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1
Barrett’s esophagus (BE) is a premalignant condition in which the normal squamous 
epithelial lining of the distal esophagus is replaced by columnar epithelium harboring 
intestinal metaplasia[1]. The presence of BE is an important risk factor for the development 
of  esophageal adenocarcinoma (EAC)[2]. Malignant progression is thought to occur in 
a stepwise process from initial non-dysplastic BE to low-grade dysplasia (LGD), high-grade 
dysplasia (HGD) and in the end early EAC[3, 4]. The risk of developing EAC  from non-
dysplastic BE is estimated to be around 0.3-0.5% per patient year[2, 5,6]. This risk increases 
to 5-13% per patient year if LGD is present and rises even more if HGD is detected.[2,6–9]. 
The presence of dysplasia in BE is an indication for endoscopic treatment. Cornerstone in 
the treatment of dysplastic BE is endoscopic resection (ER) of visible lesions, even the most 
subtle ones. In majority of centers in the Western world, ER is performed by means of 
the ER-cap technique or the Multiband Mucosectomy technique.The ER-cap technique is 
the preferred resection modality worldwide. However, MBM appears to be as e�ective, and 
is associated with a shortened procedure time and less costs[9, 10]. EMR allows en bloc 
resection of lesions of up to 20 millimeters in diameter. Larger lesions require removal in 
multiple pieces (piecemeal resection). Removal of lesions en bloc that are larger than 20 
mm can be achieved using the endoscopic submucosal dissection (ESD) technique. An 
advantage of removing lesions en bloc is the ability to proper assess the lateral resection 
margin, which is preferred from an oncological standpoint. ESD is furthermore associated 
with a high R0-resection rate and acceptable safety pro�le in expert hands[11, 12]. Yet, 
the ESD-technique is technically challenging, is associated with a long learning curve, and 
is more time-consuming.  Moreover, recent multicenter studies from our group have shown 
that piecemeal resection using EMR combined with endoscopic ablation therapy results 
in high success rates for eradicating neoplasia (>95%) with a low 5-year recurrence rate of 
neoplasia (<5%)[13, 14]. Furthermore, apart from the assessment of the lateral margins for 
which an en bloc resection is required, all other relevant histopathological parameters such 
as di�erentiation grade, invasion depth and lymphovascular invasion, can also be assessed 
on piecemeal resection specimens. For these reasons, a recent European guideline on the use 
of ESD in the gastrointestinal tract has considered ESD in BE to be only an optional resection 
technique[15, 16]. Majority of early esophageal neoplasia arising in BE is thus removed by 
means of the cap-based technique in piecemeal.

ER is important to render the BE �at, but also provides specimens to accurately stage 
a lesion[17–19]. In contrast to surgical treatment which allows for a lymphadenectomy, 
endoscopic therapy only achieves local control. Therefore, ER is only curative if the associated 
risk for lymph node metastases is low. Patients need to undergo esophagectomy with 
lymphadenectomy in case the risk for lymph node metastases rises above the mortality 
risk of esophagectomy (2-4% in expert centers)[20]. Hence, histopathological staging of 
a lesion by using ER specimen is of utmost importance to select patients who bene�t from 
endoscopic therapy. If an EAC is con�ned to the mucosa (T1a) and is removed radically, 
endoscopic treatment is considered to be curative. The risk for lymph node metastases in 
these tumors is negligible[21–23]. 
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For submucosal (T1b) EAC’s, the risk for lymph node metastases is subject of debate. Surgical 
series investigating the risk of lymph node metastases showed rates of up to 78%[24–31]. 
Yet, recent studies focusing on patients treated endoscopically reported a much lower rate 
and they even showed that esophagectomy might be omitted in specific subgroups[18, 21, 
22, 25, 32–36]. However, data on this subject is scare and more evidence is needed. 

Pa r T  1 :  Ta I LO r E D  T r E aT M E N T  O F  S U B M U C O S a L 
E S O P H a G E a L  a D E N O C a r C I N O M a
In the first part of this thesis we aimed to investigate the true risk of lymph node metastases 
in patients with a submucosal EAC, treated endoscopically or surgically between 2002 and 
2011 (Chapter 2). Chapter 3 subsequently reports on the results of patients treated solely by 
endoscopic means between 2011 and 2015.  

In selected patients with a high-risk submucosal EAC, the risk of lymph node metastasis 
will be higher than the mortality risk of esophagectomy. These patients therefore benefit 
from surgical treatment, consisting of esophagectomy with a lymphadenectomy and gastric 
tube reconstruction. However, there might be a less invasive way to treat these patients. 
In this thesis we evaluate a new, minimally-invasive treatment algorithm for high risk 
submucosal EAC’s consisting of radical ER of the tumor, followed by thoracolaparoscopic 
lymphadenectomy without concomitant esophagectomy.  In Chapter 4 we evaluated 
the feasibility and safety of thoracolaparoscopic lymphadenectomy without esophagectomy 
in a preclinical setting. Subsequently, Chapter 5 reports on the results of a clinical pilot-study 
in which patients with an early EAC underwent thoracolaparoscopic lymphadenectomy 
(directly followed by esophagectomy  to ensure oncological safety), and in this chapter we 
also evaluated the feasibility of the sentinel node navigation surgery (SNNS) in patients with 
a submucosal EAC. 

Pa r T  2 :  a B L aT I O N  T H E r a P Y  O F  B a r r E T T ’ S  E P I T H E L I U M
In the second part of this thesis we focus on two ablation techniques for the eradication of 
Barrett’s epithelium: radiofrequency ablation and cryoablation using liquid nitrogen. 

After endoscopic resection of early EAC, residual BE needs to be eradicated since 
metachronous lesions are reported to occur in up to 30% of patients[19, 22, 37]. BE can 
be eradicated using stepwise endoscopic resection (SRER) or ablation therapy. Studies from 
our group have shown that SRER is very effective, even on the long term[38–40]. Yet, SRER 
is labor-intensive and associated with a high stricture rate (up to 88%) post-treatment[38]. 
Therefore, ablation therapy is the method of choice in majority of patients with flat BE. 
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The most established ablation technique nowadays is radiofrequency ablation (RFA). Our 
group has extensively shown that RFA is e�ective, durable and safe for the treatment of 
(dysplastic) BE[13, 14, 41-44]. RFA can be performed with a variety of devices. The balloon-
based Barrx360 device is used in most patients as a primary treatment to ablate the BE in 
a circumferential fashion, followed by one or more focal RFA treatments using the catheter-
based Barrx90 device (or Barrx Ultra or Barrx60 device)[44]. Worldwide, there are di�erences 
in ablation regimens used. Chapter 6 and 7 focus on the re�nement of ablation regimens 
for focal RFA treatment.  Van Vilsteren et al. have already shown that a simpli�ed regimen 
consisting of a triple application at 15 Joule, without cleaning of the device or ablated area 
in between ablations (3x15J/cm2-no clean)was equally e�ective as the standard regimen 
for the eradication of isolated BE islands[45]. In Chapter 6 we retrospectively evaluated 
the e�cacy and safety of a simpli�ed regimen (3x15J/cm2-no clean) for focal RFA when 
applied to the whole BE segment, including circumferential ablation of the esophagogastric 
junction (z-line). This study showed a relatively high stenosis rate post-treatment. Therefore, 
we decided to lower the RF-energy from 15 J/cm2 down to 12J/cm2, coming to a new 
simpli�ed regimen of 3x12J/cm2-no clean. We evaluated  this new simpli�ed regimen in 
a randomized comparison using a non-inferiority design with the standard regimen in 
Chapter 7 of this thesis. 

Alternatively to RFA, cryoablation can be used as a treatment modality to eradicate BE. 
Cryoablation can be performed using the CryoBalloon (liquid nitrogen), or using spray 
cryoablation (CO2 or nitrogen). An important drawback of spray cryoablation however, is 
the unequal distribution of the cryogenic �uid and the accumulation of gas in the stomach. 
This accumulation leads to distension of the stomach and bowels, and in some cases even 
perforation, necessitating the use of a venting tube[46]. The CryoBalloon was designed 
to overcome these limitations. The use of this system leads to an equal distribution of 
the cryogenic �uid on the treatment area, and the gas is routed back through the catheter 
to a sponge in the handle, preventing distension of the gastrointestinal tract. Furthermore, 
cryoablation with the CryoBalloon is believed to be e�ective with the use of only one 
freeze-thaw cycle, whereas in spray cryoablation several freeze-thaw cycles are used to 
deliver the cryogenic �uid. Our group has shown that the use of cryoablation is safe in 
porcine survival studies and in patients prior to esophagectomy[47-49]. Therefore, given 
the presumed safety and the short time frame in which the desired e�ect can be delivered, 
the CryoBalloon holds the promise of becoming the preferred cryoablation technology. 
In this thesis, we evaluated the e�cacy and safety of cryoablation using the CryoBalloon. 
Chapter 8 shows the results of a clinical dosimetry study in which we evaluated which 
ablation duration (6, 8 or 10 seconds) was most e�ective for the treatment of  small BE areas. 
Subsequently, in Chapter 9 we investigated the e�cacy and safety of cryoablation during 10 
seconds for the treatment of BE islands. 
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