR TRUE LGD (78 PATIENTS)

35

Conclusion

• 1 in 4 patients referred from community with LGD had prevalent/”missed” 
HGD or EAC 

• Reported progression rates in the literature may be overestimated due to 
missed advanced disease

• Endoscopic assessment at BERU resulted in higher detection of visible 
lesions than community

• True LGD (55%)- treatment varies between sites

36
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Part 3:

A new phenotype of low grade dysplasia

37
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Results

• Jan 2009 and March 2018

• Seven patients with DEVLB

• All male, median age of 70

• Median maximum length of Barrett’s segment was 9cm 

• All patients had DEVLB involving the right wall of the oesophagus

41

47 EMR specimens obtained (median of 6 [IQR:5-9] per patient)
77% LGD, 17% HGD,  2% EAC,  4% NDBE 

80 post EMR targeted biopsies of remaining smooth Barrett’s mucosa
80% NDBE, 17.5% LGD,  2.5% HGD

42
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43

44
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23

Video- DEVLB

45

Conclusion

• Predominantly affects right wall of oesophagus

• Often contain focal area of HGD or EAC- may be a more advanced 
phenotype than other LGD who have endoscopically invisible LGD

• Often difficult to identify area of HGD from surrounding LGD

• Suggest extensive EMR while reserving RFA for residual flat mucosa

46
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Part 4:

Using specific histologic criteria to predict 
progression from low grade dysplasia

47

48
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51

Kate FJCt, Nieboer D, Kate FJWt, et al. Improved Progression Prediction in Barrett’s Esophagus With Low-grade Dysplasia Using Specific Histologic 
Criteria. The American journal of surgical pathology. 2018;42:918 926.

Four specific histologic criteria:  

with moderate to good interobserver agreement (kappa 0.48-0.55)

1. loss of surface maturation (defined as no maturation of the epithelium seen on low power from 
the proliferation zone up to the surface)

2. mucin depletion (defined as almost total to complete disappearance of mucus from the surface 
columnar cells on high power)

3. nuclear enlargement (defined as a nuclear size at least 2 X as large as the nuclei of the normal not 
inflamed columnar epithelium) 

4. increase of mitosis (defined as at least 1 mitosis at the epithelial surface or in the neck of the 
crypts; mitoses in the base of the crypt are disregarded)

52
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57

• There was a significantly higher proportion of patients with all 4 specific 
criteria reported in the PG compared to NPG, 14 (78%) vs 3 (33%) p=0.039

• Patients with all 4 specific criteria reported were more likely to progress to 
HGD or EAC compared to those who had 1 or less criteria reported (OR 7, 
95% CI 1.19 -41.36, p=0.032)

• There was no difference between the two groups if ≥2 or ≥3 specific criteria 
were reported 

• These criteria predicted progression in 14 (78%) out of 18 patients in the 
progressor group

58
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59

Conclusion 

• A combination of all 4 histologic criteria (loss of surface maturation, 
mucin depletion, nuclear enlargement and increase of mitosis) are 
associated with progression from LGD to HGD or EAC.

• Using a specific criteria is reliable and reproducible

• Stratifying LGD into milder and more severe subtype may be useful in 
deciding between RFA vs intensified surveillance. 

60



 
Appendices 

191 

  

9/17/20

31

Part 5:

Factors that predict a poor response to 
radiofrequency ablation for Barrett’s 

oesophagus with dysplasia

61
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Results

• 152 patients underwent 384 RFA treatment sessions from Nov 2008 – July 
2019

• Median number of RFA sessions performed in GR is 2 [IQR 1-2] compared 
to 4 [IQR 4-5] in PR group (p<0.0001)

• 140 (92%) had complete eradication of dysplasia and intestinal metaplasia.

• 12 (8%) patients achieved complete eradication of dysplasia only without 
eradication of intestinal metaplasia. 

65
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36

Thesis Outcomes and Significance

1. EET is safe and effective

2. Recurrence of dysplasia post EET can occur

3. More advanced pre-treatment histology associated with earlier recurrence

4. BERU assessment resulted in higher detection of visible lesions, HGD/IMC

5. Reported progression rate of LGD may be overestimated in the literature

6. DEVLB is a new phenotype of LGD

7. Specific histologic criteria can predict progression from LGD

8. Reflux oesophagitis and length associated with poor response to RFA
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