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Abstract
Epithelioid inflammatory myofibroblastic sarcoma (EIMS) is an aggressive subtype of
inflammatory myofibroblastic tumour which rarely affects the chest cavity. We, for
the first time, report a case of mediastinal EIMS with the EML4-ALK fusion. A young
woman presented to our hospital with cough, chest tightness and shortness of breath.
Computed tomography (CT) showed a mixed attenuation soft-tissue mass in the right
middle and upper mediastinum. Negative results were obtained from bronchoscopy
forceps biopsy and endobronchial ultrasound-guided transbronchial fine needle aspi-
ration. CT-guided percutaneous biopsy was finally performed. However, due to the
rapidly progressed EIMS that compressed the trachea and right main bronchus, the
patient died of respiratory failure 1 day before diagnosis. EIMS progresses rapidly, and
an early diagnosis is important. For mediastinal EIMS, CT-guided percutaneous
biopsy may be useful. Next-generation sequencing of blood may be instructive to
EIMS patients who are intolerant to invasive biopsy.
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INTRODUCTION

Epithelioid inflammatory myofibroblastic sarcoma (EIMS)
is a highly aggressive, recurrent, and metastatic subtype of
inflammatory myofibroblastic tumour (IMT). It is character-
ized by round-to-epithelioid cells, interstitial edema, mucoid
degeneration, and neutrophil infiltration pathologically.
EIMS mostly occurs in the abdominal cavity, and only a few
cases have been reported in the thoracic cavity (Table 1).
ALK rearrangements have been detected in most cases of
EIMS, with the fusion gene consisting of RANB2,1 RRBP12

and EML4,3 among others. A complete surgical resection and
oral administration of ALK inhibitors are first-line

treatments of EIMS. Here, we for the first time reported a
case of mediastinal EIMS with the EML4-ALK fusion.
Unfortunately, the patient died of respiratory failure due to
the rapidly progressing EIMS that compressed the trachea
and right main bronchus, 1 day before diagnosis.

CASE REPORT

A 33-year-old woman had been experiencing a dry cough
and throat discomfort for 1 month, which had not been
relieved by intravenous antibiotics at a local community
hospital. The patient presented aggravated cough, pain in
the right anterior chest, chest tightness, wheezing, expecto-
ration of a small amount of white and sticky sputum withTingyu Pan and Xinyu Sun have contributed equally to this article.
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blood. Enhanced CT scans of the chest revealed occupying
lesions in the anterior middle mediastinum, enlarged lymph
nodes in both axillas and under carina, and multiple nodules
in both lungs. The patient was admitted for further diagnos-
tic tests and treatment. On admission, she had a difficult
breathing with the oxygen saturation (SpO2) of 89.0%.
Under local anaesthesia, fiberoptic bronchoscopy performed
on 1st day showed an obvious external pressure at a stenosis
(Figure 1A). The bronchoscope was barely able to enter the
left main bronchus due to the narrowing (Figure 1B).
The swollen mucosae were easy to bleed, which were
resected for biopsy. The endobronchial bleeding was then
stopped by administering iced saline and topical epineph-
rine through the bronchus, and the bronchoscope was extu-
bated after haemostasis. The tracheal carina was not
detectable. Endobronchial ultrasound (EBUS) bronchoscopy
was then performed, which revealed a lesion localized in the
trachea (Figure 1C). Under the guidance of ultrasound,
transbronchial needle aspiration (TBNA) was performed to
obtain lesion tissues through 4 aspirations (Figure 1D).
Pathological examinations on the 2nd day showed epithelial

hyperplasia in mucosal tissues from the left main bronchus,
with local interstitial haemorrhage, infiltration of a small
amount of acute and chronic inflammatory cells and amor-
phous cellulose. Blood clots, inflammatory exudates and cili-
ated columnar epithelium were observed in lesions aspirated
from the main bronchus, and tumour cells were not detect-
able (Figure 2). In massive blood clots, small flakes of
fibrous tissue enriched with blood vessels were observed,
surrounded by infiltration of scattered lymphocytes and
plasma cells. Focal granuloma formation was also observed.
Special stains were used to examine the granulomatous
inflammation, which showed negative results for periodic
acid-Schiff (PAS), acid-fast, and silver stains.

On the 4th day, the patient coughed up 10 mL of blood,
and suffered pain in the right anterior chest, and aggra-
vated asthma when coughing, which was managed with
hemostatic treatment. An enhanced CT scan of the chest
was performed (Figure 3), revealing (1) a mixed attenuation
soft-tissue mass (7.2 � 7.1 cm) in the right middle and upper
mediastinum that was adjacent to the hilum, which was in
the heterogeneous enhancement pattern, considering a

F I G U R E 1 Representative images of fiberoptic bronchoscopy (A, B) and EBUS-TBNA (C, D). (A) An obvious external pressure at a stenosis.
(B) Swollen mucosae at the opening of the left main trachea were easy to bleed, which were resected for biopsy. (C, D) EBUS bronchoscopy visualized a
lesion localized in the trachea, followed by ultrasound-guided TBNA.
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F I G U R E 2 Representative images of biopsy near the opening of the left main bronchus and the lesion in the main trachea collected by EBUS-TBNA.
H&E staining revealed blood clots, inflammatory exudates and absence of tumour cells (A), and blood clots, inflammatory exudates, ciliated columnar
epithelium and absence of tumour cells (B). Scale bar = 50 μm.

F I G U R E 3 Representative images of enhanced CT of the chest. (A) A mixed attenuation soft-tissue mass (7.2 � 7.1 cm) in the right middle and upper
mediastinum that was adjacent to the hilum. (B) Involvement of the narrowed, and partially occluded right main bronchus and some branches. Lymph node
enlargement below the tracheal eminence. (C) An obvious heterogeneous enhancement pattern of the mass. (D) Sagittal images of CT.
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malignant tumour of suspicious mediastinal mass; (2) nar-
rowed, and partially occluded right main bronchus and
some branches; (3) lymph node metastases in the mediasti-
num and right hilar lung, and multiple lung metastases.
The patient experienced aggravated dyspnea on the 8th
day, with inspiratory wheezing and positive three concave
sign. After a multidisciplinary team discussion, CT-guided
percutaneous biopsy was performed. The patient was
placed in a supine position, and the optimal puncture site
was determined by CT scans (Figure 4A). Lesions were col-
lected a total of 6 times using a needle puncture of 10 cm
in length. CT scans after biopsy showed a small amount of
haemorrhage, but pneumothorax was not detectable

(Figure 4B). In the early morning of the 10th day, the
patient experienced aggravated shortness of breath, diffi-
culty in expectoration, an apathetic expression, and sweaty,
cold skin. The arterial blood gas (ABG) test indicated type
II respiratory failure and respiratory acidosis. A series of
corresponding interventions were given, including electro-
cardiogram (ECG) monitoring, pulse oximeter monitoring,
non-invasive mechanical ventilation, respiratory support
and sodium bicarbonate administration. At 05:30, the
patient’s heart rate and blood pressure rapidly dropped,
despite receiving mechanical ventilation through oral intu-
bation, vasoactive drugs, and volume expansion. The
patient finally succumbed to respiratory failure.

F I G U R E 4 Representative images of pathological examinations following CT-guided percutaneous biopsy. (A) A 10 cm length of inserted aspiration
needle. (B) CT scans after biopsy showed a small amount of haemorrhage, and pneumothorax was not detectable.

F I G U R E 5 Histological and immunohistochemical characteristics of the EIMS. (A) H&E staining of the EIMS consisted of spindle cells and epithelioid
cells, with local necrosis (lower right area). Magnification = 100�. (B) H&E staining showing an epithelial morphology, nuclear hyperchromasia, and
lymphocyte infiltration. Magnification = 400�. (C) H&E staining showing spindle cells, mucoid degeneration and scattered inflammatory cells.
Magnification = 400�. (D) Positive expressions of ALK in the cytoplasm and cell membrane of epithelioid tumour cells. (E) Positive expressions of Desmin
in some of tumour cells. (F) Positive expressions of SMA in some of tumour cells.
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On the 11th day, mediastinoscopy with biopsy revealed
spindle cells and epithelioid cells in the tumour mass, with
heterotypic nucleus, and mucoid changes in the interstitium.
Infiltration of lymphocytes and local necrosis were also pre-
sent. Immunohistochemical staining of the mass showed:
Vimentin (+++), ALK (5A4) (++), SMA (+ in focal
lesions), Desmin (+ in focal lesions), CD30 (+ in individual
cells), TFE3 (weak + in focal lesions), negative (�) for
CK-P, CD2, CD7, CD5, CD20, CD3, S-100, CD34, MyD1,
and TdT (Figure 5). The patient was finally diagnosed with
EIMS. High-throughput sequencing revealed: (1) the EML4-
ALK fusion: exon 6 of the EML4 fused to exon 20 of the
ALK, with the tissue abundance of 17.9%; (2) the NF2
(c.810 + 1G > A) gene mutation, with the tissue abundance
of 12.7%; (3) the CYP2D6 (p.R201C) gene mutation, with
the tissue abundance of 25.7%. The results from whole-
transcriptome analysis using total RNA sequencing revealed
exon 6 of the EML4 fused to exon 20 of the ALK, with the
tissue abundance of 20.0%.

DISCUSSION

Inflammatory myofibroblastic tumour (IMT) is a rare type
of metastatic tumour composed of myofibroblasts and
fibroblast-like spindle cells, along with an inflammatory
infiltration of plasma cells, lymphocytes, and/or eosinophils.
EIMS is an aggressive subtype of IMT with rapid local recur-
rence, which was first described by Mariño-Enríquez. It
affects all age groups ranging from 4 months to 76 years,
which is more common in men.4 Since the first case of EIMS
was reported in 2011, about 50 cases have been reported,
with most affecting the abdominal cavity, including the mes-
entery and omentum, liver, pancreas, transverse colon and
rectum, and ovary. Only 5 English-language articles have
reported EIMS in the thoracic cavity, which is an extremely
rare site for this type of tumour.5–9 Clinical symptoms of
EIMS are linked to the site of primary lesions and the extent
of invasion. In cases of EIMS in the thoracic cavity, symp-
toms may include fatigue, weight loss, cough, dyspnea, and
pleural effusion if the pleura is involved. These symptoms
can rapidly develop within months. Morphologically, EIMS
in the thoracic cavity usually presents as a solitary solid
mass with a well-defined border and rapid growth.

IMT is a tumour composed of fibroblasts, myofibroblasts
and inflammatory cells, which consists of three basic histologi-
cal patterns, including myxoid, vascular and inflammatory
areas resembling nodular fasciitis; compact spindle cells with
intermingled inflammatory cells resembling fibrous histiocy-
toma; and dense plate-like collagen resembling a desmoid or
scar. One or more patterns exist in IMT.10 It encompasses
plump spindle cells along with varying amount of lymphoplas-
macytic infiltrate. In IMTs, spindle cells lack the cytologic aty-
pia and nuclear hyperchromasia of sarcomas. On the contrary,
EIMS encompasses large epithelioid cells along with myxoid
stroma, inflammatory infiltration of neutrophils, and vas-
cular network. It possesses highly malignant manifestations,

including highly atypia polygonal cells, round nuclei, cystic
chromatin, obvious nucleolus, nuclear hyperchromasia, and
the presence of ganglion-like cells and Reed-Sternberg cells.
Immunologically, IMT is positively reactive to myogenic
markers SMA, muscle-specific actin (MSA), calponin, and
desmin, as well as ALK (cytoplasm or nucleoplasm). Unlikely,
EIMS is typically reactive to ALK (nuclear membrane) and
desmin, and some cases of EIMS are positively stained with
CK (AE1/AE3) and CD30. SMA is usually stained negative or
weakly positive in cases of EIMS. The promoter for the rear-
rangement and overexpression of ALK can be provided by its
fusion gene, which determines the ALK staining pattern in
IMT. For example, diffuse cytoplasmic staining is visualized
when cytoplasmic proteins like TPM3, TPM4, and SEC31L1
fuse to ALK. CLTC is located on the vesicle surface of protein
transport, the fusion of which to ALK leads to a granular
cytoplasmic staining. Nuclear membrane staining is observed
in the case of the ALK-RANBP2 fusion, the latter of which is
a protein found at nuclear pores. Cytoplasmic staining with
perinuclear enhancement is visualized when the fusion
involves RRBP1, which contains an endoplasmic reticulum
transmembrane domain and a ribosomal receptor domain.11

Amplification of the ALK gene can be detected in almost all
cases of EIMS, and the ALK-RANBP2 gene fusion is the most
common one.4 The ALK-EML4 gene fusion detected by next-
generation sequencing in this patient was previously reported
in a case of abdominal EIMS.3 Similarly, cytoplasmic staining
below the cell membrane is dominant in the ALK staining
pattern, the distribution of which is consistent with that
of EML4.

The prognosis for EIMS is typically poor, with local
recurrence and distant metastasis rates exceeding 80% and
25%, respectively.1 Effective therapeutic strategies for EIMS
include complete surgical resection and administration of
ALK inhibitors, while radiotherapy and chemotherapy can
also be used as options. According to a literature review,
12 out of 30 IMT/EIMS patients treated with Crizotinib
achieved complete or partial remission.12 During ALK-
tyrosine kinase inhibitor (TKI) therapy, timely recognition
of drug-resistance genes is necessary to control disease pro-
gression. The ALK-R1192P, ALK-L1196M and ALK-G1269A
mutations have been reported as the driving factors for drug
resistance during ALK-TKI therapy for EIMS.13,14

EIMS progresses rapidly, and an early diagnosis is
extremely important, especially for cases with the respiratory
and circulatory system affected that may be fatal. In our case
report, the patient died of respiratory failure due to tracheal
compression, with only 1.5 months between the initial com-
plaint and the diagnosis. Notably, our report is the first to
describe a case of mediastinal EIMS with an ALK gene rear-
rangement. We have summarized some key points regarding
the clinical management of this rare case. First, an optimal
biopsy is essential for enhancing diagnostic accuracy. CT-
guided percutaneous biopsy is characterized as a high diag-
nostic rate and high safety. A retrospective study showed
that the diagnostic rate of CT-guided percutaneous biopsy
for such lesions is as high as 77% (40/52), with a low
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incidence of complications at 3.8%.15 Neither EBUS-TBNA
nor CT-guided percutaneous biopsy had been performed in
cases of mediastinal EIMS prior to our report. In our case,
we used a 21-gauge aspiration needle in EBUS-TBNA proce-
dures, but no positive results were obtained from the small
amount of tissue aspirated for biopsy. We later performed
CT-guided percutaneous biopsy using an 18-gauge aspira-
tion needle to collect more tissue for the final diagnosis.
Therefore, obtaining a histological diagnosis of EIMS can be
challenging, and a negative false result can occur during
biopsy using an aspiration needle under 18-gauge. Another
consideration is the optimal timing for placing a metal stent
in cases like this. While metallic tracheal stenting can rap-
idly alleviate respiratory dysfunction, the U.S. Food and
Drug Administration (FDA) has issued a warning against
their use in patients with benign airway stenosis due to the
difficulties associated with removal and the potential for
severe complications.16 Moreover, anaesthesia in patients
with mediastinal masses is a risk event for cardiopulmonary
events, which may be fatal.17 Due to the unclear diagnosis
and the high risk of anaesthesia, we did not opt for metallic
stent implantation in this case. However, considering the
rapid deterioration and unfortunate outcome in this patient,
the question of optimal timing for stent placement necessi-
tates further deliberation and may warrant careful consider-
ation in future cases. Thirdly, ALK translocation is involved
in many types of tumours, and some ALK inhibitors have
been shown to be effective in treating tumours carrying
ALK gene fusions, which are referred to as ALKomas.
Immunohistochemical staining of ALK, especially the highly
sensitive anti-ALK antibody [5A4] (ALK p80) or anti-ALK
(D5F3), is recommended to young people with rapidly-
growing, suspicious of malignant tumours.18

In conclusion, we present a case report of mediastinal
epithelioid inflammatory myofibroblastic tumour (EIMS)
with EML4-ALK fusion and summarize some clinical expe-
riences for the management of intrathoracic EIMS based on
our case and literature review. Firstly, EIMS located close to
the mediastinum is more likely to affect the respiratory sys-
tem, and a timely biopsy is crucial for an accurate diagnosis.
Secondly, a needle thinner than 18-gauge may not be suitable
for pathological diagnosis of EIMS due to the small amount
of tissues collected. Thirdly, additional immunohistochemical
staining of ALK or next-generation sequencing of blood sam-
ples may be useful for patients with limited tissues for patho-
logical examination and those who are intolerant to invasive
biopsy. If ALK is positively stained, ALK-TKI therapy may be
a viable treatment option for EIMS patients who are not suit-
able for surgery.
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