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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 CO 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
During the last few decades, the treatment of early esophageal adenocarcinoma (EAC) 
has evolved dramatically. The development of endoscopic resection (ER) techniques in 
conjunction with the use of high-de�nition endoscopes has led to a shift from invasive 
surgical, to organ-sparing endoscopic therapy for early EAC. The (super�cial) submucosa is 
considered to be the watershed between endoscopic and surgical therapy. The challenge for 
future research is now to extend the endoscopic work �eld to the (deep) submucosa and to 
withhold these patients from invasive esophagectomy. 

Endoscopic resection of submucosal esophageal adenocarcinoma’s

In order to cure patients with a submucosal EAC endoscopically, one has to be able to remove 
the tumor radically. In the Western world, ER is performed in majority of cases by means of 
the multiband mucosectomy (MBM) or the ER-cap technique. Lesions of up to 2 centimeters 
can be removed en bloc: larger lesions are removed in multiple pieces. Yet, disadvantages of 
piecemeal resection are the suboptimal histopathological assessment of tumor in�ltration 
depth as well as the assessment of the lateral resection margins. In the East, endoscopists 
therefore prefer to remove large visible lesions en bloc by means of endoscopic submucosal 
dissection (ESD), thereby enhancing histopathological scrutiny. In addition, ESD allows for 
a controlled dissection instead of blind snaring, thereby enabling R0 resection of tumors 
invading into the submucosa. ESD has been shown to be associated with a high curative 
resection and a low recurrence rate compared with EMR[1–3]. Yet, ESD is technically 
demanding and associated with a higher incidence of bleeding and perforation compared 
to EMR[3]. The lack of triangulation and counter traction during dissection of the submucosal 
space, the instability of the work �eld due to peristalsis, respiration and heartbeat and 
the lack of independent maneuverability of instruments and the endoscopic camera are 
all aspects which make esophageal ESD a challenging procedure. It would be interesting 
if the ESD-technique could be simpli�ed, making it more attractive in terms of technical 
complexity, procedure time, and safety. Recently, a modi�ed overtube was developed to 
overcome the limitations of ESD. The device consists of a �exible, multichannel overtube with 
an expandable operating chamber on its end, and two instrument guides. The tube allows 
introduction of two endoscopic accessories, which can be used with 4 degrees of freedom 
and independently from the endoscope. An animal study has shown that the use of this 
overtube for the resection of colonic lesions leaded to improved visualization and access to 
the lesion, and that it shortened ESD procedure time[4]. However, drawbacks of the device 
at this stage include the high costs, and the relative large shape of this colonic device 
for application in the upper gastrointestinal tract. Ongoing research from our group will 
show if the use of this modi�ed overtube indeed simpli�es the ESD-technique in the upper 
gastrointestinal (GI) tract, maintaining e�cacy and safety. Yet, the hazard of simplifying 
the ESD-technique is that endoscopists in non-expert centers will also perform ER of early 
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neoplasia. Endoscopic treatment of early Barrett’s neoplasia needs to be centralized in BE 
expert centers by dedicated endoscopists with enough expertise to perform these complex 
procedures, and to handle post-treatment complications.

In conclusion, submucosal EAC’s can be treated endoscopically by means of ER of ESD. ESD 
seems valuable in removing tumors with suspicion on (deep) submucosal infiltration, as it 
allows for a deeper resection in addition to a proper assessment of the deep vertical as well 
as the lateral resection margins. 

Histopathological assessment 

When submucosal invasion is suspected in a lesion, tumor infiltration depth needs to be 
assessed meticulously, as the depth of infiltration into the submucosal determines amongst 
others if surgical therapy is indicated. Esophagectomy is indicated when the risk for lymph 
node metastases is significant. Besides submucosal infiltration depth, also differentiation 
grade, presence of lymphovascular invasion (LVI) and tumor size >2cm have been 
identified as risk factors for the development of lymph node metastases[6–10]. An incorrect 
measurement of these parameters can therefore have major consequences. Several studies 
emphasized the large interobserver variability for tumor invasion depth in ER specimens 
with early Barrett’s neoplasia[11, 12]. This can be caused amongst others by the duplicated 
muscularis mucosae, which is found in majority of patients with Barrett’s esophagus (BE)[13, 
14]. Therefore, we advocate that multiple GI expert pathologists will assess ER-specimen in 
which EAC is found especially in case of submucosal invasion, since incorrect measurements 
may lead to over or under treatment. In the Netherlands, we have launched a web-based 
digital histology revision platform (LANS: the Dutch advisory platform for esophageal 
neoplasia). This platform was originally constructed to revise biopsies or ER-specimen with 
low-grade dysplasia. This diagnosis is also associated with a large interobserver variability[15]. 
We will use the LANS for review of specimen with submucosal invasion, thereby enhancing 
accuracy of the histopathological diagnosis. We furthermore aim to use this platform as 
a tool to identify parameters that quantify expert pathology , and to train GI pathologists. 

Another interesting evolution is the discovery of biomarkers predicting neoplastic 
progression in BE, but also predicting the risk of lymph node metastases in EAC patients 
[16–19].The presence of certain biomarkers precedes the presence of morphological 
changes diagnosed by pathologists. Therefore, it would be of interest to develop a prediction 
model which combines biomarkers with histopathological parameters to risk stratify 
patients with submucosal EAC. Davison et al. developed recently a prediction model based 
on histopathological parameters only. They showed that this model could be used to risk 
stratify patients in terms of survival and time to recurrence[6]. 

In conclusion, meticulous assessment of ER-specimen with suspicion on submucosal 
invasion is of utmost importance and preferably has to be executed by more than 1 expert 
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GI pathologist. Biomarkers might play a pivotal role in the future, helping to select patients 
with submucosal EAC with a high-risk for lymph node metastases who bene�t from  
surgical therapy. 

Additional surgical treatment

Current guidelines advise to refer all submucosal EAC patients for surgery, since many 
surgical series reported a high rate of lymph node metastases (up to 78%) in this patient 
category[8, 9, 20–22]. In these series however, no diagnostic ER was performed prior to 
surgery and T-stage of the tumor was determined based on the esophagectomy specimen. 
These specimen are routinely cut in 5 mm slides in comparison to 2 mm slides of ER-
specimens. A scrupulous determination of the deepest invasive part of the tumor was of no 
clinical value since treatment of both mucosal and submucosal malignancies did not di�er 
in those days. Besides, lymphadenectomy in majority of patients was performed by means 
of a transhiatal approach, which leads to an incomplete lymphadenectomy. Furthermore, 
no histopathological review was performed for the purpose of the studies. Last, patients 
did not undergo preoperative baseline staging by means of endosonography or imaging 
techniques. Taking all this into account, the dated surgical series probably underestimate 
tumor in�ltration depth, and overestimate the lymph node metastases rate. Chapter 2 
and 3 underline this hypothesis: results showed that the risk of lymph node metastases in 
submucosal EAC patients is signi�cantly lower than previously assumed. In 31 (14 and 17) 
patients with a low-risk submucosal EAC, no lymph node metastases were diagnosed during 
a median follow-up of 5 and 2 years, respectively (Chapter 2 and 3). These results are in line 
with other recent endoscopic series on this subject[23–25]. Surgery in this patient category 
may therefore be overtreatment. In high-risk submucosal EAC patients, surgery might still 
be of value. However, Chapter 2 and 3 showed that also in this group, the lymph node 
metastases rates were much lower (0-16%) than previously reported. It seems therefore 
of importance to select the subgroup of high-risk patients who will possibly bene�t from 
surgical therapy. 

One can also question if a less invasive surgical treatment might su�ce. Esophagectomy is 
an invasive procedure and associated with considerable morbidity, and a reduced quality of 
life[26–28]. Yet, in a majority of patients with a submucosal EAC surgical treatment o�ers no 
direct bene�t. No residual tumor is found in the esophagus since the tumor has been removed 
by endoscopic means, and lymph node metastases are diagnosed in only a small subset 
of patients. Moreover, esophagectomy does not secure a prolonged disease-free survival: 
a signi�cant proportion of the small subset of patients who are diagnosed with lymph 
node metastases at the time of surgery develops metastatic disease after esophagectomy 
(Chapter 2). The assumption that all patients with lymph node metastases will inevitably 
die of EAC if no esophagectomy is performed is incorrect, as well as the assumption that 
surgical resection guaranties cure. Several studies and Chapter 2 have shown that there is 
no signi�cant di�erence in survival when comparing surgical with endoscopic treatment 
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for EAC patients [29–30]. Because of these reasons, specific patient characteristics such as 
age and comorbidities have to be balanced against the burden of the operation. With an 
increasing number of patients aging above 80 years, a significant number of patients will 
not be eligible for surgical treatment. Up to 33% of submucosal EAC patients who deviated 
from surgical therapy in our cohort (Chapter 2) died of non-tumor related causes before 
metastatic disease could become manifest. 

In conclusion, surgery for submucosal EAC patients needs to be saved for those at risk. 
The burden of the esophagectomy needs to be balanced against patient factors and 
the estimated risk for lymph node metastases using histopathological parameters and 
biomarkers. Furthermore, it would be desirable to develop a limited surgical intervention, 
leading to a faster recovery and less morbidity and retained quality of life. 

New treatment algorithm for submucosal EaC’s

In this thesis we aimed to develop a less invasive treatment for patients with 
a high-risk submucosal EAC. In Chapter 4 and 5, we evaluated a combined endoscopic 
and surgical approach consisting of radical ER of the intraesophageal tumor, followed by 
thoracolaparoscopic resection of all lymph nodes involved in the drainage of the esophagus, 
thereby omitting esophagectomy. Results of our preclinical and clinical study showed 
that the thoracolaparoscopic lymphadenectomy without esophagectomy is feasible, 
and that we were able to remove a sufficient number of lymph nodes (Chapter 4 and 5). 
However because of discoloration of the esophagus near the end of the lymphadenectomy, 
esophageal ischemia was feared. We needed to limit the extend of the lymphadenectomy 
to be able to spare esophageal vascularization to a greater extent. Sentinel node navigation 
surgery (SNNS) seemed the ideal instrument to reach this goal and to select patients who 
benefit from this tailored treatment. Chapter 5 showed that SNNS was feasible in patients 
with a submucosal EAC who have underwent ER of the esophageal tumor. In all patients, 
sentinel nodes could be identified and resected. In one patient however, a sentinel node was 
missed because of the shine-through effect of the tracer. We feel this flaw can be overcome 
by adding the use of indocyanine green (ICG) to the algorithm. Studies on the use of ICG 
for detection of sentinel nodes in other primary cancers have already shown promising 
results. Little is known about the efficacy of ICG during SNNS in esophageal cancer  
patients[31, 32]. We will evaluate the use of SNNS with a radioactive tracer in conjunction 
with the use of ICG in an upcoming pilot-study. 

There might be a chance that we will not find any tumor-positive lymph nodes in 
the included patients in this study. In this way, we will not able to prove the accuracy and 
efficacy of the approach. If this will be the case, we might have to include more patients to 
achieve prove of concept. If this phase shows promising results however, we are planning 
to evaluate the esophageal -sparing treatment algorithm as a whole. In this study, ER will 
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be followed by SNNS and limited lymphadenectomy: complete 2-�eld lymphadenectomy 
and esophagectomy will be omitted. If no tumor-positive sentinel nodes will be found, 
patients will enter a strict endoscopic follow-up program. This program includes high-
resolution upper endoscopies with white light endoscopy and narrow-band imaging (NBI), 
combined with endoscopic ultrasonographies (EUS) at regular time intervals performed by 
endoscopists expert in the �eld of the diagnosis and treatment of BE related neoplasia. If 
tumor-positive sentinel nodes are found, patients will be discussed in a multidisciplinary 
meeting to determine the most optimal treatment strategy. Most likely, patients have to 
undergo neoadjuvant chemo(radiation) therapy, followed by esophagectomy and 2-�eld 
lymphadenectomy in case of acceptable clinical condition. 

Another option would be to administer de�nitive chemoradiation therapy (CRT). Literature 
on the e�cacy of de�nitive CRT for N+ disease in EAC patients is scarce. Oppedijk et al. 
showed that CRT according to the CROSS-scheme signi�cantly reduced disease recurrence 
and locoregional recurrence[33]. More importantly, it is also reported that CRT increased 
the number of patients with (y)pN0 disease from 31% to 75%[34, 35]. Versteijne et al. 
showed that only 1% of patients had an isolated lymph node recurrence in the irradiated 
�eld, compared to 57% of patients who had a local recurrence at the site of the primary 
tumor. Furthermore, CRT is reported to reduce the number of patients with micrometastasis 
in lymph nodes[36]. Zhao et al. reported recently on a study comparing long-term survival 
between esophagectomy and de�nitive CRT in patients with cT1bN0M0 squamous cell 
carcinoma. Results showed amongst others that in patients included from 2006 onwards 
(after the introduction of 3-dimensional radiation with CT-guided planning), there was no 
signi�cant di�erence in survival (median follow-up of 7 years) between patients treated 
surgically or with de�nitive CRT (Zhao et al., unpublished data). Future studies should focus 
on the clinical value of de�nitive CRT for T1N+ EAC patients who are un�t for surgery. 

One can also choose to treat high-risk submucosal EAC’s patients solely by endoscopic 
means. Chapter 3 showed that no lymph node metastases were found in 35 (17 low-risk 
and 18 high-risk) patients with a submucosal EAC during a median follow-up of 23 months. 
If one wishes to do so, most physicians would prefer to conduct a randomized controlled 
trial (RCT) comparing surgical with endoscopic treatment. There are however a few 
objections to this design. First, although more and more esophageal cancers are being 
detected in an early stage through endoscopic surveillance, still the incidence of high-risk 
submucosal EAC’s is low. Given the anticipated low rate of LNM, this study would also require 
a large number of patients who should subsequently be followed-up su�ciently to allow 
the detection of relevant outcomes. Second, it will be hard to inform and acquire approval 
of patients, since the two treatment options (i.e. surgical vs endoscopic treatment) di�er in 
so many aspects. Because of these reasons, a RCT will probably not succeed. On the contrary,  
a prospective cohort study investigating the safety of endoscopic treatment and follow-up 



168

might be feasible to execute. Such a study is currently initiated with all BE expert centers in 
the Netherlands, but also centers based in Leuven, Belgium and London, United Kingdom 
involved. Only patients in which the submucosal EAC has been removed radically by 
endoscopic means and who are clinically staged as T1N0M0 will be included. All ER-specimen 
will be reviewed by a panel of expert GI pathologists to classify each lesion properly. Following 
ER and baseline staging with EUS and imaging, patients will enter a stringent endoscopic 
follow-up program to be able to detect local recurrence (i.e. intraluminal recurrence and/
or lymph node metastases) at an early stage. A total of 141 patients will be included and 
the primary outcome parameter of this study compromises 5-year disease specific mortality.

Of note, important drawbacks of studies on the management of submucosal EAC’s are 
the low incidence of this disease, as well as the (very) low incidence of lymph node 
metastases. Combined efforts are needed to include sufficient patients in studies on this 
subject to defend the strategy of an esophageal-sparing or solely endoscopic approach of 
this patient category.

In conclusion, the treatment of submucosal EAC’s is evolving towards a more endoscopically 
orientated way. For low-risk submucosal EAC’s, endoscopic therapy is justified given the very 
low risk of lymph node metastases. For high-risk submucosal EAC’s clinically staged as T1N0, 
either radical ER followed by SNNS and limited lymphadenectomy, or endoscopic follow-up 
after radical ER might be valuable alternatives to surgery in selected patients. 

PA R T  I I :  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
Any residual BE after resection of early cancer has to be eradicated to prevent the occurrence 
of metachronous lesions. BE can be eradicated using stepwise endoscopic resection (SRER) 
or ablation therapy. SRER has proven to be highly effective, even on the long-term[37–41]. 
Advantages of SRER include the allowance of histopathological assessment of the whole BE 
segment, resulting in both upstaging and downstaging in about 30% of patients[42]. In case 
of an extensive visible lesion in a short BE segment, SRER can therefore be of value[38, 40]. 
A downside of SRER is the high stenosis rate post-treatment, leading to patient discomfort 
and additional therapeutic endoscopies. Yet, if one would be able to prevent scar tissue 
formation and thus development of a stenosis, SRER might be the preferred strategy, 
especially in case of short-segment BE. 

Many strategies, such as the administration of intravenous or oral steroids or pre-emptive 
balloon dilation, have been evaluated as a treatment to prevent stenosis formation[43, 44]. 
To date, no ideal approach has been identified that is highly effective, safe and associated 
with an acceptable cost profile. There are a few promising techniques, including placement 
of cell sheets, and the administration of budesonide slurry. The last is most appealing, since 
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costs are very low as opposed to the high costs of the cell sheets[45–48]. Future research 
will hopefully reveal the most optimal strategy to prevent stenosis formation after ER. Until 
then, SRER will be only used in speci�c patient categories and ablation therapy remains 
the preferred treatment for the eradication of �at BE.

Radiofrequency ablation

Radiofrequency ablation (RFA) is currently the most established ablation technique. Our 
group has extensively shown that RFA is e�ective, safe and durable[49–52]. A drawback of 
RFA however, is the need for multiple introductions of the endoscope. For circumferential 
ablation, an additional introduction is required to measure esophageal diameter in order 
to determine which size ablation balloon is needed. Recently, a self-sizing balloon has 
been developed, which facilitates sizing and ablation in one step(Barrx 360 Express Balloon 
Catheter: GI solutions Covidien/Medtronic, Sunnyvale, California, USA). This new balloon is 
able to self-adjust to the esophageal diameter. A pilot study has shown that the use of this 
new self-sizing balloon shortens procedure time, and lowers the burden for the patient, 
while maintaining e�cacy compared to conventional ablation using the Barrx360 balloon 
(Belghazi et al, unpublished data). Our group is now conducting a randomized trial 
investigating the most optimal ablation regimen for this new self-sizing balloon. 

In this thesis, we aimed to re�ne the procedure for focal RFA treatment with the Barrx90-
device. Our group has investigated in the past if we could omit cleaning of the ablated area 
and the device in between ablations, without a�ecting e�cacy and safety. A simpli�ed 
regimen of 3x15J/cm2-no clean appeared to be as e�ective as the standard regimen of 
2x15 J/cm2-clean-2x15 J/cm2 on a BE island level[52]. In this thesis, we showed that this 
simpli�ed regimen (3x15 J/cm2-no clean) was associated with comparable e�cacy as 
the standard regimen when applied to the whole BE segment including circumferential 
ablation of the esophagogastric junction (EGJ). Unfortunately, we observed a relatively 
high stenosis rate (11%) post-treatment. This high rate may partially be explained by 
the performance of an ER at the stenosis site prior to ablation therapy in majority of patients. 
Also, circumferential ablation of the EGJ may have led to narrowing and stenosis formation. 
Yet, we still would advocate to ablate the EGJ in a circumferential fashion during each focal 
ablation, since neoplastic recurrences are reported to occur often at this site[38, 55, 56]. We 
subsequently hypothesized that lowering RF energy from 15 to 12 J/cm2, but adhering to 
a simpli�ed regimen, might result in less stenoses and maintained e�cacy. We compared 
this new simpli�ed regimen (3x12J/cm2-no clean) with the standard (2x15 J/cm2-clean-2x15 
J/cm2) regimen in a randomized setting using a non-inferiority design. Results showed that 
the simpli�ed regimen using 12 J/cm2 is non-inferior to the standard regimen with regard to 
e�cacy. No signi�cant di�erence in BE regression percentage after 2 focal RFA treatments 
was found. Moreover, we found no signi�cant di�erence in stenosis rates post-treatment. 
Since the use of a simpli�ed regimen leads to a signi�cant shorter procedure time, and less 
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discomfort for the patient due to less introductions of the endoscope, we would advise to 
use this new simplified regimen (3x12J/cm2-no clean) during each focal RFA treatment. 

In conclusion, RFA is an effective and durable treatment for Barrett’s epithelium without 
visible lesions. For focal RFA treatment, the standard ablation regimen at 15 J/cm2 can 
be simplified by omitting the cleaning step and lowering RF energy to 12 J/cm2 without 
compromising efficacy.

Cryoablation 

Cryoablation using liquid nitrous oxide might be an alternative to RFA. Cryoablation 
is an emerging and promising ablation technique for the treatment of (dysplastic) BE. 
Using the CryoBalloon, we showed in Chapter 9 and 10 that a 10-second cryoablation of 
selected BE areas lead to full conversion of BE to neosquamous epithelium. No stenoses 
were observed, however only limited areas were ablated. Data on the efficacy and safety of 
CryoBalloon ablation for the treatment of larger BE areas are scarce. Canto et al. reported 
recently on the 1-year (preliminary) results of CryoBalloon ablation used to eradicate 
BE segments with a mean length of 4 centimeters. Complete remission of dysplasia and 
intestinal metaplasia was achieved in 90% and 91% of patients, respectively. Stenosis 
developed in 7.5% (3/40) of patients (Canto et al. DDW 2016, San Diego, California, USA). 
This stenosis rate is comparable with rates reported post-RFA (0-14%)[56]. More evidence 
of the efficacy and safety of cryoballoon ablation for dysplastic BE is needed, since up till 
now only studies with a limited number of included patients are available. The results so far 
cannot conquer with the large, multi-center and methodologically well designed studies 
on RFA. An European multi-center study on the efficacy and safety of CryoBalloon ablation 
for the treatment of larger BE areas, including circumferential ablation of the EGJ, is on 
the way. Hereafter, a randomized trial comparing CryoBalloon ablation using liquid nitrous 
oxide with RFA is mandatory, taking into account efficacy, safety and costs. Only in this way 
can be proved that CryoBalloon ablation is a valuable alternative to RFA for the treatment 
of flat dysplastic BE. Furthermore, our group is currently evaluating the efficacy and safety 
of CryoBalloon ablation for the treatment of dysplastic squamous esophageal epithelium. 
Since CryoBalloon ablation can be performed without the use of capital equipment, it might 
be valuable in treating patients with squamous intraepithelial dysplasia in rural areas such 
as in China, where the incidence of this disease is high. 

Looking into the future, it would be attractive to treat larger areas of BE with CryoBalloon 
ablation in one pass, such as a full circumferential ablation or a 90 degrees treatment. With 
the current devices it is possible to treat an area of about 2 cm2 in one pass. Another drawback 
of the CryoBalloon is the arduous ablation of the EGJ, since the shape of the balloon causes 
the device to slip easily into the stomach. New devices overcoming these limitations are 
currently being developed. Future studies of our group will focus on the evaluation of 
efficacy and safety of these new devices. 



General discussion

171

10

In conclusion, CryoBalloon ablation using liquid nitrous oxide seems a valuable therapy for 
the treatment of dysplastic BE, but more studies are needed to prove e�cacy for treatment 
of the whole BE segment including ablation of the esophagogastric junction.



172

R E F E R E N C E S
1. Terheggen G, Horn EM, Vieth M, et 

al. A randomised trial of endoscopic 
submucosal dissection versus endoscopic 
mucosal resection for early Barrett’s 
neoplasia. Gut 2016; 66: 783-93.

2. Chevaux JB, Piessevaux H, Jouret-Mourin A, 
et al. Clinical outcome in patients treated 
with endoscopic submucosal dissection 
for superficial Barrett ’ s neoplasia.  
Endoscopy 2015; 47: 103–12.

3. Cao Y, Liao C, Tan A, et al. Meta-analysis 
of endoscopic submucosal dissection 
versus endoscopic mucosal resection 
for tumors of the gastrointestinal tract.  
Endoscopy 2009; 41:751–7. 

4. Kantsevoy S V., Bitner M, Piskun G. New 
endoscopic platform for endoluminal enbloc 
tissue resection in the gastrointestinal tract 
(with videos). Surg Endosc 2016; 30:3145–51. 

5. Bailey SH, Bull DA, Harpole DH, et 
al. Outcomes after esophagectomy: 
a ten-year prospective cohort. Ann Thorac  
Surg 2003; 75:217–22. 

6. Davison JM, Landau MS, Luketich JD, et al. 
A Model Based on Pathologic Features of 
Superficial Esophageal Adenocarcinoma 
Complements Clinical Node Staging in 
Determining Risk of Metastasis to Lymph Nodes. 
Clin Gastroenterol Hepatol 2016; 14:369–77.e3. 

7. Gamboa AM, Kim S, Force SD, et al. 
Treatment allocation in patients with 
early-stage esophageal adenocarcinoma: 
Prevalence and predictors of lymph node 
involvement. Cancer 2016; 122: 2150-7. 

8. Westerterp M, Koppert LB, Buskens CJ, 
et al. Outcome of surgical treatment for 
early adenocarcinoma of the esophagus 
or gastro-esophageal junction. Virchows  
Arch 2005; 446:497–504. 

9. Buskens CJ, Westerterp M, Lagarde SM, et 
al. Prediction of appropriateness of local 
endoscopic treatment for high-grade 
dysplasia and early adenocarcinoma by EUS 
and histopathologic features. Gastrointest 
Endosc 2004; 60:703–10.

10. Dubecz A, Kern M, Solymosi N, et al. 
Predictors of Lymph Node Metastasis in 
Surgically Resected T1 Esophageal Cancer. 
Ann Thorac Surg 2015; 99: 1879-85. 

11. Worrell SG, Boys JA, Chandrasoma P, et al. Inter-
Observer Variability in the Interpretation of 
Endoscopic Mucosal Resection Specimens of 
Esophageal Adenocarcinoma. J Gastrointest 
Surg 2016; 20:140–5. 

12. Fotis D, Doukas M, Wijnhoven BP, et al. 
Submucosal invasion and risk of lymph 
node invasion in early Barretts cancer: 
potential impact of different classification 
systems on patient management. United 
Eur Gastroenterol J 2015; 3: 505–13. 

13. Mohiuddin K, Dorer R, El Lakis MA, et al. 
Outcomes of Surgical Resection of T1bN0 
Esophageal Cancer and Assessment of 
Endoscopic Mucosal Resection for Identifying 
Low-Risk Cancers Appropriate for Endoscopic 
Therapy. Ann Surg Oncol 2016; 23: 2673-8.

14. Mandal R V, Forcione DG, Brugge WR, et 
al. Effect of tumor characteristics and 
duplication of the muscularis mucosae 
on the endoscopic staging of superficial 
Barrett esophagus-related neoplasia. Am J 
Surg Pathol 2009; 33:620–5. 

15. Duits LC, van der Wel MJ, Cotton CC, et 
al. Patients With Barrett’s Esophagus and 
Confirmed Persistent Low-grade Dysplasia at 
Increased Risk for Progression to Neoplasia. 
Gastroenterology 2017; 152: 993-1001. 

16. Davison JM, Ellis ST, Foxwell TJ, et al. 
MUC2 expression is an adverse prognostic 
factor in superficial gastroesophageal 
adenocarcinomas. Hum Pathol 2014; 45:540–8. 

17. van Olphen SH, Biermann K, Shapiro J, et al. 
P53 and SOX2 Protein Expression Predicts 
Esophageal Adenocarcinoma in Response 
to Neoadjuvant Chemoradiotherapy. Ann 
Surg 2017; 265:347–55. 

18. Zheng B, Ni CH, Chen H, et al. New evidence 
guidnig extent of lymphadenectomy for 
esophagogastric junction tumor: Application 
of Ber-Ep4 joint with CD44v6 staining on 
the detection of lower mediastinal lymph 



General discussion

173

10

node micrometastasis and survival analysis. 
Medicine 2017; 96: e6533

19. 19. Plum PS, Warnecke-Eberz U,  Dhaouadi 
O, et al. Molecular markers predicting lymph 
node metastasis in early esophageal cancer. 
Histol Histopathol. 2015;30:1193-02. 

20. 20. Bollschweiler E, Baldus SE, Prenzel K, 
et al. High Rate of Lymph Node Metastasis 
in Submucosal Esophageal Squamous 
Cell Carcinomas and Adenocarcinomas. 
Endoscopy 2006; 38:149-56.

21. Stein HJ, Feith M, Bruecher BLDM, et al. Early 
esophageal cancer: pattern of lymphatic 
spread and prognostic factors for long-term 
survival after surgical resection. Ann Surg. 
2005;242:566-73; discussion 73-5.

22. Leers JM, DeMeester SR, Oezcelik A, et al. 
The prevalence of lymph node metastases in 
patients with T1 esophageal adenocarcinoma 
a retrospective review of esophagectomy 
specimens. Ann Surg 2011; 253: 271–8. 

23. Alvarez Herrero L, Pouw RE, van Vilsteren 
FG, et al. Risk of lymph node metastasis 
associated with deeper invasion by early 
adenocarcinoma of the esophagus and 
cardia: study based on endoscopic resection 
specimens. Endoscopy 2010; 42:1030–6. 

24. Manner H, Pech O, Heldmann Y, et al. 
The frequency of lymph node metastasis in 
early-stage adenocarcinoma of the esophagus 
with incipient submucosal invasion (pT1b 
sm1) depending on histological risk patterns. 
Surg Endosc 2015; 29: 1888-96.

25. Manner H, Wetzka J, May A, et al. Early-stage 
adenocarcinoma of the esophagus with mid 
to deep submucosal invasion (pT1b sm2-3): 
The frequency of lymph-node metastasis 
depends on macroscopic and histological 
risk patterns. Dis Esophagus 2017; 30: 1-11.

26. Sanghera SS, Nurkin SJ, Demmy TL. Quality 
of life after an esophagectomy. Surg Clin 
North Am 2012; 92:1315–35. 

27. Damhuis RAM, Wijnhoven BPL, Plaisier PW, et al. 
Comparison of 30-day, 90-day and in-hospital 
postoperative mortality for eight di�erent 
cancer types. Br J Surg 2012; 99:1149–54. 

28. Pech O, Bollschweiler E, Manner H, et al. 
Comparison between endoscopic and 
surgical resection of mucosal esophageal 
adenocarcinoma in Barrett’s esophagus at two 
high-volume centers. Ann Surg 2011; 254:67–72. 

29. Ngamruengphong S, Wolfsen HC, Wallace 
MB. Survival of patients with super�cial 
esophageal adenocarcinoma after endoscopic 
treatment vs surgery. Clin Gastroenterol  
Hepatol 2013; 11:1424–1429.e2. 

30. Berry MF, Zeyer-brunner J, Castleberry 
AW, et al. Treatment modalities for T1N0 
esophageal cancers: a comparative analysis 
of local therapy versus surgical resection. J 
Thorac Oncol 2013; 8:796–802. 

31. Kubota K, Yoshida M, Kuroda J, et al. 
Application of the HyperEye Medical System 
for esophageal cancer surgery: a preliminary 
report. Surg Today 2013; 43:215–20. 

32. Kim HK, Quan YH, Oh Y, et al. Macrophage-
Targeted Indocyanine Green-Neomannosyl 
Human Serum Albumin  for  Intraoperative 
Sentinel Lymph Node  Mapping  in 
Porcine Esophagus. Ann Thorac  
Surg 2013; 102:1149–1155. 

33. Oppedijk V, Van Der Gaast A, Van 
Lanschot JJB, et al. Patterns of 
recurrence after surgery alone versus 
preoperative chemoradiotherapy 
and surgery in the CROSS trials. J Clin  
Oncol 2014; 32:385–391. 

34. Van Hagen P, Hulshof MC, van Lanschot 
JJ, et al. Preoperative Chemoradiotherapy 
for Esophageal or Junctional Cancer.  
NEJM 2012; 366: 2074-84.

35. Versteijne E, van Laarhoven HWM, van 
Hooft JE, et al. De�nitive chemoradiation 
for patients with inoperable and/
or unresectable esophageal cancer: 
locoregional recurrence pattern. Dis 
Esophagus 2015; 28:453–459.

36. Wang D, Smit JK, Zwaan E, et al. Neoadjuvant 
therapy reduces the incidence of 
nodal micrometastases in esophageal 
adenocarcinoma. Am J Surg 2013; 206:732–738. 

37. Pouw RE, Peters FP, Sempoux C, et al. Stepwise 
radical endoscopic resection for Barrett ’ s 



174

esophagus with early neoplasia : report on 
a Brussels ’ cohort. Endoscopy 2008; 40: 892–8. 

38. van Vilsteren FGI, Pouw RE, Seewald S, et 
al. Stepwise radical endoscopic resection 
versus radiofrequency ablation for Barrett’s 
oesophagus with high-grade dysplasia or 
early cancer: a multicentre randomised trial. 
Gut 2011; 60:765–73. 

39. Peters FP, Kara MA, Rosmolen WD, et al. 
Stepwise radical endoscopic resection is 
effective for complete removal of Barrett’s 
esophagus with early neoplasia: a prospective 
study. Am J Gastroenterol 2006; 101:1449–57. 

40. Pouw RE, Seewald S, Gondrie JJ, et al. 
Stepwise radical endoscopic resection for 
eradication of Barrett’s oesophagus with 
early neoplasia in a cohort of 169 patients. 
Gut 2010; 59:1169–77. 

41. Belghazi K, van Vilsteren FGI, Weusten 
BLAM, et al. Long-term Follow-up Results of 
Stepwise Radical Endoscopic Resection for 
Barrett’s Esophagus with Early Neoplasia. 
Gastrointest Endosc. 2017 Apr 25. Epub 
ahead of print. 

42. Mino-Kenudson M, Hull MJ, Brown I, 
Muzikansky A, et al. EMR for Barrett’s esophagus-
related superficial neoplasms offers better 
diagnostic reproducibility than mucosal biopsy. 
Gastrointest Endosc 2007; 66:660–6. 

43. Barret M, Beye B, Leblanc S, et al. Systematic 
review: The prevention of oesophageal 
stricture after endoscopic resection. 
Aliment Pharmacol Ther 2015; 42:20–39. 

44. Ratone J, Bories E, Caillol F, et al. Oral steroid 
prophylaxis is effective in preventing 
esophageal strictures after large endoscopic 
resection. Ann Gastroenterol 2017; 30: 62–66.

45. Bahin FF, Jayanna M, Williams SJ, et al. Efficacy 
of viscous budesonide slurry for prevention 
of esophageal stricture formation after 
complete endoscopic mucosal resection 
of short-segment Barrett’s neoplasia. 
Endoscopy 2016; 48:71–74. 

46. Ohki T, Yamato M, Ota M, et al. Application 
of regenerative medical technology using 
tissue-engineered cell sheets for endoscopic 

submucosal dissection of esophageal 
neoplasms. Dig Endosc. 2015; 27: 182-8. 

47. Nieponice A, Ciotola FF, Nachman F, et 
al. Patch esophagoplasty: esophageal 
reconstruction using biologic scaffolds. Ann 
Thorac Surg 2014; 97:283–8. 

48. Han Y, Guo J, Sun S, et al. Acellular dermal 
matrix for esophageal stricture prevention 
after endoscopic submucosal dissection in 
a porcine model. Gastrointest Endosc 2017 
Apr 8. Epub ahead of print. 

49. Pouw RE, Wirths K, Eisendrath P, et al. 
Efficacy of radiofrequency ablation 
combined with endoscopic resection for 
barrett’s esophagus with early neoplasia. 
Clin Gastroenterol Hepatol 2010; 8:23–9. 

50. Phoa KN, van Vilsteren FGI, Weusten 
BLAM, et al. Radiofrequency Ablation 
vs Endoscopic Surveillance for Patients 
With Barrett Esophagus and Low-Grade 
Dysplasia. Jama 2014; 311: 1209-17. 

51. Phoa KN, Pouw RE, Bisschops R, et al. 
Multimodality endoscopic eradication for 
neoplastic Barrett oesophagus: results of 
an European multicentre study (EURO-II).  
Gut 2016; 65; 555-62.

52. Phoa KN, Pouw RE, van Vilsteren FGI, 
et al. Remission of Barrett’s esophagus 
with early neoplasia 5 years after 
radiofrequency ablation with endoscopic 
resection: a Netherlands cohort study. 
Gastroenterology 2013; 145:96–104.

53.  van Vilsteren FGI, Phoa KN, Alvarez Herrero 
L, et al. A simplified regimen for focal 
radiofrequency ablation of Barrett mucosa 
using the HALO(90) System: a randomized 
multicenter trial comparing two ablation 
regimens. Gastrointest Endosc 2013: 78; 30-8. 

54. Sampliner RE, Camargo E, Prasad AR 
Association of ablation of Barrett’s 
esophagus with high grade dysplasia and 
adenocarcinoma of the gastric cardia. Dis 
Esophagus 2006; 19:277–9. 

55. Weston AP, Sharma P, Banerjee S, et al. 
Visible endoscopic and histologic changes 
in the cardia, before and after complete 



General discussion

175

10

Barrett’s esophagus ablation. Gastrointest 
Endosc 2005; 61:515–21. 

56. Orman ES, Li N, Shaheen NJ. E�cacy and 
durability of radiofrequency ablation for 
Barrett’s Esophagus: systematic review 
and meta-analysis. Clin Gastroenterol  
Hepatol 2013; 11:1245–55. 




