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ABSTRACT 

Barrett’s oesophagus (BO) is a pre-malignant condition for oesophageal adenocarcinoma 

(OAC) [1], the incidence rate of which has been rising dramatically over the last four decades 

in the western world [2, 3]. Survival of an OAC affliction is poor, and one of the ways to 

improve this would be by focusing on identifying high-risk Barrett’s patients through 

surveillance programmes. Currently, histological dysplasia is the only recognized marker of 

progression to OAC. However, this method is hampered by many persistent obstacles. 

Molecular biomarkers found in tissue samples may act as a reliable tool for the stratification 

of patients with BO, based on risk of progression. This may allow a better utilization of 

resources to produce a sound targeted surveillance programme that could translate into a 

better survival of OAC.  

The literature was systematically reviewed for evidence around biomarkers of BO in order 

to identify the best available markers to date. Next, the data was meta-analysed to look for 

the most promising markers and to further assess their usefulness. We then tested some of 

the available markers in a pilot for patients from the Gwent Barrett’s registry, in order to 

examine their possible clinical utility.  

Many biomarkers that could act as potential markers of progression were identified, either 

individually or in a panel form. The biomarker p53 was found to be the most commonly 

used marker but its accuracy was found to be limited by its low sensitivity. We believe that 

joint interpretation of biomarkers may be more useful in the detection of high risk BO. We 

have noted a mirroring action of p53 and cyclin D1. In addition, aberrant expression of p53 

and p16, along with strong expression of cyclin D1 may indicate the presence of cancer. We 

found the accuracy of a model that involved the use of p53, p16 and cyclin D1 in the 
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diagnosis cancer/high-grade dysplasia to almost reach the 90% threshold, with an improved 

sensitivity of 65% (42- 79%) and a high specificity of 93% (82-97%). Long-term follow up 

would be needed to establish the usefulness of such approaches in the prognostication of 

BO. Our work suggests that there would be a need for novel markers to be tested further, in 

the context of longitudinal studies.  
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CHAPTER 1 

Introduction  

1. Background of Barrett's oesophagus:   

Barrett’s oesophagus (BO) is described as a condition of the lower part of the oesophagus, 

where the native squamous epithelium is replaced by the glandular columnar epitheliae 

(Figure 1). Three types of columnar epithelia have been described in BO: cardia type 

(junctional epithelium), fundic type, and specialized columnar epithelium. The latter two 

types, i.e. fundic and specialized columnar, have intestinal-type crypts that are lined by 

mucous-secreting columnar and goblet cells with the highest malignant potential and are the 

most common histological types found in BO [4]. 

Norman Barrett, an Australian-born British thoracic surgeon, was the first to describe the 

columnar lined oesophagus in 1950 [5]; thereby leading to the term ‘Barrett’s oesophagus’, 

in honour of his contribution. The British Society of Gastroenterology defines BO as an 

oesophagus in which any portion of the normal distal squamous epithelial lining has been 

replaced by metaplastic columnar epithelium, and would be clearly visible endoscopically ≥1 

cm above the gastro-oesophageal junction (GOJ) and confirmed histopathologically by 

oesophageal biopsies [6].  
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Figure 1 Overview with high-resolution white light endoscopy: a nodular area in Barrett’s 
oesophagus adopted from Singh Gill et al 2012 with permission. 

 

Barrett’s oesophagus develops in the context of longstanding exposure to gastric acid and bile 

refluxate [7]. However, most patients with BO have mild or no symptoms of gastro-

oesophageal reflux [8]. Gastro-oesophageal reflux refers to the reflux of both acid and bile 

from the stomach, through GOJ, into the distal oesophagus. The stomach lining, which is 

made of columnar epithelium, is able to withstand the acid and bile needed for digestion, 

unlike the squamous oesophageal lining. Gastro-oesophageal reflux disease is a known risk 

factor of BO, and about 10 – 15% of patients that undergo upper endoscopy for GORD are 

found to have BO, compared to 1.6% in the general population [9, 10].  

Barrett’s oesophagus affects around 2% of the adult population in the western world [11]. 

Indeed, Barrett’s oesophagus is a precancerous condition which may progress to oesophageal 

adenocarcinoma (OAC). When compared to the general population, patients with BO have 
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more than a 30-fold higher risk in developing OAC [4], and the estimated annual incidence of 

neoplastic transformation in BO is 0.2-0.5% [12, 13].   

More than 8,000 cases of oesophageal adenocarcinoma (OAC) have been diagnosed annually 

in the UK , accounting for 5% of all cancer deaths and making it the sixth most common cause 

of cancer deaths [14]. The UK has the highest mortality rate for oesophageal cancer in Europe 

for both genders, with seventy percent of the cases being attributed to OAC [14]. In addition, 

the incidence and mortality rates of both BO and OAC have increased dramatically over the 

last three decades for unknown reasons [3, 15]. Furthermore, it is  unfortunate that once OAC 

is diagnosed, patients have a median survival of less than a year, with only 13% of patients 

surviving longer than five years, despite multi-modal therapy [14].  

The one-year survival of OAC is estimated to be 75-87% at early stages, compared to 20-21% 

at late stage [16]. Hence, an early diagnosis would be the key to allowing timely intervention 

and improving the chance of survival [14]. Efforts have been made, both nationally and 

internationally, to contain the alarming rise of OAC by focusing clinical and laboratory 

research on BO as being the only known precursor for OAC.  

Why BO develops only in a subset of patients with GORD remains unclear. However, there are 

some risk factors that have been identified to be related to this, such as being of a male 

gender (male to female ratio of  3:1) [17], caucasian in ethnicity and of a certain age i.e. older 

than 60 years of age [18, 19]. Central obesity is also found to be another strong risk factor for 

both GORD and BO [20]. The other important question would be how and where these cells 

arise from. Understanding the source of Barrett’s cells would be very important as it will have 

an impact on any adopted management strategies that seek to prevent or reduce the 

mortality rates stemming from OAC. 
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2. Pathogenesis of Barrett’s oesophagus:  

Barrett’s oesophagus develops through a process called ‘metaplasia’, in which fully 

differentiated squamous tissue is replaced by columnar epithelia [21]. The metaplasia is 

thought to develop as a consequence to chronic irritation of the lower oesophageal mucosae 

by direct contact with the gastroduodenal refluxate of acid, bile and other noxious 

substances.  

Repair of reflux-induced mucosal damage generally occurs through a generation of normal 

squamous cells. BO is thought to be a mal-adaptive repair process that leads to the 

replacement of squamous epitheliae by a different phenotype. The origin of BO remains a 

mystery to be solved and there are several potential theories that have been proposed 

regarding how columnar epitheliae arise in the oesophagus. These theories include; gastric 

epithelium migration, transdifferentiation, and the stem cell theory.  

2.1 Gastric epithelium migration 
 

Barrett’s oesophagus is thought to arise from an upward migration of cells from the gastro-

oesophageal junction [22]. It is proposed that the colonization of immature cells from the 

fundus or cardia mucosa would occur in some patients who have undergone an 

oesophagogastrostomy, an event which would later lead to the development of BO in 

response to the reflux-induced ulceration. Using surgically resected oesophageal specimens, 

other researchers have found that cardia cells can lead to Barrett’s islands, which would then 

expand and give rise to BO [23, 24].  

More recently, it was found in animal models that residual embryonic cells in the gastro-

oesophageal junction may give rise to Barrett’s epithelium [25]. With programmed damage 
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of the squamous epithelia, the embryonic cells would migrate towards the adjacent 

squamous epithelia in a process that mimics early Barrett’s.  

2.2 Transdifferentiation 
 

During early human development, the oesophagus began with columnar epithelium, before 

undergoing a natural anticipated process of metaplasia into a squamous one [26]. 

Transdifferentiation theory is thus the opposite of what happens during early oesophagus 

development. This theory proposes that direct conversion of differentiated cells can occur 

independent of cell proliferation [24]. Some genes, such as Cdx2 in the stem cells of the lower 

oesophageal epithelium, are thought to be activated inappropriately in response to the acid 

reflux, thereby prompting a slow and direct conversion of squamous epithelium into 

columnar cells [21]. This Cdx2 transdifferentiation model for Barrett's was adapted from the 

conversion of the murine epithelium from columnar into stratified squamous in embryonic 

oesophagus [27].  

2.3 The stem cell theory 
 

Recent data from the Radio-Frequency Ablation (RFA) therapy of BO have revealed that there 

is a substantial risk of recurrence with Barrett’s tissue (around 20% in up to three years) after 

ablative therapy [28]. Furthermore, the evolution of new squamous epithelium after the 

completion of Barrett’s ablation cannot be explained by the transdifferentiation theory. None 

of the theories mentioned above could explain the variety of differentiated cells found in the 

BO, and this ignited interest in the possibility of the role of the pluripotent or stem cells. 

Pluripotent ,or stem cells, have the capacity for unlimited self-renewal [29] and evidence is 

mounting in support of the theory that Barrett’s metaplasia is a result of a migration of stem 

cells in the GOJ [30]. Other researchers have suggested a role for the oesophageal stem cells, 
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which resides in either the basal layer of the epithelium or the glandular neck region of the 

sub-mucosal gland ducts [31, 32]. The bone marrow-derived stem cells are also thought to 

contribute to oesophageal regeneration and metaplasia formation in similarly themed animal 

studies [33].  

3. Screening of oesophageal adenocarcinoma and Barrett’s oesophagus 

There are currently no practical effective screening tools that allow for early detection of OAC 

in the population. While endoscopy is very accurate in detecting OAC, it is not a practical 

screening tool. The risks, costs, and skills needed to perform an endoscopy limits its 

application only to patients who are at very high risk of the cancer development [34, 35]. This 

frequently excludes the 40 to 50% of patients with OAC who do not display any noticeable 

symptoms in the early stages, and would thus lead to a missed opportunity in seeking curative 

treatment. It is important to note the incidence of OAC in the distal oesophagus and GOJ has 

increased in parallel to the incidence of GORD and BO diagnosis in the general population [18, 

36]; and approximately 60% of the patients with distal OAC have evidence of BO [13]. 

Hence, it would seem reasonable to consider future screening for BO in caucasian males that 

are aged 50 or older who might display symptoms of GORD lasting 5 years or more, and have 

frequent nocturnal GORD symptoms (> 3 times per week) or an increased BMI [36].  

4. Surveillance of Barrett’s oesophagus  

It is to be noted that Barrett’s oesophagus does not develop directly into OAC. Rather, there 

is compelling evidence suggesting that OAC arises through a multistep accumulation of 

genetic mutations in metaplastic cells [37]. This is accompanied by histological changes from 

metaplasia to low-grade and high-grade dysplasia (LGD and HGD), thereby forming the basis 
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for the current Barrett’s oesophagus surveillance that uses the Vienna dysplasia classification 

[37, 38] (Figure 2).   

 

Figure 2 Proposed cascade depicting steps of progression from BO to oesophageal adenocarcinoma. 

Endoscopic surveillance is the current method of monitoring patients with known BO that is 

used in order to detect early cancerous changes i.e. dysplasia [6]. The ultimate goal would 

thus be to decrease mortality from OAC through early interventions, as current 5-year survival 

rates from an established diagnosis of OAC amounts to less than 13% [14].  Although 

randomized controlled evidence is lacking, endoscopic surveillance has shown to lead to an 

improvement in the survival of OAC patients [39]. Currently, histological assessments of 

dysplasia by expert pathologists dictate the appropriate intervals for surveillance 

endoscopies. However, the uses of dysplasia in the surveillance are still debated.  

Recent evidence has found that inter-observer agreements between pathologists for 

diagnosing low-grade dysplasia (LGD) are poor, with k-values reaching only 0.11 [40, 41]. 

Moreover, it has been estimated that only 10% of the whole Barrett’s population have 
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currently been identified and are being monitored [6, 42]. If this percentage of identification 

were to increase with the current rise in awareness, then cost and clinical burden would 

increase exponentially while the risk of cancerous progression still remains low (absolute 

annual risk is 0.12% to 0.33%) [12, 13]. This brings about doubt on the effectiveness of the 

surveillance programme in impacting the survival of patients with OAC. The current guidelines 

recommend a systematic biopsy protocol with four quadrant biopsies to be taken at each 

level of Barrett’s segment (each 1-2 cm) [6, 43]. Hence, this leads to a question as to whether 

we need to continue putting patients and doctors through such an intense exercise. Cost-

effectiveness analysis for the surveillance among long-segment Barrett’s patients have found 

that surveillance could be cost-effective if undertaken every 5 years for non-dysplastic groups, 

or every 3 years for patients with LGD [44]. However, a UK study found that surveillance was 

unlikely to be beneficial and would probably be costlier when compared with no surveillance 

[45]. This was based on a cost-utility model with surveillance at three years-intervals, once-

yearly intervals for LGD patients and 3-monthly for HGD.  

As the majority of Barrett’s population are of the non-dysplastic status, along with a large 

amount of uncertainty surrounding the benefits of monitoring them, there would be a need 

to await the results from the on-going national randomised clinical trials i.e. BOSS trial [46, 

47]. In the meantime, a substantial international consensus has recommended that 

surveillance should be targeted at males, aged 50 years or more, especially those who are 

obese and have long-term symptoms of reflux [48]. Risks and benefits of surveillance should 

be taken into consideration, particularly for patients with comorbidities, and the risks and 

decision process should be weighed carefully to optimise the clinical outcomes. While 

Endoscopies are relatively safe procedures, they can cause harm to the elderly population 

that have BO due to their other multiple comorbidities.  
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The current surveillance protocols are thus time and labour intensive, which may potentially 

explain the poor compliance [49, 50]. For all aforementioned reasons, the search for ways to 

improve effectiveness of surveillance programme must continue, in order to allow the 

identification of high-risk groups, before focusing our efforts and resources on those. 

Molecular biomarkers may offer potential opportunities in permitting selections to allow a 

focusing on high-risk groups with endoscopic sampling.  

5. Aims: 

1. To carry out a meta-analysis for the biomarkers of progression from BO to OAC to 

identify potential biomarkers that can be tested in the translational field.  

2. To select a panel of biomarkers based on the systematic review/meta-analysis and test 

them as a panel in pilot group of patients undergoing a BO surveillance programme to 

study the potential ability to predict progression to OAC.  

6. Hypothesis  

Clinical biomarkers are objective characteristics which can act as indicators of normal or 

pathological processes in the human body, or as a response to a therapeutic intervention 

[51]. Reliable biomarkers are needed in order to identify patients with BO, particularly those 

who are predisposed to develop OAC. High grade dysplasia is considered to be a surrogate 

marker for the high likelihood of progression to OAC [52]. Currently [6], the diagnosis of 

HGD warrants endoscopic intervention once there is a high suspicion of its presence or 

cancer therapy is the case of progression to malignancy.  
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Histological evaluations of dysplasia are well established and current efforts are more 

focused on finding molecular biomarkers that could be used as an adjunct to the current 

histological assessment, but would be able to replace it if necessary.  

Advances made in the understanding of the molecular biology of BO and OAC use state of 

the art techniques, such as DNA sequencing, microarray, proteomics, and epigenetic studies 

and have led to detection of many biomarkers that contribute to the progression of BO to 

OAC. In addition, some of these biomarkers have an exciting potential as risk stratifying 

tools and could be of prognostic value. The field of biomarkers has thus shifted to the 

development of panels of biomarkers in order to increase the accuracy and predictability of 

it [53-59]. Indeed, the common theme in these biomarker panels would the costs associated 

with its application and the expertise needed, the latter of which would not be available 

outside research centres. Researchers in the field have suggested combining biomarkers 

with state-of-the-art endoscopic imaging technology, like confocal endomicroscopy [60]. 

However, these techniques remain sophisticated, are not widely available and would 

require expert training, especially in a large scale of patients.  

Indeed, there are many proposed biomarkers of BO within the literature that have been 

studied extensively. The most promising biomarker thus far would be the p53 protein (a 

major tumour suppressor protein) which can be detected by simple immunohistochemistry 

technique. P53 was recommended in the latest British Society of Gastroenterology 

guidelines as an adjunct measure for the improvement of diagnostic reproducibility of the 

pathologists’ diagnosis of dysplasia [6].  

Aneuploidy and loss of heterozygosity (LOH) biomarkers have been thoroughly studied by 

Reid et al., in the United States [61]. After a 10-year period of surveillance, Galipeau PC et al. 
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developed a panel of biomarkers, including LOH of 17p, 9p, and DNA abnormalities, all of 

which have thus far provided the best predictor of progression to OAC (relative risk (RR: 

38.7, Confidence Interval (CI: 10.8-138.5))) [62]. However, this panel may not be easy to 

apply in clinical practices, given the complexities and costs of its application.  

The more recent focus in the study of biomarkers has been on the development of more 

clinically applicable methods to test for Barrett’s biomarkers. Fluorescence in situ 

hybridization (FISH) technique, which uses fluorescent-labelled DNA probes for the 

detection of specific genetic changes, was used to measure the chromosomal instability as a 

biomarker that denoted the progression of BO. The FISH method uses a brushing technique 

of the entire Barrett’s segment in order to obtain cytology samples, which could be more 

representative of the Barrett’s segment than the classic random biopsies.  

With the increase in interest in developing biomarkers, the Early Detection Research 

Network (EDRN) decided to standardise the process of biomarkers development and validity 

by proposing the following five phases (figure 3) [63]. In the field of Barrett’s, although many 

biomarkers have been studied extensively, either in retrospective longitudinal design (EDRN 

phases 3) or prospectively (EDRN phase 4) in recent years, none have succeeded in reaching 

clinical practice [53, 59, 64-66].  

 

Figure 3 Phases of diagnostic and prognostic biomarker development proposed by the Early 
Detection Research Network. 
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Inconsistencies at multiple levels in the biomarker studies include: methods of application, 

type of tissue used, use of dysplasia or not, variability in use of clinical parameters, and lack 

of multi-centre studies. All of these have led to an inconsistency of the results and 

estimates. Thus, the need is towards systematically reviewing the evidence around 

biomarkers on BO that have been studied over time in order to allow a better understanding 

of the biomarkers that could potentially be of value in clinical practices.  The hypothesis of 

this thesis would thus be: panel testing of biomarkers may better inform the current 

surveillance process of BO.  
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CHAPTER II  

Systematic Review and Meta-analysis  

 

There has been a great deal of research that explores biomarkers in BO. However, most of it 

include testing individual biomarkers in cohorts selected from single institutions, which 

would hamper clinical translation and widespread application. Differences in reproducibility 

of results and inadequate samples sizes are other factors that have hampered the clinical 

translation of biomarker studies [67]. Nevertheless, recent studies have shown that 

biomarker panels have the potential to provide a better prognostication tool than individual 

biomarkers [53], and this generates exciting new avenues for research.  

Many researchers have studied biomarkers in the progression to BO[67]. A recent 

systematic review found that chromosomal instability (CIN) can be a useful and practical 

marker in the progression of BO [68].  

However, there is a need to validate the markers of progression, along with its clinical 

utility. The Early Detection Research Network (EDRN) has recommended five phases of 

study to approve a biomarker for clinical use [63]. After an exploratory phase, in which 

potential markers are identified (phase 1), a clinical assay is developed (phase 2). 

Subsequently, these markers are then validated in retrospective (phase 3) and prospective 

(phase 4) studies, respectively. The final phase (5) is aimed at quantifying the impact of the 

biomarker in its ability to reduce the cancer burden in the society. Most of the current 

biomarkers have been evaluated in phase 3, while few are in the phase 4 studies. However, 

none have yet to be validated in a phase 5 study. 
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As a prelude to our project, we appraised the progress in the field of biomarkers through a 

systematic review of the evidence in relation to the biomarkers in the progression of BO to 

HGD or OAC. Subsequently, we conducted a meta-analysis of the odds of progression, based 

on the molecular abnormalities where possible.  

1. Methods 

1.1 Literature Search  
 

Several electronic databases were searched, including MEDLINE (US National Library of 

Medicine, Bethesda, Maryland, USA), EMBASE (Reed Elselvier PLC, Amsterdam, 

Netherlands), Web of Science (Thompson Reuters, Times Square, New York, USA databases), 

and a manual review of references. The literature search was run for relevant studies from 

inception till April 2017, without any specific language restrictions.  

The theme for the search strategy was to include studies that had at least one keyword, 

including medical subject headings outlined in table 1:  

               Table 1 Search strategy for the systematic review  

1.  (Barretts or Barrett or metaplas* or columnar or low grade dysplas*).mp. 

[mp=title, abstract, original title, name of substance word, subject heading 

word, keyword heading word, protocol supplementary concept word, rare 

disease supplementary concept word, unique identifier] 

   

2.  (?esophageal or ?esophagus or gastro?esophageal).mp. [mp=title, abstract, 

original title, name of substance word, subject heading word, keyword 

heading word, protocol supplementary concept word, rare disease 

supplementary concept word, unique identifier]  
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3. (Cancer* or neoplas*).mp. or neoplasm/ or tumo$r*.mp. or carcinoma*.mp. 

or carcinoma/ or adenocarcinoma*.mp. or malignan*.mp. or high grade 

dysplas*.mp. [mp=title, abstract, original title, name of substance word, 

subject heading word, keyword heading word, protocol supplementary 

concept word, rare disease supplementary concept word, unique identifier]  

   

4. (Genomic or genetic or genome or pharmacogenetic or pharmacogenomic or 

amplification or copy or mutation or polymorphism or polymorphic or 

variant or deletion or insertion or locus or loci or allele or ploidy or instability 

or biomarker or immunohistochem*).mp. [mp=title, abstract, original title, 

name of substance word, subject heading word, keyword heading word, 

protocol supplementary concept word, rare disease supplementary concept 

word, unique identifier]  

   

5. 1 and 2 and 3 and 4  
   

6. limit 5 to humans  
   

7. limit 6 to "review articles"  
   

8. 6 not 7  
   

 

 The search strategy was restricted only to studies conducted on humans. The protocol was 

registered on the PROSPERO website [69].  

Titles and/or abstracts of the identified articles were then independently screened by two 

review authors to identify potential studies that met the inclusion criteria, as summarized 
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below. In cases of disagreement, a third review author independently screened the title 

and/or the abstract to assist in reaching a final decision.   

1.2 Inclusion criteria 

  

Inclusion criteria was constructed based on the PICO components, where ‘P’ stands for 

participants of the study, ‘I’ for interventions used, ‘C’ for the comparators, and ‘O’ stands 

for the outcome of interest (table 2).  

Table 2 Inclusion criteria summarized with PICO components detailed 

Participants: Patients with a histologically confirmed diagnosis of Barrett's 

oesophagus (defined as columnar lined epithelium or specialised 

intestinal metaplasia (SIM)) in accordance to the British Society of 

Gastroenterology (BSG) definition [6]. Patients with low-grade 

dysplasia or indefinite for dysplasia were included in the review. Males 

or females were included without age restrictions.  

Intervention: Assessment of biomarkers (for example, genetic, genomic, or 

immunohistochemical biomarkers) that have been assessed in 

Formalin-fixed paraffin-embedded (FFPE) tissue, fresh-frozen tissue, or 

brush cytology specimens in Barrett's oesophagus patients. 

Comparators: High levels are compared with low levels of immunohistochemical 

biomarker or gene expression levels, or comparison between genetic 

mutations groups, as appropriate. 
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Outcome: Risk of progression to high-grade dysplasia and/or oesophageal 

adenocarcinoma, including oesophagogastric junctional tumours.  

Study design: Longitudinal cohort, nested case-control studies within cohorts or 

clinical trials. 

 

1.3 Exclusion criteria  
 

Studies were excluded based on any of the following criteria:  

1. Cross-sectional studies i.e. assessing biomarkers and disease status at one-time 

point.  

2. Studies that included Barrett’s patients who had progressed to HGD or OAC at the 

baseline or within 6 months of the biomarker assessment (in areas where this 

timeframe was found to be ambiguous in the journal report, the study authors have 

been contacted for verification). 

1.4 Data Extraction  
 

Potentially eligible studies were retrieved, and their full text were independently assessed 

for eligibility by two review team members (myself and Dr Helen Coleman). A joint review 

was carried out in the case of disagreements over the eligibility of studies. If any 

disagreement remained, a third reviewer was brought in to resolve the remaining 

disagreements. 

We have extracted the relevant data out of the eligible studies, and the second author (HA) 

checked 10% of the articles independently. Any discrepancies that have been identified 

were resolved through a joint discussion. The following information was extracted from the 
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eligible studies: study design; cohort demographics (age and gender); number of Barrett’s 

patients at baseline or non-progressors; number of progressors to HGD or OAC; follow up 

period; tissue type used in the biomarker assessment; kind of biomarkers assessed; and the 

statistical measure that was used to assess the biomarker.  

1.5 Quality and level of Evidence and risk of bias  
 

Risk of bias and reporting were assessed using the Reporting Recommendations for Tumour 

Marker Prognostic Studies (REMARK) guidelines (supplementary table 1; showing REMARK 

guidelines with minor changes applied to the third item [70]). The REMARK guidelines were 

developed to assess prognostic markers; this would mean a general application to predictive 

markers as they are considered a special class of prognostic markers.  Each of the reported 

studies was then appraised using a score of 1 to 20, according to REMARK checklist, with a 

minor modification (inclusion and exclusion criteria was moved to the third category). This 

was the case as the third item (treatments received) did not apply to this particular study. 

The average REMARK measurements were measured for overall studies and study groups as 

appropriate. The quality of evidence  for each study was determined through the use of the 

revised American Society of Clinical Oncology (ASCO) level of evidence (LOE) scale for 

biomarker research [71] (supplementary tables 6 & 7). The LOE scale is from A to D, 

depending on multiple factors including: the study design; specimen collection methods, 

processing, archival; and statistical design and analysis. 

1.6 Statistical analysis 
 

Meta-analyses were executed using Small Stata 14.2 (Statacorp, College Station, TX, USA).  

When sufficient data with a minimum of three independent study populations were 

available for a biomarker, meta-analyses were executed to generate a pooled relative risk of 
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progression to HGD/OAC, according to the high vs low levels of the biomarker(s). Random 

effects models were used which takes into consideration the differences in biomarker 

effect, to generate the pooled risk estimates and there was a 95% confidence intervals. This 

ensured that the pooled estimate was able to consider the weight of each included study. 

Studies with overlapped populations were excluded from the meta-analyses to avoid biased 

estimates.  

As stipulated in the protocol, the plan was to provide a subgroup analysis to classify studies 

with characteristics that can be shared, such as study design, LGD status, patient sex, or 

patients undergoing interventions (such as ablative therapies). However, there were too few 

studies that were identified, and such analysis was not able to be conducted.  

1.7 Assessment of heterogeneity 
 

Heterogeneity in metanalysis refers to the variation of outcomes between included studies. 

As all the studies that are brought together in a systematic review will differ, an assessment 

of heterogeneity is necessary. Variability in the effect of the intervention found in the 

pooled studies is known as statistical heterogeneity [72], and is usually a consequence of 

clinical or methodological diversity. The statistical heterogeneity reflects the true difference 

in the effect of the observed intervention, as it is more than one would expect from the 

possibility of chance. The degree of heterogeneity was quantified using the chi squared test 

and the I2 statistic -which is a simple expression of the inconsistency of studies’ results- and 

95% uncertainty intervals. Generally, a value that was less than 25% of I2 indicated low 

heterogeneity while 50% or more indicated significant heterogeneity. Significant 

heterogeneity usually indicated that the studies are not suitable for comparison, and the 

resulting pooled estimates may be misleading and might not be reliable.  
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1.8 Assessment of publication bias 
 

Publication bias was subjectively assessed using funnel plots by looking for asymmetry in the 

study RRs against the standard error of the logarithm of the RRs. The objective evidence of 

bias that used  Egger’s regression asymmetry test was not applied, as the number of studies 

was small [73].  

1.9 Sensitivity analysis 

Sensitivity analyses were undertaken for P53 IHC studies by systematically excluding each 

individual study at a time in order to ascertain its effect on the pooled estimates, as well as 

the accompanying heterogeneity.  

2. Results 

As shown in figure 4 which illustrates the whole process of the systematic review and meta-

analysis, and labelled as a PRISMA chart [74], a total of 1722 articles were identified. This 

was excluding the duplicates (1291 through MEDLINE and EMBASE, 737 through Web of 

Science and one through manual search of references). After a review of the titles/abstracts, 

a total of 97 articles were selected for the full-text review stage, which was carried out 

independently by two investigators. Sixteen articles were identified to have met our 

inclusion criteria. Excluded studies (n= 81) can be found in the supplementary material, 

along with the reasons of exclusion (supplementary table 9).  

One study (Bird-Lieberman et al. 2012) was population-based, while the rest of the studies 

(n= 15) were hospital based. Thirty-one different biomarkers were assessed (P53 protein, 

P16 protein, 9p21, 17p13.1,  MYC, B-catenin, Cyclin A , SOX-3, 20 q, aneusomy on 

Chromosomes 7 and 17, cylcin D1, COX-2, 17p loss of heterozygosity (LOH), 5q LOH, 9p LOH, 
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micro-satellite instability (MSI), K20, Ki-67, AMACR, HER2/neu, CDX-2, CD68, NF-kBp65, 

HIF1a, CD45RO, CD1a, Micro-RNAs, DNA ploidy, sialyl Lewis, wheat germ agglutinin (WGA), 

aspergillus oryzae (AOL)) using 10 different platforms (immunohistochemistry (IHC), 

immunocytology, DNA Sequencing, single-strand conformation polymorphism analysis, 

image cytometry, flow cytometry, polymerase chain reaction (PCR), capillary 

electrophoresis, fluorescence immunolabeling and fluorescence in situ hybridization (FISH)) 

were found. Studies were published in 5 different countries; NL (n= 6), USA (n= 5), UK (n= 3), 

Spain (n= 1) and Italy (n= 1), between 1993 and 2016. There were two studies that reported 

results from a shared population [75, 76], and another three studies had a shared 

population as well [54, 65, 77].  

2.1 Level of evidence and study quality assessment 
 

The level of evidence (LOE) for the all 16 studies was C, i.e. none or one/two or more with 

consistent results or inconsistent results; and the average REMARK quality score was: 

15.8/20 (80%, range: 8-20) (supplementary table 2). Several frequent reporting issues were 

noted. The most common of these included the following; only two studies (12.5%) 

provided rationale for the sample size, 6 studies (37.5%) either did not describe the 

eligibility criteria or it was found to be suboptimal. At least 11 studies (69%) reported 

estimates for multivariate analyses, while only 6 (37.5%) provided the estimated effects for 

the analysis of the marker vs. the standard variable (dysplasia). Only half of the studies 

provided key multivariable analyses, and lastly, 9 studies (53%) provided further 

investigations, such as sensitivity analysis or internal validation.  

2.2 Studies assessing immunohistochemical markers of progression  
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As half of the studies have assessed immunohistochemical markers, these were reported in 

more detail. Eight studies reported IHC markers on 1,462 patients, with P53 as the most 

commonly assessed one (in six studies). In addition, all of these were published between 

1993 and 2015 (supplementary table 3). The Level of evidence (LOE) was C; average 

REMARK quality score for the eight IHC studies was 15.9/20 (range: 8-20), and for the P53 

studies: 16.3/20 (range: 8-20). Follow up duration was not consistent between studies, with 

some studies reporting the median and others reporting the mean. Overall median/mean 

follow up for the immunohistochemical studies ranged from 3 to 7.9 years.  

Apart from P53, biomarkers of SOX-3, cylcin D1, COX-2, B-catenin, Her-2, Ki67, Cyclin A, 

sialyl Lewis, WGA, Lewis, AOL were reported. The biomarkers that showed statistical 

significance included p53, AOL and sialyl Lewis, while other biomarkers either showed 

statistical insignificance or has not been mentioned. Four studies were nested case-control, 

while 2 studies were prospective, and 2 studies were retrospective.  

A meta-analysis was performed for the odds of progression to HGD or EAC, according to the 

expression status of P53, which was analysed by IHC. No studies with overlapping 

populations were found. As shown in figure 5, the pooled estimate for the six studies 

included was RR of 5.09 (95% CI 2.30-11.24). Heterogeneity associated with the pooled 

estimate was I2 = 77.5%, p=0.00. Sensitivity analysis, excluding individual studies at a time, 

was done and is shown in supplementary table 5. The funnel plot showed visual asymmetry 

(figure 6), and the overall LOE for P53 assessment by IHC was II(C) (two or more with 

consistent results).  

Allowing for immunocytology to be taken into consideration for the analysis, three different 

studies were found to assess cyclin A by immunohistochemistry/immunocytology [53, 78, 
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79]. As shown in figure 7, the pooled estimate for the risk of progression to HGD or OAC if 

cyclin A was positive is 2.27 (95% CI 1.19-4.31). I2 heterogeneity= 57%, P=0.10. Sensitivity 

analysis was not done due to the limited number of the included studies (figure 7).  
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Figure 4. PRISMA chart showing the process of the systematic review 
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Study-year P53 expression comparison   Relative risk 
(95%CI) 

Relative 
weight 
(%) 

 

Bird-Lieberman (2012) 

Intense/Diffuse v. 

Focal/None 

  

1.60 (0.43-7.29) 

 

24.4 

Davelaar (2015)  Positive* v. Negative  17.0 (3.20-96.0)  12.2 

Sikkema (2009) >15% v. <15% positive  2.60 (1.00-6.40) 20.1 

Van Olphen (2016) Aberrant* v. normal  5.60 (4.00-7.80) 26.6 

Weston (2001) Positive v. Negative  16.8 (2.81-100.5) 11.5 

Younes (1993) Positive v. Negative  40.0 (1.75-914.8) 5.2 

Overall**   5.09 (2.30-11.24) 100 

                   

*Positive or aberrant defined as strong positive or null/loss of expression 

* Test for heterogeneity: I2= 77%, P=0.001 
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Figure 6. Funnel plot of studies investigating p53 expression and Barrett’s oesophagus progression risk. 

Figure 5. Forest plot of p53 expression and risk of oesophageal progression 
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Study-year Cyclin A expression 
comparison  

 Relative risk 
(95%CI) 

Relative 
weight 
(%) 

 

    

Bird-Lieberman (2012) 

 
Positive v. Negative* 

 1.32 (0.66-2.66) 35.3 

Lao-Siriex (2007) 

 
Positive v. Negative* 

 7.60 (1.60-37.00) 13.1 

Van Olphen (2016) 

 
Positive v. Negative* 

 2.40 (1.70-3.40) 51.6 

Overall** 

  2.27 (1.19-4.31) 100 

*Negative group included low (<1%) positive values 
** Test for heterogeneity: I2= 57%, P=0.10 
 

 

Figure 7. Forest plot of Cyclin A expression and risk of Barrett's oesophagus progression 

 

2.3 Studies assessing individual non-immunohistochemical markers of progression 
 

Nine studies have assessed 13 different biomarkers on 762 patients using different assays; 

immunocytology, DNA Sequencing, Image cytometry, flow cytometry, PCR and FISH 

(supplementary table 4). LOE was C; average REMARK score was 15.6 (range: 10.5-20).  

Seven studies have shown statistically significant results, while two studies have either not 

provided an estimate measure [80] or the estimate could not be calculated based on the 

data provided [81]. There were four studies that had population overlaps (denoted by **, 

*** in supplementary table 4), from which two studies reported on subjects drawn from the 

same population. The most commonly used platforms for the measurement of the 

biomarkers were the fluorescence in situ hybridization (FISH) analysis in two different 

studies Timmer et al. and Rossi et al. [81, 82], and PCR, which was used by two study teams 

[75, 80]. The biomarkers involved in FISH were; p16, MYC, her-2/neu, 20q and aneusomy 
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5 
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(Chromosomes 7 and 17). PCR was used to assess either the Micro-RNAs or LOH in multiple 

loci. One study involved immunocytology and assessed Cyclin A while Dolan et al. was the 

only one used DNA sequencing [75, 79]. Two different techniques for the assessment of 

DNA content changes were investigated in two studies; flow cytometry and image 

cytometry (Sikkema et al and Bird-Lieberman et al respectively). The highest reported 

estimate was seen with 17p LOH, RR: 30.7 (CI: 1.64- 574.89) [75]. Two overlapped studies 

have used brush cytology specimens [65, 82], while five studies used FFPE [53, 58, 79-81], 

and two used fresh frozen samples (both for Dolan et al.). Adjustments for clinical variables 

were found in three studies; age, sex and year of BO diagnosis (Bird-Lieberman et al.), age, 

sex and BO length (Davelaar et al.), age and sex (Sikkema et al).  Studies were highly variable 

in their selection of dysplasia status at the baseline. Some included LGD or IND at baseline 

while Timmer et al. used NDBO. Some studies, like Lao-Sirieix et al. and Bird-Lieberman et al. 

used BO without determining the exact dysplasia status in each case at the baseline, which 

makes it difficult to allow subgroupings based on dysplasia status.  

2.4 Reported biomarker panels of progression in Barrett’s oesophagus  
 

As shown in supplementary table 5, seven studies have tested eight sets of biomarkers, and 

all were published recently between 2012 and 2016 [53-56, 58, 59, 77]. The LOE was C with 

an average REMARK score of 18.4/20 (range: 16.5-20).  

As none of the seven studies reported the same panel of markers, meta-analysis was not a 

possibility. Three studies used LGD as part of the parameters with the biomarkers [53, 58, 

78], while the others used sole molecular biomarkers. Two study populations overlapped 

(Martinez et al and Timmer el al), as both were from hospitals in the Netherlands. Five 

studies utilized FFPE samples, while two studies used brush cytology specimens. Two studies 
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used DNA FISH while the rest used PCR and quantitative capillary electrophoresis, 

fluorescence immunolabeling, or image cytometry with IHC. The highest reported statistic 

was for Eluri et al, who used markers of loss of heterozygosity (LOH) and micro-satellite 

instability (MSI) in 10 genomic loci, and was expressed numerically as the Mutational Load 

(ML). The adjusted odds ratio for age, sex and the index biopsy histology was 165.8 for 

identifying cases at ML ≥ 1. All studies except Martinez et al were adjusted for, at least, the 

age. Two studies were adjusted for gender, one for circumferential Barrett’s length, and one 

for segment length. One study was adjusted for the index histological findings [56].  

3. Discussion 
 

This systematic review of the literature identified and assessed the biomarker studies of 

progression of BO to HGD/OAC, which were conducted in a longitudinal (or nested case-

control) approach. Sixteen studies were identified with 31 different biomarkers. These were 

assessed on Barrett’s tissue either individually or as part of a panel. The most widely used 

approach was the IHC, which was used in 8 studies (50%). From this, the P53 protein was 

assessed in 6 studies.  Two meta-analyses on IHC studies were done using P53 and cyclin A 

as a biomarker. P53 mutations remained the most commonly found mutations in BO and 

OAC. The results showed a pooled risk estimate of 5.09, signifying the role of abnormal p53 

expression as a predictor of progression toward HGD/OAC. However, there was a significant 

heterogeneity, as measured by I-squared test (77.5%). The sensitivity analysis showed a 

lower degree of heterogeneity (44.2%) when the study by Bird-Liebermann et al was 

excluded. A possible explanation for this could be that the study by Bird-Liebermann’s et al. 

was the only population-based study, which reflected the fact that most studies that 

assessed p53 longitudinally are based in tertiary centres with a high risk of referral bias. The 
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other meta-analysis involved cyclin A, which was investigated within three studies [53, 78, 

79]. The pooled risk estimate was 2.27 (95% CI 1.19-4.31) if cyclin A was reported as a 

positive. However, it was found that the heterogeneity was, once again, moderate (I2= 57%). 

A possible explanation for the relatively high degree of heterogeneity could be that Lao-

Siriex et al study – where the cyclin A risk estimate was the highest (OR 7.5) - used 

cytological sampling through endoscopic brushing, as opposed to the use of histological 

sampling in the other two studies.  

The funnel plot (figure 6) suggests some degree of publication bias, with only one small 

study showing a large estimate. Unfortunately, the limited number of studies has prevented 

any objective assessment of the funnel plot through the use statistical techniques.  

Reported overall sensitivity of cyclin A in Loa-Siriex et al. study was 97.8% and its specificity 

was 88.3%. The analysis of the Van Olphen et al. and Bird-Liebermann et al. studies showed 

much lower sensitivities: 32% and 25%, respectively, with 86% and 84% for specificity. 

Indeed, a single biomarker is unlikely to act by itself as a sole predictor of progression of BO. 

The low sensitivity of biomarkers may thus be attributed to the complexity of Barrett’s 

pathology. Thus, a panel of biomarkers would be needed to achieve higher sensitivity and 

specificity.  

Our review identified 7 different panels (the number would be 8 if we account for the 

different panels used by Martinez et al) incorporated into the molecular parameters, with 

some that were adjusted for clinical parameters, such as age, gender, and length of BO. The 

most striking one was that conducted by Eluri et al., in which the loss of heterozygosity and 

micro-satellite instability was measured in 10 genomic loci and expressed as the Mutational 

Load [56]. This panel provides the best predictor of progression to HGD/OAC to date 
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(adjusted OR: 165.8). Unfortunately, the costs and the technical expertise needed to run 

these tests remains challenging.  

Many biomarkers were tested using the FISH technique, including: P53, P16, her-2, MYC, 

20q, and aneusomy - either individually or as a panel [65, 81, 82]. However, results from 

these studies did not reveal significant findings without the incorporation of clinical 

parameters like age and length of BO. The same method was used to measure ‘clonal 

diversity’, which refers to the coexistence of multiple clones in Barrett’s tissue. This was 

shown to correlate with the risk of progression towards cancer [83].  

For a biomarker to be of clinical significance, a sufficient period of time would be needed in 

order to allow intervention before the presumed progression of BO. The results show that 

the mean/median follow up between the baseline and the outcome ranges between 2.8 and 

6.7 years for the panel markers, 3.2 and 7.9 years for p53 studies (by IHC), and largely 

similar ranges for the other markers. Given the potential better survival in OAC patients that 

are diagnosed during surveillance [84], an introduction of biomarkers would possibly further 

improve overall survival if patients diagnosed at an earlier stage.  

Indeed, biomarkers maybe of better predictive benefit in the presence of the clinical 

context. Recent systematic review have summarised the evidence around the risk of 

progression to OAC, which is based on the demographic and clinical characteristics [85]. The 

use of both would help lineate the focus of the surveillance programme and could make it 

more efficient.  

One of the strengths of this systematic review in the literature would be the robustness of 

the selected eligibility criteria of only including longitudinal studies of phases 3 and 4, 

according to the Early Detection Research Network (EDRN) proposed phases of biomarker 
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development and validation to reach clinical application [63]. By excluding studies which 

included HGD/cancer cases occurring within the first six months after their biomarker 

assessment, this is hoped to be the right approach to reflect a true estimate of the incident 

cases of HGD/cancer. Non-English studies were included, a few of which have been found 

and appraised against the eligibility criteria.  

However, there are some limitations in this review of the literature. Using ASCO quality of 

evidence has limited the ability to fully assess the quality of our studies, due to the 

complexity in the methodology of some studies.  

Despite the advances made in the understanding of Barrett’s carcinogenesis and biomarkers 

being identified in the hope of predicting the outcomes and response to therapy, studies 

that are clinically useful are sparse. This is as most of the time, implementations are 

hindered by the limited sizes of the samples, poor producibility, and the lack of multi-centre 

prospective studies [67].   

Based on available evidence, many biomarkers identified were noted to be of value in 

prognostication of BO. However, this has resulted in the decision to carry out a pilot study 

on the following tests; p53, p16, and cyclin D1, in view of their availability to us. This was 

also to be done within the constraints of the financial funding provided for the following 

study.  
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CHAPTER III 

Pilot Observational Study to Investigate the Potential Future Predictive Ability of 

Biomarkers of Barrett’s Oesophagus 

It has been proposed that objective biomarkers assayed in tissue samples can be identified 

to improve the effectiveness of BO surveillance [86]. This would mean that a clinically 

applicable, reliable, and cost-effective marker would be needed. Biomarkers in BO are 

selected through their natural role in Barrett’s carcinogenesis. Ideally, these markers should 

work together towards the transition from dysplasia to OAC [87]. The biomarkers p53, p16 

and Cyclin D1 were selected based on their availabilities to us given the logistical and 

financial constraints. As mentioned earlier, immunohistochemistry is the most common 

method of detecting these biomarkers, which is a reliable method that is commonly used in 

clinical practices.  

The biomarker P53 is the most commonly mutated gene in human cancers, particularly that 

of oesophageal cancers [37]. This could perhaps be a result of its central role as a tumour 

suppressor gene, and its vital role in cell cycle arrest and apoptosis in response to DNA 

damage [88]. It has been demonstrated in Chapter 2 that abnormal expression of P53 

protein that is detected by immunohistochemistry (IHC) is the most widely used molecular 

biomarker in the BO field. Six high quality studies showed that P53 IHC is a reliable method 

in the prediction of the outcome (HGD or OAC) in patients with BO (pooled estimate= 5.09 

(95% CI: 2.30-11.24)). The meta-analysis also found that the P53 IHC was a highly specific 

marker (specificity = 86.7% (95% CI: 79.7-94.0)). However, the pooled sensitivity for the P53 

IHC was only 52.2% (95% CI: 47.6-57.3). For a molecular marker to be clinically applicable for 

both diagnostic and prognostic purposes, both high accuracy and high specificity would be 
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required, alongside optimal sensitivity. As no single biomarker has been currently found to 

be both accurate and specific, a panel of biomarkers might turn out to be a better 

prognostic tool that will allow for an effective surveillance programme.  

The p16 gene (CDKN2a) is a well-known tumour suppressor gene located in chromosome 

9p21. Its importance comes from inhibiting the proliferation through G1/S transition in cell 

cycle, via preventing of the formation of cyclin D1-CDK4/6, and thereby preventing 

phosphorylation of Rb protein [89]. The frequency of p16 lesions is second only to p53 

abnormalities in human cancer in general and oesophageal adenocarcinoma in particular as 

it has been observed in 85% of patients with OAC [61, 67]. The P16 protein has been 

assessed as part of panel of biomarkers in previous studies, all of which have reported good 

results [55, 82]. Thus, the addition of P16 IHC to the panel of biomarkers would be a 

reasonable choice for an improvement of its accuracy, and consequently improving its 

reliability.   

Cell cycle proteins, like the cyclin family of proteins, are interesting biomarkers in BO. The 

systematic review identified two members of cyclin family, cyclin A and D1 proteins, both of 

which were detected by IHC. Indeed, it was found that BO patients with positive cyclin A IHC 

had 2.27-times the risk of progression to HGD/OAC (pooled odds ratio (OR): 2.27 (95% CI 

1.19-4.31)). Cyclin D1 is a cell cycle nuclear protein that regulates transition from G1 to S 

phase [90]. Bani-Hani et al (2000) have performed a case-control study on Cyclin D1 and 

showed that Barrett’s patients who are positive for Cyclin D1 had 6.85-times the risk of 

progression to HGD/OAC [91]. On the other hand, Murray et al (2006) showed the minor 

role of Cyclin D1 with OR, amounting to 0.59 (which is less than 1) (95% CI: 0.24-1.48) [92].   
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It is to be noted that these markers have never been tested on Barrett’s tissue according to 

the Gwent Barrett’s oesophagus surveillance database.  

1. Aims and Hypothesis  
 

Only a small proportion of patients with BO would progress to dysplasia or cancer [12, 13]. 

Oesophageal adenocarcinoma is a highly mutated cancer compared to other gastro-

intestinal cancers (e.g. stomach and colorectal carcinomas) [93]. As abnormal genetic 

environments can give rise to cancer, various markers can be identified along the pathway 

of carcinogenesis and could thus be tracked.  

The aim of this study would thus be to assess the utility of a panel of biomarkers as potential 

predictors of BO. It is hypothesised that a panel of biomarkers, namely; P53, Cyclin D1 and 

P16, are proportionately expressed in different degrees from dysplasia to carcinoma, and 

the panel may act as a potential predictive tool in Barrett’s patients. 

2. Methods 
 

The study will include testing the ability of the biomarker panel of p53, p16 and cyclin D1 to 

identify a high-risk category among patients with BO and to determine its sensitivity, 

specificity, and accuracy.  

2.1 Study Design  
 

This is a cross-sectional observational study with a case-controlled comparison and 

prospective enrolment of eligible patients. The cohort was selected from patients 

undergoing Barrett’s surveillance. Barrett’s patients with HGD, OAC or both were 

considered as the cases, while Barrett’s patients with non-dysplastic BO (NDBO) or patients 
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with low-grade dysplasia (LGD) were considered as the controls. We attempted to match 

cases and controls for age, gender, follow up duration and length of BO if possible.  

2.2 Ethical approval  
 

The study received a favourable ethical opinion from the Wales Research Ethics Committee 

2 in October 2016 (appendix II).  

2.3 Study Subjects 
 

The subjects were patients with endoscopically and histologically confirmed BO (presence of 

specialised intestinal metaplasia (SIM)). Cancer cases were included by approaching them 

when they came in for their endoscopic ultrasound staging. Cancer cases of only types I and 

II Siewert oesophago-gastric (OG) Junctional adenocarcinoma were selected for the 

inclusion (2 cm below the OG junction and above)  [94]. For the purpose of this project, we 

did not include Siewert type III patients, as they are sub-cardia i.e. gastric, rather than 

oesophageal. Cases and controls were recruited when they came in for routine clinical care.  

Based on the results of previous published studies [53, 62, 91], we calculated the sample 

size for an unmatched case-control study by using the Kelsey method to detect a statistically 

significant effect size that had 80% power [95].  

Subjects either with known high-grade dysplasia (HGD) or newly diagnosed OAC (cases), and 

others that had lower/non-dysplastic BO (controls) were recruited from the endoscopy unit 

in the Royal Gwent hospital (Newport, Wales).  

Patients were counselled and gave their consent according to the local ethical requirements.  

The following table summarises the eligibility criteria for inclusion in the study:  
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Table 3 Eligibility criteria for the pilot study 

Inclusion criteria  

1. Patients who had histologically 

proven SIM with least one baseline 

endoscopy. 

2. Patients with HGD, OAC or both.  

3. Patients who are aged ≥18 years.  

Exclusion criteria  

1. Patients on Warfarin or those 

who have a bleeding diathesis. 

2. Patients who received 

chemotherapy 

 

2.4 Endoscopy and Histology  
 

Endoscopic biopsies were obtained from the OAC or from HGD for the cases, and from 

lower risk-group (LGD or NDBO) for the controls, before being fixed in formalin. Normally, 

four tissue samples are taken at each level of the Barrett’s segment (every 2 cm), as per the 

British Society of Gastroenterology (BSG) guidelines [6]. Extra tissue samples were taken for 

the purpose of the study at each level of the Barrett’s segment. All samples were then 

stained with haematoxylin and eosin (H&E) and reviewed by an expert pathologist to 

determine the histological grade according to Vienna classification [96]. The sample with the 

most abnormal finding was then selected for the testing of the biomarkers, using 

immunohistochemistry. If dysplasia was not found, then a random sample was selected for 
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the markers staining. In HGD or cancer cases, two tissue samples were taken from the 

visible lesions and were treated in the same way as the non-cancerous samples.  

2.5 Immunohistochemistry 
 

Immunohistochemistry for the panel markers i.e. P53, P16 and Cyclin D1 were tested on 

representative tissue samples. All marker expressions were scored based on a scale of ‘’0’’ 

to ‘’3’’, with ‘’0’’ being negative for staining and ‘’3’’ being strongly positive staining with full 

thickness cover. The methods used were previously validated and published in the literature 

[53]. Only strongly positive staining with full thickness cover is regarded as positive.  

2.6 Statistical analysis 
 

We have further subdivided statistical analysis into two categories: 

2.6.1 Descriptive and Summary statistics 
 

All variables were divided into categorical or numerical. Categorical variables included 

gender and dysplasia status. Numerical date included age, biomarker results, Barrett’s 

length and duration of follow up, if available. Variables were summarised, where possible, 

into their mean, median, standard deviation and the standard error of the included 

variables were included. Clinical variables included age, gender, Barrett’s length, duration of 

follow up, dysplasia status and lifestyle habits, if available.  

2.6.2 Analytical statistics 
 

Analytical statistics were conducted using the statistical software package ‘STATA 14.2’ 

(Statacorp, College Station, TX, USA).  
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The clinical outcome was coded into 0 for no dysplasia, 1 for HGD, and 2 for presence of 

cancer. Each biomarker was allocated an integral number from 0 to 3, according to the degree 

of expression, with 0 representing the absence of expression, and 3 representing intense 

widespread expression. Logistic regression analysis was performed for each individual 

biomarker to estimate its individual value. For statistical practicability and in view of the low 

number of cases, both HGD and cancer were considered to be the same and labelled as 1 

when using some statistical models. Abnormal (aberrant) expression of protein markers were 

either defined as overexpression (+2, +3) or the complete absence of expression (0).  

We have conducted following statistical tests: 

1) Pearson Chi square test of measures of associations 

This is a statistical test that was applied to assess the likelihood of the observed association 

between the chosen variables. This test can be applied to any set of variables, irrespective of 

whether there was homogeneity or heterogeneity in the observed data. Although the test 

itself would not be able to predict if there is a skewness in the distribution of the data, it can 

quantify the overall association in the observed and expected cell values in the presented 

data. This test simply guides us in knowing whether there are any crude differences in the 

presented variables.  

Pearson Chi-squared test was used to measure the association between the individual 

markers and the demographic characteristics; age and gender. 

2) Goodness of fit (statistical modelling) 

This is a graphical representation of mathematical computation of the overall data in two 

dimensions for the observation of the pattern of data. It can also detect any outliers, and will 

also suggest if there are any influences from a set of variables on the overall data. Square root 
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of means of all variables, standard deviation and standard error will be used in the 

computations to generate the graphs. Goodness of fit was performed to give a graphical 

representation of the biomarkers tested.  

3) Z test 

The Z test is a parametric test used to test our null hypothesis and to determine whether the 

two population means are different once the standard deviation and variance are known. 

Even though Z tests are usually applied for larger samples, it can still be applied to smaller 

data sets, and provides vital information as to whether data sets have negative or positive 

distribution when they are combined. Z test can be applied even if the data has a skewed 

distribution, unlike the ‘T’ test. Z test was included in the statistical tests i.e. the regression 

analysis applied to our data.   

4) Linear regression 

This statistical test allows for the testing of a set of predictor variables (biomarkers) in 

predicting an outcome (dependent) variable i.e. HGD or cancer, and which variables are 

presumed to be significant predictors. When the linear regression analysis model failed, we 

attempted using simple logistic regression to measure the odds ratios and coefficients. 

Multinomial logistic regression was also used to test the cumulative effect of the variables, by 

mathematically measuring the regression of their coefficients in various combinations and 

permutations.  

5) Multinomial logistical regression   

Multinomial regression is used to describe data and explain the relationship between one 

dependent nominal variable and one or more continuous-level independent variables. 
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Multinomial logistic regression analysis was conducted in patients who had cancer or HGD vs 

those with no dysplasia, based on biomarker results where a negative expression of a marker 

is also taken into account during the reporting of the results. Multinomial logistic regression 

analysis is mostly theoretical rather than practical (statistical experiment) but it helps provide 

guidance towards the next stages of the experiments, therefore allowing a translation from 

theoretical knowledge into reality. While Chi-square tests and multi-variable logistic 

regression models will be used to analyse numerical data, t-tests and multivariable linear 

regression models are used for continuously distributed variables. Information on potential 

confounders was thus collected and used to adjust the primary comparison between the two 

aforementioned groups (those with and without HGD/OAC).  

6) Receiver operating characteristic (ROC) analysis 

Summary receiver operating characteristic graphs were constructed to measure the accuracy 

of the biomarkers when discriminating cancer versus no cancer patients. To evaluate the 

discriminative performance of the biomarkers, multiple classifiers were assessed in order to 

determine the strongest one. The classification power was determined and calculated using 

the area under the curve. A statistical model with grouping variables was constructed to 

discriminate between the cases and the controls.  ROC curves were constructed when 

multinomial logistic regression models were acceptable i.e. when square root of the mean of 

overall statistical model was more than 0.5.  

3. Results  
 

The recruitment period started on the 13th of February 2017 and ended on the 1st of August 

2017. At the point of termination, a total of 27 patients had been approached to be part of 
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the study, with only 20 participants agreeing to be a part of it, while 7 patients either did not 

show up or refused to participate.  

3.1 Descriptive and Summary statistics 
 

Baseline characteristics of the participating patients are summarized in table 4 and 

supplementary table 10.  

The median age of the patients was 67 (with minimum and maximum being 37 and 79 

respectively). Fifteen patients were men (75%), while the rest (N=5) were females. The 

median length of BO was 4.5 cm, while the circumferential length was 2 cm.  

All the 20 patient’s samples were examined. A total of 134 tissue samples that were obtained 

were assessed by an expert pathologist in the Barrett’s field. Loss of P53 (score = 0) was seen 

mostly in patients with OAC (3 OAC vs 1 BO), while marked overexpression (+3) was seen only 

in stage IV of OAC. P16 was scored 0 in four patients (2 OAC vs 2 BO), +1 in 14 patients (2 OAC, 

12 BO), +2 in two (OAC and HGD) patients. Cyclin D1 was +1 in 16 patients (2 OAC, 1 HGD, 13 

BO), +2 in one patient (BO), +3 in three OAC patients. Five BO patients had previous LGD (N=4) 

or indefinite for dysplasia (N=1), and had shown similar biomarker results to known non-

dysplastic ones.  
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Table 4 Baseline characteristics of patients in the pilot study 

 Barrett’s patients  

(N= 14) 

HGD/Cancer patients 

(N= 6) 

All patients  

(N= 20) 

Age      

Mean 

Median 

Lowest  

Highest 

 62.2 

64.6 

37 

75.8 

69.1 

71.5 

60.9 

78.7 

64.8 

67 

37 

78.7 

Gender (%)     

Male  

Female 

 11(55% ) 

3(15% ) 

4(20%) 

2(10%) 

15(75%) 

5(25%) 

Dysplasia (%)     

NDBO 

Previous IND/LGD  

HGD 

OAC 

 14 

5 

- 

- 

- 

- 

1 

5 

- 

- 

- 

- 

BO M length      

Mean  

Median  

Minimum 

Maximum 

 

 

 

4.7 

4.5 

1 

12 

- 

- 

- 

- 

- 

- 

- 

- 

BO C length     

Mean  

Median  

Minimum 

Maximum 

 3.1 

2 

0 

12 

- 

- 

- 

- 

- 

- 

- 

- 

Follow up      

Median  

Mean 

   

 

- 

- 

- 

- 

 

3.2 Analytical statistics 
 

3.2.1 Chi square tests of measures of associations 
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There was a significant association between gender and P53 (χ2 P value= 0.025), and gender 

and cyclin D1 (χ2 P value= 0.029), but not gender and P16 (χ2 P value= 0.889) 

(supplementary table 11). There were no significant associations between age and any of 

the biomarkers (P53 P value = 0.298, P16 P value= 0.733, Cyclin D1 P value = 0.157) 

(supplementary table 12).   

3.2.2 Goodness of fit (statistical modelling) 
 

We performed statistical modelling using the following parameters: true positives, true 

negatives, false positives, and false negatives (TP, TN, FP, FN) for all the biomarkers for an 

aberrant expression of markers. A goodness-of-fit graph was generated to demonstrate the 

absence of outliers and well-fitting, which thereby allowed for further statistical testing 

through use of the following methodology (table 5 & graph 8, where the numbers 1,2,3 and 

4 represent p53, p16, cyclin D1 and the p53/cyclin D1 combination respectively).  

https://en.wikipedia.org/wiki/Chi_(letter)
https://en.wikipedia.org/wiki/Chi_(letter)
https://en.wikipedia.org/wiki/Chi_(letter)
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Figure 8 Graphical depiction of goodness-of-fit, bivariate normality, influence and outlier detection 
analyses.  

 

Table 5 Statistical modelling (goodness of fit) 

Biomarkers TP TN FP  FN  

P53 5 13 1 1 

P16 4 12 2 2 

Cyclin D1 3 13 1 3 

cyclin D1 +  

p53 

3 14 0 3 
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3.2.3 Linear regression analysis  
 

Linear regression was run between the biomarker expression values for the data of all the 

patients. The marker cyclin D1 showed significant results (p= 0.004), with a positive t test 

(3.33). This meant that cyclin D1 is positively expressed in the presence of HGD or cancer. 

However, the R-squared value for the model was 0.442, which is less than 0.5. The results are 

shown in (supplementary table 13). Logistic regression analysis, with a combination of the 

markers, was performed to study their cumulative effects.  

3.2.4 Logistic regression analysis  
 

3.2.4.1 Simple Logistic regression 
 

Through the use of the simple logistic regression model, only cyclin D1 showed significant 

association in cancer patients (p value = 0.033). However, neither of the coefficients of the 

constant were significant. Models for all biomarkers failed with Pseudo R2 of less than 0.5 

(supplementary table 14). As this model failed, a multinomial logistic regression analysis was 

performed in order to account for the combined effect of the biomarkers  

3.2.4.2 Multinomial logistic regression:  
 

Multiple logistic regression analysis was done with the measurement of their coefficients 

(supplementary table 15). In the predicting of cancer alone, the overall change in the 

coefficient value was statistically insignificant (although the pseudo R2 = 0.568). The Chi-

squared test, however, was significant (p value = 0.0094). In cancer, the Z value was positive 

in cyclin D1 (1.64) and negative for the rest of markers. It was also less than 1 for the p16 and 

p53. The overall effect was therefore found to be negative (-1.80) but not statistically 
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significant (0.072). Figure 9 depicts the detailed results, and the results for the HGD were 

inconclusive.  

When one biomarker was omitted for the analysis of the effect of two biomarkers at a time, 

both cyclin D1 and p53 showed that the overall model outcome was less than 0.5 (Pseudo R2 

= .4187), despite the fact Chi square test value was significant (0.0140). However, results in 

cancer were found to be statistically significant (P value of 0.013), with a Z value of -2.48, 

which may indicate a theoretically negative distribution of the data when the variables were 

combined (table 6 and supplementary graph 2). The results for HGD were inconclusive, and 

the model for the other combinations failed.  

Multinomial logistic regression analysis for the negative expression of markers was 

performed, and the results were significant for cyclin D1 in the cancer cases alone (P= 0.03). 

Cyclin D1’s Z value was negative (-2.17), which meant that a positive cyclin D1 is seen in cancer 

cases (almost more than a two hundred per cent expression). The model was significant, with 

a similar R2 value to the initial multinomial logistic regression analysis (0.5688). However, the 

coefficient change of the constant for this combination of biomarkers were found to be 

marginally insignificant (supplementary table 16 and supplementary graph 3).   
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Figure 9. Biplot graph showing the expression of three biomarkers; cyclin D1, p53 and p16 in tissue samples 

 

3.2.5 Summary receiver operating characteristic: 
 

Summary receiver operating characteristic (figure 10) was constructed to measure the 

accuracy of the biomarkers in the identification of cancerous tissue. As the model failed when 

using the three biomarkers alone, a combination of biomarkers was added to the same model. 

We tested the aberrant expression of p53 & p16, and the positive expression of cyclin D1. 

Based on above mentioned results, both p53 and cyclin D1 were used as an added 

combination. We combined the HGD and OAC as an outcome to allow for an easier analysis. 

In the (p53 + cyclin D1) combination, true positive result was considered only if p53 was 
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strongly positive p53 (+2,+3) or completely absent, and cyclin D1 was strongly expressed (+2, 

+3). If any of the both markers were not valid, then the combination was considered negative.  

Overall accuracy of the model was 89% [0.86 - 0.92], with a sensitivity of 62% [0.42 - 0.79] 

and high specificity of 93% [0.82 - 0.97].  

4. Discussion:  
 

Barrett’s oesophagus remains one of the most difficult puzzles to solve in the current century. 

Tremendous amounts of work have been done thus far to identify the many biomarkers that 

have been studied in clinical trials. However, almost all the studies were limited by issues 

related to feasibility and availability in the clinical practice. As progression rate of BO is 

considered to be low over time (0.12% annually), this has led us to choose a prospective cross-

sectional approach for our study.    

This study was carried out in the Gwent centre of Digestive Diseases at the Royal Gwent 

Hospital. It is a pilot study that looks to assess the prognostic predictive ability of biomarkers 

in BO. Initial plans were to recruit sixty patients in total. However, the lengthy recruitment 

process and a limited pool of resources forced us to terminate the study before reaching our 

intended numbers and to analyse the data at its current scale. 

Significant associations were found between gender and p53 or cyclin D1, but not p16. When 

studying the individual effect of each marker alone, Cyclin D1 had the biggest impact on the 

biomarker panel. Cyclin D1 had shown significant results (p= 0.004) with a positive t test 

(3.33), which may indicate positively expressed cyclin D1 in the presence of HGD or cancer. 

However, the R-squared value for the model that involved all the markers in simple regression 

was found to be less than 0.5 (0.442), and requires further tests to attempt a study of the 
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accumulative effect of biomarkers. Thus, a multinomial logistic regression analysis was 

performed to demonstrate that there was a non-significant association between all 

biomarkers (p value was 0.072). When p16 was omitted, both Cyclin D1 and p53 had a 

significant association (total p value = 0.013, Chi square test p value= 0.014).  

Previous data has shown the positive impact of cyclin D1 as a predictive biomarker denoting 

the presence of cancer [91]. In our data, our results showed that cyclin D1 may not be 

interpreted in the absence of p53 results. While having a positive Cyclin D1 was associated 

with the presence of cancer, thereby suggesting its potential predictive ability, the p value 

was insignificant (0.088). For both p53 and cyclin D1, the results in cancer were statistically 

significant (p value of 0.013) with Z value of -2.48, which may indicate a theoretical negative 

distribution of the data when the variables are combined (table 6 & supplementary graph 2). 

Thus, the presence of p53 may indicate a tumour suppression effect, even in presence of 

cyclin D1. In other words, the negative effect of p53 (absence of p53) superseded the positive 

effects of cyclin D1 (over all Z value of -2.48) in cancer. This may represent a progression of 

cancer when the gatekeeper (p53) is absent. Other combinations with p16 were found to be 

inconclusive.  

Multinomial logistic regression for the negative expression of the markers (p16, p53 and cyclin 

D1) was carried out. This meant that the figures of the biomarker results were reversed (i.e. 

zero expression of p53 was counted as +3). This was suggested in an attempt to see what the 

effects of a complete absence of biomarkers, such as p53, were on the data. For cyclin D1, 

the Z value was significantly negative, which suggests significant positive expression of cyclin 

D1 in presence of cancer. On the contrary, the Z value for p53 was positive at the same time, 

which may represent a mirroring action between p53 and cyclin D1 (supplementary table 16). 
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The Z value for p16 was less than 1, which indicates a minimal effect. Pseudo R2 was also 

more than 0.5, which may indicate the success of the model performed.  

Summary receiver operating characteristic curves were used to measure the accuracy of the 

biomarkers in detecting cancer or HGD. Previous studies have shown that aberrant expression 

of p53 had a predictive value [97]. As such, we constructed SROC curves based on the aberrant 

expression of p53 and p16, in addition to the positive expression of cyclin D1. The latter was 

not considered for aberrant results, as it is not known to be a tumour suppression protein. 

 The model showed accuracy that nearly reached 90% in the detection of cancer/HGD, with a 

sensitivity of 65% (42- 79%) and a high specificity of 93% (82-97%). The high accuracy implies 

the importance in taking the absent expression results of P16 and P53 as a positive result. A 

joint interpretation of the biomarkers may be needed to detect high risk BO. Aberrant 

expression of p53 and p16, along with a strong expression of cyclin D1 may indicate the 

presence of cancer, while a weak expression of the three markers, or at least of p53 and cyclin 

D1, may protect against the development of cancer. P16 was a kind of a by-product marker, 

as it did not show significant results on an individual level.  

The common theme in the panel analyses in SROC was the low sensitivity of the biomarkers, 

which may imply a genuinely poor expression of the biomarkers in cancerous tissue in newly 

diagnosed OAC, or the possibility of a sampling error. This could also be due to technical 

errors, as if the PCR test was used instead of IHC, it might improve sensitivity. Aberrant 

expression analysis seems to improve the sensitivity of the biomarkers in the assessment of 

cancer/dysplasia, as the weighted average sensitivity of P53 alone was around 50% (as shown 

earlier in the literature review).  
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One of the strengths of the study was that a 4-tiered system was used for the scoring of the 

biomarker staining. This allowed us to analyse the results in more than one way, including 

taking into consideration the absolute absence of expression of some biomarkers. The use of 

dichotomous scoring for immunohistochemical markers may have limited the usefulness of 

the markers in identifying high-risk BO in the past i.e. the aberrant expression of the 

biomarkers. Indeed, all the endoscopies in our Barrett’s cohort were carried out by a 

nationally experienced endoscopist in the field of BO. The number of biopsies taken for the 

analysis was as recommended by the BSG, which would be four quadrant biopsies at each 

level of Barrett’s tissue, in addition to one more sample on each level to increase the 

diagnostic yield of dysplasia. The interpretation of immunohistochemical markers, along with 

the histological assessment of dysplasia/cancer, was carried out by an expert pathologist in 

the field, and reflects the current practice nationally. The prospective design of the study 

allowed for the careful selection of Barrett’s and cancer patients in our cohort. This study is 

the first to test the panel of biomarkers in Gwent Barrett’s oesophagus surveillance database, 

which is a relatively large database of at least 1,000 Barrett’s patients.   

However, this work was noted to have some limitations. The first was the small total number 

of cases included i.e. 20 cases. Our results suggest if number of cases was tripled, results could 

be of more significance statistically. There were a limited number of HGD observations (only 

one observation) and this limited the use of it in our analysis. Furthermore, our study remains 

not longitudinal, with follow up of Barrett’s patients would be needed.   

Further emphasis on the co-role of cyclin D1 and p53 may be needed in future studies. Further 

exploration on the endoscopic or non-endoscopic options that would allow a better selection 

of samples would also be needed. This would presumably improve the sensitivity and 
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reliability of the markers tested. Novel biomarkers would also need to be explored in order 

to improve the sensitivities of panel markers.  

 

 

Table 6 Multinomial logistic regression analysis for the biomarkers p53 and cyclin D1 
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CHAPTER IV 

General Discussion 

Barrett’s oesophagus (BO) is the only identifiable pre-malignant condition for oesophageal 

adenocarcinoma (OAC). In BO, the normal squamous epithelial lining is replaced by a 

specialized columnar epithelia [11]. Unfortunately, patients with BO have up to 100-times 

increased risk to progress to oesophageal adenocarcinoma (OAC), which carries a dismal 

survival rate of less than 20% over a 5-year period [8, 14]. The incidence of OAC has been 

rising over the last four decades in the western world [3, 15] and is now considered the sixth 

most common cause of cancer deaths among men in the UK [14]. However, while the vast 

majority of those undergoing surveillance for their BO do not progress to cancer, one needs 

to consider the implications of such an invasive procedure and the psychological impact on 

the patient’s wellbeing. The annual progression rate of BO to OAC is less than 5% [12, 13, 

98], and hence, there is a need to find other ways to identify at-risk individuals.  

Currently, the detection of histological dysplasia by expert pathologists would be the only 

recognisable marker of the progression to OAC, and the progression from low-grade 

dysplasia (LGD) to high-grade dysplasia to cancer would be the main route in most of the 

patients [99-101]. Current Barrett’s guidelines recommend surveying patients that have BO 

with endoscopic biopsies on a regular basis that ranges from 2-5 years [6, 43].  

Endoscopic surveillance programmes are meant to detect high-risk dysplastic lesions or 

early cancer, cases in which an intervention would mean it would be curable, and is 

generally associated with the survival benefit. The survival benefit may occur when cancer is 

detected prior to the invasion of the submucosa, as the risk of lymph node involvement is 

increased significantly when the submucosa is affected [102].  
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Currently available evidence based on observational studies has shown that the benefit of 

surveillance endoscopy in patients with BO for reducing OAC-related mortality is unclear 

[39, 103, 104]. A majority of patients with BO are non-dysplastic, and most of them will 

remain the same with very low chances of progression to high-grade dysplasia (HGD) or OAC 

[44]. A recent survey of gastroenterologists in the United States that rated their degree of 

satisfaction with the surveillance strategies revealed that doctors were the least satisfied 

with the inability of the histological assessment to predict the progression among Barrett’s 

patients without dysplasia [67]. Focusing surveillance on a high-risk group of individuals 

would thereby improve the risk vs benefit ratio, and the cost effectiveness of the 

surveillance [105].  

Currently, a histological diagnosis of LGD is the only acceptable predictor for neoplastic 

progression to HGD or OAC in clinical practices, with around 1.4% of this group developing 

cancer or high-grade dysplasia (HGD) annually [98]. However, the reliance on histological 

assessment for risk stratification strategies is curbed by the persistent variability among 

pathologists in the diagnosing of LGD, with a very poor agreement being shown recently 

(Kappa values reaching as low as 0.11) [40, 41]. In addition, endoscopic sampling is 

inconsistent and is plagued with poor adherence to the guidelines among low-risk and high-

risk patients [49, 106].  

Indeed, dysplasia generally occurs where molecular abnormalities are detected, and thus, 

molecular assays can give a more objective read-out of the disease stage [53, 62]. It is 

therefore reasonable to suggest that molecular biomarkers found in tissue samples may act 

as a reliable tool to stratify patients with BO, based on risk of progression. This will also 
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better inform the surveillance programme, allowing a selection of patients for early or 

intensive surveillance and grant a better utilization of resources.  

After a thorough review of the literature for the purpose performing a systematic review to 

find the most promising BO biomarkers, we identified sixteen different good quality studies 

that assessed the biomarkers of progression from BO to OAC. We identified twelve different 

immunohistochemical biomarkers (p53, SOX2 , Cyclin D1, COX-2, B-catenin, Her-2, Ki67, 

Cyclin A, sialyl Lewis + Wheat Germ Agglutinin (WGA), Lewis and Aspergillus Oryzae Lectin 

(AOL)) that were assessed on FFPE – with the exception of Davelaar et al (2015) [65], which 

used cytology samples. As is generally known, the most repeatedly tested biomarker is that 

of P53. In our review, it was tested in 6 out of 8 studies, which illustrates its potential 

significance. We have applied our statistical meta-analysis to provide a weighted risk-

prediction figure when the p53 is applied on Barrett’s tissue. We also found that if P53 was 

present or aberrant, it would have more than five-times the risk of a progression to cancer 

over time (RR: 5.09 (2.30-11.24)) (figure 5). However, the utility of p53 by IHC in clinical 

settings is limited by a variation in sensitivity and specificity. Recent meta-analysis has 

shown that p53 overexpression or loss reached a sensitivity of 62% or 31%, respectively, 

with a specificity of 80% or 98%, respectively [107]. In our analysis, pooled sensitivity and 

the specificity of p53 were 56.8% (95% CI: 48.1-65.6) and 86.7% (95% CI: 75.4-98.0), 

respectively. Relatively low sensitivity remains an issue of the p53 IHC in acting alone as a 

predictor of BO, particularly if this marker is to be of potential benefit.  

Another potential significant biomarker is Cyclin A, which plays an integral part in the cell 

cycle. It has been shown that cyclin A overexpression is linked to the metaplasia–dysplasia–

carcinoma sequence in Barrett’s carcinogenesis [53, 66, 78]. Cyclin A can be assessed in IHC 
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tissue samples, and our meta-analysis has shown that cyclin A positivity provides a 

significant risk of progression to OAC or HGD, with a pooled RR of 2.27 (1.19-4.31). This 

provides potentially solid evidence of the value of cyclin A, which can be implanted in 

clinical practice. However, its ability to predict neoplastic progression is limited when 

compared to p53. Our analysis has shown that the sensitivity of cyclin A remains lower than 

P53 i.e. Van Olphen et al. and Bird-Liebermann et al. studies have shown the sensitivities to 

be 32% and 25%, respectively, despite the high specificity of 86% and 84%, respectively [53, 

78].  

We identified many other biomarkers that were either tested using IHC or other methods 

like PCR, Flow cytometry, FISH techniques, or others, but these markers either had not been 

replicated or they were complex to perform, thereby limiting their possible clinical utility.   

The limitations in individual markers have thus led us to search the literature for potential 

panels of biomarkers. Our systematic review identified eight different panels of biomarkers 

that have been assessed in seven different studies (supplementary table 5). The studies 

provided a single statistical estimate of the risk of progression to cancer or HGD when the 

biomarker results were found to be abnormal. The panels included: loss of heterozygosity 

(LOH) with micro-satellite instability (MSI) in 10 genomic loci (1p, 3p, 5q, 9p, 10q, 17p, 17q, 

18q, 21q and 22q) expressed as Mutational Load (ML); fourteen protein biomarkers: K20, Ki-

67, b-catenin, p16INK4a, AMACR, p53, HER2/neu, CDX-2, CD68, NF-kBp65, COX-2, HIF1a, 

CD45RO and CD1a; two clonal diversity sets (set 1 comprising CEP17, ERBB2 or Her-2/neu 

(17q11.2-12), p53 (17p13.1) and p16 (9p21) and set 2 comprising CEP7, CEP17, 20q 

(20q13.2) and MYC (8q24.12)); abnormal marker count (P16, MYC & or aneusomy).  



71 
 

The most interesting panel was that of Eluri et al., in which they used a ‘mutational load’ to 

express the load of abnormalities from the loss of heterozygosity and micro-satellite 

instability, which were measured in 10 genomic loci. The adjusted OR was 165.8. However, 

in a recent validation study by Eluri et al., the same panel deemed not statistically predictive 

of cancer/HGD, results could be owed to technical challenges [108].  

 It is well known that LGD is the best predictor of cancer/HGD progression in BO [41]. 

However, only three panels that were analysed used LGD as part of the parameters [53, 58, 

78]. In fact, the costs and the technical expertise needed to run tests for the biomarker 

panels remains a challenge. Other challenges include failure to validate well studies 

biomarkers. A recent study validated the results of p53 and AOL as part of a panel involving 

expert interpretation of LGD to predict BO [109]. However, the same study failed to 

validated cyclin A or DNA content abnormalities.   

In our systematic review, excluded studies from analysis mostly came from the US, which 

may have consequently eliminated a good number of studies with biomarkers that have 

been assessed thoroughly, especially by Reid et al. group [86]. These studies were excluded 

as the research group did not eliminate cases of OAC or HGD that were discovered within 6 

months of the biomarker assessment, or what we may call ‘prevalent cases’. In our opinion, 

including these cases in the analysis would overestimate the number of progressors and 

may thus increase the risk of bias of the biomarker results i.e. possible false positive results. 

Thus, this would lead to the creation of more uncertainty as to whether these biomarkers 

were reliable or not. 

Based on our extensive review, financial constraints, and biomarker availability, we 

conducted a pragmatic pilot study to better understand the cohort of BO in the Gwent 



72 
 

Barrett’s oesophagus surveillance database. We tested three different biomarkers as a 

panel on tissue samples that was prospectively taken from endoscopically and histologically 

proven BO. Our aim was to determine the utility of a biomarker panel, including p53, p16 

and cyclin D1, by studying the expression among patients with BO and OAC. We selected 

patients with dysplasia and without dysplasia to attempt as close a representation as 

possible of everyday practices with Barrett’s surveillance. Cancer cases were included when 

they attended their endoscopic ultrasound.  

We successfully recruited a total 20 participants, and had a success rate of 74%, with the 

rest (total of 7) either refusing or not responding/attending the endoscopy appointment. 

The mean age of the patients was 64.75. Most of the patients were males. The samples of 

BO were obtained by a nationally expert endoscopist from the field of BO. We examined a 

total of 134 samples, which were assessed by an expert pathologist at the local Health 

board, as per the BSG guidelines [6].  

 The mean and the median circumferential length of the patient’s BO were about 3 cm and 2 

cm, respectively. Having long-segment BO is one of the predictors of cancer invasiveness in 

the future [85]. In our cohort, more than half of Barrett’s patients had a long-segment BO 

(10 patients). Five of our cohort had previous LGD/IND. However, we considered the cases 

to be dysplastic only if the patient had proven dysplasia, as shown on the set of samples 

taken at time of the study.  

We used various statistical tests to analyse the data, and found a significant association 

between gender and either p53 or cyclin D1, but not p16 (χ2 P value= 0.025 and 0.29 

respectively). The lack of enough numbers with HGD hampered interpretation and the 

results were inconclusive.  

https://en.wikipedia.org/wiki/Chi_(letter)
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However, a combined interpretation of both p53 and cyclin D1 in cancer was significant (P 

value of 0.013). The Z value was negative (-2.48), which may suggest a theoretical negative 

distribution of the data when P53 and cyclin D1 variables were combined (table 6 & 

supplementary graph 2). This may indicate the significance of an absence of markers on 

cancer diagnosis and future prediction. In our data, this only happened with p53 and not 

cyclin D1. Adding p16 into analysis made the results likely to be statistically insignificant. Our 

data suggests that p53 mirrored the actions of cyclin D1 (supplementary table 16), which 

may also indicate the significance of a joint interpretation of both markers in future studies. 

As the model constructed around the biomarkers worked statistically, we constructed a 

summary receiver operating characteristic (figure 10) to measure the accuracy of the 

biomarkers in identifying cancerous tissue, including HGD. We combined both cyclin D1 and 

aberrant p53 as one entity, in addition to the individual biomarkers. The overall accuracy of 

the model was 89% [0.86 - 0.92], with a sensitivity of 62% [0.42 - 0.79] and high specificity of 

93% [0.82 - 0.97].  

It is worth mentioning that aberrant expression of p53 was considered so if there a strongly 

positive or complete absence of p53 was found. This was noted to be of predictive value in 

the literature [97].  
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Figure 10. ROC of the biomarkers p53, p16 and cyclin D1 

Despite obtaining  an additional sample at each level of BO collected during the endoscopic 

surveillance, there may still be an unknown degree of sampling error of dysplasia or cancer, 

as dysplasia can be missed [110]. The use of advanced endoscopic imaging techniques, such 

as narrow band imaging, confocal laser endomicroscopy, and chromoendoscopy in the 

biopsy acquisition is still subject to sampling bias. It is worth mentioning that despite the 

normal histological appearance, mutational loads that have been found in tissue have a very 

low risk of neoplastic progression at early stages [37].  

The current practice of four quadrant biopsies in every 1-2 cm, which is known as the 

‘Seattle protocol’, is laborious and time consuming. This was found to impact the adherence 

to the sampling practice among endoscopists [106]. We have reviewed our endoscopic 

sampling practice during Barrett’s surveillance among high risk patients – patients with LGD 
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and HGD- in our local health board and found that the adherence to the BSG guidance was 

around 50% [49].  

Long follow ups would be needed to establish the usefulness of the markers that were 

tested in stratifying the risk of BO’s progression to cancer. It is widely agreed that no single 

biomarker will be able to do the job, and a panel of easily accessible markers would be a 

possibility in trying to ‘fix’ the Barrett’s dilemma.  

Further biomarker tests on a larger scale are needed to fully understand the mechanism of 

cancer development in patients with BO. Indeed, our work has enabled us to secure a small 

grant from Tenovus Cancer charity to run a retrospective nested case-control study on ten 

promising biomarkers identified through our work on the systematic review.  
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APPENDIX I  

Supplementary tables 

Supplementary table 1: REMARK guidelines for the study quality assessment 

Criterion (1 point for each criterion; 0.5 points if not all sub-criteria are fulfilled) 

Introduction 

1 State the marker(s) examined, the study objectives, and any pre-specified hypotheses. 

Materials and Methods 

Patients  

2  Describe the characteristics (for example, disease stage or comorbidities) of the study patients including their source. 

3  Describe the inclusion and exclusion criteria 

Specimen characteristics 

4  Describe type of biological material used (including control samples) and methods of preservation and storage. 

Assay methods 

5  Specify the assay method used and provide (or reference) a detailed protocol, including specific reagents or kits used, 

quantification methods, and scoring and reporting protocols. Specify whether and how assays were performed blinded to the 

study end point. 

Study design 

6  State the method of case selection, including whether prospective or retrospective and whether stratification or matching (for 

example by stage of disease or age) was used. Specify the time period from which cases were taken, the end of the follow up 

period, and the median follow-up time.  

7  Precisely define all clinical end points examined. 

8  List all candidate variables initially examined or considered for inclusion.  

9  Give rationale for sample size; if the study was designed to detect a specified effect size, give the target power and effect size. 

Statistical analysis methods 

10  Specify all statistical methods, including details of any variable selection procedures and other model-building issues, how model 

assumptions were verified, and how missing data were handled.  

11 Clarify how marker values were handled in the analyses; if relevant, describe methods used for cutpoint determination. 

Results  

Data 

12 Describe the flow of patients through the study, including the number of patients included in each stage of the analysis (a diagram 

may be helpful) and reasons for dropout. Specifically, both overall and for each subgroup extensively examined report the 

numbers of patients and the number of events. 

13 Report distributions of basic demographic characteristics (at least age and sex), standard (disease-specific) prognostic variables, 

and tumour marker, including numbers of missing values. 

Analysis and presentation 

14 Show the relation of the marker to standard prognostic variables. 

15 Present univariate analyses showing the relation between the marker and outcome, with the estimated effect (e.g. hazard ratio 

and survival probability). Preferably provide similar analyses for all other variables being analyzed. For the effect of a tumor 

marker on a time-to-event outcome, a Kaplan–Meier plot is recommended. 

16 For key multivariable analyses, report estimated effects (for example, hazard ratio) with confidence intervals for the marker, and 

at least for the final model, all other variables in the model. 

17 Among reported results, provide estimated effects with confidence intervals from an analysis in which the marker and standard 

prognostic variables (dysplasia) are included, regardless of their significance. 

18  If done, report results of further investigations, such as checking assumptions, sensitivity analyses and internal validation.  

Discussion 

19 Interpret the results in the context of the prespecified hypotheses and other relevant studies; include a discussion of limitations 

of the study. 

20 Discuss implications for future research and clinical value. 
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Supplementary table 2: REMARK assessment scoring per study  

 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Total 
(20) 

Younes 
(1993) 

1 1 0 1 1 0.
5 

0 1 0 0 0 0 0.
5 

0 0.
5 

0 0 0 0.
5 

1 

8 

Weston 
(2001) 

1 0.
5 

1 1 1 1 1 1 0 1 1 1 1 1 1 0 0 0 1 1 

15.5 

Van Olphen 
(2015) 

1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 0 1 1 

18 

Timmer 
(2016) 

1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 0.
5 

1 

18.5 

Sikkema 
(2009) 

1 1 0.
5 

0.
5 

1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 

18 

Rossi 
(2009) 

1 0.
5 

0 0.
5 

1 1 1 1 0 1 1 1 1 1 0 0 0 0 0.
5 

1 

12.5 
Revilla-
Nuin 
(2013) 

1 1 0.
5 

1 1 1 1 1 0 1 1 0.
5 

0 0 1 0.
5 

0 1 0.
5 

1 

14 

Murray 
(2006) 

1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 0 1 0.
5 

1 1 

17.5 

Martinez 
(2016) 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

20 

Lao-Sirieix 
(2007) 

1 1 1 1 1 1 1 1 0 1 1 1 1 0 1 1 0 1 1 1 

17 

Eluri (2015) 

1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 0 1 1 1 

18 

Dolan 
(2003)a 

1 1 0 1 0.
5 

1 0 1 0 0 0 1 1 1 0 0 0 0 1 1 

10.5 

Dolan 

(2003)b
  

1 0.
5 

0 1 1 1 1 1 0 0.
5 

0 1 0 1 0.
5 

0 0 0 1 1 

11.5 

Davelaar 
(2015) 

1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 0 1 1 1 

18 
Critchley-
Thorne 
(2016) 

1 1 1 0.
5 

1 1 1 1 0 1 1 1 1 0 1 1 0 1 1 1 

16.5 
Bird-
Lieberman 
(2012) 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

20 
Dolana is the LOH p53 study, Dolanb is the P53 mutations study 
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Supplementary table 3: Reported immunohistochemical biomarkers of progression in Barrett's oesophagus 

                                                           
1 Measured using computerized immunoquantification with image analysis.  
2 mHGD, multifocal HGD. 
3 HGD DALM, HGD associated lesion or mass. 

NP not provided   
4 RR was calculated.  
5Adjusted for gender, age, BE length, and esophagitis. 
6 All patients developed LGD at some point during follow up.  
7 OR was calculated for any prior P53 positivity to the development of HGD or any P53 positivity during follow up for non-progressors.   

Biomarker/s Study-year-

location   

Study design Baseline 

characteristics 

/ control 

No. of patients 

at baseline 

/controls 

Outcome 

/cases 

No. of 

progressors 

/cases 

 

Follow up  Tissue type Statistical 

measure  

P value  

P53 protein 

overexpressio

n1   

Weston et al 

(2001), USA  

 

Prospective 

cohort 

LGD  48 mHGD2, HGD 

DALM3 or OAC 

5 Mean: 41.2 m. FFPE RR4: 16.79 

(95% CI: 2.81-

100.51)  

 

NP 

SOX2 and P53 Van Olphen, S. 

et al (2016), NL  

Nested case-

control 

BO  584 HGD or OAC 51 Median:  3.3 & 

6.5 y for cases 

& controls  

FFPE Loss of SOX2: 

RR5: 4.8 (95% 

CI: 3.2–7.0) 

Aberrant p53: 

RR3: 5.6 (95% 

CI: 4.0–7.8) 

NP  

P53 Younes et al 

(1993), USA 

Retrospective 

cohort 

NDBO, IND or 

LGD6 

24 HGD or OAC 3 Median: 36 

months 

FFPE  OR7: 40 (95% 

CI: 

1.7489 to 914.8

393)  

0.0209 
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8Adjusted for age, sex and year of diagnosis. 
9Number of cases and controls may vary per each biomarker. 
10 OR was calculated. Any positive Her-2 was considered as positive. 
 NP not presented  
11 WGA, wheat germ agglutinin; AOL, aspergillus oryzae. 

Cyclin D1, COX-

2 and B-

catenin8 

Murray et al 

(2006), UK 

Nested case-

control 

BO 175  HGD, OAC  35 (29 

malignancies, 6 

HGD) 

Mean: 3.7 years 

(range 0–8.0)  

FFPE  OR9, Cyclin D1: 

0.59 (95% CI: 

0.24-1.48), 

COX-2: 2.22 

(95% CI: 0.72-

6.79), B-

catenin: 2.37 

(95% CI: 0.19-

29.2)  

Statistically not 

significant  

Her-2 Rossi et al 

(2009), Italy 

Retrospective 

cohort  

BO or LGD  20 HGD or OAC  9 Mean: 49.8 

months 

FFPE OR for IHC10: 

4.6 

0.2173 

 

P53 + Cyclin A 

+ sialyl Lewis 

+ WGA + 

Lewis + AOL.11  

 

 

 

Bird-

Lieberman et 

al (2012), UK 

 

Nested case-

control 

BO 291 HGD or OAC 89 Mean:6.7 

years 

FFPE  Positive Cyclin 

A OR: 1.32 

(0.66–2.66) 

P53 OR: 1.6 

(95% CI: 0.91–

2.82) 

Sialyl Lewis 

OR: 1.77 (95% 

CI: 1.04–3.0) 

WGA OR: 1.46 

(95% CI: 0.69–

3.06) 

Cyclin A: 0.43 

 

 

P53: 0.08 

 

Sialyl L.: .004 

 

WGA: 0.11 
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12 Adjustments were made for age, sex, and year of BO diagnosis. Number of cases and controls varies.  
13 Adjusted for age, sex and BO length.  
14 Adjusted for age and sex.  
NP not presented  

Lewis OR: 

0.74 (95% CI: 

0.41–1.33)  

AOL OR: 3.10 

(95% CI: 1.71–

5.63).12   

 

Lewis: 0.77 

 

 

AOL: 0.002 

P53  Davelaar et al 

(2015), NL 

Prospective 

cohort 

IM,IND, and 

LGD 

91 HGD or OAC  11 Median: 71 

months 

Brush 

cytology   

TP53 IHC 

abnormalities 

HR13: 17 (95% 

CI 3.2- 96)   

0.001  

Ki67 and P53 Sikkema et al 

(2009), NL  
Nested case-

control 

NDBO or 

LGD  

27 HGD or OAC 27 Mean: 6.9 & 

7.9 y for cases 

& controls 

FFPE  Ki67 (>20%) 

overexpressio

n, HR: 2.1; 95 

% CI: 0.9 – 

4.7.  

P53 (>15%) 

overexpressio

n (HR 2.6; 95 

% CI: 1.0 – 

6.4).14 

0.084 

 

 

0.043 
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Supplementary table 4: Reported non-immunohistochemical biomarkers of progression in Barrett’s oesophagus 

                                                           
15 RR were calculated.  
*** and ** denotes population overlapping  
16 Cut-offs used were 129.9, 176.1, 8.14 and 3.08 respectively.  
17 Adjustments were made for age, sex, and year of BO diagnosis.  
18 Adjusted for age, sex and BO length.  

Biomarker/s Study-year-

location   

Study design Baseline 

characteristics / 

control 

No. of 

patients at 

baseline 

/controls 

Outcome 

/cases 

No. of 

progressor

s /cases 

 

Follow up  Tissue 

type 

Statistical measure  P value  Platform 

LOH analysis 

using 14 

microsatellite 

markers 

Dolan et al 

(2003), USA*** 

Prospective 

cohort 

NDBO, LGD 48 HGD or OAC 2 (1 HGD, 

1HGD/ 

OAC) 

Median: 5 

years (0-7) 

Frozen 

tissue 

17p LOH, RR: 30.7 (CI: 

1.64- 574.89) 

17p, 5q or 9p LOH, RR: 

20 (CI: 1.04- 384.5).15 

0.0219 PCR 

Micro-RNAs: 

miR-192, 194, 

196a, and 196b 

Revilla-Nuin et 

al (2013), Spain 

Nested case-

control 

LGD or IM  24 OAC  7 Median for 

progressors & 

non-

progressors: 

4.6 &7.1  

FFPE miR-192, AUC: 0.61; 

miR-194, AUC: 0.70; 

miR-196a, AUC: 0.80; 

miR-196b, AUC: 0.74.16 

- Quantitative RT-

PCR 

DNA copy 

number changes 

Bird-Lieberman 

et al (2012), UK 

Nested case-

control 

BO 236 HGD or OAC 78 Mean:6.7 years FFPE  Abnormal copy 

number, OR17: 3.22; 

(95% CI:1.73–6.00)  

< 0.001  Image cytometry  

TP53 FISH 

abnormalities  

Davelaar et al 

(2015), NL** 

Prospective 

cohort 

IM, IND and LGD 91 HGD or OAC  

 

11 Median: 71 

months 

Brush 

cytolog

y   

HR18: 7.3; (95% CI: 1.3- 

41)   

0.024      DNA FISH 
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19 Adjusted for age and sex.  
** denotes overlapping population.  
20 RR was calculated. Mutations were in exon 8.  

Aneuploidy Sikkema et al 

(2009), NL  

Nested case-

control 

NDBO or LGD  27 HGD or OAC 27 Mean: 6.9 & 

7.9 y for cases 

& controls 

FFPE  HR19 3.5; (95% CI: 1.3 – 

9.4) 

0.014 

 

Flow cytometry  

Her-2 Rossi et al 

(2009), Italy 

Retrospective 

cohort  

BO or LGD  20 HGD or OAC  9 Mean: 49.8 

months 

FFPE OR cannot be 

calculated   

- FISH 

TP53 

mutations 

Dolan et al 

(2003), 

USA*** 

Prospective 

cohort 

NDBO, LGD 48 HGD or OAC 2 (1 HGD, 

1 HGD/ 

OAC) 

Median: 5 

years (0-7) 

 

Frozen 

tissue 

RR20: 23 (95% CI 

2.12-249.27) 

0.0099 Single-strand 

conformation 

polymorphism 

analysis and 

direct DNA 

sequencing 

Cyclin A 

expression 

Lao-Sirieix et 

al (2006), UK  

Nested case-

control 

BO  32 HGD or OAC  16 NP FFPE From baseline, OR: 

7.6; (95% CI: 1.6 -

37.0)  

0.012 immunocytolog

y 

p16, MYC, her-

2/neu, 20q 

and aneusomy 

(Chromosomes 

7 and 17) 

Timmer et al 

(2016), NL** 

Prospective 

cohort 

NDBO 428  HGD or OAC  22 (9 HGD 

+ 13 OAC) 

Median: 45 

months 

Brush 

cytolog

y 

P16 loss HR: 1.07; 

(95% CI: 1.02-1.12) 

MYC gain HR: 1.01; 

(95% CI: 1.00-1.02) 

Aneusomy HR: 1.23; 

(95% CI: 1.06-1.43)   

Her2 gain HR: 1.02; 

(95% CI: 0.73-1.44) 

20q gain HR: 1; (95% 

CI: 0.99-1.01) 

 

0.006 

 

0.048 

 

0.008 

 

0.89 

 

0.62 

DNA FISH 
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Supplementary table 5: Reported biomarker panels of progression in Barrett’s oesophagus 

                                                           
21ML incudes derangements in 1p, 3p, 5q, 9p, 10q, 17p, 17q, 18q, 21q and 22q. 
22Adjusted for age, sex, index biopsy histology.  
23 Biomarkers include K20, Ki-67, b-catenin, p16INK4a, AMACR, p53, HER2/neu, CDX-2, CD68, NF-kBp65, COX-2, HIF1a, CD45RO and CD1a 
24Adjusted for gender, segment length, and age 
25 Chromosomal abnormalities assessed in two different probe sets: set 1 comprising CEP17, ERBB2 or Her-2/neu (17q11.2-12), p53 (17p13.1) and p16 (9p21) and set 2 
comprising CEP7, CEP17, 20q (20q13.2) and MYC (8q24.12). Measurements were based on the number of clones per cell.  

Biomarker/s Study-year-

location   

Study design Baseline 

characteristics / 

control 

No. of 

patients at 

baseline 

/controls 

Outcome 

/cases 

No. of 

progressors 

/cases 

 

Follow up  Tissue 

type 

Statistical measure  P value  Platform 

LOH and MSI in 

10 genomic loci 

expressed as 

Mutational Load 

(ML)21 

Eluri et al 

(2015), USA 

Nested case-

control  

NDBO, LGD 46 HGD or OAC  23 Mean 4 years 

for both  

FFPE  OR22: 165.8 for 

identifying cases at ML 

≥ 1. (Unadjusted OR: 

146.7). AUC: 95%  

< 0.0001 PCR and 

quantitative 

capillary 

electrophore

sis 

14 protein 

biomarkers23 

Critchley-

Thorne et al 

(2016), NL  

Nested case-

control D  

NDBO, IND or LG 145 HGD or OAC 38 Median 2.8 and 

5.5 in cases and 

controls 

FFPE HR24: 9.42; 95% CI, 

4.6–19.24 (high-risk 

vs. low-risk) 

< 0.0001 Fluorescenc

e 

immunolabe

ling 

Clonal diversity 

(two sets)25 

Martinez et al 

(2016), NL** 

Prospective 

cohort 

NDBO 320 HGD or OAC  20 Median: 43 

months 

Brush 

cytolog

y 

Probe set 1, HR: 4.0 

(95% CI 1.6 – 10.0)  

Probe set 2, HR: 4.0 

(1.7 – 9.8)  

0.0012 

0.00088 

DNA FISH 
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26 Aneusomy measured using probes for chromosomes 7 and 17. 
27 Adjusted for age & circumferential Barrett’s length. A cut-off score of 1 used, with patients were high-risk if their risk score was greater than 1. Low risk n=221, High risk 

n=207. 

** denotes population overlapping. 

28 Adjusted for age 

Abnormal 

marker count 

(P16, MYC & or 

aneusomy26) 

Timmer et al 

(2016), NL** 

Prospective 

cohort 

NDBO 428  HGD or OAC  22 (9 HGD + 

13 OAC) 

Median 45 m. Brush 

cytolog

y 

Abnormal marker 

count: HR27: 8.7 (2.6 – 

29.8) 

0.001 DNA FISH 

Expert LGD, 

abnormal DNA 

copy number 

and AOL 

Bird-Lieberman 

et al (2012), UK 

Nested case-

control 

BO 78 HGD or OAC 78 Mean:6.7 years 

(overall cohort) 

FFPE  C statistic = 0.7328  Image 

cytometry, 

IHC  

LGD, Ki67 

expression, p53 

expression & 

aneuploidy 

Sikkema et al 

(2009), NL  

Nested case-

control 

NDBO or LGD  27 HGD or OAC 27 Mean: 6.9 & 7.9 

y for cases & 

controls 

(overall)  

FFPE  HR:34.3 (95% CI: 7.2-

163)  

 Flow 

cytometry, 

IHC   

LGD, SOX2, 

Cyclin A and P53 

Van Olphen, S. 

et al (2016), NL  

Nested case-

control 

BO  584 HGD or OAC 51 Median:  3.3 & 

6.5 y for cases & 

controls (overall 

cohort) 

FFPE AUC: 0.72 (0.67-0.77)  IHC  



91 
 

Supplementary table 6: Modified ASCO quality criteria of biomarker studies 

Category  A B C D 

Element Prospective Prospective using archived 
samples 

Prospective / observational Retrospective / observational 

Clinical trial 

 

PCT designed to address marker 

 

Prospective trial not designed to 
address marker, but design 
accommodates marker utility. 
Accommodation of predictive 
marker requires PRCT 

Prospective observational registry, 
treatment and follow-up not 
dictated 

 

No prospective aspect 

 

Patients and data 

 

Prospectively enrolled, treated, and 
followed in PCT 

 

Prospectively enrolled, treated,  
and followed in PCT, or (for 
predictive marker) a PRCT 

Prospectively enrolled in registry, 
but treatment and follow-up not 
stipulated 

No prospective stipulation of 
treatment or follow-up; data 
collected retrospectively 

Specimen 
collection, 
processing, and 
archival 

 

Specimens collected, processed and 
assayed in real time 

 

Specimens collected, processed, 
and archived prospectively using 
generic SOPs. Assayed after trial 
completion 

Specimens collected, processed, 
and archived prospectively using 
generic SOPs. Assayed after trial 
completion 

Specimens collected, processed and 
archived with no prospective SOPs 

 

Statistical design 
and analysis 

 

Study powered to address marker 
question 

 

Study powered to address 
therapeutic question; 
underpowered to address marker. 
Focused analysis plan for marker 
developed before doing assays 

Study not prospectively powered. 
Retrospective design confounded 
by selection of specimens for study 
Focused analysis plan for marker 

question developed before doing  

assays 

Study not prospectively powered. 
Retrospective design confounded 
by selection of specimens for study. 

No focused analysis  plan for 

marker question  

Validation 

 

Although preferred, validation not 
required 

 

Requires one or more validation 
studies 

Requires subsequent validation 
studies 

 

Requires subsequent validation 
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Supplementary table 7: ASCO Levels of evidence 

Level of 
evidence 

Category from 
Table 3 

Validation studies available 

I A None required 

I B One or more with consistent results 

II B None or inconsistent results 

II C 2 or more with consistent results 

III C 
None or 1 with consistent results or 

inconsistent results 

IV - V D Not applicable 

 

Supplementary table 8: Sensitivity analysis excluding individual studies from meta-analysis 

 

 Pooled risk estimate 
(95% CI) 

I-squared (%) p-value 

Excluding Bird-Liebermann 6.561 (3.286-13.102) 44.2% 0.127 
Excluding Davelaar 4.329 (1.858-10.086) 79.7% 0.001 
Excluding Sikkema 6.423 (2.420-17.050) 81.0% 0.000 
Excluding Van Olphen 5.593 (1.858-16.831) 72.6% 0.006 
Excluding Weston 4.389 (1.883-10.230) 80.0% 0.001 
Excluding Younes 4.560 (2.028-10.254) 80.3% 0.000 
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Supplementary table 9: Summery of excluded studies with the main reason of exclusion 

 Reason for exclusion 

 
Study 

 
Year 

Blood 
biomarkers 

Review 
articles 

Cross-
sectional 

Duplicate 

Included 
HGD/OAC 

in the 
first 6 

months 

Too 
ambiguous, 
no full text 
is available 

Not 
relevant 
study or 
outcome 

is 
different 

Cancer 
studies 

Biomarkers 
in saliva 

No 
enough 
details 

Younes, M.; Ertan, A.; Lechago, L. V.; 
Somoano, J. R.; Lechago, J. 

1997     √      

Weston, A. P.; Sharma, P.; Mathur, S.; 
Banerjee, S.; Jafri, A. K.; Cherian, R.; 
McGregor, D.; Hassanein, R. S.; Hall, M. 

2004       √    

Werther, M.; Saure, C.; Pahl, R.; Schorr, F.; 
Ruschoff, J.; Alles, J. U.; Heinmoller, E. 

2008          √ 

Wang, L. S.; Wu, L. H.; Chang, C. J.; Li, W. 
Y.; Fahn, H. J.; Huang, M. H.; Chiu, J. H. 

1998        √   

van Lieshout, E. M. M.; Dekker, S.; 
Wobbes, T.; Jansen, Jbmj; Peters, W. H. M. 

1998 √          

van Dellen, D.; Jethwa, P.; Taniere, P.; 
Pelengaris, S.; Lqbal, T. H.; Fielding, J. W.; 
Hallissey, M. T.; Tselepis, C. 

2005      √     

Valero Torres, A.; Hoerndler, C.; Chueca, 
E.; Lozano, J. J.; Garcia Gonzalez, M. A.; 
Strunk, M.; Lanas, A.; Roche, B.; Gurrea 
Vidal, N.; Torrecilla Idoipe, N.; Piazuelo, E. 

2014      √     

Teratani, N.; Nicholson, A. M.; Atherfold, 
P.; Milicic, A.; Jankowski, J. J. A. 

2008   √        

Sonwalkar, S. A.; Rotimi, O.; Scott, N.; 
Verghese, E.; Dixon, M.; Axon, A. T.; 
Everett, S. M. 

2010   √        

Skacel, M.; Petras, R. E.; Rybicki, L. A.; 
Gramlich, T. L.; Richter, J. E.; Falk, G. W.; 
Goldblum, J. R. 

2002     √      
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Sihvo, E. I. T.; Salminen, J. T.; Rantanen, T. 
K.; Ramo, O. J.; Ahotupa, M.; Farkkila, M.; 
Auvinen, M. I.; Salo, J. A. 

2002   √        

Siahpush, S. H.; Vaughan, T. L.; Lampe, J. 
N.; Freeman, R.; Lewis, S.; Odze, R. D.; 
Blount, P. L.; Ayub, K.; Rabinovitch, P. S.; 
Reid, B. J.; Chen, C. 

2007 √          

Shariff, K. M.; Di Pietro, M.; Boerwinkle, 
D.; Liu, X.; Sirieix, P. Lao; Walker, E.; Mills, 
L.; Telakis, E.; Slininger, S.; Visser, M.; 
O'Donovan, M.; Kaye, P.; Ragunath, K.; 
Bergman, J.; Fitzgerald, R. C. 

2012   √        

Schulmann, K.; Sterian, A.; Berki, A.; Yin, J.; 
Sato, F.; Xu, Y.; Olaru, A.; Wang, S.; Mori, 
Y.; Deacu, E.; Hamilton, J.; Kan, T.; Krasna, 
M. J.; Beer, D. G.; Pepe, M. S.; Abraham, J. 
M.; Feng, Z.; Schmiegel, W.; Greenwald, B. 
D.; Meltzer, S. J. 

2005     √      

Schneider, P. M.; Casson, A. G.; Levin, B.; 
Garewal, H. S.; Hoelscher, A. H.; Becker, 
K.; Dittler, H. J.; Cleary, K. R.; Troster, M.; 
Siewert, J. R.; Roth, J. A. 

1996   √        

Sato, F.; Jin, Z.; Schulmann, K.; Wang, J.; 
Greenwald, B. D.; Ito, T.; Kan, T.; Hamilton, 
J. P.; Yang, J.; Paun, B.; David, S.; Olaru, A.; 
Cheng, Y.; Mori, Y.; Abraham, J. M.; 
Yfantis, H. G.; Wu, T. T.; Fredericksen, M. 
B.; Wang, K. K.; Canto, M.; Romero, Y.; 
Feng, Z.; Meltzer, S. J. 

2008     √      

Sanz-Ortega, J.; Hernandez, S.; Saez, M. C.; 
Sierra, E.; Sanz-Ortega, G.; Torres, A.; 
Balibrea, J. L.; Sanz-Esponera, J.; Merino, 
M. J. 

2003   √        

Saadi, A.; Das, M.; Clemons, N.; Zhang, C.; 
Tokiwa, G.; Serikawa, K.; Ferguson, M.; 
Hardwick, J. S.; Dai, H.; Fitzgerald, R. C. 

2008   √        
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Rucker-Schmidt, R. L.; Sanchez, C. A.; 
Blount, P. L.; Ayub, K.; Li, X.; Rabinovitch, 
P. S.; Reid, B. J.; Odze, R. D. 

2009       √    

Roth, J. A.; Holscher, A. H.; Schneider, P. 
M. 

1994  √         

Roesly, Heather; Khan, Mohammad; Chen, 
Hwudaurw; Narendran, NIrushan; Chen, 
Xiaoxin L.; Dvorak, Katerina 

2012   √        

Reid, B. J.; Prevo, L. J.; Galipeau, P. C.; 
Sanchez, C. A.; Longton, G.; Levine, D. S.; 
Blount, P. L.; Rabinovitch, P. S. 

2001     √      

Reid, B. J.; Blount, P. L.; Rubin, C. E.; 
Levine, D. S.; Haggitt, R. C.; Rabinovitch, P. 
S. 

1992     √      

Rabinovitch, P. S.; Reid, B. J.; Haggitt, R. C.; 
Norwood, T. H.; Rubin, C. E. 

1989        √   

Phelan, J.; McCarthy, F.; Feighery, R.; 
O'Farrell, N. J.; Lynam-Lennon, N.; Doyle, 
B.; O'Toole, D.; Kennedy, B.; Reynolds, J. 
V.; O'Sullivan, J. N. 

2014      √     

Penman, I. D.; Smith, V.; Shen, E. F.; 
Wieand, D.; Landon, T. H.; Wong, Nacs; 
Lessells, A. M.; Paterson-Brown, S.; Tang, 
J. Z.; Wu, T.; Hillan, K. J. 

2003   √        

Paterson, A. L.; O'Donovan, M.; 
Provenzano, E.; Murray, L. J.; Coleman, H. 
G.; Johnson, B. T.; McManus, D. T.; Novelli, 
M.; Lovat, L. B.; Fitzgerald, R. C. 

2013          √ 

Oukrif, D.; Butt, M. A.; Bloom, E. S.; 
Haidry, R. J.; Khan, S. U. R.; Louis-Auguste, 
J.; Eneh, V.; Rodriguez-Justo, M.; Banks, 
M. R.; Novelli, M.; Lovat, L. B. 

2013   √        

Onwuegbusi, B. A.; Fitzgerald, R. C. 2004      √     

O'Farrell, N. J.; Fox, E. J.; Feighery, R.; 
Picardo, S. L.; Casey, R.; Lynam-Lennon, 

2012      √     
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N.; Biniecka, M.; O'Sullivan, J. N.; 
Reynolds, J. V. 

Oates, B. C.; Dunn, J. R.; Campbell, F.; 
Fielding, P.; Morris, A. I.; Ellis, A.; Field, J. 
K.; Watson, A. J. M. 

2001        √   

Mokrowiecka, Anna; Wierzchniewska-
Lawska, Agnieszka; Smolarz, Beata; 
Romanowicz-Makowska, Hanna; Malecka-
Panas, Ewa 

2008   √        

Merlo, L. M.; Shah, N. A.; Li, X.; Blount, P. 
L.; Vaughan, T. L.; Reid, B. J.; Maley, C. C. 

2010     √      

Meirelles, Luciana Rodrigues de; Brito, 
Thiago Pires; Piaza, Ana Claudia Sparapani; 
Lopes, Luiz Roberto 

2012        √   

Maley, C. C.; Galipeau, P. C.; Finley, J. C.; 
Wongsurawat, V. J.; Li, X.; Sanchez, C. A.; 
Paulson, T. G.; Blount, P. L.; Risques, R. A.; 
Rabinovitch, P. S.; Reid, B. J. 

2006     √      

Maley, C. C.; Galipeau, P. C.; Li, X.; 
Sanchez, C. A.; Paulson, T. G.; Blount, P. L.; 
Reid, B. J. 

2004     √      

MacCarthy, Finbar P.; Duggan, Shane P.; 
Feighery, Ronan; Ravi, Jacintha O. 
Narayanasamy; Kelleher, Dermot; 
Reynolds, John V.; O'Toole, Dermot 

2014          √ 

Lord, R. V.; O'Grady, R.; Sheehan, C.; Field, 
A. F.; Ward, R. L. 

2000   √        

Lomo, L. C.; Blount, P. L.; Sanchez, C. A.; Li, 
X.; Galipeau, P. C.; Cowan, D. S.; Ayub, K.; 
Rabinovitch, P. S.; Reid, B. J.; Odze, R. D. 

2006       √    

Li, X.; Paulson, T. G.; Galipeau, P. C.; 
Sanchez, C. A.; Liu, K.; Kuhner, M. K.; 
Maley, C. C.; Self, S. G.; Vaughan, T. L.; 
Reid, B. J.; Blount, P. L. 

2015     √      

Li, X.; Galipeau, P. C.; Paulson, T. G.; 
Sanchez, C. A.; Arnaudo, J.; Liu, K.; Sather, 

2014        √   
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C. L.; Kostadinov, R. L.; Odze, R. D.; 
Kuhner, M. K.; Maley, C. C.; Self, S. G.; 
Vaughan, T. L.; Blount, P. L.; Reid, B. J. 

Lapertosa, G.; Baracchini, P.; Fulcheri, E. 1994       √    

Krishnadath, K. K.; Vanblankenstein, M.; 
Tilanus, H. W. 

1995   √        

Klump, B.; Hsieh, C. J.; Holzmann, K.; 
Gregor, M.; Porschen, R. 

1998     √      

Kim, R.; Clarke, M. R.; Melhem, M. F.; 
Young, M. A.; Vanbibber, M. M.; Safatle-
Ribeiro, A. V.; Ribeiro, U., Jr.; Reynolds, J. 
C. 

1997     √      

Khan, S.; Zeki, S.; Mitchell, I.; Harrison, R.; 
Dunn, L.; Leedham, S.; Barr, H.; Shepherd, 
N.; Graham, T.; Wright, N.; McDonald, S. 

2012   √        

Khan, S.; Dunn, L.; Graham, T.; Wright, N.; 
McDonals, S. 

2015        √   

Kaye, P. V.; Haider, S. A.; Ilyas, M.; James, 
P. D.; Soomro, I.; Faisal, W.; Catton, J.; 
Parsons, S. L.; Ragunath, K. 

2009     √      

Kastelein, F.; Biermann, K.; Steyerberg, E. 
W.; Verheij, J.; Kalisvaart, M.; Looijenga, L. 
H.; Stoop, H. A.; Walter, L.; Kuipers, E. J.; 
Spaander, M. C.; Bruno, M. J.; ProBar 
study, group 

2013   √        

Kastelein, F.; Biermann, K.; Steyerberg, E. 
W.; Verheij, J.; Kalisvaart, M.; Looijenga, L. 
H.; Stoop, H. A.; Walter, L.; Kuipers, E. J.; 
Spaander, M. C.; Bruno, M. J.; ProBar-
study, group 

2013   √        

Jolly, J.; Hardie, L. J.; Dixon, M. F.; Wild, C. 
P. 

2002      √     

Jin, Z.; Cheng, Y.; Gu, W.; Zheng, Y.; Sato, 
F.; Mori, Y.; Olaru, A. V.; Paun, B. C.; Yang, 
J.; Kan, T.; Ito, T.; Hamilton, J. P.; Selaru, F. 
M.; Agarwal, R.; David, S.; Abraham, J. M.; 

2009   √        
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Wolfsen, H. C.; Wallace, M. B.; Shaheen, 
N. J.; Washington, K.; Wang, J.; Canto, M. 
I.; Bhattacharyya, A.; Nelson, M. A.; 
Wagner, P. D.; Romero, Y.; Wang, K. K.; 
Feng, Z.; Sampliner, R. E.; Meltzer, S. J. 

Jethwa, P.; VanDellen, D.; Iqbal, T. H.; 
Taniere, H.; Spychal, R. T.; Tselepis, C. 

2005      √     

Hardwick, R. H.; Newcombe, P. V.; 
Moorghen, M.; Shepherd, N. A.; 
Wilkinson, S. P.; Alderson, D. 

1992      √     

Haboubi, Hasan; Rees, Benjamin; Williams, 
Lisa; Manson, James; Thornton, Cathy; 
Johnson, George; Jenkins, Gareth 

2014 √          

Gimenez, A.; Minguela, A.; de Haro, L. M.; 
Parrilla, P.; Bermejo, J.; Perez, D.; Garcia, 
A. M.; Ortiz, M. A.; Molina, J.; Alvarez, R. 

2000     √      

Galipeau, P. C.; Li, X.; Blount, P. L.; Maley, 
C. C.; Sanchez, C. A.; Odze, R. D.; Ayub, K.; 
Rabinovitch, P. S.; Vaughan, T. L.; Reid, B. 
J. 

2007     √      

Fruh, M.; Zhou, W.; Zhai, R.; Su, L.; Heist, 
R. S.; Wain, J. C.; Nishioka, N. S.; Lynch, T. 
J.; Shepherd, F. A.; Christiani, D. C.; Liu, G. 

2008 √          

Fritcher, E. G.; Brankley, S. M.; Kipp, B. R.; 
Voss, J. S.; Campion, M. B.; Morrison, L. E.; 
Legator, M. S.; Lutzke, L. S.; Wang, K. K.; 
Sebo, T. J.; Halling, K. C. 

2008   √        

Eltahir, Zakaria; Cronin, James; D'Souza, 
Francis; Baxter, John; Barry, Jim; Griffiths, 
Paul; Jenkins, Gareth 

2009      √     

Eksteen, J. A.; Scott, P. A.; Perry, I.; 
Jankowski, J. A. 

2001  √         

Dunn, J. M.; Mackenzie, G. D.; Oukrif, D.; 
Mosse, C. A.; Banks, M. R.; Thorpe, S.; 
Sasieni, P.; Bown, S. G.; Novelli, M. R.; 
Rabinovitch, P. S.; Lovat, L. B. 

2010     √      
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Dunn, J. M.; Bird-Lieberman, E. L.; 
Coleman, H. G.; Oukrif, D.; Arthur, K.; Lao-
Sirieix, P.; Murray, L.; McManus, D.; 
Novelli, M. R.; Fitzgerald, R.; Lovat, L. B.; 
Nibr Study Grp 

2011    √       

Dias, Ajoy; Garcia, CesarJ; Alfaro, Rodrigo 
J.; Majewski, Marek; Jaworski, Tomas; 
Skoczylas, Tomasz; Wallner, Grzegorz; 
Poplawski, Cezary; Sarosiek, Jerzy 

2011         √  

Cronin, James G.; Danikas, Antonios; 
McAdam, Elizabeth; Griffiths, Paul; 
Hopkins, Lynda; Tselepis, Chris; Baxter, 
John; Jenkins, Gareth J. 

2009      √     

Clemons, Nicholas; Abeyratne, Ruwani; 
Fitzgerald, Rebecca C. 

2006      √     

Clement, G.; Braunschweig, R.; Pasquier, 
N.; Bosman, F. T.; Benhattar, J. 

2006        √   

Chao, D. L.; Sanchez, C. A.; Galipeau, P. C.; 
Blount, P. L.; Paulson, T. G.; Cowan, D. S.; 
Ayub, K.; Odze, R. D.; Rabinovitch, P. S.; 
Reid, B. J. 

2008     √      

Chao, D. L.; Maley, C. C.; Wu, X.; Farrow, 
D. C.; Galipeau, P. C.; Sanchez, C. A.; 
Paulson, T. G.; Rabinovitch, P. S.; Reid, B. 
J.; Spitz, M. R.; Vaughan, T. L. 

2006 √          

Cawley, H. M.; Meltzer, S. J.; De Benedetti, 
V. M.; Hollstein, M. C.; Muehlbauer, K. R.; 
Liang, L.; Bennett, W. P.; Souza, R. F.; 
Greenwald, B. D.; Cottrell, J.; Salabes, A.; 
Bartsch, H.; Trivers, G. E. 

1998 √          

Casson, A. G.; Zheng, Z.; Evans, S. C.; 
Veugelers, P. J.; Porter, G. A.; Guernsey, D. 
L. 

2005 √          

Casson, A. G.; Manolopoulos, B.; Troster, 
M.; Kerkvliet, N.; O'Malley, F.; Inculet, R.; 
Finley, R.; Roth, J. A. 

1994   √        
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Butt, M. A.; Oukrif, D.; Haidry, R. J.; 
Rashid, M.; Khan, S. U. R.; Pye, H.; Bloom, 
E. S.; Deonarain, M.; Swallow, D.; Banks, 
M. R.; Rodriguez-Justo, M.; Novelli, M.; 
Lovat, L. B. 

2013      √     

Barrett, M. T.; Sanchez, C. A.; Prevo, L. J.; 
Wong, D. J.; Galipeau, P. C.; Paulson, T. G.; 
Rabinovitch, P. S.; Reid, B. J. 

1999       √    

Bani-Hani, K.; Martin, I. G.; Hardie, L. J.; 
Mapstone, N.; Briggs, J. A.; Forman, D.; 
Wild, C. P. 

2000     √      

Alvi, M. A.; Liu, X.; O'Donovan, M.; 
Newton, R.; Wernisch, L.; Shannon, N. B.; 
Shariff, K.; di Pietro, M.; Bergman, J. J.; 
Ragunath, K.; Fitzgerald, R. C. 

2013   √        

Ahmed, S.; Khan, A. L.; Pazmany, L.; 
Bodger, K. 

2006      √     

Ahmed, Suhail; Khan, A. L.; Pazmany, L.; 
Varro, A.; Bodger, K. 

2006      √     

Luisa F. Martinez de Haro, Angeles Ortiz, 
Pascual Parrilla,  
Vicente Munitiz, Carlos M. Martinez, 
Beatriz Revilla, David Ruiz de Angulo, 
Juan Bermejo, Jose Y´elamos, and Joaquin 
Molina. 

2012       √    

Younes M, Brown K, Lauwers GY, Ergun G, 
Meriano F, Schmulen AC, Barroso A, Ertan 
A. 

2017     √      

https://www.ncbi.nlm.nih.gov/pubmed/?term=Younes%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28226185
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brown%20K%5BAuthor%5D&cauthor=true&cauthor_uid=28226185
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lauwers%20GY%5BAuthor%5D&cauthor=true&cauthor_uid=28226185
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ergun%20G%5BAuthor%5D&cauthor=true&cauthor_uid=28226185
https://www.ncbi.nlm.nih.gov/pubmed/?term=Meriano%20F%5BAuthor%5D&cauthor=true&cauthor_uid=28226185
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schmulen%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=28226185
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barroso%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28226185
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ertan%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28226185
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ertan%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28226185


Supplementary table 10 Summary characteristics of patients included in the pilot study  

  

 

Supplementary table 11 Association between the biomarkers and gender using Chi-square test.  
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Supplementary table 12 Association between the biomarkers and age using Chi-square test. 
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Supplementary table 13 Simple regression analysis for the biomarkers 
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Supplementary table 14 Simple logistic regression analysis for the biomarkers 
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Supplementary table 15 Multinomial logistic regression analysis 

 

 

 

 

Supplementary table 16 Multinomial logistic regression analysis for the negative expression of biomarkers 
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Supplementary graph 2 Biplot graph depicting multinomial logistic regression for cyclin D1 and p53 
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Supplementary graph 3 Biplot graph depicting multinomial logistic regression analysis for negative distribution 
of the biomarkers 
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APPENDIX II 

Ethical approval, Patient information sheets and consent forms 
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                                                                                  Version 6.0, 26/01/2017 

  

Patient Information Sheet 

For Barrett’s Patients 

 

Study Title: Predictive biomarkers in patients with Barrett's oesophagus 

 

The Department of Surgery is undertaking a research project at the Royal 

Gwent Hospital and you are being invited to take part in the study.  The findings 

of this study will be written up as part of the researchers PhD qualification and 

will be read by tutors and external examiners at the University of South Wales.  

Please take time to read the following information carefully so that you can 

decide whether or not you wish to take part in the study. If you decide to take 

part, you will be given a consent form to sign, and a copy to keep. 

 

What is the study about? 

 

Barrett's oesophagus (BO) is a condition where the cells of the distal 

oesophagus (the tube leading to the stomach) grow abnormally. The oesophagus 

is the muscular tube that connects the mouth to the stomach. Barrett's 

oesophagus is not a cancer, but can develop the cancer in a very small number 

of people. Unfortunately, we still do not know who will develop the cancer and 

who will not. To diagnose Barrett’s oesophagus doctors examine the 

oesophagus using an endoscope (camera). Sample of cells (biopsies) may also 

be taken for examination in a laboratory. As part of routine medical care, BO 

patients are regularly monitored by passing an endoscope camera into the 

oesophagus (the tube leading to your stomach) and taking small pieces of tissue 

to look at under the microscope to check for early signs of cancer. This 

approach has many limitations and errors can occur resulting in misdiagnosis of 

cancer. Patients can find an endoscopy exhausting, and it is also costly. We are 

trying to find a better way of diagnosing this type of cancer early, using 

effective ways of monitoring those who may be at risk. We are investigating a 

series of tests that may help us to manage BO patients in a better way. 

As part of your routine care, four biopsies at every 2 cm are usually taken from 

the abnormality in your oesophagus. With your consent we would like to take 
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extra three tissue samples at every 2 cm of the Barrett’s segment during your 

regular follow up endoscopy in the hospital (on average, an extra 15 samples 

will be obtained for the purpose of the research project), and to run some tests 

on the specimens using specific laboratory techniques.  

 

How will I be involved? 

 

You will attend your regular previously scheduled endoscopy as usual. The only 

difference is taking extra three tissue samples at each level of your Barrett’s 

segment and three other samples from the adjacent normal oesophagus (an 

average of 15 samples in total). Ten of your extra tissue samples will be sent to 

the lab for the tests over a period of 12 months. During this period, the tissue 

samples will be kept frozen and stored in a secured environment within the 

NHS premises (in the biochemistry department at Royal Gwent Hospital). The 

remaining 5 samples will be kept frozen and stored securely for a possible 

future research which would be applied for and approved before being 

performed.   

You will continue to visit your regular follow up clinic and endoscopy as usual 

without needing extra samples.  

 

What happens to my unused tissue samples? 

 

By giving permission, most of the collected samples (i.e. 10 out of 15) will only 

be used for the current intended research. You need to make a decision whether 

you want us to use your unused tissue samples for a possible future research or 

not. It is worth mentioning that you can still take part in this study if you decide 

not to consent for your samples to be used in the future -yet unspecified- 

research. Your samples will be stored in anonymised way, and only the 

research team will be able to identify its link to you. Your samples will not be 

sold for profit and any research which uses your samples will have to be 

previously approved. There will be no clinical implications to you or your 

family in the possible future research.  

 

Do I have to take part? 
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It is up to you to decide whether or not to take part. It is completely voluntary. 

Your decision will not affect your treatment in any way. If you decide to take 

part, you are still free to withdraw at any time and without giving a reason.  

 

What are the possible benefits of taking part?  

 

By taking part you may enable us to better understand the problem of Barrett’s 

oesophagus and its relationship to oesophagus cancer, how and why it develops. 

There is no direct clinical benefit to you by participating in this study. However, 

this may help finding a potential solution to the future patients. 

 

If I decide to take part what do I have to do? 

 

Upon agreeing, you will be attending a face-to-face counselling session with the 

research consultant/nurse at a time convenient to you regarding the study prior 

to your intended endoscopy. You will have the opportunity to raise any 

questions or concerns regarding your participation. You will be offered a 

transport if needed for the counselling session, or you will be reimbursed of the 

travelling expenses. You will have enough time for yourself, your family to 

decide whether you want to be part of the study or not. You will be invited to 

sign a written consent form to show your agreement and acceptance to 

participate. 

 

What are the potential risks of taking part?  

 

As you may be aware, people with Barrett's oesophagus are advised to have 

their condition monitored by the camera scan at regular intervals. The required 

endoscopy (camera scan) for this project is part of your regular monitoring 

programme (surveillance) for the Barrett’s oesophagus you have. What is 

different is taking the extra tissues for the purpose of the study, which is not part 

of standard care, and this is of virtually of zero risks to you.  

 

Upper gastrointestinal endoscopy is classified as an invasive investigation and 

because of that it has the possibility of associated complications. These occur 

extremely infrequently; we would wish to draw your attention to them and so 
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with this information you can make your decision. The doctor who has 

requested the test will have considered this. The risks must be compared to the 

benefit of having the procedure carried out.  

The risks can be associated with the procedure itself and with administration of 

the sedation.  

For the endoscopic examination itself, the main risks are of mechanical damage 

to teeth or bridgework; perforation or tear of the lining of the stomach or 

oesophagus (risk approximately 1 in 2000 cases) and bleeding which could 

entail you being admitted to hospital. Certain cases may be treated with 

antibiotics and intravenous fluids. Perforation may require surgery to repair the 

hole. Bleeding may occur at the site of biopsy, and nearly always stops on its 

own.  

Sedation can occasionally cause problems with breathing, heart rate and blood 

pressure. If any of these problems do occur, they are normally short lived. 

Careful monitoring by a fully trained endoscopy nurse ensures that any potential 

problems can be identified and treated rapidly. Older patients and those who 

have significant health problems, for example, people with significant breathing 

difficulties due to a bad chest may be assessed by a doctor before being treated. 

The risks of taking the extra biopsies are reduced by designating the chief 

investigator (Professor Ashraf Rasheed) as the only endoscopist.  

 

Which tests will be carried out on my tissue samples?  

 

The tests include the identification of chromosomal abnormalities and 

identification of defects or changes in the DNA. In addition, we will test some 

proteins that are usually associated with the development of Barrett’s or cancer 

called her2, P53, P16 and Cyclin D. We will also test for the possible presence 

of a virus called human papilloma virus (HPV) in the Barrett’s tissue.  

You can be rest assured that there will be no harm or potential implications to 

you or your family upon carrying the above tests on your DNA.  

 

Will I be informed of the study test results?  
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You will be offered the opportunity of being informed of the results of the 

research tests. If you agree, the information regarding the results of the tests will 

be provided during a course of a further consultation and in a written format. 

Your standard of care camera scan results will be delivered separately to you as 

part of standard care.   

 

Who will see all of the information about me? 

 

All of the information about you is confidential, and only the doctor carrying 

out the research will see it. The results of the study will be presented in 

scientific meetings and to be published in scientific journals, but the information 

provided will not allow participants to be identified.  

 

Who has reviewed the study?  

 

This study has been peer reviewed and supported by Professor Hugh Barr, a UK 

leader in the field. The study had also been approved by the Aneurin Bevan 

University Health Board Research and Development Department. 

 

Is there anyone I can talk to if I have any questions or concerns about the 

study? 

 

Yes, if you have any questions, concerns, or anything that you don’t understand 

about the study, there will be a specialist nurse and a doctor available for you to 

talk to. You will also be given a telephone number, which you can ring if you 

have any concerns about any aspect of the study.  

 

Thank you  
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                                                                               Version 4.0, 26/01/2017 

  

Patient Information Sheet 

For Cancer Patients 

 

 

Study Title: Predictive biomarkers in patients with Barrett's oesophagus 

 

The Department of Surgery is undertaking a research project at the Royal 

Gwent Hospital and you are being invited to take part in the study. The findings 

of this study will be written up as part of the researchers PhD qualification and 

will be read by tutors and external examiners at the University of South Wales. 

Please take time to read the following information carefully so that you can 

decide whether or not you wish to take part in the study. If you decide to take 

part, you will be given a consent form to sign, and a copy to keep. 

 

What is the study about? 

 

Barrett's oesophagus (BO) is a condition where the cells of the distal 

oesophagus (the tube leading to the stomach) grow abnormally. The oesophagus 

is the muscular tube that connects the mouth to the stomach. Barrett's 

oesophagus is not a cancer, but can develop into cancer in a very small number 

of people. Unfortunately, we still do not know who will develop into cancer and 

who will not. To diagnose Barrett’s oesophagus doctors examine the 

oesophagus using an endoscope (camera). Sample of cells (biopsies) may also 

be taken for examination in a laboratory. As part of routine medical care, BO 

patients are regularly monitored by passing an endoscope camera into the 

oesophagus (the tube leading to your stomach) and taking small pieces of tissue 

to look at under the microscope to check for early signs of cancer. We are trying 

to find a better way of diagnosing this type of cancer early, using effective ways 

of monitoring those who may be at risk. We are investigating a series of tests 

that may help us to manage BO patients in a better way.  

As part of your routine care, you will need a further camera scan (endoscopic 

ultrasound) to assess the extent of the disease in your gullet to enable us to 
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provide you with the appropriate treatment. Normally, no further biopsies are 

obtained from your gullet during this test. With your consent, we would like to 

take two tissue samples during your endoscopic ultrasound, and to run some 

tests on the specimens using specific laboratory techniques.  

With your participation, we would be able to characterise the DNA changes in 

cancer patients, and compare the test results between cancer patients and 

Barrett’s ones. This may help us in the future to better understand why some 

Barrett’s patients develop cancer and others do not.  

 

How will I be involved? 

 

You will attend your regular previously scheduled endoscopic ultrasound as 

usual. The only difference is taking two tissue samples from your Barrett’s 

segment or the gullet mass. Tissue samples will be sent to the lab to be frozen 

and stored and then tested during the following 12 months. These samples will 

be kept in a secured environment at the biochemistry department at the Royal 

Gwent Hospital till they are tested.  

 

Do I have to take part? 

 

It is up to you to decide whether or not to take part. It is completely voluntary. 

Your decision will not affect your treatment in any way. If you decide to take 

part, you are still free to withdraw at any time and without giving a reason.  

 

What are the possible benefits of taking part?  

 

By taking part you may enable us to better understand the problem of Barrett’s 

oesophagus and its relationship to gullet cancer, how and why it develops. 

There is no direct clinical benefit to you by participating in this study. However, 

this may help finding a potential solution to the future patients.   

 

If I decide to take part what do I have to do? 

 

Upon agreeing, you will be attending a face-to-face counselling session with the 

research consultant/nurse at a time convenient to you regarding the study prior 
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to your intended endoscopy. You will have the opportunity to raise any 

questions or concerns regarding your participation. You will be offered a 

transport if needed for the counselling session, or you would be reimbursed of 

the travelling expenses. You will have enough time for yourself, your family to 

decide whether you want to be part of the study or not. You will be invited to 

sign a written consent form to show your agreement and acceptance to 

participate. 

 

What are the potential risks of taking part?  

 

The required endoscopy for this project is part of the normal stage of 

assessment of development of oesophageal cancer. The only difference, which 

is not part of regular care, is taking the tissues for the purpose of the study 

which is of virtually of zero risks to you.  

 

Upper gastrointestinal endoscopy is classified as an invasive investigation and 

because of that it has the possibility of associated complications. These occur 

extremely infrequently; we would wish to draw your attention to them and so 

with this information you can make your decision. The doctor who has 

requested the test will have considered this. The risks must be compared to the 

benefit of having the procedure carried out.  

The risks can be associated with the procedure itself and with administration of 

the sedation.  

 

For the endoscopic examination itself, the main risks are of mechanical damage 

to teeth or bridgework; perforation or tear of the lining of the stomach or 

oesophagus (risk approximately 1 in 2000 cases) and bleeding which could 

entail you being admitted to hospital. Certain cases may be treated with 

antibiotics and intravenous fluids. Perforation may require surgery to repair the 

hole. Bleeding may occur at the site of biopsy, and nearly always stops on its 

own.  

 

Sedation can occasionally cause problems with breathing, heart rate and blood 

pressure. If any of these problems do occur, they are normally short lived. 

Careful monitoring by a fully trained endoscopy nurse ensures that any potential 



118 
 

problems can be identified and treated rapidly. Older patients and those who 

have significant health problems, for example, people with significant breathing 

difficulties due to a bad chest may be assessed by a doctor before being treated. 

The risks of taking the tissue samples are reduced by designating the chief 

investigator (Professor Ashraf Rasheed) as the only endoscopist.  

 

Which tests will be carried out on my tissue samples?  

 

The tissue samples taken for the purpose of this research will be used to run 

some tests. The tests include the identification of chromosomal abnormalities 

and identification of defects or changes in the DNA. In addition, we will test 

some proteins that are usually associated with the development of Barrett’s or 

cancer called her2, P53, P16 and Cyclin D. We will also test for the possible 

presence of a virus called human papilloma virus (HPV) in the Barrett’s tissue.  

You can be rest assured that there will be no harm or potential implications to 

you or your family upon carrying the above tests on your DNA.  

 

Will I be informed of the study test results?  

 

You will be offered the opportunity of being informed of the results of the 

research tests. If you agree, the information regarding the results of the tests will 

be provided during a course of a further consultation and in a written format. 

Your standard of care camera scan results will be delivered separately to you as 

part of standard care.   

 

Who will see all of the information about me? 
 

All of the information about you is confidential, and only the doctor carrying 

out the research will see it. The results of the study will be presented in 

scientific meetings and to be published in scientific journals, but the information 

provided will not allow participants to be identified. 

 

Who has reviewed the study?  
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This study has been peer reviewed and supported by Professor Hugh Barr, a UK 

leader in the field. The study had also been approved by the Aneurin Bevan 

University Health Board Research and Development Department. 

 

Is there anyone I can talk to if I have any questions or concerns about the 

study? 

 

Yes, if you have any questions, concerns, or anything that you don’t understand 

about the study, there will be a specialist nurse and a doctor available for you to 

talk to. You will also be given a telephone number, which you can ring if you 

have any concerns about any aspect of the study.  

 

 

 

Thank you  

 

 

 

 

 

 

 

 

 

 

 



120 
 

 



121 
 

 



122 
 

APPENDIX III 

Publications, communications derived from work in this thesis 

 

1.1 PUBLISHED ABSTRACTS  

 

❖ Alastal H, Nemeth K, Rashid M, et al PTU-148 Endoscopic Surveillance in 

Dysplastic Barrett’s Oesophagus (BO)Gut 2016;65:A130. 

 

1.2 PRESENTATIONS TO LEARNED SOCIETIES 

 

❖ Biomarkers of progression from Barrett’s oesophagus to oesophageal 

adenocarcinoma: a systematic review and meta-analysis.  

2nd International symposium oesophageal cancer, Cambridge 2017.  

❖ Immunohistochemical biomarkers in Barrett’s carcinogenesis.  

Association of Upper Gastrointestinal Surgeons (AUGIS) 20th annual scientific              

meeting 

 

1.3  GRANTS GENERATED BASED ON THE WORK IN THE THESIS.  
 

❖ Tenovus Cancer iGrant: A grant of £ 30,000 to investigate biomarkers of 

progression of Barrett’s oesophagus to oesophageal adenocarcinoma.  
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