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A B S T R A C T
Background

Esophagectomy for submucosal (T1b) esophageal adenocarcinoma (EAC) is performed in 
order to optimize patient outcomes given the risk of concurrent lymph node metastases 
(LNM). However, not seldom, comorbidity precludes these patients from surgery. Therefore, 
the aim of our study was to assess the course of follow up after treatment in submucosal EAC 
patients undergoing surgery versus conservative therapy, and to evaluate the incidence of 
metastatic disease.

Methods

Between 2001 and 2012, all patients undergoing diagnostic endoscopic resection (ER) 
for EAC in two centers were reviewed. Only patients with histopathologically proven 
submucosal tumor invasion were included. Submucosal EAC’s were divided into tumors 
which were removed radically (R0) and irradically (R1). Subsequently, in the R0-group, 
EAC’s were classified as either low-risk (LR; submucosal invasion <500nm, G1-G2, no LVI) 
or high-risk (HR; deep submucosal invasion >500nm, and/or G3-G4, and/or LVI). Metastatic 
disease was defined as LNM in surgical resection specimen, and/or evidence of malignant 
disease during follow-up (FU).  

results

69 patients with a submucosal EAC were included (23 R1-resections, 46 R0-resection [14 
R0-LR, 32 R0-HR]). Twenty-six patients underwent surgical treatment (1 R0-LR, 12 R0-HR and 
13 R1). None of the 14 R0-LR patients developed metastatic disease after a median FU of 60 
months. In the R0-HR group and R1-group, metastatic disease was diagnosed in 16% and 
30% of patients, respectively. Surgical patients tended to have a better overall survival than 
non-surgical patients (p=0.09). Tumor-related deaths, however, was 12% in both groups.

Conclusions

In LR submucosal EAC, the risk of metastatic disease appears to be very low. In deep 
submucosal EAC (either R0 or R1-resection), the rate of metastatic disease is lower than 
reported in earlier surgical series. Given the reasonable disease-free survival and high 
background mortality, conservative management of these patients seems to be a valid 
alternative for surgery in selected cases. 
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I N T R O D U C T I O N
During the past decades, the incidence of esophageal adenocarcinoma (EAC) has been 
rising in the Western world [1, 2]. Higher awareness of early lesions combined with improved 
imaging techniques used in Barrett surveillance have led to earlier detection of these tumors, 
extending the window of opportunity for treatment.

For patients with high-grade dysplasia (HGD) and early adenocarcinoma (T1) radical 
esophagectomy has long been the therapy of choice as it deals with the tumor, as well as 
with possible regional lymph node metastases (LNM) and any remaining Barrett’s esophagus 
(BE). Although in high-volume centers the operative mortality rates ranges from 0-4% [3], 
morbidity rates [4, 5] and the quality of life after esophagectomy remains a concern [6, 7]. 

Meanwhile, endoscopic therapy has become a safe and e�ective alternative for 
esophagectomy in early esophageal neoplasia (HGD or EAC) [8, 9]. Cornerstone of endoscopic 
therapy is endoscopic resection of any visible lesion, followed by additional ablation of 
the remaining Barrett’s segment, as in up to 35% of patients metachronous lesions may 
develop [10, 11]. However, major drawback of endoscopic treatment is the inability to 
perform lymphadenectomy. Therefore, risk of LNM should be weighed against the mortality 
and morbidity rates of esophagectomy when deciding on endoscopic therapy. 

In early EAC the presence of certain tumor characteristics play a pivotal role in the risk of 
developing LNM. Tumors limited to the mucosa have been reported to be associated with 
a very low risk of LNM (<2%)[12]. Yet, regional lymph nodes have been reported in up to 
46% in patients with submucosal tumors, the risk increasing with deeper submucosal 
invasion [13-27]. Other than deep submucosal in�ltration, predictors for the risk of LNM are 
lymphovascular invasion and poor tumor di�erentiation [17, 21, 26, 28, 29]. In the presence 
of one of these features, or in case if an irradical endoscopic resection, esophagectomy is 
generally advocated. 

However, some patients are deemed un�t for surgery. In addition, despite being aware of 
the risk of lymph node metastasis, some patients prefer alternative therapy over surgery, 
such as (additional) endoscopic treatment, chemoradiation therapy (CRT) or surveillance, 
because of the invasive character of the surgical procedure and the associated morbidity 
and diminished quality of life [6]. Few data are published yet on the long-term follow up, and 
the incidence of metastatic disease in patients with a submucosal EAC treated conservatively. 

The aim of this study was therefore to assess the management of patients with a submucosal 
EAC, and to evaluate the incidence of metastatic disease of patients following surgical or 
conservative treatment. 
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M E T H O D S
Patients

From January 2001 until December 2011 all consecutive patients who underwent diagnostic 
endoscopic resection (ER) because of early EAC in two tertiary hospitals for BE-related 
neoplasia in the Netherlands (Academic Medical Center, Amsterdam and St Antonius Hospital, 
Nieuwegein) were retrospectively identified through a local search in our  nationwide 
network and registry of histopathology and cytopathology in the Netherlands (PALGA-
system). Patients were only included in case of submucosal tumor invasion in the ER-
specimen. Exclusion criteria were the presence of proven lymph node or distant metastasis 
in the diagnostic work-up, the use of chemotherapy, radiotherapy or a combination 
thereof as final therapy after ER, and the lack of follow-up after final therapy for their 
 submucosal EAC. 

Endoscopic resection

All ERs were performed as outpatient procedures under conscious sedation (intravenous 
propofol or midazolam in combination with fentanyl or pethidine). First, the visible lesion was 
delineated by placement of coagulation markers, followed by resection using the multiband 
mucosectomy (MBM, Duette, Cook Endoscopy, Limerick, Ireland), the ER-cap technique, or 
endoscopic submucosal dissection (ESD). En-bloc resection was achieved in lesions <2 cm 
or if the lesion was removed by means of an ESD. In every other case, piecemeal resection 
was required. 

Histopathological evaluation

All retrieved ER-specimen were stretched and pinned down on paraffin, fixed in formalin 
10% and sent for histopathological evaluation. The ER-specimen were subsequently cut 
in slices (a slice every 2 mm) and stained with haematoxylin and eosin. Histopathological 
parameters that were recorded consisted of differentiation grade of the tumor, presence of 
lymphovascular invasion, presence of tumor extending beyond the vertical resection margin 
and tumor infiltration depth[30]. Submucosal invasion of ≤ 500µm into the submucosa was 
defined as sm1. If tumor invasion was > 500µm into the submucosa, the lesion was classified 
as sm2/3.

All specimens were examined by an expert pathologist in the field of gastrointestinal 
pathology (S.M. or C.S.). If the initial examination of the ER-specimen was performed by a non-
expert pathologist, the specimen was reviewed by an expert pathologist for the purpose of 
this study.

Treatment after initial Er

Patients were discussed in a multidisciplinary meeting with a gastroenterologist, 
gastrointestinal surgeon, oncologist, radiotherapist, radiologist and nuclear medicine 
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specialist to tailor further treatment. Patient were either referred for surgery or additional 
endoscopic treatment, based on the tumor characteristics found in the ER-specimen, and 
results of other diagnostic investigations such as CT-scans and endoscopic ultrasound 
(EUS). When a patient was deemed un�t for or refused surgery, a tailored treatment plan 
was drafted and deliberated with the patient. Some patients decided to not undergo any 
additional treatment after diagnostic ER. These patients were kept under surveillance with 
endoscopic ultrasound and additional imaging. 

Surgical treatment

When patients were eligible and referred for surgery, esophagectomy was performed by 
means of a transthoracic or transhiatal approach with gastric tube reconstruction and 
two-�eld lymphadenectomy in case of transthoracic approach and 1-�eld lymphadenectomy 
in case of transhiatal approach [31, 32]. 

Conservative management

Conservative management was de�ned either as additional endoscopic therapy after 
the initial diagnostic ER, or as surveillance after initial ER, or as the decision of doctor and 
patients not to perform any therapy or surveillance after initial ER.

Additional endoscopic treatment consisted of stepwise radical ER, argon plasma coagulation 
(APC), or radiofrequency ablation (RFA) [33-35] of any remaining Barrett’s segment to prevent 
the development of metachronous neoplastic lesions.

Follow-up

Depending on the patients tailored treatment plan, additional endoscopies, EUS , CT-scans 
or other diagnostic procedures may have been executed to evaluate local recurrence, and 
locoregional or distant metastasis during follow-up as a routine examination, or only in case 
of symptoms. Due to improvement or deterioration of a patient’s condition, or additional 
�ndings during follow-up, therapy may have deviated from the original treatment plan.

Data collection

On a standardized case record form all data on medical history, endoscopic procedures, 
histopathological reports, imaging, and visits to the outpatient clinic after the �rst ER were 
documented of all included patients from their medical records. In case a patient was referred 
back or data were missing, the referring hospital or general practitioner was contacted to 
retrieve additional data. Follow up data were collected until June 2014 or until death of 
the patient. The cause of death was de�ned by the treating physician and con�rmed by 
reviewing the medical �les and any autopsy reports. 
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Patient groups

Patients were subdivided into three groups: �rst we separated the patients who had 
undergone a radical ER (R0-resection) from the patients that had undergone an irradical ER 
(R1-resection). An ER was only considered irradical when tumor extended beyond in vertical 
margin, as extension in the horizontal margin is only an indication for further endoscopic 
therapy, such as a re-ER or ablative therapy.

Second, we subdivided patients in the R0-group into patients in which the tumor had 
histopathological characteristics, associated with a low-risk for LNM (R0-LR; de�ned as 
submucosal in�ltration depth of <500µm [T1sm1], good to moderately di�erentiated, and 
no presence of lymphovascular invasion [LVI]), and patients with an EAC with high-risk 
characteristics for LNM (R0-HR; de�ned as presence of tumor invasion into the deeper 
than 500µm in the submucosa [T1sm2/3] and/or presence of LVI and/or poor tumor 
di�erentiation); Figure 1. 

In addition, for overall survival analysis, patients were also subdivided based on a patients’ 
status at the end of the study: tumor-related death (TR), non-tumor-related death (NTR) and 
patients that were still alive at the end of the study period. Length of follow up (in months) 
until any event (detection of local or metastasized disease, end of the study period, or death) 
was calculated from the date of �nal therapy. 

Radical resection
R0

Irradical resection
R1

Low-Risk
Superficial SM invasion

G1 – G2
No LVI

ER

High-Risk
SM 1-3
G1-G3

LVI + or  -

High-Risk
Deep SM invasion

G3
LVI+

Figure 1. Histological classi�cation of endoscopic resection specimen. 

Endoscopic resection specimen were assessed by expert pathologists and categorized based on tumor 
characteristics. ER: endoscopic resection;R1: tumor-positive deep vertical resection margin; SM: submucosal; 
G1: well di�erentiated; G2: moderately di�erentiated; G3: poorly di�erentiated; LVI: lymphovascular invasion.
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Outcome parameters

The outcome parameters of this study consisted of the following: 
1. Proportion of patients referred for surgery
2. Presence of residual neoplasia in the esophagectomy specimen
3. Surgical morbidity and mortality
4. Reason for deviation from the standard of care 
5. Incidence of recurrent luminal disease during follow-up, and subsequent treatment 

in the conservatively treated patients
6. Incidence of metastatic disease after surgery or conservative therapy
7. Disease-free survival, de�ned as survival between the date of �nal therapy and 

the date on which metastatic disease (either LNM or distant metastasis) was 
diagnosed, by means of EUS or imaging techniques

8. The overall survival, de�ned as the survival between the date of �nal therapy and 
death/end of follow up

Ethical considerations

According to national guidelines (www.ccmo.nl), this study was exempted from o�cial 
institutional review board (IRB) approval, after the IRB had assessed the study design  
and protocol. 

Statistical analysis

Kaplan-Meier analysis and log rank test was used to analyze the survival of patients. For 
continuous variables mean (±SD) is used and compared with the t test in case of normal 
distribution, or presented as median (interquartile range, IQR) and compared with the Mann-
Whitney U test for skewed distribution. Categorical data are presented as percentages and 
were compared with the Fisher exact test. All statistical analyses were performed using 
a statistical software package (Statistical Package for the Social Sciences 20.0.1; SPSS Inc., 
Chicago, Ill). 

R E S U LT S
Patients 

A total of 95 consecutive patients with a submucosal EAC were identi�ed. After exclusion 
of 26 patients because of a downstaged diagnosis after revision by the expert pathologist 
(8), any additional treatment with chemo- and/or radiotherapy (8), or the lack of follow up 
data after initial therapy (10), 69 patients were eligible for analysis. Patient characteristics 
are shown in Table 1. Based on all histopathological characteristics 14 (20%) of patients were 
considered R0-LR, 32 (46%) R0-HR, and 23 (33%) in the R1-group (Figure 2). 
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Treatment after endoscopic resection

After the initial diagnosis, 26 (38%) patients underwent surgical treatment, whereas 43 (62%) 
patients were treated conservatively (23 patients received additional endoscopic therapy, 
and 20 patients were followed without additional endoscopic interventions). Distribution of 
treatment strategies per risk group is shown in Figure 2.

Table 1. Baseline characteristics

Patients
Total, n 69
Age at endoscopic resection of lesion, years (IQR) 70 (64 - 76)
Gender, n
 Male 55 (80%)
Barrett extent, cm (IQR)
 Circumferential 2 (0-6)
 Maximal 4 (2-8)
Tumor
Location, n
 Barrett 64 (93%)
 Cardia 5 (7%)
Endoscopic resection
ER technique
 ER cap 44 (64%)
 MBM 22 (32%)
 ESD 1 (1%)
 Combined ER-cap + MBM 3 (3%)
Resection
 En bloc 20 (29%)
Histopathological examination Er-specimen
Infiltration depth
 T1sm1 35 (51%)
 Distance (median [IQR]) 200 µm (100 – 490)
 T1sm2/3 34 (49%)
 Distance (median [IQR]) 1000 µm (850 – 1450)
Differentiation grade, n
 Good (G1) 2 (3%)
 Moderate (G2) 32 (46%)
 Poor (G3) 35 (51%)
Lymphovascular invasion (LVI), n
 Absent 50 (72%)
 Present 19 (28%)
Radicality of ER (deep vertical margins)
 Non-radical 23 (67%)
 Radical 46 (33%)
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Figure 2. Patient �owchart for treatment strategy after diagnosis of T1b esophageal adenocarcinoma. 

Surgical treatment

Twelve patients underwent esophagectomy by means of a transhiatal approach, while 
14 patients underwent a transthoracic esophagectomy. Majority of the procedures was 
performed in a minimally-invasive way. In the esophagectomy specimen, residual tumor of 
the esophageal wall was found in 9 (35%) patients (3 R0-HR and 6 R1 in ER specimen): 4 
submucosal and 5 mucosal tumors. However, only in 1 (4%) patient deepest tumor in�ltration 
was not resected by ER (R1 in ER specimen). The other surgical specimen contained LGD or 
HGD in 10 or non-dysplastic BE in 7. 

A median of 20 (IQR 11-32) and 15 (11-26) lymph nodes were resected with the transthoracic 
and transhiatal approach, respectively. Median hospital stay was 15 (IQR 11-26) days. In 13 
(50%) patients, surgical morbidity was observed (in majority of patients this consisted of 
postoperative pulmonary complications). There was no in-hospital mortality, and no 30-day 
and 90-day mortality. However, one HR-patient (4%) died because of a tracheoesophageal 
�stula (trachea to gastric tube) 50 months after surgery.

The categorized patients (according to �gure 1) underwent therapy based on standard of care (i.e. surgery) 
or a tailored treatment plan (i.e. additional endoscopic therapy or surveillance). CT: chemotherapy; RT: 
radiotherapy; CRT: chemoradiation therapy; FU: follow up; R0-LR: radical endoscopic resection with low-risk 
tumor characteristics; R0-HR: radical endoscopic resection with high-risk tumor characteristics; R1: irradical 
endoscopic resection with tumor-positive deep vertical resection margin; PA: pathology.
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Conservative treatment

A total of 43 (62%) patients did not undergo esophagectomy after diagnostic ER. Thirteen 
of these 43 patients were diagnosed with a low-risk tumor which was removed radically 
(LR-R0). In the participating hospitals, further endoscopic treatment of these tumors was 
considered optimal therapy. 

Thirty of the 55 patients (55%) with an indication for surgical treatment (either high-risk for 
lymph node metastasis [R0-HR group] or after an irradical endoscopic resection [R1 group]) 
were not operated but treated conservatively. Reason for refraining from surgery was that 
most patients were deemed unfit for surgery (18 patients), while 6 patients refused surgery. 
In another 6 patients, post-treatment revision of the ER-specimen by an expert pathologist 
(for other study purposes) showed high-risk characteristics, whereas the EAC was initially 
staged as low risk by a non-expert pathologist.  

Twenty-three out of these 30 patients received additional endoscopic therapy: 6 patients 
underwent a radical ER of all residual Barrett’s epithelium, and 17 patients received additional 
ablation-treatment (RFA or APC) after initial ER to eradicate all BE.

Local disease status after completion of treatment

A total of 49 (71%) patients achieved complete remission of dysplasia: all 26 who underwent 
surgery and 23 patients who were treated conservatively (11 R0-LR, 12 R0-HR). The 10 patients 
with initial R1 resection who did not undergo surgery were considered to have local remains 
of neoplasia. In addition, 10 patients did not achieve complete remission of dysplasia (EAC 
remaining in 3, HGD in 6 and LGD in 1) in their remaining BE segment due to the inability to 
perform complete treatment of the remaining BE, or the choice for surveillance strategy (3 
R0-LR, 7 R0-HR).

Disease recurrence and survival

Local recurrence

In one of the 24 patients that was considered free of luminal disease (R0-LR, conservatively 
treated), recurrence of luminal disease occurred 12 months after completion of treatment. In 
9 (4 R1 and 5 R0-HR) of the 20 patients that did not achieve complete remission of dysplasia 
a recurrent visible lesion originating from the tissue surrounding the ER-scar was found after 
a median follow up of 10 (IQR 5 – 26) months. This luminal disease was successfully treated 
in 7 of the total of 10 cases by means of additional endoscopic therapy (3), definite (chemo)
radiotherapy (3) or surgery (1). Hereafter, patients survived for a median of 39 (IQR 23 – 51) 
months. In the remaining 3 patients, luminal disease was diagnosed simultaneously with 
the detection of metastatic disease. 
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Metastatic disease

Twelve (17%) patients developed LNM and/or distant metastasis. The rate per group was 0% 
for the low-risk R0 group, 16% for the high-risk R0-group and 30% for the patients with an 
irradical ER (R1-group). 75% of these patients were diagnosed with metastatic disease within 
1 year after �nal therapy. If examined solely by tumor depth rather than all risk factors, 
the risk of metastatic disease was 14% in the tumors invading the super�cial submucosa 
(sm1), compared to 21% in deep submucosal tumors (sm2/sm3). 

In �ve out of twelve patients, LNM was already found in the surgical resection specimen 
(2 R0-HR, 3 R1). In three of these patients, 1 tumor-positive lymph nodes was found, while 
in the other two patients 2 tumor-positive lymph nodes were observed. No additional 
treatment was e�ectuated after diagnosis of the LNM. 

In the remaining 7 patients (1 surgery and 6 conservative patients), LNM and/or distant 
metastasis was diagnosed after a median follow-up of 10 (IQR 6 – 33) months. Patient 
characteristics and subsequent treatment of metastatic disease are displayed in Table 2. 

Survival

The median overall survival was 49 (IQR 28 – 62) months. In the patients that underwent 
surgery the survival was 51 (IQR 30 – 60) months, whereas this was 46 (IQR 24 – 65) months in 
the patients that had conservative therapy (p=0.53). At the end of the study period, 8 (12%) 
of patients had died of a tumor-related cause (3 [12%] treated by surgery and 5 [12%] treated 
conservatively [p=1.00]), Figure 3. Sixteen (23%) patients had deceased of a non-tumor-
related cause (2 [8%] treated by surgery and 14 [33%] treated conservatively [p=0.02]). 
The other 45 (65%) patients reached the end of follow up at 52 (IQR 32 – 65) months. Survival 
periods and further characterization per risk group is displayed in Table 3.

Kaplan-Meyer analysis shows a trend of better overall survival after surgery than after 
conservative (endoscopic) therapy (log-rank test p=0.09), based on all causes of death 
(Figure 4). Additional Kaplan-Meyer analysis (Figure 5) shows that there was no di�erence in 
occurrence of tumor-related deaths between the two treatment strategies (p=0.88).

D I S C U S S I O N
Current consensus dictates esophageal resection for submucosal EAC, since there is 
a signi�cant risk of LNM. However, perspectives are slowly changing towards the point where 
endoscopic therapy is accepted when the risk for LNM does not exceed the mortality rate 
of esophagectomy. This study evaluated the risk for LNM and distant metastasis in a series 
of 69 patients with a submucosal EAC who were treated surgically, endoscopically, or did 
not receive additional endoscopic therapy after initial ER. We demonstrated that the risk 
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for LNM in low-risk submucosal EAC is very low. Furthermore, in our cohort the risk of LNM 
and/or distant metastasis was 16% and 30% in radically resected high-risk and non-radically 
resected submucosal EAC patients, respectively. 

The risk for LNM in submucosal EAC has been assessed before. Manner et al. and Alvarez 
Herrero et al. analyzed patients with a submucosal EAC which were treated endoscopically, 
and they reported a comparable risk of LNM (0-2%) in low-risk submucosal EAC [13, 18]. 
In addition, the study by Manner et al. found a 9% risk for LNM in high-risk T1b EAC. This 
lower rate, compared to the 16% in our cohort, may be explained by the fact Manner et al. 
only included high risk superficial submucosal (sm1) EACs, while in our study all patients 
with the presence of tumor invasion into the deeper submucosa (T1sm2/3) were included. 
In their series of a combined endoscopic and surgical approach, Boys et al. also found 
no LNM in low-risk T1b, and an increasing risk with every extra risk factor (>500µm in 
the submucosa and/or presence of LVI and/or poor tumor differentiation) of 25%, 33% and 
50% respectively[26]. 

Table 2. Patients with a submucosal EAC with metastatic disease

Infiltration 
depth

Differentiation 
grade LVI

Deep margin 
involved

Initial therapy 
after Er

remaining 
Barrett

Type of recurrent 
malignant disease

FU till metastasis 
(months)

additional therapy 
after metastasis

FU till death or end 
of study (months) Deceased

Tumor- 
related death

additional 
remarks

1 sm2/3 G3 No No RFA No BE Distant (Peritonitis 
carcinomatosa)

10 palliative CRT 35 Yes Yes  

2 sm2/3 G2 Yes No None BE with LGD Distant (Liver) 9 palliative CRT 12 Yes Yes  
3 sm2/3 G3 No Yes THECR N/A Distant (LNM after 

THECR)
33 palliative CT 51 Yes Yes  

4 sm1 G3 Yes No THECR N/A LNMa N/A N/A 31 No N/A  
5 sm2/3 G2 Yes Yes THECR N/A LNM + distant 

(LNM)a

N/A N/A 8 Yes Yes

6 sm1 G3 No Yes THECR N/A LNMa N/A N/A 49 No N/A  
7 sm2/3 G3 Yes Yes SRER No BE Distant (Bone) 0 none 7 Yes Yes  
8 sm1 G2 Yes Yes None BE with HGD Local recurrence 15 RT 34 Yes No Bone metastasis 

29 months after RT
9 sm2/3 G3 Yes Yes None BE Recurrence + LNM 69 CRT+TTECR 103 Yes Yes Second recurrence 

after TTECR
10 sm1 G3 Yes No ER+APC BE with HGD Recurrence + LMN 6 THECR 

(3x LNM+)

57 Yes Yes Lung metastasis 1 
yr after surgery

11 sm2/3 G2 No No TTECR N/A LNMa n/a n/a 25 No No
12 Sm1 G2 No Yes TTECR N/A LNMa n/a n/a 52 No No

This table specifies the origin, therapy and follow up of the 12 T1b cases that developed metastatic disease during 
the course of the follow up. a = LNM in surgical resection specimen; APC = argon plasmacoagulation; BE = Barrett’s 
esophagus; CRT = chemoradiation therapy; CT = chemotherapy; ER = endoscopic resection; FU = follow up;  
HGD = high-grade dysplasia; LGD = low-grade dysplasia; LNM = lymph node metastases; LVI = lymphovascular 
invasion; RFA = radiofrequency ablation; RT = radiotherapy; SRER = stepwise repeat endoscopic resection;  
THECR = transhiatal esophageal cardia resection; TTECR = transthoracic esophageal cardia resection. 
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Table 2. Patients with a submucosal EAC with metastatic disease

In�ltration 
depth

Di�erentiation 
grade LVI

Deep margin 
involved

Initial therapy 
after ER

Remaining 
Barrett

Type of recurrent 
malignant disease

FU till metastasis 
(months)

Additional therapy 
after metastasis

FU till death or end 
of study (months) Deceased

Tumor- 
related death

Additional 
remarks

1 sm2/3 G3 No No RFA No BE Distant (Peritonitis 
carcinomatosa)

10 palliative CRT 35 Yes Yes  

2 sm2/3 G2 Yes No None BE with LGD Distant (Liver) 9 palliative CRT 12 Yes Yes  
3 sm2/3 G3 No Yes THECR N/A Distant (LNM after 

THECR)
33 palliative CT 51 Yes Yes  

4 sm1 G3 Yes No THECR N/A LNMa N/A N/A 31 No N/A  
5 sm2/3 G2 Yes Yes THECR N/A LNM + distant 

(LNM)a

N/A N/A 8 Yes Yes

6 sm1 G3 No Yes THECR N/A LNMa N/A N/A 49 No N/A  
7 sm2/3 G3 Yes Yes SRER No BE Distant (Bone) 0 none 7 Yes Yes  
8 sm1 G2 Yes Yes None BE with HGD Local recurrence 15 RT 34 Yes No Bone metastasis 

29 months after RT
9 sm2/3 G3 Yes Yes None BE Recurrence + LNM 69 CRT+TTECR 103 Yes Yes Second recurrence 

after TTECR
10 sm1 G3 Yes No ER+APC BE with HGD Recurrence + LMN 6 THECR 

(3x LNM+)

57 Yes Yes Lung metastasis 1 
yr after surgery

11 sm2/3 G2 No No TTECR N/A LNMa n/a n/a 25 No No
12 Sm1 G2 No Yes TTECR N/A LNMa n/a n/a 52 No No

This table speci�es the origin, therapy and follow up of the 12 T1b cases that developed metastatic disease during 
the course of the follow up. a = LNM in surgical resection specimen; APC = argon plasmacoagulation; BE = Barrett’s 
esophagus; CRT = chemoradiation therapy; CT = chemotherapy; ER = endoscopic resection; FU = follow up;  
HGD = high-grade dysplasia; LGD = low-grade dysplasia; LNM = lymph node metastases; LVI = lymphovascular 
invasion; RFA = radiofrequency ablation; RT = radiotherapy; SRER = stepwise repeat endoscopic resection;  
THECR = transhiatal esophageal cardia resection; TTECR = transthoracic esophageal cardia resection. 

In most surgical series, however, the risk for LNM ranges between 0% and 50% for T1sm1 
EACs, and 7-46% in T1sm2/3 EAC [13-16, 18, 19, 23, 24, 26], being considerably higher than 
the 0% and 16% risk found in the present study. 

Several arguments have been brought up to explain the lower rates of LNMs found in 
series on endoscopic therapy as compared to surgical series. On one hand, there may be an 
underestimation of the risk for metastasis in patients that are endoscopically treated, since 
EUS is not �awless in the detection of pathologically enlarged LN [36]. However, median 
length of follow-up of non-surgically treated patients was relatively long in this cohort. 
Moreover, as Manner et al. described already, metastatic disease is diagnosed in majority of 
patients within two years after esophagectomy [13, 37, 38]. Likewise, in our cohort only one 
patient was diagnosed with metastatic disease more than �ve years after therapy. 

On the other hand, there might be an overestimation of the risk for metastasis in 
retrospective surgical series. During routine pathology processes, the ER specimens are 
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Figure 3. Course of follow up in high-risk T1b EAC. In high-risk T1b patients the percentage of tumor-
related deaths did not di�er in patients with a surgical and conservative approach. The percentage of 
non-tumor related deaths was higher in the patients with a conservative approach. EAC: esophageal 
adenocarcinoma; FU: follow up; LNM: lymph node metastases; R0-HR: radical endoscopic resection with 
high-risk tumor characteristics; R1: irradical endoscopic resection with tumor-positive deep vertical 
resection margin; NTR: non-tumor related; TR: tumor-related.

Table 3. Status of patients with T1b adenocarcinomas at the end of follow up

  Total Surgery Conservative

Total 69 26 43
  Metastasis (n[%]) 12 (17%)  6  6 
  LNM/distant 5a/2 b 6/6
  End of study (n[%])      
  TR death 8 (12%) 3 (12%) 5 (12%)
  NTR death 16 (23%) 2 (8%) 14 (33%)
  Alive 45 (65%) 21 (81%) 24 (55%)
  Survival in months (median [IQR])      
  Until metastasis 3 (0 - 24) 0 (0 – 33) 9 (5 – 39)
    Overall 49 (28 - 62) 51 (30 - 60) 46 (24 - 65)
R0-LR 14 1 13
  Metastasis (n) 0  0 0
  LNM/distant 0/0 0/0
  End of study (n)      
  TR death 0 0 0
  NTR death 4 0 4
  Alive 10 1 9
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Table 3. (continued)

Total Surgery Conservative

  Survival in months (median [IQR])      
  Until metastasis N/A N/A
    Overall 60 (43 - 72) 58 60 (38 - 73)
R0-HR 32 12 20
  Metastasis (n) 5  2  3
  LNM/distant 2*/0 3/3

Total Surgery Conservative
  End of study (n)      
  TR death 4 1 3
  NTR death 6 1 5
  Alive 22 10 12
  Survival in months (median [IQR])      
  Until metastasis 0 a 9 (6 - 10)
    Overall 43 (20 - 63) 51 (29 - 61) 43 (20 - 65)
R1 23 13 10
  Metastasis (n) 7 4  3
  LNM/distant 4 a /2 b 3/3
  End of study (n)      
  TR death 4 2 2
  NTR death 6 1 5
  Alive 13 10 3
  Survival in months (median [IQR])      
  Until metastasis 0 (0 – 33) 29 (0 c  - 69)
    Overall 45 (28 - 53) 50 (31 - 60) 37 (18 - 50)

This table shows the course of follow up in all patients, further speci�ed per risk group. a = in esophagectomy 
specimen; b = one case found during surgery, the other developed after surgery; c = LNM was known, but thought 
be of other origin. LNM: lymph node metastases; TR: tumor-related; NTR: non tumor-related; R0-HR: radical 
endoscopic resection with high risk tumor characteristics; R0-LR: radical endoscopic resection with low risk tumor 
characteristics; R1-HR: irradical endoscopic resection with tumor-positive deep vertical resection margin; IQR: 
interquartile range. 

cut at narrower intervals compared to surgical specimen (every 2 mm instead of every 5 
mm). The deepest tumor in�ltration may therefore be ‘missed’, and LNM rates in these 
retrospective surgical series may correspond with more advanced carcinoma than is reported 
(understaging). Many of these surgical series were retrospectively executed, and only 
a few studies have re-assessed these histological parameters and may be more accurate for  
comparison [14-16, 24, 37, 39]. 

During the course of this study, in clinical routine, surgery was considered the treatment 
of choice for patients with submucosally invading early EAC, especially in case of poor 
prognostic factors (as in the high-risk group) and / or after irradical ER. The majority of 
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Figure 4. Overall survival of T1b esophageal adenocarcinomas based on therapy. 

Figure 5. Tumor-related deaths in T1b adenocarcinomas based on therapy. 

The Kaplan-Meyer curve shows the overall survival of patients with T1b EAC treated conservatively or by 
means of surgery. 

This Kaplan-Meyer curve shows the occurrence of tumor-related deaths in patients with T1b EAC treated by 
means of surgery or that received a tailor-made conservative therapy. No di�erence was found in the number 
and survival of tumor-related deaths between both treatment strategies. 
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the patients in our series, however, were managed conservatively. Obviously, factors such as 
age and comorbid conditions played an important role in this decision. The results from our 
study are supportive of such a conservative approach in this group of patients. 

First, in the R0-LR group no metastatic disease was observed after a median follow up of 
60 months with only one patient developing a luminal recurrence, which could be treated 
successfully by endoscopic means. Surgical therapy in this group of patients therefore 
would be overtreatment. Second, we observed a high background mortality in our patient 
group: of all conservatively treated patients, 33% died because of non-tumor related causes 
before recurrence or metastatic disease could become manifest. And third, in the high-risk 
groups (R0 and R1), we identi�ed patients that, despite invasive surgical treatment, still 
developed distant metastasis (2 [8%]). Apparently, esophagectomy does not always cure  
submucosal EAC. 

During follow up, 5 non-surgical patients (2 endoscopically treated, 3 surveillance) died 
because of tumor-related causes. At �rst sight, these patients might have been cured if 
early esophagectomy was performed. However, in 4 of these 5 patients distant metastasis 
were detected within 10 months after treatment. Although the duration of developing 
metastasis in uncertain, this early metastatic spread questions if surgery could have been 
curative in these patients. Possibly, early surgical treatment would have changed the course 
of the disease  In only one case: this patient developed recurrent disease with LNM more 
than 5 years after initial ER for which the patient received neo-adjuvant CRT, followed  
by esophagectomy.

Surprisingly, the number of tumor-related deaths in the surgically treated patients was 
comparable to the conservative treatment group (12% in the surgery group vs 12% in 
the conservative group). 

And although the vast majority of metastatic disease and luminal recurrences occurred in 
patients that did not achieve complete remission of neoplasia, the mortality in this speci�c 
group is still surprisingly low. One can only speculate on the cause of such a low rate of 
metastatic disease and luminal recurrences in patients with an R1 endoscopic resection. 
One possible explanation might be the di�culty of ER-specimen assessment caused by 
cauterization damage and piecemeal resection. When in doubt due to these phenomena, 
pathologists might tend to classify this as a R1 resection while, for example, it truly is a R0-LR. 
The number of true endoscopic R1 resections may thus be overestimated in our series.

 To our knowledge, this is the �rst study describing the course of disease of patients with 
radically and non-radically resected high-risk submucosal EAC that did not undergo surgery. 
The strength of this study is the long follow-up available for these patients. However, 
the study also has its limitations. Due to the retrospective design of the study, the follow-up 
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regime was not standardized for all patients. Patients did not undergo follow-up endoscopies 
or endoscopic ultrasounds at regular time intervals. A second limitation, present in more 
studies concerning this subject, is the small number of low-risk submucosal EAC included. 
Nevertheless, the very low risk of LNM found in this group of patients was comparable 
to the risk found in earlier studies [13]. And lastly, the size of the cohort unfortunately 
does not allow performing a prediction analysis for risk factors such as infiltration depth, 
presence of LVI, differentiation grade and radicality of the ER on the risk of developing  
metastatic disease. 

In conclusion, since the risk of metastatic disease in low-risk submucosal EAC is very low 
and does not appear to exceed the mortality risk of esophagectomy, endoscopic therapy 
and strict follow-up for this group of patients should be preferred. In high-risk submucosal 
EAC patients, the rate of metastatic disease is lower than reported in earlier surgical series. 
Conservative management of high-risk submucosal EAC patients, with subsequent follow 
up, appears to be a valid alternative for surgery in selected cases. 



Surgical and endoscopic management after endoscopic resection of T1b esophageal adenocarcinoma

39

2

R E F E R E N C E S
1. Pera M, Manterola C, Vidal O, et al. Epidemiology 

of esophageal adenocarcinoma. J Surg  
Oncol. 2005;92:151-9.

2. Hur C, Miller M, Kong CY, et al. Trends in 
esophageal adenocarcinoma incidence and 
mortality. Cancer. 2013;119:1149-58.

3. Bennett C, Green S, Decaestecker J, et al. 
Surgery versus radical endotherapies for 
early cancer and high-grade dysplasia in 
Barrett’s oesophagus. Cochrane Database 
Syst Rev. 2012;11:CD007334.

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

5. Kelsen DP, Ginsberg R, Pajak TF, et al. 
Chemotherapy followed by surgery compared 
with surgery alone for localized esophageal 
cancer. N Engl J Med. 1998;339:1979-84.

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

7. Blazeby JM, Farndon JR, Donovan J, et al. 
A prospective longitudinal study examining 
the quality of life of patients with esophageal 
carcinoma. Cancer. 2000;88:1781-7.

8. Phoa KN, Pouw RE, Bisschops R, et al. 
Multimodality endoscopic eradication for 
neoplastic Barrett oesophagus: results of 
an European multicentre study (EURO-II).  
Gut 2015:65(4): 555-62.

9. Phoa KN, Pouw RE, van Vilsteren FG, 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.

10. May A, Gossner L, Pech O, et al. Local endoscopic 
therapy for intraepithelial high-grade neoplasia 
and early adenocarcinoma in Barrett’s 
oesophagus: acute-phase and intermediate 
results of a new treatment approach. Eur J 
Gastroenterol Hepatol. 2002;14:1085-91.

11. Peters FP, Kara MA, Rosmolen WD, 
et al. Endoscopic treatment of high-

grade dysplasia and early stage cancer 
in Barrett’s esophagus. Gastrointest  
Endosc. 2005;61:506-14.

12. Pech O, May A, Manner H, et al. Long-term 
e�cacy and safety of endoscopic 
resection for patients with mucosal 
adenocarcinoma of the esophagus.  
Gastroenterology. 2014;146:652-60 e1.

13. 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.

14. Rice TW, Zuccaro G, Jr., Adelstein DJ, et al. 
Esophageal carcinoma: depth of tumor 
invasion is predictive of regional lymph node 
status. Ann Thorac Surg. 1998;65:787-92.

15. Stein HJ, Feith M, Mueller J, et al. Limited 
resection for early adenocarcinoma in Barrett’s 
esophagus. Ann Surg. 2000;232:733-42.

16. 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.

17. Ancona E, Rampado S, Cassaro M, et 
al. Prediction of lymph node status in 
super�cial esophageal carcinoma. Ann Surg 
Oncol. 2008;15:3278-88.

18. 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.

19. Sepesi B, Watson TJ, Zhou D, et al. Are endoscopic 
therapies appropriate for super�cial 
submucosal esophageal adenocarcinoma? An 
analysis of esophagectomy specimens. J Am 
Coll Surg. 2010;210:418-27.

20. Holscher AH, Bollschweiler E, Schroder W, 
et al. Prognostic impact of upper, middle, 
and lower third mucosal or submucosal 
in�ltration in early esophageal cancer. Ann 
Surg. 2011;254:802-7; discussion 7-8.



40

21. 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.

22. Barbour AP, Jones M, Brown I, et al. 
Risk stratification for early esophageal 
adenocarcinoma: analysis of lymphatic 
spread and prognostic factors. Ann Surg 
Oncol. 2010;17:2494-502.

23. Prasad GA, Wu TT, Wigle DA, et al. 
Endoscopic and surgical treatment 
of mucosal (T1a) esophageal 
adenocarcinoma in Barrett’s esophagus.  
Gastroenterology. 2009;137:815-23.

24. Stein HJ, Feith M, Bruecher BL, Naehrig J, Sarbia 
M, Siewert JR. 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.

25. 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.

26. Boys JA, Worrell SG, Chandrasoma P, et al. Can 
the Risk of Lymph Node Metastases Be Gauged 
in Endoscopically Resected Submucosal 
Esophageal Adenocarcinomas? A Multi-Center 
Study. J Gastrointest Surg. 2015.

27. Fotis D, Doukas M, Wijnhoven BP, et al. 
Submucosal invasion and risk of lymph 
node invasion in early Barrett’s cancer: 
potential impact of different classification 
systems on patient management. 
United European Gastroenterology  
Journal. 2015:2050640615581965.

28. Griffin SM, Burt AD, Jennings NA. Lymph 
node metastasis in early esophageal 
adenocarcinoma. Ann Surg. 2011;254:731-6; 
discussion 6-7.

29. 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; 
discussion 86.

30. Peters FP, Brakenhoff KP, Curvers WL, 
et al. Histologic evaluation of resection 
specimens obtained at 293 endoscopic 
resections in Barrett’s esophagus. 
Gastrointest Endosc. 2008;67:604-9.

31. Biere SS, Maas KW, Bonavina L, et al. 
Traditional invasive vs. minimally invasive 
esophagectomy: a multi-center, randomized 
trial (TIME-trial). BMC Surg. 2011;11:2.

32. Hulscher JB, van Sandick JW, de Boer AG, 
et al. Extended transthoracic resection 
compared with limited transhiatal resection 
for adenocarcinoma of the esophagus. N 
Engl J Med. 2002;347:1662-9.

33. Gondrie JJ, Pouw RE, Sondermeijer CM, et al. 
Stepwise circumferential and focal ablation 
of Barrett’s esophagus with high-grade 
dysplasia: results of the first prospective series 
of 11 patients. Endoscopy. 2008;40:359-69.

34. 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.

35. van Vilsteren FG, Bergman JJ. Endoscopic 
therapy using radiofrequency ablation for 
esophageal dysplasia and carcinoma in 
Barrett’s esophagus. Gastrointest Endosc 
Clin N Am. 2010;20:55-74, vi.

36. Pech O, Gunter E, Dusemund F, et al. Accuracy 
of endoscopic ultrasound in preoperative 
staging of esophageal cancer: results from 
a referral center for early esophageal cancer. 
Endoscopy. 2010;42:456-61.

37. van Sandick JW, van Lanschot JJ, ten Kate FJ, et 
al. Pathology of early invasive adenocarcinoma 
of the esophagus or esophagogastric 
junction: implications for therapeutic decision 
making. Cancer. 2000;88:2429-37.

38. Dresner SM, Lamb PJ, Bennett MK, et al. The pattern 
of metastatic lymph node dissemination from 
adenocarcinoma of the esophagogastric 
junction. Surgery. 2001;129:103-9.

39. Nigro JJ, DeMeester SR, Hagen JA, et al. 
Node status in transmural esophageal 
adenocarcinoma and outcome after en bloc 
esophagectomy. J Thorac Cardiovasc Surg. 
1999;117:960-8.




