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Methods
Process

This paper uses a similar but larger and improved methodology to that published in 2012 ‘BAD CAT’ (BArretts’s Dysplasia and CAncer Taskforce) (1).  However the topic being covered is distinctly different.  Specifically the previous paper covered the management of Barrett’s esophagus (BE) with either high grade dysplasia (HGD) or locally invasive esophageal adenocarcinoma (EA)  whereas the topic being covered here excludes these areas totally.  The current paper covers the management of non-dysplastic or low grade dysplasia (LGD) in BE which is present in 2-3% of the adult population.

The specific population under consideration consisted of adults aged 18 years or older with a diagnosis of non-dysplastic BE or  LGD; but excluding those with esophagitis alone, HGD, or early EA, the latter being defined as intramucosal EA (T1m or T 1a) or superficial submucosal EA (T1sm1 or T1b).  

To develop consensus statements for non-dysplastic BE and LGD, we recruited participants from the international community, including those with specialist medical knowledge, medical practitioners, and consumers of care.  Recruitment efforts included contacting individuals who had previously expressed an interest following the publication of the Barrett’s and Dysplasia Cancer Action Taskforce (BAD CAT) consensus  an international consensus on the management of high-grade dysplasia and early-stage EA by our group, (1) advertisement on gastroenterology society web pages (World Gastroenterology Organization (WGO, AGA), and professional body meetings (International Diseases of the Esophagus (ISDE), British Society for Gastroenterology (BSG), AGA).  Recruited participants were then invited to contact other specialists by email with an invitation to participate).  The group adopted the acronym ‘BOB CAT’ (Benign Barrett’s Oesophagus and CAncer Taskforce).  Overall 150 participants from 24 countries participated, and their medical specialties included  gastroenterology clinicians and scientists, internal medicine, histopathology, epidemiology, health economics, diagnostic endoscopy, therapeutic endoscopy, advanced endoscopy, esophago-gastric, thoracic, foregut or general surgery, medical therapy, molecular pathology, medical oncology, pharmacology, systematic review methodology (including gastroenterology, oral and maxillofacial radiology), meta-analysis, GRADE evidence assessment, patient advocacy, biomarkers, genomics, allied health professionals, representatives of gastroenterology professional societies, post graduate research students.  A core group of participants who represented each medical specialty and key professional bodies was convened.  This group included people who created many of the original questions, reviewed large areas of literature, co-ordinated other authors around that topic area, and who wrote the summaries and selected the statements and that formed the body of the manuscript.  
We collected conflict of interest declarations at each stage of the process electronically both at voting and evidence appraisal rounds conducted online, and at face to face meetings.  The study did not involve human subjects or interventions and as it is a secondary analysis of published work, did not require ethics committee review, however we sought approval by the AGA and the study was overseen by its ethics committee chair (JI). 

We used a Delphi process to develop consensus statements for non-dysplastic BE and LGD.  This approach combines the principles of evidence-based medicine supported by systematic literature reviews with the use of an iterative anonymous voting process.  The software (1) permitted anonymous individual feedback and changes of views during the process, together with controlled feedback of evidence regulated by the coordinator (CB) and the consensus chair (JJ).  The Delphi process is a reliable means of determining consensus in a defined clinical area (2, 3).  The principal steps in the process were: (1) selection of the consensus group; (2) identification of areas of clinical importance (3) systematic literature reviews to identify evidence to support each statement; (4) draft statements and discussions supported by evidence specific to each statement, by panels; (5) 3 rounds of anonymous voting and feedback carried out in 2013 and 2014, followed by a further 3 rounds of statement development and post hoc in September and October 2014 (6) GRADE assessments of the strength and quality of the evidence and strength of the recommendations (4).
Panels were created by inviting participants from BAD CAT to create and join panels.  New participants were given the opportunity to join panels at each voting round. We carried out 3 rounds of repeated anonymous voting on iterations of the statements involving all authors except the co-ordinator,  and web developer (SG),  (with feedback at each round) until consensus was reached (Figure2); and (6) graded the quality of the evidence and strength of the recommendations using accepted criteria (5).
We used a specific search strategy in January 2013 of keywords, modified for use in electronic databases (MEDLINE, Medline in Process, EMBASE, Cochrane Database of Systematic Reviews, Cochrane Central) and keyword searches to find trials in process (search strategies, Methods).  Full update searches were repeated in June 2013 and newly published articles identified for search for BE in PubMed or relevant studies supporting statements and requested by participants were added to the main database up to October 2014.  In total 20,558 references (Figure 4 Flow diagram) (6)  The online system identified references programmatically sorted references using keywords using specific to each statement supplemented by user preferences for author, year of publication and keyword. Prior to the first voting round, users were able to select from this database  and the statement Chair and panel members used these bibliographies to provide evidence-based discussions to inform each statement.  The selection process was repeated at each of the five interim editing and refinement rounds i.e. before each new voting round. In this way, users identified a list of primary references specific to each statement and these were used to develop the statement discussion. Panel chairs were responsible for the final selection of evidence and editing statement discussions. were available for review and inclusion.
The initial stage was the development of statements followed by a comprehensive literature review.  Participants were assigned to panels tasked to refine the statements and develop discussions using the available literature.  Statements were prepared that described the population, the intervention or management strategy, the comparison strategy and the outcome being assessed.  When this is not stated explicitly, the population being studied is adults with non-dysplastic BE and the comparison strategy is no intervention.  Discussions were then posted online for voting and feedback to guide refinement.  Five in-person meetings were held to report and discuss the results of voting rounds, (Liverpool, San Diego, Venice, Shanghai, Berlin).  A total of 6 rounds of consensus voting were required.  The respondents were asked to choose 1 of the following for each statement; agree strongly (A+), agree with reservation (A), undecided (U), disagree (D) or disagree strongly (D+) When no strong agreement was reached, we re-phrased the statement in a negative fashion to see if this would provoke stronger agreement.  A description of any concerns about the statement was provided from the online comments of the respondents.  

Evidence-based discussions with key references were provided; it was the statement on which participants voted. 

We defined consensus as 80% of respondents strongly agree or agree with reservation.  If >50% of respondents strongly agreed with the statement, it was accepted as a measure of agreement (Figure 2).  With each round, fewer statements received less than 20% agreement, reflecting comments on the inclusion of negatively phrased statements (Figure 2).  By the final round, the number of statement receiving a neither agree nor disagree ‘null’ vote had decreased. 

We used the GRADE system (4), (5) to describe the quality of the evidence and the strength of recommendation. We used GRADE terminology rather than providing full GRADE profiles or summary of findings. The lack of effect estimates and potential selection bias inherent in the included observational studies meant that much of the evidence was low grade. 

The quality of evidence is expressed on a four point adjectival scale from high to very low.  Evidence from randomized controlled trial (RCT) data is initially given a high quality rating but is downgraded if there is unexplained clinically important heterogeneity, the study methodology has a risk of bias, the evidence is indirect, there is important uncertainty around the estimate of effect or there is evidence for publication bias.  The quality rating is rated down for each of these criteria so it is possible for RCT data to have a very low quality of evidence if several of these concerns are present.  Evidence from observational studies start at low quality, but can be rated up if the effect size is large, there is a dose response and all plausible confounding would act in the opposite direction to the effect noted.  Strength of recommendations is either weak or strong.  A strong recommendation suggests the intervention should be offered to most patients most of the time whereas a weak recommendation suggests that there is either lower quality evidence, the balance between benefits and downsides are closely balanced and/or important uncertainty about patients’ values and preferences exists. Some statements were good practice statements that we did not GRADE, that is, GRADE ratings were not applied when recommendations were considered to refer to universally accepted good practice rather than evidence based decision on two or more competing management strategies. Treatment comparisons were given one of four GRADE scores reflecting the quality of the evidence: high-, moderate-, low-, or very low-quality evidence, (4)  and we used GRADE to quantify the strength of recommendations as strong, conditional or weak (5).
Literature search

The literature search technique used for this consensus process was unique in a number of ways.  It was much more inclusive than more focused searches, and permitted inclusion of additional articles during the consensus process that might have been missed during initial searches (including newly published articles added at updates and relevant articles not indexed in electronic databases as being primarily about BE).  Before including articles for citation, the articles were reviewed by panel members and a panel chair.  This mechanism resulted in the largest number of articles ever captured in a literature review for gastrointestinal diseases.  We found that the overall quality of evidence related to the statements was low.  The consensus process resulted in a high level of consensus for many statements, which suggests that many results are appropriate for clinical application at this time.

We used a specific search strategy in January 2013 using keywords, modified for use in electronic databases (MEDLINE, Medline in Process, EMBASE, Cochrane Database of Systematic Reviews, Cochrane Central) and keyword searches to find trials in process. We updated the searches of article indexed in PubMed as ‘Barrett’s esophagus’ until October 2014.

Search strategies

Ongoing trials registers search strategy

The following search terms were used  to retrieve reports of ongoing clinical trials: Clinical trials.gov (barret*), WHO (Barrett), and ISRCTN (Barret or barrett)

Medline search strategy (modified for use in other databases)

Database: Ovid MEDLINE(R) <1946 to January Week 3 2013>

1     Barrett Esophagus/ (5623)

2     (barrett or barret or barrett's or barret's).tw.  (6622)

3     (barrett's or barret's).in.  (40)

4     1 or 2 or 3 (7358)

5     ((columnar or speciali?ed or intestinali?ed) adj4 (esophag* or oesophag*)).tw.  (682)

6     ((columnar or speciali?ed or intestinali?ed) adj4 (epitheli* or mucosa*)).tw.  (3982)

7     exp Metaplasia/ (41137)

8     metaplas*.tw.  (16437)

9     (columnar adj6 lin*).tw.  (1244)

10     lgd*.tw.  (412)

11     cello*.tw.  (5297)

12     clo.tw.  (2085)

13     goblet cell*.tw.  (6054)

14     dysplas*.tw.  (54346)

15     (precancer* or pre-cancer*).tw.  (8608)

16     (premalignan* or pre malignan*).tw.  (8558)

17     precancerous conditions/ (22807)

18     disease progression/ (88836)

19     adenocarcinoma/ (117884)

20     adenocarcinoma*.tw.  (84415)

21     or/6-20 [cell change] (366133)

22     (oesophag* or esophag*).tw.  (113076)

23     exp esophagus/ (38800)

24     or/22-23 [oesphagus] (121427)

25     21 and 24 [cell change and oesphagus] (13913)

26     4 or 5 or 25 [BO or alternative terms for BO or (cell change and oesphagus)] (16366)

27     animals/ (4997459)

28     humans/ (12532956)

29     27 and 28 (1338355)

30     27 not 29 (3659104)

31     26 not 30 (15771)

32     limit 31 to english language (13489)

33     limit 32 to yr="1990 -Current" (12047)

Results

148 participants expressed an interest in participating and were given online accounts to vote and participate in evidence reviews; 112 took part in the first voting round; 36 took no part in this round or withdrew at an early stage; 113 took part in the second voting round; 34 took no part in this round; 128 took part in voting round 3; 20 took no part in this round; and in three supplementary rounds of post hoc voting which took place in September and October 2014, 92, 82 and 76 participants took place in each post hoc voting round respectively.  Over 90% of all 128 participants who took part in the final main round voted in each question (range 92% to 100%); over 99% of all 76 participants who took part in the final supplementary round voted in each question (range 99% to 100%). 

In total, 131 supplied full details and conflict of interest statements and were included either as authors of this paper or acknowledged as members of the BOB CAT Consortium.
At registration, the voting participants identified themselves as being from 24 countries:  Australia  (2); Belgium (3); Brazil (1); China (1); Canada (3); France (3); Germany (9); Hungary (1); India (1); Iran (3); Ireland (2); Italy (7); Japan (6); Lebanon (1); Lithuania (1); Netherlands (4); Pakistan (2); Poland (2); Republic of Korea (3); Spain (1); Singapore (2); Turkey (1); United Kingdom (48); USA (41).
We reached consensus in the final rounds, (defined as 80% of respondents indicating that they agree strongly or agree with reservation), in 42/102 statements in the first three rounds of voting and 15/25 in the final post hoc voting round.  This high level of consensus was also exemplified by a post hoc analysis, where if >50% of respondents strongly agreed with the statement, it was accepted as a measure of agreement (Figure 2).  Agreement among at least 50% of respondents was achieved in 90 of 102 statements in the final round of the main voting process, and 23/25 in the final post hoc voting round. With each round in the main voting process, fewer statements received less than 20% agreement, reflecting comments on the inclusion of negatively phrased statements (Figure 2).  By the final round, the number of statement receiving a neither agree nor disagree ‘null’ vote had decreased. The core group reviewed the results and after the final round, and selected and summarized 10 key statement groups that represented key clinically relevant areas in screening, prevention, diagnosis, epidemiology, methods of surveillance, approaches to treatment, and prevention of progression to HGD and early EA in patients with BE; these appear in the main paper.  A further 34 statements, selected by the core group on the basis of clinical relevance are summarized in this appendix.  It should be noted that some of the following  statements did not achieve consensus and are presented to illustrate uncertainties and lack of available evidence. The full discussions and all the remaining statements were archived online: (http://mdpub.org/bobcat/index.php).  

We identified clinically relevant areas with a high degree of consensus and made recommendations (Figure 3).  In addition, areas in which consensus was not achieved are identified, helping to identify areas where research is needed urgently.  The issues that relate to the strength of recommendation are the quality of the balance of the risks versus the benefits of the recommendation, patients’ values and preferences and the cost of the intervention.  In our review all participants were given the opportunity to comment on the recommendations presented in this paper and any differences in opinion were resolved by discussion.

Statement agreement (statements not included in the main paper)

Screening

Screening for BE was suggested in recent guidelines (7) for high risk groups but this was not well supported by data or agreed in our consensus. We did not reach consensus over general population screening by non-endoscopic or endoscopic methods except in very selected groups that have higher risk factors for progression BE (i.e. males over 60 with a long history of GERD).  

Non-endoscopic screening methods are not useful for screening in BE.

1. Cytoscopic (cytological) sponges are not currently a proven clinical method for screening BE in the general population.  STATEMENT ENDORSED Overall agreement 92.6%. A+ 29.8%, A 62.8%, U 5%, D 2.5%, D+ 0%.; 

2. Blood tests cannot be used to screen for BE.  STATEMENT ENDORSED Overall agreement 96.7%.  A+ 55.3%, A 40.8%, U 3.3%, D 1.7%, D+ 0.8 %; 

3. Non-endoscopic tests (urine, saliva, stool or breath) cannot be used to screen for BE.  STATEMENT ENDORSED Overall agreement 96.7%. A+ 55.8%, 40.8A %, U 1.7%, D 0.8%, D+ 0.8 %.

RECOMMENDATION: we suggest against screening the general population for BE with non-endoscopic methods.  

Conditional recommendation, low quality evidence.

Endoscopic screening in the general population is not currently recommended by any medical society.  Markov models that have been created (8) have not shown an advantage to screening the general population.  The incidence of esophageal cancer is too low to warrant broad population based screening (9). It follows that non-endoscopic screening methods, given their lower sensitivity and/or specificity are not indicated.

4. Ultra thin trans-nasal endoscopy (TNE) has comparable diagnostic accuracy in specialist centers with conventional endoscopy for the detection of BE in the general population. STATEMENT NOT ENDORSED Overall agreement 58.7%. A+ 13.3%, A 45.3%, U 26.7%, D 13.3%, D 1.3%.

For population screening of BE to be an attractive proposition, the cost of endoscopy will need to be reduced, sedation eliminated with patient acceptance and be easily carried in an overall timely manner. TNE offers such a possibility and is appealing as it could be used in an ambulatory clinic setting with little or no preparation, without the need for sedation (10), (11). One-off screening with TNE has been shown to be more cost effective than standard endoscopy (SE) when evaluated in a 50 year old male with chronic reflux symptoms (12). The procedure itself is relatively easy when translated to less experienced hands and be shown to have a relatively low learning curve, with competency being achieved in fewer than 50 procedures (13). TNE has been shown in large case series to be safe, feasible and acceptable as a general screening tool with short procedure times and high success rates of 99% without the need for sedation (14). Patient acceptance has been greater when compared to SE without sedation (15) although it is still debated whether un-sedated endoscopy will have acceptance in modern society who have a cultural preference for sedation when it is offered (16), (17). A recent randomized crossover trial (18), (19) compared detection of BE in an enriched group of 82 patients (49 patients had known BE with median length of 3cm) between TNE and SE (with and without sedation). There was a high degree of concordance between TNE and SE with former only missing 1 out of 49 cases of known BE. Although there was initial doubt of the lack of histological congruence with the macroscopic appearance when investigated by (20) in their 20 cases of BE due to inadequate sampling, the Shariff et al study yielded a histological sensitivity and specificity of 91% and 100% respectively. The only other 2 previous studies (21), (22) comparing TNE to SE, in a total of 153 patients, in assessing BE showed good inter- and intra-observer agreement for intestinal metaplasia (IM) and dysplasia despite the smaller biopsy sample achieved by TNE. Newer TNE performed using a disposable sheath offers an attractive proposition as it negates the need and cost associated with decontamination, (23) however studies looking into image quality and its efficacy compared to the non-disposable TNE are required. Newer trans-nasal endoscopes all have biopsy channels. With improvement in optical chromoendoscopy (NBI & FICE), which have shown to be a potential aid in identifying both IM and dysplasia during TNE (24), (25) this technique is truly becoming a viable option for screening or even surveillance. In conclusion TNE should only be carried out in specialized centers as they are likely to have the case mix and case load to diagnose and manage patients appropriately. However further studies outside tertiary centers would have to be validated before this technique becomes generalizable. It is acknowledged that while the technology is available, the case for population screening for BE  (by any methodology) has not been made. 

5. People who have at least 2 first degree relative with BE should be considered for screening for BE or EA of the tubular esophagus, in order to detect early lesions.  STATEMENT NOT ENDORSED Overall Agreement 77.30%.  A+ 19.3%, A 58%, U 16%, D 4.2%, D+ 2.5%. 

RECOMMENDATION: we suggest against screening where there is a strong family history (two or more affected relatives), in the absence of other risk factors.  

Conditional recommendation, low quality evidence.

Although there is evidence that first degree relatives of patients with BE should be screened for reflux esophagitis, BE or EA and the assertion that “Members of multiplex (three or more affected relatives) familial BE kindreds develop EA at an earlier age compared with non-familial EA cases”, (26) consensus fell just short of the required 80% agreement.  

6. Screening for BE is justified in high risk groups (defined using composite risk factors including but not limited to, chronic, persistent and unresponsive GERD symptoms, age 50 years or older, white race, male sex, obesity and biomarkers.  STATEMENT NOT ENDORSED Overall agreement 62.8%. A+ 22.3%, A 40.5%, U 17.4%, D 16.5%, D+ 3.3%.  

7. In a patient under 60 years of age with more than 5 years of GERD symptoms, controlled with acid suppression, endoscopic screening to detect Barrett's (and thus decrease the risk of death from esophageal adenocarcinoma) is NOT recommended. STATEMENT NOT ENDORSED Overall Agreement 58.7%.  A+ 20%, A 38.7%, U 12%, D 25.3%, D+ 4%.

8. In a patient under 60 years of age with more than 5 years of GERD symptoms, poorly controlled with acid suppression, endoscopic screening to detect BE IS recommended to decrease the risk of death from esophageal adenocarcinoma. STATEMENT NOT ENDORSED Overall Agreement 72%.  A+ 13.3%, A 58.7%, U 13.3%, D 12%, D+ 2.7%.

9. Endoscopic screening for BE  is not recommended, to decrease the risk of death from esophageal adenocarcinoma, in women, over age 50, with GERD symptoms for 5 yrs. STATEMENT NOT ENDORSED Overall Agreement 66.7%.  A+ 20%, A 46.7%, U 10.7%, D 20%, D+ 2.7%.

RECOMMENDATION: we suggest against screening in individuals who fit these criteria  (high risk groups including chronic, persistent and unresponsive GERD symptoms, age 50 years or older, white race, male sex, obesity and biomarkers; under 60 years of age with more than 5 years of GERD symptoms, controlled or poorly controlled with acid suppression; in women, over age 50, with GERD symptoms for 5 yrs)

Conditional recommendation, very low quality evidence

There are no large scale randomized studies to support this strategy nor is there likely to be for some time given that the ultimate outcomes for screening, avoidance of cancer related death are very infrequent and studies would require considerable follow-up periods to demonstrate significant differences.  Screening in these circumstances and in other groups is limited to investigation and management of dyspepsia.

Endoscopic methods in confirmed BE

10. The length of BE should be measured by reference to the proximal margin of the gastric folds.  STATEMENT ENDORSED Overall agreement 92.6%.  A+35.2%, A 57.4%, U 4.1%, D 3.3%, D+ 0%.

Reference to an objective anatomical landmark, the gastroesophageal junction, is important for defining the length of BE.  This landmark, is defined as the proximal margin of the gastric folds by the Prague C & M criteria.  At present, the Prague C & M Criteria, with its definition of the gastro-esophageal junction as the proximal margin of the gastric folds, is the only one that can be regarded as an internationally accepted standard.  However, there are different definitions for this landmark  (27, 28).  In Asia, where most of the BE cases seen are less than 1 cm in length, the Japan Esophageal Society defines the gastro-esophageal junction  as the distal limit of the lower esophageal palisade vessels (29) the rate of identification of the gastro-esophageal junction was significantly higher using the Japanese criteria (95% [104/110] vs.  86% [95/110] than the Prague C & M criteria; P = 0.039).  More diagnoses of endoscopic BE were made using the Japanese (39% [43/110] vs.  26% [29/110] criteria rather than the Prague C & M criteria; P = 0.044) (additionally, the identification rate of short-segment BE (less than or equal to 10 mm) was found to be much higher with the use of the Japanese criteria, compared to the Prague C & M criteria (P = 0.035)).  While the Japanese criteria may allow ultra-short BE segments to be more consistently identified and diagnosed, the validity of the Japanese definition has been questioned in circumferential BE as one might expect that the palisade vessels would be obscured by the columnar epithelium.
, (32), (32).  In one study (33), (30).  The Prague C & M criteria are reliable in the endoscopic recognition BE segments of more than 1 cm in length (31)
Esophageal palisade vessels are not always readily apparent in Western patients, often being obscured by overlying mucosal inflammation.  A small study with American and Japanese endoscopists working on the same set of patients found that they identified the end of the palisade vessels in 87.8% (72/82) and 89.0% (73/82) of cases, respectively.  The kappa statistic for endoscopic visualization of the GEJ was 0.88 (95% confidence interval (CI) 0.73-1.00).  With training, Japanese endoscopists could also reliably identify the distal end of the esophagus using the definition described in the Prague C & M Criteria (34).

RECOMMENDATION:  we suggest that objective landmarks should be formally recorded during BE surveillance.  

Good practice recommendation.


11. The optimum number of biopsies for surveillance, using routine high definition endoscopy is ideally 2 biopsies per 1cm of BE length.  STATEMENT NOT ENDORSED Overall agreement 76%.  A+ 18.3, 2%, A 57.9%, U 15.7%, D 7.4%, D+ 0.8%.  

The above statement failed to reach 80% agreement and the GRADE quality of evidence was rated as very low, therefore we do not make a practice recommendation.

RECOMMENDATION:  strong research recommendation: to test systematic protocols for biopsy collection in particular the optimum number.

The ‘Seattle protocol (35) involves visual inspection and multiple biopsies from lesions and at 1- to 2-cm intervals throughout the BE segment.  The original Seattle protocol (35) involved the following:
1. The use of large, 9-mm open-span biopsy forceps passed through a large-channel endoscope
2. Biopsy samples were taken with the turn-and-suction technique
3. Multiple biopsy samples were obtained first from endoscopically visible lesions in the BE segment and then from the gastric body, diaphragmatic impression, hiatal hernia, and four quadrants of the BE  segment at of less than or equal to 2 cm from the region of the lower esophageal sphincter to the squamocolumnar junction.

This protocol is safe “A rigorous, systematic endoscopic biopsy protocol in patients with BE does not produce esophageal perforation or bleeding when performed by an experienced team of physicians, nurses, and technicians” and detects an increase in the detection of early neoplasia using this protocol (36),, (37).

12. The Seattle protocol is not the only tested method for randomly harvesting biopsies and for prospective follow up to detect cancer development. STATEMENT NOT ENDORSED Overall agreement 76%.  A+ 17.3%, A 58.7%, U 10.7%, D 12%, D+ 1.3%.  

The Seattle protocol has been widely adopted and shown to be safe  (35) but it must be remembered that it was originally developed to differentiate high-grade dysplasia from early adenocarcinoma. In combination with flow cytometry it was later shown to be predictive of risk for prediction of progression to cancer, (38, 39) and to detect early neoplasia  (36) Subsequently, the protocol was modified when it was shown that taking biopsies at 1 cm rather than 2 cm intervals increased the detection of early cancers in BE with high-grade dysplasia (38).

However, adherence to BE biopsy guidelines in the community is low, and non-adherence is associated with significantly decreased dysplasia detection, (40) more sampling error (41) and less efficient detection of dysplastic change (41), (42) (43). Adherence to current standard biopsy protocol (four quadrant biopsies every 2 cm) has been shown to decrease with increasing BE  length (44).
The clinical utility of the protocol per se has also been questioned. Kariv and colleagues (45) found that a protocol of 4 quadrant biopsies at 2 cm intervals was as effective as the Seattle 1 cm interval protocol in detecting cancer in HGD and Gonzalez and colleagues found that standard and large- capacity biopsy forceps obtained with non-therapeutic endoscopes produced biopsies that as adequate as those obtained with jumbo forceps (46). 
More recently, it has been proposed, though not necessarily proven, that advanced imaging methods (high-definition endoscopy, chromoendoscopy, virtual chromoendoscopy/narrow band imaging, confocal endomicroscopy, endoscopic ultrasound, endocytoscopy, autofluorescence, optical coherence tomography and molecular imaging, for example) may prove more sensitive and specific in the detection of metaplasia, dysplasia and cancer (47). For example, in an international randomized controlled trial, Sharma and colleagues showed that narrow band imaging with biopsies targeted at areas of abnormality identified by this technique was as effective as the Seattle protocol at detecting IM but required fewer biopsies and was more effective in detecting areas of dysplasia (48). In assessing the impact of the Seattle protocol the nature of the study population (GERD subjects in general, patients with BE, subjects with LGD or HGD and the goal of the exercise (to detect IM, LGD, HGD, early cancer) must be borne in mind.
For now, though its true value across these various populations and for these disparate objectives may not be definitively proven, the Seattle protocol approach to the sampling of BE with the accepted number of samples is 4 biopsies every 2cm for non-dysplastic disease. Even when random non-quadrantic biopsies are used, the optimum number still should equate with 2 biopsies per cm or 4 biopsies per 2cm. In conclusion, the Seattle protocol is not the only tested method for randomly harvesting biopsies and for prospective follow up to detect cancer development. 

13. There is no strong evidence that advanced endoscopic imaging can prognosticate in BE. STATEMENT NOT ENDORSED Overall agreement 79.2%. A+ 18.3%%, A 60.8%, U 11.7%, D 8.3%, D+ 0.8%.

We did not reach consensus over the following statements:

14. Zoom endoscopy is not superior to current standard white light endoscopy. STATEMENT NOT ENDORSED Overall agreement 67.2% A+ 17.6%%, A 49.6%, U 18.5%, D 11.8%, D+ 2.5%; 

15. There is evidence to support the use of auto-fluorescence imaging endoscopy visible and non-visible lesions in BE, in high risk populations.  STATEMENT NOT ENDORSED Overall agreement 43.2% A+ 8.5%%, A 34.7%, U 28.8%, D 22.9%, D+ 5.1%; 

16. Confocal endomicroscopy compared with standard endoscopic imaging, can be used to prognosticate progression to dysplasia and EA in BE.  STATEMENT NOT ENDORSED Overall agreement 50.4% A+ 5.9%%, A 44.5%, U 25.2%, D 22.7%, D+ 1.7%; 

17. Narrow band imaging targeted biopsies in experienced hands increases BE neoplasia yield in high risk population.  STATEMENT NOT ENDORSED Overall agreement 73.9% A+ 16.8%, A 57.1%, U 21%, D 5%, D+ 0%.
While adjunct techniques such as narrow band imaging and confocal endomicroscopy have been extensively studied, the incremental yield over high definition white light endoscopy is marginal.  For example, in a tandem endoscopy study (49) which compared standard resolution white light endoscopy to high definition endoscopy with narrow band imaging (NBI), 3 cases of HGD or mucosal carcinoma were missed by standard white light endoscopy but were detected by high definition white light endoscopy (in that study, of the 5 lesions missed by standard white light, all were detected by NBI).

RECOMMENDATION:  we do not recommend the routine use of advanced imaging.  

Good practice recommendation.  

Management strategies

Surveillance 

Decision-making on surveillance intervals was hampered by the lack of consensus on progression rates.  In our consensus there was no agreement on the following statement:

18. The annual rate of development of malignancy in unbiased populations when initial biopsies show no sign of dysplasia is around 0.1% per annum.  STATEMENT NOT ENDORSED Overall agreement 78.7%.  A+ 29.5 %, A 48.2%, U 11.5%, D 9.0%, D+ 0.8%.  
RECOMMENDATION: strong research recommendation.  More studies needed on the epidemiology and natural history of BE.

The most recent meta-analysis of the risk of  EA from 57 studies involving 11434 BE subjects without dysplasia at baseline and over 58000 patients years of follow up, suggests that the annual EA risk is 0.33% (95% CI 0.28-0.38%) (50) and 0.10% (95% CI 0.07-0.13%) (51) per year. 
 although no evidence of publication bias was reported, many of the case series included in the meta-analysis are prone to a number of other biases, particularly selection bias, and two recent large population based studies suggest that the annual EA risk in BE is significantly lower at 0.10% (95% CI 0.08-0.13%) (9)
Surveillance intervals 
In the absence of agreement on surveillance versus no surveillance for reduction of mortality from EA, we did not achieve consensus on the following two statements: 

19. Among patients with BE who have had two surveillance exams without dysplasia, subsequent endoscopic surveillance every 5 years represents the optimal balance between risk reduction for mortality from EA, risk of complication and cost.  STATEMENT NOT ENDORSED Overall agreement 60.3%.  A+14.9%, A 54.5%, U 24.0%, D 14.9%, D+0.8%.

20. Among patients with BE who have had two surveillance exams without dysplasia, subsequent endoscopic surveillance every 3-5 years represents the optimal balance between risk reduction for mortality from EA, risk of complication and cost.  STATEMENT NOT ENDORSED Overall agreement 67.8%.  A+17.4%, A 50.4%, U 21.5%, D 9.9%, D+ 0.8%.

Differential management for short or long segment BE was also not recommended in our consensus.

21. Among patients with short segments of BE (less than 3cm) without dysplasia, subsequent endoscopic surveillance every 5 years represents the optimal balance between risk reduction for mortality from EA, risk of complication and cost.  STATEMENT NOT ENDORSED Overall agreement 62%. A+16.5%, A 45.5%, U 22.3%, D 14%, D+ 1.7%

22. Among patients with long segments of BE (greater than or equal to 3cm) without dysplasia, subsequent endoscopic surveillance every 2-3 years represents the optimal balance between risk reduction for mortality from EA, risk of complication and cost.  STATEMENT NOT ENDORSED Overall agreement 56.2%. A+11.6%, A 44.6%, U 29.8%, D 13.2%, D+ 0.8%.

There are minimal data regarding whether surveillance interval recommendations should be dependent upon the length of the BE segment.  BE patients were categorized in the past as having either long-segment BE (>3cm; LSBE) or short-segment BE (<3 cm; SSBE).  Although some data in the literature support the hypothesis that LSBE carries a greater risk of progression to HGD and EA (52), the threshold BE length reportedly associated with EA has varied, though it was generally higher than 3 cm, that is, 5 cm, (53) 6 cm, (54) and 8 cm (55).  One large study, (56) and a meta-analysis (57) reported the same risk of progression for LSBE and SSBE, while meta-analyses, (50), (58)  have identified a lower incidence of progression for SSBE.  A recent prospective study found the same risk for LSBE and SSBE in non-dysplastic BE patients,  (59) but a higher risk for cases of LSBE with LGD. 

23. The decision to commence surveillance of a patient with non-dysplastic BE (to decrease the risk of death from esophageal adenocarcinoma) should not be determined solely on the basis of presence or absence of IM. STATEMENT NOT ENDORSED Overall agreement 74.7%.  A+22.7%, A 52%, U 9.3%, D 12%, D+ 4%.

24. When continuing surveillance of non dysplastic BE to decrease the risk of death due to esophageal adenocarcinoma, the presence of IM in subsequent endoscopies is not mandatory. STATEMENT NOT ENDORSED Overall agreement 72%.  A+ 21.3%, A 50.7%, U 21.3%, D 4%, D+ 2.7%.

Columnar metaplasia has to be considered as multi step process that transforms squamous epithelium into columnar epithelium. Stem cells seem to be involved in this process evolving into deep gastric glands and foveolar epithelium and at a later stage into more specialized type of epithelium representing oxyntic mucosa at one end of the line and IM at the other end. Severity and duration of reflux disease cause these metaplastic processes representing the reflux-metaplasia-dysplasia-carcinoma-sequence (60). Patients with visible esophageal columnar metaplasia on endoscopy and esophageal gastric metaplasia on biopsy are at increased risk of esophageal adenocarcinoma compared to the general population. Several publications on the background and precursor lesions of Barrett adenocarcinoma repeated consistently that adenocarcinoma arises in IM of the distal esophagus in a way that this notion becomes a central dogma of defining BE  and regarding goblet cells as a precancerous condition (61). On the contrary, the study by Bhat 2011, stated that "the risk of cancer was statistically significantly elevated in patients with vs. without SIM at index biopsy (0.38% per year vs. 0.07% per year; hazard ratio [HR] = 3.54, 95% CI = 2.09 to 6.00, P .001)". Analyzing the literature evidence indicates that it is unclear that goblet cells precede all adenocarcinomas in the distal esophagus (62). On the other hand this also implies that if goblet cells are present BE  has a risk for malignant transformation that is considered to be around 0.12 %/year but due to the low frequency this now calls into question the rationale for ongoing surveillance in any patients who have BE without dysplasia (51).

The clinical implications are not clear at the moment. No conclusive follow-up strategies can be drawn at the moment and therefore whether or not non-dysplastic BE patients are followed up with routine surveillance to decrease their risks of death from esophageal adenocarcinoma, should not be determined solely on the basis of presence or absence of IM. In conclusion, the presence of IM, is an important diagnostic feature and even though IM the presence of IM may increase a higher risk of malignancy, the decision to commence surveillance should not be determined solely on the basis of presence or absence of IM and its persistent in subsequent endoscopies is not essential when deciding whether or not to continue surveillance.

RECOMMENDATION: We make no recommendations about surveillance in non-dysplastic B, other than if surveillance is undertaken it should be targeted at higher risk individuals (see main paper)

Endoscopic therapy (Endoscopic resection (ER) and ablative therapies)

25. The number of cases required to achieve competence to perform ER is not known.  STATEMENT ENDORSED Overall agreement 85.7%.  A+ 26.1%, A 59.7%, U 10.1%, D 4.2%, D+ 0%.

RECOMMENDATION: we make no recommendations for practice until further data are available regarding numbers needed for ER training.  

Strong recommendation for research.

At present, there are no data indicating that a minimum number of cases may be required to achieve competence (defined by a low rate of adverse events and a high success rate of the ER treatment) in performing ER procedures in BE.  Recently, the Amsterdam group was able to show that learning to perform endoscopic resection of esophageal neoplasia is associated with a significant rate of complications (63).  Within a structured training program, a high rate of perforations (5%) was observed during the first 20 endoscopic resections by the different participants.  The authors concluded that the number of 20 resections may not be sufficient to reach competence in the ER technique.  

Prevention of progression

Chemoprevention with aspirin, statins or diet was not approved.  

26. Aspirin should not be used routinely to prevent progression to EA in patients with non-dysplastic BE as the true risk to benefit ratio is unknown.  STATEMENT NOT ENDORSED Overall agreement 77.5%. A+25.8%, A 51.7%, U 15.8%, D 6.7%, D+ 0%.  
We make no recommendations for practice, low quality of evidence

RECOMMENDATION: strong research recommendation.  Further data needed on the risk to benefit ratio of aspirin in patients with BE (AspECT trial)
There is no definitive evidence that aspirin use, decreases mortality from EA among patients with non-dysplastic BE, although there is some epidemiological evidence that suggests the possibility of this effect.  Case control and cohort studies, (64) demonstrate that aspirin takers have decreased esophageal cancer risks.  The evidence from these observational studies is very consistent suggesting a 20 to 30 % reduction in esophageal cancer compared with non-aspirin takers.  There are numerous deficiencies in these data.  In that not all the data from aspirin cohorts has been used; participants in these studies were not screened for the presence or absence of BE so it is unclear whether the people who benefit include the BE population; the risk/benefit ratio of taking aspirin is unclear as there is an increased risk of severe GI bleeding and hemorrhagic strokes.  

27. There is epidemiological evidence, though no current trial data, to suggest that statin use decreases risk of progression to EA in patients with BE. STATEMENT NOT ENDORSED Overall agreement 77.3%.  A+ 10.1%, A 67.2%, U 18.5%, D 4.2%, D+ 0%.

The above statement did not reach 80% agreement therefore we make no recommendations for practice.

RECOMMENDATION: research recommendation: randomized controlled trials of statins in patients with BE are required before statins can be advocated to reduce risk of malignant progression.

A meta-analysis (adjusted for confounders) of five observational studies examined the association between prior statin use and risk of progression of BE to HGD or EA.  In 312 patients with HGD/EA and 2125 patients with BE who did not progress, demonstrated prior statin use was associated with a significant reduction in risk of progression (adjusted OR 0.59, 95% CI 0.45-0.78) (65). Dose-response (66)statins cannot currently be recommended as chemotherapeutic agents in BE.
(68).  While there is some evidence that statin use may reduce the risk of malignant progression to cancer in patients with BE, (69)  relationships between statin use and risk of malignant progression have been reported but not confirmed , (66) and duration-response (67),
28. The risks of both BE and EA are inversely associated with vegetable intake.  STATEMENT NOT ENDORSED Overall agreement 73.1%.  A+11.8%, A 61.3%, U 21%, D 5.9%, D+ 0%.  
29. A diet that is high in fruits decreases esophageal cancer risk.  STATEMENT NOT ENDORSED Overall agreement 69.7%.  A+ 10.1%, A 59.7%, U 22.7%, D 7.6% D+ 0%.
RECOMMENDATION: Strong research recommendation: further controlled or epidemiological studies are required to determine the role of diet in BE and EA.

Persons with higher vegetable or fruit intakes have a lower risk of esophageal cancer (70), (71), (72).  Although the results are inconsistent.  Parallels may be drawn from one study of esophageal squamous cell cancer in which it was stated that "Independent from quantity of consumption, variety in the consumption of vegetables and fruit combined and of fruit consumption alone were statistically significantly inversely associated with the risk of carcinoma (continuous hazard ratio per 2 products increment 0.88; 95% CI 0.79-0.97 and 0.76; 95% CI 0.62-0.94, respectively)" (73). The dietary elements of vitamin C, (74) vitamin E (70) and beta-carotene (72) are associated with a decreased risk of BE, potentially explaining some of the associations with fruit and vegetable intake.  

30. Helicobacter pylori eradication does not substantially increase the risk of developing EA in BE patients.  STATEMENT NOT ENDORSED Overall agreement 79.2%.  A+ 30.0%, A 49.25%%, U 17.5%, D 3.3%, D+ 0%.
There is no evidence H. pylori eradication increases cancer risk in non-dysplastic BE.  Although H.  pylori infection has been associated with less severe manifestations of GERD, including endoscopic esophagitis, (75) suggested that a decreasing prevalence of CAgA positive H. pylori colonization in the past few decades may be partly responsible for the recent increase in EA incidence in Western countries.  Further meta-analyses (79), (80), (81) found that  H. pylori infection and BE were inversely related.  
 or make control of reflux symptoms with proton pump inhibitor (PPI) more difficult.  A meta-analysis (78) H. pylori eradication therapy does not worsen reflux and esophagitis,  (77), and has been inversely associated with risks of EA, (76)
RECOMMENDATION: We suggest against routine testing and eradication of H.  Pylori in patients with BE.

Conditional recommendation: low quality of evidence.

Risk factors in non-dysplastic and LGD BE

There are accepted risk factors in BE for progression to EA. We did not obtain consensus for these statements but given the high level of agreement and available evidence, we make a strong research recommendation to further research these factors in for their influence in of their prognosis and utility for risk stratification.
31. The risk of non-dysplastic BE progressing to dysplasia or EA is greater among current and former smokers than among non-smokers.  STATEMENT NOT ENDORSED Overall agreement 79.8%.  A+ 29%, A 50.8%, U 18.5%, D 0.8%, D+ 0.8%.
The risk of both BE and EA are associated with tobacco use, and cancer risk in the general population increases with the number of pack-years smoked  (82), (86),  (87), (88).  Cohort analyses also demonstrate that smoking is a risk factor for progression from BE to HGD or cancer, (88), (89) although this has not been found in all studies (90). Smoking has also been identified as a risk factor for recurrent BE after ablative therapy  (91).
, (83, 84).  The main question is whether the increase risk for cancer is due solely to tobacco use increasing the risk of BE or if it also increases the risk of BE progressing to EA; epidemiologic evidence suggests that both may be true, although most data relate to smoking's association with either BE or EA, rather than the risk of progression.  A meta-analysis of five community-based case-control studies, as well as cohort analyses, has demonstrated a consistent association between tobacco use and the risk of BE (85)
32. Patients with long segment BE with LGD (confirmed by at least 2 GI pathologists) have an increased risk for progression of neoplasia compared with those with short segment BE with LGD. STATEMENT NOT ENDORSED Overall agreement 78.7%.  A+ 24%, A 54.7%, U 16%, D 5.3%, D+ 0%.
The absolute risk of neoplastic progression (to HGD and/or EA) in BE  patients with LGD has been controversial. Some studies have shown none or minimal increased in risk whereas others have demonstrated significant increase in risk. For example, Wani and colleagues  (92) followed more than 200 patients with BE  and LGD for greater than 6 years (mean) and found that none of the following variables  focal vs. multi-focal, short-segment vs. long-segment (empirically defined as over 2cm), persistent over time vs. intermittent, pathological agreement, etc.) predicted histological progression. However, Thota et al.(93) did find a correlation between indicated a 6% decreased likelihood of losing dysplasia per 1 cm increase in BE length. 
RECOMMENDATION: strong research recommendation.  Test the utility of these factors for prognosis and risk stratification.

Medical and surgical therapies for prevention of progression.

33. Anti-reflux surgery cannot reliably prevent progression of BE to HGD and cancer.  STATEMENT ENDORSED Overall agreement 95.8%.  A+ 47.9%, A47.9%, U 3.4%, D 0.8%, D+ 0%.

RECOMMENDATION: we suggest against anti-reflux surgery beyond establishing reflux control in patients with BE.

Conditional recommendation, moderate evidence.

Anti-reflux surgery offers a valid alternative to PPIs in the treatment of GERD: it corrects lower esophageal sphincter failure, associated hiatal hernia, and controls abnormal gastric and duodenal reflux in 80-90% of patients.  Some cohort studies suggest that effective ant reflux surgery may reduce the risk of progression (94), (101). 
, (100) comparing anti-reflux surgery to PPI in patients with BE demonstrated a similar incidence of progression to dysplasia or cancer: 3.8 per 1000 patient-years in surgical patients and 5.3 per 1000 patient-years in the medical group, (P=0.29).  This finding was corroborated by a recent systematic review  (98).  In evaluating outcomes of controlled studies, the incidence of progression was comparable in medically (6.5 per 1000 patient-years) and surgically treated patients (4.8 per 1000 patient-years; P=0.32).  Recently it has been shown that progression to cancer after anti-reflux surgery is mainly related to late recurrence of reflux  (99), (96).  However, a meta-analysis (97), (95)
34. Medical management and fundoplication have similar efficacy in controlling symptoms in patients with BE esophagus.  STATEMENT NOT ENDORSED Overall agreement 76.5%.  A+ 19.3%, A57.1%, U 14.3%, D 8.4%, D+ 0.8%.

RECOMMENDATION: We suggest using medical therapies over surgical therapies for reflux symptom control in patients with BE.

Conditional recommendation, moderate quality of evidence

Note: patients placing a lower value on potential complications from surgery and a higher value on avoiding daily medications may opt for surgical approaches, patients should be counselled that in many cases acid suppressive therapies are still required after surgery.

Control of reflux symptoms is theoretically better when both acid and alkaline reflux are eliminated, which is accomplished more effectively by fundoplication than by medical acid suppression.  Parrilla and others conducted a randomized trial of medical versus surgical therapy for GERD in 101 BE patients and reported good or excellent results in 91% of each group at long-term follow-up (median 6 years surgical therapy, 5 years medical therapy)  (102).  No other randomized trials compared symptom outcomes in BE patients.  If symptom outcomes in GERD patients with or without BE are used as a surrogate for outcomes in BE patients, information from several randomized trials might be relevant to this statement.  There is an identified a difference in use of acid suppression medications comparing surgical (62%) to medical (92%) patients (P<0.001).  However, there were no significant differences between the groups in grade of esophagitis, frequency of requiring therapy for stricture, quality of life (SF-36 scores), and overall satisfaction with anti-reflux therapy  (103). When outcomes were compared in 101 patients, whose reflux symptoms were controlled on PPIs, who were randomized to fundoplication or continued PPI therapy, (104)  Remission rates were about 90%, and were somewhat higher for medical compared to surgical patients.  Acid regurgitation was significantly more common in the medical patients, whereas dysphagia, bloating, and flatulence were significantly more common in the surgical patients.  A meta-analysis by the US Agency for Healthcare Research and Quality compared medical anti-reflux therapy to fundoplication (107).  Fundoplication was associated with improved reflux scores and quality of life measurements.  However, serious adverse events were more common among surgical patients, who were also more often affected by complications (infection, hernia) and non-GERD symptoms including dysphagia and bloating.  The authors concluded that PPIs and fundoplication were similarly effective in improving GERD-related symptoms.  In summary, reflux symptoms may be somewhat better controlled by fundoplication but surgery is associated with symptom complexes such as bloating, dysphagia, and flatulence.  Overall symptom scores and quality of life are similar comparing surgical to medical therapy.  Surgical therapies are therefore, not more effective than medical therapies for reflux symptom control in BE.
.  Sustained symptom remission was identified in 53% of surgical and 45% of medical patients (P=0.022).  Medical patients had higher rates of heartburn and regurgitation, whereas surgical patients had higher rates of dysphagia, flatulence, impaired eructation, and inability to vomit.  General gastrointestinal symptom scores and overall well-being scores were similar between the groups.  The LOTUS trial comparing PPI to fundoplication in patients with GERD published 5 year outcomes in 2011 (106). at 3 years surgical patients had more heartburn free days and reported better SF-36 general health scores.  Gastro-esophageal reflux symptom scores and esophageal acid exposure were similar between the groups.  Symptom outcomes were reported 12 years after randomization of GERD patients to fundoplication or PPI therapy (105)
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