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A B S T R A C T
Background

High-risk submucosal esophageal adenocarcinoma’s might be treated curatively by means 
of radical ER, followed by thoracolaparoscopic lymphadenectomy without concomitant 
esophagectomy. A preclinical study has shown the feasibility and safety of this approach, 
however no studies are performed in a clinical setting. In addition, sentinel node navigation 
surgery could be valuable in tailoring the extent of the lymphadenectomy. 

aim

To evaluate the feasibility and safety of thoracolaparoscopic lymphadenectomy without 
esophagectomy (phase I) and sentinel node navigation surgery (phase II) in patients with 
early esophageal adenocarcinoma. 

Methods

Patients with T1N0M0 early esophageal adenocarcinoma scheduled for esophagectomy 
without neoadjuvant therapy were included. Phase I: Two-field, esophagus preserving, 
thoracolaparoscopic lymphadenectomy was performed, followed by esophagectomy 
in the same session. Primary outcome parameters were the number of lymph nodes 
resected, and number of retained lymph nodes in the esophagectomy specimen. Phase II: 
A radioactive tracer was injected endoscopically the day before surgery. Static imaging was 
performed 15 and 120 minutes after injection. The day of surgery, sentinel node navigation 
surgery followed by esophagectomy was performed. Primary outcome parameters were 
the percentage of patients with a detectable sentinel node, and the concordance between 
static imaging and probe-based detection of sentinel node. 

results

Phase I: 5 patients were included, and a median of 30 (IQR 25-46) lymph nodes was resected. 
A median of 6 (IQR 2-9) retained lymph nodes was found in the esophagectomy specimen. 
No acute adverse events occurred, but near the end of lymphadenectomy esophageal 
discoloration was observed, possibly indicating ischemia. Phase II: In all 5 included patients 
sentinel nodes could be visualised and resected, at a median of 3 (IQR 2-5) locations. There 
was a high concordance between imaging and probe-based detection of sentinel nodes.

Conclusion

Sentinel node navigation surgery followed by lymphadenectomy without concomitant 
esophagectomy seems feasible in patients with high-risk submucosal early esophageal 
adenocarcinoma. More evidence is however needed before applying this technique in 
clinical practice. 
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I N T R O D U C T I O N
Endoscopic resection (ER) of mucosal esophageal adenocarcinoma’s (EAC’s) is currently 
accepted as a curative treatment option. Several studies have proven that it is e�ective, 
safe and that the risk of lymph node metastases (LNM) in these tumors is nihil[1-4]. 
Patients with EAC’s extending into the submucosa are referred for esophagectomy with  
concomitant lymphadenectomy. 

Endoscopic therapy for super�cial submucosal EAC’s (in�ltration depth into the submucosa 
<500um) seems however also justi�ed when low-risk histopathological characteristics are 
present (i.e., good to moderate tumor di�erentiation, absence of lymphovascular invasion 
(LVI), and tumor-negative deep vertical resection margins). The risk of LNM in this patient 
category (<2%) does not seem to exceed the mortality risk of esophagectomy[3,5-7]. 
In case of a high-risk submucosal EAC (i.e. submucosal invasion ≥500um, and/or poor 
tumor di�erentiation, and/or presence of LVI), a subsequent esophagectomy is indicated 
because the risk of LNM is reported to be signi�cant[8-10]. The yield of additional surgery is 
the ability to perform a lymphadenectomy, since ER is able to achieve local control by radical 
excision. Yet, disadvantages of surgical treatment are its invasive character, high morbidity 
rates, and (temporarily) reduced quality of life[11-13]. Our group therefore proposed a less 
invasive treatment algorithm for high-risk submucosal EAC’s, consisting of endoscopic 
radical (R0) resection of the tumor, followed by thoracolaparoscopic lymphadenectomy 
without concomitant esophagectomy. A preclinical study showed that thoracolaparoscopic, 
esophagus preserving, lymphadenectomy is feasible in human cadavers, and safe in 
a porcine survival study[14]. However, this treatment algorithm has not been investigated 
in a clinical setting. Therefore, phase I of this study aimed to evaluate the feasibility of 
thoracolaparoscopic lymphadenectomy without esophagectomy in early EAC patients.

Furthermore, it would be desirable to perform a limited lymphadenectomy after radical 
ER, thereby minimizing the risk of complications and enhancing postoperative recovery of 
the patient. Sentinel node navigation surgery (SNNS) is an instrument that can select patients 
eligible for limited lymphadenectomy, and is already extensively being used in the treatment 
of breast cancer and melanoma. A recent review showed that SNNS is feasible in EAC and 
associated with high detection and accuracy rates (88-100% and 78-100%, respectively) and 
a high sensitivity (78-100%)[15]. Yet, a drawback of available studies is that they focussed on 
patients directly undergoing surgical treatment, while in clinical practice majority of early 
EAC patients will undergo a diagnostic ER before esophagectomy. Furthermore, studies 
using an endoscopic gamma probe to detect sentinel nodes during minimally invasive 
esophagectomy are scarce[16].

We hypothesized that SNNS might be of value to select patients who bene�t of limited, 
minimally invasive surgical treatment. Before applying this technique in this treatment 
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algorithm however, we needed to validate SNNS in patients with a submucosal EAC and 
the surgical team had to be trained. The aim of Phase II of this study was therefore to evaluate 
the feasibility of SNNS in patients with a submucosal EAC. 

PAT I E N T S  A N D  M E T H O D S
Phase I

Patients were included in two expert centers for the treatment of Barrett’s esophagus (BE)-
related neoplasia in the Netherlands. Patients were eligible if diagnosed with an early EAC 
with an indication for esophagectomy without neoadjuvant therapy (cT1N0M0). Procedures 
were performed by surgeons who are all expert in the field of gastrointestinal (GI) oncological 
surgery (M.B., S.G. and M.W.).

Patients underwent thoracolaparoscopic lymphadenectomy of all lymph nodes involved 
with the drainage of the esophagus. Esophageal vascularization was spared as much 
as possible during this procedure to mimic a futus ‘lymphadenectomy only procedure’. 
Details of lymphadenectomy are listed in the supplementary materials section. Following 
thoracolaparoscopic lymphadenectomy, esophagectomy with gastric tube reconstruction 
was performed. Details are extensively described elsewhere[17].

Phase II

Patients were included in an expert center for the treatment of BE-related neoplasia in 
the Netherlands. Patients were eligible if they were diagnosed with an early EAC with an 
indication for esophagectomy without neoadjuvant therapy (cT1N0M0), and were excluded 
if known with another primary tumor, or with allergies for the radioactive tracer. One day 
before surgery, patients were admitted and underwent upper gastroscopy with endoscopic 
injection of in total 2 ml technetium-99m (99mTc) nanocolloid (100 MBq) into 4 quadrants 
of the submucosal layer around the ER scar or esophageal tumor. The injection needle was 
primed with 99mTc nanocolloid before injection to avoid inadequate dose delivery. Fifteen 
minutes and two hours after injection of the tracer, a planar lymphoscintigraphy was 
performed. Immediately thereafter, a SPECT/CT of chest and abdomen was performed to 
anatomically locate the sentinel nodes. The location of the sentinel nodes was determined 
by a nuclear medicine specialist, who is an expert in the field of GI pathology (R.B.).

During esophagectomy, sentinel nodes were identified using an endoscopic gamma probe 
(Europrobe 3 system, PI Medical Diagnostic Equipment B.V., Tijnje, the Netherlands), which 
could be introduced from the trocar ports. The probe was fitted with a 30-degrees angle 
at the tip and collimator, thereby minimizing the shine-through effect. The gamma probe 
was placed on the nodal tissue and the window was directed away from the esophageal 
injection site. If a high radioactive uptake was confirmed, the sentinel node was resected. 
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Each sentinel node was measured ex-vivo with a hand-held gamma probe on a back table to 
con�rm the high radioactive uptake. After resection of all sentinel lymph nodes, the thorax 
and abdominal cavity were investigated with the gamma probe to con�rm absence of 
sentinel nodes. Thereafter, the lymphadenectomy was completed and esophagectomy with 
gastric tube reconstruction was performed. 

Histopathological evaluation

Each lymph node station and sentinel node was submitted to the department of Pathology as 
a separate specimen. Lymph nodes were �xed in formalin 10% overnight, dissected manually, 
embedded on para�n and subsequently sectioned and stained with hematoxylin and eosin 
(H&E). The esophagectomy specimens were thoroughly investigated for the presence of 
remaining lymph nodes. The number of lymph nodes per lymph node station was counted, 
and all slides were evaluated for the presence of metastasis. 

Phase II

Each sentinel node was totally embedded in para�n and cut at 5 levels with 250 μm space 
in between, while non-sentinel nodes were cut at 1 level. If no metastasis was observed 
in the H&E slides, additional immunohistochemical (IHC) keratin staining (AE1/AE3) was 
performed to detect the presence of micrometastasis (at 5 levels in case of a sentinel node; 
1 level in case of a non-sentinel lymph node).Micrometastasis was de�ned as tumor cells 
larger than 0.2mm and/or more than 200 cells, but not larger than 2.0mm (AJCC 7th edition). 

Outcome parameters

Phase I

Primary outcome parameters
•	 The number of lymph nodes resected during thoracolaparoscopic lymphadenectomy, 

location documented.
•	 Number of retained lymph nodes in esophagectomy specimen, location documented.

Secondary outcome parameters
•	 Number of tumor-positive lymph nodes, location documented. 
•	 Procedure time of thoracolaparoscopic lymphadenectomy.
•	 Acute adverse events.

Phase II

Primary outcome parameters
•	 Percentage of patients with a detectable sentinel node, either on static imaging or 

probe-based detection.
•	 Concordance of pre-operative imaging and perioperative probe-based detection of 

sentinel nodes.
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Secondary outcome parameters
•	 Number of resected sentinel nodes, location documented.
•	 Number of resected lymph nodes (sentinel + non-sentinel), location documented. 
•	 Number	of	tumor-positive	lymph	nodes,	location	documented.
•	 Procedure time of SNNS. 
•	 Acute adverse events.

Ethical considerations

The institutional review board approved both study protocols and all participating patients 
signed informed consent prior to inclusion in the study. For Phase I, an independent data 
and safety monitoring board (DSMB) was constructed, consisting of an upper GI surgeon and 
a gastroenterologist. The DSMB monitored the safety and the overall conduct of the study 
and was informed in a standardized way about adverse events and study outcomes. 
The DSMB evaluated after every single patient if it was acceptable to continue the study, 
regarding the safety of the patients. 

Statistics

All statistical analyses were performed using a statistical software package (Statistical 
Package for the Social Sciences 23.0.1; SPSS Inc, Chicago, Ill). Since we described two pilot 
studies without any statistical comparison, only descriptive statistics are used. For descriptive 
statistics mean (±SD) is used in case of a normal distribution of variables, and median (IQR) 
for variables with a skewed distribution. 

R E S u LT S
Phase I

Five patients with an early EAC were included in the Academic Medical Center Amsterdam 
and the St. Antonius Hospital Nieuwegein, both in the Netherlands. Baseline characteristics 
of the included patients are shown in Table 1. A median of 30 (IQR 25-46) lymph nodes 
were removed during lymphadenectomy. The number of lymph nodes removed per 
lymph node station is displayed in Table 2. A median of 6 (IQR 2-9) retained lymph nodes 
were found in the esophagectomy specimen. Majority of retained lymph nodes was very 
small: using a cut-off value of 5 millimetres, only a median of 2 (IQR 0-3) retained lymph 
nodes was observed. Most retained lymph nodes >5mm were found in the perigastric 
fat tissue near the lesser curvature of the stomach (4/8: 50%). Others were found at 
the left side of the proximal esophagus (n=3), or in the fat tissue near the esophagogastric 
junction (n=1). In one patient, two removed tumor-positive lymph nodes were found: 
one lymph node was located along the left gastric artery, the other was found in the left 
paracardial lymph node station. Thoracolaparoscopic lymphadenectomy was performed 
in a median of 134 (IQR 125-181) minutes. Despite careful dissection of lymph nodes and 
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Table 1. Baseline characteristics

Phase I Patients  
N=5, (%)

Phase II Patients 
N=5, (%)

Gender, male 2 (40) 3 (60)
Age, median, IQR 67 (64-74) 69 (62-69)
Body Mass Index, median, IQR 26 (24-28) 26 (24-33)
Tumor in�ltration depth 

 M3

 Sm1

 Sm2/3

 Submucosal (no ER, only biopsies)

2 (40)

0 (0) 

2 (40)

1 (20)

0 (0) 

1 (20)

3 (60)

1 (20)
Tumor di�erentiation grade 

 Good 

 Moderate

 Poor

0 (0)

3 (60)

2 (40)

1 (20)

0 (0)

4 (80)
Presence lymphovascular invasion

 Yes 

 No

 Unknown 

2 (40)

3 (60)

0 (0)

3 (60)

1 (20)

1 (20) †
Tumor-free deep vertical resection margin 

ER- specimen

 Yes

 No 

 N/a

1 (20)

3 (60)

  1 (20) †

2 (40)

2 (40)

  1 (20) †

† two patients did not undergo EMR prior to surgery, IQR= interquartile range; ER= endoscopic resection 

preservation of the vasculature, a discoloration of the esophagus was observed at the end of 
the lymphadenectomy, implying that the procedure induced esophageal ischemia. No acute 
adverse events were observed. 

Phase II

Five patients with an EAC clinically staged as T1N0M0 were included in the Academic Medical 
Center Amsterdam, the Netherlands. Baseline characteristics of included patients are shown 
in Table 1. One patient was diagnosed with a T1sm1 EAC, with good tumor di�erentiation, 
and no lymphovascular invasion (LVI), which was irradically resected (R1); three patients had 
a deep submucosal in�ltrating tumor, with poor tumor di�erentiation. In one of these patient 
also LVI was found, and in two of these patients there was a tumor-positive deep resection 
margin. In the last patient, diagnostic EMR failed due to insu�cient lifting of the lesion. 
The surgical resection specimen showed a EAC growing into the deep submucosa, with poor 
tumor di�erentiation and no evidence of lymphovascular invasion. 
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Table 2. Results thoracolaparoscopic lymphadenectomy without esophagectomy (phase I)

Patients 
N=5

Total number of lymph nodes removed, median, IQR 30 (25-46)
Number of tumor-positive lymph nodes, median, IQR 0 (0-1)
Location of removed lymph node,  median, IQr
Above carina 6 (5-12)
Subcarinal 5 (3-7)
Low paraesophageal 8 (5-9)
Paracardial left 1 (1-1)
Paracardial right 2 (1-2)
Celiac trunk 2 (0-3)
Left gastric artery 4 (3-9)
Common hepatic artery 4 (2-8)
Splenic artery 1 (0-4)
Hepatoduodenal ligament 2 (1-2)
retained lymph nodes in esophagectomy specimen
Number of retained lymph nodes, median, IQR 6 (2-9)
Size of retained lymph nodes in millimeters, median, IQR 2 (2-5)

IQR=interquartile range

SNNS followed by surgery was performed a median of 89 (IQR 61-105) days after ER. In all 
five patients at least one sentinel node was detected, on preoperative imaging as well as 
perioperatively using the endoscopic gamma probe (Table 3 and Figure 1 and 2). There was 
a high concordance between pre-operative imaging and probe-based detection (Table 4).

We resected a median of 5 (IQR 3-10) sentinel nodes at a median of 3 (IQR 2-5) locations. 
In total, a median of 45 (IQR 40-60) lymph nodes was removed. None of the resected 
sentinel nodes showed signs of (micro-)metastases. In one patient a tumor-positive non-
sentinel lymph node was found, located at the right paracardial lymph node station near 
the esophageal tumor. This lymph node was not marked as a sentinel node pre-operatively. 
Besides this lymph node, no other tumor-positive lymph nodes were found, nor were micro-
metastases detected in any of the other 74 lymph nodes removed in this patient. SNNS 
procedure time included a median of 24 (IQR 20-43) minutes. No acute adverse events were 
observed. Histopathology of the esophagectomy specimen did not reveal additional foci 
of cancer that were not detected on previous endoscopy (no undetected metachronous 
lesions). Only in 1 patient, in whom early EAC was removed irradically by means of ER, EAC 
was found at the site of the ER scar. 
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Table 3. Location resected sentinel nodes in patients with early esophageal adenocarcinoma (phase II).

Lymph node station
Patient 
#1

Patient 
#2

Patient 
#3

Patient 
#4

Patient 
#5

Right high paratracheal  x x x
Left paratracheal x x
Subcarinal x x x
Paraesophageal x
Pulmonary ligament x
Left bronchial tree x§
Right paracardial x†
Left gastric artery x x x x
Celiac trunk x

† this sentinel node was not detected with the probe, but in hindsight was visible on the preoperative 
lymphoscintigraphy.  § not detected on imaging, but only detected perioperatively using the gamma probe

 Figure 1. Preoperative detection of sentinel nodes in patients with a distal esophageal adenocarcinoma. 

Figure 2. Intraoperative detection during laparoscopy. 

A = lymphoscintigraphy. B = Fused images (lymphoscintigraphy and SPECT/CT)

A sentinel node along the left gastric artery was identi�ed using a laparoscopic gamma probe. 
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D I S C u S S I O N
Patients with a high-risk submucosal EAC are currently undergoing esophagectomy 

complemented with a lymphadenectomy, since the risk of LNM is considered to 

be significant. Incidence of LNM reported in the available studies however, varies 

enormously[4,7,9,10,18-21]. Our group recently reported metastatic disease in 16% of 

patients with a high-risk submucosal EAC, and suggested that in frail and elderly patients 

endoscopic therapy and follow-up might be justified. Yet, in young and fit patients, 

lymphadenectomy is imperative. Esophagectomy however, might be omitted since local 

control of disease can be achieved by ER techniques such as the multiband mucosectomy 

or endoscopic submucosal dissection. Our group now proposes a new treatment strategy 

for selected high-risk patients who have undergone radical ER, consisting of a two-field 

thoracolaparoscopic lymphadenectomy without concomitant esophagectomy. 

Results of the clinical pilot-study on thoracolaparoscopic lymphadenectomy without 

esophagectomy (phase I) showed that a median of 30 lymph nodes was removed, which 

lies above the minimum of 15 lymph nodes advised by the 7th TNM esophageal cancer 

Table 4. Concordance location of detected sentinel nodes on imaging, and with probe-based detection.

Lymph node station
Patient 
#1

Patient 
#2

Patient 
#3

Patient 
#4

Patient 
#5

Right high paratracheal imaging 
& probe

imaging 
& probe

imaging 
& probe

Left high  
paratracheal 

imaging

Left paratracheal imaging 
& probe

imaging 
& probe

Subcarinal imaging 
& probe

imaging 
& probe

imaging 
& probe

Paraesophageal imaging 
& probe

Pulmonary ligament probe
Left bronchial tree probe imaging
Right bronchial tree imaging
Right paracardial imaging in 

hindsight
Left gastric artery imaging 

& probe
imaging 
& probe

imaging 
& probe

probe

Celiac trunk probe
Para-aortal at level of  
renal artery/vein

imaging† imaging†

Lesser curvature imaging

† these sentinel nodes were located outside the operation area
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staging system. These results are in line with the high number of nodes removed during 
the preclinical study[14]. Unfortunately, a median of 6 retained lymph nodes was found in 
the esophagectomy specimen. Yet, majority of these nodes appeared to be smaller than 
5 millimeters and these lymph nodes can be classi�ed as low risk. Therefore the clinical 
relevance of these retained lymph nodes may be debated. The other, more prominent, lymph 
nodes were possibly missed because they were covered in perigastric fat tissue. Also, a few 
retained nodes were located at the left high paratracheal lymph node station, a location 
that is hard to dissect during right thoracoscopy. A concerning observation, however, was 
the discoloration of the esophagus at the end of the lymphadenectomy, which may suggest 
that the procedure compromised esophageal vascularization. Two-�eld lymphadenectomy 
without esophagectomy might not be as safe as presumed from the porcine survival 
study[14].

Esophageal vascularization is spared to a greater extent when the extent of 
the lymphadenectomy can be limited. We hypothesized that sentinel node navigation 
surgery (SNNS) is a valuable instrument to select those high-risk submucosal EAC patients 
who are eligible for and bene�t from a tailored lymphadenectomy. 

Of note, patients with a tumor-positive sentinel node will have to undergo esophagectomy 
with (at least) two-�eld lymphadenectomy. 

Results of phase II showed that SNNS is feasible in patients with an early EAC: sentinel 
nodes could be identi�ed on imaging prior to surgery, as well as perioperatively using 
the endoscopic gamma probe in all participating patients. Earlier studies have shown that 
SNNS in early EAC patients is useful, while patients with advanced EAC are being considered 
non-suitable candidates because of the destruction of lymph vessels by the tumor and 
neoadjuvant therapy and the formation of �brosis after chemoradiation therapy[22-25]. Few 
studies are performed however in patients who have undergone ER prior to SNNS. Results of 
this study suggest that SNNS is useful in this patient category[26].

Sentinel nodes were identi�ed along the left gastric artery, but also high paratracheal 
(station 2). Several authors reported that sentinel nodes of distal EACs were often located 
along the left gastric artery[25,27,28]. However, to our knowledge no studies reported on 
the occurrence of sentinel nodes in the high paratracheal nodes in a signi�cant proportion 
of patients with a distal EAC. The presence of sentinel nodes in the high paratracheal nodes 
may be due to the vast esophageal lymphatic drainage network with longitudinal, as well as 
lateral pathways[29]. Early EAC’s drain mainly into the longitudinal pathways, and therefore 
sentinel nodes can be located proximally in a patient with a distal EAC. 

We did not �nd metastasis nor micrometastasis in any of the removed sentinel nodes. . We 
might however have failed to detect micrometastases using the immunohistochemical 
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staining and theoretically because of this, some patients might develop metastatic disease 
at a later stage. On the other hand, the prognostic value of micrometastases in EAC remains 
subject of debate, and some believe that not all micrometastases will evolve into overt 
metastatic disease[22,30]. Moreover, a proportion of patients will die because of non-tumor 
related causes before metastatic disease reveals itself[7]. Long-term follow-up of patients 
after SNNS will have to show if indeed only a small proportion of patients with a submucosal 
EAC will develop metastatic disease, and if this esophageal-sparing treatment algorithm can 
be justified.

In one of the patients a tumor-positive non-sentinel lymph node was found. We failed to 
identify this lymph node as a sentinel node on imaging, but in hindsight this lymph node 
was identified on the lymphoscintigraphy. During lymphadenectomy we probably did 
not trace the node because of the shine-through effect, which is a well-known limitation 
of the use of radioactive tracers in SNNS. The use of indocyanine green (ICG) in addition 
to the radioactive tracer might overcome this limitation[31,32]. This is of importance since 
the patients in our studies who were found to have LNM, had LNM in a peritumoral lymph 
node (i.e. paracardial). Future studies of our group will focus on evaluating these modalities 
in early EAC patients. 

Eight of ten patients included in phase I and II were diagnosed with a submucosal EAC. In 
two out of eight patients (2/8), LNM were observed in the surgical resection specimen. This 
rate underlines the results of other series that the incidence of metastatic disease in this 
patient category might be lower than previously assumed in surgical series, but also stresses 
the importance of lymphadenectomy in selected high-risk patients[9,10,18,20].

Strengths of this study include the participation of upper GI surgeons who have extensive 
experience in performing minimally invasive esophagectomy. Furthermore, these surgeons 
were also involved in the preclinical studies on this subject and are thereby familiarized with 
the surgical procedure. Last, the endoscopic gamma probe was specially designed for this 
study: the window was turned into a 30-degree corner in order to optimize detection of 
sentinel nodes, and to minimize the background activity of the injection site. Some limitations 
need to be acknowledged. First, since this is a pilot-study, we only included a limited number 
of patients and therefore results cannot be extrapolated to clinical practice. Furthermore, 
detection bias leading to a Hawthorne effect could have played a role in phase I of this study, 
since the pathologists were specifically instructed to precisely harvest and count all retained 
lymph nodes. In this way, possibly more (retained smaller) lymph nodes could be found 
when compared to routine diagnostics of daily practice. Third, fibrosis formation at the site 
of the ER could have influenced SNNS results. Fibrosis formation compromizes the lymph 
vessels in the center of the resection scar, however the efferent lymph vessels are still intact. 
We injected the radioactive tracer in four quadrants around the resection scar in the efferent 
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vessels. We therefore we think we did not miss any sentinel node. Last, we will have to 
evaluate the e�ect of limited lymphadenectomy leaded by SNSS on esophageal and gastric 
functioning. Future studies will focus on this aspect, as well as the e�ect of limited treatment 
on quality of life. Finally, one has to bear in mind that early EAC patients, who undergo 
esophageal-sparing treatment, need to enter a strict surveillance program with upper 
endoscopies at regular time intervals to monitor for local recurrence and/or metachronous 
esophageal lesions. Furthermore, residual BE has to be treated with ablation therapy, since 
in up to 30% of patients with residual BE after removal of early EAC metachronous lesions 
develop [2,32,33,34].

In conclusion, SNNS without concomitant esophagectomy might be an attractive treatment 
option for patients with a high-risk submucosal EAC, which has been removed radically 
by endoscopic means. This organ-sparing approach might be bene�cial in selected 
patients in terms of treatment-related morbidity, mortality and quality of life compared to 
esophagectomy. More evidence is clearly warranted to prove this new approach is e�ective. 
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S u P P L E M E N TA R Y  M E T H O D S  S E C T I O N
Phase I

Patients underwent thoracolaparoscopic lymphadenectomy of all lymph nodes involved 
with the drainage of the esophagus. Lymph node stations were classified according to 
the American Joint Committee on Cancer (AJCC) 7th edition esophageal cancer staging[33]. 
Dependent on the surgical procedure (i.e. McKeown or Ivor-Lewis procedure), the procedure 
started with either the removal of the thoracic or the abdominal lymph nodes. In case of 
a McKeown procedure, the procedure started with right thoracoscopy and removal of 
the high paraesophageal (left and right, st 2 and 4), subcarinal (st 7), aortopulmonary 
window (st 5), and low paraesophageal lymph nodes (st 8 and 9). After removal of all 
lymph nodes, the thoracic cavity was inspected for the presence of residual lymph nodes. 
Subsequently, the first part of the esophagectomy was performed. The esophagus was 
mobilized, so that the esophagus could safely be dissected further on in the procedure. 
Thereafter, the patient was turned to the supine and steep anti-Trendelenburg position. In 
the abdomen, the paracardial lymph nodes (left and right, st 16), the lymph nodes along 
the left gastric artery (st 17), common hepatic artery (st 18), splenic artery/hilum (st 19), 
lymph nodes around the celiac trunk (st 20), and along the hepatoduodenal ligament 
were resected. In this area, the vascularization was also carefully preserved (no dissection 
of left gastric artery). After removal of all targeted lymph node stations, the area around 
the celiac trunk was inspected for residual lymph nodes. In case of Ivor Lewis procedure 
abdominal part of the procedure was performed first. After finishing the lymphadenectomy, 
esophagectomy was completed: details are extensively described elsewhere[17].




