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Surgical Case Reports

A rare case of inflammatory myofibroblast 
tumor of the stomach successfully treated 
by inverted laparoscopic and endoscopic 
cooperative surgery
Naoya Kimura1, Masatsugu Hiraki1*  , Michiaki Akashi2, Koichi Miyahara3, Minori Imamura1, 
Shunsuke Furukawa1 and Ryuichiro Samejima1 

Abstract 

Background An Inflammatory myofibroblastic tumor (IMT) is a rare intermediate malignancy characterized by myofi-
broblast proliferation and inflammatory cell infiltration. Various organs are the primary sites of origin. However, 
primary tumors originating in the stomach tend to be extremely rare, making the diagnosis difficult. Herein, we pre-
sent a case of IMT originating in the stomach that was effectively managed using inverted laparoscopic endoscopic 
cooperative surgery (LECS).

Case presentation A 47-year-old male who was admitted to the hospital because of a submucosal tumor 
that was discovered during upper gastrointestinal endoscopy. The diameter of the tumor was approximately 20 mm. 
A KIT-negative gastrointestinal stromal tumor was suspected based on the biopsy findings. Therefore, partial resection 
of the stomach was performed using inverted laparoscopic and endoscopic cooperative surgery. Histopathologi-
cal examination revealed collagen fiber proliferation from the submucosal layer to the muscular layer, accompanied 
by infiltration of spindle-shaped cells, lymphocytes, and numerous inflammatory cells. Immunohistochemistry results 
were positive for SMA and negative for CD34, desmin, and c-kit. IgG4-positive cells were observed with an IgG4/IgG 
ratio > 50%, and specific nuclei were positive for ALK. Therefore, IMT was diagnosed. This condition may be difficult 
to diagnose both before and after surgery because of its rarity and submucosal tumor-like morphology.

Conclusion When a submucosal tumor originating in the stomach is observed, IMT should be considered. Partial 
resection of the stomach with LECS and immunohistochemical diagnosis may be useful.

Keywords Inflammatory myofibroblast tumor, Stomach, Submucosal tumor, Laparoscopic and endoscopic 
cooperative surgery

Background
Inflammatory myofibroblastic tumor (IMT) is an inter-
mediate malignancy characterized by the prolifera-
tion of myofibroblasts and infiltration of inflammatory 
cells such as lymphocytes, plasma cells, and eosinophils 
[1]. Although the most common site of occurrence is 
the lung, IMTs have also been reported to originate 
in the greater omentum, mesentery, retroperitoneum, 
genitourinary system, central nervous system, and 
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musculoskeletal system [2, 3]. Symptoms of IMT include 
fever, anemia, and weight loss. However, there were no 
specific clinical features. IMTs are often discovered inci-
dentally and there are no specific laboratory findings. We 
report a case of IMT originating in the stomach that was 
successfully treated with inverted laparoscopic endo-
scopic cooperative surgery (LECS).

Case presentation
A 47-year-old male was admitted to our hospital because 
of a submucosal tumor in the middle of the gastric body 
that was detected during upper gastrointestinal endos-
copy performed for screening. There were no notable 
physical findings and the patient had no relevant medi-
cal history. Blood test results revealed no significant 

abnormalities. Upper gastrointestinal endoscopy and 
contrast imaging showed a submucosal tumor of 20 mm 
in diameter on the posterior wall of the gastric body 
(Fig.  1a). Because of previous biopsy, a depression on 
the mucosal surface was observed (Fig.  1b). Computed 
tomography demonstrated slight thickening of the gastric 
wall of the tumor and no distant metastasis. Endoscopic 
ultrasound revealed a lesion with an uneven internal echo 
image originating from the muscle layer. Examination of 
biopsy specimens obtained by endoscopic ultrasound-
guided fine-needle aspiration revealed spindle-shaped 
cells with fibroblast-like nuclei in tumor cells. Immuno-
histochemistry showed partial positivity for CD34 and 
negativity for c-kit. Based on these findings, KIT-negative 
gastrointestinal stromal tumor (GIST) was suspected. 
Therefore, a surgical resection was performed.

Intraoperative findings showed a tumor lesion with a 
white color change on the serosal surface at the posterior 
wall of the middle part of the stomach after dividing the 
greater omentum (Fig.  2a). After suturing the stomach 
wall to the abdominal wall and suspending the stomach, 

Fig. 1 A submucosal tumor measuring approximately 20 mm 
in diameter was found on the posterior wall of the middle part 
of the stomach (a). A depression on the mucosal surface due 
to a previous biopsy was observed (b)

Fig. 2 The tumor was located on the posterior wall of the middle 
part of the stomach and appeared as a reddish-white mass (a 
white arrowhead). The tumor was excised along the dissection line 
from the extragastric wall under laparoscopic view (b)
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marking was performed on the external wall of the stom-
ach was marked along a line that secured a sufficient 
margin from the tumor. Endoscopic submucosal dissec-
tion was performed from the inside of the stomach along 
the marking line; when the dissection had progressed to 
a certain extent, the tumor was excised along the dissec-
tion line from the extragastric wall under a laparoscopic 
view (Fig. 2b). The excised specimen was endoscopically 
removed from the oral cavity. Closure was performed 
using an automatic suturing device after suturing the 
stomach wall with a support thread. After closing the 
stomach wall, absence of bleeding and deformation was 
confirmed endoscopically. The operation time was 3 h 
and 26 min, and there was little blood loss.

The resected specimen measured 36  mm × 32  mm 
with a sufficient margin (Fig.  3a). A gray-white tumor 

measuring 27 × 17 × 11 mm was observed from the sub-
mucosa to the serosa (Fig. 3b). Histopathological exami-
nation revealed proliferation of collagen fibers from the 
submucosal layer to the muscular layer, accompanied 
by the infiltration of spindle-shaped cells, lymphocytes, 
and numerous inflammatory cells (Fig.  4). Immunohis-
tochemistry showed that the nuclei of spindle-shaped 
tumor cells were positive for SMA (Fig.  5a) and nega-
tive for CD34, desmin, and c-Kit (Fig.  5b–d). Addition-
ally, IgG4-positive cells were observed (Fig.  6a) with an 
IgG4/IgG ratio of > 50%. Elastica van Gieson (EVG) stain-
ing revealed obstructive phlebitis in two venules (Fig. 6b). 
An additional immunohistochemical study revealed 
positivity for IgG4 and a specific nuclear positivity for 
ALK (Fig.  7). The mitotic index was 5% (Fig.  4), and 
immunostaining of Ki-67 was partially positive, while 
the MIB-1 index was 2–3% (Fig.  8). Therefore, in addi-
tion to the absence of an increase in serum IgG4 levels, a 
diagnosis of inflammatory myofibroblastic tumor (IMT) 

Fig. 3 The resected specimen measured 36 × 32 mm (a) and showed 
a gray-white tumorous lesion with a slightly indistinct border 
measuring approximately 27 × 17 × 11 mm from the submucosal layer 
to the seromuscular layer on the cut surface (b)

Fig. 4 A histopathological examination revealed increased collagen 
fiber proliferation and the infiltration of spindle-shaped cells, 
lymphocytes, and numerous stromal cells from the submucosal 
layer to the muscular layer (a hematoxylin and eosin staining, ×40. b 
Hematoxylin and eosin staining, ×200). The mitotic index was 5%
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was made. The patient was discharged on the eighth day 
after surgery and showed no signs of recurrence during 
the follow-up period of 1  year and 6  months after the 
operation.

Discussion
IMT is characterized by the proliferation of spindle-
shaped cells, typical of myofibroblasts, along with infil-
tration of inflammatory cells such as lymphocytes and 
plasma cells [1]. IMTs most commonly occurred in the 
lungs (22%). However, they have also been reported 
in the head and neck, chest wall, digestive tract, uri-
nary tract, and soft tissue of bones [2, 3]. In particu-
lar, reports of primary IMTs in the stomach of adults 
are rare. A search of the PubMed database using the 
keywords "stomach" and "inflammatory myofibroblast 
tumor" for articles published until March 2023 identi-
fied 37 cases of primary IMT of the stomach in adults, 
including the current case (Table 1) [4–29]. The median 
age of the patients was 42 years; 57% (21/37) of the 
cases occurred in women and 43% (16/37) occurred in 
men. Surgical resection and endoscopic treatment were 
performed in 95% (35/37) and 5% (2/37) of the cases, 
respectively. Among patients who underwent surgical 
resection, 5.7% (2/35) underwent combined surgery 
with endoscopy. None of the cases were diagnosed 

preoperatively, indicating the difficulty of diagnosing 
IMT before surgery.

IMT is generally diagnosed through histopathological 
examination. Typical histological features include infil-
tration of inflammatory cells, presence of eosinophils, 
and presence of spindle-shaped myofibroblastic cells. 
Immunohistochemical studies confirm the positivity 
of specific markers, such as SMA and ALK [3, 30]. In 
our case, immunostaining for SMA were positive in the 
proliferating spindle-shaped cells. The efficacy of ALK 
immunostaining has also been reported because immu-
nopositivity for ALK and specific findings of the ALK 
gene locus in fluorescence in situ hybridization (FISH) 
testing are known to be specific to IMT [3]. In previous 
cases with IMT of the stomach in which immunostain-
ing was performed, ALK positivity was confirmed in 
40.5% (15/37) of cases (Table 1). It is recommended that 
ALK immunostaining and FISH testing be performed 
as much as possible as genetic analyses to obtain a diag-
nosis in cases of suspected IMT [3]. None of the cases 
were diagnosed before the surgery (Table  1), which 
indicates the difficulty of diagnosing IMT before sur-
gery. Therefore, this disease may also be considered if a 
preoperative histological diagnosis cannot be made.

In the diagnosis of IMT, it is crucial to differentiate 
IMT from IgG4-related disease (IgG4-RD) because of 

Fig. 5 Immunostaining of spindle-shaped tumor cells was positive for SMA (a) and negative for CD34 (b), desmin (c), and c-kit (d)
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their pathological similarities, including inflammatory 
cell infiltration and high number of IgG4-positive cells 
[31, 32]. While the relationship between IMT and IgG4-
RD is not fully understood, a recent report has indicated 
that IMT can also exhibit IgG4-positive lymphocyte 
infiltration, emphasizing the need for differentiation 
from IgG4-RD [33]. Confirmation of the diagnosis can 
be achieved through immunohistochemical staining for 
ALK, which is specific and positive in the nuclei of IMT 
tumor cells. The absence of elevated serum IgG4 levels 
and multiple sclerotic tumor lesions also aids in differ-
entiating IMT from IgG4-RD. Treatment options differ 
greatly between these two conditions, as inflammatory 
pseudotumors of IgG4-RD require steroids or immuno-
suppressive agents, whereas IMT is classified as benign 
or malignant based on various factors [34, 35]. On the 
other hand, IMT is classified as benign or malignant 
based on the shape of the tumor cells, the proliferation 
index, the number of mitotic figures, and the presence 
of necrosis, according to the WHO classification in 2020 

[36]. The local recurrence rate is reported to be approxi-
mately 25% and distant metastasis is rare in all abdomi-
nopelvic organs [3]. Thus, differentiating between the 

Fig. 6 IgG4-positive cells were detected in hot spots at a density 
of 267/HPF (a). EVG staining revealed obstructive phlebitis in two 
venules (b black arrow)

Fig. 7 ALK was specifically positive in the nuclei of spindle-shaped 
cells (a ×20, b ×200)

Fig. 8 Immunostaining was partially positive for Ki-67, and the MIB-1 
index was 2–3% (×10)
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diagnoses is critical, and ALK expression is considered a 
crucial diagnostic marker for this purpose. Interestingly, 
in this case, the expression of IgG4 was observed in > 50% 
of the cells, unlike in previous cases. Therefore, the accu-
mulation of similar cases is needed in the future to deter-
mine their characteristics and prognosis.

Partial resection was performed in 54.3% (19/35) of 
the patients who underwent surgery. Among these cases 
with partial resection, local recurrence occurred in 
5.3% (1/19), which is lower than the recurrence rate of 
resected IMT cases in all abdominopelvic organs because 
of the local recurrence rate is reported to be approxi-
mately 25% [3]. Therefore, if appropriate margins can be 
ensured, partial resection can be expected to preserve 
the stomach while achieving curative resection, and may 
be acceptable. Regarding the operative procedure, we 
selected for LECS, which allows for laparoscopic and 
endoscopic observation to ensure a secure margin and 
prevent dissemination with consideration of the preop-
erative diagnosis of KIT-negative GIST without ulcera-
tion. Classical LECS has been criticized for the potential 
problem of tumor exposure within the abdominal cavity 
and leakage of gastric contents during surgery [37]. How-
ever, inverted LECS overcomes this issue by supporting 
the entire gastric wall containing the tumor with sutures, 
minimizing the risk of gastric content leakage, and avoid-
ing contact with other organs. Furthermore, inverted 
LECS is also valuable for making a diagnosis. Like our 
case, complete en bloc resection of the lesion is neces-
sary for SMTs when the diagnosis is challenging and the 
possibility of malignancy cannot be ruled out. Inverted 
LECS offers the advantages of relatively straightforward 
surgical procedures, a reduced risk of intraperitoneal dis-
semination, and high diagnostic utility. Particularly for 
tumors located in difficult-to-reach areas of the stomach, 
such as the posterior wall or the greater curvature side, 
the use of supporting sutures for elevation and inversion 
of the stomach proved to be valuable. Hayashi et al. [25] 
also reported the efficacy of LECS, with no recurrence 
was observed during their follow-up period. Therefore, 
LECS, which allows the visualization of the margins from 
both inside and outside the stomach, may be considered 
as a surgical option. Other operative procedures such as 
non-exposure techniques to prevent iatrogenic intraperi-
toneal dissemination (e.g., CLEAN-NET LECS [38] and 
non-exposed endoscopic wall-inversion surgery (NEWS) 
[39]), have also been recently introduced. Inverted LECS 
is a relatively simple procedure in comparison to these 
methods. However, these procedures could be safer in 
consideration of oncological manipulation. Therefore, 
CLEAN-NET LECS and NEWS should be also consid-
ered in similar situations in the future.

Conclusion
We encountered a rare case of IMT of the stomach that 
was successfully treated using inverted laparoscopic and 
endoscopic cooperative surgery. The diagnosis of this 
condition may be difficult both before and after surgery. 
In addition, it was challenging to differentiate between 
IgG4-RD and IMT based on pathological findings. When 
encountering a submucosal tumor originating in the 
stomach, the possibility of IMT should be considered, 
and efforts should be made to achieve complete tumor 
resection, while ensuring a definitive diagnosis through 
immunostaining and FISH analysis.
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