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Schwannomas are tumors arising from the nervous system that also occur infrequently in the gastrointestinal tract, most commonly
in the stomach. This report characterizes 29 patients with benign or malignant gastric schwannomas. Surgical data and clinical
follow-up information were available for 28 cases with a median postoperative duration of 57 months. Clinicopathological and
immunohistochemical characteristics of benign and malignant schwannomas were analysed. Four cases (13.7%) were histologically
diagnosed with malignant schwannoma. All tumors were positive for S-100 and CD56 proteins, displaying a diffuse staining
pattern. Vimentin was expressed in 100% cases and all schwannomas were negative for smooth muscle actin, c-kit, and HMB-
45. A significant difference was observed between the group of benign and malignant schwannomas as regards recurrences and
metastasis after complete resection (P = 0.015). The survival time of patients with benign schwannomas was longer than the
malignant group (P = 0.013), so gastric malignant schwannomas have a potential for recurrence and metastasis, with subsequently
short survival. Complete resection with an attempt to remove all tumor tissue with negative margins is of paramount importance

in the management of gastric schwannomas, particularly when they turn out to be malignant.

1. Introduction

Schwannomas, also known as neurinomas or neurilem-
momas, are tumors of spindle cells originating from any
nerve that has a Schwann cell sheath. Schwannomas of the
gastrointestinal tract are very rare tumors, with the stomach
being the most common location. The incidence of gastric
schwannoma is reported to be about 0.2% of all gastric tumors
and 4% of all benign gastric neoplasms [1]. Gastric schwan-
nomas are thought to arise from the sheath of Auerbach’s
plexus or, less commonly, from Meissner’s plexus [2, 3]. The
tumors are generally benign, often asymptomatic, and usually
are discovered incidentally at laparotomy or radiographically.
The common presenting symptom is upper gastrointestinal
bleeding and a palpable mass [4]. However, the tumor shared
the characteristics of an exophytic mass from the gastric wall

to the abdominal cavity with other gastric submucosal tumors
such as gastrointestinal stromal tumors (GIST), leiomyomas,
and leiomyosarcomas [5]. Therefore, the differentiation of a
schwannoma from other submucosal tumors often creates
preoperative diagnostic challenges. The definite diagnosis
of gastric schwannoma requires histological testing to be
positive for the S-100 protein, CD56, CD57, and vimentin but
negative for both smooth muscle actin and ¢-KIT [3].
Although the majority of schwannomas are benign, a
small proportion is considered malignant with a potential
to local recurrence and distant metastasis. Generally gastric
malignant schwannomas can be distinguished from benign
schwannomas on the basis of histological and immunohisto-
chemical features, not by clinical symptoms or imaging stud-
ies. Butif on CT scan enlarged lymph nodes are seen, then this
is a clear indication of the malignant potential. Preoperative



differential diagnosis of gastric malignant schwannomas is
generally difficult. Because of the low incidence of schwan-
nomas and relatively limited number of cases previously
reported, further analysis of larger cohorts is necessary to
better understand the characterization of this particular
sarcoma and diagnose it accurately. In this study, we analyzed
29 patients with benign and malignant gastric schwannomas
in terms of clinicopathological and immunohistochemical
parameters.

2. Materials and Methods

Twenty-nine schwannomas occurring in Beijing Cancer Hos-
pital and Shanghai Tenth people’s hospital were retrieved
from the consultation files of the institutional archives from
1997 to 2012. We selected the cases in which the diagnosis
of schwannomas was confirmed by our pathologists. Clinical
data and tumor size were recorded. Paraftin blocks or recently
prepared histologic sections of primary tumors were avail-
able in all cases for the following histopathologic analyses.
Hematoxylin and eosin slides were reviewed in all cases.
The histological features such as mitotic count per 50 fields,
presence of mucosa ulcer, lymphoid reaction, architecture,
and encapsulation were examined.

In our current immunohistochemical assessments, the
following primary antibodies were applied with or without
epitope retrieval pretreatments: anti-S-100 protein (poly-
clonal, 1:150, no pretreatment), anti-a-smooth muscle
actin (polyclonal, 1:200, no pretreatment), anti-melanoma
(HMB45, 1:50, no pretreatment), anti-CD56 (Polyclonal,
1:200, with pretreatment), anti-vimentin (Polyclonal, 1: 400,
with pretreatment), anti ki-67 (monoclonal, 1: 200, with pre-
treatment), anti c-Kit (polyclonal, 1: 250, with pretreatment),
and anti CD34 (polyclonal, 1: 250, with pretreatment). Heat-
induced epitope retrieval in a citric acid buffer solution
was used for the latter five antibodies. Immunostaining was
accomplished with streptavidin biotin complex detection sys-
tem and 3,3'-diaminobenzidine solution, followed by nuclear
counterstaining with hematoxylin.

Clinicopathologic parameters such as age, sex, anatomic
location, tumor size, mucosa ulcer, lymphoid reaction, and
mitotic activity were analysed with the method of Fisher exact
test to compare the clinicopathologic characteristic of benign
and malignant schwannomas. The patient survival rate was
displayed using the Kaplan-Meier method.

3. Results

3.1 Clinical Findings. The clinical features of the 29 patients
are summarized in Tablel. There were 11 males and 18
females. Patient age ranged from 43 to 81 years (mean 63.5,
median 66). 20 patients had complaints before they went
to see the doctor. The main complaint was gastric pain
(including abdominal pain), which was seen in 6 (20.7%)
patients. Other complaints included gastrointestinal bleeding
which was seen in 4 (13.8%) cases (usually occult blood in
stool and melena), epigastric pain or discomfort which was
seen in 2 patients, gastric discomfort which was seen in 5
cases (including fullness of stomach), poor appetite (n = 1),
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FIGURE 1: Gross appearance of resected specimen of one case. The
gastric submucosal schwannoma encapsulated with normal mucosa,
with ulceration on the top.

and weight loss (n = 1). The tumor in one patient was
detected during CT examination for unknown symptoms.
Nine cases were incidental findings during surgeries or
examinations for unrelated diseases. The tumors in 6 patients
were discovered incidentally during cholecystectomy (n =
3), laparoscopic appendectomy (n = 2), or colectomy
for colon cancer (n = 1). Two cases were seen at the
time of abdominal ultrasound for cholecystolithiasis. One
gastric schwannoma was detected during CT as part of
follow-up examination after surgery for lung cancer. None
of the patients has history of neurofibromatosis type 1 (NF1)
syndrome or neurofibromatosis type 2 (NF2) syndrome.

All patients were treated by surgery including partial gas-
trectomy (n = 13), gastric wedge resection (n = 8), subtotal
gastrectomy (n = 7), and total gastrectomy (n = 1). The status
at surgery and clinical follow-up information were available
in 28 cases with a mean postoperative duration of 57 months
(range: 6 to 157 months). The tumor locally recurred in one
patient and liver metastases were present after surgery in
another case. These two patients were diagnosed with malig-
nant gastric schwannoma after operation and died of it. Our
followup revealed 19 patients to be alive without recurrences
for 6 to 157 months (mean 53 months, median 47 months).
Seven patients had died of unrelated causes which included
cardiocerebral vascular accidents (n = 3), trafficaccident (n =
1), lung cancer (n = 1), acute pancreatitis (n = 1) and diabetic
kidney (n = 1), during 25 to 132 months (mean 74 months,
median 80 months). One patient was lost to followup.

3.2. Pathologic Findings. The most common origin was gas-
tric antrum (n = 10, 34.5%), followed by greater curvature
(n =7,24.1%), gastric fundus (n = 6,20.7%), lesser curvature
(n = 5, 172%), and cardia (n = 1, 3.4%). The tumors
range varied in greatest diameter from 2.1 cm to 7.9 cm, with
a mean of 5.06 + 1.38 cm (median 5.2cm). In nine cases,
the tumors showed expansive growth with distinct margin,
encapsulated by a thin membrane (Figure 1). On section, the
tumors were described as white or yellow-white with shiny,
whorled texture. In 16 cases the tumors involve the layer of
submucosa. Muscularis propria was involved in 10 patients.
The tumors invaded the layer of submucosa and muscularis
propria with gross mucosal ulceration in 3 patients.
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TaBLE 1: Clinicopathologic features of 29 cases of gastric schwannomas.
Age (y)/ . . . . Mitoses/ Follow-up
Case sex Clinical presentation Site Size (cm) 50 HPEs Outcome time (mo)
1 54/F Incidental Gastric antrum 35 0 ANED 157
2 78/M GI bleeding Gastric fundus 6.5 2 DUC 132
Epigastric pain and mass .
3 81/F palpated on a doctor’s visit for Gastric body (lesser 7.0 1 DUC 108
. curvature)
another disease
4 43/F Gastric pain Gastric antrum 4.0 6 ANED 72
5 54/F Incidental Gastric fundus 5.3 4 ANED 47
6 67/F Incidental Gastric antrum 32 1 ANED 23
7 78/M Poor appetite Gastric antrum 2.6 0 DUC 37
8 73/F  Gastric distress Gastric body (greater 44 0 ANED 11
curvature)
9 54/F Incidental Gastric antrum 2.9 2 DUC 25
10 46/F Gastric pain Gastric body (greater 5.2 6 ANED 24
curvature)
1 76/F Weight loss Gastric antrum 2.1 1 ANED 21
12 gy ncidentalon CT forlung Gastric fundus 75 9 ANED 14
cancer followup
Detected during abdominal
13 57/M sonography for Gastric fundus 43 2 ANED 14
cholecystolithiasis
14 45/M  Incidental Gastric body (lesser 55 1 ANED 10
curvature)
15 66/F Gl bleeding Gastric body (lesser 4.0 0 LTF 0
curvature)
Intermittent gastric .
16 79/M . Gastric antrum 3.0 0 ANED 6
discomfort
Detected during abdominal
17 52/M sonography for Gastric antrum 6.5 5 ANED 132
cholecystolithiasis
18 67/M  Gastric pain Gastric body (greater 6.7 15 DUC 80
curvature)
19 73/F Hematemesis, melena Gastric antrum 5.2 20 DMR 15
20 61/M Gastric pain Gastric antrum 5.7 16 ANED 28
21 55/F Nausea and gastric discomfort Gastric body (lesser 3.8 1 ANED 93
curvature)
2 g77p  Nauseaandoceultbloodin g gu 79 3 DUC 81
stool
23 60/M Incidental Gastric fundus 5.7 2 ANED 49
24 66/F Fullness of stomach Gastric body (greater 6.9 5 ANED 60
curvature)
25 65/F Detected during CT for Gastric body (greater 6.2 19 DMR 58
unknown symptoms curvature)
26 43/F Epigastric discomfort cardia 3.8 3 ANED 99
27 78/F Fullness of stomach Gastric body (greater 4.2 1 ANED 68
curvature)
28 69/M  Abdominal pain Gastric body (greater 6.0 0 DUC 55
curvature)
29 70/F  Gastric pain Gastric body (lesser 72 1 ANED 79
curvature)

DUC: died of unrelated causes; ANED: alive with no evidence of disease; LF: lost to followup; DMR: died of metastasis or recurrent of the primary disease.
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TABLE 2: Summarized immunohistochemical results of gastric schwannomas.
Antigen (antibody) No. cases examined No. positive cases (%) No. cases with ranges of positive tumor cells
<20% 20% to 50% >50%

S-100 protein 29 29 2 2 25
HMB45 29 0 0 0
CD56 29 29 2 8 19
CD34 29 4 3 1 0
a-Smooth muscle actin 29 0 0 0 0
c-Kit 29 0 0 0 0
Ki-67 29 21 5 13 3
Vimentin 27 27 6 9 12

(c)

(d)

FIGURE 2: One malignant gastric schwannoma case. (a) Tumor cells show high variation of nuclear shape and size with mitosis (H&E, original
magnification x200). Diffuse positive staining is seen for (b) S-100 protein (positive < 20%), (c) CD56 (>50%), and (d) vimentin (>50%) in

tumor cells.

Under microscopic examination, an ulcer of mucosa was
present in most tumors (about 82.8%) and no definite true
capsules were histologically detected in any cases. The tumors
were composed entirely or mainly of short spindle shaped
cells with no nuclear atypia in 21 cases. Spindle cells of
neoplasm were described in a palisade manner in 19 patients.
In 15 tumors, the tumors show a lymphocytic cuffing at the
peripheral part. Diffuse intratumoral lymphoid infiltration
was seen in all cases, with plasma cells present in 12. The
tumor cells were mostly uniform, and had palisading nuclear.
The median mitotic rate was 2 mitoses/50 high-power fields
(HPFs) (range: 0 to 20/50 HPFs, mean: 4.3/50 HPFs). Four
tumors had 15-20 mitoses per 50 HPFs with high degree
of nuclear atypia. Based on the presence of mitotic figures
and nuclear atypia, four cases (13.7%) were diagnosed with
malignant schwannoma. But without pathologic data were

found about lymph nodes involved around specimen in
malignant cases.

3.3. Immunohistochemical Findings. The immunohistochem-
ical results are summarized in Table 2. All tumors were posi-
tive for S-100 and CD56 protein, displaying a diffuse staining
pattern. Immunoreactivity for Ki-67 was seen focally in all
but one case. Vimentin was 100% expressed in all cases tested
(Figure 2). Proteins of CD34 were focally expressed in minor
fractions of the tumor vessels (13.8%). All examined 29 cases
were negative for smooth muscle actin, c-kit, and HMB-45.

3.4. Statistical Analysis. As is shown in Table 3, the clinical
and pathologic variables of benign and malignant schwanno-
mas were compared to access the potential diagnosis value
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TaBLE 3: Comparison of clinical and pathologic variables between benign and malignant gastric schwannoma.
Variables Benign schwannoma (n = 25) Malignant schwannoma (n = 4) P value
Age
<median age 12 2 1.00
>median age 13 2
Gender
Male 9 2
Female 16 2 0.622
Anatomic location
Gastric antrum 8 2
Gastric fundus 6 0
Gastric body (lesser curvature) 5 0 0.299
Gastric body (greater curvature) 5 2
Cardia 1 0
Tumor size
<med%an s%ze 13 0 0.107
>median size 12 4
Ulcer of mucosa 21 3 0.553
Recurrences or metastatic 0 2 0.015
Survival status
Alive with no evidence of disease 18 1
Died of unrelated causes 6 1
Died of metastasis or recurrent of the primary disease 0 2 0.021
Lost to followup 1 0
from their clinicopathologic characteristics. No significant Lo -
diagnosis value was identified according to gender, age (< ’
versus > median age), anatomic location, tumor size (<
versus > median size), and ulcer of mucosa. Recurrence was 0.5 -
observed in one of 4 malignant cases (25.0%) and one case ’
(25.0%) developed liver metastasis after surgery. There was +
a difference between the group of benign and malignant = 06 -
schwannomas in recurrence and metastatic rate after com- %
plete resection (P = 0.015). Median disease-free survival time a
of the benign schwannomas group was 132.0 months with no § 04 -
observed recurrence, while it was 58 months in the group of N
malignant schwannomas (P = 0.013) (Figure 3).
0.2
4. Discussion
Schwannomas are slowly-growing encapsulated tumors com- 0.0 —
posed of Schwann cells in a collagenous matrix. As the L l l l l
tumor enlarges, it displaces the nerve to the periphery of 00 >0.00 100.00 150.00 200.00
the tumor, preserving neural function [6]. According to Month
previous reports, gastric schwannomas frequently occur in Group
female individuals between the ages of 50 to 60 years and are —"1 Benign —f Benign-censored

usually solitary lesions arising from the lesser curvature of the
stomach [7-9]. In our series of patients, one-third of the gas-
tric schwannomas were located in gastric antrum, with one-
quarter in greater curvature of gastric body and gastric fun-
dus, respectively. A female predominance was also observed
in our study with a ratio of almost 2:1 (female to male)
[10]. Patients’ age with gastric schwannomas was around 60
years. They are often asymptomatic or with mild abdominal
discomfort discovered incidentally at laparotomy or radio-
graphically. Only bleeding may be present in the case of deep
ulceration [11], and a mass may be palpated in the epigastric

Malignant Malignant-censored

FIGURE 3: Cumulative survival of patients for the group of benign
schwannoma and malignant schwannoma. (P = 0.013) for compar-
ison between two groups.

area when exophytic growth has occurred. Most patients in
our series were suffering from abdominal pain, gastrointesti-
nal bleeding, and epigastric pain or discomfort. Our results
were consistent with Burneton’s review that most patients
presented with bleeding, followed by abdominal pain [12].



The most frequently ordered diagnostic test in our series
was upper-GI endoscopy performed before surgical explo-
ration. Endoscopy may identify submucosal lesions, with or
without ulceration. Recently, endoscopic ultrasonography is
evaluated in the diagnosis of gastric schwannomas [13]. But
in our series, endoscopic ultrasound added little information
for planning extent and type of the operation. This may be due
to the fact that the lesions of gastric schwannomas are usually
encased by intact mucosa and predominantly involve the
submucosa and muscularis propria. Computed tomography
(CT) scans are helpful in determining the tumor size and
its relation to the adjacent organs during evaluation before
surgery. However, when the tumor has the characteristics of
an exophytic mass from the gastric wall to the abdominal
cavity, the differentiation of a schwannoma from other sub-
mucosal tumors is very difficult on preoperative examination.
Thus, although it may be helpful to gain limited information
through GI endoscopy, CT, sonography, PET, and MRI, the
definitive diagnosis of gastric schwannomas is determined
by pathological examination [2]. The histological origin of
submucosal tumors of the gastrointestinal tract has only
recently been clarified by immunohistological procedures.
Strong positivity for S-100 protein and negative staining for
CD117 (c-kit) characterize such tumors [3].

Laparoscopic gastric resection, including wedge resec-
tion, subtotal resection, or near-total resection, is the treat-
ment of choice for gastric schwannoma. Complete resection
of the tumor is of paramount importance [14]. Like other
soft tissue sarcomas, gastric schwannomas rarely metastasize
to lymph nodes, and thus surgical lymphadenectomy for
gastric schwannomas is not routinely performed. So, no data
were found about lymph nodes involved around specimen
in our cases. The postoperative prognosis for solitary benign
schwannoma is excellent. The patients with benign gastric
schwannoma survived without recurrence and metastasis in
our study during followup. Recurrent disease is generally
associated with an incomplete surgical margin in malignant
cases. It is of note that gastric schwannoma’s malignant
potential should be determined prior to surgery. However,
distinction between benign and malignant gastric schwanno-
mas is mainly based on immunohistochemical features and
therefore identified difficultly by clinical tests and imaging. In
fact, preoperative differential diagnosis of gastric submucosal
tumor is generally difficult. So the treatment strategy for
gastric schwannoma is complete resection with negative
margins and avoiding rupture of the tumors regardless of
whether the tumor is malignant or benign [15]. Molecular
and target therapy as great advances plays an important role
in the treatment of gastrointestinal mesenchymal tumors.
Altuna et al. [16] assumed that tyrosinase inhibitor such as
imatinib may have therapeutic effect in treating vestibular
schwannoma with high expression rate of platelet-derived
growth factor receptor (PDGFR) and c-kit. However, the
efficiency of chemotherapy remains uncertain.

Malignant schwannoma (malignant peripheral nerve
sheath tumor, MPNST) is a high grade sarcoma with a
potential for local recurrence and distant metastasis that may
occur at any site in the body where there is neural tissue.
The histological criteria for the diagnosis of a malignant
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schwannoma are based on the presence of mitotic figures,
nuclear atypia, part of necrosis, and other pathological
features, not on clinical symptoms or imaging studies [17].
As a fact, in this report, criteria aforementioned to classify
the tumors as benign or malignant were applied. Mitoses
of the tumor over 15/50 HPFs and high degree of nuclear
atypia with lower S-100 and higher Ki-67 expression were
considered the characteristic of malignant schwannoma. The
incidence of malignant gastric schwannoma was reported to
be about 10-15% of gastric schwannomas [15]. The prognosis
for malignant schwannoma patients is poor and is char-
acterized by rapidly progressive disease and poor response
to chemotherapy. Most patients die before 2 years, with an
average 5-year survival of 23% [18]. In our study, two patients
with malignant schwannoma occurred and developed recur-
rence and metastasis after operation and died from it. As a
logical consequence, median disease-free survival time of the
malignant schwannomas group was a lot shorter than that
of the benign group. Furthermore, results also may be con-
firmed that the mitotic count and nuclear atypia were highly
related to the prognosis, but further patients with malignant
schwannomas should be analysed during future research.

5. Conclusion

Our experience confirmed that infrequently diagnosed gas-
tric schwannomas have a female predominance. The clinic
course of gastric schwannomas are usually benign, slow-
growing, and asymptomatic. Gastric malignant schwanno-
mas are extremely rare, reported with a high potential for
recurrence and metastasis in our series. Histological and
immunohistochemical features are of paramount importance
to differentiate between benign gastric schwannoma, malig-
nant gastric schwannoma, and other spindle cell sarcomas.
Finally, complete resection with an attempt to remove all
gross disease and achieving negative margin is a fundamental
surgical principle in the management of gastric schwan-
nomas. However, further research is necessary to better
understand features of malignant schwannomas.
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