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Purpose: The studies on solitary gastric neurofibroma (GN) consist of only individual case
reports, with little data and relevant information. We aimed to summarize the clinical
features, endoscopic features, imaging findings, and pathological features and study the
safety and efficacy of endoscopic treatment of solitary GN.

Patients and Methods: We retrospectively collected and analyzed clinical data of patients
who underwent endoscopic treatment in Department of Gastroenterology of a well-known
tertiary hospital from August 2007 to September 2019 and were accurately diagnosed as
having solitary GN.

Results: A total of 788 patients with gastric submucosal tumors underwent endoscopic
treatment, among whom 11 patients were found to have solitary GNs. The incidence of
solitary GNs was 1.4%. All 11 patients were treated with endoscopy. Five patients underwent
endoscopic full-thickness resection (EFTR) and six patients underwent endoscopic submu-
cosal excavation (ESE). The en bloc resection rate of the 11 lesions was 100.0%. The median
endoscopic operation time was 80 minutes. Average length of hospital stay was 6.4 = 1.6
days. The median follow-up time was 29 months. No recurrence, distant metastasis, or
disease-related death occurred during the follow-up.

Conclusion: EFTR and ESE can serve as feasible, safe, and effective treatments for solitary
GN.

Keywords: endoscopic full-thickness resection, endoscopic submucosal excavation, gastric,
neurofibroma, solitary

Introduction
Neurofibroma is a rare benign peripheral nerve sheath tumor, often derived from the
abnormal proliferation of nerve sheath cells.'” It can be divided into solitary
neurofibroma and neurofibromatosis (NF) according to it is single, multiple or
accompanied by other systemic diseases. Solitary neurofibroma is a local single
tumor without other manifestations of NF, often presenting different clinical man-
ifestations because of its occurrence in different locations.> To date, solitary
neurofibroma has been reported in the oral cavity," mandible,” parotid gland,®
penis,” spermatic cord,® infratemporal fossa,” abdominal wall,'® gallbladder,'" bile
duct,'? esophagus,13 colon,'* etc. However, the studies on solitary gastric neurofi-
broma (GN) consist only individual case reports, with little data and little usable
information.

Solitary GN is a benign protuberant lesion usually originating from the submucosa.
Its preoperative diagnosis is difficult, and it requires intraoperative or postoperative
pathological examination for an accurate diagnosis.>® Surgery has been the preferred

Received: 15 September 2021
Accepted: 16 December 2021
Published: 6 January 2022

International Journal of General Medicine 2022:15 279-289 279
© 2022 Yu et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
v No

and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


mailto:tanyuyong@csu.edu.cn
mailto:lkxxgz@csu.edu.cn
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Yu et al

Dove

treatment for GN in the past. With the rapid development of
endoscopic diagnosis and treatment technology, endoscopic
submucosal dissection (ESD), endoscopic submucosal exca-
vation (ESE), endoscopic full-thickness resection (EFTR),
and submucosal tunneling endoscopic resection (STER) are
increasingly being used for removing gastrointestinal sub-
mucosal tumors. Endoscopic treatment like EFTR, ESE
have been widely used because they have less invasion,
shorter resection time, fewer adverse events and lower cost
compared with surgical operation.'> "’

In the present study, we retrospectively analyzed the
clinical data of 11 cases of solitary GNs, aiming to sum-
marize the clinical features, endoscopic features, imaging
findings, and pathological features and to explore the
safety and efficacy of endoscopic treatment.

Materials and Methods

Patients

The subjects of this study were patients with solitary
GN diagnosed by pathological examination after endo-
scopic treatment in the Department of Gastroenterology
in a well-known tertiary hospital, from August 2007 to
September 2019. The inclusion criteria were as fol-
lows: (I) White light endoscopy, endoscopic ultrasono-
graphy (EUS) and computerized tomography (CT)

confirmation that the bulge was located in the stomach,
not elsewhere, and no high risk of malignancy (such as
irregular borders, cyst lesions, internal heterogeneity,
etc.) or signs of metastasis or invasion outside the
gastrointestinal tract were noticed; (II) The bulge was
(IlI) The gastric
removed by endoscopic treatment including ESD/ESE/
EFTR/STER; (IV) Pathological
endoscopic treatment confirmed gastric neurofibroma;

solitary; submucosal bulge was

examination after

(V) The clinical data of the patient was complete.
Finally, of 788 cases of gastric submucosal tumors
treated by endoscopy, 11 cases were GNs (Figure 1).
The 11 consecutive patients were enrolled and their
clinical data, endoscopic data, imaging findings, patho-
logical features, treatment methods and effects, post-
and data

recurrence and metastasis were collected.

operative complications, on follow-up

The study was approved by the institutional ethics
committee (No. 2020K014) and all patients were informed
of the potential benefits and risks before endoscopic sur-
gery and then signed informed consent. All procedures
followed were in accordance with the ethical standards
of the responsible committee on human experimentation
(institutional and national) and with the Helsinki
Declaration of 1975.

From August 2007 to September 2019, 788 patients with

submucosal tumors underwent endoscopic treatment
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100 patients 50 patients
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Figure | Flowchart of patient selection.

Abbreviations: ESD, endoscopic submucosal dissection; ESE, endoscopic submucosal excavation; EFTR, endoscopic full-thickness resection; STER, submucosal tunneling

endoscopic resection; GN, gastric neurofibroma.
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Endoscopic Therapy

Endoscopic Treatment-Related Equipment
Gastroscopy (GIF Q260J, Olympus); EUS (EU-ME1/A7S,
Olympus); Dual knife (KD-650Q); Insulation-tip knife
(KD-611L, Olympus); Hook knife (KD-620L, Olympus);
Transparent cap (D-201-11802, Olympus); Argon plasma
coagulation unit (APC300; ERBE); High-frequency gen-
erator (ICC 200/300, Olympus); Injection needle (NM-4L-
1, Olympus); Hemostatic clips (HX-600-90); etc.

ESE and EFTR Procedures

Whether patients underwent ESE or EFTR surgery was mainly
determined by the origin layer and growth pattern of the sub-
mucosal tumor. Submucosal tumors with mainly out-growth
pattern, or originating from the serosal layer or deep muscularis
layer which adhere with the serosal layer were treated with
EFTR, others were treated with ESE. All the ESE and EFTR
procedures were carried out by experienced operators who had
performed more than 100 gastric ESE/EFTR operations before
treating the first patient in the present study. EUS guided fine
needle aspirations (FNA) was not performed before endo-
scopic excision. RO resection was considered as primary end-
point. All patients were fasted 8 hours before the operations.
Six patients underwent ESE procedures and five patients
underwent EFTR procedures. All procedures were completed
under general anesthesia. The ESE procedure (Figure 2) and
EFTR procedure (Figure 3) were performed as previously
reported.”*

Postoperative Management and
Follow-Up Strategy

The resected specimens were subjected to hematoxylin-
cosin (H&E) staining and immunohistochemical (IHC)
staining. The postoperative management was performed
as previously reported.”** Patients were fasted for 3—5
days and gradually transitioned to a normal diet in two
weeks, all of whom intravenous proton-pump inhibitor
(PPI) and antibiotics were used for 3 days. Patients need
to review gastroscopy at the 3th, 6th, 12th months after the
ESE/EFTR for the first year, and then once a year. If
necessary, EUS, abdominal CT, or biopsy could be per-
formed on residual and recurrent lesions. Each patient was
followed up for more than 15 months.

Definitions

Lesion resection was defined in two ways: (I) Successful
resection, indicating that lesions were removed without
changing the initial treatment plan; and (II) En bloc resec-
tion, meaning that on the basis of successful resection, the
lesion was completely resected without block resection, and
the capsule of the resected specimen was intact without
rupture. The duration of ESE/EFTR referred to the time
from submucosal injection to completion of wound treat-
ment after lesion removal. Post-EFTR/ESE delayed bleeding
occurrence was defined as having any two of the following:
(I) hematemesis, melena or dizziness, (II) hemoglobin loss

Figure 2 ESE treatment of solitary gastric neurofibroma. (A) Submucosal bulge of posterior gastric fundus; (B) EUS showed that the solitary GN was hypoechoic; (C)
incision and stripping of tumor mucosa; (D) exposing and excavating lesions; (E) ESE wound after tumor excavation; (F) metal clip to close the wound; (G) excavated tumor

specimen.
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Figure 3 EFTR treatment of solitary gastric neurofibroma. (A) Submucosal bulge of large curvature in lower gastric body; (B) EUS showed that the solitary GN was
hypoechoic; (C) incision of tumor mucosa; (D) stripping and resecting of lesions; (E) EFTR wound after tumor resection; (F) metal clip to close the wound; (G) resected

tumor specimen.

>2g/dl, (I1I) blood pressure decrease >20mmHg or pulse rate
increase >20/min and (IV) Forrest I or Ila—IIb on follow-up
delayed bleeding (PDB)
detected during the endoscopy within 24 hours was classi-

endoscopy.”®  Postoperative
fied as early PDB, whereas that detected after 24 hours was
classified as late PDB.** Postoperative infection was thought
to be the onset of fever (>37.8°C), abdominal pain, nausea,
vomiting, increased white blood cell count (>10.8x10%/L)
immediately after ESE/EFTR, and perforation was ruled out
by abdominal X-ray or CT examination. Peritonitis, abdom-
inal abscess, and abdominal infection were all manifesta-
tions of postoperative infection. Delayed perforation was
characterized by presence of endoscopically visible pericolic
fat or exposure of other intra-abdominal structures through
a tear in the muscularis propria or when visible of free or
retroperitoneal air shadows on postoperative radiographs.
Intraoperative or post-operative surgical conversion
occurred when patients who were originally intended to
undergo ESE/EFTR were transferred to surgery because of
the risk of major adverse events or the difficulty of the

original procedure.

Statistical Analysis

SPSS 21.0 software was used for data analysis. Some
results are presented as percentage, median, and range
because of the small sample size.

Results

Baseline Characteristics

A total of 788 patients with gastric submucosal tumors
underwent endoscopic treatment in the Department of
Gastroenterology in a well-known tertiary hospital from
August 2007 to September 2019. Among them, 11 patients
were diagnosed with GN, and the incidence was 1.4%.
Table 1 shows the characteristics of the 11 patients, of
whom two were male and nine were female. The average
age of patients was 54.3 + 8.7 years old. Of the 11 patients,
one had a family history of NF, and four had histories of
digestive system diseases (two cases of non-atrophic gas-
tritis, one case of reflux esophagitis, and one case of
gastric varices). The clinical manifestations in the 11
patients were abdominal pain (54.5%), abdominal disten-
sion (18.2%), acid regurgitation and heartburn (9.1%), and
asymptomatic (18.2%).

Endoscopic Features

Most solitary GNs occurred in the lower part of the gastric
body (54.5%) and the middle part of the gastric body
(27.3%), and the greater curvature of the lower gastric
body was the most common location (36.4%). The 11
lesions were protuberant with a smooth surface and no
ulceration under white light endoscopy. The average dia-
meter of GNs was 1.9 £ 0.7 cm. EUS showed that ten
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Table | Clinical Features of the || Solitary GN Patients

Case Age Gender Symptoms Family History of Origin of Location Diameter Regular Grow Resection Procedure Hospitalization Adverse Microscopic s100 CcDI117 Duration
No. History Digestive GN of GN of GN Shape Pattern of Method Time Time (Days) Events Characteristics of Follow-
of NF Diseases (cm) of GN GN (mins) Up
(Months)
55 Female Abdominal No Yes MP GC-LGD 1.5 Yes Intraluminal EFTR 78 4 No Spindle cells P N 58
pain
2 60 Female Abdominal No No MP AW-MGD 1.0 Yes Bidirectional EFTR 110 9 No Spindle cells P N 44
pain
3 59 Male Asymptomatic Yes Yes MP GC-LGD 2.0 Yes Bidirectional EFTR 80 5 No Spindle cells P N 24
4 53 Female Acid No No MP GC-LGD 1.2 Yes Bidirectional EFTR 105 8 No Spindle cells P N 62
regurgitation
and heartburn
5 62 Female Abdominal No Yes MP PW-MGD 2.0 Yes Intraluminal EFTR 120 7 No Spindle cells P N 19
pain
6 55 Female Abdominal No Yes MP GC-LGD 2.0 Yes Intraluminal ESE 77 5 No Spindle cells P N 15
distension
7 63 Female Abdominal No No MP AW-GN 35 No Bidirectional ESE 170 7 No Spindle cells P N 87
pain
8 59 Female Abdominal No No Submucosa PD-LGD 15 Yes Intraluminal ESE 14 7 No Spindle cells P N 21
pain
9 40 Male Asymptomatic No Yes MP AW-LGD 1.5 Yes Intraluminal ESE 53 8 No Spindle cells P N 29
10 55 Female Abdominal No No MP AW-MGD 1.5 Yes Intraluminal ESE 30 5 No Spindle cells P N 31
pain
I 36 Female Abdominal No No MP PW-GF 28 Yes Bidirectional ESE 165 5 No Spindle cells P N 25
distension

Abbreviations: GN, gastric neurofibroma; NF, neurofibromatosis; MP, muscularis propria; GC-LGD, greater curvature of lower gastric body; AW-MGD, anterior wall of middle gastric body; PW-MGD, posterior wall of middle gastric
body; AW-GN, anterior wall of gastric antrum; PD-LGD, posterior wall of lower gastric body; AW-LGD, anterior wall of lower gastric body; PW-GF, posterior wall of gastric fundus; EFTR, endoscopic full-thickness resection; ESE,
endoscopic submucosal excavation; P, positive; N, negative.
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lesions (90.9%) originated from the gastric muscular layer,
and one (9.1%) originated from the submucosa. All lesions
were hypoechoic; ten lesions (90.9%) had a homogeneous
echo, smooth margin and clear boundary, and one (9.1%)
had multiple small circular echoless structures with
unclear boundaries. In addition, six lesions (54.5%) pro-
truded into the gastric lumen, and five lesions (45.5%)
protruded both into and out of the gastric lumen.

Imaging Characteristics

All patients underwent abdominal CT examination, includ-
ing plain and enhanced scans, before endoscopic therapy.
These GNs showed round, oval, or spindle-shaped soft
tissue shadows in the gastric wall, with equal or slightly
low uniform density, clear boundaries, no obvious adhe-
sion to surrounding tissues, and no invasion of adjacent
organ (Figure 4).

Pathological Characteristics

All lesions were examined histopathologically and with
IHC staining. Histological examination demonstrated the
tumor cells in the 11 cases were spindle-shaped and
most likely arose from mesenchymal tissue. No signs
of atypia or significant mitotic activity were observed
(Figure 5A). Immunohistochemical analysis showed that
tumor cells of the 11 lesions were positive for S-100
protein (Figure 5B) but negative for CD117. And CD34,
smooth-muscle actin (SMA), discovered on gastrointest-
inal stromal tumor (GIST) —1, neuron-specific enolase
(NSE), vimentin (Vim) and desmin (Des) showed focal
positive and negative results, with focal positive rates of
16.7%, 36.4%, 9.1%, 45.5% 45.5%, and 12.0%, respec-

tively. SOX-10 protein was positive in one case

(Figure 5C). Ki-67 protein in all specimens ranged
from 0% to 6.0%.

Figure 4 Solitary gastric neurofibroma with a diameter of 2.0 cm on CT examination. (A) Plain CT showed a soft tissue mass-like lesion in the greater curvature of the
stomach in horizontal plane; (B) post-contrast abdominal CT shows the same area not representing the contrast-enhanced appearance in horizontal plane; (C) CT showed
a soft tissue mass-like lesion in the greater curvature of the stomach in coronal plane; (D) post-contrast abdominal CT shows the same area not representing the contrast-

enhanced appearance in sagittal plane.
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Figure 5 Histological examination of solitary gastric neurofibroma. (A) Histological examination shows spindle-shaped cells with elongated nuclei (H&E staining, 100X); (B)
positive S-100 protein (IHC staining,100X); (C) positive SOX-10 protein (Immunohistochemical staining, 100X).

Endoscopic Therapy and Follow-Up

Assessment

All 11 patients underwent endoscopic resection, which
was successful in all cases. Five patients were treated
with the EFTR procedures and six with the ESE. En bloc
resection was successful in all patients. The median endo-
scopic operation time was 80 minutes (14—175 minutes).
No intraoperative bleeding or PDB occurred in any
patients. They were hospitalized for 4-9 days, with an
average length of stay of 6.4 + 1.6 days. In the present
study, the median follow-up time was 29 months (15-87
months). No recurrence, distant metastasis, or disease-
related death occurred during follow-up.

Discussion

Neurofibroma is a neurogenic tumor that can occur every-
where in the body. Histopathology shows that the tumor
can incorporate Schwann cells, perineural cells, fibroblasts
cells, and collagen tissue.>*>*® Multiple neurofibromas are
closely related to neurofibromatosis (NF), an autosomal
first
Recklinghausen in 1882. NF is divided into two cate-

dominant  hereditary  disease, named by
gories, NF type 1 and 2. NF type 1 is also called peripheral
NF, accounting for about 90% of NF cases. NF type 2,
known as bilateral acoustic NF, is relatively rare.* In
patients with NF, 10-25% of them were reported to have
gastrointestinal-related discomfort, and less than 5% have
clinical symptoms. The small intestine is most often
involved, followed by the stomach.?’°

To date, we have not found any reports on the inci-
dence of solitary GN in previous studies. Our study
showed GN accounted for 1.4% of gastric submucosal
tumors. As we know, the common pathological types of
submucosal tumors are stromal

Gastric tumors,

leiomyoma, lipoma, neuroendocrine tumors, -calcified
fibroma, hemangioma, etc,>! among which GN is extre-
mely rare. The National Comprehensive Cancer Network
guidelines recommend that lesions >2 cm or smaller
lesions with high-risk features such as irregular borders,
cystic spaces, ulceration, echogenic foci, heterogeneity
undergo resection.> However, different lesion type, size,
location, benign and malignant level, the treatment will be
also different.>® In the present study, 6 out of 11 resected
gastric submucosal tumors were <20 mm in diameter, this
was because the patients were too nervous and worried
about a bad change in the lesion that they preferred
a removal as soon as possible.

Eight previous studies of solitary GNs are summarized
in Table 2. The average age of the eight patients was 55.0
+ 11.2 years, ranging from 41 to 72 years and similar to
our findings. 62.5% of the eight patients were male, while
most of our patients were female. One patient with
a family history of NF is more likely to suffer NF because
GN may appear as the first symptom. Four patients with
gastrointestinal diseases, which may have an impact on the
occurrence of solitary GN because Stahn et al reported that
solitary neurofibroma was associated with long-term
chronic stimulation such as trauma, chronic inflammation,
ischemia, or granuloma.®* Gastrointestinal solitary neuro-
fibroma has no specific clinical symptoms. Patients’ clin-
ical symptoms mainly included abdominal pain (50.0%)
and epigastric discomfort (25.0%) in Table 2. The propor-
tion was roughly agree with ours. Solitary GN had been
reported in esophagogastric junction,” the greater curva-
ture of the stomach,' pylorus,®® posterior wall of the upper
gastric corpus,*® and anterior wall of the stomach.*” Our
results showed most GNs occurred in the lower and mid-
dle parts of the stomach.
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Table 2 Some Reported Cases of Gastric Neurofibroma
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Abbreviation: NA, not available data.

Our study showed that benign GNs appeared as
a homogeneous low-density mass during the plain and
enhanced CT scan, which was consistent with the previous
description.*® Another study reported that the density of
malignant GNs was not uniform on the plain CT scan, with
irregular low-density foci such as necrosis, hemorrhage,
cystic changes and the GN may show irregular and uneven
enhancement on the enhanced CT scan.** We recommend
patients have an MRI, because different signals also help
to identify whether the tumor is benign or malignant. At
the same time, we also recommend that patients have
routine abdominal X-rays and ultrasound examinations to
exclude the involvement of other parts of the digestive
tract.

Pathological examination is the gold standard for the
diagnosis of GN, among which S-100, NSE, and SOX-10
protein are the most specific. S-100 is a highly acidic
calcium-binding protein, mainly distributed in glial and
Schwann cells, and is involved in the proliferation, apop-
tosis, and differentiation of nerve cells.*” The expression
of S-100 protein will increase when GN occurs. As sum-
marized in Table 2, S-100 protein was positive in all cases
except for one case with not available data. The S-100
protein in 11 patients in the present study was all positive,
which was consistent with the findings in Table 2. It is
worth noting that the S-100 protein can help identify only
whether or not the lesion is neurogenic but cannot iden-
tify benign and malignant lesions. NSE is an isoenzyme
specifically secreted by central neurons and neuroendo-
crine cells, which participates in the metabolic processes
of nerve cells and maintains the normal physiological
function of the nervous system. NSE is positive in soli-
tary GN as reported by Madro et al.> Of the patients,
45.5% were positive for NSE in our study, which further
confirmed that the lesion was neurogenic. Positive NSE,
S-100 protein, cannot predict prognosis. SOX-10 is
a transcription factor involved in the survival, prolifera-
tion and differentiation of various cells in the nervous

system.*!

SOX-10 is expressed in Schwann cells and
melanocyte lineages and is crucial for their development.
Based on this, SOX-10 has been used as a new marker to
diagnose tumors originating from these cells.*? Over the
past few years, there has been growing evidence that
SOX-10 is positive in many tumors of the central and
peripheral nervous system.** Only one patient was tested
for SOX-10 in our study, and it was proved to be positive.
In addition, positive or negative expression of CD117,
CD34, SMA, Vim, Des, and Ki-67 can help identify GN
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and gastric stromal tumors, leiomyoma, leiomyosar-
coma, etc.

GN is mostly benign, but there is a certain rate of
malignant transformation, about 15.0%; the probability of
malignant transformation is higher especially in patients
over 40 years old.** Although there is no large sample
survey on the prognosis and recurrence of GN, most
researchers believe that GN with a clear diagnosis should
be resected as soon as possible because of its malignant
potential. Surgical modalities for solitary GN reported
include open surgery, laparoscopic surgery, and endo-
scopic treatment. Shi et al recommended endoscopic resec-
tion as the preferred treatment for solitary GN because it is
minimally invasive and can completely remove the
lesion.! Among the 11 patients undergoing endoscopic
treatment, six patients underwent ESE procedures and
five patients underwent EFTR procedures. All lesions
were completely resected, with no postoperative adverse
events. The median time of endoscopic resection was 80
minutes and the shortest time was only 14 minutes in our
study. However, the operation time of open surgery to
resect the solitary GN reported by Kim et al was 3 hours
and 40 minutes. Notably, the longest operation time in our
study was 170 minutes. We analyzed the possible reasons
for this long operation time as follows: (I) The lesion
with
a diameter of 3.5 cm, which had the largest diameter

originated from the deep muscularis propria,
among the 11 lesions. (II) The tumor mainly occurred
outside the gastric cavity, which increased the difficulty
of endoscopic operation. Therefore, we conclude that the
time of endoscopic operation was closely related to the
location, depth, size, and growth pattern of the lesion. We
also propose that the lesion diameter of 3.5 cm may be
a preliminary indicator to determine whether the tumor can
be removed under endoscopy or not.

During the median follow-up of 29 months, all patients
were in good condition, without recurrence or distant
metastasis. Therefore, we recommend endoscopic treat-
ment as the first choice for solitary GN, and specific
endoscopic resection methods can be selected according
to the origin of the lesion.

We reported 11 cases of solitary GN, all of which were
successfully removed by ESE and EFTR procedures, sug-
gesting that these are feasible, safe, and effective for the
treatment of solitary GN. To our knowledge, this is the
largest case series on ESE and EFTR for treatment of
solitary GN.

The present study has several limitations. First, this
was a retrospective study conducted in a tertiary hospital
with only 11 patients enrolled because of the rarity of the
lesion. Second, no comparison was made between surgical
operations and ESE and EFTR procedures for solitary GN.
Third, 3 of 11 patients were followed up for less than 24
months, which is relatively short, to evaluate the efficacy
of endoscopic treatment for solitary GN.

Conclusions
EFTR and ESE can serve as feasible, safe, and effective
treatments for solitary GN.
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