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Abstract: Inflammatory myofibroblastic tumor (IMT) is a neoplasm composed of spindled neoplastic myofibroblasts
admixed with reactive lymphoplasmacytic cells, plasma cells, and/or eosinophils, which has an intermediate bio-
logical behavior. An IMT variant with plump round epithelioid or histiocytoid tumor cells, recognized as epithelioid
inflammatory myofibroblastic sarcoma (EIMS), has a more clinically aggressive progression. To the best of our knowl-
edge, only about 40 cases of EIMS have previously been reported in limited literature. Here, we report here a case of
unusual EIMS with a relative indolent clinical behavior. We reviewed the literature for 18 similar cases. The patients
present with a highly aggressive inflammatory myofibroblastic tumor characterized by round or epithelioid morphol-
ogy, prominent neutrophilic infiltrate, and positive staining of ALK with RANBP2-ALK gene fusion or RANBP1-ALK
gene fusion, or EML4-ALK gene fusion. Our case is the first case of primary stomach EIMS. Moreover, the mecha-
nisms of the rare entity have not been widely recognized and require further study. Early accurate diagnosis and
complete resection of this tumor is necessary. Some researchers suggest expression of PD-L1 may provide new
strategies for ALK-targeted therapy.

Keywords: Inflammatory myofibroblastic tumor, epithelioid inflammatory myofibroblastic sarcoma, RANBP2-ALK
gene fusion, RANBP1-ALK gene fusion, morphology, immunostaining, poor prognosis

Introduction mesentery, omentum majus, and affects most-
ly adults, and men more frequently than women
[5]. In contrast to the conventional spindle-cell
IMT, EIMS is mainly consisted of round-to-epi-
thelioid cells, with a loose or myxoid stroma,
containing abundant neutrophilic inflammma-
tory infiltrates [6-10]. Immunostain for ALK typi-
cally localizes to the nuclear membrane, and
occasionally presents a cytoplasmic pattern wi-
th perinuclear accentuation [11]. Several stud-
ies revealed that EIMS has a RANBP2-ALK gene
fusion or RANBP1-ALK gene fusion [12, 13].
Researchers speculated the RANBP1-ALK fu-
sion leads to cytoplasmic and perinuclear ALK
expression, and RANBP2-ALK fusion results
from nuclear membranous ALK expression pat-

Inflammatory myofibroblastic tumor (IMT) is a
distinctive neoplasm composed of myofibro-
blastic and fibroblastic spindled cells accom-
panied by an inflammatory infiltrate of plasma
cells, lymphocytes, and/or eosinophils, which
has intermediate biological behavior [1, 2]. It
most often occurs in soft tissue and the abdom-
inopelvic region, lung, mediastinum and retro-
peritoneum, and usually affects children and
adolescents [3]. Cytoplasmic reactivity for ana-
plastic lymphoma kinase (ALK) protein is de-
tectable in 50-60% of cases, which is triggered
by clonal rearrangements of ALK gene located
on chromosome 2p23 [1, 4].

The epithelioid variant of IMT, known as epithe-
lioid inflammatory myofibroblastic sarcoma (EI-
MS), is first described by Marino-Enriquez [5]
and is clinically aggressive and has a poor prog-
nosis. It often occurs in the abdominal cavity,

tern in EIMS. Both are associated with an
aggressive clinical course [1, 14, 15]. To the
best of our knowledge, only about 40 cases
have been reported in the English literature. In
this study, we describe an additional case of
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Table 1. Antibodies used for immunohistochemical stain-

ing

Antibody nﬁ';’]’;‘; Source Dilution
CK (pan) AE1/AE3 MAB, Fuzhou, China Ready to use
EMA E29 Dako Concentrated
SMA 1A4 MAB, Fuzhou, China Ready to use
S-100 4¢4.9 MAB, Fuzhou, China Ready to use
CD117 C-kit Dako Concentrated
CD30 Ber H2 Dako 1:400
CD34 QBENnd/10 MAB, Fuzhou, China Ready to use
CD31 JC/70A MAB, Fuzhou, China Ready to use
ERG EP111 ZM. Beijing, China Ready to use
Dog-1 SP31 MAB, Fuzhou, China Ready to use
D2-40 D2-40 MAB, Fuzhou, China Ready to use
Calponin CALP MAB, Fuzhou, China Ready to use
Desmin D33 Dako Concentrated
ALK ALK1 Dako, Glostrup, Denmark 1:100
Ki-67 MIB-1 Dako, Glostrup, Denmark 1:100
Melanoma  HMB45 MAB, Fuzhou, China Ready to use
Ck5/6 D5/16B4 MAB, Fuzhou, China Ready to use
INI-1 MRQ-27 MAB, Fuzhou, China Ready to use
TFE3 MRQ-37 MAB, Fuzhou, China Ready to use

EIMS with clinical, pathologic and immunohis-
tochemical analysis.

Materials and methods

Our case was obtained from the Department of
Ningbo Clinical Pathological Diagnosis Center,
China. Glass slides and paraffin blocks were
available from the specimens of stomach in
January 2018. Follow-up time was 10 months.
Two expert pathologists (S.Y.W and C.X.H) con-
firmed a consensus diagnosis of epithelioid
inflammatory myofibroblastic sarcoma, accord-
ing to the 2018 (2" edition) by Wang Jian on
soft tissue pathology. The Research Ethics
Committee of Ningbo reviewed and approved
the study according to the principles expressed
in the Declaration of Helsinki.

Immunohistochemical staining was performed
on deparaffinized tissue sections using a la-
beled streptavidin-biotin peroxidase or polymer
detection system on an automated immunos-
taining module (Dako), according to the instr-
uctions of the manufacturers. Antibodies are
detailed in Table 1. Appropriate positive and
negative controls were used for each antibody.
Tumor reactivity for immunohistochemical anti-
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bodies was scored as follows: -, all
tumor cells were negative; +, 5-25% of
tumor cells were positive; ++, 26-50%
of tumor cells were positive; and +++,
>50% of tumor cells were positive.
Only tumor cells with distinct nuclear
staining for ERG, Fli-1, Ki67, S-100,
INI1 and TFE3; distinct cell membrane
staining for CK (pan), CK5/6, CD30
and D2-40; distinct cell cytoplasmic
staining for Melanoma, SMA and Ca-
Iponin; distinct nuclear and/or cyto-
plasm staining for anaplastic lympho-
ma kinase (ALK) were recorded as
positive; and distinct cell membrane
and/or cytoplasm staining for EMA,
CD117, DOG-1, CD31 and CD34 were
recorded as positive.

Results
Clinical features

Clinical features of all cases are sum-
marized in Table 2. Our patient is a

35-year-old female who was hospital-
ized due to generalized weakness and
loss of appetite for 17 days in January 2018.
Electron gastroscopy revealed an elevated
lesion at the greater curvature of the gastric
body. CT examination showed a solid mass in
the greater curvatureof the gastric body and no
clear demarcation to the mucosa, with the
dimension of 4.0 x 2.0 cm. When strengthen
scan was performed, the mass showed non-
uniform intensification (Figure 1A and 1B). The
resection of the tumor together with part of the
stomach was conducted. Hypersensitive c-re-
active protein was elevated and measured
17.13 mg/L. There was no family history of
genetic disease. The patient was not subjected
to further chemotherapy or radiation therapy.
The patient is currently well and close follow-up
would be required to ascertain the behavior.

Histopathology

Tumor was in irregular shape with the size of
5.0 x 4.0 x 2.0 cm. On cut section, the tumor
was grayish-yellow to gray red in color, moder-
ate or fleshy in consistency. Macroscopically,
the tumor was located on the mucosa and
submucosa and invaded into the muscularis.
Marked necrosis could be easily seen (Figure
2A). Tumor cells were predominantly composed
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Table 2. Clinical features of 18 cases of epithelioid inflammatory myofibroblastic sarcoma

Author, Year Case Age/ Site Size Treatment Recurrence or metastasis Follow-up
Sex (cm) Status (m)
Yu et al., 2016 1 37y/F Rectum 5 SE No recurrence and metastasis 8 (NED)
2 55y/M Mesentery of ileum 11 SE, CT Recurred at 2 m 10 (NED)
3 22 y/M Mesentery of colon 20 SE, ALKi Recurred at 2 m 14 (AWD)
4 58 y/F Omentum 55 SE, CT Recurred at 2 m 8 (DOD)
5 15y/F  Transverse colon 10 SE No recurrence and metastasis 7 (NED)
Telugu et al., 2017 6 3y/F Suprarenel 15 SE, CT Metastasis to liver and lung 8 (DOD)
Jiang et al., 2017 7 45y/M  Abdominal cavity 20 SE, CT Metastasis to liver, spleen, small intestine et al. 1 (DOD)
Lee et al., 2018 8 42 y/M  Abdominal cavity NA NA Recurred at 8 m 40 (AWD)
9 34 y/M Liver NA NA Recurred at 5 m 5 (DOD)
10 62y/M  Abdominal cavity NA NA NA 2 (DOD)
11 76y/F  Abdominal cavity NA NA NA 4 (DOD)
12 30y/M  Abdominal cavity NA NA NA 8 (DOD)
13 26 y/M  Abdominal cavity NA NA Recurred at 7&16 m 16 (AWD)
14 39y/M  Abdominal cavity NA NA Recurred at 10 m 10 (AWD)
15  7m/M  Abdominal cavity NA NA NA 36 (DOD)
16 16 y/F Lung NA NA Recurred at 1 m 48 (AWD)
Du et al., 2018 17 26y/M Pelvic cavity 5 SE, CT NA 8 (DOD)
Hong et al., 2018 18 15y/F Ovary NA ALKi Multiple recurrences 24 (AWD)
Current case 19 35y/F Stomach NA No No 11 (NED)

NA not available, SE surgical excision, CT chemotherapy, ALKi ALK inhibitor, DOD died of disease, NED no evidence of disease, AWD alive with disease.

Figure 1. CT scan. A. Computer tomography revealed a heterogeneous-
density occupation in the big bend of the gastric body (arrows); B. When
strengthen scan was performed, the mass showed non-uniform intensifica-
tion (arrows).

of non-cohesive sheets or clusters of round to
epithelioid cells, embedded in a loose or myx-
oid stroma, with abundant neutrophilic granulo-
cyte infiltrating into the stroma (Figure 2A, 2B).
On high power, tumor cells were characterized
by abundant eosinophilic cytoplasm, and obvi-
ous vesicular nuclei with prominent nucleoli
(Figure 2C). Ganglion cell-like cells with abun-
dant basophilic cytoplasm, obvious vesicular
nuclei and prominent nucleoli also could be
seen (Figure 2D). Mitotic activity was 2-7/10HPF.
Atypical forms were also present. Less than
10% of spindle cells were seen in the tumor and
lymphocytes were also observed.
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Immunohistochemical studies

The results of immunostaining
are shown in Table 3 and Fi-
gure 3. Epithelioid cells in all
specimens expressed ALK,
most cases presented nuclear
membrane staining, but some
cases presented cytoplasm-
ic staining and/or perinuclear
accentuation. Epithelioid cells
displayed variable staining for
SMA and desmin. Our case
diffusely expressed ALK with
a distinctive cytoplasmic pat-
tern and showed moderate in-
tensity (Figure 3A). In addition, epithelioid cells
were locally positive for calponin, diffusely ex-
pressed SMA, and INI1 (Figure 3B-D). Immu-
nostain of ERG was localized in vessels but not
tumor cells (Figure 3E). The Ki67 proliferative
index was 15-20% (Figure 3F). Irregular epithe-
lioid cells were negative for CD30, HMB45,
TFE3, CD117, DOG-1, EMA (Figure 3G-L).

Discussion

EIMS is an extremely rare disease first de-
scribed and nominated by Marino-Enriquez in
2011, which is characterized by an epithelioid
morphology accompanied with prominent neu-
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Figure 2. Microscopic features of stomach EIMS. A. Marked necrosis (mag-
nification, x 50). B. Tumor cells were predominantly composed of non-cohe-
sive sheets or clusters of round to epithelioid cells and embedded in a loose
or myxoid stroma, with abundant neutrophilic granulocyte (magnification,
x 100). C. Epithelioid cells were characterized by abundant eosinophilias
cytoplasm, obvious vesicular nuclei with prominent nucleoli (magnification,
x 200). D. Ganglion cell-like cells with abundant basophilic cytoplasm, obvi-
ous vesicular nuclei and prominent nucleoli (magnification, x 200).

trophilic inflammatory infiltrate [5]. EIMS was
included in the 2012 (4™ edition) World Health
Organization (WHO) tumor classification of soft
tissue, and seems to portend more aggressive
clinical behavior. Eighteen other cases have
been reported in recent 3 years, Clinicopa-
thological, immunohistochemical and genetic
characteristics are summarized in Tables 2 and
3. Of these 19 cases, 15 (79%) patients were
adults (range from 22 years to 76 years), and
the other 4 patients were children and adoles-
cents. Eight patients were female and eleven
were male. The tumors of 18 patients were
located in abdominal cavity, including rectum,
mesentery of ileum/colon, omentum, trans-
verse colon, adrenal, liver, and ovary, and in
lung. EIMS occurred mainly in adults and had a
male predilection, and almost was intraabdom-
inal locations, consisted with previous litera-
ture reports. On the contrary, there was a slight
female predominance of the conventional spin-
dle-cell IMT. All cases appeared to have mor-
phologic features of large round to epithelioid
cells with vesicular nuclei, large prominent nu-
cleoli and abundant of amphophilic or eosino-
philic cytoplasm, and epithelioid cells bathed in
the myxoid stroma with significant inflammato-
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ry infiltrates frequently com-
posed of neutrophils.

Immunohistochemically, all tu-
mors almost were found to be
positive for ALK with diverse
expression patterns, shown in
Table 2. Of these 19 cases,
53% (10/19) of cases dis-
played ALK nuclear membrane
staining pattern. However, sev-
eral cases (21%, 4/19) had a
perinuclear staining pattern of
ALK. Our case and one other
case demonstrated a cytoplas-
mic staining pattern. In addi-
tion, 32% (7/19) of cases were
negative for CD30. Of note,
FISH assay, PCR assay or gene
sequencing is helpful to con-
firm the diagnosis of EIMS. ALK
rearrangement has been con-
firmed by FISH assay in 16
cases, except for our case and
other two cases. In previous
studies, RANBP2-ALK fusion
was detected in EIMS, accom-
panying with nuclear membrane or perinuclear
staining pattern, and nearly all cases contain-
ing RANBP2-ALK fusion gene demonstrated an
aggressive behavior [5, 13, 16-19]. Researchers
inferred that RANBP2-ALK fusion gene might
be a potential molecular mechanism for the
rapid growth and recurrence of EIMS [1]. EML4-
ALK fusion gene was first demonstrated by
Jiang and his colleagues [7], with the aware-
ness of a possible link between the EML4-ALK
fusion gene and aggravated clinical manifesta-
tion. Moreover, Lee et al. first discovered anoth-
er novel ALK fusion partners-RANBP1 in 2018
[15], shown in Table 2. They described EIMS
with RANBP1-ALK fusion exhibited cytoplasmic
ALK expression and had clinically-aggressive
progression. They speculated that RANBP1-
ALK was a recurrent oncogenic mechanism in
clinically aggressive EIMS [15]. In addition,
RRBP1-ALK had specificity in EMIS and was
not found in other 100 ALK-positive cancers,
such as lung adenocarcinoma, anaplastic lar-
ge-cell lymphoma, epithelioid fibrous histiocy-
toma, and conventional IMT [15].

Diagnosis of EIMS is difficult, given its rarity

and morphology. In our case, the first differen-
tial diagnosis is poorly differentiated carcinoma

Int J Clin Exp Pathol 2019;12(5):1738-1744
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Table 3. Reported cases and our case with Immunohistochemical and genetic features

Immunohistochemical features ALK
Case Desmin  SMA H-caldesmon CD30 CK EMA S-100 Myogenin IHC FISH RT-PCR
1 + - - - - NA - - NM+ + NA
2 + NA - - - - - NM+ + NA
3 + - - - - - - - PN+ + NA
4 + Focal+ - - Focal+ NA - - NM+ + NA
5 + NA NM+ + NA
6 NA NA NA NA NA NA NA NA + NA NA
7 NA NA NA NA NA NA NA NA NM+ + RANBP2-ALK
8 NA NA NA NA NA NA NA NA NM+ + RANBP2-ALK
9 NA NA NA NA NA NA NA NA Cytoplasmic, PN+ + RANBP1-ALK
10 NA NA NA NA NA NA NA NA NM+ + RANBP2-ALK
11 NA NA NA NA NA NA NA NA NM+ + NP
12 NA NA NA NA NA NA NA NA Cytoplasmic, PN+ + RANBP1-ALK
13 NA NA NA NA NA NA NA NA Cytoplasmic, PN+ + RANBP1-ALK
14 NA NA NA NA NA NA NA NA Cytoplasmic, PN+ +  RANBP1-ALK negative
15 NA NA NA NA NA NA NA NA Cytoplasmic +  RANBP1-ALK negative
16 + + NA NA NA NA NA NA NM+ + RANBP2-ALK
17 + - - - + - - NA NM+ + RANBP2-ALK
18 NA NA NA NA NA NA NA NA NA NA RANBP2-ALK
19 Focal+  Focal+ NP - - - - NP Cytoplasmic NP NP

PN, perinuclear accentuation. NP, not provided/performed (including uninformative analyses). NM, nuclear membrane staining. NA, not available.

Figure 3. Immunohistochemical staining appearance of our case. A. Epithelioid cells diffusely expressed ALK with
a distinctive cytoplasmic pattern and showed moderate intensity. B-D. Epithelioid cells were locally positive for
calponin, diffusely expressed SMA and INI1. E. Vessels were positive for ERG. F. The Ki67 proliferative index was
15-20%. G-L. Irregular epithelioid cells showed negative for CD30, HMB45, TFE3, CD117, DOG-1, EMA.

(PDC), owing to the tumor location in stomach. tochemically, PDC is strongly positive for AE1/
Both have large round to epithelioid cells with AE3, EMA, and CK7, but ALK is absent. Im-
vesicular nuclei, large prominent nucleoli, and portantly, RANBP1-ALK or RANBP2-ALK by RT-
abundant eosinophilic cytoplasm. Immunohis- PCR gene fusion can be detected by PT-PCR in
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EIMS but not in PDC. In addition, epithelioid
gastrointestinal stromal tumor (GIST) is also
easily confused with EIMS, due to the morpho-
logic overlap. Epithelioid GIST stains positively
for CD117, DOG-1 and CD34, but negatively for
ALK staining. Moreover, mutations of c-kit and
PDGF-a (platelet derived growth factor-a) can
be detected in epithelioid GIST. Meanwhile,
other tumors with epithelioid morphology also
need to be discriminated from EIMS, such as
anaplastic large cell lymphoma (ALCL), malig-
nant mesothelioma, solid variant of alveolar
rhabdomyosarcoma, epithelioid leiomyosarco-
ma, epithelioid malignant peripheral nerve sh-
eath tumor, melanoma, myxoid/round cell lipo-
sarcoma, and myxofibrosarcoma. An appropri-
ate immunohistochemical panel of satins and
FISH assay, PCR assay or gene sequencing are
crucial in making the correct diagnosis.

EIMS is an aggressive neoplasm with poor pro-
gnosis. Nine of 18 patients died of disease [1,
6-8, 15], 6 were alive with disease [15, 20], and
only 3 remained well with no evidence of dis-
ease [1]. The mean time of overall survival was
13 months. Nine of 18 reported patients were
confirmed with recurrence, and 2 developed
distant metastases (1 to liver and lung, 1 to
liver, spleen, small bowel). However, there is no
optimal treatment for EIMS. Surgical resection
remains as the main method. Postoperative
adjuvant chemotherapy and immunotherapies
have not yet been clearly identified, owing to
the available experiences are very limited. Five
patients were treated with chemotherapy. Only
one patient remained alive with no evidence of
disease at 10-month follow-up [1]. Four patients
died with recurrence or metastasis at 8 months,
8 months, 1 month, and 8 months, respectively
[1]. The data indicate chemotherapy has no dis-
tinct effect in the control of aggressive progres-
sion of EIMS. Notably, ALK inhibitor-crizotinib
has been given in the treatment of EIMS with
effectiveness in several studies [1, 5, 18, 21,
22]. In our summarized cases, two patients
remained alive with disease at 14 months and
24 months follow-up [1, 20]. Recently, DU et al.
found programmed death-ligand 1 (PD-L1) was
diffusely positive in their case [6]. The PD-1/
PD-L1 axis has a significant role in the immune
antitumor response [23-25]. Therefore, they ex-
pect novel inmmunomodulatory therapies tar-
geting the PD-1/PD-L1 pathway could be esta-
blished.
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In conclusion, EIMS is considered as a distinct
variant of IMT, which mainly consists of cells
with a round or epithelioid morphology, with a
high potential recurrence and a poor prognosis.
The mechanisms of the rare entity have not
been widely recognized, and require further
study. Detection of ALK gene rearrangement is
helpful for pathologists to make a correct diag-
nosis of EIMS and provides a reliable reference
for ALK-targeted therapy. Expression of PD-L1
was found in EIMS recently, which probably
could provide new strategies for ALK-targeted
therapy.
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