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Abstract. Endoscopic submucosal dissection (ESD) for upper 
gastrointestinal (GI) subepithelial tumors (SETs) originating in 
the muscularis propria (MP) layer is associated with numerous 
issues regarding secure closure and measures against accidental 
perforation. However, symptomatic benign GI SETs or carci-
noid tumors originating in the submucosa (SM) may be safely 
resected en‑bloc using ESD. In this study, the feasibility and 
safety of ESD as a novel method for endoscopic resection for 
such GI SETs revealed on endoscopic ultrasonography (EUS) 
was investigated. A total of 12 consecutive cases of patients with 
symptomatic benign SETs (n=3; 1 esophageal hemangioma and 
2 gastric lipomas) or small carcinoid tumors (n=9; <10 mm, 
with an extremely low risk of metastasis) originating in the 
SM as determined on EUS, between March, 2009 and April, 
2013, were retrospectively reviewed. The lesions were resected 
by ESD after confirming that the tumors originated from the 
SM. The complication rate following en‑bloc resection was also 
determined. En‑bloc resection was achieved in all 12 cases, the 
mean procedure time was 45 min (range, 20‑120 min) and no 
complications occurred intra‑ or postoperatively. There was no 
tumor recurrence or disease‑related mortality reported during 
the follow‑up period (median follow‑up time, 13.4 months). 
Histopathological curative resection was achieved with ESD 
without complications in all 9 cases with carcinoid tumors. 
Therefore, if EUS reveals a SET originating in the SM without 
infiltration of the MP and resection is indicated due to the pres-
ence of abdominal symptoms, ESD may be a feasible option 
for diagnostic treatment with minimal invasiveness. However, 

larger‑scale prospective studies are required to establish the 
feasibility and safety of this procedure.

Introduction

Subepithelial tumors (SETs) of the gastrointestinal tract, which 
may be an occasional finding on routine upper gastrointes-
tinal (GI) endoscopy, represent a diagnostic and therapeutic 
challenge. SETs include malignant tumors, such as GI stromal 
tumors, malignant lymphomas, carcinoid tumors and gastric 
cancers resembling SETs, as well as benign tumors, such as 
leiomyomas, aberrant pancreas and lipomas. The most common 
type of tumor is gastrointestinal stromal tumor (GIST), first 
described by Mazur and Clark (1). GISTs originate from the 
submucosa (SM) and muscularis propria (MP) of the GI tract. 
En‑bloc resection is widely performed for the treatment of 
definite GISTs. Currently, minimally invasive local resec-
tion techniques, such as hybrid natural orifice transluminal 
endoscopic surgery (NOTES), which consists of endoscopic 
full‑thickness resection (EFTR), have been developed for the 
treatment of endoluminal GISTs  (2,3). Furthermore, endo-
scopic diagnostic methods for SETs have been proposed (4,5), 
including our safe and reliable method of bloc biopsy performed 
under a direct endoscopic view by using submucosal endoscopy 
with a mucosal flap method (SEMF) (4). Although considered 
by some as a novel optimal endoscopic mini‑invasive technique 
for the management of SETs, there are currently no established 
guidelines for endoscopic submucosal dissection (ESD). ESD 
possesses several advantages over conventional endoscopic 
mucosal resection, including a higher en‑bloc resection rate and 
more accurate pathological estimation. It is currently gaining 
broad acceptance for the treatment of early neoplastic lesions 
and was also proposed for the treatment of SETs (6‑9). Recently, 
studies on ESD for SETs originating in the MP layer of the 
GI wall reported some limitations with respect to complete 
resection and safety, which may be attributed to difficulties with 
the endoscopic platform and a high perforation rate (8,10,11). 
Thus, the indications and utility of ESD for SETs originating 
within the SM remain undetermined. There have been a number 
of studies on the successful treatment of symptomatic SETs 
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originating in the SM and carcinoid tumors (12‑15). Endoscopic 
ultrasonography (EUS) is considered to be the most accurate 
method for determining the size, layer of origin, margins and 
echogenicity of SETs. As it is technically possible to perform 
ESD for the en‑bloc resection of SETs revealed by EUS as a 
remnant in the SM layer, we recommend ESD as a suitable 
treatment for symptomatic benign GI SETs and small carcinoid 
tumors originating in the SM. In this study, we aimed to present 
the efficacy and safety of ESD treatment in 12 patients with 
SETs originating in the SM layer and discuss the predictors of 
treatment success.

Patients and methods

Selection criteria. This retrospective non‑comparative study 
of a case series reviewed the cases of 12 consecutive patients 
who underwent ESD for SETs at Kagawa University Hospital 
(Kagawa, Japan) between March, 2009 and April, 2013 and 
met the following selection criteria: lesion contained within 
the SM layer; symptomatic SET strongly suspected to be a 
benign tumor on conventional endoscopic imaging, EUS and 
computed tomography (CT); confirmed histological diagnosis 
of carcinoid tumor; carcinoid tumor ≤10 mm; no lymph node 
or distant metastasis found prior to ESD. Ethical approval was 
granted from the Ethics Committee of Kagawa University 
(Kagawa, Japan). Prior written patient informed consent was 
obtained.

Patients. The patients (6 males and 6 females) had a mean age 
of 60.4 years (range, 41‑78 years) and had symptomatic benign 
SETs  (n=3; 1  had an esophageal hemangioma and 2  had 
gastric lipomas) or small carcinoid tumors (n=9) (Table I). 
In the 3 symptomatic SET cases, tissue sampling was not 
performed prior to ESD. All the regions were evaluated by 
routine EUS (high‑frequency miniprobe, 20 MHz, UM‑3R; 
Olympus Medical Systems, Tokyo, Japan) and CT. In all the 
cases, the EUS revealed a mass localized in the SM, which was 
confirmed on CT not to invade the surrounding organs.

ESD. ESD was performed with the use of a single‑channel 
scope (GIF‑H260Z; Olympus Medical Systems) and an elec-
trosurgical unit  (VIO300D; ERBE Elektromedizin GmbH, 
Tübingen, Germany). A short transparent cap was attached to 
the tip of endoscope to provide a constant endoscopic view 
and to apply tension to the connective tissue for submucosal 
dissection. ESD was mainly performed as follows: First, 
marker dots were placed ~5 mm from the lesion and, using a 
23‑gauge disposable needle, a submucosal injection of several 
milliliters of 0.4% hyaluronate sodium solution (MucoUp; 
Johnson & Johnson K.K., Tokyo, Japan) was performed 
around the lesion to lift it off the MP  layer. The mucosa 
was then incised outside the marker dots, using a needle 
knife (KD‑650L or 650U; Olympus Medical Systems). The 
submucosal connective tissue beneath the lesion was gradu-
ally dissected in the SM layer directly above the muscular 
coat with the needle knife or an improved insulated‑tip (IT‑2) 
knife (KD‑611L; Olympus Medical Systems). The solution was 
injected repeatedly during the dissection if required. Finally, 
the lesion was completely resected from the MP layer with the 
needle or the IT‑2 knife. Hemostasis of the large blood vessels 

running through the layers prior to dissection prevented 
intraoperative bleeding. All patients were administered intra-
venous midazolam (0.05 mg/kg) and pethidine (50 mg) prior 
to the procedure. All the procedures were performed by an 
experienced endoscopist (H.K.: >200 successfully performed 
ESD procedures). During the entire procedure bleeding was 
controlled using hemostatic forceps (FD‑410LR; Olympus 
Medical Systems). The patients were allowed to intake a small 
amount of water immediately after the treatment. If there were 
no complications, the patients were permitted to intake soft 
food on the following day and were discharged within 1 week.

The en‑bloc resection rate, procedure time, complications 
and residual local recurrence of the resected lesion were evalu-
ated. In addition, for the 9 small carcinoid tumors, complete 
resection was histologically evaluated. An en‑bloc resec-
tion was defined as an one‑piece resection including tumor 
enucleation. The procedure time was measured from the time 
of marker dot placement to the resection of the lesion. The 
complications included the incidence of bleeding requiring 
blood transfusion, perforation and intraluminal stenosis 
requiring additional surgery. For the 9 small carcinoid tumors, 
incomplete resection was defined as the extension of the tumor 
into the lateral or vertical resection margin.

Follow-up. All patients were scheduled for follow‑up by 
standard endoscopy and EUS every 3 months within the first 
year following treatment to confirm the healing of the artifi-
cial ulcer and assess any residual tumor. Thereafter, follow‑up 
continued on an annual basis to monitor for local recurrence 
and other lesions. Biopsy specimens were collected from any 
ulcerative lesion identified during follow‑up to histologically 
confirm the presence of residual tumor and local recurrence. 
Abdominal and pelvic CT was performed to assess the para-
rectal lymph nodes and identify distant metastasis as deemed 
necessary. Three cases (1, 2 and 6) are presented subsequently, 
cases 1 and 2 are rare, and therefore of interest and case 6 is 
typical of cartinoid cases.

Case 1. A 41‑year‑old female presented with dysphagia. 
GI  endoscopy revealed a bluish submucosal mass  (diam-
eter, 25 mm) in the upper esophagus. The EUS revealed a 
hypoechoic mass localized in the SM layer. The mass was 
diagnosed as a submucosal hemangioma of the esophagus. 
ESD was performed under general anesthesia after obtaining 
the patient's informed consent. Although a submucosal 
vascular plexus was identified, loose connective tissue was 
present in the SM directly above the muscular coat, enabling 
the dissection of the target layer. There were several large 
blood vessels running through the muscular coat; however, 
secure hemostasis with a coagulation forceps blocked the flow 
in these vessels. The clear operative field for ESD permitted 
the careful dissection required to avoid rupturing the heman-
gioma. The resected en‑bloc specimen included a dark purple 
mass. The histopathological results revealed the outgrowth of 
dilated blood vessels surrounded by flat endothelial cells in the 
SM, leading to the diagnosis of cavernous hemangioma. The 
patient has been recurrence‑free for 6 months (17).

Case 2. In this case, ESD was selected as diagnostic treat-
ment for a symptomatic gastric SET originating in the 
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submucosal layer, which was ultimately proven to be a 
lipoma. A 75‑year‑old female presented with a sensation 
of abdominal fullness brought on by a GI obstruction by 
a SET (diameter, 30 mm) in the prepyloric area (Fig. 1A), 
causing ball‑valve syndrome. The EUS revealed a hyper-
echoic mass localized in the SM (Fig. 1B), although it could 
not be accurately diagnosed with EUS‑fine needle aspira-
tion (FNA). Although we recommended obtaining a tissue 
sample using our method of bloc biopsy with SEMF (4), the 
patient opted for endoscopic resection of the SET to relieve 
the abdominal fullness. After obtaining informed consent, 
we selected tumor enucleation as the minimum resection, 
using ESD to prevent postoperative prepyloric stenosis. The 
yellowish tumor identified under a direct endoscopic view 
during ESD was suggestive of a lipoma. The submucosa 
was easily dissected without the need for any specific tech-
nique (Fig. 1C) and en‑bloc resection was achieved in 41 min. 
The size of the tumor was 30 x 20 mm (Fig. 1D). There were 
no complications and the sensation of abdominal fullness 
disappeared immediately after ESD. The follow‑up endos-
copy 2 months following ESD revealed no residual tumor or 
gastrointestinal obstruction (Fig. 1E). The histopathological 
examination confirmed the diagnosis of a lipoma.

Case 6. A 51‑year‑old man was diagnosed with a rectal carcinoid 
tumor (diameter, 9 mm) located below the rectal area (Fig. 2A). 
The EUS revealed a hypoechoic mass originating in the 
SM layer, with no invasion of the MP layer (Fig. 2B). ESD was 
performed using a needle knife (KD‑650U; Olympus Medical 
Systems) after obtaining the patient's informed consent. 
The SM was dissected immediately above the MP layer to 
avoid a positive vertical resection margin (Fig.2C). En‑bloc 
resection was successfully completed in 52  min, without 
any complications (Fig. 2D). The histological examination 
confirmed the diagnosis of a rectal carcinoid tumor, classified 
as a well‑differentiated neuroendocrine tumor, and a negative 
resection margin. The patient has been recurrence‑free for 
6 months.

Results

Clinical outcome and complications. The clinical outcomes 
according to the endoscopic treatment modality are summa-
rized in Table  II. The entire procedure was successfully 
completed in all the patients. En‑bloc resection was performed 
in all 12 cases and the mean procedure time was 45 min 
(range, 20‑120 min). There were no reported complications 
during or after the procedure and there were no cases of intra-
luminal stenosis requiring additional surgery.

Follow-up and histopathology. The median follow‑up was 
13.4 months (range, 1‑39 months) and there was no reported 
recurrence or disease‑related mortality during the follow‑up 
period. Histopathologically, curative resection was achieved in all 
9 carcinoid tumor cases, which were all classified as well‑differ-
entiated neuroendocrine tumors (proliferation index <2%).

Discussion

There is currently no consensus on the optimal strategy for 
the endoscopic treatment of SETs. Endoscopic submucosal 
resection (ESMR) has been reported to be effective for the 
treatment of SETs (12‑15) and it is usually reserved for lesions 
that are confined to the submucosal or mucosal layers, due to 
the increased risk of perforation associated with ESMR of 
lesions originating in the MP layer. However, ESMR occasion-
ally requires a large en‑bloc resection and secure hemostasis 
may prove challenging. Recently, ESD, which was developed 
from the endoscopic mucosal resection method, was intro-
duced as a novel method of endoscopic treatment that allows 
for such resection and hemostatic management, as well as 
precise histological staging. ESD may also be more effective 
in preventing disease recurrence compared to the conventional 
ESMR. Indeed, there are already available studies on the 
successful application of the ESD procedure for the diagnostic 
treatment of several types of GI SETs, such as lipomas and 
carcinoids (16‑19).

Table I. Clinicopathological data of patients with subepithelial tumors (n=12).

Case	 Age (years)/gender	 Location	 Symptoms	 Tumor size (mm)	 Layer	 Echoic	 Pathology

  1	 41/F	 Esophagus/cervical	 Yes	 25	 SM	 Hypo	 Hemangioma
  2	 76/F	 Stomach/antrum	 Yes	 30	 SM	 Hyper	 Lipoma
  3	 41/F	 Stomach/antrum	 Yes	 20	 SM	 Hyper	 Lipoma
  4	 64/M	 Stomach/body	 No	 9	 SM	 Hypo	 WDNET
  5	 78/F	 Duodenum/bulb	 No	 8	 SM	 Hypo	 WDNET
  6	 51/M	 Rectum/Rb	 No	 9	 SM	 Hypo	 WDNET
  7	 63/M	 Rectum/Rb	 No	 7	 SM	 Hypo	 WDNET
  8	 69/M	 Rectum/Ra	 No	 8	 SM	 Hypo	 WDNET
  9	 60/F	 Rectum/Rb	 No	 10	 SM	 Hypo	 WDNET
10	 54/F	 Rectum/Rb	 No	 4	 SM	 Hypo	 WDNET
11	 64/M	 Rectum/Rb	 No	 2	 SM	 Hypo	 WDNET
12	 64/M	 Rectum/Ra	 No	 5	 SM	 Hypo	 WDNET

F, female; M, male; SM, submucosa; WDNET, well‑differentiated neuroendocrine tumor; Rb, below the rectum; Ra, above the rectum; yrs, years.
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Figure 1. Case 2. (A) Endoscopic view of the prepyloric area revealed a subepithelial tumor causing ball‑valve syndrome. (B) Endoscopic ultrasonography 
revealed a hyperechoic mass localized in the submucosa. (C) A yellowish lipoma in the submucosal layer that was resected en‑bloc by endoscopic submucosal 
dissection (ESD) under direct vision. (D) Macroscopic image of the resected specimen (30x20 mm). The histopathological examination confirmed the diag-
nosis of gastric lipoma. (E) Follow‑up endoscopy 2 months after the ESD revealed no tumor or gastrointestinal obstruction.

Figure 2. Case 6. (A) Endoscopic view below the rectum revealed a carcinoid tumor (diameter, 9 mm). (B) Endoscopic ultrasonography revealed a hypoechoic 
mass originating in the submucosal layer (blue arrows), without invasion of the muscularis propria (MP). (C) The submucosa immediately above the MP (orange 
arrows) was dissected to avoid a positive vertical tumor margin. (D) Macroscopic image of the specimen (22x20 mm) removed by en‑bloc endoscopic sub-
mucosal dissection. The histopathological examination confirmed the diagnosis of rectal carcinoid classified as a well‑differentiated neuroendocrine tumor.



MOLECULAR AND CLINICAL ONCOLOGY  1:  1002-1008,  20131006

We recommend ESD as a suitable treatment for symptomatic 
SET with gastrointestinal obstruction. In the present study, the 
treatment of symptomatic benign SETs (1 esophageal heman-
gioma and 2 gastric lipomas) was successful and the symptoms 
were eliminated. Moreover, we previously reported the first 
case of a submucosal esophageal hemangioma successfully 
removed en‑bloc by ESD (17). Since conventional endoscopic 
therapy, such as ESMR, has been associated with the risk of 
bleeding and recurrence of hemangiomas (20), en‑bloc removal 
by ESD may prove to be a viable treatment option in these cases. 
Furthermore, ESD treatment may be indicated if EUS and CT 
reveal that the tumors are confined to the SM layer, without 
large inflow vessels. In addition, radical ESD treatment was 
possible in 2 cases of symptomatic gastric lipomas in the present 
study. In case 2, considering the issue of postoperative pyloric 
stenosis, we performed tumor enucleation with minimum 
resection using ESD. Endoscopic observation at 3  months 
postoperatively revealed healing of the surgical site with scar 
formation, but without deformation or stenosis. This suggests 
that, if preoperative diagnostic imaging reveals a typical lipoma, 
tumor enucleation that takes into account postoperative stenosis 
may be an effective treatment option.

ESD may be the optimal treatment method for symptom-
atic SETs originating in the SM layer, since it allows for secure 
hemostasis and en‑bloc resection under direct vision. Indeed, 
the efficacy of endoscopic treatment using ESD for SETs, 
mainly GISTs, originating in the MP layer of the GI tract was 
previously reported (8,10,11). However, since GI full‑thickness 
layers must be resected to treat SETs in the MP layer, the site 
must be securely closed and the vasculature in all the layers 
must be carefully managed. There is also a limit to the en‑bloc 
resection that may be performed without damaging the 
tumor in a narrow operative field accessible through a small 
opening. Three case series with similar inclusion criteria and 
methods reported comparable rates of successful en‑bloc 
resection for SETs originating in the MP layer (61‑68%) and 
severe complications due to perforation (5.4, 0 and 12%, 

respectively) (8,21,22). Therefore, minimally invasive local 
resection techniques, such as NOTES, appear to be suitable 
for the treatment of SETs originating from the MP layer (2,3).

We recommend the algorithm presented in Fig. 3 for the 
management of indefinite SETs, except carcinoid tumors. As 
was demonstrated by the present study, ESD may be the treat-
ment of choice for symptomatic SETs or SETs increasing in 
size, when found to be originating in the SM layer on EUS. For 
asymptomatic SETs and SETs stable in size originating in the 
SM layer (excluding lipomas, vascular lesions or cysts identified 
on EUS and CT), tissue sampling methods, such as EUS‑FNA 
or bloc biopsy with SEMF, are recommended. According to 
the histological findings, surveillance or ESD treatment may 
be selected. If a SET originating in the MP layer is identi-
fied on EUS, tissue sampling is recommended to distinguish 
GISTs from other benign tumors (e.g., leiomyoma and schwan-
noma). Minimally invasive local resection, such as EFTR, is 
recommended if the lesion is confirmed to be a GIST. If tissue 
sampling methods reveal a benign SET, surveillance over the 
short term is not required.

As regards the possibility of ESD treatment for carcinoid 
tumors, tumor size is considered to be the most important factor 
associated with the metastasis of rectal carcinoid tumors (23,24). 
Endoscopic treatment is considered to be curative for small 
carcinoid tumors (<10  mm) with an extremely low risk of 
metastasis  (23,24). However, there is still some controversy 
over the optimal endoscopic method for the resection of rectal 
carcinoid tumors. Endoscopic treatment for carcinoid tumors 
requires special techniques for deeper resection to achieve clear 
margins, since ~75% of the tumors extend into the SM layer (25). 
Conventional ESMR was found to allow for a lower rate of en‑bloc 
resection, particularly with respect to the vertical margin (26); 
therefore, to improve resectability, an ESMR technique utilizing a 
ligation device was designed and found to achieve a significantly 
deeper vertical resection margin and a higher curative resection 
rate (15). More recently, ESD was reported to be an effective 
method for the treatment of rectal carcinoid tumors (18,19).

Table II. Clinical outcomes according to the endoscopic treatment modality (n=12).

		  Procedure	 Complete		  Follow‑up		  Additional
Case	 Pathology	 time (min)	 resection	 Complications	 period (months)	 Recurrence	 surgery

  1	 Hemangioma	 120	 Yes	 No	 6	 No	 No
  2	 Lipoma	 41	 Yes	 No	 4	 No	 No
  3	 Lipoma	 32	 Yes	 No	 18	 No	 No
  4	 WDNET	 37	 Yes	 No	 36	 No	 No
  5	 WDNET	 63	 Yes	 No	 2	 No	 No
  6	 WDNET	 52	 Yes	 No	 4	 No	 No
  7	 WDNET	 30	 Yes	 No	 13	 No	 No
  8	 WDNET	 49	 Yes	 No	 35	 No	 No
  9	 WDNET	 37	 Yes	 No	 39	 No	 No
10	 WDNET	 28	 Yes	 No	 2	 No	 No
11	 WDNET	 31	 Yes	 No	 1	 No	 No
12	 WDNET	 20	 Yes	 No	 1	 No	 No

WDNET, well‑differentiated neuroendocrine tumor.
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The advantages of ESD over previously used treatment 
methods for carcinoids are significant. Firstly, ESD achieves 
clear vertical resection margins by dissecting the SM imme-
diately above the MP layer. Secondly, ESD enables precise 
histological assessment of the resected specimen. For these 
reasons, we recommend ESD as the most suitable method for 
the treatment of carcinoid tumors of the SM. In our study, 
histopathological curative resection by ESD was achieved 
without complications in all 9 cases of carcinoid tumors, 
although the mean procedure time was longer  (38.6 min) 
compared to that reported by previous studies (18,19,26). This 
may be attributed to the longer time required to achieve a clear 
vertical margin while avoiding perforation; however, this also 
resulted in the absence of any complications. However, ESD 
may involve certain risks due to its technical difficulties; in 
addition, it may be more time‑consuming. Therefore, only 
experienced endoscopists should perform ESD treatment for 
carcinoids. In this study, none of the cases exhibited tumor 
recurrence during follow‑up. We suggest the algorithm 
presented in Fig. 4 for the management of definite carcinoids. 
Diagnostic ESD is recommended for small carcinoid tumors 
(<10 mm) when EUS reveals tumor invasion within the SM. 
If histology indicates that ESD was not curative, additional 
surgery is required. Conventional surgery is recommended 
for carcinoid tumors >10 mm in size or when EUS reveals 
tumor invasion of the MP layer. In the case of rectal carci-
noid tumors, however, those sized <10 mm were reported to 
result in <2% chance of metastasis (27). Careful follow‑up is 
required to detect any local recurrence, as complete removal 
may be possible in repeat procedures. In carcinoid tumors 
sized <10 mm, further prospective studies are required to 
determine the feasibility of ESD, the long‑term recurrence 
rates and patient survival. The advantages of the present 
study are that it suggests novel indications and the validity of 

ESD treatment for symptomatic SETs and carcinoid tumors 
<10 mm in size that originate in the SM, as well as the inclu-
sion of a novel strategy based on flowcharts for SETs and 
carcinoid tumors. However, the limitation of the present study 
was that it was a single‑center, non‑comparative study with a 
small sample size. Therefore, larger scale prospective studies 
are required to verify our findings.

In conclusion, if EUS reveals a SET originating in the 
SM layer, without infiltration of the MP layer, and resection 
is required to alleviate abdominal symptoms, the minimally 

Figure 4. Flowchart of treatment strategy for carcinoid tumors based on 
recent developments. EUS, endoscopic ultrasonography; SM, submucosa; 
MP, muscularis propria; ESD, endoscopic submucosal dissection.

Figure 3. Proposed treatment algorithm for gastrointestinal subepithelial tumor (SET). EUS, endoscopic ultrasonography; SM, submucosa; MP, muscularis 
propria; CT, computed tomography; FNA, fine needle aspiration; ESD, endoscopic submucosal dissection; EFTR, endoscopic full‑thickness resection.
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invasive ESD procedure may be considered as a feasible diag-
nostic treatment option.
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