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Esophageal cancer is the eighth most common form of cancer, and the sixth 
leading cause of cancer death worldwide.1 In the western world the incidence of 
esophageal cancer has increased six-fold, mainly driven by the increase in the number 
of diagnosed adenocarcinomas.2 the most important risk-factor for esophageal 
adenocarcinoma is Barrett’s esophagus (BE), a pre-malignant condition in which 
the normal squamous lining of the esophagus has been replaced by columnar 
epithelium containing intestinal metaplasia (IM) as a result of chronic gastro-
esophageal reflux disease. General population data are scarce, but the prevalence of 
BE is estimated to be 1.6% in Europe, compared to estimates between 1.7%-5.6% in the 
US. Incidence rates vary between 23.1-32.7 per 100,000 person-years.3–7 malignant 
degeneration of BE is thought to occur in a step-wise fashion: from non-dysplastic 
IM, to low-grade dysplasia (LGD) then high-grade dysplasia (HGD), eventually 
resulting in invasive cancer.8,9

In recent years, endoscopic treatment has been established as the primary manage-
ment strategy over surgery, for BE patients with high-grade dysplasia or early cancers 
with a low risk of lymph-node metastasis (early BE neoplasia). Endoscopic resection 
(ER) is the cornerstone of this endoscopic treatment, as it allows for removal of 
visible lesions and accurate histological assessment of infiltration depth, differen-
tiation grade and lymph-vascular invasion, which is imperative for optimal patient 
selection.10–12 However, removal of visible lesions alone is insufficient as treatment 
for early Barrett’s neoplasia. previous studies by our group and elsewhere in Europe 
estimated the risk of developing metachronous lesions in the BE segment to be 
30% within 3 years. 13–15 Eradication of any residual Barrett’s epithelium is therefore 
recommended.10,16,17 

A decade ago, a new technique became available for eradication of residual Barrett’s 
epithelium.18 this ablation technique consists of stepwise circumferential and focal 
radiofrequency ablation (RFA) using controlled and uniform delivery of radio-
frequency energy. In 2005, our group was the first worldwide to introduce RFA in 
patients with flat high-grade dysplasia, and after prior ER of early cancer. In pilot 
studies we demonstrated that radiofrequency ablation was safe and effective for 
eradication of early neoplasia and the entire Barrett’s segment. 19–21 In this thesis 
we describe our long-term experiences with radiofrequency ablation and the 
combined treatment approach with endoscopic resection for patients with early 
Barrett’s neoplasia.

Over the last five years, our research focus of RFA has shifted towards an earlier stage 
in the metaplasia-dysplasia sequence: low-grade dysplasia in Barrett’s esophagus. 
Guidelines recommend performing endoscopic surveillance every 6 to 12 months, 
to monitor for neoplastic progression in these patients. A study by our group, 
however, indicated that in patients with LGD, neoplastic progression occurs at an 
alarming rate of 13.4% per patient year, provided that the LGD diagnosis has been 
confirmed by expert pathologists.22 We therefore speculated that endoscopic treat-
ment for low-grade dysplasia might be of clinical relevance. Large prospective trials 
from the US already confirmed that radiofrequency ablation was effective and safe 
for treatment of BE, but studies on its use for LGD were scarce and small sized. In 
this thesis we describe the results of a multicenter randomized trial comparing 
radiofrequency ablation with endoscopic surveillance in patients with a confirmed 
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diagnosis of low-grade dysplasia. In this trial-setting we further investigated the 
cost-effectiveness of ablation, and we investigated the role of an expert panel of 
pathologists in the diagnosis of low-grade dysplasia.  

the first part of this thesis describes our long-term experience with endoscopic 
treatment of high-grade dysplasia and early Barrett’s cancer, and on the technical
adaptations which have improved the technique over the past years. In Chapter 1 
and 2 we have reviewed the technical background of endoscopic resection (ER) and 
radiofrequency ablation (RFA) and their indications for use in early Barrett’s neoplasia.
In Chapter 3 we report on a prospective multicenter trial which was conducted 
in 13 European centers. In this EURO-II trial we included 132 patients who were 
treated with a combined approach of ER followed by RFA for early Barrett’s neo-
plasia. Chapter 4 describes the long-term durability of this combined use of ER and 
RFA, which was studied by evaluating patients five years after their initial treatment 
session. Until now, RFA treatment sessions always demanded much from a patient. 
RFA procedures are time-consuming and require many introductions of catheter 
and endoscope. In two randomized trials we evaluated whether efficacy and safety 
could be maintained, while simplifying the standard treatment regimen. three dif-
ferent circumferential ablation regimens are compared in Chapter 5. In Chapter 6 we 
evaluated a simplified focal ablation regimen by using patients as their own control. 

the second part of this thesis is focused on improving the diagnosis of low-grade 
dysplasia, and the clinical implications for patients in whom low-grade dysplasia is 
confirmed by an expert pathologist. In Chapter 7 we studied the validity of an expert 
pathology panel in the diagnosis of low-grade dysplasia, by relating the review 
diagnosis to long-term follow-up outcomes. to determine if patients with a con-
firmed LGD diagnosis may benefit from preventive RFA treatment, we conducted 
a multicenter randomized clinical trial. In this SURF-trial, described in Chapter 8, we 
assessed the rate of neoplastic progression in 136 patients allocated to endoscopic 
surveillance or treatment with RFA. In Chapter 9 we evaluated the cost-effectiveness 
of RFA as a primary management strategy for this group of patients.   

outlinE of this thEsis

PART I: Treatment of high-grade dy splasia and early Barrett ’s  cancer

PART II: L ow-grade dy splasia in Barrett ’s  esophagus  
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introduction

Barrett’s esophagus (BE) occurs when an abnormal, intestinal-type epithelium 
called “specialized intestinal metaplasia” replaces the stratified squamous epithelium 
that normally lines the distal esophagus. the condition develops as a consequence 
of chronic gastroesophageal reflux disease and predisposes to the development of 
adenocarcinoma of the esophagus.
  traditionally, high-grade dysplasia and intramucosal cancer arising from BE 
were treated with esophagectomy, while non-dysplastic BE and BE with low-grade 
dysplasia were managed with endoscopic surveillance. problems associated with 
these approaches included significant morbidity and mortality from esophagectomy, 
and the risk of missed or interval development of cancer in patients undergoing 
surveillance. to address these issues, less invasive endoscopic treatments have been 
developed.
  Radiofrequency ablation is an endoscopic treatment modality for eradication 
of BE. primary circumferential ablation is performed using a balloon-based bi-
polar electrode, while secondary treatment of residual BE is performed using an 
endoscope-mounted bipolar electrode on an articulated platform. Studies suggest 
that this ablation technique is highly effective in removing Barrett’s mucosa and 
associated dysplasia and in preventing progression of disease, while minimizing the 
known drawbacks of photodynamic therapy and argon plasma coagulation, such as 
esophageal stenosis and subsquamous foci of BE (“buried Barrett’s”).
  this topic will review the use of radiofrequency ablation for the treatment of 
Barrett’s esophagus. Other issues related to Barrett’s esophagus, including alternative 
treatments, are discussed separately.

VISIBle leSIoNS CoNtAININg hIgh-grADe DYSPlASIA or INtrAmUCoSAl 
CArCINomA — patients with visible abnormalities in a segment of Barrett’s 
esophagus (BE) that contains intramucosal carcinoma (IMC) or high-grade dysplasia 
(HGD) may be treated with radiofrequency ablation (RFA), but only after endoscopic 
mucosal resection (EMR) of the IMC or visible lesion.
  EMR provides a relatively large tissue specimen that allows for histopathological 
staging of a lesion, enabling selection of patients for endoscopic treatment who 
have HGD or IMC and a low risk of lymph node involvement. 1-3 patients found to 
have submucosal invading lesions on histology (>t1sm1) have a 15 to 30 percent 
risk of positive local lymph nodes and should be referred for surgery. On the other 
hand, the risk of lymph node involvement is minimal in patients with IMC, making 
these patients candidates for endoscopic management. 4-5

  A reason for combining ablative therapy with EMR is that EMR only removes a 
focal area from the BE, leaving the patient at risk for metachronous lesions arising 
from the residual Barrett’s mucosa. 6 the addition of ablative therapy to EMR helps 
overcome this limitation.
In addition to staging a lesion, EMR is also done prior to RFA to provide a flat 

indications for radiofrEQuEncy aBlation
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mucosa for RFA, which helps ensure that the ablation reaches the muscularis 
mucosae (picture 1).

flAt hIgh-grADe DYSPlASIA — patients with Barrett’s esophagus and HGD 
seem to be ideal candidates for RFA, since successful eradication of their dysplastic 
Be prevents the development of cancer. 7 however, proper patient selection is critical. 
patients should have no visible lesions, as these require endoscopic mucosal resec-
tion (EMR) for optimal staging and treatment. 
  to ensure that only patients with flat HGD are being treated with RFA mono-
therapy, several studies have required that patients undergo at least two high-reso-
lution endoscopies with four-quadrant biopsies every 1 to 2 cm within two months 
prior to RFA to exclude cancer 1,2,8. the use of RFA for flat intramucosal carcinoma 
(IMC) has only been evaluated in retrospective cohort studies. 9

picture 1 Endoscopic and histological images of long-segment Barrett’s esophagus with early cancer 

treated with a combination of endoscopic resection and radiofrequency ablation using the Barrx system.

(A) Antegrade view of Barrett’s esophagus. (B) A lesion suspicious for early cancer is noted from the 2 to 

4 o’clock positions. (C) View of the esophagus after endoscopic resection of the lesion in two pieces.

(D) Histopathological evaluation of the specimens showed a radically resected adenocarcinoma 

infiltrating the muscularis mucosae (t1m3). (E) Same area six weeks after the endoscopic resection 

showing that the wound has healed completely with scarring. (F) Esophagus after primary circumfer-

ential ablation using the Barrx360 system (two applications at 12 J/cm2). (G) Residual Barrett’s mucosa 

six weeks after prior circumferential ablation. (H) After additional focal ablation of the residual islands 

of Barrett’s mucosa, complete ablation of the Barrett’s segment was achieved.
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low-grADe DYSPlASIA  there are several arguments that favor the use of RFA for 
low-grade dysplasia (LGD) in BE:
•  A confirmed histological diagnosis of LGD in BE represents a cancer-cell phenotype 

confined to the epithelium of the esophagus. For this reason, the World Health 
organization has advised replacing the term “lgD” with the term “low-grade 
intraepithelial neoplasia.” the risk of neoplastic progression associated with 
dysplastic BE is high. In one study, patients with a consensus diagnosis of LGD had 
an 85 percent cumulative risk of progressing to high-grade dysplasia (HGD) during 
follow-up, with an annual incidence of 13.4 percent per patient per year. 10 however, 
it is important to note that in the presence of inflammation, making an accurate 
diagnosis of LGD can be difficult; thus, RFA should only be considered in cases of 
confirmed LGD.

•  Endoscopic biopsy sampling errors and inter-observer discordance between 
pathologists may erroneously downgrade a patient from HGD to LGD. treatment 
ensures that all neoplastic cells are eradicated.

•  Cost-utility models show that ablation is the preferred strategy for managing dys-
plastic BE over a wide range of conservative assumptions related to the efficacy 
of RFA. A cost-effectiveness analysis suggested that radiofrequency ablation is 
the preferred strategy for low-grade dysplasia, but only if the low-grade dysplasia 
was confirmed (ie, the diagnosis was agreed on by more than one pathologist) and 
stable (ie, LGD was seen on biopsies obtained at least six months apart). 11 

•  RFA reduces the risk of malignant progression. In a randomized trial (the SURF-trial) 
that was conducted in nine European centers with 136 patients with a confirmed 
histological diagnosis of lgD, patients were assigned to treatment or standard 
endoscopic surveillance (at 6, 12, 24, and 36 months). 12 the study was stopped after 
an interim analysis after two years of follow-up because of superiority of RFA over 
surveillance. RFA significantly reduced the risk of progression to high-grade dysplasia 
or esophageal adenocarcinoma compared with standard endoscopic surveillance 
(1.5 versus 27 percent), and RFA also significantly reduced the risk of progression to 
esophageal adenocarcinoma alone (1.5 versus 8.8 percent). the number needed to 
treat to prevent a single progression to HGD or esophageal adenocarcinoma was four. 

Given these considerations, many experts believe that the net health benefit 
(benefit minus risk) of RFA for LGD in BE is favorable, and thus RFA should be 
available to patients as a primary treatment option, provided that the diagnosis is 
confirmed by an expert pathologist and that the diagnosis has been confirmed on 
more than one occasion.

NoN-DYSPlAStIC Be  the risk of progression to cancer in patients with non-
dysplastic Barrett’s esophagus (BE) is small, and no objective markers are available 
to identify patients with an increased risk of developing cancer, though research 
looking at the risk-stratification of non-dysplastic BE has shown promising results. 
Whether to offer RFA to patients with non-dysplastic BE is highly controversial and 
is influenced by many factors. An argument against RFA in these patients is that the 
annual risk of malignant progression is low, and many patients with BE are elderly 
with significant comorbid conditions that limit their life-expectancy. Factors that 
favor treatment include the efficacy and safety profile of RFA and potential cost 
savings. For most patients with non-dysplastic BE, the net health benefit of RFA 
may be too low to justify its use. However, RFA could be considered for selected 
patients (eg, <50 years and a positive family history for esophageal adenocarcinoma).
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Radiofrequency ablation (RFA) of Barrett’s esophagus (BE) generally starts with a 
stepwise circumferential ablation procedure, followed by focal ablation for any 
residual BE (figure 1). RFA is performed using the Barrx FLEX system (previously 
HALOFLEX system), which is comprised of two distinct ablation catheters: the 
Barrx360 ablation balloon for primary circumferential RFA and the Barrx90 device 
for secondary focal RFA of BE. three alternative focal ablation devices have become 
available, the Barrx90 ULtRA, the Barrx60, and the Channel rfA device.

Figure 1 Schematic illustration of primary circumferential and secondary focal radiofrequency abla-

tion (RFA) of Barrett’s esophagus.

A) pre-treatment image of a Barrett’s segment. (B, C) the esophageal diameter is measured at 1-cm in-

tervals with a sizing balloon placed over a guidewire. (D) Introduction of the RFA balloon catheter over 

the guidewire. (E) the inflated RFA balloon positioned 1 cm above the top of the Barrett’s segment.

(F) the RFA balloon repositioned for ablation of the second zone after ablation of the first zone with 

an overlap of 1 cm with the first ablation zone. (G) Image of the treated Barrett’s segment immediately 

after the RFA ablation with visible necrosis of the superficial mucosa. (H)  Image of the healed distal 

esophagus three months after RFA treatment with regeneration with neosquamous mucosa and three 

small islands of residual Barrett’s mucosa. (I) Introduction of the endoscope with the Barrx90 cap for 

focal ablation. ( J) Ablation of the third island of Barrett’s mucosa. the necrosis caused by ablation of 

the first two islands is visible proximally. (K) Image of the distal esophagus immediately after ablation 

of the three residual islands of Barrett’s mucosa. (L) Image of the healed distal esophagus, showing 

complete regeneration with neosquamous mucosa.

aBlation procEdurEs
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CIrCUmfereNtIAl ABlAtIoN  Circumferential RFA with the Barrx360 catheter 
involves the inflation of a balloon ablation catheter within the esophagus at the site 
of the BE. the ablation catheter includes a coiled electrode array through which 
radiofrequency energy is applied, ablating the Barrett’s mucosa (picture 2). the 
Barrx360 catheter uses the Barrx FLEX energy generator (previously the HALO360 
generator was used).
•  Landmark determination – the first step in circumferential ablation is cleaning of 

the esophageal wall. In the past, this was done with 1 percent acetylcysteine and 
flushing with water to remove excessive mucus. Randomized trials have suggested 
that standard water rinses through the water jet channel of the endoscope are 
just as effective. 13 We have therefore abandoned the cleaning with acetylcysteine. 
Next, the locations of the top of the gastric folds and the proximal extent of the 
BE (including islands) are recorded for reference during the sizing and ablation 
procedures. A stiff guide-wire or metal wire is then introduced, and the endo-
scope is removed, leaving the guide-wire in place.

•  Esophageal sizing – Once the guide-wire is in place, a sizing catheter is connected 
to the Barrx FLEX generator, calibrated, and introduced over the guide-wire. 
the sizing catheter is used to measure the inner esophageal diameter prior to 
circumferential ablation. It consists of a 165-cm long shaft with 1-cm markings 
and a clear, 4-cm long non-compliant balloon at its distal end (picture 3). Upon 
activation via a footswitch, the sizing balloon is inflated to 4.3 psi (0.30 atm) by the 
generator using an integrated pressure:volume system. Based upon the baseline 
balloon volume and geometry, the mean esophageal inner diameter is calculated 
along the entire length of the 4-cm long balloon.

picture 2 Endoscopic images of a primary circumferential ablation of Barrett’s esophagus using the 

Barrx360 system

(A) Long-segment Barrett’s esophagus with high-grade dysplasia. (B) the Barrx360 catheter is intro-

duced and inflated at the upper end of the Barrett’s segment. (C) the whitish coagulum resulting from 

ablation. (D) After ablation of the whole Barrett’s segment and cleaning of the electrode and ablation 

zone, the catheter is reintroduced for a second ablation pass. (E) the second ablation pass results in a 

tan-colored ablation zone. (F) treatment effect after two circumferential ablation passes.
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the sizing procedure can be performed as a “blind” procedure, using the 1-cm scale 
on the catheter shaft for reference. For the first measurement, the distal end of the 
balloon is placed 6 cm above the proximal extent of the Barrett’s mucosa. After the 
first measurement cycle, the catheter is advanced 1 cm, and the sizing process is 
repeated. this sequence is reiterated until an increase in measured diameter indi-
cates the transition into a hiatal hernia or the stomach.
•  Ablation catheter selection – Based on the esophageal inner diameter measure-

ments, an appropriate Barrx360 ablation catheter is selected. the Barrx360 ablation 
catheter consists of a 165-cm long shaft with a balloon at its distal end that con-
tains a 3-cm long bipolar electrode. the electrode contains 60 electrode rings that 
alternate in polarity and completely encircle the balloon (figure 2). the ablation cath-
eter is available in five outer diameters (18, 22, 25, 28, and 31 mm once inflated).

Figure 2 Barrx360 ablation catheter

picture 3 Barrx360 sizing balloon

the outer diameter of the ablation balloon should be smaller than the narrowest 
measured esophageal diameter. In patients who underwent prior EMR, the ablation 
catheter should be selected conservatively (by taking an additional step down), keep-
ing in mind that the sizing balloon calculates a mean inner diameter over a length 
of 4 cm, which might result in an overestimation of the esophageal inner diameter 
at the site of an EMR scar. For example, if the smallest measured diameter is 30 mm, 
a 28-mm balloon would be appropriate in a patient who had not undergone EMR, 
whereas a 25-mm balloon would be chosen for a patient who had undergone EMR. 2 
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•   Ablation regimens – two different ablation regimens for circumferential abla-
tion are currently in use. the standard ablation regimen, consisting of two double 
applications of 12 J/cm2 with a cleaning phase in between is the most widely used 
regimen and has been studied extensively. A simplified regimen without a cleaning 
phase has been proposed.

•  “Standard circumferential ablation” – the ablation catheter is introduced over the 
guide-wire, followed by the endoscope, which is advanced alongside the ablation 
catheter. Under endoscopic visualization, the proximal margin of the electrode is 
placed 1 cm above the most proximal extent of the BE.

        the ablation catheter is then inflated to 3 psi. Upon activation, radiofrequency 
(RF) energy is delivered to the electrode. Energy delivery typically lasts less 
than 1.5 seconds, after which the balloon automatically deflates. Moving distally, 
the balloon is repositioned, allowing a small amount of overlap with the previous 
ablation zone (5 to 10 mm). Ablation is repeated until the entire length of BE has 
received one application of radiofrequency energy. We treat the entire BE segment 
in a single session, irrespective of its length.

        After the entire length of BE has undergone one ablation cycle, the guide-
wire, ablation catheter, and endoscope are removed. Once outside the patient, 
the catheter is inflated and any adherent coagulum on the electrode surface is 
removed using wet gauze. A soft distal attachment cap is then fitted on the tip of 
the endoscope, and the scope is reintroduced into the patient. the soft extending 
rim of the cap is used to gently slough off the coagulum from the esophageal wall in 
the ablation zone. After most of the coagulum has been removed with the cap, force-
ful spraying of water through a spraying catheter using a high-pressure pistol can 
be used to wash off residual coagulum. Although the cleaning procedure requires 
extra procedure time, previous studies suggested that it increases the efficacy of 
the ablation. 1,2,14

        After the cleaning procedure, the entire length of BE is ablated again using 
the same energy settings. A circumferential ablation treatment using the Barrx360 
catheter takes approximately 30 to 40 minutes, depending on the length of the BE.

        We would advise using the standard regimen in patients with a complex or 
tortuous Barrett’s esophagus (eg, a relative stenosis, narrowing at the ER site). the 
cleaning step of the standard regimen is a good way to assess the completeness of 
the first ablation pass and allows for necessary adjustments of the balloon position 
to treat skipped zones.

•  “Simplified circumferential ablation” – A randomized trial demonstrated that 
circumferential radiofrequency ablation is easier and faster, but equally safe and 
effective, when the cleaning phase between ablations is omitted.13 By omitting the 
cleaning phase, the procedure time was reduced to 25 minutes. At three months 
after the circumferential ablation, the percentage of Barrett’s surface regression 
did not differ significantly between those who underwent a simplified ablation 
and those who underwent a standard ablation. In addition, complete eradication 
of neoplasia and intestinal metaplasia was similar in the two groups (100 and 90 
percent, respectively).

     Based on these results, we omit the cleaning phase between circumferential 
ablations in patients with uncomplicated Barrett’s esophagus (without scarring or 
stenosis).

•  Follow-up circumferential ablation – twelve weeks after the first circumferential 
ablation treatment, patients undergo a follow-up endoscopy, and additional 
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therapy is carried out if needed. A circumferential ablation is performed if:
   - there is residual circumferential BE measuring 2 cm or more
   - there are multiple islands or tongues of BE
•  Follow-up focal ablation – At the 12-week follow-up endoscopy, patients are 

treated with secondary focal ablation using the Barrx90 catheter for:
   - Residual BE with a circumferential extent of less than 2 cm
   - Circular treatment of the Z-line (at least once)
   - Small tongues of BE
   - Scattered islands of Be

foCAl ABlAtIoN  Focal RFA with the Barrx90 catheter also uses radiofrequency 
energy to ablate small areas of BE. For focal ablation, the electric current is delivered 
through an electrode array attached to the end of the endoscope (picture 4).
  the electrode array is mounted on an articulated platform (figure 3), allowing 
the electrode to move front-to-back and left-to-right, ensuring optimal tissue con-
tact. It can be attached with a flexible strap to the distal end of any endoscope with 
a diameter of 8.6 mm to 12.8 mm without impairing endoscopic view or function. 
the electrode array is 20.6 mm long and 13.2 mm wide with an active electrode-
surface of 20 mm x 13 mm.

picture 4 Endoscopic images of a focal ablation procedure for residual Barrett’s esophagus using the 

Barrx90 system

(A) Antegrade view of an esophagus that had contained long-segment Barrett’s esophagus, six weeks after 

primary circumferential ablation. (B) Residual islands of Barrett’s mucosa. (C) Corresponding image using 

narrow band imaging. (D) Ablation effect immediately after treatment with the Barrx90 system. the distal 

end of the catheter is visible at the 12 o’clock position in the endoscopic field. (E) Endoscopic appearance 

after the first ablation pass (two applications of 15 J/cm2) and cleaning of the ablation zones. (F) After the 

second ablation pass, the ablation zones have a tan-colored appearance.
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the FLEX generator is used for both circumferential (Barrx360) and focal RFA. the first 
generation hAlo90 energy generator is used only with the Barrx90 catheter.
•  Electrode introduction – the Barrx90 electrode array fits on the tip of the endo-

scope and is placed at the 12 o’clock position in the endoscopic video image.
•  the device and endoscope are then introduced under visual guidance. When the 

laryngeal cavity is seen, the tip of the endoscope is deflected slightly downward. 
the endoscope is gently advanced into the esophagus, passing the leading edge of 
the catheter behind the arytenoids.

        In about 10 percent of cases, introducing the electrode array may prove dif-
ficult. In those cases, a Zenker’s diverticulum should be excluded. Introduction 
of the device should never be forced due to the risk of perforation. In these cases, 
we will sometimes blindly pass a biopsy forceps or the spraying catheter into the 
esophagus to guide the endoscope into the proximal esophagus. In difficult cases, 
a CRE-balloon may be used to open the upper esophageal sphincter by manually 
inflating the balloon to a low pressure and then advancing the endoscope and 
Barrx90 device along with the balloon.

•  “Standard focal ablation” – Residual Barrett’s epithelium is positioned at the 12 
o’clock position in the endoscopic video image, corresponding to the position 
of the electrode. the electrode is brought into close contact with the mucosa, 
deflected upward, and activated. 

        Without separating the electrode from the esophageal wall, the electrode array is 
immediately activated a second time, resulting in a “double” application of radio-
frequency energy at 15 J/cm2.

        After all residual BE has been ablated, the coagulum is carefully pushed off the 
esophageal wall with the leading edge of the electrode array. the electrode surface 
is then cleaned outside the patient. Finally, the ablation zone in the esophagus is 
rinsed with a spraying catheter and pressure pistol, as described above. 

•  Using the ablation zones from the first ablation pass as a guide, all ablated areas 
are treated with a second “double” application of radiofrequency energy at 15 J/
cm2 (for a total of four applications).

     In addition to treatment of any visually apparent BE, ablation of the entire Z-line 
is recommended (even if no clear tongues of BE are observed) to ensure eradication 
of all BE at the gastroesophageal junction (picture 5).15

•  “Simplified focal ablation” – In a randomized trial, the standard treatment regimen 

Figure 3 Barrx90 ablation catheter
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was compared with a simplified regimen consisting of three applications of RF 
energy at 15 J/cm2, without a cleaning phase in between. 16 this procedure requires 
only a single introduction of the Barrx90 electrode. In 41 patients, the efficacy of 
both regimens was compared in pairs of Be areas or islands. three applications of 
radiofrequency energy at 15 J/cm2 were non-inferior to the standard regimen for 
treatment of smaller Be areas.

   potential indications for this simplified procedure are small residual islands, or in 
patients in whom introduction of the endoscope and the Barrx90 electrode is dif-
ficult. However, the triple-application has not been evaluated over larger surface 
areas and may in theory induce stenosis when applied on a larger scale. For this 
reason, we currently use three applications of 12 J/cm2 as our standard regimen.

New ABlAtIoN DeVICeS  three new ablation catheters have been added to the 
Barrx FLEX system: the Barrx90 Ultra catheter, the Barrx60 catheter, and a channel 
RFA device that can be advanced through the scope. All three catheters can be used 
alongside the Barrx90 catheter for secondary focal RFA of BE; however, no studies 
have yet evaluated the use of these devices in clinical practice. Recommendations 
for the use of these catheters are therefore based on previous experiences with the 
Barrx90 device:

picture 5 Endoscopic appearance of targeted ablation of the entire esophageal circumference for 

Barrett’s esophagus at the top of the gastric folds using the Barrx90 system

(A, B) High-resolution white light inspection of the neosquamocolumnar junction after primary circum-

ferential ablation. Differentiating Barrett’s mucosa from cardia mucosa can be difficult. (C) Corresponding 

image with narrow band imaging. (D) to ensure eradication of all intestinal metaplasia at the top of the 

gastric folds, the entire circumference is ablated using the Barrx90 system. After the first ablation pass, 

whitish coagulum can be seen. (E, F) After cleaning of the ablation zone and electrode surface, the 

entire neosquamocolumnar junction is ablated a second time.
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•  Barrx90 Ultra device – the electrode array is mounted on an articulated platform 
in a similar way as the Barrx90 device, allowing the electrode to move front-to-
back and left-to-right, ensuring optimal tissue contact. It can be attached with 
a flexible strap to the distal end of any endoscope with a recommended diam-
eter of 8.6 mm to 9.8 mm without impairing endoscopic view or function. the 
electrode array is 40 mm long and 13 mm wide with an active electrode-surface 
area of 520 mm2, resulting in a 200 percent larger electrode surface as compared 
with the regular Barrx90 device. the Barrx90 Ultra is less well evaluated in terms of 
energy settings and safety when compared with the Barrx90 device.

        to prevent potential stenosis after focal ablation, the recommended treatment 
regimen consists of two double applications of RF energy at 12 J/cm2,which has 
been studied extensively since the introduction of the Barrx90 device. 17 An alternative 
regimen for the Barrx90 Ultra device consists of three applications of 12 J/cm2. Patients 
can be treated with secondary focal ablation using the Barrx90 Ultra device if there 
are large tongues of residual BE or if there is short segment BE.

•  Barrx60 device – the electrode array is mounted on an articulated platform in a 
similar way as the Barrx90 device, allowing the electrode to move front-to-back 
and left-to-right, ensuring optimal tissue contact. It can be attached with a flexible 
strap to the distal end of any endoscope with a recommended diameter of 8.6 mm 
to 9.8 mm. the electrode array is 15 mm long and 10 mm wide; as a result, the active 
electrode surface area is 60 percent of the surface area of the Barrx90 device.

        the recommended treatment regimen consists of two double applications of 
energy at 15 J/cm2 or three applications of 12 J/cm2. Patients can be treated with 
the Barrx60 device for small islands of Be in the presence of a stenosis.

•  Channel RFA device – the channel device is a through-the-scope device and fits 
through the working channel of an endoscope with a recommended diameter of 
2.8 mm or larger. the design of the shaft provides catheter maneuverability, and 
the translucence of the device provides visibility. the electrode array is 15.7 mm 
long and 7.5 mm wide and has approximately the same active electrode surface 
area as the Barrx60 device. Since the channel device has only been tested in animal 
studies, the recommended treatment regimen consists of two double applica-
tions of energy at 15J/cm2 with cleaning, or three applications of 12 J/cm2.

PoSt-treAtmeNt CAre  After RFA, acid suppressive therapy is important, not 
only to minimize patient discomfort, but also to allow the esophagus to heal 
optimally and regenerate with squamous epithelium. Studies suggest that ongoing 
gastroesophageal reflux has an adverse effect on treatment outcome. 18,19 All patients 
should, therefore, receive high-dose proton pump inhibitors as maintenance therapy. 
In addition, extra acid suppression after each treatment session is advisable. We 
prescribe all patients esomeprazole 40 mg twice daily, supplemented with raniti-
dine 300 mg at bedtime, and sucralfate suspension (5 mL of a 200 mg/mL suspension) 
four times a day for two weeks after each ablation session. 18,19 the proton pump 
inhibitor is continued as maintenance therapy.
  After RFA, patients should adhere to a liquid diet for 24 hours. After 24 hours, pa-
tients may gradually advance to a soft and then normal diet at their own discretion, 
generally guided by their symptoms. patients may experience symptoms of chest 
discomfort, sore throat, difficulty or pain with swallowing,and/or nausea, which 
usually improve daily.
  For patients who have pain following the procedure, acetaminophen 500 to 
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1000 mg up to four times per day may be given as needed. Acetaminophen can be 
supplemented with diclofenac supplements 50 mg up to twice daily if the acetamino-
phen does not provide adequate relief. Other analgesic regimens include an ant-
acid/lidocaine slurry and liquid acetaminophen with or without codeine. Some 
patients may also require antiemetic medication.
  for patients presenting with severe chest pain and fever following their proce-
dures, observation and conservative management with maximal acid suppression 
and an analgesic regimen will usually suffice. Only in rare cases, when there is a clear 
suspicion of severe complications, is additional testing (eg, computed tomography) 
required.

the efficacy of radiofrequency ablation (RFA) has been studied in porcine models, 
pre-esophagectomy human subjects, and human subjects undergoing surveillance 
for Barrett’s esophagus (BE). Because the focal ablation device became available after 
the circumferential device, earlier studies focused on outcomes of circumferential 
RFA alone. More recent trials have included a stepwise approach of circumferential 
and focal RFA, as well as combining endoscopic mucosal resection with RFA.
  Evidence from a number of well-designed studies, including a randomized, 
sham-controlled trial, suggests that RFA is highly effective at removing all BE at 
both the endoscopic and histologic level with a favorable safety profile. Although 
long-term follow-up studies are still limited, the five-year follow-up data suggest 
that eradication of the Barrett’s mucosa is maintained in more than 90 percent of 
patients. In addition, studies of the properties of the neosquamous mucosa that 
regenerates after RFA show the absence of the pre-existing oncogenetic abnormalities, 
suggesting a permanent transition to a low-risk epithelium.

ERADICAtION OF NON-DySpLAStIC BARREtt’S MUCOSA  Studies have shown 
that rfA is effective for eradicating Be: 17,20-23

 •  In a series that included 448 patients with Barrett’s esophagus with variable de-
grees of dysplasia, complete remission was achieved in 26 percent of patients by 
one year, 56 percent of patients by two years, and 71 percent of patients by three 
years. 20 this study was not performed in expert centers and therefore reflects the 
results of RFA in a community setting. the study lacks a strict ablation protocol, as 
ablation could be stopped before complete endoscopic and histological eradication 
of BE was achieved, with a mean of 0.9 cm residual BE after treatment.

        the incidence of recurrence two years after achieving complete remission 
was 33 percent, 78 percent of which were non-dysplastic. It should be noted that in 
this study, complete remission was defined as the absence of intestinal metaplasia 
from both esophageal and gastro-esophageal junction biopsies. Similarly, recurrence 
included isolated intestinal metaplasia of the cardia/gastro-esophageal junction, and 
this accounted for almost half of the reported recurrences.

 •  In the Ablation of Intestinal Metaplasia trial-II (AIM-II) trial, complete eradication 
of Barrett’s mucosa at 12 months was achieved in 48 out of 70 subjects (70 percent) 
with non-dysplastic BE using only the Barrx system for circumferential ablation. 21

Efficacy
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 •  In a follow-up study, the Barrx device was used for additional ablation in patients 
from the AIM-II trial who had residual BE. 17 At 30-month follow-up, complete 
remission of BE was found in 97 percent of patients by intention to treat analysis. 
None of the patients presented with esophageal stenosis and no buried Barrett’s 
glands were found in any of the more than 4000 biopsies obtained during follow-up. 

 •  Fifty of the patients who had complete remission of BE at 30 months in the AIM-
II trial were reevaluated at five years. 22 Complete remission of BE was noted in 46 
patients (92 percent), whereas four patients (8 percent) had focal nondysplastic 
BE. the four patients with nondysplastic BE were all successfully treated with a 
single session of focal rfA.

effeCt oN DYSPlAStIC Be  rfA has been shown to decrease the risk of malignant 
progression in patients with dysplastic BE. RFA eradicates all Barrett’s mucosa in 66 
to 100 percent of patients and eradicates dysplasia in 79 to 100 percent. 1,2,7,8,24-32 In a 
meta-analysis of 20 studies, complete eradication of dysplastic Barrett’s mucosa was 
achieved in 91 percent of patients. 33 Similarly, in a systematic review that included 
12 studies of RFA for the eradication of high-grade dysplasia (HGD) or early cancer 
(EC) in patients with BE, RFA (preceded by endoscopic resection of nodular disease 
if necessary) resulted in eradication of HGD or EC in 92 percent and complete 
eradication of BE in 88 percent. 34 
Some of the largest trials showed the following:
 •  For ablation of BE in patients with low-grade dysplasia (LGD) or HGD, the stron-

gest evidence that RFA reduces the risk of malignant progression comes from a 
randomized sham-controlled trial (the AIM-dysplasia trial) that was conducted in 
19 United States centers and included 127 patients.7 Patients in the treatment arm 
could receive up to four treatments during the first year. At one-year follow-up, 
significantly higher proportions of RFA subjects had achieved complete remission 
for dysplasia and intestinal metaplasia compared with sham treated patients. In 
the HGD group, 81 percent of the patients who received RFA were free of dysplasia, 
compared with 19 percent of those who received sham therapy in an intention-
to-treat analysis. In the LGD group, the rates were 90 and 23 percent, respectively. 
Overall, the rate of progression to higher grades of dysplasia or cancer was signifi-
cantly lower in the RFA group than in the sham group (4 versus 16 percent).

           patients who were initially assigned to the sham group were offered RFA after 
one year, and in total, 119 patients were treated with RFA. 28 rfA was repeated at 15 
months in patients who failed to achieve complete eradication of intestinal meta-
plasia at one year. In total, at the start of the follow-up period, there was complete 
eradication of dysplasia in 110 patients (92 percent) and eradication of intestinal 
metaplasia in 108 patients (91 percent). two-year follow-up data were available 
for 106 patients. After two years of follow-up, 101 of 106 patients (95 percent) had 
complete eradication of dysplasia, including 50 of 54 patients (93 percent) with 
HGD and 51 of 52 patients (98 percent) with LGD. Eradication of intestinal meta-
plasia was seen in 99 of 106 patients (93 percent), including 48 of 54 patients (89 
percent) with HGD and 51 of 52 patients (98 percent) with LGD. With no additional 
therapy, more than 85 percent of patients with HGD or LGD who were free of 
dysplasia at the start of follow-up were free of dysplasia after a mean of three 
years. Similarly, more than 75 percent of patients were free of intestinal metaplasia. 
Cancer developed in two patients (one with LGD and one with HGD), for an annual 
cancer risk of 0.55 percent.
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 •  A large, European randomized trial (SURF-trial) further demonstrated that RFA 
reduces the risk of malignant progression among patients with a confirmed 
diagnosis of low-grade dysplasia in BE. the trial was conducted in nine centers 
and included 136 patients: 68 patients were allocated to RFA (ablation) and 68 pa-
tients were allocated to surveillance (control). patients in the ablation arm could 
receive up to five treatment sessions in the first year and were followed annually 
thereafter. patients in the control arm were seen at 6, 12, 24 and 36 months. the 
trial was stopped after all patients were followed for at least 24 months (instead 
of the projected 36 months) due to superiority of ablation over surveillance. Abla-
tion significantly reduced the risk of progression to HGD or cancer (1.5 versus 27 
percent), and ablation also significantly reduced the risk of progression to cancer 
alone (1.5 versus 8.8 percent). 12

        In the ablation arm, 93 percent of the patients were free of dysplasia, and 88 
percent of patients were free of intestinal metaplasia after treatment. this was 
maintained during follow-up in 98 percent and 90 percent of patients, respective-
ly. In the control arm, 28 percent of patients were free of dysplasia during follow-
up, and 0 percent of patients were free of intestinal metaplasia. All recurrences in 
the ablation arm were small islands or tongues less than 10 mm and were effec-
tively managed endoscopically. 12

 •  In a community-based study, 429 patients (primarily with non-dysplastic BE) 
underwent RFA using a stepwise approach with both circumferential and focal 
rfA.29 Follow-up biopsies were obtained in 338 patients. In the patients who had 
follow-up biopsies, BE was eradicated in 72 percent, and dysplasia was eradicated 
in 89 percent (median of follow-up of nine months). Safety data were available for 
all 429 patients. there were no serious adverse events or deaths, and strictures 
occurred in 2 percent of the patients.

        One year follow-up data were available for 137 patients (32 percent). In that 
cohort, the BE and dysplasia eradication rates were 77 and 100 percent, respectively 
(median follow-up of 20 months). However, given the large number of patients 
who lacked long-term follow-up, these results should be viewed with caution.

 •  In a cohort study from the Netherlands, 54 patients with HGD or EC were followed 
for five years after RFA.15 Seventy-two percent of patients in this study were treated 
with endoscopic resection prior to RFA. Follow-up biopsies were obtained in 54 
patients and after five years, endoscopic ultrasound and endoscopic resection of 
neosquamous epithelium were performed. Quality of follow-up was ensured by 
using a rigorous and unique follow-up protocol, with high-resolution endoscopy 
scheduled at pre-defined time points, and by obtaining a large number of samples 
(both biopsies and endoscopic resection specimens). Kaplan-Meier analysis 
demonstrated sustained eradication of dysplasia and intestinal metaplasia in more 
than 90 percent of patients after five years of follow-up.

 •  In a prospective cohort study that included 63 patients with LGD and HGD, after 
a median follow-up of 24 months, 79 percent of patients were free of BE, and 
89 percent were free of dysplasia. 24 For the subset of 39 patients with LGD, 87 
percent were free of BE, and 95 percent were free of dysplasia; whereas for the 
subset of 24 patients with HGD, the rates were 67 and 79 percent, respectively.

 •  A retrospective series examined 112 patients with dysplastic BE who had complete 
eradication of dysplasia and intestinal metaplasia following RFA and were then 
followed with endoscopic surveillance for a median of 397 days (13.3 months).30 
Disease recurrence was seen in eight patients (7 percent) and included progres-
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sion to intramucosal cancer (one patient), progression to esophageal adenocarci-
noma (two patients), HGD (one patient), LGD (one patients), and nondysplastic BE 
(three patients).

ComBININg eNDoSCoPIC mUCoSAl reSeCtIoN AND rfA for hIgh-grADe 
DYSPlASIA AND INtrAmUCoSAl CArCINomA  Patients with visible abnormali-
ties in a segment of Barrett’s esophagus (BE) that contains intramucosal carcinoma 
(IMC) or high-grade dysplasia (HGD) may be treated with radiofrequency ablation 
(RFA), but only after endoscopic resection of the IMC or visible lesion. 
  there is concern that patients undergoing RFA following endoscopic resection 
may be at increased risk for complications. However, one study with 90 patients 
(44 who underwent RFA following endoscopic resection and 46 who only underwent 
RFA) did not find a difference in the rate of stricture formation between the groups.35 
patients who underwent RFA following endoscopic resection had a stricture rate 
of 14 percent, compared with 9 percent for those who underwent RFA alone (odds 
ratio 1.53; 95% confidence interval 0.26-9.74).
  An advantage of rfA over other ablation methods is that it does not appear to 
interfere with subsequent endoscopic resection for residual lesions. Studies sug-
gest that it is possible to resect areas of Barrett’s mucosa that persist after multiple 
RFA sessions using the ligate-and-cut technique, without the need for submucosal 
lifting.2,8 Other endoscopic ablation techniques typically result in submucosal scarring, 
which complicates subsequent treatment with endoscopic resection.
  the ability to perform endoscopic resection for residual dysplastic tissue may 
explain the higher success rates in studies that incorporated endoscopic resection for 
residual BE (83 to 100 percent) compared with other RFA studies that did not.21,24,36

EFFECt ON QUALIty OF LIFE — patients in the AIM-dysplasia trial were also 
evaluated to see if RFA had an effect on their quality of life. 37 At baseline, similar 
numbers of patients assigned to RFA and sham procedures reported worry about 
esophageal cancer (71 versus 85 percent, respectively) and worry about esophagec-
tomy (61 versus 68 percent, respectively). patients were also similar with regard to 
the presence/severity of depression, impaired quality of life, worry, stress, and dis-
satisfaction with the condition of their esophagus.
  After undergoing an endoscopy 12 months following RFA or a sham procedure, 
patients were informed of their biopsy results (but not of their randomization 
group) and completed a second questionnaire. At follow-up, patients in the RFA 
group were less likely to be worried about esophageal cancer compared with those 
in the sham group (22 versus 66 percent) and were less likely to be worried about 
esophagectomy (17 versus 47 percent). they also showed significantly more improve-
ment with regard to the presence/severity of depression, impaired quality of life, 
worry, stress, and dissatisfaction with the condition of their esophagus.
  Interestingly, patients in the RFA group who did not achieve eradication of their 
BE still showed improvement in many of the quality of life domains, including 
worry about esophageal cancer and worry about esophagectomy, compared with 
those who underwent the sham procedure.
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there is concern that residual Barrett’s esophagus (BE) could be hidden beneath the 
neosquamous epithelium following ablation, but the clinical relevance of “buried” 
Barrett’s is still uncertain.
  the possibility of occult malignant progression of the buried glands has been 
suggested by cases of adenocarcinoma arising underneath neosquamous epithelium 
after ablation therapy with radiofrequency ablation, photodynamic therapy, or argon 
plasma coagulation. 38-40 However, because the Barrett’s mucosa is protected from 
gastroesophageal refluxate by the neosquamous epithelium, the malignant potential 
of the buried glands may be lower than that seen with normal Barrett’s mucosa. 41,42

  Buried Barrett’s prior to RFA — Some of the clinical uncertainty is due to the 
observation that buried Barrett’s glands may be seen in up to 28 percent of patients 
in the absence of treatment, suggesting that buried glands found following RFA may 
have been present prior to treatment. 43

  In a retrospective study of 112 patients who completed treatment with RFA, 15 per-
cent of the subjects had evidence of buried glands before or during RFA treatment. 44 
Importantly, 71 percent of cases showed buried glands during RFA treatment. A finding 
of buried glands was always concomitant with the presence of Barrett’s mucosa visual-
ized on endoscopy or biopsy. At the final evaluation, none of the patients showed evi-
dence of buried glands, and all patients were classified as being in complete remission.
  In a sham-controlled study of 127 patients, 25 percent of the subjects had buried 
glands at baseline. 7 At follow-up, only 5 percent of those treated with RFA were 
found to have buried glands, compared with 40 percent of subjects in the sham 
group (p<0.001). Overall, in a systematic review that included 1004 patients who 
underwent RFA, buried metaplasia was found in only 1 percent. 43

fAlSe-NegAtIVe reSUltS  Another concern is that buried Barrett’s following 
RFA is under-recognized because the biopsies do not sample the neosquamous 
epithelium deeply enough. 27,45 A study of 16 patients examined the sampling depth 
and presence of buried glands in biopsies and endoscopic resection specimens 
from neosquamous epithelium after RFA. 27 Four-quadrant routine biopsies were 
obtained every 2 cm from the neosquamous epithelium. Immediately after each 
routine biopsy, a second “keyhole” biopsy was taken from the same biopsy site to 
obtain a deeper sample. In addition, one set of four-quadrant routine biopsies was 
obtained from the untreated squamous epithelium of the proximal esophagus. 
Finally, a tissue sample from the neosquamous epithelium was obtained using 
endoscopic resection.

the study showed:
 •  No difference in primary biopsy depth when comparing specimens obtained 

from the post-RFA neosquamous epithelium with specimens obtained from the 
untreated squamous epithelium (lamina propria present in 37 versus 36 percent 
of samples), suggesting that the post-RFA neosquamous epithelium is not more 
resistant to biopsy than untreated tissue.

 •  Keyhole biopsies and endoscopic resection sampled more deeply than routine 
biopsies (55 and 100 percent contained lamina propria, respectively).

 •  No buried Barrett’s glands were detected in any of the primary, keyhole, or endo-
scopic resection specimens.

BuriEd BarrEtt’s
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this study shows that biopsies obtained from squamous mucosa following RFA are 
similar to those obtained from normal squamous mucosa and that the low rate of 
buried glands reported after RFA compared with other ablation techniques is not 
a reflection of a sampling error specific to RFA. the absence of buried glands in all 
the specimens obtained in this study (including endoscopic resection specimens 
that sampled deep into the submucosa) is consistent with most clinical studies, in 
which buried glands are a rare finding. this suggests that RFA may be associated 
with complete eradication of all Barrett’s epithelium.

fAlSe-PoSItIVe reSUltS  tissue artifacts and residual BE may also lead to an 
incorrect diagnosis of buried Barrett’s glands. Biopsies from neosquamous epithe-
lium near the neosquamocolumnar junction may lead to sampling of the transition 
from neosquamous to columnar epithelium, leading to a histologic finding of 
glandular mucosa beneath the neosquamous epithelium, which may mistakenly be 
interpreted as buried Barrett’s glands. In the case of a residual island of BE that was 
not treated with rfA, tangential sampling of the island combined with tangential 
sectioning of the biopsy may result in an erroneous finding of buried Barrett’s. 46

  A diagnosis of buried Barrett’s glands should only be made if the endoscopist is 
positive that there were no residual BE islands after detailed inspection with narrow 
band imaging, and if the biopsies were not obtained at the level of the neosquamo-
columnar junction. 47 

there are limited data available on the natural history of recurrent intestinal 
metaplasia (IM) of the cardia/gastroesophageal junction. After RFA treatment, the 
gastro-esophageal junction is frequently biopsied given the known increased risk 
of recurrences in this area, as endoscopic differentiation between gastric mucosa 
and IM is nearly impossible. 48 however, the clinical relevance of Im, when detected 
in this area is uncertain because focal IM in this area may reflect insufficient treat-
ment, recurrence of disease, or an irrelevant normal finding. Several studies have 
reflected on the relevance of IM at the cardia/gastroesophageal junction:
 •  A Netherlands cohort study of 54 patients followed patients for five years after 

RFA, obtaining four-quadrant biopsies at every follow-up endoscopy (median 
20 biopsies per patient) immediately below the gastro-esophageal junction. 15 

In 35 percent of patients, focal IM of the cardia was detected during follow-up. 
In 89 percent of these patients, focal IM of the cardia was only diagnosed on 
a single occasion. In total, 53 of 1143 biopsies contained focal Im. All of the 
patients with focal Im of the cardia had a normal endoscopic appearance of the 
neo-squamocolumnar junction, and none of these patients developed dysplasia 
after a median of 61 months of follow-up. None of these patients was retreated 
endoscopically. 15

        In this study, IM of the cardia was mostly observed in a single biopsy, this 
diagnosis was generally not reproduced during further follow-up, and there was 
no increased incidence over time. If IM of the cardia reflects residual disease, one 
would expect to find IM more than once in a single patient. If IM of the cardia 

intEstinal mEtaplasia of thE cardia
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results from ongoing reflux after treatment, one would expect an increased 
incidence over time. It should be noted that all patients in this study received 
high-dose maintenance therapy with esomeprazole 40 mg twice daily. Studies 
have shown that Im of the cardia can be detected in biopsies of 25 percent of the 
normal population, and this is generally not considered a premalignant condition.49 
the clinical relevance of focal IM of the cardia after RFA is therefore unknown, 
but these long-term data do not suggest that this is related to residual BE or re-
current disease.

 •  In a United States series that included 448 patients with BE with variable degrees 
of dysplasia, 17 patients developed recurrence of BE at the gastroesophageal 
junction only, after having achieved complete remission after RFA. 20 Of these, 72 
percent of patients had IM. Forty-seven percent of patients with IM or dysplasia 
at the cardia had a normal endoscopic appearance of the neo-squamocolumnar 
junction. Follow-up results after detection of focal IM are not available.

these studies show that the management of focal IM of the gastroesophageal 
junction varies widely, as formal guidelines are lacking. the gastroesophageal 
junction remains an area at risk after endoscopic treatment and should be care-
fully inspected during follow-up with high-resolution endoscopy combined with 
advanced imaging techniques, and biopsies should be obtained immediately distal 
to the junction. Focal IM without dysplasia diagnosed on a single occasion does not 
appear to warrant treatment, as the majority of patients do not develop dysplasia 
during follow-up. If dysplasia is detected at the gastroesophageal junction, this can 
usually be managed endoscopically.

ADVERSE EVENtS — Adverse events reported with radiofrequency ablation (RFA) 
include esophageal strictures, upper gastrointestinal hemorrhage, and chest pain.7,8 
Stricture rates of 0 to 56 percent have been described with other endoscopic abla-
tion techniques. 50 Overall, studies of radiofrequency ablation (RFA) for Barrett’s 
esophagus (BE) have shown lower rates of stricturing (0 to 6 percent). 7,8,17,29,34,51 
the stricturing seen with RFA has generally been associated with either prior endo-
scopic resection or a narrow esophagus at baseline due to underlying reflux disease.
 •  A study of 12 patients that compared measurements of esophageal inner diameter, 

motility, and compliance before RFA treatment and two months after the last 
ablation session showed no significant differences, suggesting that RFA does not 
impair the functional integrity of the esophagus. 51

 •  In a sham-controlled study of 127 patients, 6 percent of the RFA cohort experienced 
a stricture, but all resolved with a mean of 2.6 dilations. 7 there were no perforations 
or deaths.

 •  In a randomized trial with 136 patients, 12 percent of the ablation cohort (8 of 68 
patients) experienced a stricture, but these appeared generally mild in nature as 
all resolved with a median of one dilation. 12

 •  In a community-based registry of 429 patients, nine strictures occurred follow-
ing 788 procedures (1 percent of cases, 2 percent of patients). 29All of the strictures 
resolved after a median of three dilations. there were no cases of bleeding (other 
than one patient who vomited blood-tinged mucus), perforation, or death.

performing endoscopic resection prior to RFA may increase the risk of complica-
tions. In a study of 65 patients, there were no complications in the 18 patients who 
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had not previously undergone endoscopic resection. 52 In the 47 patients who had 
undergone endoscopic resection prior to circumferential RFA, mucosal lacerations 
were observed in patients who underwent RFA with a catheter that exceeded the 
smallest measured inner esophageal diameter and in patients whose endoscopic 
resection involved more than one-third of the esophageal circumference and was 
greater than 2.5 cm in length. Five cases of esophageal stenosis after RFA occurred, 
all in patients whose endoscopic resection involved more than 50 percent of the 
esophageal circumference and was longer than 2 cm in length.
  Based on these observations, it is advisable to choose the size of the ablation 
catheters carefully in cases of prior EMR. 

three months after the last treatment, the absence of residual Barrett’s epithelium 
should be confirmed by endoscopic inspection. techniques available to detect 
residual BE include:
•  High-quality white light endoscopy for detailed endoscopic inspection of the 

treatment area.
• Narrow band imaging or comparable technologies (eg, FICE, i-scan). 

Detailed inspection of the neosquamous mucosa after RFA is important for two 
reasons: first, to detect even small areas of BE that can be additionally treated, as 
any residual BE puts the patient at risk of developing esophageal adenocarcinoma 
(picture 4); second, if random biopsies are obtained and accidentally small residual 
islands of Barrett’s are sampled, this can result in a histological finding of buried 
Barrett’s, causing doubts on the efficacy of the treatment and resulting in a missed 
opportunity to treat endoscopically visible remnants of Barrett’s mucosa.
In a study evaluating the incidence of buried Barrett’s in biopsies obtained after 
RFA, buried glands were found in 0.1 percent of biopsies from endoscopically nor-
mal neosquamous epithelium. However, when small islands of columnar mucosa 
were intentionally biopsied, buried glands were detected in 21 percent of biopsies. 47

the low percentage of buried Barrett’s in biopsies from neosquamous mucosa 
found in this study is similar to the 0 to 5 percent found in over 1000 patients from 
other studies on RFA for BE. 7,17,28,29,43 

  We recommend follow-up with high-resolution endoscopy and narrow band 
imaging, or a comparable technique, to carefully inspect the neo-squamocolumnar 
junction in antegrade and retroflexed positions to rule out the presence of small 
islands of Barrett’s mucosa. We also obtain biopsies immediately distal (<5 mm) to 
the neosquamocolumnar junction to evaluate for residual intestinal metaplasia.
  Given the very low incidence of buried Barrett’s reported in multiple studies, 
extensive biopsies from the neosquamous mucosa are, in our opinion, not neces-
sary, provided that detailed inspection with high-resolution endoscopy with narrow 
band imaging did not show any columnar mucosa or mucosal irregularities.
  If residual BE is found, ablation can be repeated every 12 weeks until it has been 
eradicated both visually and histologically. Most patients will need one circumferential 
ablation session and one to two focal ablation sessions to eradicate all dysplasia 

follow-up Endoscopy
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and Barrett’s mucosa. We suggest a maximum number of two circumferential and 
three focal ablation sessions, which should be sufficient in most patients.

the recommended follow-up interval depends on the initial grade of dysplasia:
•  For patients with IMC/HGD, we recommend follow-up endoscopy at 6 and 12 

months and annually thereafter. Others perform surveillance endoscopies every 
three months for the first year, every six months for the second year, and annually 
thereafter. 53

•  For patients with LGD/nondysplastic BE, we recommend follow-up endoscopy at 
12 months. If there is complete eradication of IM at that stage, we stop surveillance. 
the published literature on the durability of RFA shows that the risk of progres-
sion in these patients is small. 33 

Cost-effectiveness models have found radiofrequency ablation (RFA) to be cost-
effective if certain assumptions are met:
•  One study used a Markov model in a hypothetical 50-year-old cohort with non-

dysplastic Barrett’s esophagus (BE) to evaluate three competing strategies: (1) no 
intervention (natural history), (2) surveillance alone, and (3) RFA. the assumptions 
were conservative and used an estimate of BE eradication rate with RFA of 50 per-
cent, which was intentionally lower than rates reported in published studies. they 
concluded that patient age, cost of RFA, and BE eradication rates were critical de-
terminants of the cost-effectiveness of rfA. within a range of these parameters, 
RFA was a cost-effective strategy for non-dysplastic BE. 54

•  A second model was designed to simulate the natural history of a cohort of 
patients with BE followed from age 50 until age 80 years or death. 55 It compared 
the incremental cost-effectiveness between three competing strategies: (1) sur-
veillance, (2) esophagectomy, and (3) RFA. Endoscopic ablation for patients with 
high-grade dysplasia increased life expectancy by three quality-adjusted years at 
an incremental cost of less than $6000 compared with no intervention. RFA was 
also the most cost-effective strategy in patients with low-grade dysplasia or no 
dysplasia if ablation permanently eradicated low-grade dysplasia in more than 
28 percent of patients or non-dysplastic BE in more than 40 percent of patients. 
However, in order for RFA to be cost-effective, surveillance needed to stop after 
successful ablation.

•  A third model used a hypothetical cohort of 50-year-old patients with BE either 
with or without dysplasia followed until the age of 80 years or death. 11 the model 
compared three strategies: endoscopic surveillance with surgery when cancer was 
detected; endoscopic surveillance with RFA when dysplasia was detected; or initial 
RFA followed by endoscopic surveillance. 

        the study found that among patients with baseline high-grade dysplasia, initial 
RFA followed by endoscopic surveillance was more effective and less costly than 
the other approaches. 

        For patients with baseline low-grade dysplasia, initial RFA had an incremen-
tal cost effectiveness ratio (ICER) of $18,231 per quality-adjusted life year (QALy) 

cost-EffEctiVEnEss
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compared with endoscopic surveillance followed by RFA for HGD, assuming an 
annual rate of progression to cancer of 0.5 percent. Several studies have reported 
progression rates for LGD that are significantly higher. 

        For patients without baseline dysplasia, endoscopic surveillance followed by 
RFA for high-grade dysplasia was more effective and less costly than endoscopic 
surveillance followed by surgery once cancer developed. Compared with surveil-
lance and RFA when HGD developed, initial RFA had unacceptably high ICERs per 
QALy of $205,500, $124,796, and $118,338 for annual rates of progression to cancer 
of 0.12, 0.33, and 0.5 percent, respectively.

Radiofrequency ablation (RFA) is an endoscopic treatment for Barrett’s esophagus 
(BE), which studies suggest is highly effective at removing Barrett’s mucosa and 
associated dysplasia.
•  RFA is an option for the treatment of patients with dysplastic (low-and high-grade 

dysplasia) BE since RFA decreases their risk of malignant progression. Short to 
intermediate-term follow-up is promising, and five-year follow-up data suggest 
that the eradication of BE following RFA is maintained in more than 90 percent of 
patients.

•  For most patients with non-dysplastic BE, the net health benefit of RFA may be 
too low to justify its use. However, RFA can be considered for selected patients (eg, 
<50 years old and a positive family history for esophageal adenocarcinoma). 

•  RFA can be used in conjunction with endoscopic resection for raised high-grade 
dysplasia or intramucosal carcinoma. 

•  RFA is performed with the Barrx FLEX system, which uses a balloon-based catheter 
for primary circumferential RFA and focal catheters for secondary focal RFA of BE. 

•  Circumferential RFA involves inflation of a 3-cm long balloon ablation catheter 
(Barrx360 device) within the esophagus at the site of the BE. the balloon contains an 
electrode array through which an electric current is applied, ablating the Barrett’s 
mucosa. 

•  Secondary focal RFA to ablate small areas of BE also uses electrical energy to 
ablate the tissue, and the electrode array is attached to the end of the endoscope 
(Barrx90 device). New catheters have been developed that may serve as an adjunct 
to the Barrx90 device. 

•  Adverse events reported with radiofrequency ablation (RFA) include esophageal 
strictures, upper gastrointestinal hemorrhage, and chest pain. these complications 
are generally mild, and severe complications are rare.

•  After RFA, acid suppressant therapy is important, not only to minimize patient 
discomfort, but also to allow the esophagus to heal optimally and regenerate with 
squamous epithelium. All patients should receive high-dose proton pump inhibitors 
as maintenance therapy. In addition, extra acid suppression after each treatment 
session is advisable. We prescribe all patients esomeprazole 40 mg twice daily, 
supplemented with ranitidine 300 mg at bedtime, and sucralfate suspension 
(200 mg/mL) 5 mL four times a day for two weeks after each ablation session. the 
proton pump inhibitor is continued as maintenance therapy. 

summary and rEcommEndations
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•  three months after the last treatment, the absence of residual Barrett’s epithelium 
is confirmed by endoscopic inspection. the use of high-resolution endoscopes with 
narrow band imaging is important to detect even small areas of residual intestinal 
metaplasia. Close inspection of the gastroesophageal junction is warranted, and 
biopsies should be obtained immediately below the GEJ (<5 mm). 

•  For patients with initial intramucosal carcinoma/high-grade dysplasia, we perform 
follow-up endoscopy 6 and 12 months after the last treatment and then annually. 
For patients with initial low-grad dysplasia/nondysplastic BE, we perform follow-up 
endoscopy 12 months after the last treatment. If complete eradication of intestinal 
persists at that time, surveillance can be stopped. 
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introduction

Barrett’s esophagus (BE) is thought to be a complication of longstanding gastro-
esophageal reflux, resulting in the replacement of the normal squamous lining 
of the distal esophagus by columnar epithelium containing specialized intestinal 
metaplasia. 
  Endoscopic surveillance is recommended for patients with Barrett’s esophagus 
because of its malignant potential in the hope of detecting dysplasia before it pro-
gresses to adenocarcinoma. Esophagectomy has traditionally been recommended 
for patients found to have high-grade dysplasia or early cancer. 
Endoscopic therapy has been proven to be a safe, effective, and less invasive alter-
native to surgery for treating such patients.
  Endoscopic resection (ER) is an endoscopic approach in which the neoplastic 
epithelium is excised, thus allowing for a definitive histologic diagnosis, while also 
potentially being curative. ER has been applied not only to Barrett’s esophagus 
with high-grade dysplasia but also to early cancer in which the risk of lymph node 
involvement or hematogenous dissemination is low enough to justify a relatively 
conservative approach compared with esophagectomy. 1-8

•  Several studies have demonstrated that ER is safe and effective for complete resec-
tion of superficial lesions, and offers the advantage of histopathologic verification. 9-12

•  prior ER does not impair subsequent ablative therapy (eg, photodynamic therapy 
[pDt], argon plasma coagulation [ApC], or radiofrequency ablation [RFA]) for 
treatment of larger areas of residual Barrett’s mucosa. Ablative therapy alone pro-
vides no specimen for histopathologic evaluation.

•  ER is considered the cornerstone of endoscopic management, and ablative tech-
niques are mainly used as an adjunct to ER. 13

the experience with ER in patients with Barrett’s esophagus who have high-grade 
dysplasia (HGD) or early cancer (EC) is discussed here. photodynamic therapy, radio-
frequency ablation, a general approach to Barrett’s esophagus, and other treatment 
options for superficial esophageal cancer are presented separately. 

there are three major considerations in the evaluation of patients with Barrett’s 
esophagus (BE) who have high-grade dysplasia or early cancer: histopathologic 
evaluation, the endoscopic work-up, and staging of the lesions.

hIStoPAthologIC eVAlUAtIoN  Esophageal neoplasia is usually classified accor-
ding to the internationally accepted Vienna classification. 14 the Vienna classification 
is based upon the histopathologic evaluation of endoscopically acquired biopsies:
• Category 1: no dysplasia
• Category 2: indefinite for dysplasia
• Category 3: low-grade intraepithelial neoplasia (low-grade adenoma/dysplasia)
•  Category 4: high-grade intraepithelial neoplasia (high-grade adenoma/dysplasia,
   noninvasive carcinoma or suspicion of invasive carcinoma)

EValuation for EligiBility 
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•  Category 5: invasive epithelial neoplasia (intramucosal carcinoma, submucosal 
carcinoma, or beyond)

the distinction between categories 4 and 5 can be difficult since it depends in part 
upon the size, location, depth, and number of biopsies. In category 4, there is no 
obvious invasion beyond the epithelial basal membrane. Category 5 is subdivided 
based upon whether there is invasion into the lamina propria or muscularis mu-
cosa (category 5.1, also referred to as intramucosal cancer) or into the submucosa 
(category 5.2, also referred to as submucosal cancer).
  Another problem with the diagnosis of dysplasia in Barrett’s epithelium is the 
interobserver reliability among pathologists. As a result, it is helpful to achieve a 
consensus (ie, from more than one pathologist) in categorizing such specimens. 
A consensus diagnosis has better predictive value regarding prognosis and 
may revise the original diagnosis, which can have implications for subsequent 
management.15,16 these observations underlie the recommendation that a second, 
experienced pathologist should confirm the diagnosis of high-grade dysplasia.

eNDoSCoPIC eVAlUAtIoN  patients diagnosed with high-grade dysplasia (HGD) or 
early cancer (EC) in Barrett’s esophagus should undergo an endoscopic work-up in a 
center with expertise in evaluating such patients. the reasons for this are threefold:
•  Evaluation at a specialized center helps assure that a second, experienced endo-

scopist can confirm the findings of the initial endoscopy, making a false positive 
diagnosis less likely. Up to 40 percent of patients who are diagnosed with HGD 
have no dysplasia at follow-up endoscopies. 17 If the diagnosis of hgD is con-
firmed in biopsies obtained on a separate occasion, the chance of over diagnosis 
and unnecessary treatment should be reduced.

•  Evaluation at a specialized center permits detection of synchronous lesions else-
where in the Barrett’s esophagus that might otherwise be left untreated. this is 
especially important if endoscopic therapy is being considered.

•  Specialized centers often have integrated expertise in gastrointestinal pathology, 
endoscopy, and surgery, and the experience to offer advanced endoscopic tech-
niques such as ER.

Early neoplastic lesions in Barrett’s esophagus are often difficult to detect with 
standard video endoscopy. Although a number of techniques have been proposed 
to increase the accuracy of endoscopic imaging (such as chromoendoscopy, magni-
fication endoscopy, and optical coherence tomography), none is used routinely in 
clinical practice. three general rules should be followed in the endoscopic evaluation 
of patients being considered for er:
•  Use the best endoscope available
•  Have a vigilant eye for detecting mucosal abnormalities
•  Use a systematic, meticulous approach

Use the best endoscope available  High-resolution endoscopy may have higher sensitiv-
ity for the detection of early BE neoplasia compared with standard video endoscopy 
systems. 18,19 Because early BE neoplasia often presents as flat lesions with only subtle 
mucosal abnormalities, most experts agree that high-resolution endoscopy is the 
preferred method for the endoscopic evaluation of BE.

Have a vigilant eye  Up to 80 percent of patients referred for evaluation of HGD or 
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EC without visible abnormalities will have at least one visible abnormality detected 
in their BE upon endoscopic inspection by expert endoscopists. 18,20 Although early 
BE neoplasia generally presents as subtle flat lesions that can be difficult to detect, 
most state-of-the-art endoscopes are capable of revealing these abnormalities when 
viewed by highly experienced endoscopists. thus, familiarity with the endoscopic 
appearance of early Barrett’s neoplasia is essential for its diagnosis.

Perform a systematic endoscopic inspection  the detection of gross mucosal abnormal-
ities such as elevations, ulcerations, and nodularities is relatively easy. By compari-
son, the detection of subtle abnormalities requires a more careful and thorough 
inspection, making a systematic approach imperative.
  After intubation of the esophagus, the esophagus should be carefully cleaned 
to remove any mucus or saliva. Simple water flushes usually are sufficient but 
spraying acetylcysteine (1 percent) can be helpful if there is excessive or viscous 
mucus. It is important to suction all gastric secretions to prevent reflux into the 
esophagus that could interfere with inspection.
  the endoscope should be gradually withdrawn to examine the BE segment for 
mucosal irregularities and to describe the extent of BE. One system for doing so uses 
the validated prague C & M criteria, which assess the circumferential and maxi-
mum extent of the visualized BE segment. 21 After initial inspection, the inflated 
esophagus should be gradually deflated to reveal any irregularities that may have 
flattened during inflation, making them more difficult to see. Special attention 
should be paid to the area between 12 and 6 o’clock in the endoscopic view, where 
the majority of neoplastic lesions are found. 22 In addition, if a hiatal hernia is 
present, it is important to inspect the transition of the Be into the hiatal hernia in 
the retroflexed position, since abnormalities in this area are easily overlooked in 
the antegrade view.
  the Seattle biopsy protocol is recommended for mapping Barrett’s esophagus 
with hgD. 23 targeted biopsies are obtained from all visible abnormalities and 
random four-quadrant biopsies are taken every 1 cm starting from the top of the 
gastric folds up to the most proximal extent of the BE (squamocolumnar junction).
•  the importance of random biopsies every 1 cm rather than every 2 cm was demon-

strated in a study in 45 patients with BE and HGD. 23 the authors calculated that 
using a standard protocol would have missed 50 percent of cancers that were 
detected by the 1 cm protocol.

Based upon the above observations, inspection and classification of all visible 
lesions should be followed by biopsies from each visible abnormality and then 
random four-quadrant biopsies. the biopsies should always start distally, working 
upwards to minimize bleeding that obscures visualization. We follow the rule “look 
longer, biopsy less” since, in our experience, the diagnosis of HGD or EC can be 
made in 80 to 90 percent of patients with these lesions by targeted biopsies after a 
thorough inspection. 24 However, random four-quadrant biopsies are still required, 
since 10 to 20 percent of lesions are missed with targeted biopsies alone.
  In addition, the American Society for Gastrointestinal Endoscopy has issued 
guidelines that recommend endoscopic resection for the treatment and staging of 
nodular BE and suspected intramucosal adenocarcinoma. 25

eNDoSCoPIC reSeCtIoN AS StAgINg ProCeDUre  we consider er to be both 
a reasonable treatment option and also the final step in the diagnostic work-up of 
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patients with hgD or eC in Be. 26,28 In one study, interobserver agreement about 
the presence of neoplasia was significantly better on ER specimens than biopsy 
specimens. 27 this approach is consistent with 2013 guidelines from the American 
Society for Gastrointestinal Endoscopy that recommend endoscopic resection for 
the treatment and staging of nodular BE and suspected intramucosal adenocar-
cinoma. 25 If the endoscopic appearance of the lesion does not raise suspicion for 
deep submucosal infiltration, the lesion may be removed by ER.
  the most important predictor of lymph node metastasis is the penetration depth 
of the tumor. 29 Endoscopic resection of the most suspicious area in the Barrett’s 
segment, followed by histopathologic evaluation of the resected specimen, permits 
assessment of infiltration depth and estimation of the risk for local lymph node 
metastasis.

other StAgINg ProCeDUreS  Among patients diagnosed with hgD or eC, other 
imaging techniques could be considered to evaluate tumor infiltration depth, local 
lymph node status, and metastatic spread. Endoscopic ultrasonography (EUS) and 
computerized tomography (Ct) scan are the most widely used techniques.

endoscopic ultrasound  EUS is the most accurate technique for locoregional staging 
of esophageal cancer. however, eUS is less reliable for t- and N-staging in patients 
with hgD and eC than in patients with more advanced esophageal cancer. In addi-
tion, accuracy is influenced by the experience of the endosonographer. 30,31 
High frequency miniprobes may improve the accuracy of t-staging compared with 
standard EUS, but the accuracy of N-staging appears to be inferior to standard EUS 
because, while it is higher resolution, the visualization is more superficial. 30 
•  t-staging (depth of invasion) – Differentiating mucosal lesions from lesions in-

filtrating into the submucosa is much more difficult in BE than in the squamous 
esophagus for the following reasons: 32,33

•  the crypts and villi present in BE are more heterogeneous than the layered archi-
tecture of squamous epithelium.

•  BE neoplasia can be associated with significant inflammatory changes and the 
presence of a double muscularis mucosae.

•  Most Barrett’s lesions are located in the distal esophagus close to the cardia, 
where EUS interpretation is known to be difficult.

there appears to be limited added value of EUS for determining t-staging once 
tumor depth has been estimated by endoscopic inspection of the lesion of interest 
by an expert endoscopist. 32,34

•  N-staging (nodal status) – In the work-up and staging of patients with early neo-
plasia, N-staging is of crucial importance, since positive lymph nodes will exclude 
patients from endoscopic treatment. EUS has a high negative predictive value (>95 
percent) for the absence of tumor infiltration into the deeper wall layers and local 
lymph nodes. 30 Ultimately, however, the best method for assessment of the risk of 
lymph node involvement is not EUS, but assessment of the depth of infiltration of 
the lesion after endoscopic resection.

CT scanning  the value of computed tomography (Ct) scanning lies mainly in the 
detection of distant metastases. the risk for distant metastases is very low in pa-
tients with HGD or EC who show no signs of deep submucosal infiltration or suspi-
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cious lymph nodes on EUS. thus, the value of Ct is limited in such patients.
Other radiographic modalities  Other imaging techniques, such as positron emission 
tomography (pEt) scanning and magnetic resonance imaging (MRI), do not have a 
role in the work-up of patients with esophageal HGD or EC.

A variety of endoscopic resection techniques have been described for the esophagus, 
primarily for esophageal squamous neoplasia.

EStABLISHED tECHNIQUES

endoscopic resection-cap  the most widely practiced endoscopic resection technique 
for the treatment of Barrett’s neoplasia is the endoscopic resection-cap technique 
after submucosal lifting (figure 1 and picture 1). 35,36 the target lesion is first lifted by 
injection of a fluid, which may be saline or diluted epinephrine (1:100,000), into the 
submucosal layer. Subsequently, a transparent cap is attached to the endoscope. 
the cap has a distal ridge that allows positioning of a crescent-shaped endoscopic 
resection-snare. the lesion is sucked into the cap, thus creating a pseudopolyp that is 
immediately captured by forcefully closing the pre-positioned endoscopic resection-
snare. the lesion is then removed using electrocoagulation. 

Endoscopic rEsEction tEchniQuEs

Figure 1 Schematic drawing showing the consecutive steps of the endoscopic resection-cap procedure 

of a focal lesion in a Barrett’s esophagus

(A and B) A transparent cap is attached to the distal tip of the endoscope and the target lesion is 

lifted by injection of a fluid, usually diluted epinephrine (1:100.000), into the submucosal layer, using 

a standard sclerotherapy needle. (C and D) After removal of the needle, a crescent shaped snare is 

positioned into a distal ridge within the cap. the lesion is sucked into the cap thus creating a pseudo-

polyp that is immediately captured by forcefully closing the pre-positioned EMR-snare. (E) the lesion 

is removed using electrocoagulation. EMR: Endoscopic mucosal resection
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picture 1 Endoscopic resection of an early cancer in a Barrett’s esophagus

(A) A 4-cm long segment of Barrett’s esophagus with a large island of squamous mucosa in its center.

(B) A detailed view of a lesion at the 3 o’clock position. (C) Same lesion shown in the retroflexed posi-

tion. (D) the lesion has been delineated by placing coagulation markers at its outer surface. (E) the 

lesion has been elevated by injection of diluted epinephrine solution through a standard sclerotherapy 

needle. (F) A transparent cap has been attached to the distal tip of the endoscope and a crescent 

shaped snare is positioned into the distal ridge of the cap. (G) Using the coagulation markers for orien-

tation, the lesion is identified and subsequently sucked into the cap. (H) After closure of the snare, the 

resulting pseudo-polyp, including the lesion, is pushed outside the cap and removed using electro-

coagulation. (I) the created EMR wound shown in the antegrade position; there is still some mucosal 

swelling due the submucosal lifting. ( J) EMR wound shown in the retroflexed position, no markers can 

be identified indicating an endoscopically complete resection; note the mucosal whitening due to the 

vasoconstrictive effect of the epinephrine solution used for submucosal lifting. (K) the EMR specimen 

is subsequently removed from the stomach using retrieval net and pinned down on paraffin to prevent 

shrinking and curling. (L) Microscopic view of the specimen showing a well differentiated cancer infil-

trating into the deeper layers of the muscularis mucosae, there is no infiltration into the submucosa.

EMR: endoscopic mucosal resection

endoscopic resection-caps are available with different diameters and have either a 
straight or an oblique shape. the largest en bloc resections are achieved with a large 
caliber flexible cap that, despite its large outer diameter of 18 mm, can be relatively 
easily introduced into the esophagus due to its flexibility. Using this technique, lesions 
with a diameter of more than 2 cm can be removed en bloc.
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An alternative approach (the “suck-band-and-ligate” technique) does not require 
submucosal injection (picture 1). 9 A reusable variceal ligation device is used to suck 
the lesion into the ligation cap, allowing it to be captured with a rubber band. the 
endoscope is then removed, the ligation device is disassembled, and the endoscope is 
reintroduced to remove the created pseudopolyp with a standard polypectomy snare.
  these two techniques were compared in a prospective randomized trial of 100 
consecutive endoscopic resections in 72 patients with early stage esophageal can-
cer. 37 Fifty endoscopic resections were performed with the “suck-band-and-ligate 
technique” without prior submucosal injection and 50 resections were done with 
the endoscopic resection-cap technique after submucosal injection of a diluted 
epinephrine solution. No significant differences were observed between the two 
groups with regard to size of the resected specimens (ligation group: 16.4 x 11 mm 
versus cap group: 15.5 x 10.7 mm). there was one minor episode of bleeding in each 
group and no severe complications occurred.

Multiband mucosectomy   Multiband mucosectomy (MBM) uses a modified variceal 
band ligator with six bands and a handle that allows passage of a hexagonal snare 
alongside the releasing wires for the bands. Suction is used to draw the lesion into 
the cap, a rubber band is deployed, and a polypoid lesion is created. the “polyp” can 
then be removed using a snare that is inserted through the biopsy channel during 
the procedure, thereby eliminating the need to remove the scope between banding 
and snare polypectomy. Multiple specimens can be removed during the procedure 
using this device (picture 2). A multiband mucosectomy device is now commercially 
available (Duette; Cook Medical, Limerick, Ireland).
this MBM technique has several advantages:
•  As a modification of the “suck-band-and-ligate technique,” it does not require 

submucosal injection as with the endoscopic resection-cap technique. the reason 
is that the esophageal muscle layer will immediately retract when captured within 
a rubber band whereas, with the standard endoscopic resection-cap technique, it 
will remain captured in the forcefully closed endoscopic resection-snare.

• Multiple resections can be performed with the same snare.
•  pre-looping the endoscopic resection-snare in the ridge of the cap is not necessary.
•  MBM does not require withdrawal of the endoscope between resections as is 

needed with the “conventional” suck-band-and-ligate technique. Since the instru-
ment holds six rubber bands, up to six consecutive resections can be performed. 
this reduces the time and cost required for the procedure, while also reducing 
patient discomfort.

A prospective registration of 243 MBM procedures in patients with Barrett’s 
esophagus demonstrated that the technique is safe and effective. Complications 
occurring during the procedure (acute complications) were observed in 3 percent. 
Bleeding was the only acute complication, and in all cases it was managed endoscopi-
cally. No perforations occurred. Complications within 30 days of the procedure (early 
complications) included delayed bleeding (2 percent of procedures) that was man-
aged endoscopically and stenosis (48 percent). Endoscopic complete resection 
was achieved in 91 percent of focal lesions. 36

  In a case control study, 80 MBM procedures were compared with 86 endoscopic 
resection-cap procedures. 38 the study showed that MBM was safe and effective 
for widespread endoscopic resection in Barrett’s esophagus. MBM appeared to be 
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quicker than endoscopic resection-cap, but the specimens removed with MBM 
were significantly smaller than with the endoscopic resection-cap technique.
Following this case-control study, a multicenter randomized controlled trial was 
initiated to compare the endoscopic resection-cap technique and MBM for piece-
meal resection of early neoplasia in Barrett’s esophagus. 39 the trial included 84 
patients (42 assigned to MBM and 42 to ER -cap) and found that procedure times 
and costs were significantly less with MBM versus endoscopic resection-cap (34 
versus 50 minutes and 240 versus 322 euro, respectively). MBM resulted in smaller 
specimens than endoscopic resection-cap (18 versus 20 mm in longest dimension). 
there were no significant differences in maximum specimen thickness or the 
amount of submucosa resected. there were three perforations in the endoscopic 
resection-cap group and one perforation in the MBM group. the perforations in the 
endoscopic resection-cap group were treated endoscopically, whereas the perfora-
tion in the MBM group required surgical repair because of periesophageal scarring 
that prevented endoscopic closure.

picture 2 Endoscopic images of a multi-band mucosectomy (MBM) in a patient with Barrett’s esopha-

gus with a focal lesion with HGIN

(A) Overview of a 3 cm long segment of Barrett’s esophagus. (B) there is a subtle lesion in the center of 

the endoscopic image. (C) View after placement of electrocoagulation markers to delineate the lesion.

(D) A transparent cap with six rubber bands at its outside (identical to a variceal six-shooter) has been 

attached to the distal tip of the endoscope (Wilson-Cook Medical, Limerick, Ireland). the two wires to 

which the rubber bands are connected pass through the working channel of the endoscope and are 

connected to the handle that allows release of the bands. (E) the area of interest is suctioned into the 

cap, without prior submucosal injection, followed by the release of one of the black rubber bands. (F) 

the modified handle of the MBM device allows passage of a hexagonal polypectomy snare alongside 

the wires of the ligator. the snare is closed either above or below the rubber band followed by cutting 

using electrocoagulation. (G) the wound after resection. (H) the specimen is retrieved for histological 

assessment. Histology showed HGIN. the lateral and deep resection margins were free of dysplasia.

hgIN: high-grade intra-epithelial neoplasia
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MBM appears to be safe and fast for widespread ER in Barrett’s esophagus. time 
and costs appear to be saved compared with endoscopic resection-cap, since 
submucosal lifting is not required and a single snare can be used for all resections. 
mBm does not appear to be associated with more complications than endoscopic 
resection-cap, despite lack of submucosal lifting. MBM results in significantly smaller 
sized resections, but the clinical relevance of this finding may be questioned, since 
there was no significant difference in the depth of resection between the two 
techniques.

NEW tECHNIQUES  New endoscopic resection techniques continue to be explored. 
Japanese endoscopists have used specially designed needle-knives for en bloc dis-
section of large esophageal lesions, a technique known as endoscopic submucosal 
dissection. 40-43 these dissection techniques are usually performed after submucosal 
injection with viscous substances such as hyaluronidate, which provide prolonged 
submucosal lifting. 40-42 Experience is limited and a high level of endoscopic expertise 
appears to be required for their safe application. 
  In the future, different ER techniques may be combined. the endoscopic 
resection-cap technique or the needle-knife endoscopic dissection technique may 
be preferred for en bloc removal of focal lesions, while the other approaches may 
be used for removal of residual mucosa.

leArNINg CUrVe  Endoscopic resection (ER) is a technically demanding proce-
dure that requires specific endoscopic expertise, both to resect lesions in a safe and 
effective manner, and to manage complications that may arise during ER procedures. 
  However, studies on the learning curve of ER are limited, and most have assessed 
the learning curve of the endoscopic submucosal dissection (ESD) technique only. 
the majority of studies come from Asia and show that the experience and level 
of training in eSD of the endoscopist are associated with an increase in complete 
endoscopic resection rate and decreases in perforation rate and procedure time. 44-46

  A study from the Netherlands has evaluated the implementation of a structured 
training program for esophageal ER. the training program of six teams consisting 
of an endoscopist, an endoscopy nurse, and a pathologist is aimed at controlled 
implementation and centralization of ER procedures in the Netherlands. training re-
sulted in a high success rate of complete endoscopic resection of lesions, although the 
observed perforation rate of 5 percent suggested that performing 20 ER procedures 
is insufficient to reach the peak of the learning curve in ER for a single endoscopist. 47

ER should only be performed by trained endoscopists with experience in screening, 
imaging, and treatment of patients with early Barrett’s neoplasia. Integrated expertise 
in surgery and histopathology at these expert centers is preferable. A minimum 
case load per year may be recommended.
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patients should be treated with adequate acid suppression to allow the endoscopic 
resection wounds to heal with neosquamous epithelium and probably also to reduce 
local scarring. Most centers treat patients with high dose proton pump inhibitors (we 
use esomeprazole 40 mg twice daily).
  the wounds generally heal in three to six weeks depending upon the size of the 
resected area. No studies have evaluated the mucosal regenerative pattern after 
ER. In our experience, healing proceeds from proximal to distal with regeneration 
starting from the edges.

Interpreting endoscopic resection (ER) specimens of Barrett’s neoplasia may be 
more difficult than specimens obtained from squamous lesions. the tissue 
architecture with crypts and villi differs from the layered architecture in squamous 
mucosa, making it more difficult to discern a clear transition between wall layers. 
this problem is further increased by the presence of a double muscularis mucosae 
in many patients with BE. 48 Because the deeper muscle layer represents the true 
muscularis mucosae, lesions infiltrating through the superficial muscularis mucosae 
should NOt be considered as submucosal invading cancers.
  to further complicate matters, complete histologic assessment is generally not 
available during the procedure. As a result, the endoscopist cannot make real-time 
decisions regarding the adequacy of tissue resection. A pilot study suggested that 
real-time frozen sections can provide histologic assessment that correlates well 
with permanent sections, but experience is limited. 49

  Many early lesions in Barrett’s esophagus (BE) are associated with severe inflam-
mation that is due to the accompanying reflux disease and may hamper histological 
assessment. Similarly, because endoscopic resection involves the use of elec-
trocoagulation, the deep and especially the lateral resection margins often have 
extensive coagulation artifacts, complicating histologic evaluation compared with 
surgical resection specimens. 50

  the ability to treat early cancer (EC) with ER underscores the important nuances 
of histopathologic assessment. however, making important distinctions between 
high-grade dysplasia (HGD) and invasive cancer (and its depth of invasion) may 
not be straightforward. In an illustrative report, the interobserver reliability for 
distinguishing Barrett’s esophagus with HGD from intramucosal cancer in surgical 
specimens was poor (kappa statistic 0.42). 51 It was somewhat better for distinguishing 
intramucosal and submucosal cancer (kappa statistic of 0.71).

PAthologIC SUBClASSIfICAtIoN  the terminology and classification of early 
esophageal cancers have evolved and are outlined in the 2010 tNM staging system 
of the AJCC (American Joint Committee on Cancer)/UICC (International Union 
Against Cancer). 52

  Early esophageal cancers are those that are classified as tis (high-grade dysplasia, 
which includes all noninvasive neoplastic epithelial that was formerly called carcinoma 

acid supprEssion following Endoscopic rEsEction

pathologic assEssmEnt
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in situ) or t1 tumors. t1 tumors are further split into t1a and t1b subcategories, 
depending upon the depth of invasion (table 1). 51 However, this classification by itself 
is inadequate to distinguish differences in lymph node involvement among t1a and 
t1b esophageal cancers. A more comprehensive subclassification scheme has been 
proposed for early esophageal cancers and is useful for determining prognosis and 
selecting treatment (figure 2). 52 According to this classification, mucosal tumors are 
divided into three types based upon the depth of invasion:
• M1 – Limited to the epithelial layer
• M2 – Invades the lamina propria
•  M3 – Invades into but not through the muscularis mucosa
M1 tumors correspond to the tis stage in the AJCC stage definition, while both M2 
and M3 tumors would be considered t1a lesions.
tumors invading the submucosa are subclassified as follows:52

• SM1 – penetrates the shallowest one-third of the submucosa (<500 microns)
• SM2 – penetrates into the intermediate one-third of the submucosa
• SM3 – penetrates the deepest one-third of the submucosa
All of these subcategories would be considered t1b disease according to the AJCC 
stage definitions. 51

Table 1 T stage definitions for esophageal cancer (both squamous cell and adenocarcinoma) 47 

Primary tumor (T)* 

Tx Primary tumor cannot be assessed 
T0 No evidence of primary tumor 
Tis High-grade dysplasia§ 

T1  
Tumor invades lamina propria, muscularis 
mucosa or submucosa 

  T1a 
Tumor invades lamina propria or muscularis 
mucosa 

  T1b Tumor invades submucosa 
T2 Tumor invades muscularis propria 
T3  Tumor invades adventitia 
T4  Tumor invades adjacent structures 

  T4a 
Resectable tumor invading pleura, pericardium, 
or diapraghm 

  T4b 

Unresectable tumor invading other adjacent 
structures, such as aorta, vertebral body, 
trachea, etc. 

 

Note: cTNM is the clinical classification, pTNM is the pathologic classification. 

* At least maximal dimension of the tumor must be recorded and multiple tumors require the T(m) 
suffix. 
§High-grade dysplasia includes all noninvasive neoplastic epithelia that was formerly called 
carcinoma in situ, a diagnosis that is no longer used for columnar mucosae anywhere in the 
gastrointestinal tract. 
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For Barrett’s neoplasia, ER is considered appropriate therapy for lesions limited to 
the superficial mucosal layers (M1 and M2 tumors) because these tumors have low 
rates of lymph node metastasis (<3 percent). there is less consensus, however, with 
regard to lesions that extend to the muscularis mucosa (M3 tumors), yet most cen-
ters consider this an accepted indication for endoscopic treatment of early Barrett’s 
neoplasia, whereas for squamous neoplasia M3 lesions are a relative indication.
  Esophagectomy is generally preferred for lesions that invade the submucosa 
(SM1, SM2, and SM3 tumors) given the significantly higher rates of lymph node 
metastasis associated with these lesions (table 2). Some groups have suggested that 
ER may be appropriate for lesions that penetrate into the superficial submucosal 
(SM1 tumors with submucosal penetration <500 microns). the reason ER may be an 
option is that these lesions may have a low risk of positive lymph nodes, provided 
that they do not show poorly differentiated cancer or lymphovascular invasion. 53,54 
However, most centers consider SM1 tumors to be an indication for surgery and re-
serve ER for patients who are considered to be at high surgical risk. More studies are 
required before strong management advice can be given with regard to these lesions.
  the above considerations underscore the importance of specialized referral centers 
where expert pathologists are available. 11,16 this topic is discussed in detail elsewhere. 

An understanding of the efficacy of endoscopic resection (ER) for management of 
high-grade dysplasia (HGD) or early cancer (EC) in Barrett’s esophagus (BE) is evolving. 
the available evidence suggests that ER for these conditions has an initial success rate 
comparable to surgical treatment, but with fewer complications. 9,12,55-63

Figuur 2 Subclassification of the depth of superficial esophageal cancer 49

Subclassification of the depth of superficial esophageal cancer. Ep: epithelial layer, lp: lamina propria, 

mm: muscularis mucosa, sm: submucosa, mp: muscularis propria.

Efficacy
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the rate of complete remission (ie, successful removal of the HGD or EC with ER) is 
variable, ranging from 59 to 99 percent in different studies. 9,12,55-60,62-66 In a system-
atic review that included 11 studies of patients with BE who underwent endoscopic 
mucosal resection (EMR), complete eradication of HGD or EC was achieved in 95 
percent of patients, and complete eradication of all Barrett’s mucosa was achieved 
in 89 percent. 67 Higher degrees of success are seen in patients with lower risk 
lesions, which are defined as macroscopic types I (protruded type), IIa (flat elevated 
type), IIb (flat type), and IIc (flat depressed type); a lesion diameter up to 20 mm that is 
limited to the mucosa; and histologically well to moderately well differentiated tumors.
  Recurrence of carcinoma or the development of metachronous malignancies 
has been described in 6 to 30 percent of patients. 9,12,55-59,61,62,65,66

Multiple factors have been associated with recurrence: 12,56,59,65,66,68

• Larger lesion diameter
• Long-segment BE
• Removal of the lesion with piecemeal resection
•  Failure to perform adjunctive ablative therapy (photodynamic therapy, argon 

plasma coagulation, or radiofrequency ablation)
• presence of multifocal neoplasia
• An elapsed time of more than 10 months prior to achieving complete remission
• the presence of residual dysplasia

Table 2 Lymph node invasion in surgical resection specimens of patients with early cancer in 
Barrett’s esophagus 

Author 
(year) 

Number of 
patients Selection criteria 

Number of 
lymph nodes 

resected 

Positive 
lymph node in 

T1m 
Survival in 

T1m 

Positive 
lymph node 

in T1sm 

Survival 
in 

T1sm1N1 

Peters 
(1994) 17 

Preoperative 
HGD/early 

cancer* -- 
0/4 HGD         
0/9 T1m 100% 5-yr 1/2 -- 

Ruol     
(1997) 26  

Postoperative 
diagnosis pT1 -- 0/4 94% 5-yr† 8/22 37% 5-yr 

Nigro   
(1999) 37 

Postoperative 
diagnosis pT1/2 41£ 1/15 T1m -- 6/12 T1sm -- 

Nigro    
(1999) 28 

Postoperative 
diagnosis pT1/2 14£ 0/13 T1m -- 1/6 T1sm -- 

Van 
Sandick 
(2000) 32 

Postoperative 
diagnosis pT1 13§ 0/12 100% 3-yr 6/20 50% 3-yr 

Stein   
(2000) 94 

Postoperative 
diagnosis pT1 

21 and 19£                      
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In most cases, recurrences can be successfully managed endoscopically. 66

One of the largest studies to look at the efficacy of ER for patients with early adeno-
carcinoma of the esophagus included 1000 patients who were followed for a mean 
of 56.6 months. 66 Complete remission was achieved in 96 percent of patients. 
Recurrent or metachronous lesions developed in 140 patients (15 percent) and 
were successfully treated endoscopically in 115 (82 percent of those with recur-
rence or metachronous lesions). Overall, the long-term complete remission rate 
was 94 percent.
  the ideal candidate for ER has a solitary, small (ie, <2 cm diameter), flat type 
lesion (usually a combination of types IIa, IIb, and IIc) that is limited to the mucosa. 
Histopathologic differentiation may be less important for most cases, since the 
vast majority of these early lesions will be classified as high-grade dysplasia or well 
differentiated cancers. 11 tumors that are poorly differentiated or undifferentiated tu-
mor differentiation is associated with adverse outcomes in studies using univariate 
analysis, but these studies usually included patients with more advanced lesions. 11

In multivariate analyses, tumor differentiation has NOt been identified as an inde-
pendent risk factor for lymph node metastasis or tumor recurrence. 29 this finding 
may be related to the fact that most undifferentiated tumors have already invaded 
the submucosa at the time of diagnosis. 11 however, reliable data on the relevance 
of histopathologic differentiation are sparse, especially given the small number of 
early, undifferentiated lesions in the available studies.
  Because of the risk for recurrence, patients treated with endoscopic resection 
require regular endoscopic follow-up to detect recurrent lesions. In most studies, 
patients are followed every three months during the first year and annually there-
after. Alternatively, the residual Barrett segment could be treated endoscopically. 

An important drawback of endoscopic resection (ER) monotherapy for high-grade 
dysplasia (HGD) or early cancer (EC) in Barrett’s esophagus (BE) is the high recur-
rence rate of 30 percent within five years during follow-up; therefore, eradication 
of the residual Barrett’s mucosa should be recommended.
  Endoscopic ablative therapy with radiofrequency ablation (RFA) or photodynamic 
therapy (pDt) allows treatment of the whole Barrett’s segment in one session, which 
may permit treatment of larger areas and/or be associated with a lower recurrence 
rate. Studies of RFA have reported impressive success rates when used in combina-
tion with er for removal of visible abnormalities, both in the short- and long-term.69 
pDt has been investigated as monotherapy for HGD and EC in BE as well as an 
adjuvant treatment after ER; however, serious complications such as stricture oc-
curred frequently, and 15 percent of patients who received pDt ultimately developed 
esophageal cancer. Complete ER of the whole Barrett’s segment (picture 3) may also 
be used as endoscopic therapy. this so called stepwise radical endoscopic resection 
(SRER) technique offers the potential to remove the entire area of dysplastic and 
metaplastic tissue and has several advantages over ablative therapy.
• It allows complete removal of the whole mucosa at risk for malignant progression.
• It provides tissue samples for optimal histopathologic diagnosis.

Endoscopic rEsEction as part of Endoscopic thErapy
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•  It may reduce the likelihood of persistent and/or induced genetic abnormalities 
that are associated with the progression of Be to adenocarcinoma. 

Several series have demonstrated the feasibility and safety in experienced hands of 
ER of the entire Barrett’s segment, even in patients with a long segment of BE. 64,70-73 
As examples:
•  A series of 21 patients with HGD or EC underwent two sessions each of ER to 

remove the entire Barrett’s segment. 72 this was performed with a polypectomy 
snare after a submucosal injection of 10 to 15 mL of saline. there were no severe 
complications and none of the patients developed a stricture. In three patients, 
histology revealed that resection of an EC was incomplete; one patient underwent 
surgery (no residual tumor was found in the surgical resection specimen), and the 
other two patients underwent chemoradiotherapy. All three were alive without 
residual disease at follow-up.

        Of the 18 patients with successful eradication of neoplasia, two (11 percent) 
showed recurrence of HGD during follow-up and were successfully retreated with 
endoscopic resection. Five patients had residual islands of Barrett’s mucosa em-
bedded in the neosquamous mucosa, with low-grade dysplasia present in three of 
the five.

•  Another series included 39 patients with HGD or EC in BE who underwent radical 
endoscopic resection using the endoscopic resection-cap technique after sub-

picture 3 Radical stepwise mucosal resection in a patient with esophageal cancer

A 2 cm long segment of Barrett’s esophagus is visible with a raised area subsequently found to cor-

respond to a mucosal cancer (panels A to C). Electrocoagulation markers were placed to delineate 

the lesion (panel D) after which it was resected with the cap technique (panel E). A bleeding site was 

treated by placement of a hemoclip (panel F). Histologic evaluation of the resection specimen showed 

a mucosal cancer. the patient subsequently underwent stepwise complete resection of the residual 

Barrett’s epithelium (panel G) resulting in complete neosquamous reepithelialization (panel H).
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mucosal lifting (median of three sessions). 70 All of the Barrett’s mucosa was removed 
in 33 (89 percent) of the patients, four patients had small isles of Barrett’s mucosa 
buried beneath the neosquamous mucosa (all had received argon plasma coagu-
lation), and two could not complete the therapy due to unrelated comorbidities. 
there were two complications (one asymptomatic perforation and one delayed 
bleeding) and 10 patients (26 percent) developed dysphagia that responded to 
dilation. After a median of 11 months follow-up, there were no cases of recurrent 
neoplasia or Barrett’s mucosa.

•  In a single-center United States series, 107 patients with HGD or EC in BE were 
treated with endoscopic resection to remove the Be segment, either in a radical ap-
proach (single session) or in multiple treatment sessions. In a per-protocol analysis 
(eg, excluding patients who underwent surgery after ER or discontinued treatment 
for other reasons) 79 of 80 patients (99 percent) were treated successfully. Durability 
data were available for 74 patients who were followed for a median of 33 months; 
74 of 74 patients (100 percent) had complete remission of HGD or EC, and 53 of 74 
patients (72 percent) had complete remission from intestinal metaplasia. 74

•  In the largest multicenter series reported thus far, 169 patients with HGD or EC in 
BE up to 5 cm were treated with stepwise radical endoscopic resection to remove 
all neoplasia and Barrett’s mucosa. 75 According to an intention-to-treat analysis, 
complete eradication of all neoplasia and all intestinal metaplasia by the end of 
the treatment phase was reached in 98 and 85 percent of patients, respectively. 
One patient had progression of neoplasia during treatment and died of metas-
tasized adenocarcinoma (0.6 percent). After median follow-up of 32 months 
(interquartile range 19 to 49 months), complete eradication of neoplasia and 
intestinal metaplasia was sustained in 95 and 81 percent of patients, respectively. 
Acute, severe complications occurred in 1.2 percent of patients, and 50 percent of 
patients developed symptomatic stenosis.

•  In the only randomized trial to date in which SRER was compared with focal ER 
followed by radiofrequency ablation, 47 patients were included who had HGD or 
EC in BE up to 5 cm. twenty-five patients received stepwise radical ER, and 22 
patients received ER plus RFA. Complete eradication of all neoplasia (CE-neo) and 
all intestinal metaplasia (CE-IM) at the end of the treatment phase was similar in 
both groups (CE-neo 100 versus 96 percent, and CE-IM 92 versus 96 percent, re-
spectively). the stenosis rate was higher in the SRER group than in the ER plus RFA 
group (88 versus 14 percent), which resulted in significantly more therapeutic ses-
sions in the SRER group (six versus three procedures), mainly due to dilatations. 
After a median follow-up of 24 months (interquartile range 18 to 29 months), a 
single patient in the SRER group had a recurrent cancer at the neosquamocolumnar 
junction, which could be removed with ER. 76

the role of the stepwise radical endoscopic resection technique seems limited to 
select patients in the treatment of HGD or EC in Barrett’s esophagus. Although 
the SRER technique is equally effective and has potential advantages over ablative 
therapy, the results from the randomized trial indicate that SRER is associated with 
a much higher rate of stenosis than ER plus RFA. We would therefore advise to use 
the SRER technique only for patients with more extensive lesions in BE up to 5 cm. 76
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Serious complications with the endoscopic resection (ER) techniques described 
above are rare, though complications such as stricture formation are common if 
large areas of Barrett’s mucosa are resected. 9,64,77,78 Studies have shown that the risk 
of complications increases with piecemeal resection and the degree of involvement 
of the mucosa: 77,79

•  Bleeding occurs in 0 to 46 percent of cases (depending in part on how it is de-
fined) and can usually be managed easily with endoscopic methods. 9,57,59,60,66,78,80 
We suggest that immediate bleeding be regarded as a complication only if it 
results in clinical consequences such as a drop in the hemoglobin level, the need 
for blood transfusions, or clinical signs of recurrent bleeding after the endoscopic 
procedure.

•  perforation has been reported with an estimated incidence <1 to 5 percent. 66,78,79 
the risk is increased during piecemeal resection. 79

•  Strictures have been reported in 2 to 88 percent of patients undergoing ER for 
Barrett’s esophagus (BE). 64,75-78,81,82 the size/length of the mucosal defect and the 
degree of circumferential involvement by the BE predict stricture formation. 77,81,83 
In a study of 73 patients who underwent endoscopic resection for BE with high-
grade dysplasia or intramucosal carcinoma, symptomatic strictures developed 
in 25 percent. Strictures were more common if the BE involved more than 50 
percent of the esophageal circumference (odds ratio [OR] 4.2, 95% CI 1.3-14). there 
was a trend toward tobacco use also increasing the risk (OR 3.3, 95% CI 0.93-12). 
Strictures arising after ER usually resolve with dilation . 81

•  In patients with high-grade dysplasia or early mucosal cancer complicating 
Barrett’s esophagus, we suggest endoscopic resection (ER) rather than surgery 
or ablative therapy, provided an experienced endoscopy is available and if the 
endoscopic appearance of the lesion does not raise suspicion for deep submu-
cosal infiltration. ER should only be performed by trained endoscopists with 
experience in screening, imaging, and treatment of patients with early Barrett’s 
neoplasia (Grade 2C). 

• ER is particularly useful in patients with nodular lesions.
•  ER aids in histopathologic diagnosis, since it permits assessment of depth of 

infiltration and estimation of the risk for local lymph node metastasis. However, 
histopathologic interpretation of ER specimens may not be straightforward. 

•  patients with high-grade dysplasia or early cancer should be referred to special-
ized centers that have integrated expertise in gastrointestinal endoscopy, imaging, 
surgery, and histopathology.

•  patients treated with ER require regular follow-up to detect recurrent lesions. In 
most studies, patients are followed every three months during the first year and 
annually thereafter. 

•  Optimal techniques for performing ER alone or in conjunction with other 

summary and rEcommEndations

complications
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endoscopic approaches are evolving. Combined with radiofrequency ablation, 
excellent eradication rates have been reported. Stepwise radical ER is associated 
with a higher rate of stenosis, and its use should be limited to patients with more 
extensive lesions. 

•  the most common complications from ER are bleeding and esophageal stricture 
formation, both of which can generally be addressed endoscopically. 
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OBJECtIVE: Focal endoscopic resection (ER) followed by radiofrequency ablation 
(RFA) safely and effectively eradicates Barrett’s oesophagus (BO) containing high-
grade dysplasia (HGD) and/or early cancer (EC) in small single-centre studies with 
limited follow-up.  Herein, we report long-term outcomes of combined ER and RFA 
for BO (HGD and/or EC) from a large multicentre study.

DeSIgN: In 13 European expert centres, patients with BO≤12 cm with HGD and/
or EC on 2 separate endoscopies were eligible for inclusion. Visible lesions (<2cm 
length; <50% circumference) were removed with ER, followed by serial RFA every 
3 months (max 5 sessions).Single ER or patch-up ApC (areas <5mm) was allowed 
for residual BO after RFA. Follow-up endoscopy was scheduled at 3 and 9 months 
after last treatment, and annually thereafter. Outcomes: complete eradication of 
neoplasia (CE-neo) and intestinal metaplasia (CE-IM); durability of CE-neo and CE-
IM (once achieved) during follow-up.  Quality control: investigators trained at the 
coordinating site, monitors attended all RFA sessions, centralised pathology review.

reSUltS: 132 patients with median BO length C3M6 were included. After entry-ER 
in 119 patients (90%),a median of 3 RFA (IQR 3-4) treatments, and escape-ER (n=9) 
or ApC (n=15) in 24 patients (18%), CE-neo was achieved in 121/132 (92%) and CE-IM 
in 115/132 patients (87%), per intention-to-treat analysis. per-protocol analysis, CE-
neo and CE-IM were achieved in 98% and 93%, respectively. After a median of 47 
months, CE-neo and CE-IM persisted in 96% and 92%, respectively. Mild to moderate 
adverse events occurred in 25 patients (19%); all managed conservatively or endo-
scopically.                                                                                                                                

CoNClUSIoN: In patients with early Barrett’s neoplasia, ER combined with RFA 
is safe and highly effective, and the treatment effect appears to be durable. 
(trialregister.nl,nTR 1211)

aBstract
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introduction

Barrett’s oesophagus (BO) is an important risk factor for the development of oesopha-
geal adenocarcinoma, a cancer with a markedly rising incidence in the Western world.1 
Malignant degeneration of BO is typically step-wise and gradual: from non-dysplastic 
intestinal metaplasia (IM), to low-grade dysplasia (LGD), high-grade dysplasia (HGD), 
and eventually invasive cancer.2,3 patients with BO containing HGD and/or early 
cancer (EC) may be treated by endoscopic means, given their low risk of local 
lymph node involvement, whereas patients with more advanced cancers (invading 
the submucosa >500 microns; ≥t1sm1) should be offered surgery.4–9  
  Endoscopic resection (ER) is the cornerstone of endoscopic treatment, as 
it allows for removal of visible lesions and accurate histological assessment of 
infiltration depth, differentiation grade and lymphatic or vascular invasion, which 
are imperative for optimal patient selection.4,10,11  Since the risk of developing 
metachronous lesions in the residual BO segment is estimated at 30% within 3 
years after focal ER, eradication of any residual BO regardless of dysplasia grade 
is recommended.7,12,13 Radiofrequency ablation (RFA) refers to the controlled and 
uniform delivery of radiofrequency energy, and has been shown to be safe, effective, 
and durable as single-modality therapy for patients with non-dysplastic Barrett’s 
mucosa, LGD or flat HGD.14,15  the combined use of ER and RFA for treatment of 
mucosal abnormalities and early cancer has also been studied, yet these studies are 
limited by the small number of included patients, single-centre setting, retro-
spective design and/or relatively short duration of follow-up.16–22  In preparation of 
the present large multicentre study, a three-centre pilot study  demonstrated effec-
tiveness of this combined approach in >90% of patients, but widespread ER prior to 
RFA was associated with more complicated RFA treatment  due to post-ER stricturing.18 
In the current multicentre study we therefore restricted entry lesion size and the 
extent of ER prior to RFA. 
  the aim of this prospective international multicentre study was to evaluate the 
procedural success of RFA combined with limited ER for visible abnormalities, using 
a standardised treatment protocol in patients with BO containing HGD or early 
cancer, and to report long-term treatment outcomes.

StUDY SettINg  patients were included between September 2007 and February 
2010 at 13 European centres having a tertiary referral function for the endoscopic 
management of early Barrett’s neoplasia. to ensure standardisation of the RFA 
technique, the principal investigator of each centre received hands-on train-
ing at the coordinating study site (AMC, Amsterdam, the Netherlands), and the 
first 3-4 RFA procedures were supervised on-site by the principal investigator of 
this study ( JBe). to ensure protocol compliance and high-quality data, a study 
coordinator from AMC attended all RFA procedures and the first follow-up visit 
for each patient. 

matErials and mEthods
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PAtIeNt SeleCtIoN  patients were eligible if they were 18-85 years of age, had a 
BO segment measuring 2-12 cm, histological confirmation of HGD and/or EC on 
2 separate endoscopies <6 months prior to inclusion, and no signs of metastatic 
disease on endoscopic ultrasound and computed tomography (required only 
in case of EC).  Any visible abnormality was removed by ER, prior to initial RFA. 
Visible abnormalities were defined as any mucosal irregularity or discoloration 
within the Barrett’s oesophagus. Based on prior experiences18, the maximum ex-
tent of ER was limited to 2 cm in length and 50% of the circumference. patients 
were excluded if the ER-specimen showed cancer at the vertical (deep) resec-
tion margin, invasion >t1sm1, poorly or undifferentiated cancer, or lymphatic 
or vascular invasion. In addition, oesophageal stenosis preventing passage of a 
therapeutic endoscope, persistent visible lesions, or cancer in biopsies obtained 
during 2 mandatory mapping endoscopies performed after ER and pre-RFA, were 
exclusion criteria.

treAtmeNt AND follow-UP ProtoCol  At baseline, all visible abnormali-
ties (<2 cm, < 50% of circumference) were removed by endoscopic resection for 
histo-logical staging. ER was performed using the ER-cap technique (Olympus, 
Hamburg, Germany), multiband mucosectomy (Duette®, Cook Endoscopy, 
Limerick, Ireland) or Euroligator (Mandel+Rupp, Erkrath, Germany). After two 
mapping endoscopies and at least 6 weeks after ER, the first RFA treatment 
was performed using either the HALO360 system for circumferential ablation, or 
the hAlo90 system for focal ablation, as described in detail previously.16–18 the 
neosquamocolumnar junction (neo-SCJ) at the upper end of the gastric folds was 
treated circumferentially with HALO90 ablation at every focal RFA session. RFA 
treatment was performed every 3 months until visible clearance of Barrett’s was 
achieved, with a maximum of 2 circumferential and 3 focal ablations. ER was 
performed for any visible lesions detected at any scheduled RFA session. Any 
residual BO persisting after the maximum number of RFA sessions was either 
removed in a single ‘escape’ ER session, treated with a maximum of two ApC 
sessions in case of areas <5 mm, or kept under endoscopic surveillance, at the 
discretion of the investigator. 

the first follow-up endoscopy was scheduled 3 months after the last therapeutic 
endoscopy (where visible clearance of all Barrett’s mucosa had been achieved), 
4-quadrant biopsies for histological correlation were obtained immediately distal 
(<5 mm) to the neo-SCJ (gastric cardia) and from every 2 cm encompassing the 
original extent of the BO segment (neosquamous epithelium). If histological era-
dication of all intestinal metaplasia (IM) was confirmed, additional follow-up with 
biopsies was performed at 9 months follow-up (6-month interval), and annual-
ly thereafter. If histological eradication of all IM was not confirmed, additional 
therapy was performed as described above.

During the entire study period, all patients were prescribed high-dose proton-
pump inhibitor therapy bid, supplemented with an H2-receptorantagonist at 
bedtime and sucralfate suspension after every meal for two weeks after each 
therapeutic endoscopy. 

mAterIAlS AND methoDS
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oUtCome PArAmeterS
Primary outcome parameters: 
–  Complete eradication of neoplasia, defined as absence of HGD and EC in all 

biopsies obtained at the first follow-up endoscopy (CE-neoplasia). 
–  Complete eradication of IM, defined as absence of IM, in all oesophageal biopsies 

obtained at the first follow-up endoscopy (CE-IM).

Secondary outcome parameters: 
–  Durability of eradication of neoplasia during follow-up, with follow-up defined as 

the interval between the first treatment session and the last follow-up endoscopy. 
–  Durability of eradication of IM during follow-up, with follow-up defined as the 

interval between the last treatment session and the last follow-up endoscopy.
–  Adverse events, defined as ‘acute’ (during procedure), ‘early’ (0-48hrs) and ‘late’ 

(>48hrs). Adverse events were graded as ‘mild’ (unplanned hospital admission, 
hospitalisation <3 days, haemoglobin drop <3g, no transfusion), ‘moderate’ (4-10 
days hospitalisation, <4 units blood transfusion, repeat endoscopic intervention, 
radiologic intervention), ‘severe’ (hospitalisation >10 days, ICU admission, need 
for surgery, > 4 units blood transfusion, in the case of stenosis: >5 dilatations, 
stent placement or incision therapy) or ‘fatal’ (death attributable to procedure <30 
days or longer with continuous hospitalisation).23,24

hIStologICAl ANAlYSIS  At each study site, histological evaluation was per-
formed by a local expert pathologist, followed by central expert pathology review 
of all er-specimens, pre-RFA work-up biopsies, and biopsies from the first follow-up 
endoscopy. In case of discrepancies between local and central expert interpretation, 
review by a third central expert pathologist was performed to reach consensus. 
er-specimens were evaluated for neoplasia according to the WHO classification 25, 
tumour infiltration depth, differentiation grade, presence of lymphatic or-vascular 
invasion and completeness of resection at the vertical (deep) margin. Biopsies 
were evaluated for presence of IM and neoplasia, as well as the presence of buried 
Barrett’s glands in those biopsies from neosquamous mucosa. In cases of post-
treatment biopsies locally read as HGD or EC, this required confirmation by central 
pathology review. 

ethICS AND StAtIStICAl ANAlYSIS  the ethics committee of each institution 
approved the protocol (NtR 1211, www.trialregister.nl). Written informed consent 
was obtained from all patients prior to inclusion. All authors approved the final 
version of the manuscript. Statistical analysis was performed with the IBM SpSS 
20.0 statistical software package (SpSS Inc., Chicago, USA). Mean (±SD) was used in 
case of a normal distribution of variables and median (IQR 25%-75%) was used for 
variables with a skewed distribution. to assess the durability of CE-neoplasia and 
CE-IM, survival analysis using Kaplan-Meier estimation was performed. 
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PAtIeNtS  In 132 included patients endoscopic therapy was pursued, table 1 shows 
the baseline characteristics of these patients. endoscopic resection was performed 
in 119 patients (90%). Figure 1  details the flow of patients throughout the study. 

rEsults

Table 1. Baseline characteristics of included patients.* 

 n = 132 

Male : Female 107 : 25 
Mean age – years (±SD) 65±14 
Median BO length – cm (IQR) C3M6 (C1-7, M4-9) 
ER prior to RFA 119 (90%) 
ER technique 
   ER-cap technique 
   Ligate-and-cut technique 

 
52 (44%) 
67 (56%) 

Resection 
   En-bloc resection 
   Piecemeal resection 
   Median nr resected pieces (IQR) 

 
63 (53%) 
56 (47%) 

2 (2-4) 
Worst histology ER-specimens 
   Non-dysplastic IM 
   Low-grade dysplasia 
   High-grade dysplasia 
   Mucosal cancer 
   Submucosal cancer 

 
3 
7 

31 
76 
2 

Worst histology post-ER/pre-RFA biopsies 
   Non-dysplastic IM 
   Low-grade dysplasia 
   High-grade dysplasia 

 
51 
45 
36 

 

BO: Barrett’s oesophagus;  ER: endoscopic resection; IM: intestinal metaplasia; RFA: radiofrequency 

ablation. 

* All of the included patients had had HGD and/or cancer on at least two occasions before inclusion. 

PrImArY AND SeCoNDArY oUtComeS
Complete eradication of neoplasia and IM  treatment was discontinued in 8 of 132 
patients (6%) after a median of 2 (IQR 1-4) RFA sessions. Of these, two patients had 
follow-up at 13 and 18 months, respectively, with no neoplastic progression, while 
the remaining six had no follow-up. By intention-to-treat analysis (considering all 
eight patients who discontinued treatment as failures), complete eradication of 
neoplasia and IM was achieved in 121/132 (92%, 95% CI: 83-93) and 115/132 (87%, 
95% CI: 80-92) patients, respectively. By per-protocol analysis (censoring for 
unrelated drop-outs instead of considering them as failures), CE-neoplasia and 
CE-IM were reached in 121/124 (98%, 95% CI: 93-99) and 115/124 (93%, 95% CI: 87-96) 
patients, respectively.

patients underwent a median of 1 (IQR 1-2) circumferential and 2 (IQR 2-3) focal 
ablations. In six patients, ER was performed for visible lesions detected during 
the treatment phase. Of these, one patient was noted to have submucosal cancer 
(t1sm1G2), and underwent esophagectomy (16 lymph nodes negative for metastasis, 
12 months disease free FU).  After completing the allowed RFA sessions, escape 
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therapy for small areas of residual Barrett’s mucosa was performed in 24 patients 
(18%). Nine patients underwent escape-ER, and of these, one patient was noted 
to have a submucosal cancer (t1sm1G1), but was considered unfit for surgery and 
underwent additional endoscopic treatment (see treatment failures below). the 
remaining 15 patients received ApC for diminutive residual BO islands. the median 
total number of treatment sessions (baseline ER, RFA, escape) for the entire cohort 
was 4 (IQR 4-5). 

Complete eradication of neoplasia failed in three patients. One patient (baseline 
C7M9 with HGD) underwent ER of a visible lesion after the fourth ablation session, 
which showed a submucosal cancer (t1sm1G2). this patient underwent surgery as 
mentioned above. two other patients (baseline C6M7 with HGD and C10M10 with 
EC) had residual neoplastic Barrett’s after the maximum of 5 RFA sessions and 
escape treatment. Both patients were considered unfit for surgery, and underwent 
additional endoscopic treatment until complete eradication of neoplasia was 
achieved. Complete eradication of IM after RFA and per-protocol escape therapy 
failed in nine patients: three aforementioned CE-neo failures, three patients who 
had little or no conversion to squamous mucosa, and three patients who required 
additional off-protocol endoscopic treatment. 

Figure 1. treatment and outcomes.

ApC: argon plasma coagulation; CE: complete eradication; ER: endoscopic resection; FU: follow-up; 

HGD: high-grade dysplasia; RFA: radiofrequency ablation. 

Of note, the fifth patient with recurrent neoplasia did not reach CE-IM after the treatment period and is 

not included in the CE-IM follow-up flow.
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durability of response during follow-up  Figure 2A shows the cumulative rate of recur-
rence of neoplasia during a median of 47 months (IQR 38-54) of follow-up since the 
first treatment session (ER or RFA) of the 121 patients who achieved CE-neoplasia 
after treatment. patients underwent a median of 4 endoscopies (IQR 3-5), with a 
median of 41 biopsies (IQR 25-60). In this Kaplan-Meier analysis 94% of patients 
remained free of neoplasia at 54 months (reached by 40% of patients in follow-
up). In five patients (4%) recurrence of HGD/mucosal cancer was observed, which 
was successfully treated endoscopically to CE-neoplasia. Of the 121 patients who 
entered follow-up after CE-neoplasia was established, CE-neoplasia was therefore 
maintained in 116 patients (96%, 95% CI: 90-98).

Figure 2B shows the cumulative rate of recurrence of IM during a median of 32 
months (IQR 23-41) since the last treatment session of the 115 patients who were CE-
IM after treatment. In this analysis 91% of patients remained free of IM at 36 months 
(reached by 40% of patients in follow-up). Four patients were treated for recurrent 
neoplasia, 5 patients with recurrent IM in biopsies were treated with escape-ER for 
a BO island of 5 mm (n=1), or kept under surveillance because there was no BO visible 
on endoscopy although biopsies obtained from the neosquamous epithelium did 
contain IM (n=4). Of the 115 patients who entered follow-up after CE-IM was estab-
lished, CE-IM was therefore maintained in 106 patients (92%, 95% CI: 86-96).
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Figure 2. Kaplan-Meier curves representing the estimated 54-months cumulative incidence rates of 

recurrence of neoplasia, after complete eradication of neoplasia is established in 122 patients (left 

panel); and of recurrence of intestinal metaplasia, after complete eradication of intestinal metaplasia 

is established in 115 patients (right panel).  Any recurrence was considered a failure for recurrence-free 

survival, even though complete eradication was re-established after endoscopic treatment.

During follow-up non-neoplastic focal IM was diagnosed in biopsies from a normal 
appearing neo-squamocolumnar junction in 28 of 115 patients (24%, 95% CI: 17-33). 
In 24 of these patients (86%), this was detected at a single FU-endoscopy, and could 
not be reproduced during subsequent FU (median 4 FU endoscopies, median 14 
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biopsies). In four patients focal IM was found twice during follow-up, no patient 
required re-treatment. No increase in the incidence of focal IM in the cardia was 
observed over time.

Buried glands were detected in 1 of 115 patients (1%, 95% CI: 0-5), in 1 of 4,174 neo-
squamous biopsies obtained during follow-up. this patient was initially treated 
successfully for C4M5 BO with HGD. After repeated detailed endoscopic inspection 
with narrow-band imaging no visible Barrett’s mucosa was seen, however in a biopsy 
from the same area buried glands were confirmed again. the whole circumferential 
extent of the original BO was therefore treated  once again with the HALO360-
device (2x12J/cm2). During subsequent 54 months follow-up, with 3 ER specimens 
obtained at 3 separate endoscopies from the healed area and 55 neosquamous 
biopsies, no buried glands were detected. 

Adverse events  No clinically relevant complications occurred in relation to any of 
the ER procedures. Adverse events related to RFA are summarized in table 2. 

Table 2. Related adverse events in 26 patients occurring during or after RFA treatment.  

Adverse event Adverse event rate % (n) Classification 

Acute*   

   Superficial mucosal laceration 8 (11) Mild (11x) 

   Bleeding 1 (1) Mild (1x) 

Early (<48hrs)   

   Fever resulting in hospital admission 1 (1) Mild (1x) 

   Fainting 1 (1) Mild (1x) 

Late (>48 hrs)   

   Oesophageal stenosis † 6 (8) Moderate (8x) 

   Haematemesis ‡ 1 (1) Moderate (1x) 

   Food bolus § 1 (1) Moderate (1x) 

   Melena¶ 1 (1) Mild (1x) 

Total 19 (25) -- 

 

* None of the acute complications required endoscopic intervention. 

† Oesophageal stenosis required a median of 1 (IQR 1-2) endoscopic dilations 

‡ Haematemesis occurred 2 weeks after focal RFA requiring hospitalisation and repeat endoscopy, in 

a patient on warfarin 

§ Food bolus occurred in an inflamed oesophagus 7 days after focal RFA requiring repeat endoscopy, 

without the need for subsequent dilatations  

¶ Melena was self-reported and could not be objectified  
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this is the largest prospective multicentre study to date on endoscopic resection 
followed by radiofrequency ablation for early Barrett’s neoplasia, with a median 
follow-up reported of almost 4 years. the results demonstrate the procedural success 
of this combined treatment approach (including limited application of ApC) for 
eradication of neoplasia and IM.  In our treatment protocol, ER had an indispens-
able role as it allowed for removal and accurate histological staging of neoplastic 
lesions, which ensured optimal patient selection and rendered the mucosa flat for 
subsequent RFA. Furthermore, if neoplasia developed during the ablation phase 
or persisted after ablation, additional ER proved a safe escape modality for both 
diagnosis and treatment. Based on adverse events that occurred in the EURO-I 
trial, a pilot trial in 3 European centres in which 24 patients were enrolled 18, in the 
present trial the extent of ER prior to RFA was limited to 2 cm in length and 50% 
of the circumference of the oesophagus. Limiting ER seems effective in preventing 
potential RFA complications after a prior ER, as minor mucosal lacerations after RFA 
occurred in only 8% of patients in this study, compared to 21% in the EURO-I study.  
Complications related to treatment were observed in 26 patients (20%) in this study, 
all were graded mild or moderate. All complications were managed conservatively 
or endoscopically, without complication related mortality. Oesophageal stenosis 
was observed in 8 patients (6%), all could be dilated with a minimum of endoscopic 
dilatation sessions. the combination of limited ER and RFA is therefore a relatively 
safe approach.
  Complete eradication of neoplasia and intestinal metaplasia after rfA has 
previously been reported in 77%-98% of patients in cohort studies from the US and 
UK.14,22,26,27 Our eradication rates for neoplasia (Itt 92%, pp 98%) and intestinal meta-
plasia (Itt 87%, pp 93%) lie at the upper end of this spectrum.22,27 Our high rates of 
complete eradication may reflect the rigorous quality control in this study: only ex-
pert centres were selected to participate in the trial, all investigators had previously 
received hands-on training at the coordinating site and were supervised on-site 
to ensure adherence to the treatment protocol. An important difference with RFA 
studies from the United States is that we incorporated circumferential HALO90 treat-
ment of the neo-squamocolumnar junction during each focal ablation procedure, 
to ensure optimal treatment of this area.14,15,28 In addition, our standardised treatment 
protocol allowed for additional RFA or escape treatment at a low threshold, until 
all Barrett’s mucosa was visibly eradicated. Although RFA was highly successful in 
eradicating the BO segment in the majority of cases,  escape ER or touch-up ApC 
(areas <5mm) was used eventually in 18% of patients to establish complete eradica-
tion. All of our patients received aggressive acid suppression after each treatment 
procedure. Finally, systematic follow-up endoscopies were performed using a rigor-
ous biopsy protocol. 
  poor response to endoscopic treatment (i.e. failure to reach complete eradica-
tion of neoplasia and/or IM) occurred in a small subset of our patients. Neoplastic 
progression occurred in two of these patients who failed to achieve CE-neoplasia.  
In both of these patients, ER showed submucosal (t1sm1) carcinoma, and one of the 
patients underwent surgery. this progression rate to invasive disease is much lower 
than reported in a recent UK cohort,22 mainly because we insisted on complete 
removal of all visible abnormalities by ER prior to RFA, and absence of cancer on 

discussion
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2 separate mapping endoscopies prior to RFA. Baseline ER was performed in 90% 
of patients in our study, as compared to only 49% of patients in the UK cohort. 
this stresses the importance of careful inspection of Barrett’s mucosa prior to any 
rfA session, with a low threshold for performing a diagnostic er to avoid disease 
progression. Importantly, neither escape ER nor escalation to surgical therapy were 
impaired by previous endoscopic treatment. 
  once complete eradication of neoplasia and Im was established, it was main-
tained in the majority of patients (96% and 92% respectively). All recurrences of 
neoplasia in this study were detected at an early stage, and all were managed 
endoscopically. the recurrence rate of neoplasia appears to be very low and in line 
with other publications assessing the durability of neosquamous epithelium after 
rfA for neoplastic Bo. A randomised trial on rfA for patients with lgD or hgD, 
recently reported the 2 and 3-year follow-up results. patients randomised to control 
were offered RFA treatment after 1 year. For the HGD patients, CE-neoplasia was 
demonstrated in 95% of 54 available patients at 2-year follow-up, allowing interim 
focal touch-up RFA. At 3-years, CE-neoplasia was 96% in 24 available patients. 29 In a 
prospective study following 54 patients who underwent RFA with or without ER for 
early BO neoplasia, sustained CE-neoplasia and CE-IM was 94% at 5-years follow-up.30 
In general, the present data comport well with these two recent studies, reporting 
sustained eradication rates of neoplasia and IM. 
  two neoplastic recurrences in this study were both detected at the neo-
squamocolumnar junction. this is in concordance with previous studies, in which 
recurrent neoplasia mainly occurred in the cardia, months to years after complete 
eradication of Bo. 23,31–33 to minimise the risk of recurrences, effective treatment at 
this level is imperative. In this study, most patients underwent multiple ablations of 
this area, since focal ablation of visible BO was always combined with circumferential 
treatment of the neo-SCJ with the focal RFA device. to assess if all Barrett’s mucosa 
has been completely eradicated, biopsies obtained immediately distal to the neo-
SCJ were used as an objective endpoint, as endoscopic differentiation between 
gastric mucosa and IM is unreliable. 34 One may argue that in patients who have 
undergone endoscopic therapy for BO neoplasia, subsequent detection of IM of the 
cardia may reflect insufficient treatment of that area, truly recurrent disease, or an 
irrelevant normal finding. In our study, focal IM of the cardia was detected in 24% 
of patients, but in the vast majority of cases this finding was incidental and could 
not be reproduced during further follow-up. If focal IM of the cardia would reflect 
residual disease, one would expect to find this more than once in the same patient. 
If focal IM in this area results from ongoing reflux after treatment, we would expect 
an increased incidence over time. Studies have shown that focal IM in this area often 
follows a benign course, with no increased incidence over time or reproducible 
detection during follow-up.15,30  Furthermore, focal IM is found in up to 25% of the 
normal population, and this is generally not considered a pre-malignant condition35,36 
In those studies, generally <4 biopsies were obtained at a single timepoint. In our 
study a median of 14 cardia biopsies were obtained at a median of 4 FU endoscopies. 
Our data further support the notion that focal IM of the cardia after RFA is of limited 
clinical relevance, and suggest that this is not related to residual or recurrent BO.30 
For the durability outcome of IM as described in this study we therefore did not 
consider focal IM found in cardia biopsies  as recurrent BO. IM was only considered 
recurrent if this was detected in neosquamous biopsies obtained from the oeso-
phagus, even if Barrett’s mucosa was not visible on endoscopy. 
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After endoscopic eradication of Barrett’s mucosa, there is a generally held con-
cern that occult buried Barrett’s glands may develop underneath neosquamous 
epithelium and thus may progress to a malignant stage while remaining endoscopi-
cally invisible. However, in reports of more than 700 patients treated with RFA 
the rate of buried glands appears almost negligible. 14,15,27,37–39  Studies have shown 
that biopsy depth of treated and untreated squamous epithelium is similar, hence 
neosquamous biopsies are of adequate depth to evaluate the presence of buried 
glands. 40–42 In our study all of our patients were subjected to a stringent biopsy 
protocol during follow-up, and we found buried glands in only one patient who was 
successfully re-treated with RFA. these results add to the evidence that the presence 
of buried glands in normal appearing post-RFA epithelium is rare.
  Strengths of this study include the baseline training of participating centres: 
hands-on training at the coordinating site (AMC) was organised for all participating 
endoscopists at the start of this study. Furthermore, the first 3-4 RFA procedures 
were supervised on-site by the principal investigator of this study, and all RFA ses-
sions and the first follow-up visit were attended by a coordinating study team who 
ensured prospective registration of data, standardisation of technique throughout 
the study, and compliance to the treatment and follow-up protocol. All patients 
underwent thorough endoscopic work-up with at least two high-resolution endo-
scopies, and histological review of pre-treatment biopsies and all er-specimens 
was performed at the AMC. Lastly, the European multicentre setting enabled inclu-
sion of a large number of patients with a widespread demographic background. 
  We included a seemingly low number of patients per centre, which may raise 
the question of selection bias and extrinsic validity of the study. We believe that 
during the accrual period (which ranged from 6 to 23 months in the different cen-
tres) a limited number of patients were missed who fulfilled the selection criteria 
for inclusion. However, since most centres did not prospectively register their ER 
procedures we are not informed on how many patients with early BO neoplasia are 
candidates for the limited ER plus RFA approach as described in our series. Based 
on experiences in the Netherlands and Belgium, we believe that 75% of patients 
can be treated with this approach. It should be noted that for patients who require 
more widespread ER the results of this study may not be applicable. For such patients 
there are several endoscopic treatment approaches available. In a previous study 
we have evaluated the use of circumferential RFA followed by ER within the same 
treatment session.43 this approach is technically feasible but demanding and is 
associated with a substantial rate of complications and repeat ER. Based on these 
results, we would advocate reserving this ‘single-step’ approach for highly selected 
individuals only, especially in case of large lesions or pre-existing oesophageal 
stenosis. A second option is stepwise radical endoscopic resection (SRER), in which 
the whole BO segment is removed in subsequent ER-sessions.23 Despite the excellent 
eradication rates achieved with this technique, SRER is associated with high rates 
of stenosis, bleeding and perforation compared to ER plus RFA. 33 For the majority 
of patients, therefore, focal ER should be performed for complete removal of all 
visible abnormalities. post-ER scarring should then be resolved by oesophageal 
dilatation, followed by RFA at a later stage. One limitation of this study is that ER 
procedures were not attended by a member of the coordinating study team. Registra-
tion of ER procedures and extent of ER may therefore have been less accurate than 
registration of all RFA procedures. Second, we allowed endoscopic rescue therapy in 
18% of patients after RFA. Most escape treatments were ApC touch-ups of diminutive, 
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flat and non-suspicious Barrett’s areas (<5mm). ApC is a cheap and widely used abla-
tion technique which has proven successful in eradication of Barrett’s oesophagus, 
but can be quite time consuming for ablation of a larger area of Barrett’s mucosa 
as it is performed spot by spot.44 We believe that ApC can be used complementary 
to the ER plus RFA treatment protocol, for final patching-up of small areas of BO. 
Continuation of treatment until all Barrett’s mucosa is eradicated both visibly and 
histologically should be pursued to ensure low recurrence rates of neoplasia during 
follow-up. Lastly, all patients underwent endoscopic work-up and treatment at 
centres with extensive expertise in the management of neoplastic BO. therefore 
the results of this study cannot automatically be extrapolated to general practice. 
In our opinion however, it is imperative to centralise endoscopic management 
of patients with Barrett’s neoplasia in dedicated centres with multidisciplinary 
experience in this field (i.e. experience in endoscopic detection and treatment, 
adequate case-volume, expert GI-pathology, access to oesophageal surgery), to 
ensure the procedural success rate as reported in the current study. 

this is the largest prospective multicentre study to date on limited ER followed by 
radiofrequency ablation for early Barrett’s neoplasia. Endoscopic resection followed 
by RFA was shown to be safe and effective, and was durable during 4 years follow-up. 
the main adverse event was stricture occurrence in 6% of patients, which resolved 
with dilatation. Our results underline that the combined approach of ER followed 
by RFA, when performed by trained endoscopists, should be the first choice for 
treatment of carefully selected patients with early BO neoplasia. 

conclusion
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BACKGROUND & AIMS: Radiofrequency ablation (RFA) with or without endoscopic 
resection, effectively eradicates Barrett’s esophagus (BE) containing high-grade intra-
epithelial neoplasia and/or early-stage cancer. We followed patients who received 
RFA for BE containing high-grade intraepithelial neoplasia and/or early-stage cancer 
for 5 years to determine the durability of treatment response.

methoDS: we followed 54 patients with BE (2-12 cm), previously enrolled in 4 con-
secutive cohort studies in which they underwent focal endoscopic resection in case 
of visible lesions (n=40, 72%), followed by serial RFA every 3 months. patients under-
went high-resolution endoscopy with narrow-band imaging at 6 and 12 months after 
treatment and then annually for 5 years (median, 61 months; interquartile range, 53-
65 months); random biopsy samples were collected from neosquamous epithelium 
and gastric cardia. After 5 years, endoscopic ultrasound and endoscopic resection of 
neosquamous epithelium were performed. Outcomes included sustained complete 
remission of neoplasia or intestinal metaplasia (IM), IM in gastric cardia, or buried 
glands in neosquamous epithelium.

reSUltS: After 5 years, Kaplan-Meier analysis showed sustained complete remis-
sion of neoplasia and intestinal metaplasia in 90% of patients; neoplasia recurred 
in 3 patients and was managed endoscopically. Focal IM in the cardia was found in 
19 of 54 patients (35%), in 53 of 1,143 gastric cardia biopsies (4.6%). the incidence of 
IM of the cardia did not increase over time; and IM was diagnosed based on only 
a single biopsy in 89% of patients. Buried glands were detected in 3 of 3,543 neo-
squamous epithelium biopsies (0.08%, from 3 patients). No endoscopic resection 
samples had buried glands.

CoNClUSIoNS: Among patients who have undergone RFA, with or without endo-
scopic resection for neoplastic BE, 90% remain in remission at 5-year follow-up, with 
all recurrences managed endoscopically. this treatment approach is therefore an 
effective and durable alternative to esophagectomy. (trialregister.nl, nTR2938)

aBstract
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introduction

Barrett’s esophagus (BE) is a pre-malignant condition in which the normal 
squamous lining of the esophagus has been replaced by columnar epithelium 
containing intestinal metaplasia (IM). Malignant degeneration of BE is gradual: 
from non-dysplastic IM, to low-grade intraepithelial neoplasia (LGIN), high-grade 
intraepithelial neoplasia (HGIN), and eventually progressing into invasive cancer.1,2 

patients with non-dysplastic IM or LGIN undergo regular endoscopic surveillance.2 
patients with HGIN or early-stage cancer limited to the mucosa can be treated 
endoscopically, whereas more advanced cancers require surgical treatment. 3-6 

for focal lesions, endoscopic resection is the treatment of choice. however, after 
focal endoscopic resection, the residual Barrett segment remains at risk for malig-
nant progression. Because the risk of developing metachronous lesions is estimated 
at 30% within 3 years, eradication of any residual BE is recommended. 6-8 radio-
frequency ablation (RFA) is characterized by controlled and uniform delivery of 
radiofrequency energy. this technique has been shown to be safe and effective in 
eradicating non-dysplastic BE and BE containing LGIN or HGIN. 9,10  the combina-
tion of endoscopic resection and RFA has also been shown successful for treatment 
of mucosal abnormalities and early-stage cancer. With this treatment approach, 
not only neoplasia is effectively removed, but the entire BE segment is successfully 
eradicated in 77-100% of patients. 11-14 

Less is known about the longer-term durability of this approach. Several factors 
can influence the persistence of neosquamous epithelium after complete eradica-
tion of BE and neoplasia. For example, the presence of ongoing reflux exposure can 
play a role in recurrent disease given the role of reflux in the pathogenesis of BE. 15 
permanent eradication of neoplasia and IM would justify a prolonged surveillance 
interval, a less rigorous biopsy protocol, or even omitting surveillance endoscopies at 
all. Although several groups have reported promising outcomes of RFA treatment for 
neoplastic BE, most of these studies lack systematic long-term follow-up. 9, 10, 16, 17 

to assess the durability of post-RFA epithelium in a large prospective cohort of 
patients treated for BE with HGIN and/or early-stage cancer, we have systematically 
followed patients for 5 years after the initial RFA. this follow-up study is charac-
terized by regular high-resolution endoscopy with extensive biopsy sampling and 
centralized pathology review completed by endoscopic ultrasound (EUS) and endo-
scopic resection of neosquamous epithelium.
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PAtIeNt SeleCtIoN patients were initially included if they had endoscopically 
visible BE with histology proven HGIN and/or early-stage cancer, demonstrated on 
at least two separate endoscopies. Patients were treated per one of the following 
study protocols (table 1):

1.   the first pilot study (AMC-I) on circumferential RFA using the HALO360 ablation 
device, with earlier en-bloc endoscopic resection allowed, of HGIN and/or early-
stage cancer in patients with Be segment between 2 and 10 cm. 11

2.   the second prospective study (AMC-II) on RFA, with earlier piecemeal endo-
scopic resection allowed, for treatment of HGIN and/or early-stage cancer in 
patients with a BE segment between 2 and 10 cm, using both the HALO360 and 
the hAlo90 ablation device from the start of the study. 12

3.   the first European multicenter trial (EURO-I) evaluating the efficacy and safety of 
RFA, with or without endoscopic resection, in patients with a BE segment <12 cm. 13 

4.   A prospective randomized multicenter trial (AMC-IV) comparing stepwise radical 
endoscopic resection with rfA for the eradication of neoplasia and Im in patients 
with a BE segment <5 cm. 14

For this study, all 55 patients who were initially treated at the Academic Medical 
Center were included.

Table 1: Overview of referenced treatment protocols, from which patients were derived for evaluation of 5-year results after RFA. 

Trial Patients 
included 

 
 

(n = 69) 

Eligible 
patients for 

5-year 
study 

(n = 55)* 

BE-length 
in 

centimeters 

Endoscopic 
resection-
technique 

Circumferential RFA Focal RFA Median 
reported 

FU in 
months 

AMC-I 11 11 11 2-10 En-bloc 
resection 

only 

All patients underwent 2 
circumferential sessions with 

the 2x12J/cm2 regimen 
The ablation zone was cleaned 
superficially between ablation 

cycles 

Became available halfway through the 
study 

Used in a dose-escalation manner at 
subsequent treatment sessions: 

2x12J/cm2 ; 2x2x12J/cm2 ; 2x2x15J/cm2 
Used in case of an irregular appearance of 

the SCJ, residual BE islands or tongues 
 

14 

AMC-II 12 12 12 2-10 Piecemeal 
resection 
allowed 

2x12J/cm2 regimen 
Thorough cleansing of ablation 

zone and electrode surface 
between ablation cycles 

 

2x2x12J/cm2 or 2x2x15J/cm2 regimen 
Used in case of an irregular appearance of 

the SCJ, residual BE islands or tongues 

14 

EURO-I 13 24 14* < 12 Piecemeal 
resection 
allowed 

2x12J/cm2 regimen 
Thorough cleansing of ablation 

zone and electrode surface 
between ablation cycles 

2x2x15J/cm2 regimen 
Used in case of residual BE islands or 

tongues 
Routine circumferential treatment of SCJ 
mandated to ensure eradication of IM at 

this level 
 

22 

AMC-IV14 
RFA arm 

22 18* < 5 Piecemeal 
resection 
allowed 

2x12J/cm2 regimen 
Thorough cleansing of ablation 

zone and electrode surface 
between ablation cycles 

2x2x15J/cm2 regimen 
Used in case of residual BE islands or 

tongues 
Routine circumferential treatment of SCJ 
mandated to ensure eradication of IM at 

this level 

24 

mEthods
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treAtmeNt ProtoCol A detailed description of the treatment protocol is 
beyond the scope of this paper as both the endoscopic resection and RFA pro-
cedure have been described previously. 11-14, 18 Briefly, after a minimum interval 
of 6 weeks after endoscopic resection for endoscopically visible abnormalities, 
patients were treated with primary circumferential ablation using the HALO360 
system (BARRX Medical Inc., Sunnyvale, CA). Subsequently, patients underwent 
a series of circumferential or focal RFA procedures (HALO360 and hAlo90, BARRX 
Medical Inc.) at 3-months intervals, depending on the extent of residual BE. RFA 
treatment was performed until complete histological and endoscopic eradication 
was achieved. In case Barrett’s mucosa persisted after 5 ablation sessions, escape 
endoscopic resection was performed using the multiband mucosectomy tech-
nique (Duette, Cook Endoscopy, Limerick, Ireland).

follow-UP After treAtmeNt two months after the last treatment session pa-
tients underwent endoscopy to confirm complete response; defined as endoscopical-
ly normal-appearing neosquamous epithelium on high-resolution endoscopy (HRE) 
and narrow-band imaging (NBI). Four-quadrant biopsies were obtained from every 
2 cm of neosquamous epithelium, starting 10 mm above the neo-squamocolumnar 
junction (neo-SCJ), encompassing the entire length of the baseline BE. In addition the 
gastric cardia was sampled by obtaining 4 random biopsies immediately distal (<5 
mm) to the neo-SCJ (Figure 1C). Subsequent follow-up endoscopies were scheduled 6 
and 12 months after the last treatment session, and annually thereafter.
  Esomeprazole 40 mg twice a day was prescribed as a maintenance drug during 
the treatment and follow-up phase. Additionally, ranitidine 300 mg at bedtime and 
5 ml sucralfate suspension (200 mg/ml) 4 times a day were prescribed for a period 
of 2 weeks after each endoscopic treatment procedure.

fIVe-YeAr follow-UP VISIt AS PArt of thIS StUDY Detailed endoscopic 
inspection of the esophagus was performed with HRE and NBI, with specific at-
tention paid to the appearance of the neo-SCJ. per-protocol biopsy sampling of 
neosquamous epithelium and gastric cardia was performed using a standard or 
Radial Jaw-4 2.8-mm forceps (Boston Scientific Corp, Natick, MA). A random en-bloc 
endoscopic resection specimen from neosquamous epithelium (> 10 mm above the 

Figure 1. Retrograde view of a normal appearing neo-squamocolumnar junction after earlier RFA. In 1 of 4 biop-
sies focal IM was detected. (A) White-light; (B) Narrow-band imaging; (C) Directly after obtaining gastric cardia 
follow-up biopsies.
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neo-SCJ) was obtained using the multiband mucosectomy technique for adequate 
detection of buried Barrett’s glands. Documented still images of preceding endo-
scopies were used to determine the extent of the original Barrett segment, and to 
select a neosquamous epithelium site that was separate from any baseline/escape 
endoscopic resection. 19 Subsequently all patients underwent EUS using electronic 
radial endoscopes (GF-UE160; Olympus GmbH, Hamburg, Germany) in conjunction 
with an Aloka Alpha-10 proSound processor (Aloka, Meerbusch, Germany), if neces-
sary, completed by fine-needle aspiration, to exclude any abnormal regional lymph 
nodes, subsquamous growth or invasive growth of recurrent neoplasia. 

oUtComeS primary outcome parameters were sustained complete histological 
remission of HGIN/early-stage cancer (CR-neoplasia) and sustained complete 
histological remission of IM (CR-IM).
  Secondary outcome parameters were presence of IM in biopsies obtained <5mm 
distal to neo-SCJ (gastric cardia); presence of buried Barrett’s glands in neosquamous 
epithelium biopsies/endoscopic resection specimens; and presence of abnormalities 
on eUS.

hIStoPAthologICAl eVAlUAtIoN All biopsy and endoscopic resection speci-
mens obtained during follow-up and at the 5-year visit were routinely processed 
and reviewed by an expert gastrointestinal pathologist. In case of IM, neoplasia or 
buried Barrett’s glands, biopsies were reviewed by 2 expert GI pathologists. 
Four-quadrant biopsies from one level were fixed in formalin in one jar, resulting in 
one paraffin-embedded block per level, cut into 5-µm - thick sections and routinely 
stained with H&E. Endoscopic resection specimens were sectioned in 2-mm slices, 
embedded in paraffin, and a minimum of 4 serial cuts per slice were mounted on 
glass slides for standard H&E staining. 
  Biopsies and endoscopic resection specimens were assessed for the presence of 
IM at or below the surface (buried Barrett’s glands), and grade of dysplasia according 
to the Vienna classification.20 Endoscopic resection specimens were evaluated for 
depth, defined as the deepest layer of tissue present in each specimen: epithelium, 
lamina propria, muscularis mucosa, or submucosa. We did not systematically 
review the depth of biopsies, as this was performed in a previous study by our 
group. 19

ethICS AND StAtIStICAl ANAlYSIS the initial study protocols and the study 
extension for the 5-year visit were approved by the medical ethics committee of the 
AMC (NtR2938, http://www.trialregister.nl/). Renewed written informed consent 
was obtained from patients who participated in the study extension. All authors 
had access to the study data and approved the final version of the manuscript.
Data were analyzed using the IBM SpSS 19.0.0.1 statistical software package (SpSS 
Inc., Chicago, IL). Mean (±SD) was used in case of a normal distribution of variables 
and median (interquartile range, 25%-75%) was used for variables with a skewed 
distribution. to assess the durability of CR-neoplasia and CR-IM, survival analysis 
using Kaplan-Meier estimation was performed. 
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PAtIeNt ChArACterIStICS AND INItIAl treAtmeNt  Fifty-five patients (45 
men) with a mean age of 65 years (±9.6 years) were included, with a median BE length 
of C4M5 cm (IQR, C1-7 to M4-8). Forty patients (72%) underwent endoscopic resec-
tion of visible abnormalities before the first RFA treatment. After RFA treatment, 
CR-neoplasia/CR-IM was achieved in 54 of 55 (98%) patients. One patient underwent 
surgery for persisting HGIN, as scarring after previous endoscopic resection treat-
ment made it impossible to perform escape endoscopic resection, and this patient 
was excluded from further analysis in this study. therefore, 54 patients entered the 
follow-up protocol. 

SUStAINeD ComPlete remISSIoN of NeoPlASIA AND Im

Overall cohort   Median follow-up (FU) from first treatment session until last follow-
up endoscopy of all 54 patients was 61 months (IQR, 53-65 months; range, 16-86 
months), with a median of 6 endoscopies (IQR, 5-6 endoscopies). Eight patients 
discontinued follow-up because of unrelated death (cardiac cause n=3, pancreatic 
cancer, bowel ischemia), comorbidity (prostate cancer, cerebrovascular disease), or 
emigration. Median follow-up of these 8 patients was 36 months (IQR, 26-46 months; 
range, 16-54 months); all were CR-neoplasia/CR-IM at their last endoscopy. Figure 2 
details the flow and accountability of patients throughout the study period. 

rEsults

Figure 2. Flow diagram of patients progressing through the treatment and 
follow-up phase of the trial.
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Overall, of 54 patients who initially reached CR-neoplasia and CR-IM after treat-
ment, 51 patients (94%; 95% CI: 84.9-98.1) demonstrated sustained CR-neoplasia 
and CR-IM during follow-up. In 3 patients, abnormalities were observed at HRE. In 
a 71-year-old patient with baseline C7M7 BE with early-stage cancer and multifocal 
HGIN, a small area with columnar mucosa with LGIN was discovered at the 5-year 
visit. At previous endoscopies, the same area was seen and interpreted as reflux 
esophagitis, located close to the scar of a previous endoscopic resection. After diag-
nostic biopsy, the area was not rediscovered at subsequent endoscopy, however, 
prophylactic argon plasma coagulation was applied at the previously affected area. 
Eighteen months after argon plasma coagulation, no endoscopic or histological 
evidence of residual BE was found. In an 81-year-old patient with baseline C2M4 BE 
with early-stage cancer and residual BE with HGIN, a lesion containing carcinoma 
was observed during the fifth endoscopy at 52 months in his referral center. During 
workup at our site, a 6-mm lesion was seen and radically removed en-bloc by endo-
scopic resection-cap technique. Histological evaluation showed a radically resected 
mucosal cancer without evidence of lymph-vascular invasion. No endoscopic or 
histological evidence of neoplasia or IM was found at 3 and 9 months after endo-
scopic resection. Finally, a 62-year-old patient with baseline C0M2 BE with early-stage 
cancer and HGIN, underwent 5 follow-up endoscopies without endoscopic or histo-
logical signs of recurrence of neoplasia or IM. At the 5-year visit, an elevated Barrett‘s 
island containing carcinoma was discovered 2 cm above the neo-SCJ (Figure 3). EUS 
did not show any signs of subsquamous growth and the lesion was radically removed 
en bloc by endoscopic resection-cap technique. Histological evaluation showed a 
radically resected mucosal cancer without evidence of lymph-vascular invasion. 

Figure 3. Endoscopic resection for recurrent mucosal (t1m2) carcinoma at 5-year follow-up. (A)/(B) Detection of an 
elevated Barrett’s island 2cm above the neo-SCJ, on white-light and NBI. (C) Delineation and (D), (E) resection of the 
lesion. (F) Neo-SCJ, without visible residual BE or abnormalities 3 months after endoscopic resection.
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three months after endoscopic resection, no endoscopic or histological evidence 
of neoplasia or IM was found. Figure 4 shows the recurrence-free survival curve of 
the entire cohort of 54 patients since complete remission of neoplasia and Im was 
established. In this analysis, all patients who discontinued follow-up were censored 
from the date of their last follow-up endoscopy. Ninety percent of patients remained 
free of neoplasia 5 years after initial CR-neoplasia and CR-IM.

5-year follow-up cohort  In total, 46 patients were followed for at least 5 years. Forty 
patients underwent a dedicated 5-year visit at our center, 6 patients did not give in-
formed consent and underwent scheduled standard endoscopic follow-up at their 
referral center; all were CR-neoplasia and CR-IM at last endoscopy. All 46 patients 
were followed for a median of 62 (IQR, 57-67) months, with 6 (IQR 5-6) endoscopies. 
In this cohort of patients, sustained CR-neoplasia and CR-IM were maintained in 43 
of 46 patients (93%; 95% CI: 82.5-97.8).

PreSeNCe of Im IN gAStrIC CArDIA BIoPSIeS gastric cardia biopsies were 
obtained at a median of 5 (IQR 5-6) follow-up endoscopies, with a median of 20 
(IQR 15-26) biopsies per patient. In 19 of 54 patients (35%, 95% CI: 23.8-48.5), focal IM 
was found in gastric cardia biopsies obtained during any follow-up endoscopy. In 
17 of 19 patients (89%), this finding was not reproduced at subsequent endoscopies 
(median, 2; IQR 1-4), median follow-up 25 (IQR, 12-47) months, and median of 8 (IQR, 
4-12) cardia biopsies). Focal IM in the cardia was diagnosed on 2 separate occasions 
in only 2 patients. All patients with focal IM of the cardia had a normal endoscopic 
appearance of the neo-SCJ (Figure 1), and none of these patients underwent retreat-
ment. In total, 53 of 1,143 (4.6%, 95% CI: 3.6-6.0) gastric cardia biopsies obtained dur-
ing follow-up were found positive for focal IM. 

Figure 4. Kaplan-Meier plot showing the durability of complete remission of neoplasia, after endo-
scopic resection and RFA for early BE neoplasia in 54 patients. three patients with recurrent disease 
were considered a failure for disease-free survival, even though complete remission of neoplasia 
was re-established after endoscopic treatment. 
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Figure 5 shows the proportion of patients with focal IM in relation to the number of 
patients visiting at each follow-up time point. No increase in the incidence of IM in 
the cardia was observed over time.
  At 5-year follow-up, a total of 178 random cardia biopsies were obtained in 44 
of 46 patients (median, 4 biopsies). In 2 patients, the cardia was not biopsied due 
to simultaneous use of coumarines hampering extensive sampling. Focal IM was 
found in 3 of 44 patients (6.8%, 95% CI: 2.4-18.2), in only 1 biopsy each. 

pRESENCE OF BURIED BARREtt’S GLANDS During the entire follow-up period, 
biopsies from neosquamous epithelium were obtained at a median of 6 (IQR, 5-6) 
follow-up endoscopies, with a median of 53 (IQR, 33-91) biopsies per patient, with 
a total of 3,543 biopsies obtained. Overall, buried Barrett’s glands were detected in 
3 patients, in 3 of 3,543 biopsies (0.08%, 95% CI: 0.03-0.2); 2 biopsies had been ob-
tained from small islands of columnar epithelium, 1 biopsy had been obtained just 
above the neo-SCJ. In none of the 3 patients were buried glands detected at sub-
sequent endoscopies (median, 4 endoscopies; IQR, 2-6; median, 57 neosquamous 
epithelium biopsies; IQR, 34-101). 
  At 5-year follow-up, a median of 8 (IQR, 4-14) neosquamous epithelium biopsies 
was obtained per patient, and in 30 patients endoscopic resection of neosquamous 
epithelium was performed. ten patients were considered not to be eligible for 
endoscopic resection, due to an original BE length <2cm (n=5), coumarine use (n=2), 
or recurrent disease which required treatment (n=3), and 6 patients did not give 
informed consent. No evidence of buried Barrett’s glands was detected in any of 
the 475 biopsies or the 30 endoscopic resection specimens, all endoscopic resection 
specimens contained at least lamina propria depth or deeper.

Figure 5. proportion of patients (%) with focal intestinal metaplasia (IM) of the gastric cardia at each 
follow-up, in relation to the number of patients visiting. there is no increased incidence observed 
over time. Of 19 patients with focal IM, this finding was not reproduced during subsequent endosco-
pies in 89% of cases. 
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PreSeNCe of ABNormAlItIeS oN eUS In 40 patients who underwent EUS, 
this was negative for lymphadenopathy or esophageal-wall abnormalities. In 1 
patient, fine-needle aspiration of an 8-mm, oval-shaped local lymph node was 
performed and malignancy was excluded.

In this prospective cohort of patients who reached complete remission of neopla-
sia and IM after endoscopic resection/RFA, sustained remission was observed in 
93% of 46 patients (95% CI:  82.5-97.8) who were followed for at least 5 years. Over-
all, sustained remission was demonstrated in 94% of 54 patients (95% CI: 84.9-98.1) 
during a median follow-up of 5 years. All recurrences of neoplasia observed during 
this trial were detected at an early stage during endoscopic follow-up and could 
be managed endoscopically; all 3 patients were in complete remission for neopla-
sia and IM after a median of 9 months’ follow-up. the Kaplan-Meier analysis also 
demonstrates a recurrence-free proportion of 90% of patients after 5 years of fol-
low-up, considering the 3 patients with recurrent neoplasia as a failure for disease-
free survival, even though complete remission of neoplasia was re-established after 
endoscopic treatment. the favorable long-term results of this study add to the 
evidence that RFA treatment, preceded by endoscopic resection for visible lesions, 
should be preferred over surgical resection for patients with BE containing HGIN 
and/or early-stage cancer. It does demonstrate, however, that long-term follow-
up is required for these patients, because both cancer recurrences occurred after 
almost 5 years of follow-up. this study also demonstrates how small and subtle 
recurrences can be. In these cases, recurrent disease was most likely related to the 
multifocal diffuse HGIN as present before RFA. In such cases, even a minimal area 
of residual Barrett’s might be at risk for malignant progression, and this empha-
sizes the importance of a dedicated treatment protocol and careful endoscopic 
inspection to ensure complete eradication of all Barrett’s epithelium. 
  In our single-center study, patients were followed for 5 years according to a 
rigorous and unique follow-up protocol. All patients underwent HRE with NBI 
at predefined time points, and random biopsies were obtained from both neo-
squamous epithelium and gastric cardia, with a large amount of samples obtained. 
In order to optimize tissue sampling for detection of buried Barrett’s glands, 
an additional endoscopic resection specimen of neosquamous epithelium was 
obtained. EUS was scheduled in all patients to exclude extra-esophageal or intra-
mural disease at 5-year follow-up. Other strengths of our study include accurate and 
complete accounting for all patients, with no cases lost to follow-up. Limitations of 
this study are that all patients were treated at a tertiary academic referral center 
with extensive expertise in the management of Barrett’s neoplasia. therefore, 
the high reported sustained remission rate of neoplasia cannot automatically 
be extrapolated to general practice. In our opinion, however, it is imperative to 
centralize endoscopic management of patients with neoplastic Be in centers with 
multidisciplinary experience in this field (i.e. experience in endoscopic detection 
and treatment, adequate case-volume, expert gastrointestinal pathology, access to 
esophageal surgery), to ensure optimal treatment and follow-up. 

discussion
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the present study reports the longest duration of follow-up of patients undergoing 
RFA for BE containing HGIN and/or early-stage cancer and, therefore, has signifi-
cant implications for management of patients with neoplastic BE. Our data also add 
to a number of publications assessing the durability of neosquamous epithelium 
after RFA for BE. Shaheen et al recently reported the 2 and 3-year results of the AIM 
Dysplasia trial, for patients with LGIN or HGIN. 17 Patients were randomized to rfA 
or sham treatment followed by endoscopic surveillance, and patients initially ran-
domized to the sham group were offered cross over to RFA after 1 year. this study 
demonstrated CR-neoplasia in 95% and CR-IM in 93% of 106 available patients at 
2-year follow-up, allowing interim focal touch-up RFA treatment. After 3 years, 
CR-neoplasia was demonstrated in 98% and CR-IM in 91% of 56 available patients 
undergoing the 3-year biopsy visit. Fleischer et al reported 5-year results of RFA for 
non-dysplastic BE. 10 After demonstrating CR-IM in 98% of 61 patients at 2.5-year 
follow-up, the trial extension demonstrated CR-IM in 92% of 50 evaluable patients 
at 5-year follow-up, not allowing for any touch-up therapy. In general, the present 
data comport well with these 2 recent studies, reporting high sustained remission 
rates of neoplasia and Im. 
  In our study none of the recurrences of neoplasia occurred at the neo-SCJ, after 
complete eradication of BE. this is remarkable, given that previous studies have 
reported that recurrent neoplasia generally develops in the cardia. 14, 21-23 to minimize 
the risk of these recurrences, we have strived to optimize treatment of the gastric 
cardia. An important difference with RFA studies from the United States is that we 
incorporated circumferential HALO90 treatment of the neo-SCJ during all focal RFA 
sessions in our treatment protocols. HALO360 ablation at this level is often insufficient 
due to poor contact between the electrode and the mucosa. 9, 10, 16 
  to assess if all Barrett’s mucosa has been eradicated effectively, biopsies 
obtained immediately distal to the neo-SCJ were used as an objective endpoint, as 
endoscopic differentiation between gastric mucosa and IM is nearly impossible. 24 
Given the increased risk of recurrences at this level, this area was biopsied inten-
sively during follow-up. With a median of 20 gastric cardia biopsies per patient, the 
downside of this approach is that this might have led to detection and overestimation 
of non-dysplastic IM in a normal appearing neo-SCJ. the question is whether in 
patients with an initial diagnosis of neoplastic BE, detection of IM in this area reflects 
insufficient treatment, recurrence of disease, or an irrelevant normal finding. In 
our study, IM of the cardia was mostly observed in a single biopsy, this diagnosis 
was generally not reproduced during further follow-up, and there was no increased 
incidence over time. If IM of the cardia would reflect residual disease, one would 
expect to find IM more than once in a single patient. If IM of the cardia results from 
ongoing reflux after treatment, we would expect an increased incidence over time. 
It should be noted that all patients in this study received high-dose maintenance 
therapy with esomeprazole 40 mg twice a day. Studies have shown that IM of the 
cardia can be detected in biopsies of 25% of the normal population and this is 
generally not considered a premalignant condition. 25-27 these studies generally 
obtained <4 biopsies at a single time point and, in our study, patients had a median 
of 20 biopsies taken during a 5-year period. the clinical relevance of focal IM of the 
cardia after RFA is therefore unknown, but our long-term data do not suggest that 
this is related to residual BE or recurrent disease.
  After RFA treatment, there is a generally held fear that occult, buried Barrett’s 
glands underneath neosquamous epithelium can remain endoscopically invisible 
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while progressing to an advanced malignant stage. 28, 29 the presence of buried 
glands has been reported in up to half of patients treated with argon-plasma 
coagulation or photodynamic therapy. 30-32 this is in contrast with the low rate of 
buried glands found post-RFA. 9, 10, 33 In our study we did not find buried glands in 
any of the endoscopic resection specimens, and we found buried glands in only 3 
neosquamous epithelium biopsies (n=3, 0.08% of biopsies). In retrospect, 2 biopsies 
were obtained from visible islands of columnar epithelium. A third biopsy was ob-
tained just above the neo-SCJ. Autopsy studies have described a 4 to 8-mm overlap 
of squamous and cardiac mucosa at the squamocolumnar junction. 34 Biopsies 
obtained close to the junction or accidental sampling of residual Barrett’s mucosa 
can lead to a false-positive histological diagnosis of buried glands, as was demon-
strated previously. 35 In addition, studies have shown that neosquamous biopsies 
post-RFA are of adequate depth to evaluate the presence of buried Barrett’s glands. 
Biopsy depth of treated and untreated squamous epithelium is similar, as the lamina 
propria is sampled in one third of biopsies regardless of epithelial type. 19, 36, 37  
  Because this study and others demonstrate that the presence of buried glands 
in normal-appearing neosquamous epithelium after RFA is rare, 10, 17, 33 one might 
question the need to obtain extensive biopsies from neosquamous mucosa during 
follow-up. We hypothesize that it is sufficient to perform high-resolution endoscopy 
with NBI, or comparable techniques, to enable careful inspection of the neo-SCJ and 
neosquamous mucosa. We believe that biopsies should be obtained immediately 
distal to the neo-SCJ, as this remains an area at risk, and endoscopy cannot reliably 
distinguish gastric mucosa from BE. As far as the neosquamous mucosa is concerned, 
it can be sufficient to obtain targeted biopsies only, in case of visible lesions or of 
areas of residual columnar mucosa upon meticulous endoscopic inspection.

this is the first prospective and systematic long-term follow-up study after RFA for 
patients with early neoplasia in BE, with or without prior endoscopic resection for 
focal lesions. Kaplan-Meier survival analysis demonstrates sustained remission of 
neoplasia and IM in 90% of patients after 5 years, without esophageal cancer-related 
mortality. three cases of recurrent disease were all detected at an early stage and 
managed by endoscopic therapy. the favorable long-term outcomes validate this 
treatment approach as a safe and effective alternative to esophagectomy. Continued 
endoscopic surveillance with HRE and NBI remains necessary after treatment, 
combined with gastric cardia biopsies and targeted biopsies of subtle visible abnor-
malities in neosquamous epithelium. Extensive tissue sampling after RFA will lead to 
the occasional detection of focal IM of the cardia, which has a questionable clinical
relevance. Biopsies and endoscopic resection specimens from neosquamous 
epithelium post-RFA rarely show buried Barrett’s glands, especially if biopsying 
residual BE islands or close to the SCJ is avoided. Additional follow-up studies are 
necessary to determine if endoscopic surveillance can be performed at longer 
time-intervals, or even omitted in certain patients.  

conclusion
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BACKGROUND & AIMS: the current procedure for circumferential balloon-based 
radiofrequency ablation (c-RFA) for the removal of dysplastic Barrett’s esophagus 
(BE) is labor intensive, comprising 2 ablation passes with a cleaning step to remove 
debris from the ablation zone and electrode. We compared the safety and efficacy 
of 3 different c-rfA ablation regimens. 

methoDS: We performed a prospective trial of consecutive patients with flat-type 
BE with high-grade dysplasia. Fifty-seven patients (45 men; age, 64 ± 15 y; 28 with 
prior endoscopic resection) were assigned randomly to groups that underwent c-RFA 
with a  double application of RFA (12 J/cm2). the standard group received c-RFA, with 
device removal and cleaning, followed by c-RFA; the simple-with-cleaning group 
underwent c-RFA, with device cleaning without removal, followed by c-RFA; and 
the simple-no-cleaning group received 2 applications of c-RFA, and the device 
was not removed or cleaned. the primary outcome was surface regression of BE 3 
months later, graded by 2 blinded expert endoscopists. Calculated sample size was 
57 patients, based on a non-inferiority design.

reSUltS: Median BE surface regression at 3 months was 83% in the standard 
group, 78% in the simple-with-cleaning group, and 88% in the simple-no-cleaning 
group (p=.14). RF ablation time was 20 minutes (interquartile range [IQR], 18-25 min) 
for the standard group, 13 minutes (IQR, 11-15 min) for the simple-with-cleaning 
group, and 5 minutes (IQR, 5-9 min) for the simple-no-cleaning group (P<.01). the 
median number of introductions (RFA devices/endoscope) for the standard group 
was 7, vs 4 for the simple groups (P<.01).

CoNClUSIoNS: this randomized, prospective study suggests that c-RFA is easier 
and faster, but equally safe and effective, when the cleaning phase between ablations 
is omitted or simplified. (trialregister.nl, nTR 2495)

aBstract
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Radiofrequency ablation (RFA) with or without prior endoscopic resection (ER) is 
an accepted modality for the endoscopic treatment of Barrett’s esophagus (BE) 
containing early neoplasia, resulting in complete histologic eradication of early 
neoplasia and intestinal metaplasia in 77%-100% of patients.1-5 For initial circum-
ferential RFA (c-RFA), the HALO360 (BÂRRX Medical, Inc, Sunnyvale, CA) balloon 
catheter is available. Subsequent focal RFA of remaining areas of BE is performed 
with the smaller hAlo90 electrode. Complete removal of Barrett’s epithelium 
generally is achieved after a median of 3 RFA sessions. Currently, the advised treat-
ment regimen for c-RFA procedures comprises 2 ablation passes with cleaning of 
both the ablation zone and the ablation balloon after the first ablation pass. this 
regimen therefore requires multiple introductions and removals of the endoscope, 
sizing catheter, and ablation balloons, which is labor intensive, time consuming 
and uncomfortable for the patient. the procedure might be simplified by omitting 
acetylcysteine spraying for mucolysis, not removing the ablation balloon between 
ablation passes, and no cleaning of the ablation zone. We hypothesized that a 
simplified c-RFA procedure would result in an easier and faster ablation procedure 
with fewer introductions, while maintaining efficacy and safety. the study aim was 
to compare the safety and efficacy of the current standard c-RFA regimen with 2 
simplified balloon-based ablation regimens in a randomized trial. 

PAtIeNt SeleCtIoN patients were eligible when they met the following criteria: 
scheduled for HALO360 ablation for BE with flat low-grade dysplasia, high-grade 
dysplasia, or for remaining BE after prior ER of lesions containing early neoplasia; 
at least one high resolution (HR) imaging endoscopy with biopsy specimens from 
4 quadrants of every 2cm BE (4Q/2cm) before RFA; in case of a prior ER: no tumor 
positive vertical resection margins, no deep submucosal invasion (≥ t1sm2), no G3/
G4 cancer, no lymphatic/vascular invasion; review of ER specimens and biopsy 
specimens by a local expert pathologist; and written informed consent. 

RADIOFREQUENCy ABLAtION RFA was performed using the HALO system, 
consisting of the hAlo360 balloon catheter for circumferential ablation and  the 
hAlo90 catheter for focal ablation of Be areas of 2 cm or less. 

hAlo360 regImeNS Before ablation, the esophagus was evaluated using HR white 
light (WL) endoscopy and narrow band imaging (NBI) or Fuji Intelligent Chromo 
Endoscopy (FICE). the extent of columnar-lined esophagus was documented 
according to the C&M classification and the number and localization of BE islands 
were registered.6 Still images (WL+NBI/FICE) were made of every 1-2 cm of the BE 
segment while pulling back from the top of the gastric folds. patients subsequently 
were randomized to 1 of 3 c-RFA ablation regimens (table 1). 

introduction

patiEnts and mEthods
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StANDARD CIRCUMFERENtIAL RADIOFREQUENCy ABLAtION REGIMEN the 
BE was flushed with acetylcysteine (1%) for mucolysis followed by flushing with tap 
water. A guidewire was introduced and the endoscope was removed, followed by 
the introduction of a sizing balloon over the guidewire. Sizing of the esophageal 
inner diameter was performed and an appropriately sized ablation balloon was 
selected.1 the BE was ablated from proximal to distal (12 J/cm2), allowing for a small 
overlap of  less than 1 cm between ablation zones. After removal of the ablation 
catheter and endoscope, the endoscope was reintroduced with a flexible distal 
attachment cap (MB0-046; Olympus, tokyo, Japan). the necrotic debris was gently 
pushed off the ablation zone with the rim of the cap and by applying suctioning. 
Any remaining debris was removed by forcefully flushing water using a high-pres-
sure pistol with water through a spray catheter. the surface of the ablation balloon 
was cleaned outside the patient using water and gauze. Subsequently, the guidewire 
was inserted, the endoscope was removed, followed by reintroduction of the abla-
tion catheter and endoscope, and a second ablation was performed (12 J/cm2). 

SIMpLE-WItH-CLEANING CIRCUMFERENtIAL RADIOFREQUENCy ABLAtION 
regImeN the BE segment was flushed with tap water before sizing. the distal 
cap was placed on the tip of the endoscope before ablation. After the first ablation 
(12 J/cm2) the ablation balloon was not removed but advanced distally into the stom-
ach. the ablation zone was cleaned using the distal cap (not with the high pressure 
pistol and spray catheter) alongside the shaft of the ablation balloon. Subsequently, 
a second ablation pass (12 J/cm2) was performed. 

SIMpLE-NO-CLEANING CIRCUMFERENtIAL RADIOFREQUENCy ABLAtION 
regImeN the BE segment was flushed with tap water before sizing. After the first 
ablation of the most proximal zone, a second ablation was performed immediately 
(2x12 J/cm2) in the same zone without a cleaning step. After deflation, the balloon 
was advanced distally to ablate subsequent zones with a double ablation in an 
identical way. 
  patients completed questionnaires concerning treatment-related symptoms 
(chest pain, difficulty swallowing, pain during swallowing, throat pain, and abdomi-
nal pain using a 10-point scale, resulting in a scale of 0-50 for severity) at baseline, 
before c-RFA; day 0 after c-RFA, after recovery from sedative medication before 
leaving the hospital; day 1 after c-RFA; and at day 10 after c-RFA, blinded to the 
administered regimen.

Table 1: Three regimens for circumferential balloon-based radiofrequency ablation (12 J/cm2)  

Ablation regimen Standard 
 

Simple-with-cleaning Simple-no-cleaning 
 

Spraying with acetylcysteine before ablation Yes No No 

Cleaning of the debris from the ablation balloon 
outside of the patient after the first ablation pass 

Yes 
 

No 
 

No 

Cleaning of the debris from the ablation zone after 
the first ablation pass 

Yes   
(distal attachment cap, high 

pressure pistol, spray catheter) 

Yes  
(distal attachment cap only)  

No 

Minimum number of introductions of endoscope 
and balloon catheters 

7 4 4 
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SUBSEQUENt tREAtMENt AND FOLLOW-Up Follow-up HR-WL endoscopy 
with NBI/FICE was performed after 3 months, and the outcome measures were 
scored at that time. Still images (WL+NBI/FICE) were made for every 1-2 cm of the 
BE segment from distal to proximal. RFA was repeated with 2- to 3-month intervals 
until complete endoscopic removal of all BE was achieved. In case of remaining 
BE after 5 RFA sessions (≤2 c-RFA), an escape ER was performed. After complete 
endoscopic and histologic removal of BE, patients were scheduled for follow-up 
endoscopy with NBI/FICE and 4Q/2cm biopsy at 6 months, and annually thereafter. 

PrImArY oUtCome After A SINgle hAlo360 treAtmeNt SeSSIoN the 
primary outcome was the percentage of endoscopically visual surface regression 
of BE epithelium at 3 months. this composite end point was defined by the mean 
percentage of BE surface regression of 2 endoscopists who independently and in 
retrospect scored the BE regression percentage. two endoscopists blindly reviewed 
endoscopic images of every 1-2 cm of the original BE segment captured immedi-
ately before the initial HALO360 procedure and during follow-up endoscopy after 
3 months. In case the BE surface regression percentage differed  by 30% or more 
between both endoscopists, a new score was established during a consensus meet-
ing. the endoscopists indicated if the endoscopic images were representative with 
regard to the quality and quantity (images per 1-2 cm of BE), scored as good, moder-
ate, or poor. For cases scored as poor by either one of the endoscopists, the surface 
area regression as assessed in real time during the 3-month follow-up endoscopy 
was used for analysis.

SeCoNDArY oUtComeS After A SINgle hAlo360 treAtmeNt SeSSIoN
the secondary outcomes after a single HALO360  treatment session were as follows: 
duration of the HALO360 ablation procedure; the number of introductions of the 
ablation balloon and endoscope; patient discomfort after HALO360 treatment; and 
complications of the initial hAlo360 procedure.7

  the secondary outcomes after completion of the treatment protocol were as 
follows: complete response for early neoplasia (CR-neoplasia), which consisted of 
absence of early neoplasia and dysplasia in biopsy specimens (4Q/2cm) of neo-
squamous epithelium and just below the neosquamocolumnar junction; and com-
plete response for intestinal metaplasia (CR-IM), which consisted of the absence of 
IM in biopsy specimens (4Q/2cm) of neosquamous epithelium and just below the 
neosquamocolumnar junction.

hIStologY ER specimens and biopsy specimens obtained before randomiza-
tion, during treatment, and during follow up evaluation were assessed by a local 
expert pathologist at each center.8 ER specimens were assessed for tumor infil-
tration depth (t1sm2 defined as submucosal tumor infiltration depth ≥500 µm), 
differentiation, vasoinvasive tumor growth, and vertical resection margins (and 
lateral resection margins in case of en bloc resection). Biopsies obtained from neo-
squamous epithelium additionally were assessed for the presence of subsquamous 
IM (buried Barrett’s). 

ethICS AND StAtIStICS this study was approved by the medical ethics com-
mittees of the 3 study centers (www.trialregister.nl, Nederlands trial Register 2495). 
All patients provided signed informed consent. Randomization was performed dur-
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ing endoscopy using sealed opaque envelopes by a study monitor who attended the 
endoscopic procedures. the sample size calculation was based on existing data 
on the Barrett’s surface regression percentage at 3 months after initial c-RFA.1,4,5 
We assumed that a difference of 20% or more in the BE surface regression percent-
age among treatment arms would be of clinical relevance. to reject the hypothesis 
that the simple regimens are inferior to the standard regimen, a total of 57 patients 
(19 per group, 10% drop-out rate) were required, with non-inferiority defined as 
less than 20% difference in BE regression percentage after initial c-RFA between 
the simple regimens versus the standard regimen (1-sided, P=.025, 80% power). the 
authors had access to the data and reviewed and approved the final manuscript. 
Data analysis was performed using the SpSS statistical software package (version 
16.0.2, SpSS, Inc, Chicago, IL) and the Confidence Interval Analysis (CIA) package 
(CIA Version 2.2.0, London, UK). nQuery Adviser (Version 7; Statistical solutions Ltd, 
Cork, Ireland) was used for sample size calculation. the Fisher exact test, the Mann-
Whitney U test, and the Kruskal-Wallis test were used when appropriate. Differences 
were considered statistically significant if the P value was .05 or less. 

PAtIeNtS  this randomized trial was performed in 3 collaborating tertiary referral 
centers in the Netherlands. Between December 2008 and April 2011, there were 76 
patients screened (Supplementary Figure 1). Nineteen patients were not eligible for 
the study for the following reasons: focal RFA was indicated at the initial RFA ses-
sion (n=9), esophageal stenosis (n=8), or no consent was obtained (n=2). Fifty-seven 
patients were included, 19 in each randomization arm (Supplementary Figure 1). 
Baseline characteristics were similar among the 3 groups (table 2). 

rEsults

Supplementary Figure 1: patient flow chart. CR-IM, complete response for intestinal metaplasia; CR-N, 
complete response for neoplasia; HGD, high-grade dysplasia; Z-line, squamocolumnar junction.
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pERCENtAGE OF BARREtt’S ESOpHAGUS SURFACE REGRESSION AFtER 
CIRCUMFERENtIAL RADIOFREQUENCy ABLAtION  Of the 57 included patients, 
56 patients were available for assessment of the primary outcome at 3 months after 
c-RFA (Figures 1 and 2, table 3). One patient died of unrelated disease (myocardial 
infarction) 8 weeks after c-RFA. 
  the median BE surface regression at 3 months was 83% (interquartile range 
[IQR], 70-93) with the standard c-RFA regimen; 78% (IQR, 55-88) with the simple-
with-cleaning c-RFA regimen; and 88% (IQR, 79-97) with the simple-no-cleaning c-
rfA regimen. the simple-no-cleaning regimen was non-inferior to standard c-rfA, 
with a difference of 4.8% (95% confidence interval, -5.0 to +15.0). When comparing 
the simple-with-cleaning regimen with the standard regimen (difference 7.5%;  95% 
confidence interval, -20.0 to +7.0]), non-inferiority could not be concluded. 
  A median of 9 (IQR 7-12) endoscopic images was available per pre- and post 
c-RFA endoscopy. the median difference in BE regression percentage between the 
real-time score and the mean score of the 2 scoring endoscopists was 2.5% (IQR, 
5%-10%). For 6 patients the BE surface regression percentage was established in a 
consensus meeting. For 1 patient, images were scored as poor for representative-
ness, therefore the real-time score was used.

Table 2: Baseline characteristics  

 Standard 
n=19 

Simple-with-cleaning  
n=19 

Simple-no-cleaning 
n=19 

P value 

Male: female 15 M / 4 F 16 M / 3 F 14 M / 5 F .73 

Mean age,  y 61 ± 12 59 ± 14 62 ± 18 .77 

Median Barrett’s length, cm  C3M5  

(IQR, C1-8, M4-10) 

C2M5 

(IQR, C0-4, M3-6) 

C3M5 

(IQR, C1-4, M3-7) 

C .38  

M .42  

Most advanced histology  

(biopsy specimens or ER specimens)  

8 EC, 9 HGD, 2 LGD 

  

9 EC, 7 HGD, 3 LGD  

 

5 EC, 11 HGD, 3 LGD  

 

.50 

Endoscopic resection before 
randomization 

9/19 10/19 9/19 .93 

Histology before radiofrequency 
ablation (biopsies) 

9 HGD, 10 LGD/IM  12 HGD, 7 LGD/IM 10 HGD, 9 LGD/IM .62 

C, circumferential ; EC, early cancer; HGD, high grade dysplasia; LGD, low grade dysplasia; M, maximal.  
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Figure 1: A: Baseline C4M6 Barrett’s esophagus containing high grade dysplasia. B: Simple-no-cleaning 
regimen for circumferential ablation; C: there is 88%  BE surface regression at 3 months; focal abla-
tion, D: Complete response for neoplasia/intestinal metaplasia after 4 RFA sessions.

>> Figure 2: A and B: Baseline C3M10 Barrett’s esophagus after ER (t1m3 carcinoma) treated with the 
simple-with-cleaning regimen for circumferential radiofrequency ablation; HALO360 balloon placed 
in the stomach during cleaning of the ablation zone. C: there is 83% Barrett’s surface regression at 3 
months; focal ablation. D: Complete response for neoplasia/intestinal metaplasia after 4 RFA sessions.
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Table 3: Treatment outcomes 

 Standard 
(n=19) 

Simple-with-cleaning  
(n=19) 

Simple-no-cleaning 
(n=18) 

P value 

Primary outcomes     
Barrett’s surface regression at 3 months, 
median (IQR) 

83% (70-93)  78% (55-88) 88% (79-97) .14 
 

Difference in Barrett’s surface 
regressions at 3 months among 
regimens [95% confidence interval]  

 simple-with-cleaning vs 
standard: 

-7.5% (-20.0 to 7.0) 

simple-no-cleaning  
vs standard: 

+4.8% (-5.0 to 15.0) 

 

 
Secondary outcome: 

    

Complications during circumferential 
balloon-based radiofrequency ablation 

1  0 1 .60 

Total procedure duration, median (IQR) 39 min (30-46 min) 32 min (23-40 min) 25 min (15-28 min) <.01 
Ablation time, median (IQR) 20 min (18-25 min) 13 min (11-15 min) 5 min (5-9 min)  <.01 
Number of introductions, median (IQR)  7 (7-7) 4 (4-5) 4 (4-5) <.01 
Need for surgery, n 0 1  0  
Complete response for neoplasia 
(patients) 

100% (19/19) 95% (18/19) 100% (18/18) .87 

Complete response for intestinal 
metaplasia (patients) 

90% (17/19) 84% (16/19) 89% (16/18)  .37 

Radiofrequency ablation sessions, 
median (IQR) 

3 (2-3) 3 (2-4) 3 (2-3) .72 
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ProCeDUre DUrAtIoN AND NUmBer of INtroDUCtIoNS  the duration of 
the c-RFA procedure measured from the introduction of the HALO360 balloon until 
removal of the endoscope at the end of the procedure was 20 minutes (IQR, 18-25) 
using the standard regimen vs 13 minutes (IQR, 11-15) using the simple-with-clean-
ing regimen vs 5 minutes (IQR, 5-9) using the simple-no-cleaning regimen (P <.01). 
the median number of introductions of the endoscope or ablation balloon device 
was 7 using the standard regimen vs 4 in both simplified regimens (P <.01). 

PAtIeNt DISComfort   At baseline before c-rfA, the overall patient discomfort 
was 0 (IQR, 0-2) on a scale of 0 to 50 points  for the severity of treatment-related 
symptoms (Supplementary table 1). At day 0 after c-RFA, more symptoms were 
reported with a median severity of 6 (IQR, 0-13). At day 1 after c-RFA, this increased 
to a median severity of 9 (IQR, 3-15). At day 10, 55% of patients were free of symptoms 
and 73% of patients had resumed normal daily activities. No differences were found 
among the 3 regimens. 

Supplementary Table 1: Patient discomfort relating to circumferential balloon-based RFA using 3 different ablation regimens, based on questionnaires 

concerning treatment-related symptoms, that were completed a several time points before and after c-RFA  

Ablation regimen Overall  
n=57 

Standard 
n=19 

Simple-with-cleaning 
n=19  

Simple-no-cleaning 
n=19 

P value 

Day 0, at baseline 
Severity of symptoms, median (IQR)* 0 (0-2) 0 (0-2) 0 (0-3) 0 (0-2) .48 

Day 0, after c-RFA 
Severity of symptoms, median (IQR) 6 (0-13) 3 (0-9) 6 (4-15) 5 (0-13) .26 
Day 1, after c-RFA 

Severity of symptoms, median (IQR) 9 (3-15) 14 (9-12) 5 (3-21) 7 (4-9) .06 
Day 10, after c-RFA 
Use of pain medication during 10 d 
(patients) 

68% (28/41) 69% (9/13) 77% (10/13) 60% (9/15) .64 

Symptom free  (patients) 55% (21/38) 75% (9/12) 50% (6/12) 43% (6/14) .24 

Returned to normal activities  
(patients) 

73% (27/37) 80% (8/10) 62% (8/13) 79% (11/14) .52 

*Symptoms were scored using questionnaires concerning treatment-related symptoms (chest pain; difficulty swallowing; pain during swallowing; throat 

pain; abdominal pain), using a 10-point scale, resulting in a scale of  0-50 points for severity of symptoms. Questionnaires were completed at baseline before 

c-RFA; day 0 after c-RFA (after recovery from sedative medication before leaving the hospital); day 1 after c-RFA; and day 10 after c-RFA.  

 

 ComPlICAtIoNS  two mild acute complications occurred during the c-RFA 
procedure: 2 asymptomatic superficial lacerations occurred during the sizing pro-
cedure. In both patients c-RFA was postponed for 1-2 months. No problems were 
encountered at the subsequent c-RFA.
  After the c-RFA procedure 3 complications occurred. One late bleeding occurred 
in a patient who presented with hematemesis (hemoglobin level unchanged, no 
blood transfusion, no anticoagulant use) 2 weeks after the first focal RFA treatment. 
During upper endoscopy, a visible vessel in the treatment area was coagulated with 
a Gold-probe (Boston Scientific, Natick, MA). Another patient was hospitalized 
for 1 night because of pain after focal RFA. A third patient who had a pre-existing 
esophageal narrowing before endoscopic treatment developed a symptomatic 
stenosis after a second c-RFA procure, resolving after 1 dilation. 
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SUBSEQUENt tREAtMENt  All 56 available patients underwent subsequent RFA 
sessions after initial c-rfA. overall, Cr-neoplasia and Cr-Im was achieved in 55 of 
56 patients (98%) and 49 of 56 patients (88%), respectively, in a median of 3 (IQR, 2-3) 
RFA sessions (table 3). there were no differences among the 3 ablation regimens. 
  One patient failed CR-neoplasia. this patient was referred for esophagectomy 
because of less than 25% surface regression with poor healing and persisting high-
grade dysplasia after 2 c-RFA sessions of a C13M14 BE after ER of a t1m2 carcinoma. 
the esophagectomy specimen showed a focus of t1m2 carcinoma and 30 lymph 
nodes were negative for carcinoma. 
  Six patients failed CR-IM. In 3 of these patients, RFA treatment was discontinued. 
One patient with a C4M9 BE showed only 40% BE surface regression after 2 c-RFA 
sessions. the BE showed poor healing and a lesion suspicious for neoplasia. 
An extensive escape ER was performed (t1m2 carcinoma) and CR-neoplasia was 
achieved. Another patient with a C11M13 BE showed 0% BE surface regression and 
reflux grade B after c-RFA. CR-neoplasia was achieved after ER of a visible lesion 
(t1m3 carcinoma). A third patient with a C3M4 BE failed CR-IM owing to severe 
reflux and poor healing of the esophagus, which precluded further ablation during 
several occasions. three other patients had residual IM in biopsy specimens from 
an irregular neo-Z-line (new squamocolumnar junction) at 2 occasions. 

this randomized multicenter trial suggests that omitting or simplifying the cleaning 
step between ablations can make circumferential balloon-based RFA easier and 
faster without sacrificing efficacy. 
  the combined approach of ER and RFA is currently considered the treatment 
of choice for patients with Barrett’s esophagus containing early neoplasia.9 the 
CR-neoplasia and CR-IM rates in the current study were 98% and 88%, respectively, 
which corresponds with the results of other studies.1,2,4,5,10,11 Recent data show sus-
tained eradication of early neoplasia and IM in 96%-98% and 91%-100% of patients, 
respectively, after 3-5 years of follow-up evaluation.10,12 Currently, more than 1000 
centers worldwide offer RFA treatment for BE, therefore, a simplified ablation 
regimen is of significant relevance. An easier ablation regimen serves the endo-
scopist, fewer introductions of devices may increase safety and diminish patient 
discomfort, and a reduced procedure time improves the cost-effectiveness of RFA. 
  In this randomized study with a non-inferiority design, the efficacy of the simple-
no-cleaning regimen (ie, double application of 12 J/cm2), without cleaning of the 
ablation zone and ablation catheter between ablation passes, was comparable with 
the standard regimen. When comparing the efficacy of the simple-with-cleaning 
regimen with the standard c-RFA regimen, non-inferiority could not be concluded 
because the lower border of the 95% confidence interval included the predefined 
border of 20% Barrett’s surface regression that a priori was considered as a clinically 
relevant difference. In our opinion, however, it is justified to conclude that there 
are no important differences in efficacy between the 3 c-RFA regimens. It also is 
essential to realize that the final treatment outcome of RFA generally results from 
multiple RFA sessions. Small differences in the initial efficacy of c-RFA thus can be 

discussion
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compensated by one of the subsequent focal RFA sessions. For these reasons, and 
because the simple-no-cleaning regimen is by far the easiest and fastest of the 3 
regimens tested, we considered this c-RFA regimen as the most suitable for clinical 
use. the simple-no-cleaning regimen had a significantly shorter RF ablation time, 
lasting only 5 vs 20 minutes for the standard regimen, respectively, and required only 
4 introductions of the endoscope and RFA balloon vs 7 with the standard regimen.  
  the double application of RF energy used in the current c-RFA regimens 
is based on initial dosimetry studies in animals and in human patients before 
esophagectomy.13;14 these studies showed a dose-response relation between the 
number of RFA applications and the ablation depth, resulting in a higher rate of 
complete epithelial removal after a double RFA application vs a single application. 
In addition, a double RFA application ensures that missed areas during the first 
ablation pass are ablated during the second pass. the cleaning step with removal of 
the debris of the electrode and ablation zone between ablation passes was incorpo-
rated in the treatment protocol based on the theory that the debris after RFA would 
insulate ablated areas from further ablation injury, thus reducing the efficacy of 
RFA. Similarly, flushing with acetylcysteine was included, based on the hypothesis 
that mucus on the esophageal wall could insulate the mucosa from ablation injury. 
Improvement of the surface regression of Barrett’s epithelium and reduction of 
the number of RFA sessions was observed in uncontrolled cohort studies in which 
the cleaning step was implemented.4,5,15,16 However, these studies also incorporated 
other modifications to the ablation protocol: first, the ablation was performed 
under endoscopic visualization to optimize positioning of the balloon catheter, 
whereas previously this was performed blindly using the shaft of the balloon catheter 
as a reference. Second, a dose adjustment from 10 to 12 J/cm2 for c-RFA was adopted 
by most centers at this time.2,4,5 third, focal RFA for residual BE areas using the 
hAlo90 device was introduced. Last, a learning effect in performing RFA may have 
played a role. theoretically, the cleaning step may also be counterproductive: the 
ablated mucosa underneath the debris may become swollen and hyperemic as 
a result of the first ablation or as a result of manipulation by the cleaning process. 
the RF energy subsequently may not reach as deeply in the thickened mucosa, 
which may thus counterbalance the beneficial effect of removing the debris. this 
randomized study suggests that cleaning between ablation passes may not be as 
relevant as previously believed.
  the simple-no-cleaning regimen is the most simple ablation regimen of 3 
investigated in this study. Based on the results of this study, we have incorporated 
the simplified c-RFA regimen in our daily practice for uncomplicated c-RFA cases. 
In addition, we have included the simplified regimen in our RFA training programs 
(www.RFA-academia.eu). 
  the simple-no-cleaning regimen, however, may have some drawbacks compared 
with standard c-RFA. theoretically, the simple-no-cleaning regimen may leave small 
skipped BE zones that are not ablated during c-RFA because the same zone is ablated 
twice, keeping the balloon virtually in the same position. In contrast, the standard 
c-RFA regimen consists of 2 separate ablation passes from proximal to distal; usually 
this results in successful ablation of skipped zones during the second ablation pass 
because the balloon will not be in the exact same level in the BE. 
  For patients with a more complex Barrett’s segment, in our opinion, the simple-
no-cleaning regimen may be less appropriate. In patients with a relative stenosis, 
or a narrowing at the ER scar, the balloon may migrate during ablation, resulting in 
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skipped zones or zones with too much overlap that are ablated multiple times. the 
cleaning step of the standard regimen is a good way to assess the completeness of 
the first complete ablation pass, and allows for adjustment of the balloon position 
during the second ablation pass to treat skipped zones. therefore, for patients with a 
complex or tortuous esophagus, we recommend the standard regimen for c-RFA. 
  Finally, theoretically, 2 immediate double ablations of the same zone, as applied 
in the simple-no-cleaning regimen, may result in heat stacking and cause deeper 
thermal damage than when the ablation zone has had time to cool down during a 
cleaning step. We did not observe any RFA-related stenoses in this study and this 
concern therefore remains theoretical. 
  A potential limitation of our study was the use of a surrogate primary end point. 
Our primary end point was the mean score of 2 expert endoscopists who blindly 
and independently scored the BE surface regression percentage at 3 months 
after c-RFA for each patient using endoscopic images. this approach ensured an 
unbiased BE surface regression percentage score. We assume that the BE surface 
regression percentage reflects the c-RFA efficacy the more directly than the rate of 
complete response of neoplasia and IM after multiple RFA sessions. In addition to 
a comparable rate of BE surface regression at 3 months after c-RFA of the simple-
no-clean and standard c-rfA regimen, there was also no difference in Cr-neoplasia 
and CR-IM rates or the number of RFA sessions, which highlights the clinical rele-
vance of the study. Another limitation was the setting of 3 tertiary referral centers 
for the management of early Barrett’s neoplasia with experienced endoscopists and 
pathologists, making our results untranslatable to non-expert centers. However, 
we strongly encourage centralization of ER and RFA treatment for all patients with 
early Barrett’s neoplasia in expert centers. Other limitations concern the small 
sample size and short-term follow-up evaluation.

In conclusion, in this randomized multicenter trial we compared 3 ablation regimens 
for circumferential balloon-based RFA in the management of early Barrett’s neoplasia. 
We showed that the efficacy of a simplified regimen in which the cleaning step is 
completely abandoned is non-inferior to the standard regimen, and this regimen 
is twice as fast and requires significantly fewer introductions than the standard 
regimen. therefore, we recommend the use of the simplified c-RFA regimen without 
cleaning step as a quick and easy alternative for patients with an uncomplicated 
Barrett’s esophagus without scarring and stenosis. 
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BACKgroUND: the currently recommended regimen for focal radiofrequency 
ablation (RFA) of Barrett’s esophagus (BE) comprises 2 applications of energy, 
cleaning of the device and ablation zone, and 2 additional applications of energy. 
A simplified regimen may be of clinical utility if it is faster, easier and equally safe 
and effective. 

OBJECtIVE: to compare the efficacy of 2 focal RFA regimens. 

SettINg: three tertiary referral centers. 

PAtIeNtS: Consecutive patients scheduled for focal RFA of BE with flat type BE with 
at least 2 BE islands or mosaic groups of islands were enrolled.

INterVeNtIoNS: BE areas were paired: 1 area was randomized to the ‘standard’ 
regimen (2x15J/cm2-clean-2x15J/cm2) or to the ‘simplified’ regimen (3x15J/cm2-no 
clean), allocating the second area automatically to the other regimen. the percentage 
of surface area regression of each area was scored at 2 months by the endoscopist 
(blinded). 

oUtCome meASUreS: proportion of completely removed BE areas at 2 months. 
Calculated sample size was 46 pairs of BE areas using a non-inferiority design. Non-
inferiority was defined as <20% difference in the paired proportions. 

reSUltS: Forty-five equivalent pairs of BE areas were included in 41 patients. the 
proportion of completely removed BE areas at 2 months after focal RFA was 30 (67%) 
for standard and 33 (73%) for simplified. Non-inferiority was demonstrated by a 7% 
difference (95%CI, -10.6 to +20.9). 

lImItAtIoNS: tertiary referral centers.

CoNClUSIoNS: the results of this multicenter randomized trial suggest that a 
simplified 3x15J/cm2 focal ablation regimen is not inferior to the standard regimen, 
regarding the endoscopic removal of residual Barrett’s islands.

aBstract
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introduction

Endoscopic therapy is the treatment of choice for patients with Barrett’s esophagus 
(BE) containing high-grade dysplasia (HGD) or early carcinoma. Currently, the best 
available treatment approach is a combination of endoscopic resection (ER) of visible 
lesions followed by endoscopic ablation of the residual flat BE using radiofrequency 
ablation (RFA).1-4    
  RFA is a recently introduced endoscopic treatment modality for the complete 
removal of BE with or without dysplasia. Several large-scale multicenter studies 
have shown that rfA is safe and effective, with reported rates of complete histologic 
removal of BE and dysplasia in 77 to 100% of patients.3-7 

  RFA can be performed with a balloon-based ablation catheter for circumferential 
ablation (HALO360+ catheter; BÂRRX/Covidien Medical Inc, Sunnyvale, CA) or a focal 
ablation device attached to the tip of the endoscope (HALO90 catheter) for ablation 
of smaller areas of residual BE, such as remaining BE islands, small BE tongues, or 
an irregular squamocolumnar junction. Generally, patients require about 3 RFA 
sessions to achieve histologic eradication of dysplastic BE, usually 1 circumferential 
and 2 focal rfA sessions, performed over 2- to 3- month intervals.3, 7 the advised 
ablation regimen for both circumferential balloon-based or focal HALO90 ablation 
consists of 2 ablation passes in the same endoscopic session, with a cleaning step 
in between ablation passes to remove debris from the surface of the ablation zone 
and electrode.8 Although focal ablation with the HALO90 catheter is relatively easy 
to perform, cleaning of the ablation zone and removing, cleaning and reintroducing 
the hAlo90 catheter are impractical, time consuming, and uncomfortable to the 
patient. In this study, we evaluated a simplified HALO90 ablation regimen in which 
cleaning of the ablation zone is abandoned, thereby reducing the number of intro-
ductions with the endoscope and the HALO90 ablation device. We hypothesized that 
this simplified HALO90 ablation procedure results in an easier and faster ablation 
procedure with fewer introductions, while maintaining efficacy and safety. the 
study aim was to compare the safety and efficacy of the current standard HALO90 
ablation regimen with a simplified HALO90 ablation regimen in a randomized trial 
using a non-inferiority design. 

the inception cohort of this study consisted of patients who underwent RFA treat-
ment for the complete removal of BE in 1 of 3 tertiary referral centers. the indication 
for RFA was the complete removal of all BE with or without a prior ER of a focal 
lesion containing high-grade dysplasia or early cancer.9 

RADIOFREQUENCy ABLAtION  RFA was performed using the HALO system (BÂRRX/
Covidien Medical Inc), which is based on the use of bipolar electrodes and a preset 
radiofrequency (RF) energy density to ensure a uniform ablation depth of 0.5 to 1 
mm. For initial circumferential ablation, the HALO360 balloon catheter was used, as 
described elsewhere.3, 8 For subsequent focal ablation of BE areas or islands smaller 

mEthods
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than 2 cm in longitudinal length and ≤50% of the circumference, the HALO90 catheter 
was used, which consists of a cap-based electrode of 20 mm x 13 mm attached to 
the tip of the endoscope (Figure 1).3, 8 RFA was repeated every 2 to 3 months with a 
maximum of 5 RFA sessions (≤2 hAlo360), until complete endoscopic and histologic 
removal of all BE was achieved. Endoscopic work-up and preprocedural and post-
procedural care of the RFA procedures have been previously described.3, 8

SeleCtIoN CrIterIA  patients were eligible if they met the following criteria: 
scheduled for a first, second or third HALO90 procedure for BE with or without dys-
plasia; absence of endoscopically visible active inflammation in the treatment zone; 
absence of esophageal stenosis (esophageal diameter <18 mm) preventing introduction 
of the endoscope and/or the HALO90 catheter; and no previous randomization of BE 
areas for the purpose of this study. All patients provided written informed consent. 
  Be areas had to meet the following criteria: presence of ≥2 Be islands with a size 
of ≥2 mm, or clusters of BE islands, with a total surface area smaller than 2 adjacent 
hAlo90 applications and <50% of the circumference; a distance of >20 mm or >33% of 
the circumference in between BE areas (to prevent overlap of 2 ablation zones treated 
with different RFA regimens); and a distance of >10 mm from the neosquamo-
columnar junction (to prevent that ablation of the neosquamocolumnar junction 
would interfere with the allocated RFA regimen). BE islands that were elevated or con-
tained endoscopic visible abnormalities suspicious for carcinoma were not eligible. 

hAlo90 regImeNS  During high-resolution endoscopy with white light and narrow 
band imaging (NBI) or Fuji intelligent chromo endoscopy (FICE), the BE was flushed 
with the mucolytic agent acetylcysteine (1%) followed by flushing with tap water. 
the BE was inspected to exclude the presence of visible lesions and stenosis. the 
number, size (maximum diameter) and localization (insertion depth of the endo-
scope, and the circumferential position in the endoscopic view) of all BE islands and 
tongues were registered and documented on still images (white light + NBI/FICE). 

Figure 1: HALO90 device for radiofrequency ablation (RFA).
the hAlo90 device is used for secondary RFA of residual Barrett epithelium after initial circumferential 
ablation using the HALO360 system or for primary RFA. the HALO90 device is fitted on the tip of the 
endoscope and consists of a bipolar electrode array (20 mm x 13 mm) on an articulated platform for 
optimal contact with the esophageal wall. the use of a bipolar electrode and a generator that delivers 
a fixed amount of RF energy results in uniform, controlled ablation with an ablation depth of ~0.5mm 
(permission for use from Covidien, GI Solutions (formerly BÂRRX Medical).
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Eligible BE areas were numbered sequentially from distal to proximal. Area 1 was 
randomized and treated first, and area 2 was automatically allocated to the other 
ablation regimen, thus forming a pair. the ‘standard’ regimen (‘double-double-15’) 
consisted of a double application of RF energy at 15J/cm2, cleaning debris from the 
ablation zone and cleaning the hAlo90 electrode outside the patient, followed by 
another double ablation at 15 J/cm2. the ‘simplified’ regimen (‘triple-15’) consisted 
of 3 consecutive ablations at 15J/cm2 without cleaning the ablation zone or HALO90 

electrode. A maximum of 2 pairs were randomized. Before switching over to the 
other ablation regimen, the surface of the ablation electrode was cleaned outside 
of the patient. In case Be areas were localized close to each other, 1- to 2-mm-sized 
endoscopic tattoos were placed to enable localization of both areas at 2 months 
(Endo Spot, GI Supply, Camp Hill, pA). After focal ablation of the included BE areas 
according to the allocated regimens, all other remaining BE areas, including the neo-
squamocolumnar junction, were treated with the standard regimen for focal RFA.

SCorINg of oUtCome PArAmeterS DUrINg follow-UP eNDoSCoPY At 2 
moNthS  patients were scheduled for high-resolution endoscopy with NBI/FICE 
after 2 months, and outcome parameters were scored at that time. Endoscopists were 
provided with information on the localization of included areas and the number and 
size of Be islands per area at baseline and were allowed to review endoscopic images 
from baseline; however, they were blinded to the administered HALO90 treatment 
regimen. After thorough inspection, still images were made of any residual columnar 
epithelium (white light + NBI/FICE) at included BE areas, and the endoscopist scored 
the outcome parameters per included BE area after the endoscopy.

oUtCome PArAmeterS At 2 moNthS  the primary outcome parameter con-
sisted of the complete endoscopic eradication of the BE area, defined as absence of 
any endoscopically visible columnar epithelium as judged by the endoscopist. the 
secondary outcome parameter consisted of the surface regression of the BE area as 
compared with baseline, defined as the percentage of surface regression of endo-
scopically visible columnar epithelium observed by the endoscopist.

follow-UP ProtoCol  when endoscopic Be eradication was achieved, 4 
quadrants/2 cm random biopsy specimens were obtained of the neosquamous 
epithelium of the original BE and immediately distal (<5 mm) to the neosquamo-
columnar junction. If histologic assessment of the biopsy confirmed complete 
response (CR) for early neoplasia and intestinal metaplasia (CR-IM), patients were 
scheduled for high-resolution endoscopy with NBI/FICE and 4 quadrants/2 cm 
biopsies at 6 months and annually thereafter. 

ethICS AND StAtIStICS  the study was approved by the medical ethics committees 
of all study centers (NtR 2510, www.trialregister.nl). Written informed consent was 
obtained from all participants. Randomization was performed by a study monitor 
according to a computer-generated random order in sealed opaque envelopes during 
baseline endoscopy. the study monitor attended the baseline endoscopy and follow-
up endoscopy at 2 months for prospective data registration using standardized case 
record forms. 
  the sample size was based on the assumption that a difference of 20% or more 
in the proportions of completely eradicated BE areas in both arms would be of 
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clinical relevance. to reject the hypothesis that the simplified regimen is inferior 
to the standard regimen, 46 pairs of BE areas were required, with non-inferiority 
defined as <20% difference in the paired proportions of completely eradicated BE 
areas (one-sided, P=.025, 80% power, 10% drop-out). For sample size calculation and 
random sequence generation, nQuery Advisor (Version 7, Statistical Solutions Ltd, 
Cork, Ireland) was used. Data analysis was performed using SpSS statistical software 
package (Version 16.0.2, SpSS INC, Chicago, IL). For descriptive statistics, mean (±SD) 
was used for parametric distribution and median (inter-quartile range, IQR) was used 
for non-parametric distribution. to compare groups, McNemar’s test for paired data 
was used. Fisher exact test and Mann-Whitney U test were used when appropriate. 
Differences were considered statistically significant if P ≤ .05. to calculate confidence 
intervals, the Confidence Interval Analysis package was used (CIA 2.2.0, London, UK).10 

PAtIeNtS  this study was performed in 3 tertiary referral centers in the Netherlands 
for the endoscopic treatment of early neoplasia in the upper GI tract: Academic 
Medical Center, Amsterdam; Sint Antonius Hospital, Nieuwegein; and Catharina 
Hospital, Eindhoven. In total, 89 patients were screened for the study, of whom 48 
did not meet the inclusion criteria (too small islands, too close to each other, or 
the squamocolumnar junction within 10-mm distance (n=20); no remaining islands 
(n=11); only a single island (n=11); esophageal stenosis (n=2); need for circumfer-
ential balloon-based RFA for remaining BE (n=2); visible lesion requiring ER (n=1); 
and no consent (n=1)). Forty-one patients were included (29 men, median age 63 
± 11 years with a median BE length before any treatment of C5M7 (IQR C2-9;M5-10) 
(table 1, Figure 2). 

Table 1: Baseline characteristics of 41 patients with dysplastic BE treated with endoscopic RFA and in 

whom pairs of Barrett areas were randomized to 2 different focal RFA regimes.  

 n= 41 

Male: female 29 : 12 
Mean age, yr (±SD) 63 (±11) 
Median BE length (in cm) before RFA  C5M7 (C2-9; M5-10) 
Most advanced histology overall 
(biopsies or ER specimens)  

Carcinoma 22, HGD 12, LGD 5, NDBE 2 

ER before randomization 28  
Histology before any RFA (biopsies) HGD 20, LGD 12, NDBE 9 
BE= Barrett’s esophagus, C=circumferential BE length, M= maximal BE length, RFA= radiofrequency 

ablation, ER= endoscopic resection, HGD= high-grade dysplasia, LGD= low grade dysplasia, NDBE=non 

dysplastic Barrett epithelium. 

rEsults
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Before RFA, 28 patients underwent ER of focal lesions. Initial circumferential balloon-
based RFA was performed in 39 of 41 patients, whereas 2 patients underwent initial 
focal RFA. primary focal RFA was performed for the removal of a residual Barrett 
tongue of 3 cm in 1 patient; and for optimal electrode contact in another patient 
with reflux-related scarring in a C3M6 BE. patients were included during the first 
focal RFA session in 34 cases, whereas in 7 others this was the second (n=5) or third 
(n=2) focal RFA session. the most advanced histology (biopsies or ER specimens) 
overall was carcinoma in 22 patients, high-grade dysplasia in 12 patients and low-
grade dysplasia in 5 patients, and non-dysplastic BE in 2 patients. two patients 
with non-dysplastic BE underwent RFA treatment (long-segment BE of C9M10 
in a 39-year-old man and a C7M8 BE in a 64-year-old woman with 2 first-degree 
relatives with esophageal adenocarcinoma). Before any RFA, the most advanced 
histology (biopsies) was high-grade dysplasia in 20 patients, low-grade dysplasia in 
12 patients, and non-dysplastic BE in 9 patients. 

Figure 2:  patient inclusion and outcomes of patients with dysplastic Barrett’s esophagus (BE) treated 
with endoscopic radiofrequency ablation in whom pairs of Barrett areas were randomized to 2 different 
focal RFA regimes. HGD, high grade dysplasia; ER, endoscopic resection; CR, complete response; CR-
Im, complete response for intestinal metaplasia. 
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hAlo90 ProCeDUre  In total, 92 BE areas (46 pairs) were randomized to the stan-
dard or simplified regimen. One patient with one pair of BE areas was excluded 
from analysis because the second area was accidently ablated with the wrong 
regimen, leaving 45 pairs for the final analysis (table 2). Of 41 patients, 36 patients 
had a single pair of BE areas (2 BE areas per patient) and 5 patients had 2 pairs 
of BE areas (4 BE areas per patient). BE areas contained 1 island (n=54, median 
size 10 mm (IQR 6-15)) or multiple islands (n=38) (Figure 3). In 3 cases, BE areas 
were marked with an endoscopic tattoo (Figure 4). Baseline characteristics were 
similar in both groups (table 2). there were no acute or severe adverse events. two 
patients, both treated with an extensive ER before balloon-based RFA, developed 
a symptomatic stenosis after a second focal RFA procedure. Symptoms resolved 
after endoscopic dilation.

Figure 3: Endoscopic images of areas of Barrett epithelium that were randomized to the simplified or 
standard regimen for focal radiofrequency ablation using the HALO90 device.
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Table 2: Baseline characteristics of 45 pairs of Barrett areas randomized to 2 different treatment 

regimens (‘Standard’ or ‘Simplified’) for focal radiofrequency ablation.  

 Overall  
(n=45) 

Standard  
(n=45) 

Simplified  
(n=45) 

P value 

Single island to multiple BE islands per 
area 

54:36 26:19 28:17 .77∞ 

Islands per BE area in case of multiple 
islands, median (range) 

2 (2-10) 2 (2-5) 2 (2-10) .79∆ 

Size of single BE islands, median (IQR) 10 mm (6-15) 10 mm (5-16) 10 mm (7-10) .60∆ 
BE= Barrett’s esophagus, IQR=interquartile range, ∞Mc Nemar test,  ∆Wilcoxon Signed Ranks test. 

 

Figure 4: Focal radiofrequency ablation (RFA) of remaining Barrett epithelium after circumferential 
balloon-based RFA in a patient with a baseline C7M9 Barrett’s esophagus (BE) containing a mucosal 
cancer that was removed with endoscopic resection. A: Remaining BE after circumferential balloon-
based RFA, B: Narrow-band imaging showing several BE islands; the encircled island was included in 
the study and treated with the standard regimen, C: Corresponding image after placement of a tattoo 
for relocalization of the island, D: ablation of the randomized pair of BE areas using the standard and 
the simplified regimen in the same patient, E: circumferential ablation of the neosquamocolumnar 
junction, F: complete histologic response for neoplasia and intestinal metaplasia.
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oUtCome PArAmeterS At 2-moNth follow-UP  At the 2-month follow-up 
endoscopy, the proportion of completely eradicated BE areas was 30 of 45 patients 
(67%) for the standard RFA regimen and 33 of 45 patients (73%) for the simplified 
regimen: a difference of 7% (95%CI, -10.6% to 20.9%) (table 3 and 4). the median 
surface regression for each BE area at 2 months was 100% in both groups. the median 
surface regression for not completely eradicated areas was 78% (IQR, 50-90) for the 
standard regimen and 80% (IQR, 50-90) for the simplified regimen (p=1.0). 

Table 4: Rate of complete endoscopic removal of 45 pairs of Barrett areas by using focal 

radiofrequency ablation after randomization to 2 different ablation regimens (‘Standard’ or 

‘Simplified’).**  

 Standard  
(2x2x15 J/cm2 with 

cleaning) (n=45) 

Simplified  
(3x15 J/cm2 

without cleaning) 
(n=45) 

 P value  

Primary outcome 
Completely removed BE areas 
(IQR) 

67%  
n=30/45  

73%  
n=33/45  

.58∞ 
7% difference  

(95%CI, -10.6 to +20.9)  
Secondary outcome 
Median BE regression overall 
(IQR) 

100%  
(90-100) 

100%  
(99-100) 

.39∆ 

Median BE regression of not 
completely removed areas 

78%  
(50-90) 

80% 
(50-90) 

1.00∆ 

CI= confidence interval, IQR= interquartile range, ∞Mc Nemar test,  ∆Wilcoxon Signed Ranks test 

**Non-inferiority was demonstrated if the 95%CI of the difference in proportions (paired) of 

completely removed BE areas of the simplified regimen was <20% worse than the standard regimen. 

 
 SUBSEQUENt tREAtMENt  Of 40 patients included in the study, CR for early neo-

plasia and CR-IM were achieved in 100% and 93% (37 of 40) of patients, respectively, 
in a median of 3 RFA sessions (IQR, 2-4) overall during the endoscopic treatment 
period. In 6 patients, additional ER was performed after RFA to remove a focal lesion 
during the RFA treatment phase (n=3) or to remove persisting BE after 5 RFA sessions 
(n=3). ER specimens showed a t1m3 carcinoma in 1 patient, BE without dysplasia in 
4 patients, and no Im in 1 patient. None of the focal lesions was localized at the Be 
areas included in this study. In 5 patients, additional argon plasma coagulation was 
used for ablation of tiny islands < 2 mm. 
  In 3 patients who failed CR-IM, focal IM was found at the squamocolumnar 
junction in 2 patients, whereas in 1 patient a single focus of buried IM was detected 
in the proximal esophagus, which was not reproduced during follow-up.

Table 3: Rate of complete endoscopic removal of 45 pairs of Barrett areas randomized to two 

different treatment regimens (‘Standard’ or ‘Simplified’) for focal radiofrequency ablation.  

 Simplified regimen 
(3x15 J/cm2 without cleaning) 

Standard regimen  
(2x2x15 J/cm2 with cleaning) 

Complete removed Not completely removed 

Complete removed 25 5 
Not completely removed 8 7 
Mc Nemar test of symmetry for paired data (p=.58). Gray cells indicate concordant pairs.  
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RFA is an endoscopic ablation technique shown to be a safe and effective treatment 
modality for the histologic eradication of dysplastic BE in 77% to 100% of patients.3-5,7 
With more endoscopists having access to the technique and more patients being 
treated, it is important to improve the practicality of the treatment while preserving 
efficacy and safety.11, 12

  In this randomized trial we compared two different treatment regimens for focal 
RFA of Barrett’s epithelium in patients with early BE neoplasia. We hypothesized that 
a new, simplified focal ablation regimen would result in an easier and faster focal 
ablation procedure with fewer introductions, while maintaining efficacy and safety. 
  In this study, we used a non-inferiority design to evaluate whether the simpli-
fied regimen has a comparable efficacy as the standard focal RFA treatment. Our 
results show that the proportion of completely eradicated BE areas was 67% for the 
standard regimen and 73% for the simplified regimen: a difference of 7%. Because 
the lower border of the 95% confidence interval of this difference does not exceed 
the predefined limit of -20% (7%; 95%CI, -10.6% to +20.9%), we conclude that the 
simplified regimen is not inferior to the standard regimen. Although in this study 
we were not able to separately compare the adverse event rate of both regimens, 
there were only two late adverse events and no serious or acute adverse events oc-
curred, which is in accordance with other RFA series.3, 5 
  the currently used double-double-15 J/cm2 regimen has its origin in initial 
balloon-based RFA dose-escalation studies in animals and human patients before 
esophagectomy and in subsequent clinical trials.1, 2, 5, 13-16 these studies demonstrated 
a dose-response relation between the energy density ( J/cm2) and the number of RF 
energy applications versus the ablation depth.13, 14, 16 Cleaning debris from the ablation 
surface and electrode was first introduced for circumferential RFA, because the debris 
was thought to insulate ablated areas from further ablation damage. When the HALO90 
catheter became available, a similar ablation regimen used for circumferential rfA 
was applied to focal RFA. Subsequent dose-escalation from 2x12 J/cm2 to 2x2x12 
J/cm2 to 2x2x15 J/cm2 suggested that a double-double-15 J/cm2 regimen was the 
most effective regimen.1, 2 
  Improvement of the surface regression of Barrett epithelium and reduction of 
the number of RFA sessions was observed in uncontrolled cohort studies in which 
the cleaning step was implemented for circumferential balloon-based RFA.1, 2, 5, 15 
However, other modifications were made to the ablation protocol at the same time: 
the ablation was performed under endoscopic visualization to optimize positioning 
of the balloon catheter, whereas at first this was performed blindly using the shaft 
of the balloon catheter as a reference. Second, a dose adjustment from 10 to 12 J/
cm2 for circumferential balloon-based RFA was adopted by most centers at this 
time. third, a learning curve in performing RFA may have played a role in improved 
results. During the cleaning step, however, the mucosa may become edematous, 
hyperemic, and thicker as a reaction to the ablation and the manipulation by pushing, 
spraying and sloughing off the debris. these effects might neutralize the beneficial 
effect of removing the debris. therefore, we used a triple application instead of a 
double-double application of RFA based on the hypothesis that the cleaning step 
may neutralize or even decrease the efficacy and to avoid the potential deeper 
damage of 4 RFA applications without a cleaning step. 

discussion
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the simplified ablation regimen we propose in this study has several advantages 
over the currently used ablation regimen, while the safety and efficacy of focal 
RFA is maintained. Only a single introduction of the HALO90 catheter is required 
in the simplified ablation regimen, whereas 2 introductions of the endoscope and 
the hAlo90 catheter are needed in the standard protocol.8 Apart from being more 
practical for the endoscopist, this likely reduces discomfort to the patient and 
makes the procedure safe because each introduction can potentially harm the 
hypopharynx or esophageal wall. this is of relevance because in an estimated 10% 
of the cases, based on our own clinical experiences, the introduction of the HALO90 
catheter into the esophagus is difficult. In most cases, simple tricks suffice, such as 
asking the patient to swallow, or the introduction of a spraying catheter or biopsy 
forceps into the esophagus as a conduit. Incidentally, however, dilation of the upper 
esophageal sphincter with a controlled radial expansion balloon is required. Also, 
in rare cases, the removal of the hAlo90 catheter may be troublesome, when the 
hAlo90 electrode platform tilts downward and becomes stuck distal to a stenosis 
or the upper esophageal sphincter. In patients with a relative stenosis caused by 
scarring due to prior ER or reflux, it may be especially complicated to introduce or 
remove the hAlo90 catheter. therefore, this patient group in particular may benefit 
from an ablation regimen that requires only a single introduction of the HALO90 
catheter into the esophagus versus 2 introductions with the standard regimen. Cur-
rently, the smaller HALO60 electrode (electrode surface 60% of the HALO90) is also 
available for small residual BE islands and tongues, which is easier to introduce. 
Furthermore, the duration of focal RFA using the simplified regimen may be 
shorter because cleaning the ablation surface with the cap-electrode and spray-
ing catheter and cleaning the ablation surface and the RFA electrode outside the 
patient is abandoned. 
  A strength of our study was the randomization of pairs of islands within one 
patient, instead of randomizing individual patients. this ensured that both ablation 
regimens were performed and compared under equal circumstances, ruling out 
interpatient variation and interprocedure variation. 
  the most important limitation of our study is that we compared both ablation 
regimens exclusively for the treatment of BE islands, whereas in clinical practice, 
focal RFA is performed for larger BE areas, such as tongues and for the circum-
ferential ablation of the gastroesophageal junction.8 theoretically, areas with more 
exposure to reflux such as the gastroesophageal junction may respond differently to 
the two regimens. Additionally, in our study, each BE area was treated with a clean 
hAlo90 catheter. Hypothetically, the HALO90 catheter may become more and more 
covered with debris after repeated RF applications, which may act as an isolation 
layer and reduce the efficacy of the ablation. therefore, after a certain number of 
RF applications, it may be necessary to clean the debris from the HALO90 electrode 
to keep the efficacy of the ablation optimal. 
  Another limitation of our study is that our study set-up did not allow for com-
parison of the duration of both regimens because both regimens were applied 
during the same procedure. Further, we were not able to match islands of the exact 
same size. First, it would be difficult to find two equally sized BE areas within one 
patient. Second, it is currently not possible to quantify the exact surface of a BE 
island in mm2. the randomized design of our study, however, makes it unlikely 
that this has influenced the results. We did not use a histologic endpoint, which 
is a further limitation. No biopsy specimens were taken from the included areas 
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before ablation to assess the presence of IM and dysplasia. Obtaining a biopsy 
specimen would have changed the size of the BE island and would therefore interfere 
with the results of the study. Because the baseline histology of each specific BE area 
was unknown, we were not able to compare histology before and after focal RFA per 
randomized BE area. It is, however, unknown if the grade of dysplasia of flat type BE 
islands is related to the success rate of RFA.6, 7 Although we cannot guarantee an equal 
spread of dysplastic areas over both groups because we did not perform a biopsy 
before RFA, our randomized study set-up makes any influences of this issue small. 

In conclusion, in this study, we evaluated a simplified ablation regimen for focal 
RFA using the HALO90 catheter by comparing it with the currently used focal abla-
tion regimen in a randomized multicenter trial. the simplified regimen (3x15J/cm2 
without cleaning) has the advantages of requiring fewer introductions and, theoreti-
cally, a shorter procedure time. Our findings suggest that the proposed simplified 
3x15J/cm2 focal ablation regimen is not inferior to the standard regimen for focal 
RFA of residual BE islands after circumferential RFA. In future studies of focal RFA 
regimens, patients with Barrett areas should be randomized to the simplified or the 
standard RFA regimen to allow for comparison of procedure time, safety, complete 
histologic response rates for neoplasia and IM, and long-term follow-up. 
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OBJECtIVE Reported malignant progression rates for low-grade dysplasia (LGD) in 
Barrett’s oesophagus (BO) vary widely. Expert histological review of LGD is advised, 
but limited data are available on its clinical value. this retrospective cohort study 
aimed to determine the value of an expert pathology panel organised in the Dutch 
Barrett’s Advisory Committee (BAC) by investigating the incidence rates of high-grade 
dysplasia (HGD) and oesophageal adenocarcinoma (OAC) after expert histological 
review of lgD.

DeSIgN We included all BO cases referred to the BAC for histological review of LGD 
diagnosed between 2000 and 2011. the diagnosis of the expert panel was related 
to the histological outcome during endoscopic follow-up. primary endpoint was 
development of hgD or oAC.

reSUltS 293 LGD patients (76% men; mean 63 years ±11.9) were included. Following 
histological review, 73% was downstaged to non-dysplastic BO (NDBO) or indefinite 
for dysplasia (IND). In 27% the initial LGD diagnosis was confirmed. Endoscopic 
follow-up was performed in 264 patients (90%) with a median follow-up of 39 
months (IQR 16–72). For confirmed LGD, the risk of HGD/OAC was 9.1% per patient-
year. patients downstaged to NDBO or IND had a malignant progression risk of 0.6% 
and 0.9% per patient-year, respectively. 

CoNClUSIoNS Confirmed LGD in BO has a markedly increased risk of malignant 
progression. However, the vast majority of patients with community LGD will be 
downstaged after expert review and have a low progression risk. therefore, all BO 
patients with LGD should undergo expert histological review of the diagnosis for 
adequate risk stratification.

aBstract
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introduction

Barrett’s oesophagus (BO) is the only known precursor to oesophageal adeno-
carcinoma (OAC) and is defined by replacement of the squamous epithelial lining 
of the distal oesophagus by columnar epithelium.1,2 Although some guidelines do 
not require the presence of intestinal metaplasia for the diagnosis of BO, most 
guidelines (eg, from the USA and the UK) require the presence of intestinal metaplasia 
as a necessary prerequisite for surveillance since previous studies have shown that 
the risk of malignant progression is considerably lower in BO without intestinal 
metaplasia.1,3–5 Malignant progression in BO is thought to be a multi-step process, 
which develops through subsequent grades of dysplasia classified as non-dysplastic 
BO (NDBO), low-grade dysplasia (LGD) and high-grade dysplasia (HGD) resulting 
in cancer.1,2 patients with HGD or OAC are offered a therapeutic intervention with 
either endoscopic therapy or surgery depending on local expertise, patient fitness 
and depth of invasion.1,5,6 Patients with lgD are considered to have an increased 
risk of malignant progression over patients with no dysplasia and are offered 
intensified endoscopic surveillance every 6–12 months or may sometimes undergo 
endoscopic therapy.1,5 For patients with NDBO, current guidelines recommend a 
3–5 year surveillance interval. In patients with a diagnosis of indefinite for dysplasia 
(IND), it is recommended that antireflux therapy is optimised and endoscopy is 
repeated in 6 months. If subsequent biopsies demonstrate no definite dysplasia, 
patients should be managed as NDBO.5

  Currently, surveillance and treatment decisions are solely based on conventional 
histopathological assessment of surveillance biopsies. Although recent research 
into objective biological markers for progression is promising, clinical implemen-
tation of a biomarker panel is far away and histology is the only risk stratification 
tool available.7–9 
  Risk stratification according to dysplasia grade is nevertheless fraught with un-
certainty as data on malignant progression rates for LGD are highly diverging, ranging 
from 0.6% to 13.4% per patient-year.10–20 the cause of these variable progression 
rates is twofold. First, most studies that have investigated progression risk for LGD 
patients suffer methodological shortcomings. Sample sizes are relatively small, 
quality of endoscopic follow-up data is limited and several studies were performed 
in tertiary care settings, resulting in referral bias. However, the most important issue 
seems to be reliability of the baseline LGD diagnosis. Community pathologists 
frequently overdiagnose LGD, as previously demonstrated by our group.11 In that 
study, a consensus diagnosis by an expert pathology panel could reliably downstage 
85% of community LGD diagnoses. In many studies that reported progression rates 
for LGD patients, expert histological review was not included in the work-up or was 
only performed in a subset of patients. the lack of a reliable LGD diagnosis in these 
studies is likely the most important factor associated with the high variability in 
reported malignant progression rates for lgD patients. 
  the second important cause for the wide range in reported progression risks is 
the high interobserver variation between pathologists for diagnosing lgD in Bo, 
even among expert GI pathologists. Most previously reported κ values range from 
0.14 to 0.32, which can be classified as poor to fair agreement.10,12,21–24 Only a minority 
of studies reported moderate to good agreements between GI pathologists with a 
special interest in Bo, with κ scores ranging from 0.48 to 0.69.11,13,25,26 Such a wide 
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range in κ values suggests that a reliable LGD diagnosis might be questionable, even 
for studies that included expert histological review of LGD. the quality and homo-
geneity of the expert panel seems to be essential in establishing a reliable baseline 
lgD diagnosis and is important in the interpretation of reported progression risks 
for patients with lgD. 
  the Dutch Barrett’s Advisory Committee (BAC), founded by the Comprehensive 
Cancer Centre Amsterdam, is a national consultative working group that offers 
central pathology review for all Dutch centres.

this retrospective cohort study aimed to establish the prognostic value of the 
aforementioned expert pathology panel for BO related dysplasia. this was 
achieved by reviewing histological slides from a large cohort of Bo patients with 
lgD and comparing this review diagnosis to the histological outcome during 
endoscopic follow-up. 

SettINg AND SoUrCe PoPUlAtIoN  the data analysed in this study were obtained 
from BO patients who were referred to the BAC. the BAC is a national multidisci-
plinary consultative working group that harbours pathologists, gastroenterologists 
and surgeons with extensive experience in management of BO related dysplasia and 
carcinoma. Upon referral of a patient, the histology slides and endoscopic images are 
reviewed by expert pathologists and endoscopists, respectively. Subsequently, a multi-
disciplinary consensus advice on clinical management of the patient is provided.27 
  the histopathological specimens obtained during the initial endoscopic proce-
dure with a diagnosis of LGD by the community hospital pathologist were retrieved 
and reviewed by the BAC expert pathology panel. this pathology panel consists of 
six pathologists (FJWtK, GAM, CAS, GJO, MV and SLM) with extensive experience in 
BO related dysplasia. they have assessed histological inclusion criteria for research 
studies into various treatments for BO patients performed at the Academic Medical
Centre, Amsterdam (AMC).28–30 At least two panel pathologists were required to 
review all retrieved H&E stained slides of paraffin embedded biopsy specimens. the 
presence of intestinal metaplasia was recorded and the presence and degree of 
dysplasia were classified according to the Vienna classification into NDBO, IND, 
lgD, hgD or invasive oAC.31 histological reviews were performed according to 
four different methodologies: cases where two pathologists reviewed the specimens 
together and reached a conclusion (method A); cases that were independently 
reviewed by two pathologists and where disagreement between pathologists was 
resolved in a dedicated consensus meeting (method B); cases with two independent 
expert reviews and where disagreement between both pathologists was resolved 
after consulting a third panel pathologist (method C); and cases with an initial 
independent review by three expert pathologists (method D).
  the institutional ethics committee of the Academic Medical Centre, Amsterdam 
has exempted this study from formal ethical review. the follow-up analysis was 
restricted to all patients who gave written informed consent to the gathering of 
clinical data. 

mEthods
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StUDY PoPUlAtIoN  BO was defined as visible columnar epithelium on initial 
endoscopy, extending at least 1 cm above the gastro-oesophageal junction, with 
biopsy specimens showing intestinal metaplasia. All BO patients with LGD who 
were referred to the BAC between January 2000 and December 2011 were eligible 
for inclusion. We excluded patients who participated in a previous study by our 
group on natural history of LGD.11 patients who were included in a randomised trial 
comparing radiofrequency ablation (RFA) with regular endoscopic surveillance in 
patients with confirmed LGD were also excluded.32 

eNDoSCoPIC follow-UP  Endoscopic follow-up data were analysed in order to 
relate the review diagnosis to the histological outcome during endoscopic follow-up. 
For all patients with a referral diagnosis of LGD, follow-up endoscopic procedures 
with biopsies were identified in the nationwide network and registry of histo- and 
cytopathology in the Netherlands (pALGA database). the pALGA database has nation-
wide coverage since 1991, archiving the reports of all pathology laboratories in the 
Netherlands.33 Subsequently, one investigator visited the regional referring hospitals 
to collect all follow-up endoscopy and pathology reports. Data on endoscopic 
follow-up were entered in a dedicated database and included patient demographics
 (age, gender, hospital of origin), endoscopic results (procedure date, oesophageal 
landmarks, number of biopsies taken) and histological diagnosis. Duration of 
follow-up was calculated for each patient from the date of referral LGD endoscopy 
to the most recent endoscopic procedure with biopsies.

StUDY eNDPoINtS  primary endpoint of the study was development of any malig-
nant progression (HGD/OAC) during endoscopic follow-up. If a patient reached the 
endpoint of the study, the histological slides from the HGD/OAC diagnosis had to 
be confirmed by the BAC expert pathology panel according to the aforementioned 
criteria. pathologists were blinded for their previous review results.
  Secondary endpoint of the study was the interobserver agreement between the 
members of the expert pathology panel.

StAtIStICAl ANAlYSIS  Mean and SD were used for normally distributed continuous 
variables. Median and inter-quartile range (IQR) were used for continuous variables 
with a skewed distribution. Kaplan–Meier survival analysis was performed to 
estimate the cumulative risk of progression to HGD/OAC. time to progression was 
calculated as the interval between date of referral LGD endoscopy and date of first 
endoscopy with biopsies demonstrating HGD/OAC. Follow-up data were censored 
at the time of first event or latest known follow-up. Differences in cumulative risk 
between different review diagnosis subgroups were compared using the log-rank 
statistic. All reported P values were two-tailed and P values <0.05 were considered 
to indicate statistical significance.
  All cases with expert histological review according to method B, and the two 
initial readings for cases that were reviewed according to method C were included 
in the analysis of interobserver agreement. Interobserver agreement between the 
first and second ratings was assessed using Cohen’s (weighted) κ.34,35 Strength of 
agreement was categorised as follows: 0.00–0.20, poor; 0.21–0.40, fair; 0.41–0.60, 
moderate; 0.61–0.80, good; and 0.81–1.00, very good.36

  Statistical calculations were performed using the Statistical package for the 
Social Sciences (SpSS 20.0, IBM Corp., Armonk, New york, USA).
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PAtIeNtS  Between January 2000 and December 2011, a total of 492 BO patients 
were referred to the BAC for histological review of a diagnosis of LGD. We excluded 
199 patients due to various reasons, as depicted in figure 1. therefore, the study 
population consisted of 293 patients referred for a community diagnosis of LGD. 
Mean age at time of LGD diagnosis was 62.8 years (SD 11.9) and 76% were men. Further 
patient characteristics of the study population are summarised in table 1.
  In 65 patients (22%), the histological review was performed according to method 
A. Methods B and C included 155 (53%) and 29 patients (10%), respectively. In 44 
patients (15%), the histological review was performed according to method D.
Histological review of the original LGD diagnosis yielded the following revised
diagnoses: LGD in 79 patients (27%), IND in 40 patients (14%) and NDBO in 174 patients 
(59%) (see figure 2). 
  No follow-up information was available in 29/293 patients (10%) for reasons 
shown in figure 1. In the remaining 264 patients, data on endoscopic follow-up were 
available and this cohort was then stratified according to the expert histological 
review diagnosis, resulting in three subgroups (NDBO, IND and LGD). the histological 
outcome of these three subgroups is depicted in figure 2.

rEsults

Figure 1 Flowchart of patients in this study. LGD, low-grade dysplasia; RFA, radiofrequency ablation; 
HGD, high-grade dysplasia.
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Table 1 Patient demographics and follow-up characteristics of the study population (n=293) 

 LGD  

(n=79) 

IND  

(n=40) 

NDBO  

(n=174) 

Total cohort 

(n=293) 

Age±SD 66±10.2 63±12.0 61±12.5 62.8±11.9 

Male 68/79 (86%) 27/40 (68%) 128/174 (74%) 223/293 (76%) 

Length of BO segment (IQR) 4 (2–8) 3 (3–6) 4 (3–5) 4 (3–6) 

Circumferential BO extent (IQR) 2 (0–5) 2 (0–5) 2 (1–4) 2 (0–4) 

Biopsies per endoscopy during follow-up±SD* 10±5.9 8±4.0 8±4.5 8±4.9 

Median follow-up endoscopies (IQR)* 2 (1–4) 2 (1–4) 2 (1–3) 2 (1–3) 

Median months of follow-up (IQR)* 19 (9–50)† 31 (16–59) 48 (27–87) 39 (16–72) 

*Including only patients with endoscopic follow-up. LGD (n=75), IND (n=36), NDBO (n=153), total cohort (n=264). 
†Duration of follow-up was censored at the time of progression. Due to the high rate of progression in the LGD group, 
median duration of follow-up was shorter.  
BO, Barrett’s oesophagus; IND, indefinite for dysplasia; LGD, low-grade dysplasia; NDBO, non-dysplastic BO. 

 

 

Figure 2 Flowchart of patients with community LGD after expert histological review by the Barrett’s 
Advisory Committee, with review diagnosis and outcome of subsequent endoscopic follow-up. NDBO, 
non-dysplastic Barrett’s oesophagus; IND, indefinite for dysplasia; LGD, low-grade dysplasia; HGD, 
high-grade dysplasia; OAC, oesophageal adenocarcinoma.

pROGRESSION tO HGD/OAC  Among patients with an expert review diagnosis of 
LGD, 21 of 79 patients (27%) had neoplastic progression during endoscopic follow-
up. Median time to progression was 16 months (IQR 5.6–68.1) and these patients un-
derwent a median of 2 surveillance endoscopies (IQR 1–4) before progression. For 
patients with an expert review diagnosis of LGD, the combined incidence rate for 
HGD/OAC was 9.1% (95% CI 5.8 to 13.6) per patient-year. the cumulative incidence 
of progression for these patients was 33.3% (95% CI 18.2 to 48.4) in 5 years (figure 3).
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Table 2 Progression to HGD/OAC for the three review diagnosis categories in patients with available endoscopic follow-up 

 LGD 
(n=75) 

IND 
(n=36) 

NDBO 
(n=153) 

Number of patients with HGD/OAC 21 (27%) 1 (3%) 4 (2%) 

HGD/OAC incidence per patient-year (95% CI) 9.1% (5.8 to 13.6) 0.9% (0.4 to 4.3) 0.6% (0.2 to 1.3) 

2-Year cumulative risk of HGD/OAC (95% CI) 16.7% (7.5 to 25.9) 2.9% (0.0 to 8.4) 0.0% (0.0 to 2.4) 

5-Year cumulative risk of HGD/OAC (95% CI) 33.3% (18.2 to 48.4) 2.9% (0.0 to 8.4) 2.1% (0.0 to 5.0) 

HGD, high-grade dysplasia; IND, indefinite for dysplasia; LGD, low-grade dysplasia; NDBO, non-dysplastic Barrett’s 
oesophagus; OAC, oesophageal adenocarcinoma 

 

Among patients who were downstaged to NDBO or IND after expert histologi-
cal review, five of 214 patients (2%) subsequently progressed to HGD/OAC. these 
patients had a median time to progression of 46 months (IQR 13.6–90.6). In two 
of five patients (40%), LGD was diagnosed and confirmed by the expert pathol-
ogy panel during the interval between the downstaged referral LGD diagnosis and 
progression to HGD/OAC. patients who were downstaged to NDBO or IND after 
expert histological review had a combined incidence rate of 0.6% (95% CI 0.2 to 1.3) 
and 0.9% (95% CI 0.4 to 4.3) per patient-year, respectively. the 5-year cumulative 
incidence of progression was significantly lower for patients with an expert review 
diagnosis of IND (2.9%; 95% CI 0.0 to 8.4; P=0.002) and NDBO (2.1%; 95% CI 0.0 to 
5.0; P<0.001), compared with patients with confirmed LGD. Further details on the 
three subgroups of review diagnosis categories are shown in table 2.

Figure 3 Kaplan–Meier plot showing the estimated cumulative risk of developing high-grade dysplasia 
(HGD) or oesophageal adenocarcinoma (OAC) for patients with an expert review diagnosis of low-
grade dysplasia (LGD), indefinite for dysplasia (IND) and non-dysplastic Barrett’s oesophagus (NDBO).
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treAtmeNt  Among patients who progressed to HGD/OAC after a confirmed diag-
nosis of LGD (n=21), three patients progressed to advanced stage OAC not amenable 
to endoscopic or surgical treatment and received palliative care. the remaining 18 
patients were managed endoscopically with endoscopic resection and/or RFA. two 
of these patients were still under treatment upon submission of the manuscript, 
all the 16 remaining patients achieved complete remission of neoplasia and 15 of 
16 patients (94%) achieved complete remission of intestinal metaplasia, during a 
median follow-up of 27 months (IQR 20–39). 
  Among patients who were downstaged to NDBO/IND and subsequently 
progressed to HGD/OAC (n=5), one patient received palliative treatment for an 
advanced OAC that was not amenable to surgical therapy due to severe comorbidity.
One patient was referred for oesophagectomy when the endoscopic resection 
specimen revealed submucosal invasion (Sm1) with lymphovascular invasion. 
the subsequent oesophagectomy specimen demonstrated no residual cancer and 
no positive lymph nodes and the patient remained disease free during 12 months 
follow-up. the remaining three patients were managed endoscopically by endo-
scopic resection and/or RFA. two of these patients were still under treatment upon 
submission of the manuscript; the other patient remained in complete remission 
for neoplasia and intestinal metaplasia during 26 months follow-up.

AgreemeNt BetweeN PAthologIStS  In total, 184 patients (methods B and C) 
were included in the analysis of interobserver agreement. In 133 patients (72%; 95% 
CI 65% to 79%), there was complete agreement between the two reviewing panel 
pathologists after the first reading. In 21 patients there was disagreement between 
NDBo and IND, in 13 cases there was disagreement between IND and lgD and in 
16 cases the two expert pathologists disagreed between NDBO and LGD. Finally, in 
one case there was disagreement between LGD and HGD after the first reading. this 
resulted in a weighted κ of 0.49 (95% CI 0.37 to 0.61) between the first and second 
expert pathology review.
  When the expert pathology reviews were dichotomised, counting confirmed 
LGD as ‘high risk’ and NDBO/IND as ‘low risk’, the proportion of complete agreement 
was 84% (95% CI 78% to 89%). the resulting unweighted κ value in this analysis was 
0.45 (95% CI 0.27 to 0.62). 

In this community based cohort of 293 BO patients with LGD, with a median 
follow-up of 39 months, an expert pathology panel organised in the Dutch BAC 
accurately stratified patients according to their risk of malignant progression. the 
majority (73%) of patients were downstaged to NDBO/IND after histological review 
by the expert pathologists. During endoscopic follow-up, these patients demon-
strated a low risk of malignant progression, with an annual progression rate of 0.6% 
and 0.9% for NDBO and IND, respectively. However, when the expert pathology panel 
confirmed the diagnosis of LGD, the risk of progression to HGD/OAC was much 
higher. the annual progression rate was 9.1% and the 5-year cumulative progression 
risk was 33.3%. 

discussion
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these data are in accordance with previous findings by our group in a separate 
cohort of community based LGD patients.11 that study included 147 patients who 
were diagnosed with LGD between 2000 and 2006 in six centres where we started 
a prospective BO registry at that time. Following expert histological review, 85% 
of patients were downstaged to NDBO/IND. During endoscopic follow-up, risk of 
progression for confirmed LGD was 13.4% per patient-year, compared with 0.5% 
per patient-year for patients downstaged to NDBO.11 these studies suggest that 
the majority of patients diagnosed with LGD in community hospitals do not have 
dysplasia, but reactive inflammatory changes that are misinterpreted as such. If 
these patients are downstaged to NDBO/IND, their risk of progression to HGD/OAC 
appears comparable with the combined incidence rate for patients with a primary 
diagnosis of NDBO/IND. In our study, five patients who were downstaged to NDBO/
IND progressed to HGD/OAC, but two of these had an interval diagnosis of con-
firmed LGD prior to progression. When these patients were included in the LGD 
consensus diagnosis category, the risk of progression to HGD or OAC for patients 
with NDBO dropped even further to 0.3% per patient-year. 
  According to most international BO guidelines, all patients included in the current 
study would have received surveillance endoscopy every 6–12 months given their 
diagnosis of LGD. Data from the current study imply that the surveillance interval for 
73% of these community LGD patients can be safely extended to 3–5 years (recom-
mended for NDBO patients), which will significantly reduce surveillance cost.

A logical consequence of overdiagnosing LGD is an underestimation of the risk of 
malignant progression for patients with ‘true’ LGD. A recent systematic review and 
meta-analysis has investigated studies that reported the incidence of HGD/OAC 
among patients with LGD. this meta-analysis showed that BO surveillance cohorts 
with a high rate of LGD diagnosis report a low rate of progression to HGD/OAC, 
whereas a much higher rate of malignant progression is reported in cohorts where 
LGD is diagnosed less frequently.37 the current study also indicates that ‘purifying’ 
the LGD population by expert histological review identifies a subgroup with a high 
risk of malignant progression. Other studies that included high quality histological 
review by a panel of expert pathologists have reported similarly high progression 
rates for patients with confirmed LGD.13,38 On the contrary, considerably lower 
malignant progression rates for Bo patients with lgD have been reported in a 
number of other, mainly US cohorts.10,39,40 However, these studies did not include 
expert histological review, only performed this on a subset of patients or did 
not include a consensus diagnosis. Furthermore, the quality and homogeneity of 
the expert pathology panel in these studies might be questionable since the only 
reported interobserver agreement between the expert pathologists was strikingly 
low (κ=0.14).10

  the high progression rate for patients with confirmed LGD, which was estab-
lished in the current study, warrants strict endoscopic follow-up to detect HGD/
OAC at a curable stage. Recent international guidelines suggest that prophylactic 
ablation therapy with RFA may be an acceptable alternative in selected LGD cases.1,5 
A recent cost effectiveness analysis indicated that RFA treatment for patients with 
LGD might be cost effective when the diagnosis is confirmed and stable.41 this 
analysis used a 0.19%–0.75% annual progression rate for LGD, which is, however, 
significantly less than the rate found in our current series. 
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One may argue that patients with confirmed LGD who developed HGD/OAC within 
6 months might have had prevalent disease at baseline. this is reflected by the 
steep incline of the Kaplan–Meier curve for confirmed LGD patients during the first 6 
months of follow-up. this indicates that LGD can be a marker of prevalent neoplasia 
elsewhere in the BO segment. After the first year of follow-up, the Kaplan–Meier 
curve still demonstrates a constant increase in cumulative HGD/OAC incidence, 
indicating the value of confirmed LGD to predict future progression. In our 
opinion, therefore, a confirmed histological diagnosis of LGD is both a marker 
for synchronous lesions as well as a marker for future neoplastic progression. In 
patients with confirmed LGD, adequate endoscopic inspection is imperative at 
baseline, with a low threshold for endoscopic resection. In the absence of visible 
abnormalities, patients with confirmed LGD should be considered for endoscopic 
ablation therapy to prevent future malignant progression.
  the moderate interobserver agreement (κ 0.49) between the expert pathologists 
from the BAC is among the highest agreement levels reported for diagnosing lgD 
in Bo.10–13,21,23–26 A more clinically relevant measure, however, might be the reliability 
of the pathology panel for stratifying community LGD patients into low and high 
risk groups of progression. the proportion of complete agreement between the 
expert pathologists for diagnosing LGD versus NDBO/IND was high (85%); however, 
the unweighted κ was paradoxically lower (κ 0.45). Since κ is affected by prevalence 
of the investigated disease, this low value of κ can be explained by the asymmetrical 
distribution of cases in this study (low rate of true LGD).34,35 therefore, the inter-
pretation of the κ value in this situation is ambiguous. However, our data showed a 
high rate of agreement between participating pathologists in discerning patients at 
high risk from those at low risk of progression. 
  A limitation of this study is the retrospective collection of endoscopic follow-up 
data in the majority of patients. this might have impacted on the completeness of 
endoscopic follow-up information. Follow-up information was not available in ten 
patients, six patients did not consent to the study and four were lost to follow-up. 
this amounts to less than 3% of the study population. It is also improbable that the 
retrospective data collection has impacted on the diagnostic quality of endoscopic 
follow-up, since community pathologists rarely fail to recognise HGD/OAC.

In conclusion, results from this large multicentre study confirm that the Dutch 
BAC expert pathology panel can accurately risk stratify BO patients with a com-
munity diagnosis of LGD. the majority of patients will be downstaged after expert 
review and these patients should be managed as true NDBO patients, extending the 
surveillance interval to 3–5 years. However, when LGD is confirmed, the annual risk 
of developing HGD/OAC is 9.1%. In our opinion, these patients should be referred to 
expert centres for endoscopic work-up to exclude prevalent HGD/OAC followed by 
either strict endoscopic follow-up or prophylactic ablation therapy. 
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ImPortANCe: Barrett esophagus containing low-grade dysplasia is associated with 
an increased risk of developing esophageal adenocarcinoma, a cancer with a rapidly 
increasing incidence in the western world. 

OBJECtIVE: to investigate whether endoscopic radiofrequency ablation could 
decrease the rate of neoplastic progression. 

DeSIgN, SettINg , AND PArtICIPANtS: Multicenter randomized clinical trial that 
enrolled 136 patients with a confirmed diagnosis of Barrett esophagus containing 
low-grade dysplasia at 9 European sites between June 2007 and June 2011. patient 
follow-up ended May 2013.

INterVeNtIoNS: Eligible patients were randomly assigned in a 1:1 ratio to either 
endoscopic treatment with radiofrequency ablation (ablation) or endoscopic surveil-
lance (control). Ablation was performed with the balloon device for circumferential 
ablation of the esophagus or the focal device for targeted ablation, with a maximum 
of 5 sessions allowed.

mAIN oUtComeS: the primary outcome was neoplastic progression to high-grade 
dysplasia or adenocarcinoma during a 3–year follow-up since randomization. 
Secondary outcomes were complete eradication of dysplasia and intestinal metaplasia 
and adverse events. 

reSUltS: Sixty-eight patients were randomized to receive ablation and 68 to receive 
control. Ablation reduced the risk of progression to high-grade dysplasia or adeno-
carcinoma by 25.0% (1.5% for ablation vs 26.5% for control; 95% CI: 14.1%-35.9%; 
P <.001) and the risk of progression to adenocarcinoma by 7.4% (1.5% for ablation 
vs 8.8% for control; 95% CI 0%-14.7%; P =.03). Among patients in the ablation group, 
complete eradication occurred in 92.6% for dysplasia and 88.2% for intestinal meta-
plasia  compared with 27.9% for dysplasia and 0.0% for intestinal metaplasia among 
patients in the control group (P <.001). treatment-related adverse events occurred in 
19.1% of patients receiving ablation (P <.001). the most common adverse event was 
stricture, occurring in 8 patients receiving ablation (11.8%), all resolved by endoscopic 
dilation (median, 1 session). the data and safety monitoring board recommended 
early termination of the trial due to superiority of ablation for the primary outcome 
and the potential for patient safety issues if the trial continued.

CoNClUSIoNS AND releVANCe: In this randomized trial of patients with Barrett 
esophagus and a confirmed diagnosis of low-grade dysplasia, radiofrequency ablation 
resulted in a reduced risk of neoplastic progression over 3 years of follow-up.

trIAl regIStrAtIoN: trialregister.nl  Identifier: NtR 1198

aBstract
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introduction

In the last 3 decades, the incidence of esophageal adenocarcinoma has increased 
6-fold, making it the most rapidly increasing cancer in the western world.1 esoph-
ageal adenocarcinoma originates from Barrett esophagus, a metaplastic change in 
the epithelium of the esophagus caused by gastroesophageal reflux disease. the 
histological landmark of Barrett esophagus is the presence of intestinal metaplasia. 
General population data are scarce, but the prevalence of Barrett esophagus is 
estimated to be 1.6% in Europe compared with estimates between 1.7% to 5.6% in the 
United States. Incidence rates vary between 23.1 and 32.7 per 100 000 person-years.2-6 
Malignant degeneration is thought to occur in a stepwise fashion from nondysplastic 
intestinal metaplasia, to low-grade then high-grade dysplasia, and eventually 
adenocarcinoma.7,8 patients with Barrett esophagus undergo endoscopic surveil-
lance or treatment, depending on the presence and grade of dysplasia.8

Radiofrequency ablation is an established endoscopic technique for the eradication 
of Barrett esophagus, which has been investigated in a variety of study designs 
(including 2 randomized trials) and settings (United States and Europe, tertiary aca-
demic centers, community referral centers).9-13 Radiofrequency ablation is associated 
with an acceptable safety profile, high rates of complete eradication of dysplasia 
and intestinal metaplasia, durability of effect, and a significant relative risk reduc-
tion for neoplastic progression.9-13 As a result, radiofrequency ablation is considered a 
standard of care for patients with high-grade dysplasia, as well as for residual Barrett 
tissue after endoscopic resection of early cancer.14 to our knowledge, no trial has ever 
evaluated the effect of radiofrequency ablation on the risk of neoplastic progression 
in patients with Barrett esophagus containing low-grade dysplasia. Most guidelines 
advise endoscopic surveillance (every 6 to 12 months) to monitor for neoplastic 
progression in this patient population.8,15-17 there are, however, uncertainties related 
to the diagnosis and natural course of low-grade dysplasia: whereas some patients 
may progress to high-grade dysplasia or adenocarcinoma, others may remain 
stable or may not even have their diagnosis reproduced over time.18 A recent study, 
however, indicated that progression to high-grade dysplasia or adenocarcinoma 
occurs at a rate of 13.4% per person-year in this patient population, provided that 
the baseline diagnosis has been confirmed by expert pathologists.19 given this 
significant risk of progression,, endoscopic treatment in this patient population may 
be justified . this is a clinically important question because 25% to 40% of patients 
with Barrett esophagus are diagnosed with low-grade dysplasia at some point 
during follow-up.18

We conducted a multicenter randomized trial, the Surveillance vs Radiofrequency 
Ablation (SURF) study, comparing radiofrequency ablation with endoscopic surveil-
lance in patients with Barrett esophagus and a confirmed diagnosis of low-grade 
dysplasia. In both groups, we assessed the rate of progression to high-grade dysplasia 
and adenocarcinoma. 
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StUDY DeSIgN AND PAtIeNtS  the trial was conducted at 9 Barrett treatment 
centers in Europe. the institutional review board at each center approved the study 
protocol. Written informed consent was obtained from all study patients. prior to 
the start of the trial, all of the investigators received hands-on training in ablation at 
the coordinating study site by the principal investigator of the trial. An independent 
data and safety monitoring board (DSMB) monitored the trial with standardized 
adverse event reporting procedures and interim analyses were performed at 50% 
and 75% follow-up time, with a nominal cutoff P value of less than .0031 based on 
the O’Brien-Fleming method. Independent study monitors attended all study pro-
cedures and verified all recorded data. 
  Eligible patients had undergone upper endoscopy and biopsy within the previous 
18 months demonstrating Barrett esophagus containing low-grade dysplasia. the 
local pathologist’s diagnosis was confirmed by our expert central pathology panel. 
Exclusion criteria were prior endoscopic treatment for Barrett esophagus, history of 
high-grade dysplasia or adenocarcinoma, active secondary malignancy, estimated 
life expectancy less than 2 years (according to the enrolling physician), and age of 18 
years or younger or 85 years and older.
  All patients required a baseline qualifying endoscopy less than 6 months prior to 
randomization to exclude visible abnormalities, high-grade dysplasia, or adeno-
carcinoma, which was performed using high-resolution endoscopy with biopsies 
obtained according to the Seattle protocol (4-quadrant biopsies/2-cm intervals) and 
from any visible abnormalities. Visible abnormalities were defined as any mucosal 
irregularity or discoloration within the Barrett esophagus. 

RANDOMIZAtION  patients were randomly assigned in a 1:1 ratio to receive either 
endoscopic radiofrequency ablation (ablation) or endoscopic surveillance (control). 
the randomization sequence was concealed from trial staff, who screened eligible 
patients. After informed consent had been obtained, assignment was made by the 
central study monitor using sequentially numbered, sealed opaque envelopes, and 
conveyed to the site by telephone.

ABlAtIoN  within 1 month after randomization, patients assigned to ablation were 
treated with a circumferential device (HALO360+ system) or a focal device (HALO90; 
both from Covidien GI Solutions [formerly BÂRRX Medical]) according to extent of 
disease and investigator preference (Figure 1A-1C).20,21 Subsequent ablation sessions 
occurred every 3 months, until complete endoscopic and histological eradication of 
Barrett esophagus (Figure 1D) or a maximum of 2 circumferential and 3 focal sessions. 
At each ablation session, the gastroesophageal junction was ablated circumferentially, 
irrespective of its endoscopic appearance. If residual columnar epithelium persisted 
after the maximum allowable number of ablations, a single session of endoscopic 
resection or argon plasma coagulation (for ≤4 Barrett esophagus islands, ≤5mm in 
size) was allowed per protocol.10 All procedures were performed on an outpatient 
basis using midazolam plus fentanyl, midazolam plus pethidine, or propofol.  
  the first follow-up endoscopy was scheduled 3 months after the last therapeutic 
endoscopy. Subsequent follow-up endoscopies were performed annually thereafter 
until 3 years after randomization (2 years after completion of ablation). At each 

mEthods
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Figure 1. Endoscopic images from patients with Barrett esophagus and low-grade dysplasia from base-
line endoscopy and during and after radiofrequency ablation

A, Endoscopic image showing the distal esophagus at the baseline endoscopy, looking toward the 
gastroesophageal junction. the Barrett epithelium is characterized by its salmon-colored appearance 
on endoscopy compared with the pale appearance of the normal squamous mucosa. B, A deflated 
radiofrequency ablation balloon (extending from the device on the right) is positioned in the segment 
of Barrett esophagus. the immediate treatment effect of the circumferential ablation can be seen as 
the whitish discoloration. C, the focal radiofrequency ablation device visible at the top of the image 
is used for targeted ablation of a small area. the immediate treatment effect is visible as whitish dis-
coloration in the middle and at the bottom of the image of residual Barrett epithelium. D, Endoscopic 
photograph showing the distal esophagus after complete eradication of all Barrett epithelium. Images 
are not from the same patient.

follow-up endoscopy, 4-quadrant biopsies were performed at every 2-cm interval 
of the original extent of the Barrett esophagus, starting at 1 cm proximal to the top 
of the gastric folds. In addition 4 biopsy samples were obtained from the gastric 
cardia, less than 5 mm distal to the neosquamocolumnar junction. 
  During the trial, the ablation group received double-dose proton pump inhibi-
tion as maintenance therapy. A histamine (H2) receptor antagonist and sucralfate 
suspension were added for 2 weeks after each therapeutic endoscopy. 

CoNtrol  patients assigned to the control group underwent high-resolution 
endoscopy at 6 and 12 months after the baseline qualifying endoscopy and annually 
thereafter until 3 years after randomization. At each follow-up endoscopy, 4-quad-
rant biopsy samples were obtained from every 2-cm interval of Barrett epithelium.  
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If histology showed either low-grade dysplasia or no dysplasia, patients were 
scheduled for follow-up according to the study protocol.

hIStologIC ANAlYSIS  Follow-up esophageal biopsy specimens were processed 
and locally evaluated at each of the 9 participating centers. Each specimen was as-
sessed for the presence of intestinal metaplasia (as the histological feature of residual 
Barrett esophagus) and grade of dysplasia according to the Vienna classification.22 In 
cases of postrandomization biopsy specimens locally read as high-grade dysplasia or 
adenocarcinoma, confirmation of this primary outcome required agreement by two 
pathologists from the central expert pathologist panel. the central pathologist was 
not informed on the exposure status of the patient. In case of discordance, a third 
central expert pathologist interpretation was employed as a tiebreaker or the panel 
reviewed the slides mutually and reached a consensus diagnosis. 

oUtCome meASUreS  the primary outcome was the occurrence of high-grade dys-
plasia or adenocarcinoma (ie, neoplastic progression) at any time during the 3 years 
following randomization. Secondary outcomes included complete histological 
eradication of dysplasia (ie, absence of dysplasia of any grade in all samples obtained 
at the first follow-up endoscopy) and intestinal metaplasia (ie, absence of intestinal 
metaplasia in all samples obtained at the first follow-up endoscopy), and adverse 
events. patients who met the primary outcome were considered to have failure for 
the secondary outcome of complete eradication. patients who met the primary 
outcome were treated at investigator’s discretion, per standards for high-grade 
dysplasia and adenocarcinoma at that institution.

StAtIStICAl ANAlYSIS  We estimated that ablation would produce a 90% relative 
risk reduction for progression to high-grade dysplasia or adenocarcinoma, using 
prior studies of the outcomes of ablation.20,21,23 We assumed that 14% of control and 
1% of ablation patients would develop high-grade dysplasia or adenocarcinoma 
during the 3-year follow-up. We projected that with a sample size of 120 patients, 
the study would have at least 80% statistical power to detect the hypothesized 
differences in the primary outcome variable between the groups. Based on an 
anticipated 5% dropout rate, we sought to enroll 126 patients.
  the modified intention-to-treat population included all randomized patients 
meeting all study criteria. the time to progression was calculated from the date 
of randomization until the endoscopy date on which high-grade dysplasia or 
adenocarcinoma was first detected. the proportional event rates during follow-up 
were compared by Kaplan-Meier analysis and log-rank test. Risk differences were 
calculated as the difference in the proportional event rates during follow-up. Number 
needed to treat (NNt) was calculated as 1 divided by the risk difference. For the 
primary outcome (in view of the use of the O’Brien-Fleming rule) a 2-tailed P value 
less than .0440 was considered significant.  
  Categorical variables were compared using the Fisher exact test. Continuous 
variables are presented as mean (standard deviation) and were compared using the  
t test for normal distribution or presented as median (interquartile range [IQR]) and 
compared using the Mann-Whitney U test for skewed distribution. We conducted 
subgroup analyses for risk factors of progression and absence of low-grade dysplasia 
during follow-up by means of logistic regression. In the multivariable regression 
model, baseline variables were identified with a forward stepwise selection strategy 
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using the likelihood ratio statistic, with a P value less than .10 as the criterion level 
for selection. For data analysis the SpSS statistical software package (SpSS 20.0.1, 
IBM Corp) was used.  

patients were enrolled between June 2007 and June 2011 in 9 centers from 5 European 
countries. Of 511 patients screened, 140 were included and randomized (Figure 2).
Four patients (2 ablation, 2 control) were excluded from analysis because of 
inadvertent randomization, after reassessment of prerandomization histology, 
endoscopy or both demonstrated study exclusion criteria (Figure 2). the remaining 
136 patients (68 ablation, 68 control) were included in the modified intention-to-treat 
population. the 2 groups were similar in their baseline characteristics (table 1). 
  Upon review of the second planned interim analysis in April 2013, the DSMB 
recommended early termination of the trial due to superiority of ablation for the 
primary outcome and the potential for patient safety issues if the trial continued. 
the stopping rule was followed by the DSMB after the preplanned O’Brien-Fleming 
method demonstrated superiority. the steering committee subsequently closed 
the trial on May 8, 2013. At that time, all patients were followed-up for at least 24 
months, with a median follow-up of 36 months (IQR, 30-36).

rEsults

Figure 2. Enrollment and outcomes.
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Table 1. Demographic and disease-specific characteristics of enrolled patients.* 

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters 

squared); IQR, interquartile range 

* Mean (SD) was compared using independent T-test. Categorical data were compared using Fisher 

exact test. There were no significant differences between the 2 study groups. † Race or ethnic group, 

history of reflux disease and use of proton pump inhibitors were self-reported. ¶ Data were 

compared using Mann-Whitney U test. There were no significant differences between the 2 study 

groups. ¥ The circumferential and maximum Barrett extent were measured according to the Prague 

C&M classification.29  

Characteristic Ablation group 

(n=68) 

Control group 

(n=68) 

Age, mean (SD), y 63 (10) 63 (9) 

Men, No. (%) 55 (81) 61 (90) 

White race/ethnicity, No. reported (%) † 66 (97) 66 (97) 

BMI, mean (SD) 

 

Clinical characteristics, median (IQR)  

26.8 (3.7) 27.9 (4.8) 

  Circumferential Barrett esophagus,  cm ¶/¥ 

 

2 (0-6) 2 (1-4) 

  Maximum Barrett esophagus, cm ¶/¥ 

 

4 (2-8) 4 (3-6) 

  Time since diagnosis of Barrett esophagus, y ¶ 5 (2-10) 7 (3-11) 

  Time since diagnosis of dysplasia, y ¶ 1 (0-5) 2 (0-5) 

  Barrett surveillance endoscopies prior to baseline,       

  No. ¶ 

5 (3-8) 5 (3-7) 

  Barrett surveillance endoscopies with dysplasia    

  prior to baseline – No. ¶ 

2 (1-4) 2 (1-3) 

  Reported history of gastroesophageal reflux      

  disease, No. (%) † 

62 (91) 65 (96) 

  Reported use of proton pump inhibitor,  No. (%) † 68 (100) 67 (99) 

  Use of proton pump inhibitors, y ¶ 8 (5-14) 9 (4-14) 

patients in the ablation group were less likely than the control group to progress to 
high-grade dysplasia or adenocarcinoma (1.5% ablation group [n=1] vs 26.5% control 
group [n=18], P <.001) and less likely to progress to adenocarcinoma (1.5% ablation 
group [n=1] vs. 8.8% control group [n=6], P =.03) (table 2). Ablation reduced the risk 
of progression to high-grade dysplasia or adenocarcinoma by 25.0% (95% CI, 14.1%-
35.9%), with an NNt of 4.0 (95% CI, 2.8-7.1) (Figure 3). Ablation reduced the risk of 
progression to adenocarcinoma by 7.4% (95% CI, 0.0%-14.7%), with a number needed 
to treat of 13.6 (95% CI 6.8-∞). 
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the ablation group had 1 patient who progressed to adenocarcinoma. this patient 
was treated with endoscopic resection and achieved complete eradication of dys-
plasia. the control group had 18 patients who progressed (12 high-grade dysplasia, 
6 adenocarcinoma).  One patient in the control group with adenocarcinoma under-
went esophagectomy for poorly differentiated submucosal carcinoma. No residual 
cancer or positive lymph nodes were detected and the patient remained free of 
disease after 37 months of follow-up. Of the remaining 17 progressors in the control 
group, 15 patients (10 high-grade dysplasia, 5 mucosal adenocarcinoma) under-
went endoscopic resection plus radiofrequency ablation (n=9; median [range], 4 
resections [1-14]), or radiofrequency ablation (n=6). Of these 15 patients, 11 patients 
achieved complete eradication of dysplasia and intestinal metaplasia and 4 are still 
being treated for high-grade dysplasia or carcinoma. the remaining 2 progressors (2 
high-grade dysplasia) opted for endoscopic surveillance.  

Table 2. Primary and secondary efficacy outcomes. 

 

* Two-sided p-values were derived using log-rank testing on Kaplan-Meier estimates.  

‡ Including 1 patient who died of metastasised lung carcinoma after the second ablation treatment 

and 1patient who had esophageal adenocarcinoma diagnosed after the fourth ablation session as 

failures for complete eradication of dysplasia and intestinal metaplasia.  

¶ At any follow-up, if endoscopy biopsies showed intestinal metaplasia or low-grade dysplasia, this 

was considered a failure for persistence of complete eradication during follow-up. 

 

 

 No. of patients (%)   

Efficacy outcomes Ablation group 
(n=68) 

Control group  
(n=68) 

Risk difference,  
% (95% CI) 

P value* 

Progression to high-grade 

dysplasia or cancer 

1 (1.5) 18 (26.5) 25.0 (14.1-35.9) 

 

7.4 (0.0-14.7) 

 

 

 

 

 

 

 

 
70.5 (59.4-81.6) 

 

 

 

90.0 (82.4-97.6) 

<.001 

Progression to cancer 1 (1.5) 6 (8.8) .026 

    

Complete eradication of 

dysplasia at the end of 

endoscopic treatment 

63/68 (92.6)‡ -- n.a. 

Complete eradication of 

IM at the end of 

endoscopic treatment 

60/68 (88.2)‡ -- n.a. 

    

Complete eradication of 

dysplasia during follow-up, 

No. of events/total 

patients¶ 

62/63 (98.4)‡ 19/68 (27.9) <.001 

Complete eradication of 

IM during follow-up, No. of 

events/total patients¶ 

54/60 (90.0)‡ 0/68 (0.0) <.001 
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Figure 3
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Figure 3. Occurrence of progression to high-grade dysplasia or adenocarcinoma. 

Table 3. Univariable and multivariable analysis of predictors of progression in the control group.   

 

 

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters 
squared); OR, odds ratio. 
  

 

Univariable analysis 

 

Multivariable analysis 

 Variable Odds Ratio (95% CI) P value Odds Ratio (95% CI) P value 

Age, per y 0.94 (0.88-1.00) .06 0.92 (0.85-1.00) .05 

BMI, per unit 1.06 (0.94-1.18) .36 

  Circumferential Barrett esophagus, per cm 1.12 (0.93-1.34) .25 1.35 (1.04-1.76) .03 

Maximum Barrett esophagus, per  cm 1.05 (0.86-1.28) .63 

  Time since diagnosis of Barrett esophagus, per 

y 0.88 (0.77-0.99) .04 0.84 (0.72-0.98) .02 

Time since diagnosis of dysplasia, per y 1.00 (0.97-1.03) .86 

  Barrett surveillance endoscopies prior to 

baseline, per endoscopy 0.97 (0.78-1.20) .77 

  Barrett surveillance endoscopies with 

dysplasia prior to baseline, per endoscopy 1.24 (0.94-1.63) .12 1.44 (1.03-2.03) .03 

Use of proton-pump inhibitors, per y of use 0.96 (0.91-1.05) .49 

  

For the ablation group, complete eradication of dysplasia (92.6%; 63 of 68 patients) 
and intestinal metaplasia (88.2%; 60 of 68 patients) occurred. During the follow-up 
phase of the trial, complete eradication of dysplasia was maintained in 62 of 63 
(98.4%) patients receiving ablation. In the control group, low-grade dysplasia was 
not detected during the follow-up period in 19 of 68 patients, resulting in com-
plete eradication of dysplasia of 27.9% (risk difference, 70.5% [95%CI, 59.4%-81.6%; 
P <.001). Complete eradication of intestinal metaplasia was maintained in 54 of 
60 patients (90.0%) receiving ablation compared with 0 of 68 patients receiving 
control (risk difference, 90% [95% CI, 82.4%-97.6%]; P  <.001). All recurrences in the 
ablation group were small islands or tongues less than 10 mm (table 2).

Table 3. Univariable and multivariable analysis of predictors of progression in the control group.   

 

 

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters 
squared); OR, odds ratio. 

 

Univariable analysis 

 

Multivariable analysis 

 Variable Odds Ratio (95% CI) P value Odds Ratio (95% CI) P value 

Age, per y 0.94 (0.88-1.00) .06 0.92 (0.85-1.00) .05 

BMI, per unit 1.06 (0.94-1.18) .36 

  Circumferential Barrett esophagus, per cm 1.12 (0.93-1.34) .25 1.35 (1.04-1.76) .03 

Maximum Barrett esophagus, per  cm 1.05 (0.86-1.28) .63 

  Time since diagnosis of Barrett esophagus, per 

y 0.88 (0.77-0.99) .04 0.84 (0.72-0.98) .02 

Time since diagnosis of dysplasia, per y 1.00 (0.97-1.03) .86 

  Barrett surveillance endoscopies prior to 

baseline, per endoscopy 0.97 (0.78-1.20) .77 

  Barrett surveillance endoscopies with 

dysplasia prior to baseline, per endoscopy 1.24 (0.94-1.63) .12 1.44 (1.03-2.03) .03 

Use of proton-pump inhibitors, per y of use 0.96 (0.91-1.05) .49 
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the ablation group underwent a total of 211 ablation sessions (median, 3 per patient) 
and 208 endoscopic biopsy sessions (median, 3 per patient; median, 37 biopsies 
per patient). Escape endoscopic resection was used in 5 ablation patients (7.4%) and 
argon plasma coagulation in 12 ablation patients (17.6%). the control group under-
went a total of 227 endoscopy and biopsy sessions (median, 3 per patient; median, 
32 biopsies per patient).  
  there were 3 serious adverse events in 2 ablation patients. One patient was 
hospitalized for abdominal pain 4 days after ablation, treated to resolution with 
analgesics. A second patient experienced bleeding 7 days after endoscopic resection 
for a visible lesion (low-grade dysplasia), prior to the first ablation. Later, this same 
patient was dilated for stricture and developed fever and chills. No perforation was 
noted and the patient was hospitalized and treated with antibiotics. there were 12 
adverse events in 12 ablation patients. During ablation, a small mucosal laceration 
was noted in 3 patients (no intervention required, procedure completed). One 
patient reported retrosternal pain 3 weeks after focal ablation. Endoscopy findings 
were normal and the pain resolved with analgesics. Eight patients (11.8%) developed 
esophageal stricture requiring dilation (median, 1 dilation [IQR, 1-2]). In total, 13 
ablation patients had an event (1 patients had both a serious adverse event and an 
adverse event), there were no adverse events in control patients (risk difference, 
19.1% [95% CI, 9.7%-28.4%]; P <.001).
  Multivariable analysis demonstrated that the number of years since the dia-
gnosis of Barrett esophagus (odds ratio [OR], 0.84 [95% CI, 0.72-0.98]), the number 
of endoscopies with dysplasia prior to inclusion (OR, 1.44 [95% CI, 1.03-2.03]), and 
circumferential Barrett esophagus length in centimeters (OR, 1.35 [95% CI, 1.04-1.76]) 
were independent predictors of progression in the control group (table 3). Multi-
variable analysis could not identify significant predictors for absence of low-grade 
dysplasia during surveillance in the control group. 

In this randomized trial of ablation vs surveillance in patients with Barrett esophagus
and a confirmed diagnosis of low-grade dysplasia, ablation reduced the risk of 
progression to high-grade dysplasia or adenocarcinoma from 26.5% to 1.5%, cor-
responding to an NNt of 4.0. In addition, ablation reduced the risk of progression to 
adenocarcinoma, from 8.8% to 1.5%, an absolute risk reduction of 7.4%, corresponding
to an NNt of 13.6. Furthermore, complete eradication of dysplasia and intestinal 
metaplasia occurred and persisted in the majority  of patients in the ablation group. 
these results comport with those of previous prospective studies of ablation for 
HGD and adenocarcinoma in Barrett esophagus.9,12,24

  this trial was terminated early, upon recommendation of the DSMB, due to 
superiority of ablation for the primary end point and concerns about patient safety 
should the trial continue.  Early termination did not affect patient enrollment and 
only led to shortening of the follow-up from the intended 3 years to 2 years in 40% 
of patients. In the remaining patients, 3-year follow-up was achieved. Given the 
minimal loss of longitudinal data, the profound differences between the groups in 
disease progression made it unjustified to continue the trial for an additional year. 

discussion
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Our data suggest that endoscopic ablative therapy is a superior management strategy 
to endoscopic surveillance in patients with Barrett esophagus and confirmed low-
grade dysplasia.  Given the high rate of malignant degeneration in our control group, 
and the relatively low NNt to avert a single progression, as well as the acceptable 
safety profile, a shift to earlier endoscopic intervention in this patient population 
deserves consideration.
  Of note, no control patient demonstrated unresectable cancer or cancer-related 
death. Although the lack of cancer-associated mortality might suggest that endoscopic 
surveillance remains an appropriate management strategy for low-grade dysplasia, 
we would advise caution with this interpretation.  Our patients were maintained in 
a trial setting, and despite rigorous monitoring at expert centers, 1 of our control 
patients did require esophagectomy for the development of advanced-stage disease. 
Outside of a rigorous study protocol, neoplastic progression in patients undergoing 
endoscopic surveillance might be detected at a later stage.  If so, the neoplasia might 
not be amenable to endoscopic therapy, and henceforth be associated with higher 
rates of surgery, unresectable disease, and cancer-related death.
  A wide range of neoplastic progression rates have been reported for Barrett 
esophagus with low-grade-dysplasia. the observed rate of progression in our 
control group (26.5% overall; 11.8% per person- year of follow-up) comports with 
rates from studies requiring expert gastrointestinal pathologist confirmation.12,18,19 

the observed progression rate in our control group, however, contrasts with lower 
rates from other studies  (1.4%- 1.83% per person-year) with no expert confirmation 
of baseline diagnosis or poor interobserver agreement.15,17  After expert pathology 
review, 50% to 85% of patients initially diagnosed with low-grade dysplasia may 
be downstaged to nondysplastic Barrett esophagus with an associated lower risk 
of neoplastic progression.19,25 Expert pathology review by a panel of experienced 
pathologists with an acceptable interobserver agreement (κ 0.50 for our panel19) is 
therefore important to accurately ascertain patient risk for progression and deter-
mining which patients would benefit from treatment vs surveillance.
  Of note, 28% of the control group had no dysplasia detected during follow-up. 
this proportion is similar to the randomized trial by Shaheen and coauthors in 
which 26% of low-grade controls did not show dysplasia at 12 months follow-up.12 

Ideally, ablation should be avoided in these patients, given their lower risk of progres-
sion and the associated risks and costs of treatment; however, we do not know in 
advance which patients will fail to demonstrate low-grade dysplasia over time. In our 
trial, histological confirmation of low-grade dysplasia by an expert pathologist was 
the most important selection criterion. Risk of progression may, however, depend on 
additional factors. patients harboring multifocal dysplasia in their Barrett esophagus 
segment likely carry an increased risk for progression compared with patients with 
only focal dysplasia (spatial distribution).26 Second, low-grade dysplasia on multiple 
endoscopies likely increases the risk of progression compared with a single endo-
scopy diagnosis (temporal distribution).27  In our trial, a single confirmed diagnosis 
of low-grade dysplasia sufficed for enrollment, yet the number of endoscopies 
with dysplasia prior to inclusion was an independent predictor for progression 
in the multivariable analysis. Insisting that a confirmed diagnosis of low-grade 
dysplasia is reproduced over time may therefore improve the selection of patients 
for ablation. Adequate endoscopic inspection is, however, required to avoid that 
patients progress to advanced neoplasia during this lag time: 14% of patients were 
excluded because high-grade dysplasia or adenocarcinoma was diagnosed at the 
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baseline qualifying endoscopy, and 10 of our 19 progressors were diagnosed within 
12 months follow-up.  
  Ablation treatment was generally safe with esophageal stricture being the most 
common complication (11.8%), requiring a median of 1 dilation. this is higher than the 
5% pooled estimate of a recent meta-analysis; however, this analysis was limited by 
the heterogeneity of the included studies of which half were retrospective studies.28 
Although we found a higher stricture rate in our trial, our strictures were generally 
mild in nature, given the low average number of required dilations. In comparison, 
the average number of required dilations for stricture after ablation in the Ablation 
of Intestinal Metaplasia Containing Dysplasia (AIM Dysplasia) trial was 2.6.12     
Strengths of our study include a small proportion of patients lost-to-follow-up, 
centralized expert pathology review, rigorous quality control, expert center 
participation, hands-on training for investigators, and procedure supervision by 
study coordinators.  Limitations of our study include exclusive participation of 
expert referral centers, which may render these results less generalizable to general 
practice. In our opinion endoscopic workup, treatment, and follow-up of Barrett 
esophagus with dysplasia should be restricted to centers with extensive expertise in 
this field. Second, our primary end point was progression to a combined end point 
of high-grade dysplasia or adenocarcinoma, and our trial was underpowered for a 
“cancer-related death” end point. However, progression to high-grade dysplasia or 
adenocarcinoma is the most clinically relevant and appropriate end point, as both 
are presently considered indications for endoscopic treatment. third, a confirmed 
diagnosis of low-grade dysplasia at 1 endoscopy session sufficed for inclusion in the 
study.  Fourth, we allowed endoscopic rescue therapy in a small number of patients 
for diminutive residual Barrett tissue. 

In this multicenter, randomized trial of radiofrequency ablation vs surveillance in 
patients with Barrett esophagus and a confirmed histological diagnosis of low-
grade dysplasia, ablation substantially reduced the rate of neoplastic progression to 
high-grade dysplasia and adenocarcinoma over 3 years of follow-up. patients with 
a confirmed diagnosis of low-grade dysplasia should therefore be considered for 
ablation therapy.

conclusion
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BACKGROUND & AIMS: the recently reported Surveillance versus RadioFrequency 
ablation (SURF) study included 136 patients with a Barrett’s esophagus (BE) containing  
low-grade dysplasia (LGD) who were randomized to receive radiofrequency ablation 
(ablation, n=68) or endoscopic surveillance (control, n=68). Ablation reduced the risk 
of neoplastic progression to high-grade dysplasia (HGD) and esophageal adenocar-
cinoma (EAC) with 25% over 3 years (1.5% for ablation vs 26.5% for control). We per-
formed a cost-effectiveness analysis from a provider perspective alongside this trial.

methoDS: patients were followed for 3 years to quantify their use of healthcare 
services including therapeutic and surveillance endoscopies, treatment of complica-
tions and medication. Costs for treatment of progression were analyzed separately. 
Incremental cost-effectiveness ratios (ICER) were calculated by dividing the difference 
in costs (excluding and including the downstream costs for treatment of neoplastic 
progression) by the difference in prevented events of progression. Bootstrap analysis 
(1000 samples) was used to construct 95% confidence intervals (CI).

reSUltS: patients randomized to ablation generated mean costs of EUR 10,153 during 
the trial vs EUR 1,682 for control (cost difference EUR 8,471; 95% CI EUR 7,516-9,307), 
with an ICER per prevented event of progression of EUR 33,884. When the costs 
for treatment of progression were taken into account, patients randomized to ablation 
generated mean costs of EUR 10,168 vs EUR 3,707 for control (cost difference
EUR 6,461; 95% CI: EUR 5,174-7,634), with an ICER of EUR 25,844. Based on the 
various ICER estimates derived from the bootstrap analysis, one can be reasonably 
certain (>75%) that ablation is efficient at a willingness-to-pay of respectively 
eUR 38,845 or EUR 30,763 per prevented event of progression.

CoNClUSIoN: Ablation for patients with confirmed LGD in Barrett’s esophagus is 
more effective and more expensive than endoscopic surveillance in reducing the 
risk of progression to HGD/EAC. the increase in costs of ablation can be justified, 
in order to avoid a serious event such as neoplastic progression. At a willingness-to-
pay of EUR 30,763 per prevented event of progression one can be reasonably certain 
(>75%) that ablation is efficient.

aBstract
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introduction

the incidence of esophageal adenocarcinoma (EAC) continues to increase significantly 
in the western world.1,2 Malignant degeneration in Barrett’s esophagus (BE), the most 
important precursor for development of EAC,  is thought to occur in a step-wise 
fashion: from non-dysplastic intestinal metaplasia, to low- then high-grade dysplasia, 
and eventually adenocarcinoma.3,4 Depending on the presence and severity of 
dysplasia, BE patients either undergo endoscopic surveillance or treatment.4

Radiofrequency ablation is an established endoscopic technique for eradication of 
Barrett’s esophagus with and without dysplasia, and is associated with an acceptable 
safety profile and more importantly a reduced risk of neoplastic progression.5–8 

Ablation, if necessary combined with endoscopic resection of visible abnormalities, 
is considered the management of choice for Barrett’s patients with high-grade 
dysplasia and early cancer.9,10 the optimal management strategy for patients with 
low-grade dysplasia is less well established. 

A recent study indicated that endoscopic surveillance of BE patients is neither 
cost-effective nor preventative.11 Ablation of low-grade dysplasia may therefore be 
of clinical utility, if neoplastic progression can be reduced at an acceptable cost 
profile. Using a Barrett’s esophagus disease model, Hur et al previously analyzed 
the cost-effectiveness of ablation treatment for BE patients with and without 
dysplasia.12,13 this analysis suggested that ablation might be cost-effective for 
low-grade dysplasia, if the disease is confirmed and stable.13 however, as with 
any modeling study the validity of these results is limited by the uncertainty of 
the model inputs: data on the natural history of low-grade dysplasia were scarce; 
and all simulations were based on a hypothetical cohort of 50-year-old otherwise 
healthy individuals. For medical decision making with regards to low-grade dysplasia 
in Barrett’s esophagus, more robust cost-effectiveness data are necessary.
  In the recently published SURF trial, standard endoscopic surveillance was 
compared to radiofrequency ablation in the prevention of neoplastic progression 
in Barrett’s patients with a confirmed diagnosis of low-grade dysplasia. the SURF 
trial was closed before all patients reached the projected 3 years follow-up, due to 
the superiority of ablation for the primary endpoint.14 In the trial, ablation resulted 
in eradication of Barrett’s and dysplasia in about 90% of patients and only a limited 
number of adverse events was observed. the present study was performed  along-
side the SURF trial and is the first trial-based cost-effectiveness analysis of ablation 
as compared to endoscopic surveillance for the management of BE patients with 
low-grade dysplasia. this analysis was performed from a Dutch hospital provider 
perspective taking into account the associated costs and events of neoplastic 
progression during the 3 years of the trial. 
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PAtIeNt PoPUlAtIoN AND the SUrf StUDY ProtoCol  the methods and 
results of the SURF trial have been described in detail elsewhere (NtR 1198, www.
trialregister.nl).14 In brief, 136 patients (116 male, mean age 63 years) were recruited 
between June 2007 and June 2011 from 9 centers in the Netherlands, Belgium, UK 
and Ireland. patients with confirmed low-grade dysplasia (LGD) in Barrett’s esophagus 
were randomized to receive radiofrequency ablation (ablation) or endoscopic sur-
veillance (control). In all patients the LGD diagnosis was confirmed  once by one of 
the pathologists of a central expert pathologists panel prior to inclusion. In the ab-
lation group, patients were treated with the circumferential or focal radiofrequency 
ablation catheter, until complete endoscopic and histological eradication of BE was 
achieved. If BE epithelium persisted after the maximum number of ablations was 
reached, a single session of endoscopic resection or argon plasma coagulation was 
permitted. the first follow-up endoscopy with biopsy was scheduled 3 months after 
the last therapeutic endoscopy, with subsequent follow-up performed annually. In 
the control group, patients underwent surveillance endoscopy with biopsy at 6 and 
12 months within the first year, with subsequent follow-up performed annually. the 
primary outcome of interest was the occurrence of high-grade dysplasia or esopha-
geal adenocarcinoma – defined as neoplastic progression – at any time during the 
3 years following randomization. patients who had shown neoplastic progression 
were treated per standards for HGD/EAC. 

ClINICAl oUtComeS of the SUrf trIAl  In total 68 patients were randomized to 
ablation and 68 patients to control. Within 3 years, 1.5% (n=1) of the patients in the 
ablation group had neoplastic progression, as compared to 26.5% (n=18) of patients 
in the control group. Ablation significantly reduced the risk of neoplastic progression 
by 25.0% (95% CI 14.1-35.9). 

DeSIgN of the eCoNomIC StUDY  this prospective cost-effectiveness analysis 
was developed from a Dutch hospital provider perspective, and compared radio-
frequency ablation against endoscopic surveillance alongside the SURF trial.

VolUmeS of USeD reSoUrCeS  Major use of health care resources from the 
randomization date until the end of follow-up (restricted to 36 months) was prin-
cipally gathered from the study database. the case record forms were prospectively 
designed to capture all relevant information regarding the use of resources for 
the study procedures and for subsequent treatment of neoplastic progression. All 
recorded data were verified by independent study monitors who attended all study 
procedures. the left column of table 1 shows the collected volumes. All routine pro-
cedures part of ablation treatment and endoscopic surveillance during the 3 year 
follow-up of the trial were taken into account. therapeutic endoscopies included 
the ablation procedure, endoscopic resection or argon plasma coagulation procedure, 
the use of disposables, histopathology analysis, consultation by telephone 3 days 
after any circumferential ablation and 2 weeks after each therapeutic endoscopy, 
and outpatient care after sedation with propofol. Surveillance endoscopies included 
surveillance endoscopy (control group) and the follow-up endoscopy (ablation group) 
with histopathology analysis, and consultation by telephone after 2 weeks. For com-

mEthods
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plications during or after endoscopic procedures, the number of endoscopies for 
bleeding, dilatation, hospital stay (in days), consultations with the gastroenterology 
department, and radiology procedures were gathered from the case record form. 
the use of trial medication (ranitidin, sucralfate and esomeprazole) was counted. 
All medications were considered to be prescribed according to trial protocol and 
to have been given at standard dosage. treatment of neoplastic progression, the 
primary endpoint, included the volumes of diagnostic and therapeutic procedures, 
complications as described above, and surgery. productivity losses related to any 
non-esophageal mortality or morbidity were not taken into account. 

Table 1 Used prices and sources to value resource use 

  
 
*Therapeutic endoscopy costs were derived from unit costs of combined procedures (APC/ER). 
Subunit costs of the combined procedure were costs for therapeutic endoscopy plus the costs for 
APC/ER/RFA. 
¥ For every unit cost EUR 6 was added for prescription costs of medication 

 

Unit costs (€) Source 

Therapeutic and surveillance endoscopies 
 

Academic Medical Hospital ledger 2012 
Therapeutic endoscopy* 292.96 

 HALO 360 ablation catheter 2,406.86 
 HALO 360 sizing balloon 737.70 
 Guide wire for HALO 360 procedure 88.11 
 HALO 90 ablation catheter 1,479.36 
 Argon plasma coagulation 243.41 
 Endoscopic resection 243.41 
 Histological assessment of endoscopic resection 176.74 
 Histological assessment of biopsies 132.84 
 Surveillance/Follow-up endoscopy 292.96 
 Daycare after sedation with propofol (day) 272.93 Dutch guideline for costing 15 

Consultation by telephone 30.58   
   
Medication ¥ 

 
www.medicijnkosten.nl

Esomeprazole (at 40mg bd tri-monthly) 28.80 
 Ranitidin (for 2 weeks after RFA) 3.74 
 Sucralfate (four times a day for 2 weeks after RFA) 10.49   

   
Complications and surgical treatment of neoplastic 
progression 

 

Academic Medical Hospital ledger 2012 
 

Endoscopy for bleeding 536.37 
 Endoscopy with dilatation 536.37 
 Hospital stay (per day) 625.23 Dutch guideline for costing 15 

Consultation at outpatient department  140.22 Dutch guideline for costing 15 
X-abdomen 46.28 

 X-thorax 46.28 
 CT-thorax 140.56 
 Esophagectomy (surgery) 5,819.23 
 Endoscopy EUS 837.80 
 Echo abdomen 96.62 
 

UNIt CoStS  All unit costs and their sources for major health care components and 
procedures are shown in table 1. Costs for the recruitment visit were not included 
as this was performed prior to randomization and patients were informed on both 
management strategies. Unit costs of therapeutic procedures and surveillance 
endoscopies were calculated from the 2012 financial accounts from the finance 
department of the Academic Medical Center Amsterdam. the unit costs of daycare 
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admission were taken from the Dutch guideline for costing in health care research.15 
Expenditures for medication were priced according to the prices provided by the 
National Health Care Institute Netherlands (www.medicijnkosten.nl). For each unit 
cost of medication EUR 6 was added for prescription costs. For costing purposes we 
assumed that medication was prescribed according to the study protocol. We calcu-
lated the unit costs of esomeprazole per three months at a dosage of 40mg twice 
daily, unit costs of ranitidin were calculated per 2-weeks at a dosage of 300mg once 
daily, and unit costs of sucralfate were calculated per 2-weeks at a dosage of 1gr 
suspension four times a day. Unit costs for complications and surgical treatment of 
neoplastic progression were calculated from the 2012 financial accounts. the unit 
costs of a single hospital day (general ward) and the unit costs of a consultation 
at the outpatient department were taken from the Dutch guideline for costing in 
health care research. 
  All unit costs were expressed in Euros with 2012-2013 as their base year period. 
Unit costs stemming from other calendar years were price indexed using the 
national general consumer price indices as published by Statistics Netherlands 
(access date: October 2013).16

CoStS  Costs were calculated as the summed product of volumes of used health care 
resources and their respective unit costs. Costs were aggregated and summarized in 
the following time periods: 0-12 months (year 1), 13-24 months (year 2) and 25-36 
months (year 3). Annual discount rates of 3% for the costs were applied to the second 
and the third year to account for time preference. 
  For each of the 136 patients, “Subcosts” were based on all procedures per-
formed during the trial before any neoplastic progression and “total costs” were 
calculated by also taking into account the downstream costs for treatment of 
neoplastic progression. the cost analysis was based on used health care resources 
from randomization until 3 years of follow-up within the trial, or the closing date 
of the trial (May 8, 2013). 

ANAlYSIS  the incremental costs per prevented patient with neoplastic progression 
were estimated for ablation against control and were calculated as the difference in 
costs divided by the difference in prevented events of neoplastic progression. the 
difference in costs was calculated excluding (subcosts) and including (total costs) 
the costs of treatment of neoplastic progression. 
  Bootstrap analysis was performed to mimic results that would be gained if 1000 
trials identical to the SURF trial were performed. this expresses the variability within 
the original study sample, and can be used to construct bias-corrected and acceler-
ated percentile confidence intervals.17 Bootstrap analysis of subcosts, total costs 
and the proportion of patients with neoplastic progression was performed in each 
group with bootstrap resampling, drawing 1000 samples of the same sizes as the 
original groups (both n=68) and with replacement. After pairing the samples from 
both groups, differences in (sub)total costs and in proportional events of neoplastic 
progression were calculated. Each cost difference is divided by the difference in 
proportional events of neoplastic progression from the same pair of samples to 
generate an incremental cost-effectiveness ratio (ICER) for the extra costs incurred 
to prevent events of neoplastic progression for patients randomized to ablation 
compared to control. the distribution of the various ICER estimates were graphically 
presented by the cost-effectiveness plane.
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SoCIetAl wIllINgNeSS-to-PAY  the individual ICER estimates were used to 
construct cost-effectiveness acceptability curves, in order to assess the cost-
effectiveness of ablation. the x-axis indicates various amounts of willingness-to-
pay  thresholds to prevent events of neoplastic progression. the y-axis indicates the 
probability of ablation being cost-effective, which is defined as the proportion of 
ICER estimates below the willingness-to-pay threshold.

PAtIeNtS  table 2 shows the baseline characteristics of our study participants. 
Both groups were comparable at baseline.14

Table 2 Baseline characteristics of included patients 
 

 

Characteristic Ablation 

(n=68) 

Control 

(n=68) 

Age – year 63±10 63±9 

Male sex – no. (%) 55 (81) 61 (90) 

White race – no. (%) 66 (97) 66 (97) 

Circumferential Barrett esophagus – cm  2 (0-6) 2 (1-4) 

Maximum Barrett esophagus – cm  4 (2-8) 4 (3-6) 

totAl VolUmeS AND meAN CoStS Per PAtIeNt  table 3 shows the volumes and 
mean costs of hospital care, endoscopic procedures, and other resources during the 
trial before any neoplastic progression (“Subcosts”) by study group. patients ran-
domized to ablation generated mean costs of EUR 10,153 during the trial, patients 
randomized to control EUR 1,682 (cost difference EUR 8,471; 95% CI EUR 7,516-9,307). 
therapeutic endoscopies were the main cost drivers in the ablation group, costs 
differed therefore between the two groups: EUR 8,243 versus EUR 0 respectively. 
Surveillance endoscopies (surveillance and follow-up procedures) were the main 
cost drivers in the control group: EUR 1,206 versus EUR 1,393 respectively. Costs 
for medication and treatment of complications were both higher in the ablation 
group than in the control group: EUR 442 versus EUR 289 and EUR 262 versus 
EUR 0, respectively. 

rEsults
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Table 3 Volumes (mean) and costs (mean) per patient of routine procedures during the trial 

 

Ablation               
(n=68)     

Control 
(n=68)     

Cost difference (95% CI)  
(€)  

 

Volume 
(mean)  Costs (€) n 

Volume 
(mean) Costs (€) n     

Therapeutic endoscopy 
 

8,243 
  

0 
 

8,243  (7,328 ; 9,030) 
Therapeutic endoscopy 3.43 1,004 68 

     HALO 360 catheters 1.13 2,725 59 
     HALO 360 sizing balloon + guidewire 1.07 885 59 
     HALO 90 2.15 3,176 65 
     Argon Plasma Coagulation 0.24 57 15 
     Endoscopic Resection 0.12 29 7 
     Endoscopic Resection during RFA 0.10 30 6 
     Daycare after sedation with propofol (day) 0.53 140 16 
     Consultation by telephone 4.53 138 68 
     Histological assessment of endoscopic resection 0.12 21 7 
     Histological assessment of biopsies 0.28 37 19           

Surveillance endoscopy 
 

1,206 
  

1,393 
 

-187  (-315 ; -51) 
Surveillance/follow-up endoscopy Total 3.01 725 68 2.56 865 67 

  Histological assessment total 3.00 325 68 2.52 390 67 
  Consultation By Telephone total 3.22 84 68 2.82 97 192 
  Sedation with Propofol   0.15 73 6 0.26 40 14     

Medication 
 

442 
  

289 
 

153  (120 ; 186) 
Ranitidin + sucralfate (2 weeks after RFA) 3.10 81 68 0.00 0 0 

  Esomeprazole 10.36 360 68 8.32 289 68     
Treatment of complications 

 
262 

  
0 

 
262  (25 ; 697) 

Endoscopy for bleeding 0.02 8 1 
     Endoscopy with dilatation 0.22 118 8 
     Hospital stay (in days) 0.21 129 1 
     Consultation by telephone 0.13 4 7 
     X-thorax 0.02 1 1 
     CT-thorax 0.015 2 1 
     SUBTOTAL (costs during the trial)   10,153     1,682   8,471   (7,516 ; 9,307) 

Mean volumes were averaged for 68 patients 
n = number of patients who underwent procedure 
 

table 4 shows the volumes and costs of hospital care, endoscopic procedures, and 
other resources for treatment of neoplastic progression by study group. patients 
randomized to ablation generated mean costs of eUr 15, patients randomized to 
control EUR 2,025. the main cost drivers were therapeutic endoscopies and surgical 
treatment of neoplastic progression. 
  table 5 shows the mean “total costs” per patient, taking into account the costs 
for treatment of neoplastic progression. the mean total costs per patient randomized 
to ablation amounted to EUR 10,168 versus EUR 3,707 for control (cost difference 
EUR 6,461; 95% CI: EUR 5,174-7,634).

CoSt-effeCtIVeNeSS rAtIoS  On a per-patient level, the reduction in risk of 
neoplastic progression of 25% for the ablation group resulted in an incremental 
cost-effectiveness ratio of EUR 8,471/0.25= EUR 33,884 (95% CI: EUR 23,324-62,124) 
per prevented event of neoplastic progression. When taking into account the costs 
for treatment of neoplastic progression the average ICER dropped to EUR 6,461/0.25 
= EUR 25,844 (95% CI: EUR 22,948-51,883) per prevented event of neoplastic 
progression. the variability surrounding this estimate is illustrated in Figure 1, 
which is derived from the bootstrap replications. the results from the bootstrap-
ping procedure show that 100% of the bootstraps generated higher costs with more 
events of neoplastic progression prevented in case of ablation. 
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Table 3 Volumes (mean) and costs (mean) per patient of routine procedures during the trial 

 

Ablation               
(n=68)     

Control 
(n=68)     

Cost difference (95% CI)  
(€)  

 

Volume 
(mean)  Costs (€) n 

Volume 
(mean) Costs (€) n     

Therapeutic endoscopy 
 

8,243 
  

0 
 

8,243  (7,328 ; 9,030) 
Therapeutic endoscopy 3.43 1,004 68 

     HALO 360 catheters 1.13 2,725 59 
     HALO 360 sizing balloon + guidewire 1.07 885 59 
     HALO 90 2.15 3,176 65 
     Argon Plasma Coagulation 0.24 57 15 
     Endoscopic Resection 0.12 29 7 
     Endoscopic Resection during RFA 0.10 30 6 
     Daycare after sedation with propofol (day) 0.53 140 16 
     Consultation by telephone 4.53 138 68 
     Histological assessment of endoscopic resection 0.12 21 7 
     Histological assessment of biopsies 0.28 37 19           

Surveillance endoscopy 
 

1,206 
  

1,393 
 

-187  (-315 ; -51) 
Surveillance/follow-up endoscopy Total 3.01 725 68 2.56 865 67 

  Histological assessment total 3.00 325 68 2.52 390 67 
  Consultation By Telephone total 3.22 84 68 2.82 97 192 
  Sedation with Propofol   0.15 73 6 0.26 40 14     

Medication 
 

442 
  

289 
 

153  (120 ; 186) 
Ranitidin + sucralfate (2 weeks after RFA) 3.10 81 68 0.00 0 0 

  Esomeprazole 10.36 360 68 8.32 289 68     
Treatment of complications 

 
262 

  
0 

 
262  (25 ; 697) 

Endoscopy for bleeding 0.02 8 1 
     Endoscopy with dilatation 0.22 118 8 
     Hospital stay (in days) 0.21 129 1 
     Consultation by telephone 0.13 4 7 
     X-thorax 0.02 1 1 
     CT-thorax 0.015 2 1 
     SUBTOTAL (costs during the trial)   10,153     1,682   8,471   (7,516 ; 9,307) 

Mean volumes were averaged for 68 patients 
n = number of patients who underwent procedure 
 

Table 4 Volumes (mean) and costs (mean) per patient generated for treatment of neoplastic progression 

 

Ablation                
(n=68)     

Control 
(n=68)     

Cost difference (95% CI) 
 (€) 

 

Volume 
(mean)  Costs (€) n  

Volume 
(mean)  Costs (€) n     

Endoscopic therapy after neoplastic progression 
 

13 
  

1,637 
 

-1,624  (-2,384 ; -988) 
Therapeutic endoscopy 

   
0.66 189 16 

  HALO 360 catheters 
   

0.21 483 13 
  HALO 360 sizing balloon + guidewire 

   
0.21 165 13 

  HALO 90 
   

0.28 403 11 
  Endoscopic Resection 

   
0.16 38 9 

  Outpatient care after sedation (day) 
   

0.22 58 11 
  Consultation by telephone 0.03 1 1 1.31 39 17 
  Histological assessment of endoscopic resection 

   
0.15 25 8 

  Histological assessment of biopsies 0.03 4 1 0.57 73 14 
  Hospital stay after endoscopic therapy 

   
0.04 26 2 

  Surveillance/follow-up endoscopy after neoplastic progression 0.03 8 1 0.49 138 13     
Surgical treatment of neoplastic progression 

 
0 

  
250 

 
-250 (-651 ; -1) 

Consultation at outpatient department 
   

0.02 4 1 
  Esophagectomy 

   
0.02 86 1 

  Hospital stay (per day)       0.15 92 1 
  X-abdomen  

   
0.02 1 1 

  X-thorax 
   

0.02 1 1 
  Echo abdomen 

   
0.02 1 1 

  Endoscopy EUS 
   

0.07 62 2 
  Endoscopy with dilatation 

   
0.03 16 1 

  Medication after neoplastic progression   2   56  -54 (-84 ; -28) 
Ranitidin + Sucralfate (2 weeks after RFA) 

    
3 5 

  Esomeprazole  0.06 2 1 1.53  53 16     
Treatment of complications after neoplastic progression 

 
0 

  
82 

 
-82 (-209 ; -9) 

Endoscopy with dilatation 
   

0.03 16 2 
  X-abdomen  

   
0.03 1 2 

  Consultation by telephone 
   

0.04 1 3 
  Hospital stay (per day) 

   
0.03 64 7 

  SUBTOTAL (costs for treatment of neoplastic progression)   15     2,025   -2,010  (-2,906 ; -1,255) 
Mean volumes were averaged for 68 patients. n= number of patients who underwent procedure 

Table 5 Total costs (mean) per patient excluding and including the downstream costs for treatment of neoplastic progression 
 

 
Ablation (n=68) Control (n=68) Difference ICER 

   
95% CI  95% CI  

    
  

Events (%) 1.5 26.5 25.0   (14.1 - 35.9) 

 Subcosts prior to neoplastic progression (€) 10,153 1,682 8,471 (7,516 - 9,307) 33,884 (23,324 - 62,124)  

TOTAL COSTS including treatment of neoplastic 
progression (€) 10,168 3,707 6,461 (5,174 - 7,634) 25,844 (22,948 - 51,883) 
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the probability of ablation being cost effective increased with increasing willingness to 
pay (Wtp) as shown in Figure 2. If, for instance, the probability of ablation being cost-
effective should at least exceed 0.75 in this target population in order to ascertain 
health care policy makers that the decision to reimburse ablation is (still) justifiable, 
then society should be willing to pay at least EUR 38,845 per prevented event of neo-
plastic progression, or at least EUR 30,763 when taking into account the downstream 
costs for treatment of neoplastic progression. 
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Figure 1 Cost-effectiveness plane showing differences between ablation and control after 1000 boot-
strap replications. the y-axis shows the differences in mean “Subcosts” prior to neoplastic progression 
(left) and the “total costs” including downstream costs for treatment of neoplastic progression (right). 
the x-axis shows the differences in prevented events of neoplastic progression. Ablation was more 
effective at a higher cost.

Figure 2 probability of ablation being cost-effective.
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the SURF trial demonstrated that in patients with a confirmed diagnosis of low-
grade dysplasia,  ablation resulted in a reduced risk of neoplastic progression 
compared to standard endoscopic surveillance. the clinical results of the SURF trial 
showed that 1.5% of patients in the ablation group versus 26.5% of patients in the con-
trol group reached the endpoint of neoplastic progression during 3 years follow-up.14 
the current accompanying cost-effectiveness analysis shows that ablation is more 
expensive than endoscopic surveillance, resulting in a mean cost difference of EUR 
8,471 [95% CI EUR 7,516-9,307] or a mean cost difference of EUR 6,461 [95% CI EUR 
5,174-7,634) when taking into account the downstream costs for treatment of neo-
plastic progression. the costs for treatment of neoplastic progression are also the 
most important determinant of the cost difference between the two groups. the 
ICER of the extra cost per prevented event of neoplastic progression was EUR 33,884, 
or EUR 25,844 when the costs for treatment of neoplastic progression were included. 
Furthermore, at a willingness-to-pay of EUR 38,845 per prevented event of neo-
plastic progression, or EUR 30,763 when taking into account the downstream costs 
of treatment of neoplastic progression, the probability of ablation being efficient 
equals 75%, which may provide a reasonable level of confidence for taking decisions 
during health care policy making.

the economic impact of radiofrequency ablation for eradication of Barrett’s 
esophagus with low-grade dysplasia has only been addressed in a limited number 
of modeling studies.12,13 Inadomi et al compared different competing strategies, 
including endoscopic surveillance and radiofrequency ablation. In this analysis 
ablation for low-grade dysplasia was found an optimal strategy over endoscopic 
surveillance, although continued endoscopic follow-up after successful ablation 
was expensive.12 Recently, their Markov-model was updated by Hur et al, and only 
included radiofrequency ablation as endoscopic treatment modality. Initial ablation 
for low-grade dysplasia was potentially cost-effective, with an ICER well below the 
willingness to pay threshold of USD 100,000/quality-adjusted life year, as compared 
to continued surveillance with RFA when high-grade dysplasia is found.13 In this 
model low-grade dysplasia was defined as a confirmed and stable (present on more 
than 1 endoscopy) disease. It should be noted that Hur et al were very conservative 
in selecting neoplastic progression rates for their model (0.19%-0.75% per year), 
whereas the annual neoplastic progression rate in the SURF trial was 11.8% per year. 
Due to the differences in patient populations and outcomes  it is not possible to 
compare the results of these two modeling studies with our patients. However, their 
results suggest that radiofrequency ablation is potentially cost-effective, depending 
on the selection of patients with low-grade dysplasia. 

the current study provides the most direct evidence available concerning the cost-
effectiveness of ablation, as an integral part of a randomized trial investigating the 
optimal management strategy for confirmed low-grade dysplasia in BE. the reported 
costs including the downstream costs for treatment of neoplastic progression 
closely represent the nature of the endoscopic surveillance strategy, with endoscopic 
or surgical treatment when neoplastic progression is detected. In the SURF study, 
general quality of life data suitable for health evaluation were not obtained. It is 

discussion
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therefore not possible to report cost-effectiveness in relation to quality-adjusted 
life-years (QALys). the use of QALys is generally favored in economic studies 
because it enables comparison of interventions across different diseases and health 
conditions. However, the relatively short follow-up period of the SURF trial (<36 
months) makes the chosen endpoint per avoided neoplastic progression relevant. 

In our view the increase in costs of ablation (EUR 6,461) in order to avoid an event 
such as progression to high-grade dysplasia and even esophageal adenocarcinoma 
is justified. Ablation may therefore be recommended over endoscopic surveil-
lance in patients with confirmed low-grade dysplasia, in particular since in the 
future the ICER for ablation as reported in this trial may decrease considerably for 
various reasons. First, in the SURF trial the majority of patients who progressed 
could be adequately treated with endoscopic means, however one patient required 
esophagectomy for a poorly differentiated submucosal carcinoma and a second 
patient required widespread endoscopic resection in three sessions for an extensive 
lesion.14 the high number of patients in whom neoplasia was detected at an early and 
(endoscopically) curable stage reflects the strict quality criteria which were adhered 
to in the trial. Under less optimal circumstances such as a community surveillance 
setting, neoplasia may progress to an advanced or incurable stage and hence be 
associated with higher rates of surgery or cancer-related death. this will increase the 
costs of the endoscopic surveillance strategy and favor the cost-effectiveness ratio for 
ablation. Second, this trial  had a limited duration of observation (i.e. restricted to a 
36-months horizon). the cost-effectiveness of ablation is likely to be different when 
patients are evaluated over a longer period. One of the downsides of the radio-
frequency ablation protocol are the high costs of therapy in the first year which are 
mainly driven by the costs of disposables and the higher number of endoscopies. 
An increasing number of publications on the long-term efficacy show that radio-
frequency ablation is durable in more than 90% of patients during follow-up.6,18 
the cost-effectiveness of ablation may therefore improve for a longer observation 
period if patients undergo follow-up endoscopies at a lower intensity after successful 
ablation compared to untreated patients. In addition, untreated patients may still 
show neoplastic progression after the 36 month cut off point as used in the current 
study. third, the selection of patients with a reliable diagnosis of low-grade dysplasia 
remains difficult.19–21 Even though a single confirmed diagnosis of LGD sufficed for 
inclusion in the SURF trial, 28% of patients in the control group had no dysplasia 
detected during follow-up. Other studies have reported similar rates of not repro-
ducing the LGD diagnosis over time.5,22 treating such patients logically reduces the 
cost-effectiveness ratio given their lower risk of neoplastic progression. Insisting 
that a diagnosis of low-grade dysplasia is not only confirmed but also stable over time 
will improve the selection of patients for ablation, and impact the cost-effectiveness of 
ablation.13,23 

the current study suffers from several limitations, which need to be considered. 
One may argue that the current analysis is only applicable to centers in the Nether-
lands, although the cost calculations were performed in a European setting alongside 
the SURF trial. However, any provider can use our volumes of used resources data 
to determine if ablation is cost-effective at their center. In addition, we conveniently 
chose a provider perspective for this cost-effectiveness analysis instead of a societal 
perspective based on readily available reliable costs and outcome data. No data 
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gathering through patient questionnaires had taken place during the trial to include 
out-of-pocket expenses by patients and costs of production loss due to sick leave 
from work and general quality of life data suitable for health evaluation were not 
obtained. Further research should address these data requirements of a full economic 
evaluation from the societal perspective in order to enable priority setting in health 
care. However, the present analysis may support health care efficiency decisions 
within the field of oncological gastroenterology. 

this is the first cost-effectiveness analysis of ablation as compared to endoscopic 
surveillance, based on the results from a large randomized trial. We demonstrate 
that ablation of patients with a confirmed diagnosis of low-grade dysplasia is more 
expensive than endoscopic surveillance, while significantly reducing the risk of 
neoplastic progression. the increase in costs of ablation (EUR 6,461) per patient can 
be justified, in order to avoid a serious event such as neoplastic progression. At a 
willingness-to-pay of EUR 30,763 per prevented event of progression one can be rea-
sonably certain (>75%) that ablation is efficient, which may be acceptable for society. 

conclusion
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the aim of this thesis was to optimize endoscopic management strategies for 
patients with Barrett’s esophagus containing dysplasia. to that end, we focused on 
patients with dysplasia throughout the entire spectrum: from early cancers and 
high-grade dysplasia to low-grade dysplasia patients. We examined the long-term 
results of endoscopic therapy, and we evaluated the effect of different endoscopic 
ablation regimens on our success rate in eradicating dysplastic Barrett’s mucosa. In 
low-grade dysplasia patients we investigated the role of the expert pathologist, and 
the effect of preventive ablation on the risk of neoplastic progression and its cost-
effectiveness. In the following paragraphs we will discuss implications of this thesis 
for clinical practice and directions for future research. 

INDICAtIoNS for treAtmeNt  Endoscopic techniques for curative treatment of 
early Barrett’s neoplasia (high-grade dysplasia and mucosal cancer) have substan-
tially improved over the past decade. As a result endoscopic therapy is nowadays 
the standard of care over surgical treatment. Endoscopic resection (ER) for visible 
lesions, complemented with radiofrequency ablation (RFA) to remove the entire 
Barrett’s segment had already proven its efficacy and safety in a number of pilot 
studies.1-3 the excellent long-term outcomes of this combined approach, as 
described in Chapter 3 and 4 of this thesis,4 support the use of endoscopic therapy 
as the primary treatment strategy for early Barrett’s neoplasia. Subsequently, this 
approach has been implemented in both national and international guidelines for 
the management of Barrett’s neoplasia.5-7

  Although its efficacy and safety have been proven for high-grade dysplasia 
and mucosal cancer, there is debate if endoscopic therapy also has a place in the 
management of Barrett’s cancer infiltrating the superficial submucosa. Cur-
rently, surgical treatment is considered the gold standard for this subgroup of 
patients given the supposedly increased risk of lymph-node metastasis (LNM). In 
retrospective surgical series LNM has been reported in up to 50% of submucosal 
cancers. the risk of LNM appears to be much lower (0%-21%) in cancers limited to 
the most superficial one-third of the submucosa (sm1).8-13 this has also been con-
firmed in studies where sm1 cancers with certain histological ‘low-risk features’ in 
the ER specimen carry a more favorable LNM pattern.14,15 Manner and coauthors 
and Alvarez Herrero and coauthors suggested the following criteria to define 
these ‘low-risk’ submucosal cancers; tumor invasion is limited to sm1 (<500µm), 
good to moderately differentiated cancers (G1-G2), absence of lymph-vascular 
invasion.14,15 In the first long-term series of sm1 patients with ‘low-risk’ lesions 
who were treated with endoscopic resection, Manner and coauthors reported an 
estimated overall 5-year survival rate of 84% and no tumor-associated deaths. 
LNM was found in one patient (1.9%) who was treated with curative esophagec-
tomy (tumor free follow-up: 32 months).16 In the study by Alvarez Herrero and 
coauthors none of the twelve sm1 patients had LNM.14 given that most patients 
with ‘low-risk’ sm1 cancers are elderly and often suffer from significant comor-

implications for clinical practicE

Treatment of high-grade dy splasia and early Barrett ’s  cancer
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bidities, endoscopic treatment may be considered a safe and effective alternative 
to surgery in these cases. 

teChNICAl ImProVemeNtS  In this thesis we describe several practical improve-
ments of the radiofrequency ablation protocol. the circumferential and focal ablation 
regimen as described in Chapter 3 and 4 have the disadvantage that several introduc-
tions of the endoscope and the ablation catheters are required to clean the electrode 
and ablation zone in between. this is uncomfortable for patients as the procedure is 
time consuming and it can be difficult to re-introduce the ablation catheter. 
  Based on the results as described in Chapter 5 we recommend to use a simplified-
no cleaning regimen for circumferential balloon-based ablation in patients with an 
uncomplicated esophagus. this regimen consists of two consecutive applications 
of energy at 12J/cm2 without the cleaning step in between. In patients with a more 
complex Barrett’s segment, i.e. due to a tortuous esophagus, extensive scarring at 
the ER site or relative stenosis, the cleaning step within the standard regimen may 
still be preferred to assess the completeness of the first ablation pass. In those 
patients the balloon may migrate during ablation resulting in skipped zones or 
zones with too much overlap. the cleaning step allows for adjustment of the balloon 
position during the second ablation pass. 
  In Chapter 6 we studied a simplified-no cleaning regimen for focal ablation of 
residual Barrett’s islands. this regimen consisted of three consecutive applications 
of energy at 15J/cm2 without the cleaning step in between, and proved non-inferior 
to the standard regimen (2x2x15J/cm2 with cleaning) for eradication of Barrett’s 
islands. In the past few years we have successfully used the simplified regimen 
for focal ablation of the whole Barrett’s segment in approximately 45 cases. In a 
retrospective analysis including our center and several others in the Netherlands, 
the simplified-no cleaning regimen appeared to be equally effective as the stan-
dard regimen for focal ablation of BE, including circumferential treatment of the 
gastro-esophageal junction.17 We were concerned that three consecutive applica-
tions might lead to deeper thermal damage resulting in more fibrosis and a higher 
rate of stenosis or other complications. Indeed, the observed stenosis rate (11%) was 
at the high end of the spectrum of stenosis reported in literature. In addition, 33% 
of these stenoses required >7 dilatations which suggests that these stenoses were 
more severe than observed in our earlier RFA studies. For these reasons, we have re-
duced the energy setting for focal RFA treatment from 15 to 12 J/cm2 while adhering to 
three consecutive applications of energy (3x12J/cm2, no cleaning). We feel that this is 
the best compromise between efficacy, safety and practicality, acknowledging that no 
data are currently available supporting this view. 

mANAgemeNt of wIDeSPreAD leSIoNS  As described in Chapter 4, the combined 
approach of ER followed by RFA is safe and effective for eradication of neoplastic 
Barrett’s esophagus, provided that the extent of the ER is limited to 2 centimeters in 
length and 50 percent of the circumference. In the preceding EURO-I study in which 
more widespread ER was allowed, the rate of mucosal lacerations after RFA and the 
rate of esophageal stenosis were far higher than in the EURO-II study.3 After extensive 
ER, scarring and stenosis are common, which may result in lesser electrode contact 
or superficial mucosal lacerations during RFA. However, in some patients widespread 
resection is unavoidable to completely remove mucosal irregularities as to render the 
mucosa flat for ablation and to ensure optimal histological staging. 
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Figure 1 Endoscopic images from patients with lesions suspected of a higher risk of lymph node 
metastasis.

the left and mid panel show a bulky lesion in a short Barrett’s tongue in forward view (left panel) and 
retrograde view (mid panel). In this patient ESD was performed for primary staging, the resection 
specimen showed submucosal invasion (sm1) and focal vaso-invasive growth. this patient subse-
quently underwent esophagectomy, no residual cancer and no positive lymph nodes were detected in 
the resection specimen. 
the right panel shows a lesion located at the gastro-esophageal junction which was suspected of 
submucosal ingrowth. ESD was chosen as the primary management strategy because this patient suf-
fered from other comorbidities and depended on hemodialysis. Histopathology showed HGD with no 
invasive growth, the residual BE segment was subsequently treated with RFA.

For patients who require widespread ER an individual and tailored management 
strategy is required. Different endoscopic approaches are available as also de-
scribed in Chapter 1 and 2: 1) the standard combined approach of ER followed by 
RFA, complemented with dilatation sessions after ER if necessary, 2) Stepwise 
radical endoscopic resection (SRER), 3) RFA and ER combined in a single treatment 
session, 4) Endoscopic submucosal  dissection (ESD). Depending on the length of 
the original Barrett’s segment and the required extent of the endoscopic resection 
one of these approaches can be chosen and discussed with the patient. 
With the SRER technique the whole BE segment is removed in subsequent ER-
sessions. Despite the excellent eradication rates achieved with this technique, it is 
associated with a much higher rate of stenosis when compared with ER plus RFA. 
SRER is a complicated technique and its use is generally restricted to patients with 
a BE <5 centimeters.18 the single-step approach, consisting of ER and circumfer-
ential ablation in one session, has proven feasible in expert hands, although the 
rate of complications was substantial.19 Alternatively, ER may be combined with 
focal ablation, which can be suitable for patients with widespread lesions in shorter 
segments of BE as the entire Barrett’s segment can be treated in a single session. 
For larger surface areas of Barrett’s mucosa the single-step approach using circum-
ferential ablation would be more appropriate. Endoscopic submucosal dissection 
holds the advantage over other techniques that a large en-bloc resection can be 
obtained for adequate histological assessment. this can be particularly important 
in bulky lesions that cannot be captured in the cap or lesions suspicious of submu-
cosal ingrowth, where ESD may ensure a better specimen for histological assess-
ment than piecemeal ER (Figure 1). ESD is, however, a highly complex technique 
that requires extensive training. the experience with ESD in the western world is 
limited, due to the low caseload and the long learning curve. In our opinion ESD 
currently has a limited role in the treatment of early BE neoplasia.  
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mANAgemeNt of Poor reSPoNDerS to rfA treAtmeNt  Poor response after 
RFA occurs in a small subset of patients. these patients are generally identified 
early on during the treatment course: they demonstrate little regression of the BE 
segment or show persistent inflammation three months after their first circum-
ferential therapy. poor responders should not be confused with patients who 
require some form of escape therapy for residual BE after RFA. Whereas in true 
poor responders pursuing endoscopic treatment is generally futile, escape treat-
ment is usually highly effective in patients who have undergone multiple ablations 
(generally one circumferential ablation and 2-3 focal RFA sessions) yet have some 
residual BE. Generally this is <10% of the original BE and often the escape treatment 
is chosen for its effectiveness and low costs knowing that the finish line is nearby. 
Endoscopic resection can be used for larger areas of residual BE whereas argon 
plasma coagulation is very useful for small islands or areas <5mm. Continuation 
of treatment until all Barrett’s mucosa is eradicated both visibly and histologically 
should be pursued to ensure low recurrence rates of neoplasia during follow-up. In 
this sense, endoscopic resection, radiofrequency ablation and argon plasma coagula-
tion are complementary techniques for treatment of Barrett’s neoplasia. 
  Recently our group investigated potential predictors for poor initial response 
(defined as <50% regression after the first circumferential ablation), in a large multi-
center cohort.20 Active reflux esophagitis, regeneration of the endoscopic resection 
site with Barrett’s epithelium (instead of squamous regeneration), esophageal nar-
rowing pre-ablation, and the number of years with neoplasia before the first ablation 
session were found to predict a poor initial response and patients with these factors 
ultimately had a worse chance of reaching complete eradication of BE.  
  Since the presence of active reflux esophagitis under aggressive proton pump 
inhibitor (ppI) therapy predicts a poor outcome of endoscopic ablation,20,21 we advise 
to postpone endoscopic treatment until acid suppression therapy is optimized in 
such patients. In all our treatment protocols patients are prescribed double-dose 
maintenance ppI therapy. In our center we refer patients with a poor response on 
RFA or with active reflux esophagitis under ppI therapy for pH monitoring on ppI 
therapy to determine whether ppI therapy can be further optimized. poor responders 
who do not respond to optimal medical therapy can be referred for Nissen fun-
doplication before endoscopic treatment is continued. It should be kept in mind 
that if future esophageal surgery is necessary for cancer treatment this may be 
hampered by fundoplication. 
  Regeneration of the ER scar with Barrett’s epithelium may suggest early on that 
these patients have a reduced ability to re-epithelialize with normal squamous 
epithelium. Depending on the patient’s age and the severity of dysplasia one can 
opt for keeping such patients under strict endoscopic surveillance and to perform 
endoscopic resection only for visible lesions. 
  In patients with esophageal narrowing before ablation (i.e. by reflux esophagitis or 
endoscopic resection), optimal ablation can be hampered in two ways. First, these 
patients may belong to a subgroup of patients with more severe reflux than others, 
which is likely to induce reflux-related scarring. In these patients acid suppres-
sion should be optimized, as described previously, before endoscopic treatment 
is continued. Second, any stenosis may result in suboptimal contact between the 
electrode and the mucosa leading to less effective ablation. Dilating before the next 
ablation session may optimize electrode contact. In such cases we continue dilata-
tion sessions on a weekly basis until the esophagus has an inner diameter of 18-mm 
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and passage of an 18-mm bougie does not cause mucosal damage. We feel that 
dilatation and balloon-based ablation should not be combined in the same session.
for selected patients who have a combination of the aforementioned predictors for 
a poor response to RFA, a primary surgical approach should be considered, even 
though the BE may “only” harbor high-grade dysplasia and mucosal cancer.  For in-
stance in a young patient with a BE>C10M10, a pre-treatment narrowed esophagus, 
poorly controlled reflux disease under high-dose ppI, widespread visible lesions 
with multifocal neoplasia, and prior scarring due to ulceration. 

eNDoSCoPIC follow-UP After treAtmeNt  In our clinical studies on radio-
frequency ablation and endoscopic resection we have used strict endoscopic 
follow-up protocols, with endoscopies scheduled twice in the first year and annually 
thereafter, while obtaining extensive random biopsies from neosquamous epithelium 
and the gastro-esophageal junction.1-4,18 After successful eradication of neoplastic 
Barrett’s esophagus, however, one might question the need for such an intensive 
surveillance protocol. 
  Our initial reasons for performing such an extensive biopsy protocol during 
follow-up examination were two-fold: First, there was a generally held concern 
that occult buried glands might persist underneath neosquamous epithelium, thus 
remaining endoscopically invisible while progressing to an advanced malignant 
stage. the presence of buried glands had previously been reported in up to half 
of patients treated with photodynamic therapy or argon-plasma coagulation as 
stand-alone treatment.22-24 More recent data of over 700 patients treated with RFA, 
however, demonstrate that the rate of buried glands appears almost negligible.25-27 
In Chapter 3 and 4, buried glands were found in a total of 4 out of 7,717 biopsies, 
corresponding to a rate of 0.05%. Studies have shown that biopsy depth of treated 
and untreated squamous epithelium is similar, hence neosqamous biopsies are of 
adequate depth to evaluate the presence of buried glands.4,31 Furthermore, biopsies 
obtained close to the gastro-esophageal (GE) junction or accidental sampling of re-
sidual Barrett’s mucosa can lead to a false-positive diagnosis of buried glands. the 
results as described in this thesis demonstrate that the presence of buried glands 
in normal appearing neosquamous epithelium is rare. this is also illustrated by two 
studies from our group in which ER specimens were obtained from neosquamous 
epithelium in 44 patients who had complete endoscopic conversion of their BE 
after RFA. In none of 44 ER specimens buried glands were detected whereas exten-
sive submucosal tissue was present in each sample.4,28 
  the second reason for performing an extensive biopsy protocol during follow-
up examinations is that several studies have demonstrated that the GE junction is 
the area most at risk for recurrence of neoplasia.18,32-34 A reliable endoscopic tool 
to predict if all Barrett’s mucosa has been eradicated at this level is not available.35 
Even endoscopic detection techniques such as narrow-band imaging have not been 
able to aid the endoscopist in the differentiation between gastric mucosa and IM.36 
As a result we always obtain biopsies immediately distal to the GE junction as an 
objective endpoint for eradication.35 the downside of this biopsy protocol is that 
it can lead to detection and overestimation of non-dysplastic IM in the presence 
of a normal appearing GE junction on endoscopy. In patients who have undergone 
endoscopic therapy for Barrett’s neoplasia, subsequent detection of IM in the cardia 
either reflects insufficient treatment of that area, truly recurrent disease, or an 
irrelevant normal finding. As described in Chapter 3 and 4, in most cases where Im 
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of the cardia is observed during follow-up,  IM is only detected in a single biopsy: 
the diagnosis is generally not reproduced during follow-up examination, and this 
“single hit IM” shows no increased incidence over time. this suggests that IM found 
in the cardia during follow-up examination does not reflect residual BE (since the 
detection of IM should then be reproduced over time) or recurrent disease (since its 
incidence should then increase with the duration of follow-up). Studies have shown 
that IM is found in up to 25% of the normal population in this area, and this is 
generally not considered a pre-malignant condition.37,38 therefore, the presence of 
IM in the cardia during follow-up examination seems of limited clinical relevance.

Based on the results as described in this thesis we therefore propose several changes 
to the endoscopic follow-up protocol. As described in Chapter 1, the cornerstone of 
endoscopic follow-up should consist of meticulous endoscopic inspection of the 
neosquamous mucosa and the GE junction, to rule out the presence of residual 
columnar mucosa. this can be achieved using high-resolution endoscopy with 
narrow-band imaging, performed by an endoscopist with a trained eye. the need 
to obtain random biopsies from the neosquamous mucosa has become obsolete 
given the low rate of buried glands. While meticulous inspection is performed it is 
sufficient to obtain targeted biopsies only, in case of visible lesions or of areas of 
residual columnar mucosa. If small Barrett’s islands (<5mm) are detected during 
follow-up examination these can best be treated with argon-plasma coagulation 
(ApC) instead of biopsied, as this can lead to a false-positive diagnosis of buried 
glands.31 Moreover, biopsying is an irradical treatment modality if a biopsy would 
prove to be positive for dysplasia. Because it is often impossible to re-detect such 
small areas on endoscopy, immediate ApC should be performed.     
  Obtaining biopsies immediately below the GE junction remains important, 
given that this is the most important region at risk for recurrence. If IM is found in 
this region we advocate to repeat focal ablation only when IM is detected at the first 
follow-up endoscopy, subsequent touch-up ablation during follow-up is unnecessary 
when dysplasia is absent. Given the irrelevance of IM of the cardia during follow-up 
one may even question the relevance of obtaining cardia biopsies in patients with 
a normal appearing GE junction, after consecutive follow-up endoscopies have 
shown absence of Im in this area. 
  After successful eradication of neoplastic Barrett’s esophagus, we propose to per-
form the next follow-up endoscopy after 6 months and annually thereafter. this means 
that follow-up endoscopies are performed at 3 months (when biopsies show absence 
of dysplasia and IM), 9 months (6 months interval) and 21 months (12 months interval) 
after the last treatment. the few neoplastic recurrences that occur, can then be de-
tected at an early stage during follow-up and can easily be managed endoscopically.4 

who ShoUlD Do the trICK?  Following the developments in surgery, where 
many procedures are subject to volume standards, recent international guidelines 
have recognized the importance of centralization of treatment for Barrett’s neoplasia.5 

this is mainly driven by the better outcomes of endoscopic therapy  in high-volume 
centers.39,40 Besides the concentration of endoscopic treatment in dedicated centers 
with an adequate case-load, management of patients with Barrett’s esophagus with 
neoplasia also requires a multimodality approach. the endoscopist should be 
trained in the detection of neoplastic lesions, selection of patients for treatment, 
and the technical aspects of endoscopic treatment. this should be combined with 
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adequate histologic evaluation of specimens by an expert pathologist. Surgery 
should be available as a back-up for complications of endoscopic treatment or in 
case esophagectomy is necessary. A structured training program aimed at ‘imaging’ 
to improve endoscopic detection, ‘treatment’ to teach the technical aspects of en-
doscopic resection and ablation, and ‘pathology’ to teach histological evaluation of 
specimens, has been made available to endoscopists and pathologists at our center 
and elsewhere in Europe (www.best-academia.eu). 
  For the large multicenter studies described in Chapter 3 and 8 endoscopists and 
pathologists were trained according to this principle. we believe that training can 
achieve a high procedural success rate of endoscopic resection and radiofrequency 
ablation.41 We therefore recommend that future national guidelines include 
standards (i.e. training, volumes, etc) that should be met, before a center can offer 
endoscopic treatment of neoplastic BE. Developing expert pathology panels is an 
essential parallel development to the centralization of endoscopic treatment. 

A PArADIgm ShIft  Given the excellent results of radiofrequency ablation (with 
or without primary endoscopic resection) for the eradication of neoplastic Barrett’s 
esophagus,3,4,18 our research focus gradually shifted towards the optimal manage-
ment strategy for low-grade dysplasia as described in part 2 of this thesis.   
  Low-grade dysplasia in Barrett’s esophagus has been surrounded by uncertain-
ties regarding the diagnosis and the natural history of the disease. Several studies 
suggested that low-grade dysplasia does not carry an increased risk of neoplastic 
progression compared with non-dysplastic Barrett’s esophagus, or claimed that 
the absolute risk is only marginally increased.42,43 these studies, however, lacked 
expert pathology review or had strikingly poor inter-observer agreement between 
pathologists. three independent studies by our group, including those described in 
Chapter 7 and 8, have demonstrated that biopsy review by a Dutch expert pathology 
panel will downgrade the majority of community low-grade dysplasia diagnoses to 
non-dysplastic BE with a very low risk for neoplastic progression.44-46 Patients with 
a confirmed diagnosis of low-grade dysplasia, however, have a risk of neoplastic 
progression of 9.1%-13.4% per person-year. 44-46 Studies from the United States have 
used radiofrequency ablation for low-grade dysplasia. Shaheen and coauthors and 
Sharma and coauthors demonstrated that ablation can achieve eradication of 
Barrett’s esophagus with low-grade dysplasia in 81% to 90%, and 90% to 100% of 
cases, respectively.25,47

  Based on these data, we initiated a randomized clinical trial (SURF) among 
patients with a confirmed diagnosis of low-grade dysplasia by an expert panel of 
pathologists as described in Chapter 8. In this trial we compared standard endoscopic 
surveillance (control) with radiofrequency ablation (ablation) in their effect on 
neoplastic progression. the results from this trial suggested that ablation reduces 
the risk of neoplastic progression with 25%, corresponding to a number needed 
to treat of 4.0. Furthermore, ablation was able to reduce the risk of progression to 
adenocarcinoma with 7.4%. We achieved eradication rates of low-grade dysplasia 
and Barrett’s esophagus of 93% and 88%, respectively.46 

L ow-grade dy splasia in Barrett ’s  esophagus
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to be eligible for the SURF trial only a single diagnosis of LGD was required. As a 
result, in 28% of patients in the control group no dysplasia was detected during 
follow-up examinations. Other studies have reported similar rates for not repro-
ducing the LGD diagnosis over time: Shaheen and coauthors reported clearance 
of dysplasia in 26% of LGD patients at 12 months follow-up.25,48 In Chapter 9  we 
demonstrated that ablation for low-grade dysplasia is potentially cost-effective, but 
avoiding ablation in patients without dysplasia may even further improve the cost-
effectiveness profile of ablation. Although no data are currently available supporting 
this view, insisting that a diagnosis of low-grade dysplasia is not only confirmed but 
also stable over time may improve the selection of patients. this assumption was 
incorporated into the cost-effectiveness modeling study by Hur and coauthors, and 
their study suggested that ablation can be cost-effective provided that the diagnosis 
of LGD is confirmed and stable.49 In addition, an increasing number of publica-
tions on the long-term efficacy show that ablation is durable in more than 90% of 
patients during follow-up, and that the risk of progression in these patients is small.50

Ongoing surveillance after successful ablation of low-grade dysplasia is therefore 
of limited value, and stopping surveillance or expanding surveillance intervals will 
further improve the cost-effectiveness of ablation.
  the results from the SURF trial have induced a paradigm shift in our manage-
ment of patients with Barrett’s esophagus and low-grade dysplasia. Instead of 
routing for endoscopic surveillance at an increased interval (every 6 to 12 months) 
we believe that the preventive effect of ablation is favorable after optimal selection 
of patients. the first step should always include review of the low-grade dysplasia 
diagnosis, preferably by an expert pathology panel.44,46 once the diagnosis has been 
confirmed, we advocate that low-grade dysplasia has to be reproduced on more 
than one occasion before treatment is initiated. After successful ablation we advocate 
to perform a follow-up endoscopy 12 months after the last treatment session, if no 
intestinal metaplasia is detected surveillance can be stopped. 

WHAt DEFINES AN “EXpERt pAtHOLOGISt”?  A general development in medical 
practice in the Netherlands is the centralization of healthcare and the concentra-
tion of medical procedures among “experts” in the field. parallel to the focus on the 
“expert endoscopist” in the first part of this thesis, we have focused on the “expert 
pathologist” in the second part of this thesis. we have demonstrated that a panel of 
expert pathologists can accurately risk-stratify patients with low-grade dysplasia. 
to extrapolate the results of this thesis into clinical practice, it would be important 
to know who should be considered an “expert pathologist”. Several guidelines have 
stipulated that the diagnosis of Barrett’s esophagus with dysplasia should at least 
be evaluated by two experienced pathologists in the field or two gastro-intestinal 
pathologists.5,6 However, none of these guidelines provide criteria to define “expert 
pathologist”. the expert pathologists that we have consulted for the studies de-
scribed in this thesis were considered as such by their (international) peers. All of 
our pathologists are dedicated to the field of Barrett’s by a high exposure or case-load 
(approximately 5-10 cases per week). Future experts may be trained in recognition of 
dysplasia and neoplastic lesions according to the BESt academia training program 
(www.best-academia.eu). Development of an online platform and training module 
are currently underway. Ideally, a benchmark exam based on the training module 
could be used for qualification as an expert pathologist. 
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IS tREAtMENt OF NON-DySpLAStIC BARREtt’S ESOpHAGUS tHE NEXt StEp?
As opposed to low-grade dysplasia, where certain patients can benefit from ablation 
as shown in Chapter 8 and 9, endoscopic ablation does not appear to be a cost-effective 
approach for non-dysplastic Barrett’s esophagus.49 this is mainly due to the poor 
ability to risk-stratify non-dysplastic BE patients into low and high risk patients, as 
a result the overall risk of progression of non-dysplastic BE is much lower than for 
low-grade dysplasia. Nevertheless, certain non-dysplastic BE patients may have a 
personal risk profile for progression. these selected cases, i.e. with a family history 
of esophageal adenocarcinoma, younger than 50 years with a long life-expectancy, 
or a long Barrett’s segment, can be referred to an expert center for endoscopic 
surveillance.5 Depending on  patient and endoscopist preference, ablation can 
then be considered. In general, however, endoscopic treatment is not the preferred 
standard of care for patients with non-dysplastic BE. It should be noted that only few 
non-dysplastic BE patients meet the aforementioned arbitrary criteria.    

the results of this thesis have particular implications for research in the field of 
low-grade dysplasia. In Chapter 7 and 8 we demonstrate that if an expert panel of 
pathologists at least moderately agrees on the diagnosis of low-grade dysplasia, the 
risk of neoplastic progression in case of a confirmed diagnosis is substantial. the 
diagnosis of low-grade dysplasia is difficult and fraught with uncertainties related 
to the natural course of the disease. Many previous studies in the field that reported 
progression rates for patients with low-grade dysplasia, suffered from a lack of expert 
histologic review or poor inter-observer agreement.42,43 In these studies the reliability 
of the low-grade dysplasia diagnosis is questionable, which likely has resulted in the 
wide variability in reported progression rates. 
  We show that in the majority of patients with a community low-grade dysplasia 
diagnosis, reactive inflammatory changes are often misinterpreted as such. As a 
result most of these cases can be downgraded by an expert panel of pathologists and 
these patients have a low risk of neoplastic progression. In those patients in whom 
the diagnosis is confirmed by an expert panel, the annual risk of neoplastic pro-
gression is 9.1%-13.4% per person-year.44-46 this shows that accurate risk-stratification 
of patients with low-grade dysplasia is possible by a properly trained and interacting 
expert panel. Future studies on low-grade dysplasia should therefore incorporate 
expert pathology review and report the inter-observer agreement amongst the panel 
pathologists. 

implications for rEsEarch
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An important question is whether indications for endoscopic treatment can be 
expanded beyond mucosal and ‘low-risk’ submucosal cancers. A promising thera-
peutic approach has been developed by our group and consists of endoscopic radical 
resection of the lesion (either by ESD or ER), followed by thoracolaparoscopic 
lymph node dissection without concomitant esophagectomy. pilot studies in swine 
and human cadavers have shown the feasibility and safety of this procedure.52 Future 
studies will be necessary to determine whether this approach can have a place in 
the management of patients with ‘high-risk’ submucosal Barrett’s cancers.
  With regards to patient-comfort during treatment, the developments in endo-
scopic technique have significantly improved patient care. Certain vital aspects 
remain to be studied in the future. First, the introduction of the ablation balloon 
and the focal device remain uncomfortable even though we have partly succeeded 
in optimizing the ablation regimen (less introductions of endoscope and devices). 
Studies on the safety and efficacy of a self-sizing balloon device are currently under-
way. this device has the advantage that it avoids the sizing step for circumferential 
ablation procedures, thus reducing the number of introductions. In addition, the 
simplified focal ablation regimen can be improved further by re-evaluating energy 
settings. In Europe the focal device has been mainly used at 15J/cm2, both for the 
standard and simplified regimen. Lowering the energy density to 12J/cm2 (in accor-
dance to the US standard protocol) when using the simplified triple-application 
may reduce the risk of fibrosis and stenosis even further. Second, strategies to 
prevent esophageal stenosis after (extensive) endoscopic resection may reduce the 
need for subsequent dilatations. In this thesis we describe stenosis rates after treat-
ment in up to 11% of patients. In studies in which more than 75% of the circumference 
is resected, the rate of stenosis increases to 90%.18,53,54 Different strategies have been 
studied in animal models and humans to prevent stenosis formation: by covering 
or reconstructing the ER wound (i.e. transplant tissue-engineered cell sheets), by 
preventing inflammation at the ER site (botulin or steroid injection, administration 
of non-steroidal anti-inflammatory drugs) or by mechanical prevention using bal-
loon dilatation or esophageal stents.54-58 None of these concepts have thus far been 
able to adequately prevent the development of stenosis in humans.  Future studies 
should be directed toward a better understanding of wound healing and the sub-
sequent formation of stenosis.59 
  As shown in this thesis RFA has not only proven safe and effective for eradica-
tion of Barrett’s neoplasia, but eradication has also proven durable in the long-term, 
while minimizing the known drawbacks of photodynamic therapy and argon 
plasma coagulation, such as buried Barrett’s glands. Drawbacks of RFA treatment 
are the relatively high costs of the ablation devices and several practical limitations 
as mentioned in the previous paragraph (i.e. multiple introductions of the devices, 
stenosis rate). Argon-plasma coagulation (ApC) has been studied as a cheaper 
alternative, and has shown to be effective and easily accessible. However, when 
compared to rfA limited data are available on APC, and the few small series reported 
stenosis rates in up to 15% of patients.60,61 for treatment of an entire Be segment 
ApC is currently not the most practical technique: it is an operator-dependent 
technique and has to be performed spot-by-spot making it time consuming for 

dirEctions for futurE rEsEarch
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ablation of larger areas. As mentioned previously we often use ApC as patch-up 
treatment for residual islands or small BE areas <5mm as a cheaper alternative to 
focal RFA at the end of the treatment phase. Recently the Hybrid-ApC technique 
has been introduced, which combines a central water channel for submucosal fluid 
injection (based on the waterjet technology) and a gas channel for the ApC function 
in a single probe. By injecting a solution such as 0.9% potassium chloride into the 
submucosa it is hypothesized that the depth of thermal injury can be reduced in 
order to prevent stenosis after ApC. Hybrid-ApC may be an attractive technique 
for ablation of smaller surface areas of BE such as tongues or the squamocolumnar 
junction. to be considered a valid alternative to RFA, however, Hybrid-ApC needs 
to be able to achieve similar eradication rates as RFA without being associated with 
stenosis rates as in previous ApC studies. A European multicenter study evaluating 
Hybrid-ApC as the primary ablation therapy for the eradication of dysplastic BE is 
currently underway.   

the largest unsolved question in this field is how to diagnose low-grade dysplasia 
objectively, and subsequently how to risk-stratify patients into low-risk and high-
risk categories. the more ‘purified’ a low-grade dysplasia cohort is, the higher the 
risk of progression and the higher the net health benefit of an intervention such as 
endoscopic ablation will be. In our view, future basic research focusing on low-
grade dysplasia should be directed to two main pillars: optimizing the diagnosis of 
low-grade dysplasia and searching for biomarkers. 

OptIMIZING tHE DIAGNOSIS  We already demonstrated that biopsy review by 
an expert panel with a high inter-observer agreement leads to a better histological 
risk-stratification of low-grade dysplasia. In the SURF trial we identified clinical 
predictors for progression such as the number of years since the diagnosis of Barrett’s 
esophagus, the number of endoscopies with dysplasia before inclusion and circum-
ferential Barrett’s length in centimeters. Unfortunately, our multivariable analysis 
could not identify clinical predictors for absence of low-grade dysplasia during 
follow-up.46 
  We are currently developing a predictive model based on the histological 
diagnosis of 375 patients screened for the SURF trial. the histological slides are 
reviewed separately by 3 expert pathologists, who will evaluate each available level 
of biopsies from the BE segment. Endoscopic and histological follow-up data are 
retrieved for all patients (including those excluded from enrollment in the SURF 
trial), to determine the rate of neoplastic progression during follow-up among the 
whole cohort screened for the study. this research will aim to identify the relation 
between spatial and temporal distribution of a diagnosis of low-grade dysplasia 
and the extent of agreement between expert pathologists for the diagnosis of 
low-grade dysplasia with the subsequent risk of progression. Combining these 
histological features with the previously identified clinical predictors may result 
in a model that will likely aid in the selection of low-grade dysplasia patients for 
ablation in the future.

L ow-grade dy splasia in Barrett ’s  esophagus
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the SeArCh for BIomArKerS  Ideally, the subjective histological assessment 
should be replaced by a panel of molecular biomarkers that are able to objectively 
identify patients who carry a low or high risk of neoplastic progression. Such a 
risk stratification will greatly improve the cost-effectiveness of endoscopic surveil-
lance, as unnecessary endoscopies can potentially be avoided in the low-risk group, 
whereas high risk patients may undergo prophylactic eradication of their Barrett’s 
esophagus.46,62 
  Research on potential biomarkers for neoplastic progression includes markers of 
DNA content abnormalities, abnormalities in p53 and p16 tumor suppressor genes, 
clonal diversity, and epigenetic changes.63,64 Although potential biomarkers have 
been identified  in retrospective studies, none of these biomarkers are ready for 
clinical practice yet. to achieve this, prospective validation studies are required to 
evaluate the impact of a biomarker test on population disease burden, with primary 
outcomes including costs and mortality.65 
  In the past years we have developed the ReBus biorepository, a collection of 
human biospecimens (biopsies, cytology, serum, etc) obtained from patients with a 
diagnosis of Barrett’s esophagus. these patients were recruited from community and 
academic hospitals within the Amsterdam region. Recently, two different biomarker 
panels were tested within this cohort (biopsies and brush cytology). the panel 
consisting of cyclin A, Aspergillus oryzae lectin and p53 tested in biopsies was able 
to predict progression to esophageal adenocarcinoma.66 the panel using fluorescence 
in situ hybridization in cytology samples showed ability for risk-stratification among 
non-dysplastic Barrett’s patients.67 these promising results hopefully give rise to 
future prospective validation studies.  

whAt Do PAtIeNtS wANt?  Even if selection of patients with low-grade dysplasia 
can be optimized, true patient preferences remain unknown. Quality of Life data 
of the SUrf trial indicate that patients are less concerned and view their disease as 
less threatening when they undergo ablation instead of endoscopic surveillance.51 

A preference study among non-dysplastic Barrett’s patients showed that endoscopic 
intervention is often preferred over chemoprevention, although a proportion of 
patients had no preference for either strategy. Importantly, the authors showed 
that even under optimal circumstances, patients may still refute endoscopic inter-
ventions.68 Studying preferences and shared-decision making processes among pa-
tients with low-grade dysplasia may elucidate which factors drive patients for one 
or the other strategy, and may be the final step in improving clinical practice.68,69
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conclusion

Endoscopic management of Barrett’s esophagus with dysplasia is shifting toward 
earlier therapeutic interventions instead of surveillance. For high-grade dysplasia and 
early cancer, endoscopic resection for removal of visible lesions followed by radio-
frequency ablation to eradicate the residual Barrett’s epithelium is considered the 
treatment of choice. this combined approach has proven durable with a low rate of 
neoplastic recurrences during long-term follow-up. Radiofrequency ablation is now 
also indicated for selected patients with low-grade dysplasia, as ablation greatly 
reduces the risk of neoplastic progression at an acceptable cost-profile, while altering
patients’ illness perception. Future research should focus on improving patient care, 
by further optimizing ablation regimens, evaluating new devices, finding ways 
to prevent formation of stenosis after endoscopic therapy, and studying patient 
preferences. Much remains to be gained in objectifying the diagnosis of low-grade 
dysplasia and the subsequent risk-stratification of patients to improve the net health 
benefit of preventive ablation.
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De afgelopen 20 jaar is het aantal nieuwe patiënten dat de diagnose slokdarmkanker 
krijgt sterk gestegen. Zodra er bij patiënten slokdarmkanker wordt vastgesteld 
zijn de vooruitzichten in vele gevallen slecht. De ziekte wordt vaak pas in een laat 
stadium ontdekt, slechts 15% is na vijf jaar nog in leven. In de westerse wereld wordt 
de stijging in diagnoses voornamelijk veroorzaakt door een toename in het aantal 
patiënten met een adenocarcinoom. De grootste risicofactor op het krijgen van 
adenocarcinoom van de slokdarm is de zogenoemde Barrett slokdarm. hierbij wordt 
het normale slijmvlies van de slokdarm (plaveiselepitheel) vervangen door cellen 
die lijken op maagtype cellen, onder invloed van het chronisch terugvloeien van 
maagzuur in de slokdarm. De Barrett slokdarm wordt gekenmerkt door de zalmroze 
verkleuring van het slokdarmslijmvlies, dat normaal gesproken een witte kleur heeft. 
het is onbekend hoeveel mensen in de algemene bevolking een Barrett slokdarm heb-
ben, maar in Europa wordt dit geschat op 1.6%. In een Barrett slokdarm kan dysplasie 
(onrustige cellen) ontstaan, wat wordt gezien als een voorstadium van kanker. Er 
wordt gedacht dat het ontwikkelen van kanker in de Barrett slokdarm een aantal 
stadia volgt: te beginnen bij geen dysplasie, vervolgens ontstaat laaggradige dysplasie 
(licht onrustige cellen) en daarna hooggradige dysplasie (ernstig onrustige cellen), 
om uiteindelijk te ontaarden in kanker. Lang niet alle Barrett patiënten krijgen daad-
werkelijk kanker, het risico wordt geschat op minder dan 5%. Slokdarmkanker blijft 
hiermee gelukkig een zeldzame ziekte.

Het is op dit moment nog niet mogelijk om patiënten met een hoger risico op het 
ontwikkelen van kanker te onderscheiden van patiënten met een lager risico. Om 
deze reden ondergaat elke patiënt met een Barrett slokdarm regelmatig een controle 
door middel van endoscopie. Zodra er dysplasie ontstaat zijn er verschillende strate-
gieën mogelijk. Voorheen werden patiënten met hooggradige dysplasie en kanker 
behandeld door de gehele slokdarm chirurgisch te verwijderen. De afgelopen jaren 
krijgt, indien mogelijk, steeds vaker de minder belastende endoscopische therapie 
de voorkeur, omdat hierbij de slokdarm gespaard blijft. Door middel van endosco-
pische resectie worden eerst de afwijkende gebieden van het slokdarmslijmvlies 
weggesneden. Dit geeft de patholoog de kans om het weefsel te beoordelen en te 
bepalen of de patiënt geschikt is voor verdere endoscopische behandeling. patiënten 
bij wie kanker dieper is doorgegroeid in de slokdarmwand, kankercellen slecht ge-
differentieerd zijn, of de lymfe- of bloedvaten zijn ingegroeid, komen hier namelijk 
niet voor in aanmerking, vanwege het hogere risico op lymfeklier uitzaaiingen. Bij 
afwezigheid van deze risicofactoren kan de rest van het Barrett segment daarna 
worden verwijderd met radiofrequente ablatie (RFA). Hierbij wordt door middel van 
hitte de meest oppervlakkige slijmvlies laag van de slokdarm weggebrand, waardoor 
deze afsterft. De radiofrequente ablatie behandeling bestaat uit twee stappen: de 
eerste behandeling wordt verricht met een rfA-balloncatheter en de volgende be-
handelingen met een kleinere catheter, die op de endoscoop kan worden bevestigd. 
Na succesvolle endoscopische therapie wordt het Barrett slijmvlies vervangen door 
nieuw plaveiselepitheel. 

het doel van dit proefschrift was om te onderzoeken of endoscopische behandel-
strategieën verder geoptimaliseerd kunnen worden voor patiënten met een 
dysplastische Barrett slokdarm. In dit proefschrift worden lange termijn resultaten 
voor endoscopische therapie beschreven. Daarnaast wordt onderzocht of het voor 
patiënten met laaggradige dysplasie zinvol is om over te gaan tot “preventieve” 
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endoscopische verwijdering van het Barrett segment, om ontwikkeling van kanker te 
voorkomen. De belangrijkste bevindingen van deze studies zijn hierna samengevat.

het eerste deel van dit proefschrift is gericht op de endoscopische behandeling van 
Barrett patiënten met hooggradige dysplasie en kanker, beperkt tot de meest op-
pervlakkige lagen van de slokdarm (mucosaal carcinoom). In hoofdstuk  1 en 2 wordt 
de huidige stand van zaken beschreven met betrekking tot de radiofrequente ablatie 
techniek en de verschillende technieken voor endoscopische resectie. Daarnaast 
wordt geëvalueerd wanneer deze therapieën moeten worden ingezet bij de behan-
deling van de Barrett slokdarm met hooggradige dysplasie of mucosaal carcinoom.

In het Academisch Medisch Centrum (AMC) in Amsterdam werd in 2005 voor het 
eerst wereldwijd de radiofrequente ablatie behandeling toegepast bij patiënten 
met hooggradige dysplasie en mucosaal carcinoom, na endoscopische resectie van 
zichtbare afwijkingen. Deze combinatie therapie van endoscopische resectie (ER) 
gevolgd door radiofrequente ablatie bleek effectief en veilig voor de behandeling 
van hooggradige dysplasie en mucosaal carcinoom, in de eerste studies die in ons 
centrum werden verricht. 

In dit proefschrift worden de eerste lange termijn resultaten van deze gecombineerde 
behandeling geëvalueerd. In Hoofdstuk  3 wordt een Europese studie beschreven, 
waarin de combinatie ER plus RFA onderzocht is in 132 patiënten. De studie is uit-
gevoerd in 13 Europese centra, door endoscopisten met veel ervaring op het gebied 
van Barrett therapie. Voorafgaand aan de studie zijn alle endoscopisten op het AMC 
getraind in de RFA behandeling. Alle patiënten ondergingen eerst ER voor zichtbare 
afwijkingen, gevolgd door rfA van het resterende Barrett segment. Deze behandeling 
bleek succesvol bij meer dan 90% van de patiënten, mits deze volledig kon worden 
afgemaakt. tijdens de 47 maanden, dat de patiëntengroep gemiddeld is vervolgd, 
bleef dit behandelresultaat bestaan. 

In hoofdstuk  4 worden de resultaten van de eerste 54 patiënten beschreven, die door 
onze groep zijn behandeld met rfA na er voor zichtbare afwijkingen. Dit is wereld-
wijd de eerste groep patiënten die zolang is gevolgd. Vijf jaar na de laatste behande-
ling kwamen alle patiënten terug voor een endoscopische controle. Hierbij zijn uit-
gebreid biopten (weefselhapjes) genomen van de slokdarm uit het nieuw gevormde 
plaveiselepitheel en uit het overgangsgebied slokdarm-maag. Om daarnaast grotere 
weefselmonsters te verkrijgen is bij 30 patiënten een ER afgenomen van de slok-
darm. Alle biopten en endoscopische resecties zijn onderzocht op de aanwezigheid 
van kanker, dysplasie en intestinale metaplasie (het kenmerk voor Barrett). Dit laatste 
kan zowel aan de oppervlakte liggen als begraven zijn onder nieuw plaveiselepitheel. 
De studie laat zien, dat bij 90% van de patiënten de combinatie therapie blijvend suc-
cesvol is tot 5 jaar na de laatste behandeling. Bij drie patiënten was herbehandeling 
nodig, allen werden adequaat endoscopisch behandeld. Bij geen enkele patiënt is 
begraven Barrett aangetoond.  

De uitstekende lange termijn resultaten, die worden beschreven in hoofdstuk  3 en 4, 
dragen bij aan de keuze voor endoscopische therapie als primaire strategie voor de 
behandeling van hooggradige dysplasie en mucosaal carcinoom in de Barrett slok-
darm. Daarnaast hebben deze twee studies geleid tot wijzigingen in het endoscopische 
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follow-up beleid na behandeling, met name omdat duidelijk is gebleken, dat het 
niet zinvol is om uitgebreid biopten te nemen van een normaal ogende slokdarm 
na behandeling.

In hoofdstuk  5 en 6 wordt onderzocht of het mogelijk is het huidige behandelprotocol 
van radiofrequente ablatie te vereenvoudigen. Voor veel patiënten is de procedure 
namelijk lang en belastend, doordat de endoscoop en de benodigde catheters meer-
dere keren moeten worden ingebracht in de slokdarm. Met name bij patiënten met 
een slokdarm vernauwing kan dit moeizaam verlopen. In hoofdstuk  5 is gekeken, of 
het mogelijk was voor het ballon ablatie protocol, om het tussentijds schoonmaken 
van het behandelde slokdarmepitheel en de rfA-balloncatheter achterwege te laten. 
Deze vereenvoudigde protocollen bleken even goed in de behandeling van de Bar-
rett slokdarm, maar werkten veel sneller, bovendien hoefden de endoscoop en de 
catheter minder vaak te worden ingebracht. Voor patiënten met een rechttoe-recht-
aan Barrett slokdarm, wordt aangeraden het versimpelde regime zonder schoonmaken 
toe te passen.

In hoofdstuk  6 wordt een vereenvoudigd behandelprotocol geëvalueerd voor focale 
ablatie van resterende Barrett eilanden. De studie had een gerandomiseerde opzet, 
waarbij patiënten door middel van loting werden toegewezen aan een van beide 
groepen. Bij elke patiënt is één eiland behandeld met het standaard regime (twee 
keer twee applicaties van energie met tussentijds schoonmaken van het behandelde 
gebied en de catheter), het tweede eiland is behandeld met een versimpeld regime 
(drie achtereenvolgende applicaties van energie zonder schoonmaakstap). Voor het 
simpele regime zijn minder introducties noodzakelijk en wordt de procedure korter, 
maar voor de behandeling van Barrett eilanden is het niet inferieur gebleken in ver-
gelijking met het standaard regime. De afgelopen jaren hebben wij het versimpelde 
protocol toegepast bij ongeveer 45 patiënten. Gebaseerd op onze ervaringen hadden 
wij gevoelsmatig het idee, dat drie applicaties van energie zouden kunnen leiden tot 
diepere schade aan de slokdarmwand. Hierdoor zou er een grotere kans kunnen zijn 
op littekenvorming of vernauwingen. Het verminderen van de hoeveelheid energie 
die wordt toegediend tijdens het simpele protocol zonder schoonmaakstap, zou 
een aantrekkelijk alternatief kunnen zijn voor focale ablatie. Echter, er zijn nog geen 
gegevens beschikbaar die dit standpunt ondersteunen. 

Het tweede deel van dit proefschrift draait om laaggradige dysplasie in de Barrett 
slokdarm. Omdat radiofrequente ablatie zo goed bleek te werken bij hooggradige 
dysplasie en mucosaal carcinoom (na endoscopische resectie van zichtbare afwij-
kingen), vroegen wij ons af of RFA een alternatieve strategie kon zijn voor de be-
handeling van laaggradige dysplasie. Dit zou de 6- tot 12-maandelijkse endoscopische 
controles in deze patiënten groep kunnen vervangen. 

Laaggradige dysplasie in de Barrett slokdarm is omgeven met onzekerheden met 
betrekking tot de diagnose en het natuurlijk beloop van de ziekte. Meerdere studies 
hebben laten zien dat laaggradige dysplasie niet geassocieerd is met een verhoogd 
risico op het krijgen van slokdarmkanker, vergeleken met niet-dysplastisch Barrett. 
Echter, al deze studies missen de beoordeling van een expert patholoog of worden 
gekenmerkt door een zeer slechte overeenstemming (inter-observer agreement) tus-
sen de verschillende pathologen over de diagnose. 
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In een eerdere studie toonden wij aan dat de diagnose laaggradige dysplasie in alge-
mene ziekenhuizen geregeld wordt overschat. Na beoordeling door een expert pa-
tholoog kan de diagnose vaak worden bijgesteld naar niet-dysplastisch Barrett. Echte 
laaggradige dysplasie wordt daarentegen vaak onderschat, het risico op het ontwik-
kelen van progressie in deze groep is 13.4% per persoonsjaar. In hoofdstuk  7 worden 
de resultaten van onze eerdere studie nogmaals bevestigd. Een panel van expert 
pathologen laat daarin zien dat de diagnose laaggradige dysplasie uit een algemeen 
ziekenhuis in 73% van de patiënten naar beneden kan worden bijgesteld. Het risico 
op progressie is bij hen niet hoger dan die van de populatie niet-dysplastische Barrett 
patiënten. Bij patiënten bij wie de diagnose laaggradige dysplasie bevestigd kan 
worden door een expert panel, stijgt het risico op het ontwikkelen van hooggradige 
dysplasie of kanker echter naar 9.1% per patiëntjaar. Het risico op het krijgen van 
hooggradige dysplasie of kanker gedurende 5 jaar is daarmee 33.3%. De inter-observer 
agreement tussen de expert pathologen in onze studie is redelijk.

Eerdere studies uit de Verenigde Staten lieten al zien dat het gebruik van radiofre-
quente ablatie veilig en effectief was voor de behandeling van laaggradige dysplasie. 
Gebaseerd op deze data zetten wij een gerandomiseerde studie op voor patiënten met 
een diagnose laaggradige dysplasie, bevestigd door een expert panel van pathologen. 
Deze SUrf trial wordt beschreven in hoofdstuk 8. In deze trial vergelijken we bij 132 
patiënten de standaard endoscopische surveillance (controle groep, 68 patiënten) met 
radiofrequente ablatie (ablatie groep, 68 patiënten). De resultaten van de trial sug-
gereren, dat ablatie het risico op ontwikkeling van hooggradige dysplasie en kanker 
met 25% vermindert. Ablatie is daarnaast in staat om het risico op het krijgen van 
alleen slokdarmkanker te verminderen met 7.4%. Het aantal complicaties na RFA is 
beperkt, wel had 11.8% van de patiënten een vernauwing in de slokdarm wat verholpen 
kon worden met een gemiddelde van 1 dilatatie behandeling. 

In hoofdstuk  9 beschrijven we de kosten-effectiviteit studie, die we parallel aan de 
SURF trial uitvoerden. Hierin laten we zien dat ablatie voor laaggradige dysplasie po-
tentieel kosten-effectief is. Bij 28% van de patiënten in de controle groep werd echter 
geen dysplasie meer gevonden tijdens follow-up endoscopieën. Het vermijden van 
ablatie voor deze groep patiënten zou de kosten-effectiviteit van ablatie voor laag-
gradige dysplasie gunstig kunnen beïnvloeden. Dit zou bereikt kunnen worden door 
de patiënten selectie strenger te maken, door bijvoorbeeld als voorwaarde te stellen 
dat de diagnose laaggradige dysplasie altijd moet worden beoordeeld door een expert 
patholoog en bij tenminste twee endoscopieën aanwezig moet zijn. Daarnaast zou 
het stoppen van endoscopische surveillance na succesvolle ablatie eraan kunnen 
bijdragen dat ablatie kosten-effectiever wordt. Verder onderzoek is echter nodig om 
de selectie van laaggradige dysplasie patiënten te optimaliseren.
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De endoscopische behandeling van de Barrett slokdarm met dysplasie verschuift 
langzamerhand naar eerdere endoscopische interventies in plaats van endosco-
pische controles. Voor hooggradige dysplasie en mucosaal carcinoom is de gouden 
standaard nu endoscopische resectie voor zichtbare afwijkingen, gevolgd door 
radiofrequente ablatie voor verwijdering van het resterende Barrett segment. Deze 
combinatie therapie is bewezen duurzaam met een laag risico op recidieven tijdens 
lange-termijn follow-up. Radiofrequente ablatie is ook geschikt voor een selecte groep 
patiënten met laaggradige dysplasie, omdat hiermee het risico op het krijgen van hoog-
gradige dysplasie en kanker significant verminderd wordt tegen acceptabele kosten. 

conclusiE
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1.  De combinatie van endoscopische resectie en radiofrequente ablatie voor de 
behandeling van Barrett met hoog-gradige dysplasie en vroegcarcinoom is niet 
alleen veilig en effectief, maar tevens duurzaam op de lange termijn gezien het 
lage risico op recidieven. [dit proefschrift]

2.  Het procedurele succes van de combinatiebehandeling endoscopische resectie 
en radiofrequente ablatie kan hoog zijn indien verricht door ervaren endosco-
pisten. [dit proefschrift]

3.  Het achterwege laten van de schoonmaakstap tijdens radiofrequente ablatie 
leidt tot een makkelijkere en snellere procedure, zonder aan effectiviteit of veil-
igheid te verliezen. [dit proefschrift]

4.  Alvorens een Barrett patiënt de diagnose laag-gradige dysplasie krijgt opgeplakt 
dient allereerst revisie plaats te vinden door een expert patholoog. [dit proef-
schrift]

5.  Radiofrequente ablatie verdient de overweging als primaire behandelstrategie 
bij Barrett patiënten met een bevestigde diagnose laag-gradige dysplasie. [dit 
proefschrift] 

6.  Het epitheel dat regenereert na endoscopische behandeling van de Barrett 
slokdarm kan tijdens endoscopische follow-up beter goed bekeken worden dan 
uitgebreid gebiopteerd. [dit proefschrift]

7. Een paardenbloem is niet altijd lelijk

8.  Als iedereen op zijn tenen gaat staan, ziet niemand beter. [Van de Werfhorst, 
hoogleraar]

9.   History is always made in the middle of the night, that when it happens you are 
actually tired and fed up and couldn’t care less. [Robert Cooper, diplomaat]

10. L’essentiel est de faire réfléchir [Henri pirenne]
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