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Abstract. Gastrointestinal schwannoma is a rare, slow‑growing 
and benign tumor that mostly originates in the Auerbach 
myenteric nerve plexus in the gastrointestinal tract. The clin‑
ical manifestations may be associated with the location, size, 
differentiation type, and degree of malignancy of the tumor. 
Endoscopy, ultrasound and imaging examinations serve an 
important auxiliary role in the clinical identification, diag‑
nosis and differential diagnosis of lesions; assessment of risk; 
and preparation for surgery. S‑100 positivity is a hallmark of 
schwannoma. CD34, CD117, discovered on GIST‑1, P53, ALK, 
β‑catenin, smooth muscle actin and Desmin negativity are 
helpful for the identification of other gastrointestinal stromal 
tumors. Surgical removal of the tumor is the main treatment 
for schwannoma. Benign gastrointestinal schwannoma has a 
good prognosis without recurrence and metastasis; malignant 
transformation is extremely rare and has a poor prognosis.
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1. Introduction

Schwannomas are caused by the excessive proliferation 
of Schwann cells in nerve sheaths. They grow slowly and 
can occur in any part of the body, such as the limbs, head, 
spinal cord and peripheral nerves of the central nervous 
system, but are rarely seen in the gastrointestinal tract (1). 
Gastrointestinal schwannoma (GIS) was first reported 
by Daimaru in 1988 (2), and it is being diagnosed more 
frequently with recent advances in diagnostic technology 
and immunohistochemistry. Schwannomas account for 
2‑6% of gastrointestinal mesenchymal tumors (3,4); 60‑70% 
occur in the stomach, followed by the colon and rectum 
(3%), and their occurrence in the esophagus and small intes‑
tine is even rare (5). They are classified as mesenchymal or 
neuroectodermal tumors, and this type of tumor originates 
in the gastrointestinal wall and includes gastrointestinal 
schwannoma (GIS), gastrointestinal stromal tumor (GIST), 
leiomyoma, leiomyosarcoma, neurofibroma, lipoma, 
ganglioneuroma, paraganglioma, granulosa cell tumor and 
globular tumor. GIS originates from the Auerbach myenteric 
plexus in the gastrointestinal nerve plexus (2). The most 
common clinical feature is submucosal lesions, which are 
usually found accidentally during gastrointestinal endos‑
copy, endoscopic ultrasonography, imaging or abdominal 
surgery. However, so far, due to its low incidence, malignant 
transformation occurs in only 2% of cases (6), it has not 
been studied comprehensively enough, and most reports on 
GIS are case reports. The diagnostic accuracy is diminished 
by the morphological diversity of GIS, and it is difficult to 
develop a unified diagnostic standard (7‑12). The clinical 
manifestations, commonly used laboratory examinations, 
pathological features, differential diagnosis, treatment and 
prognosis were reviewed, aiming to provide a reference for 
GIS diagnosis and treatment.
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2. Pathogenesis

Molecular mechanism. The pathogenesis of schwannomas 
is not yet fully understood. Studies have been limited to 
classic soft tissue schwannomas (such as vestibular nerves 
and trigeminal schwannomas), which are mostly associ‑
ated with genetic diseases, such as neurofibromatosis type 2 
(NF2) defects, and involve the process of chronic peripheral 
nerve injury and over‑repair (13‑15). When peripheral nerves 
are damaged, Schwann cells in a static state are activated to 
initiate a redifferentiation program for repair; however, if the 
NF2 gene is abnormal, large numbers of Schwann cells will 
proliferate due to the disruption of redifferentiation, which 
will eventually lead to tumor formation (16). Lasota et al (17) 
found that NF2 in GIS exhibited the loss of heterozygosity, and 
inactivating mutations were identified in only 1 of 20 analyzed 
tumors.

Gastrointestinal malignant schwannoma (GIMS) may be 
associated with neurofibromatosis type 1 (NF1). In the study 
of NF1, it has been shown that NF1 gene mutations and/or the 
loss of heterozygosity may exist in 50% of GIS (17), resulting in 
the loss of neurofibrin (encoded by NF1), thereby accelerating 
the inactivation of Ras GTP and leading to increased RAS 
expression. The interaction between the loss of neurofibrin and 
the increase in RAS expression leads to the enhancement of 
mitotic signals and dysregulation of cell cycle growth regula‑
tion, promoting tumor malignancy (18).

3. Clinical features

The age of GIS occurrence is mostly between 50 and 
80 years (5). Some studies have reported that GIS occurrence 
has a female preponderance (2,6,10). GIS is occasionally seen 
in gastrointestinal endoscopy and imaging examinations; these 
tumors are mostly benign with relatively slow growth, which 
causes nonobvious gastrointestinal symptoms in most patients. 
The corresponding symptoms depend on the tumor location, 
size, differentiation, and degree of malignancy.

When the tumor occurs in the stomach, it often causes 
upper abdominal discomfort, including atypical abdominal 
pain, fullness, nausea, acid reflux, vomiting and anorexia; if 
the tumor develops in a certain location, such as the cardia and 
pylorus, as the tumor expands, it can cause eating obstruction, 
nausea and vomiting. In the intestine, the tumor can cause 
obstruction, intussusception and melena, as the tumor grows 
through the mucosa and forms an ulcer. The excessive growth 
of GIS may involve other organs and cause corresponding 
symptoms, such as large gastric schwannoma that causes 
atypical chest pain (19), pleural effusion (20) and other unique 
symptoms. In general, a tumor size in the gastrointestinal tract 
over 5 cm is known to have a high risk of possible complica‑
tions and thus needs curative resection; if not resected, the 
propensity to become malignant is high.

When tumor growth causes compression or ischemic 
necrosis, acute symptoms, such as abdominal pain, obstruc‑
tion, bleeding, perforation and other clinical manifestations, 
may appear. Some cases have also reported schwannoma 
causing intussusception (21). In addition, as a benign tumor, 
it can also cause symptoms associated with malignant 
tumors. Case reports have also found that GISs can cause 

Lambert‑Eaton myasthenia‑like syndrome (22) and other 
paraneoplastic syndromes; other symptoms can also include 
secondary membranous nephropathy (23), proteinuria and 
lower extremity edema.

At present, there are few reports on GIMS, and their 
symptoms can be similar to those of benign tumors, but 
malignant behaviors such as metastasis and cachexia may also 
occur (24‑27).

4. Common auxiliary examinations and characteristics

Digestive tract (ultrasound) endoscopy, abdominal ultrasound, 
computed tomography (CT), magnetic resonance imaging 
(MRI), 18fluorodeoxyglucose positron emission tomography 
(18FDG‑PET) and other examinations are routine examinations 
for gastrointestinal diseases. For GIS that resembles as other 
common tumors of the bowel, the aforementioned examina‑
tions are nonspecific, not pathognomonic, and only provide a 
reference for diagnosis (28,29).

Endoscopy and ultrasound endoscopy. Gastrointestinal 
endoscopy is one of the most common examinations of the 
digestive tract. It can clarify the location, size, and mucosal 
changes of GIS; however, considering that GIS mostly occurs 
in the muscularis propria or submucosa, it mostly appears as 
protruding lesions under endoscopy, so patients are mostly 
treated for GIST. Conventional endoscopic tissue biopsy 
usually only shows chronic inflammatory manifestations of 
the mucosa, so it is difficult to diagnose tumors. Twenty‑five 
to 50% of tumors will cause ulcers in the central area as 
the volume increases, leading to ischemic changes in the 
surrounding mucosa (30). Similarly, GIMS also involves 
bleeding from malignant ulcers, so bleeding, necrosis, and 
ulcer changes can provide help in identifying benign and 
malignant tumors.

Endoscopic ultrasound‑guided biopsy is currently an 
important examination for the preoperative diagnosis of 
gastrointestinal tumors, especially submucosal tumors, and 
increases the chances of preoperative diagnosis by 10% (31,32). 
It generally includes endoscopic ultrasound‑guided fine‑needle 
aspiration and trucut biopsy (EUS‑FNA and EUS‑TCB), but 
there are significant differences in the number of tissue samples 
obtained due to differences in puncture techniques, so the 
specificity of EUS‑FNA and EUS‑TCB is low (52 vs. 55%) (33). 
The latest research found that using EUS‑FNA‑derived RNA 
for mutation analysis is highly feasible and provides reliable 
results (34); therefore, for submucosal GIS, ultrasound‑guided 
biopsy is recommended as a routine examination method to 
confirm the preoperative diagnosis.

Ultrasound examination. Abdominal ultrasound examina‑
tion is currently widely used to locate abdominal masses and 
evaluate blood flow conditions. Contrast‑enhanced ultrasound 
is a non‑invasive inspection method that does not use radiation 
to examine the perfusion status of the lesion. Because it can 
examine the blood perfusion of a tumor, it is very useful in the 
differential diagnosis of lesions (35). Under ultrasound, GIS 
mostly appear as hypoechoic masses with clear boundaries 
and insufficient internal blood flow. When contrast‑enhancing 
agents are used for enhanced dynamic imaging, gastric 
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schwannoma exhibits a rapidly progressing washout phenom‑
enon, while on static images, the tumor appears with moderate 
echo enhancement (36).

Abdominal computed tomography (CT) and magnetic reso‑
nance imaging (MRI). GISs can occur in any part of the 
gastrointestinal tract, and most of them grow contralater‑
ally to the mesenteric attachment (37). Under CT, it mostly 
appears round, with uniform density or density lower than soft 
tissue and clear boundaries. A homogeneous pattern of tumor 
attenuation is the most consistent feature of GIS on CT scans. 
However, there are also a small number of cases with slow 
and progressive enhancement, suggesting that the enhance‑
ment of gastrointestinal schwannomas occurs over time, 
with peak enhancement occurring during the equilibrium 
phase (38). The most striking difference in the CT features 
of GIS compared with those of GIST is the rare presence of 
hemorrhage, necrosis and cystic changes. It shows fewer signs 
of abdominal parenchymal organs, lymph node malignant 
metastasis and abdominal effusion, which is helpful for the 
differentiation of benign and malignant tumors. Compared 
with CT examination, MRI is superior to CT in distinguishing 
GIS and GIST. On T1‑weighted images, tumors often show 
lower signal intensity, while on T2‑weighted images, they 
often show higher signal intensity (39).

18FDG‑PET. FDG‑PET is mainly used to assess the malignant 
potential of tumors and the recurrence and metastasis of malig‑
nant tumors. It is one of the important preoperative methods 
for distinguishing benign and malignant lesions from atypical 
gastrointestinal tumors. A previous report demonstrated that 
benign GIS showed increased FDG intake and large metabolic 
changes, which contrasted with the low metabolic changes of 
benign tumors on FDG‑PET (40). Miyake et al (41) proposed 
that this observation may be associated with the lymphatic 
sheath around the tumor, but there is no relevant experimental 
evidence. Therefore, the role of FDG‑PET in the assessment 
of benign and GIMS and their differentiation from other 
interstitial tumors needs further study. FDG‑PET may be of 
limited value as a preoperative diagnostic technique for the 
assessment of GIS.

Hematological examinations. When tumors cause hemor‑
rhage, decreases in hemoglobin and albumin levels might 
occur in patients with GIS. Reports have shown that common 
serum tumor markers, such as fetoprotein, CEA and carcino‑
embryonic antigen, were within the normal range (42,43), but 
occasionally increased CA19‑9 was observed (44). Notably, 
Shu et al (45) pointed out that one patient had elevated serum 
neuron‑specific enolase (NSE) levels. NSE is an acid protease 
that is specific to neurons and neuroendocrine cells, and is 
highly concentrated in nerve cells, neuroendocrine cells and 
tumor cells (45). Therefore, it is feasible that the immunohisto‑
chemistry of GIS would show a positive NSE result.

5. Pathological characteristics

General features. GIS mostly exhibits exogenous or intra‑
luminal bulging growth, with sizes between <1‑28 cm (3,5); 
most of them occur as single tumors, and multiple tumors are 

rare (46). The solid mass is round or oval to the naked eye, 
with clear boundaries, a gray or yellowish‑white cut surface, 
no intact surrounding capsule, and necrosis, hemorrhage, 
calcification, and cystic changes in the central area are rare.

Cytological characteristics. Classic soft tissue schwannomas 
have two alternating structures. Antoni A is a dense growth 
of spindle cells arranged in a fence‑like structure to form 
Verocay bodies with abundant blood vessels, and Antoni 
B is characterized by a loose distribution of spindle cells 
with round or slender nuclei, containing a large amount of 
myxoid stroma and xanthomatous histiocytes (47). However, 
Bohlok et al (6) found that only 12.5% of cells have two 
structures in the GIS, with only a structure similar to Anotoni 
A lacking Verocay bodies. Microscopically, the short spindle 
cells in GIS are arranged in a palisade shape with unclear 
borders, their cytoplasm is slightly eosinophilic, and their 
nucleus is deep and round or oval. The most significant 
feature of GIS is the short spindle cell in the center of the 
tumor and the chronic inflammatory cell infiltration around 
the tumor, forming a prominent lymphoid cuff, which can 
aid in distinguishing GIS from other mesenchymal tumors. 
Nuclear atypia with hyperchromasia is common, and the 
mitotic count rarely exceeds 5/50 high‑powered field, which 
can be used as a standard for the classification of benign and 
malignant tumors (6,47,48).

Immunohistochemistry. Immunohistochemical examination is 
the gold standard for diagnosing GIS. S‑100 is a group of highly 
acidic calcium‑binding proteins that are widely distributed in 
neural crest cells and their tumors. Because the Antoni A‑like 
area in GIS can show the diffuse and strong expression of 
S‑100, the strong positivity of S‑100 makes it a specific marker, 
with an expression rate of 97.9% (6). In addition, CD34 and 
Vimentin are occasionally positive, and other immunological 
markers, NSE, CD34, CD117, discovered on GIST‑1 (DOG‑1), 
P53, ALK, β‑catenin, smooth muscle antigen (SMA) and 
Desmin negativity, provide the main evidence for differential 
diagnosis (46). In addition, GIS derived from non‑Schwann 
cells may be positive for specific markers, such as melanin, 
which is indicative of melanoma schwannoma. For GIMS, 
the degree of invasion is mostly associated with the Ki‑67 
index. It is generally believed that Ki‑67 >5% is considered to 
be malignant, and >10% is considered to be malignant (3,5). 
However, Ki‑67 alone is not enough to judge the degree of 
tumor malignancy. It is also necessary to consider factors such 
as the tumor size, mitotic index, MIB‑1, tumor recurrence, and 
local or distant metastasis (49‑52).

GIMS is positive for glial fibrillary acidic protein, vimentin, 
NSE and CD68, and negative for S‑100, CD117, CD 99, CD34, 
CD20, desmin and SMA (53).

Malignant schwannomas mostly contain dedifferentiated 
Schwann cells, and the synthesis of s‑100 is decreased, so 
the expression of s‑100 will decrease as the malignancy of 
schwannomas increases (54).

6. Differential diagnosis

GIS is a type of gastrointestinal mesenchymal tumor. Due 
to its low incidence, the clinical misdiagnosis rate is up to 
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96.7% (55). The immunohistochemistry features of GIS, 
GISTs and other tumors are described in Table I.

GIST. Due to the prevalence, clinical symptoms, morphology 
and growth patterns of GIST being very similar to those of 
GIS, GIS is most commonly misdiagnosed as GIST, and 
10‑30% of GIST becomes malignant (56). Therefore, the 
ability to correctly identify the nature of the tumor plays a key 
role in further treatment and prognosis. Preoperative imaging 
and endoscopy can provide limited help, but if GIS is not accu‑
rately diagnosed, clinicians usually treat it as GIST. Generally, 
GIST tumors have a cut surface that is gray or gray‑red, rich 
blood supply, necrosis, liquefaction, calcification, and are 
commonly cystic, and the behavior is very different from 
that of GIS. Microscopically, it is composed of spindle cells 
with diverse morphological arrangements and no palisade 
shape. CT shows obvious enhancement, and the immunohis‑
tochemical phenotype is CD117, CD34 and DOG‑1 positivity, 
and S‑100 negativity, which is the most important distinction 
from schwannoma.

Gastrointestinal smooth muscle tumor. It rarely occurs 
in the colon and very rarely in the small intestine. The CT 
findings are often uneven and obviously enhanced. The 
interior of leiomyoma is gray, solid, fibrous and tough. The 
cut surface of the leiomyoma can be gray‑red and resemble 
fish flesh, accompanied by hemorrhagic necrosis and cystic 
degeneration. Microscopically, the spindle cells appear 
weaved or bundled, and leiomyosarcoma cells have obvious 
atypia, accompanied by obvious necrosis and mitosis. No 
muscle‑derived markers are positive, and S‑100 is negative 
or weakly positive.

Gastrointestinal lymphoma. Due to the lymphocyte cuff 
of GISs, they are easily misdiagnosed as gastrointestinal 
lymphoma during preoperative needle biopsy (57), and CT 
findings of gastrointestinal lymphoma are similar to those of 
GIS, so it is not uncommon to misdiagnose GISs as lymphoma. 
Gastrointestinal lymphoma is usually accompanied by 
extensive mesenteric or retroperitoneal lymphadenopathy, 
whose features can be distinguished from GIS. Additionally, 
gastrointestinal lymphomas are commonly accompanied by 
adenopathy in the supporting mesenteries and retroperito‑
neum, so adenopathy is a helpful distinguishing feature for 
lymphoma (58).

Malignant tumors of the gastrointestinal tract. These tumors 
grow aggressively and are not clearly demarcated from the 
normal gastrointestinal wall. They are characterized by a stiff 
tubular wall, narrow lumen, early gastrointestinal obstruction 
and local lymphadenopathy. The GIS boundary is clear, lymph 
nodes are rarely enlarged, and digestive tract obstruction 
appears late. Since gastrointestinal cancer mostly originate 
in the mucosal layer, the nature of gastrointestinal malignant 
tumors can be determined by endoscopic biopsy pathological 
examination, gastrointestinal cancer can be diagnosed by 
preoperative pathological examination.

7. Treatment

Since the preoperative diagnosis of GIS is often unclear, there 
is no unified standard for the treatment of schwannomas, but 
it is clinically believed that the active surgical treatment of 
schwannomas has been validated. According to the size and 
location of the tumors and their association with surrounding 

Table I. Differential diagnosis of GIS by immunohistochemistry.

 GIS GIMS GIST Neurofibromas Melanoma  Leiomyomas Leiomyosarcoma

S‑100 +++ +↓ ‑ +/++ ++ ‑ ‑
Vimentin +++ + ‑ +/++ ++ ++ ++
NSE ++ + ‑ ++ ‑ ‑ ‑
Desmin ‑     +++ +++
CD34 ‑  ++ ++ ‑ ‑ ++
CD117(c‑KIT) ‑ ‑ ++  ± ‑ ‑
DOG‑1 ‑  +++    ‑
CD56 +++  ‑ ‑  ‑ ‑
CD68 +++   ‑
GFAP + + ‑ ‑  ‑
SMA ‑ ±a    +++ +++
HMB‑45     +++ 
LCA  ‑   ‑
PCNA      + +++

↓, Expression decreases as the degree of malignancy increases. aNegative (26) or positive (27) are reported. GIS, gastrointestinal schwannoma; 
GIMS, gastrointestinal malignant schwannoma; GIST, gastrointestinal stromal tumor; NSE, neuron‑specific enolase; DOG‑1, discovered on 
GIST‑1; GFAP, glial fibrillary acidic protein; SMA, smooth muscle antigen; HMB‑45, human melanoma black45; LCA, leucocyte common 
antigen; PCNA, proliferating cell nuclear antigen.
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tissues, common surgical methods include endoscopic resec‑
tion and laparoscopic and open surgery.

Endoscopic resection is often suggested for tumors <3 cm 
in diameter (59). Common surgical types include endoscopic 
mucosal resection (60) and full‑thickness endoscopic surgery 
resection. However, since the tumor grows under the mucosa, 
the use of endoscopic resection increases the risk of bleeding, 
perforation and gastrointestinal fistula. There is no clear 
evidence that endoscopic resection may lead to incomplete 
tumor resection and recurrence of residual tumor risks such 
as metastasis. However, in recent years, new technologies for 
endoscopic resection have been developed, such as extralu‑
minal endoscopic submucosal tunnel resection (61), which 
has improved the safety and cure rate of endoscopic resection. 
Endoscopic resection is not recommended for patients with 
deep locations, unclear tumor boundaries and metastases.

Surgical resection is currently the most effective way to 
treat GIS. Common surgical methods include simple tumor 
resection and partial gastric (intestinal) resection. Experts 
have reached a consensus that tumor lymph node metas‑
tases may be rare, so routine lymph node dissection is not 
recommended. With the development and popularization of 
laparoscopic technology, the laparoscopic replacement of 
traditional open surgery has been accepted by an increasing 
number of clinicians. Laparoscopic and endoscopic coopera‑
tive surgery (LECS) refers to the simultaneous application of 
laparoscopy (hard scope) and endoscopy (soft scope) during 
an operation (62). LCES makes up for the shortcomings of 
a single surgical method. Huang et al (63) reported that the 
endoscopy‑assisted laparoscopic resection group was supe‑
rior to the laparoscopy group, in terms of a shorter operation 
time, decreased intraoperative bleeding, short postoperative 
intestinal function recovery time, and a shortened length of 
hospitalization (P<0.05). For tumors <30 mm in diameter, 
a modified LECS technique called ‘closed LECS’ was 
created by Kikuchi et al (59) to avoid the potential risk of 
gastric contents or tumor cells spilling into the abdominal 
cavity. Therefore, LECS compensated for the inaccurate 
positioning of the tumor by single‑line laparoscopic surgery 
or the increased risk of bleeding and perforation caused by 
single‑line endoscopic resection, decreases the contaminated 
area of the operation, lowers the possibility of luminal 
stenosis, increases safety and is beneficial for the patient's 
postoperative recovery.

Due to the large difference between the location and 
volume of GIS, special surgical methods, such as Billroth 
II (21), may be used for symptoms such as a unique tumor 
location, severe obstruction, bleeding, large size and compres‑
sion of other organs. For individuals with diagnosed GIMS, 
surgical resection, radiotherapy and chemotherapy are recom‑
mended (52).

8. Prognosis

After the long‑term follow‑up of patients with benign 
schwannoma, no recurrence was found after complete tumor 
resection. As suggested by a longitudinal study, GIMS 
has a poor prognosis, as 3 out of 10 patients died due to 
the metastasis or recurrence of GIMS within 5 years after 
surgery (64). Bevacizumab is an anti‑vascular endothelial 

factor monoclonal antibody that has been shown to effectively 
inhibit tumor development. It is one of the few drugs for the 
treatment of schwannomas and has been used in vestibular 
schwannomas (65). Currently, the effectiveness of molecular 
therapy for GIMS is unclear because of the very low number 
of reported cases. Further molecular therapy research will be 
useful for determining its usefulness in the treatment of GIMS.

9. Conclusion

GIS is an uncommon, slow‑growing and benign gastrointestinal 
interstitial tumor that may become malignant in a few cases. 
Most of these tumors have no obvious specific symptoms or 
signs. Endoscopy, imaging and ultrasound examinations play 
a role in differential diagnosis, and biopsy can improve the 
accuracy of diagnosis. Positivity for S‑100 is the gold standard 
for diagnosing GIS. GIS currently has a relatively high rate 
of clinical misdiagnosis, resulting in the relatively limited 
selection of surgical procedures. Complete surgical removal 
of the tumor is the main method of treatment for GIS. LECS 
has obvious advantages in the treatment of GIS and is worth 
recommending.
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