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Abstract. Inflammatory myofibroblastic tumor (IMT) is a
distinctive neoplasm composed of myofibroblastic and fibroblastic
spindle cells, accompanied by the inflammatory infiltration of
plasma cells, lymphocytes and/or eosinophils. Epithelioid inflam-
matory myofibroblastic sarcoma (EIMS), which primarily consists
of cells with a round or epithelioid morphology, is associated
with a poor prognosis and rapid development of local recurrence,
and has been recognized to be a variant of IMT. Diagnosis of
EIMS is difficult owing to its close resemblance to malignant
mesothelioma, anaplastic large cell lymphoma, gastrointestinal
stromal tumor and other malignant diseases. In the present study,
a case of this rare tumor was evaluated in a 26-year-old male
who was admitted to hospital after experiencing abdominal pain
for ~18 days and abdominal distention for 1 week. The patient's
tumor was examined by imaging, gross examination, histology,
immunohistochemistry and fluorescence in situ hybridization
(FISH). The magnetic resonance imaging enhanced-scanning
image revealed that the morphology of the tumor was irregular,
and signal was medley consisting of high and low hybrid rein-
forcement. Tumors were located in the bladder and rectal pit, in
the lower part of the lower abdomen, indicating the presence of
malignancy and involvement of the small intestine and rectum.
Enhanced-scanning imaging revealed notable inhomogeneous
enhancement. Gross examination revealed that the tumor was
solid and had a variegated appearance with alternating fleshy
and mucoid areas in the cut surface. Microscopically, the tumors
were dominated by sheets of epithelioid-to-round cells with a
prominent inflammatory infiltrate. The majority of the stroma
was myxoid. Immunohistochemically, the tumor cells exhibited
diffuse strong staining for ALK receptor tyrosine kinase (here-
after ALK), vimentin, tumor protein P53, desmin, Wilms' tumor
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1 and programmed death-ligand 1. FISH analysis also revealed
the existence of ALK rearrangement. The expression of PD-L1
in EIMS indicates that the immune checkpoint blockade could
represent a novel therapy for the treatment of EIMS.

Introduction

Inflammatory myofibroblastic tumor (IMT) is a mesenchymal
neoplasm composed of myofibroblastic spindle cells in a
myxoid to collagenous stroma with an inflammatory infiltrate
chiefly comprised of plasma cells and lymphocytes, occa-
sionally admixed with eosinophils and neutrophils (1). IMT
usually affects children and adolescents, although a broad age
range has been documented. The most common anatomical
locations are the abdominopelvic region, lung, mediastinum
and retroperitoneum (1).

In a mesenteric inflammatory myofibroblastic tumor, T1
weighted sequence four minutes after Gadolinium injection
demonstrated intense enhancement of the peripheral inflam-
matory component, whilst the central fibrotic component is
hypovascular (2). IMT is considered to be a soft tissue tumor
with an intermediate biological behavior. However, a small
percentage of cases behave aggressively (3).

Epithelioid inflammatory myofibroblastic sarcoma (EIMS)
is considered to be a variant of inflammatory myofibroblastic
tumor (IMT), as it has similar malignant characteristics
and mainly consists of round-to-epithelioid cells (4) with a
pattern of nuclear membrane or perinuclear immunostaining
for ALK receptor tyrosine kinase (hereafter ALK). ALK is a
receptor tyrosine kinase gene located on chromosome 2p23.
Rearrangements involving this gene generally result in hyper-
activity of ALK protein and correlate well with ALK protein
expression by immunohistochemistry (5). Subsequent studies
further demonstrated that this distinctive nuclear membrane
staining pattern of ALK corresponded to ALK-RANBP2
fusion (6-8). The nuclear membrane staining pattern of ALK
seems to be suggestive of RANBP2-ALK fusion in IMT
because it has not been observed in other ALK rearrange-
ments to date. The RANBP2 gene, located on chromosome
2ql2, encodes a 358-kd nuclear pore protein and, therefore,
has been attributed to the nuclear membranous localization of
ALK expression by immunostaining (6,7). Clinically, EIMS
is more clinically aggressive than IMT and patients exhibit
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reduced disease-free survival rates (4). Recognizing EIMS as
a distinct variant of IMT is very important as patients with
ALK-rearrangement EIMS may benefit from targeted therapy.
EIMS closely resembles malignant mesothelioma (MM),
anaplastic large cell lymphoma (ALCL), gastrointestinal
stromal tumor (GIST) and other cancer types, meaning it is
difficult to diagnose. Magnetic resonance imaging (MRI)
enhanced scanning is a MRI scan following an intravenous
injection of a contrast agent. This is a useful clinical technique
for evaluating the severity, location and extent of the tumor (9).
As EIMS has not been widely recognized, we analyzed its
imaging, clinicopathological, immunohistochemical, molec-
ular cytogenetics and treatment. The aim of the present study
was to improve understanding of the disease.

Materials and methods

Patient information and selection. A 26-year-old male patient
diagnosed with EIMS, who had been in abdominal pain for
eighteen days and abdominal distention for 1 week, presented
to the Capital Medical University Affiliated Beijing Shijitan
Hospital (Beijing, China) in November 2015. This patient
was selected for the present study as they presented with
inflammatory myofibroblastic tumor cells with a round or
epithelial morphology. The present study was approved by
ethics committee of the Capital Medical University Affiliated
Beijing Shijitan Hospital (Beijing, China) and the patient
provided written informed consent for inclusion.

Imaging examination. The lesion was observed with magnetic
resonance imaging enhanced scanning at the Capital Medical
University Affiliated Beijing Shijitan Hospital (Beijing,
China). A MRI scan was carried out following intravenous
injection of some kind of contrast agent Gd-DTPA (0.2 ml/kg,
Consun Pharmaceutical Group Limited, Guangzhou, China).
Dynamic contrast-enhanced MRI has become an important
component of the multiparametric strategy and is emerging as
a useful clinical technique for evaluating the severity, location
and extent of the tumor (9).

Histopathological analysis. Removed surgical specimens were
fixed in 10% phosphate-buffered, neutral formaldehyde solution
at room temperature for 24 h and dehydrated in an ascending
series of ethanol. Samples were routinely embedded in paraffin,
washed with xylene, then rehydrated in a descending series of
alcohol, washed with distilled water, and stained with hema-
toxylin and eosin for 30 min at room temperature. Sections
(4-pm thick) were observed under a light microscope with the
magnifications of x40, x100, x200 and x400.

Immunohistochemical study. Removed surgical specimens
were fixed in 10% phosphate-buffered, neutral formaldehyde
solution at room temperature for 24 h. Tissue sections (4-xm
thick) were deparaffinized, rehydrated and antigen retrieval
with working solution of EnVision, FLEX Target Retrieval
solution High Ph (50x) according to the manufacturer's
protocol [EnVision FLEX*, Mouse, high Ph (Link) HRP; cat.
no. K8002; Dako; Agilent Technologies, Inc., Santa Clara, CA,
USA] in PT Link (cat. no. PT100; Dako; Agilent Technologies,
Inc.) at 95°C for 20 min, and washed in distilled water (10).
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Endogenous peroxidase was blocked by DAKO Envision flex
peroxidase- blocking reagent for 10 min, then washed again
three times in the EnVision™ FLEX Wash buffer (Dako;
Agilent Technologies, Inc.). The slides were incubated for
20-30 mins at room temperature in humidity chamber with
appropriate dilutions of primary antibodies (primary anti-
bodies are detailed in Table I) along with their positive and
negative controls. Immunohistochemistry was done manually
according to DAKO EnVision method (10), The sections (4-ym
thick) were then incubated with secondary antibody (EnVision
FLEX/HRP, cat. no. K8002; Dako; Agilent Technologies, Inc.,
Santa Clara, CA, USA) for coupling reaction for 20-30 min
at room temperature. The substrate (EnVision FLEX DAB+
Chromogen) was used to produce crisp brown color at the site
of target antigen. The hematoxylin (1-2 dips) was used as a
counter stain. Sections were observed under a light microscope
with the magnifications of 40, 100, 200 and x400.

Fluorescenceinsitu hybridization (FISH).FISH was performed
on 4um-thick paraffin sections with Vysis ALK Break Apart
FISH Probe kit, according to the manufacturer's protocol
(Abbott Laboratories, Chicago, IL, USA). The probe of ALK
dual color separation of Abbott Company are composed of 3
'one ALK orange fluorescent probe ~300 KB and 5 'one ALK
green fluorescent probe ~442 KB. The hybridization results
were viewed by an epi-illumination fluorescence microscope
(maginification, x1,000). For no ALK rearrangement, these
specimens contain fused orange and green signals or a single
green signal without a corresponding orange signal; whilst
for ALK rearrangement, these nuclei contained rearranged or
‘broken apart’ signals, 2 or more signal diameters apart.

Reverse transcription-polymerase chain reaction (RT-PCR).
RT-PCR analysis was performed to investigate the fusion
location of the RAN binding protein 2 (RANBP2) and ALK
gene. Total RNA was extracted from 20 pm-thick paraffin
sections (AmoyDx® FFPE DNA and RNA Extraction kits;
Amoy Diagnostics Co., Ltd., Xiamen, China), and reverse
transcription (cat. no. ADx-AEOl; Amoy Diagnostics Co.,
Ltd.) was conducted by random hexamer primers method
to cDNA. The primer sequences of RANBP2-ALK were as
follows: Forward, 5'-CAGACTCAGTGCCTGATGGATA-3'
and reverse, 5-CGGAGCTTGCTCAGCTTGTA-3". The PCR
(2X Taq Master mix, Takara Bio, Inc., Otsu, Japan) reaction
ran for 35 cycles under the following conditions: 95°C for 30
sec, 50°C for 30 sec and 72°C for 60 sec. An expected 139-bp
amplified product was detected in the present case. f-actin was
included as a reference gene, the primer sequences of [3-actin
were as follows: Forward, 5'-CACAGTAGGTCTGAACAG
ACTC-3', and reverse, 5-AGTGATCTCCTTCTGCATCCT
G-3'. RANBP2-ALK fusion point was confirmed by direct
sequencing (YMFX Biotech Co., Ltd.) of the chimeric cDNA
product. The 2-24%4 method (11) was used to determine the
relative quantification of miR expression in the tissue samples.

Results
Magnetic resonance imaging examination. Images from

magnetic resonance imaging enhanced scanning demon-
strated that the morphology of the tumor was irregular, and
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Table I. Primary antibodies used for immunohistochemistry.
Target Supplier Catalog number Dilution Staining
ALK Origene Technologies, Inc., Beijing, China TA801287 Ready to use +
PD-L1 Origene Technologies, Inc. TA507087 Ready to use +
PD-1 Origene Technologies, Inc. TA314461 Ready to use Lymphocyte +
Ki-67 Origene Technologies, Inc. UMS&70033 1:100 Index 40%
P53 Gene Tech Co., Ltd., Shanghai, China GM700101 Ready to use +
DES Origene Technologies, Inc. TAS502328 1:60 Focally +
CK Origene Technologies, Inc. ZM-0069 1:80 Focal +
EMA Gene Tech Co., Ltd. GMO061329 1:200 -
CAMS5.2 Origene Technologies, Inc. ZM-0316 Ready to use Focal +
Myoglobin Origene Technologies, Inc. ZA-0192 Ready to use -
CALDES Gene Tech Co., Ltd. GM355701 Ready to use -
Vimentin Gene Tech Co., Ltd. GMO072529 1:120 +
CD30 Gene Tech Co., Ltd. GMO075129 1:35 -
CD3 Origene Technologies, Inc. ZM-0417 1:120 Lymphocyte +
CD20 Gene Tech Co., Ltd. GMO075529 1:200 Little

lymphocyte +

CD4 Origene Technologies, Inc. ZM-0418 Ready to use Lymphocyte +
CD8 Gene Tech Co., Ltd. GT211202 Ready to use Lymphocyte +
MC Gene Tech Co., Ltd. ZM-0386 Ready to use -
Calretinin Origene Technologies, Inc. TA353630 1:60 Focal +
WT-1 Gene Tech Co., Ltd. GM356102 Ready to use +
D2-40 Gene Tech Co., Ltd. GM361929 1:60 -
HMB45 Origene Technologies, Inc. ZM-0187 Ready to use -
CD117 Origene Technologies, Inc. ZA-0523 Ready to use -
DOG1 Origene Technologies, Inc. ZM-0371 Ready to use -
SMA Origene Technologies, Inc. ZM-0003 Ready to use -

CALDES, caldesmon; CK, cytokeratins; DES, desmin; EMA, epithelial membrane antigen; MYF4, myogenin; PD, programmed death; PD-L1,
programmed death-ligand 1; CD, cluster of differentiation; MC, mesothelial cells; WT-1, Wilms' tumor 1; DOGI1, anoctamin-1; SMA, smooth

muscle actin.

signal was medley consisting of high and low hybrid rein-
forcement. Tumors located in the bladder and rectal pit in the
lower part of the lower abdomen indicated the malignancy
and involvement of the small intestine and rectum (Fig. 1A).
Inhomogeneity was observed following enhanced scanning
imaging (Fig. 1B).

Gross examination. Gross examination revealed that
the tumor was located in the right abdominal wall
(5.0x3.2x0.5 cm), left iliac fossa (2.5x2.0x1.0 cm), the
greater omentum (17x12x4.5cm), part of the right hemi-colon
(1.8x1.5x1.5-0.3x0.3x0.2 cm), the rectum (5.6x3.5x4.0 cm) and
the abdominal cavity (25x19x10 cm). The tumor was solid
and had a variegated appearance, with alternating fleshy and
mucoid areas at the cut surface (Fig. 2).

Histopathological examination. Microscopically, tumor cells
were not densely arranged. (Fig. 3A), and stroma is myxoid
(Fig. 3B). Lymphocytes infiltrated into the stroma (Fig. 3C).
The tumor cells were epithelioid, with eccentric nuclei, promi-
nent nucleoli and abundant eosinophilic cytoplasm (Fig. 3D).

Immunohistochemical examination. Immunohistochemical
staining results are depicted in Table I. The tumor cells exhib-
ited diffuse strong staining for ALK (Fig. 4A), DES (Fig. 4B),
PDLI1 (Fig. 4C) and vimentin. Similarly, there was positive
staining for Wilms' tumor 1 and tumor protein P53. The Ki-67
index was ~40%. The tumor cells also exhibited positive
staining for the cytokeratins (CK) CAMS.2 and calretinin,
although this staining was weaker. There was no reactivity
to epithelial membrane antigen (EMA), smooth muscle actin
(SMA), anoctamin-1 (DOGI1), CDI117, antibody HMB-45,
antibody D2-40, mesothelial cells (MC), CD30, caldesmon or
myoglobin. Infiltrated lymphocytes were mainly T cells, with
a small number of B cells also present.

FISH analysis. FISH analysis revealed the presence of ALK
rearrangements through the identification of a set of separate
green and orange signals, a fused signal in tumor cell nuclei or
through only one orange signal and a fused signal (Fig. 4D).

Genetic features. An expected 139-bp amplified product was
detected in the sample (Fig. 5A). Positively amplified results
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Figure 1. Magnetic resonance imaging examination. (A) The morphology of the tumor was irregular, and the signal was medley consisting of high and low
hybrid reinforcement. Tumors are located in the bladder and rectal pit in the lower part of the lower abdomen indicating malignancy, involving the small
intestine and rectum. (B) Enhanced scanning image demonstrated the notable inhomogeneous enhancement.

Figure 2. Gross examination depicted a number of masses located in the right
abdominal wall, left iliac fossa, the greater omentum, a region of the right
hemi-colon, rectum and abdominal cavity. Focal myxomatous appearance
was observed.

(268-bp) of B-actin as a house-holding gene were also present
(Fig. 5B). The RANBP2-ALK fusion point was at exon 18 of
RANBP2 and exon 20 of ALK (Fig. 5C), which was confirmed
by direct sequencing of the chimeric cDNA product.

Discussion

Clinically, EIMS occurs mainly in children and adolescents,
although the overall range in age varies widely, with previous
studies reporting on patients aged between 7 months and
65 years, with a median age of 33.4 years (Table II) (4,12-20).

The majority of patients with EIMS are male. In Table II,
the male:female ratio is 21:7. EIMS is mainly located in
abdominal cavity (4). In Table II, 26 cases occurred in the
abdominopelvic area (4,12-20), with two cases located in the
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Figure 3. Histopathological examination with haematoxylin and eosin
staining. (A) The neoplastic cells exhibit intracellular space between cells
(magnification, x200). (B) An abundant myxoid stroma is observed (magni-
fication, x200). (C) Prominent infiltrated lymphocytes are also observed
(magnification, x200). (D) Epithelioid tumor cells with eccentric nuclei,
large prominent nucleoli and abundant eosinophilic cytoplasm (magnifica-
tion, x400).

pleural cavity (21,22). The most common symptom of EIMS is
abdominal pain prior to surgery (19).

In soft tissue sarcomas, the tumors are often heteroge-
neous in composition, including areas of fibrosis, mucous
degeneration, necrosis, and hemorrhage (23). Magnetic
resonance imaging (MRI) enhanced scanning shows that
high signal is a rich blood supply area (usually a tumor area),
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Figure 4. Immunohistochemistry and FISH images. (A) Nuclear membrane staining for ALK (magnification, x200). (B) Cytoplasmic desmin immunostaining
(magnification, x200). (C) Cell membrane staining for programmed death-ligand 1 (magnification, x200). (D) FISH indicated a split signal of ALK, confirming
the presence of an ALK rearrangement (arrow) (magnification, x1,000). Vysis LSI 3'-ALK Spectrum is orange, Vysis LSI 5'-ALK Spectrum is green. FISH,

fluorescent in situ hybridization; ALK, ALK tyrosine kinase receptor.

Figure 5. Genetic features of EMIS. (A) RT-PCR with RANBP2 and ALK primers. Lane T: An expected 139-bp product was present in the case. (B) RT-PCR
detected the housekeeping gene [3-actin, an expected 268-bp product was detected. (C) The fusion point of the RANBP2-ALK gene, as indicated by cDNA
sequencing, is located between exon 18 of the RANBP2 gene and exon 20 of the ALK gene. M, marker; RT-PCR, reverse transcription-polymerase chain
reaction; T, test; RANBP2, RAN binding protein 2; ALK, ALK tyrosine kinase receptor.

no enhancement area is a blood free region (equivalent to a
liquefied necrotic area). From high signal to no signal, there
also are different levels of reinforcement, which are related
to tumor tissue structure, tumor angiogenesis and so on. A
tumor can also appear high and low hybrid reinforcement. In
the present case, the tumor comprises mucous degeneration

and necrosis. The signal was medley consisting of high and
low hybrid reinforcement.

Common characteristics of EIMS include: i) Round-
to-epithelioid tumor cells; ii) abundant myxoid stroma with
inflammatory infiltrates; iii) immunopositivity for ALK
with a nuclear membrane or perinuclear staining pattern; iv)


https://www.spandidos-publications.com/10.3892/ol.2018.8530
https://www.spandidos-publications.com/10.3892/ol.2018.8530
https://www.spandidos-publications.com/10.3892/ol.2018.8530

DU et al: CLINICOPATHOLOGICAL ANALYSIS OF EIMS

9322

“dn-mo[[oy ou ‘ON ‘oSeyuLIys Jown] ‘S,

SUOTSIOXQ [BIISINS ‘“HS (AdeIoyiorper ‘13 (9[qe[IRAR JOU BIBP ‘YN 9SBISIP 0] paquIndons ‘LS ‘Aderoyjowayd 1) OSBISIP YIIM IAIR ‘(MY OSBISIP JO 9OUIPIAD OU ‘QAIR ‘QHANYV 10NqQIUUI TV ‘T TV

- (ars) 8 LO+dS Ay1aed o1ATd N/sTeak 97 8¢ 95BI JUaLINy
(T (ais) v DITV+dS sasejsejowr duoq ddnnuw i Jung IN/STeRA [T LT S10T ‘v 12 ng
(1o ON TV Ayiaeo [emo|g IN/sTeak LG 9T #10C IV 12 nZoy
(02) (@oaz qQUUNOZLId+HS Ky1Aed eurwopqy IN/SIeRA G 4 LT0T ‘1v 12 Sueif

(@aNyv) L qS UO[0D ISIQASURI], d/s1e9K 61 ¥
(ars) 8 LO+dS wmuawQ J/s1edK 8¢ €C
(a@mv) v1 DITV+HAS U0[0d JO ATUSSIN /s1eak 7g C
(@aNv) o1 LO+dS wnar Jo AISJUasAN N/sTeak 66 1C
(61) (@anv) 8 dS WY d/s1edk L¢ 0¢ 910T ‘v 12 Nk
(81 SOSBISLIOIA QUIDIPAW ASAUIY) +HS UOTIOASY uofo) /STeaA 69 61 S10T ‘Jp 12 1Ry
(L (@is) s LI+LO+HS Ky1aed J1ATd d/sxedk [y 81 S10T ‘[P J2 np
(on (ars) s as Ky1aed d1A[od N/sTeoA g L1 S10T ‘Iv 12 noyz,
(S SL DITV+LOHAS Ky1aed J1AT IN/STedA 7T 91 ¥10T ‘[P 12 eMeYOSOH-BIRYLINY]
D) SL DITV+LO+TAS A)1aed O1ATd N/s1edk 7T Sl ¥10T ‘Ip 12 erequuiy
(€D QJULINDAI ON DITTV+AS Ky1aed J1ATd IN/STedA 7T 14! S10T ‘Ip Jo mr]
JUQLINODY 1LD+4AS KJ1ARD JIATOd /STedK 6¢ €1
(TD (ars ¢ ) Ay1aed O1ATd J/s1e3k 61 Cl €10T ‘112 1]
ON S [9M0q [[ewS Y} JO AINUISIIA /STeak 6¢ 11
ON S AIQUQSoW pue WNIUIUIO) N/STRK 9 o1
(awrs) 11 1O+4dS [os0q [[ews A Jo AIAJUSSIA] d/sreak 1¢ 6
(ars) 8c LI+LO+HAS WnauojLed /sTeak O 8
(@wrs) o¢ LI+LO+HS WNAUOJLI™] /sypuowr £ L
(a@mv) €1 LO+dS [euTiopqe-enup IN/SIeA T 9
(@o ¢ LO+dS [0M0q [[BWS Y} JO AIUISIA] IN/STed4 €9 S
VN VN [9/0Q [[BUWS Y} JO AISJUISIN /STeok g7 ¥
(a@mv) €1 LO+dS wmuawQ N/sTeak 9 €
(@aNv) ov DITV+LOHAS wmuawQ /sTeak Tt C
(%) (awrs) eI LO+dS [0M0q [[BWS Y} JO ATIUISIIA] IN/STeRA 66 1 10T ‘1v 12 zonbLiug-ouLBIA
(@) sypuowt ‘dn mof[oq JUOUNRAI], QIS OTWOJRUY X0G/a8y ase) Teof ‘T0UyINY

"$9Sed STATH Pystqnd Jo mMarAal oInjeIdI ‘[ o[qeL



-oseury auIsoIA) 103daoar TV TV {Ansruaydoisijounuwl ‘HH] g urjord Surpuiq NV ‘ZdgNV Y (Unoe 9[oSnu JI00OWs ‘YIS {U0noeal ureyd aserowkjod-uon
-drrosuen 9510431 ‘YD J-LY ‘e[qe[IeA® J0U BIep ‘YN ‘UIUS0AW ‘4, A A ‘UONBZIPLIGAY NIIS Ul 90UISAIONY ‘HS[ ‘uoSnue aueiquiaw [eIfoyido ‘WA SUrusap ‘SH( {SUNBIO0IAD <3[D ‘uowsapred ‘SHATVD
cuonemuadoe Jesponunad yim Surures orwse[dojko N+ Surures oueIquIAW Jed[onu ‘JAN+ Sulure)s danedau ‘- (Sururels aanisod asnygip ‘+ + + Sururels aanisod [eo0J ‘+ + S[[@0 2anisod arer ‘+

9323

(o1/01) (17/10) (szso (7o) «1/00 (C1/00 (o) (61/11) (€1/0) (zz/on)  (ST/€D)
%001 %001 %001 %0 %0 %0 %0T %6'LS %0 %S St %T6 [e10L,
- ATV-CdANVI + AN+ - - - ++ - - - + 4+ 97 9sed JuaLIND)
(T0) VN + NN+ - - - - - - - +++ ST S10T ‘v 12 ng
Nd+
(1) ATV-TdINVY + pue AN+ - - - ++ - - - +++ ¥C $10T ‘v 12 nzoYy
(000  ATV-TddNVH + NN+ VN VN VN VN VN VN +++ +++ €T L10T ‘v 12 Suelf
VN + NN+ - - - - - VN +++ - T
VN + NN+ - - VN + + - - ++ +++ 12
S VN + Nd+ - - - - - - - +++ 0¢
< VN + AN+ - - - - - VN - +++ 61
& (61) VN + NN+ - - VN - - - - +++ 81 910T ‘Iv 12 nx
2
o (81) VN VN VN - VN VN ++ VN VN +++ +++ LT S10T ‘v 12 TRg
el (LD ATV-tddNVH + Nd+ - VN - - +++ VN - +++ 91 S10T ‘Ip 12 np
m 9n VN + NN+ - - - - +++ VN +++ +++ ST S10T ‘Iv 12 noyy,
m (S ATV-TddNVH VN NN+ VN VN VN VN VN VN VN VN 1 $10T ‘[P 12 eMeYOSOH-BIRYLINY
n FD  ATV-2dINVY VN NN+ - - VN VN VN VN ++ ++ €1 10T ‘[P 12 exequry]
G 13
3 (€D ATV-tddNVH + Nd+ - VN VN - ++ VN - ++ 4! S10T ‘v 12 01y
m MTV-TdINVI + NN+ - - VN - +++ - ++ +++ T
S MTV-TdINVI + NN+ VN VN VN VN +++ - VN +++ 01
VN + NN+ - - VN - ++ - - +++ 6
VN + N+ - - - - ++ - ++ - S
VN + Nd+ VN - VN VN +++ - VI +++ L
VN VN NN+ VN VN VN VN VN VN VN +++ 9
VN + Nd+ - - - - +++ - - +++ S
VN VN NN+ - VN - - ++ VN ++ +++ %
VN + NN+ - - VN - VN VN - +++ €
MIV-2dINV Y + NN+ - - - - +++ - - +++ (4
(%) VN + NN+ - - VN - VN VN + +++ I 110T ‘Iv 12 zanbrug-ouLiey
(s ADd-Ld HSIA DHI 00TS PIAIN  VINH 3D 0D  SHAIVD  VIAS Sdd Teaf royiny

&z
o>
23
MU
e

ATV OHI se)

“BUIODIES O1)SB[qOIqOAW AJOjewitueyul prorfaydida Jo sased g JO SInjed) Je[nod[ouwl pue d130uaSo3Ad ‘edrwoyoolsiyounuw] ‘1] 9[qeL,



https://www.spandidos-publications.com/10.3892/ol.2018.8530
https://www.spandidos-publications.com/10.3892/ol.2018.8530
https://www.spandidos-publications.com/10.3892/ol.2018.8530

9324

Table IV. Differential diagnosis of EMIS.

DU et al: CLINICOPATHOLOGICAL ANALYSIS OF EIMS

Disease IHC Molecular pathology

EMIS CD30 (+), ALK (+), SMA (+), EMA (+) and DES (+) RANBP2-ALK

ALCL CD30 (+), ALK (+), SMA (+), EMA (+) and DES (-) T cell gene rearrangement

MM MC (+), CKS5 (+), Calretinin (+) and DES (-) P16/CDKN2A

GIST CD117 (+), DOG1 (+) and CD34 (+) c-Kit and PDGFa

Alveolar Rhabdomyosarcoma Myogenin (+) PAX3-FOXO1 and PAX7-FOXOl1
fusion gene

Epithelioid leiomyosarcoma ALK (-) HMGA and MED12

ALCL, anaplastic large cell lymphoma; MM, malignant mesothelioma; GIST, gastrointestinal stromal tumor; IHC, immunohistochemistry;
EMIS, epithelioid inflammatory myofibroblastic sarcoma; RANBP2, RAN binding protein 2; PDGF, platelet growth factor receptor; CK,
cytokeratins; CDKN, cyclin-dependent kinase inhibitor; DES, desmin; EMA, epithelial membrane antigen; SMA, smooth muscle actin; PAX,
paired box; FOXO1, forkhead box O1; HMGA, high mobility group AT-hook; MED12, mediator complex subunit 12 gene; MC, mesothelial

cells.

Desmin ES positive in the cytoplasm of tumor cells; and v)
the frequent presence of the RANBP2-ALK fusion gene. All
of these features were identified in the present case, meaning a
diagnosis of EIMS was reached.

Immunohistochemically, EIMS exhibited nuclear
membrane or perinuclear accentuation staining pattern of
ALK, which was observed in 100% (25/25) of cases from a
selection of previous studies (Table III) (4,13-22). Another
diagnostic immunophenotype is the diffuse strong expres-
sion of DES in almost all cases (92%; 23/25). In addition,
the tumors displayed variable expression of SMA (45.5%,
10/22), CD30 (57.9%, 11/19) and cytokeratin (20%, 4/20)
(Table I1I) (4,13-22).

Of the patients with IMT examined by Gleason and
Hornick (3), ~50% aberrantly expressed the ALK protein,
triggered by clonal rearrangements of the ALK gene located
on chromosome 2p23. EIMS tumors harbor a specific
RANBP2-ALK fusion gene resulting from t(2;2)(2q12; 2p23).
All 21 cases tested by FISH exhibited an ALK transloca-
tion signal. Notably, all 10 cases in which the cDNA fusions
were examined by RT-PCR exhibited identical fusion points,
between exon 18 of RANBP2 and exon 20 of ALK (Table III).
RANBP2 encodes a nuclear pore protein, which is likely to
lead to the nuclear membrane or perinuclear staining pattern
in EIMS.

Diagnosing EMIS can be challenging owing to the
unusual epithelioid-to-round cell morphology and atypical
nuclear features. EMIS should be differentially diagnosed
with diseases as follows: i) Distinguishing EIMS from ALCL
can be difficult, as the rare sarcomatoid variant of ALCL can
exhibit spindle cell morphology and an overlapping immu-
nophenotype, including reactivity for CD30, ALK and SMA
and non-reactivity for EMA. Strong expression of DES and
the distinctive nuclear membrane pattern of ALK staining are
not observed in ALCL. The RANBP2-ALK has never been
reported in ALCL either. ii) Malignant mesothelioma (MM),
MC, CKS5 and calretinin are present in MM, but ALK is absent.
iii) Epithelioid GIST is positive for CD117, DOGI and CD34.
Mutations to c-Kit and platelet derived growth factor-o are
also present in GIST. GIST exhibits negative ALK staining. iv)

The solid variant of alveolar rhabdomyosarcoma is frequently
ALK-positive, lacks fibrovascular stroma and forms sheets of
round cells with variable rhabdomyoblastic differentiation.
Antibodies against MyoD and myogenin are highly specific
and sensitive for its diagnosis; and v) epithelioid leiomyosar-
coma (ELS) ELS commonly displays greater cellular atypia
and pleomorphism, and higher cellular density. ELS generally
lacks an extensive myxoid background and inflammatory
infiltrates (12) and lacks ALK nuclear membrane expression
(Table IV).

Currently, the majority of cases of EMIS are treated by
surgical resection combined with chemotherapy (4,12). Several
reports indicated that patients with an ALK gene rearrange-
ment had a notable response to ALK targeted therapy (13-15);
however, disease recurrence is common following resec-
tion (24). In the present case, the patient was treated with
chemotherapy prior to and following surgical resection, but
succumbed as a result of cachexia due to tumor metastasis to
the thoracic cavity.

Staining for programmed death-ligand 1 (PD-L1) was
diffusely positive in the present case. The expression of PD-L1
in this patient was comparable to that in other genitourinary
cancer types, such as bladder cancer (20%) (25), and non-geni-
tourinary cancer types, such as breast cancer (23.4%) (26),
colorectal cancer (36%) (27), testicular seminomas (73%) (28)
and cancer of the oral cavity (73%) (29). The PD-1/PD-L1 axis
has a notable role in the immune antitumor response (30,31).
PD-L1 expression in tumor cells is considered to be predic-
tive of the tumor response to immunomodulatory therapies
targeting the PD-1/PD-L1 pathway (32). Unlike chemotherapy
and molecularly targeted therapy, the checkpoint blockade
immunotherapies result in durable clinical responses through
the induction, activation, and expansion of tumor-specific
cytotoxic T cells. Immune checkpoints serve an essential role
in maintaining self-tolerance and regulating the amplitude and
duration of T cell responses (33). Immunotherapies with check-
point blockade antibodies that block PD-1 (or its ligand PD-L1)
can restore and augment cytotoxic T cell responses against
chemotherapy-refractory tumors, leading to durable responses
and prolonged overall survival with tolerable toxicity (33).



In conclusion, EIMS is a highly aggressive IMT variant
with epithelioid-to-round cell morphology, myxoid stroma
and nuclear membrane or perinuclear ALK staining.
Detection of ALK rearrangement in the present study
provides further evidence for the diagnosis of the tumor
and a reliable reference for ALK-targeted therapy. The
expression of PD-L1 in EIMS indicated the immune check-
point blockade, which could represent a novel anti-EIMS
therapy.
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