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Pulmonary epithelial-myoepithelial carcinoma (P-EMC) is an exceptionally rare subtype of salivary gland lung tumor originating
from tracheobronchial glands. P-EMC is a biphasic tumor consisting of an inner layer of epithelial cells and an outer layer of
spindle-shaped, clear-cell-like myoepithelial cells. Bronchial obstruction symptom is the main clinical characteristic for P-EMC.
Because its clinical and imaging characteristics are highly similar to other types of non-small-cell lung cancer (NSCLC), it is
easy to cause missed diagnosis and misdiagnosis. The diagnosis is mainly based on the pathology and immunohistochemistry
with an inner layer of epithelial cells immunoreactive for cytokeratin and an outside layer of myoepithelial cells
immunoreactive for S100 protein (S-100) and smooth muscle actin (SMA). Therefore, positive for cytokeratin, S-100 and SMA
can assist in the diagnosis. Although in general, P-EMC is a low-grade malignant neoplasm, it may occasionally recur and
metastasize. The optimal method for P-EMC treatment has not been established, and surgical resection is still the main clinical
method. Radiotherapy and chemotherapy have been shown not sensitive for P-EMC treatment, whereas targeted therapy and
immunotherapy have not evaluated in clinical practice. This review focuses on the pathological characteristics, molecular

characteristics, diagnosis, treatment, and prognosis of P-EMC.

1. Introduction

Pulmonary epithelial-myoepithelial carcinoma (P-EMC) is
an exceptionally rare salivary gland-type tumor (SGTT),
which accounts for 0.1-1% of all primary lung carcinomas
[1, 2]. Among the SGTTs, the most common histological
types are adenoid cystic carcinoma (ACC) and mucoepider-
moid carcinoma (MEC), while mixed tumor (ACC and
MEC) and EMC are less common [3]. In 1972, EMC was
first described by Donath et al. [4], and this carcinoma was
subsequently defined by the WHO as “a malignant tumor
composed of variable proportions of two-cell types, which
typically form duct-like structures.” The duct-like structure
is characterized by a biphasic pattern, with an inner layer
of epithelial cells immunoreactive for cytokeratin and an
outside layer of myoepithelial cells immunoreactive for
S100 protein (S-100) and smooth muscle actin (SMA) [5].

P-EMC originates from the submucosal tracheobronchial
glands, which are the equivalent of the minor salivary
glands; but EMC is rarely found in the respiratory tract
[6]. In general, P-EMC lacks typical epidemiological and
clinical characteristics. Therefore, in view of the biphasic
structure, the diagnosis of P-EMC is usually based on micro-
scopic morphologic examination of biopsy specimen in
combination with immunohistochemistry (IHC) examina-
tion. Although it is generally considered as a low-grade
malignant neoplasm, occasional recurrence and metastasis
have been reported [7]. However, the current reported cases
of P-EMC are rare, and little is known about the molecular
characteristics of this malignancy. The treatment of P-
EMC is mainly based on surgical resection, while the effect
of radiotherapy and chemotherapy has not been determined.
In addition, the prognosis is also not well-established for P-
EMC. Here, we review the epidemiological features, clinical
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characteristics, pathology, immunohistochemistry, diagno-
sis, treatment, and prognosis of P-EMC.

2. Epidemiological Characteristics and
Clinical Characteristics

Because of its rarity, the epidemiological features of P-EMC
have not been well defined. EMC accounts for less than 1%
of all salivary gland tumors [8]. A large proportion of the
patients are middle-aged people, but the youngest case
reported is 7 years old [9]. From the current literature,
female patients account for the majority of P-EMC cases.
So far, in the reviewed cases, only ~50% of the patients are
smokers, so it seems unlikely that smoking is the cause of
this disease [7]. Epidemiological studies of more cases are
required to determine whether smoking is a risk factor for
P-EMC.

In general, P-EMC arises from submucosal tracheobron-
chial glands [6]. The existence of tumors in the peripheral
lung tissue suggests that P-EMC might originate from prim-
itive cells [10]. In the cases of bronchial obstruction, the
patients showed varied symptoms of airway obstruction
including productive cough, chest pain, shortness of breath,
repeated bouts of bronchopneumonia, recurrent chest infec-
tion, blood-tinged sputum, hemoptysis, and other symptoms
such as fever, weight loss, and enlargement of lymph nodes.
The tumor is mainly located in the central airway within the
segmental bronchi of the most patients with these symp-
toms. Some patients were asymptomatic at first, but they
would also have bronchial obstructions in the end due to
obstruction of the subsegmental bronchus [11]. However,
some patients showed no symptoms in daily life, but were
discovered accidentally during physical examinations. P-
EMC is a typically indolent cancer, but it is potentially
malignant, and metastasis may occur [5]. The reported
metastasis sites include hilar and subcarinal lymph node,
skull, bone of left lower limb, bilateral pulmonary, and chest
wall [12-16].

In Table 1, we summarize the epidemiological and clini-
cal characteristics of P-EMC based on published studies.
These cases of P-EMC include 40 females and 25 males with
an average age of 56 years, among which only 14 patients
had a history of smoking [5, 6, 7, 9, 11-42]. Therefore, P-
EMC mainly occurs in middle-aged and elderly female
patients, and it is not clear how smoking is related to the
incidence of P-EMC. The main location of P-EMC is endo-
bronchial mass and the main clinical feature is bronchial
obstruction [5, 6, 7, 9, 11-42]. The clinical characteristics
may be closely related to the location of the tumors.

2.1. Imaging Examination. Imaging examinations are an
important means for discovering P-EMC, including X-ray
and chest computed tomography (CT). According to the lit-
erature, the X-ray chest film of the tumors shows no charac-
teristic signs. Because P-EMC predominantly appears as
endobronchial mass, CT is the most common and basic
imaging examination method for P-EMC. As shown in
Table 1, 53 cases were presented as endobronchial masses
distributed in the central airway within segmental bronchi,
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11 cases were located in pulmonary parenchyma, and 6 cases
were presented as intraparenchymatous mass without obvi-
ous relation to bronchus [5, 6, 7, 9, 11-42].

Some studies have reported active fluorodeoxyglucose
(FDG) uptake in P-EMC [16, 29]. However, in a recent
study, Nakashima et al. [11] found that, in most cases,
abnormal FDG uptake was not detected by FDG-positron
emission tomography/computed tomography (FDG-PET/
CT) scans.

There are different growth patterns and imaging mani-
festations in P-EMC. In general, most of the reviewed cases
presented an image of a well-circumscribed and polypoid
solid mass without hilar or mediastinal lymph nodes
enlargement. In some cases, irregularly-shaped tumors on
CT scans have been reported, such as a cavitary lesion and
an abnormal soft tissue mass with slightly lobular borders
[33, 36]. So far, there were no typical and characteristic
radiographic features were found in P-EMC.

In summary, P-EMC mostly occurs in endobronchial
masses, the most common method of imaging examinations
is CT. A well-circumscribed and polypoid solid mass with-
out hilar or mediastinal lymph nodes enlargement is the
most common imaging sign. It is worth noting that the
imaging features of tumor distribution and morphology are
uncertain because of the limited cases of P-EMC. At the
same time, bronchoscopy also provides a means for a defin-
itive diagnosis.

3. Pathology and IHC Examinations

Grossly, the P-EMC tumor have varied sizes and are usually
isolated with a well-defined, encapsulated polypoid mass.
However, rare exceptions such as papillary and cauliflower-
like neoplasms were also reported [37, 42]. P-EMCs gener-
ally appear as solid mass with white, white-greyish, light-yel-
low, or red color. Necrosis and marked mitosis are rarely
seen for P-EMC [36]. Microscopically, there is a biphasic
structure for P-EMC in histology. There are three distinct
subtypes of the tumor: the first has a dual ductal component,
which is a feature of salivary gland tumor; the second is pres-
ent with a predominant solid component consisting of spin-
dle- and polygonal-shaped myoepithelial cells arranged in a
myxoid background; the third mainly consists of myoepithe-
lial cells with increased nuclear atypia arranged in a marked
myxoid background [11, 17]. The typical biphasic growth
structure consists of an inner layer of cuboidal, columnar
epithelial cells with eosinophilic cytoplasm, and an outer
layer from myoepithelial lineage composed of polygonal
cells with abundant clear cytoplasm. Some literature
reported occasional infiltrate of inflammatory cells in the
tumor, such as macrophages, plasma cells, lymphocytes,
eosinophils, and neutrophils [5, 12]. Squamous metaplasia
was also described in a case [23]. Taken together, P-EMC
mainly exists as endobronchial mass which requires a path-
ological biopsy combined with THC for initial diagnosis.
Bronchoscopy provides a convenient means to observe path-
ological patterns and make diagnosis. However, the patho-
logical diagnosis may not be definitively made by
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bronchoscopic biopsy alone, and the diagnosis is mainly
made by postoperative pathology combined with THC.

The THC results of the published P-EMC cases were ret-
rospectively analyzed and summarized in Table 1. For the
inner layer epithelial cells, 62 patients are positive for cyto-
keratin (CK) including CK, CAM5.2, AE3, AE1, MNF-116,
CD10, CK7, CK903, CK8/18, AB, and CD117; a few cases
are positive for EMA, P53, Vim, SPA, TTF-1, S-100, and
SMA; only 1 case is positive for S-100; and 2 cases are posi-
tive for SMA. For the outer layer myoepithelial cells, 62 cases
are positive for S-100, 38 cases are positive for SMA, and the
other cases are positive for HHF-53, Vim, GFAP, P53, P63,
P40, P27, actin, calponin, and CK including AE3, CD10,
CK, CD117, and CK5/6 [5, 6, 7, 9, 11-42]. Briefly, the lumi-
nal layer is generally positive for the epithelial markers CK
and EMA, while the outer layer is generally positive for S-
100 and SMA immunostaining.

Taken together, the duct-like structure of P-EMC is
characterized by biphasic pattern with an inner layer of
cuboidal, columnar epithelial cells and an outside layer of
myoepithelial cells. With a few exceptions, the epithelial cells
are usually positive for CK; almost all the myoepithelial cells
are positive S-100, followed by SMA. Therefore, the results
of pathology and IHC have a great contribution to the diag-
nosis of P-EMC.

4. Diagnosis and Differential Diagnosis

Given the similar clinical presentation as other lung carcino-
mas, a definite diagnosis of P-EMC must be determined by a
combination of clinical manifestations, imaging tests, histo-
pathology, and THC. The diagnosis mainly depends on the
characteristics of pathology and IHC, including the biphasic
pattern in pathology which has an inner layer immunoreac-
tive for cytokeratin and an outer layer immunoreactive for S-
100 and SMA. P-EMC is an exceptionally rare subtype of
salivary gland lung tumor, therefore, the diagnosis relies
heavily on the identification of myoepithelial cell compo-
nents in a myxoid or chondroid background like other types
of salivary gland tumors [17].

P-EMC is often misdiagnosed with other biphasic pul-
monary neoplasms. Therefore, the differential diagnosis of
P-EMC is challenging. On the one hand, P-EMC needs to
be differentiated from cartilaginous hamartoma, pulmonary
blastoma, and carcinosarcoma. For cartilaginous hamar-
toma, the cartilaginous component is predominant in the
lesion and is well demarcated from the epithelial component
that appears as encasement or invagination. Pulmonary
blastomas present obvious sarcomatous stromal component
and characteristic epithelial elements, which are similar to
the developing fetal lung. Of note, carcinosarcoma is difficult
to differentiate because of its cytological atypia, which lacks
unambiguous sarcomatous stromal component. The epithe-
lial is composed of adenocarcinoma, squamous, or anaplas-
tic carcinoma and has no characteristic myoepithelial
differentiation [17].

On the other hand, the diagnosis of P-EMC needs to be
differentiated from salivary gland-type tumors (including
pulmonary pleomorphic adenoma (PPA), MEC, ACC, clear

cell carcinoma, myoepithelioma, myoepithelial carcinoma,
mucous gland adenoma), and other tumors (including clear
cell tumor, metastatic renal clear cell carcinoma, metastatic
clear cell carcinoma of the thyroid, glandular carcinoid,
and pulmonary adenosquamous carcinoma). PPA also con-
tains a myxochondroid or chondroid stromal component as
opposed to the biphasic structure of P-EMC; however, PPA
tends to have little duct-like structure which is common in
P-EMC [20]. The most common salivary gland tumors are
MEC and ACC [3]. ACC originates from the cartilage-
bearing bronchi and has three main growth patterns: cylin-
dromatous, tubular, and solid [10]. The tubular pattern of
ACC needs to be differentiated from EMC, which does not
exist in an extensive infiltrative growth pattern and charac-
teristic cribriform growth pattern [20]. Clear cell (“sugar”)
tumor of the lung tends to be peripheral, which has a sinu-
soidal vascular with large, polygonal, and glycogen-
containing clear cells. Primary and metastatic clear cell car-
cinomas both lack the typical pathology and IHC presenta-
tion of P-EMC, and metastatic renal clear cell carcinoma
contains cytoplasmic lipid with or without glycogen [20].
Most of the “sugar” tumors are positive for HMB-45 and
S-100, therefore, HMB-45 staining is helpful for the differen-
tial diagnosis [20]. In addition, as metastatic clear cell carci-
noma of thyroid lacks myoepithelial, positive thyroglobulin
staining supports the diagnosis of the tumor of the thyroid
and positive chromogranin A, and neuro-specific enolase
(NSE) staining supports the diagnosis of the tumor of the
glandular carcinoid, but this dual differentiation structure
is absent in P-EMC [21]. Pulmonary adenosquamous carci-
noma is a unique tumor type with an excessive amyloid-like
eosinophilic extracellular material, which shows both glan-
dular and squamous structures [21]. Neither myoepithe-
lioma nor myoepithelial carcinoma include the typical
biphasic pattern [43]. Mucous gland adenoma lacks the
characteristics of myoepithelial hyperplasia, but has dilated
glands and eosinophilic colloids [15]. In addition to these
salivary gland-type tumors, intrabronchial papillary tumors
can be differentiated from P-EMC because of their promi-
nent papillary structure [37].

In summary, the differential diagnosis depends on two
factors: the myoepithelial proliferation and a noninvasive
growth pattern [15]. Because P-EMC is a potentially malig-
nant tumor, the differential diagnosis of P-EMC from other
tumors is crucial for the diagnosis and treatment.

4.1. Treatment. The optimal treatment for P-EMC has not
been determined. Surgical resection remains the routine
treatment for P-EMC, while radiotherapy and chemotherapy
are rarely used. Up to date, little is known about the genetic
alterations in P-EMC; thus, no targeted therapy for P-EMC
has been proposed.

In this review, we retrospectively analyze the reported
treatment methods of P-EMC, which are summarized in
Table 2 [5-7, 9, 11-42]. The current standard surgical proce-
dures include pneumonectomy, lobectomy, sleeve lobec-
tomy, tracheal resection, carinal resection, and wedge
resection. Complete resection (RO) is defined as removal of
all visible and palpable tumors, with no tumor at the margin



lobe bronchus
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TaBLE 2: The data on treatment and prognosis of P-EMC.
Ref. Ki-67 Site Treatment Metastasis Follow-up (month/s)
2-10% Right main bronchus Pneumonectomy No FOD: 8 mo
1-2% L(_)be bronchus Lobectomy No FOD: 60 mo
(5] side unstated
<1% Left main bronchus Pneumonectomy No FOD: 96 mo
1-2% Right upper lobe Lobectomy No FOD: 84 mo
bronchus
[6] NA Left upper lobe Lobectomy No FOD: 16 mo
[7] NA Right upper lobe Lobectomy No NA
i The biphasic
[9] NA s ilcfgr?ttli(r)c‘::shus Lobectomy neoplastic cells FOD: 12 mo
& replaced part of LN
[11] <5% Right main Lobectomy No FOD: 36 mo
lower bronchus
<5% Right lower lobe Wedge resection NA FOD: 31 mo
<5% Left lower lobe Wedge resection NA FOD: 14 mo
[12]  <5% Right main lobe Wedge resection NA FOD: 13 mo
<5% Left upper lobe Wedge resection NA FOD: 78 mo
<5% Right upper lobe Wedge resection NA No recurrence: 5 mo
NA Left lower lobe Lobectomy FOD: 4 mo
NA Right upper lobe Lobectomy 1 case: infiltrated FOD: 12 mo
peribronchial
[13] NA Left lower lobe Lobectomy tissue NA
NA Right upper lobe Lobectomy and LN metastasis FOD: 12 mo
NA Left main bronchus Pneumonectomy FOD: 4 mo
[14] 10% Right upper NA Skull metastasis NA
lobe bronchus
NA Left lower lobe Lobectomy No Recurrence
NA Left upper lobe Sleeve lobectomy No FOD: 75 mo
[15] NA Left upper lobe Lobectomy No FOD: 33 mo
NA Right upper lobe Lobectomy No FOD: 1 mo
NA Trachea Endobronchial excision No FOD: 10 mo
. . Hilar and .
0,
[16] <1% Intermedius bronchus Bilobectomy subcarinal LN+ Adjuvant chemotherapy
NA Left main bronchus Pneumonectomy No FOD: 72 mo
NA Left lower lobe Lobectomy No FOD: 48 mo
NA Right lower lobe Lobectomy No NA
NA Right upper lobe Lobectomy No Died in the 1mme§1ate postoperative
period
NA Left upper lobe Lobectomy No NA
[17] NA Right lower lobe Lobectomy No Recurred LN mets after 2 years
Recurred after 3 years in trachea and
right mainstem bronchus, it was treated
. with radiation and chemotherapy but
NA Right upper lobe Lobectomy No rapidly developed mets to right cervical
lymph nodes, ribs, vertebra, and
left kidney and died
NA Left lower lobe Lobectomy No NA
[18] NA Right upper Lobectomy No FOD: 24 mo
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TaBLE 2: Continued.

Ref. Ki-67 Site Treatment Metastasis Follow-up (month/s)
[19] NA Right main bronchus Pneumonectomy No FOD: 36 mo
[20] NA Left lower basal bronchus Lobectomy No FOD: 7 mo
[21] NA Right upper Endobronchial excision No FOD: 13 mo
lobe bronchus
[22] NA Left lower lobe bronchus Lobectomy No NA
[23] 8% Left lower lobe bronchus Pneumonectomy No FOD: 34 mo
[24] <5~20% Left upper lobe bronchus Lobectomy No FOD: 8 mo
[25] 0.1~0.5% lcﬁ)if}ll)trcl)lrf: f}ffls Pneumonectomy No FOD: 6 mo
[26] 2.8 Left main bronchus Endobronchial excision No FOD: 6 mo
[27] NA Left main bronchus Endobronchial excision No Recurred bilateral lung lesions
(28] NA Left upper lobe Sleeve lobectomy No 1/2 cases: recurrence
NA Left lower lobe Pneumonectomy No
[29]  2-3% Intermedius bronchus Bilobectomy No FOD: 9 mo
NA Right main bronchus (2) Lobectomy (5)
NA Right upper lobe (1) Pneumonectomy (1)
[30] NA Right lower lobe (2) Sleeve lobectomy (1) ﬁ?&in;?::;zsff) FOD: 60 mo (6)
NA Left upper lobe (1)
NA Left lower lobe (1)
[31] NA Trachea Resectior;izfgf tracheal NA FOD: 24 mo
[32] 1.6% seng:eerf: ll;:(s)?llchus Lobectomy No FOD: 4 mo
[33] NA Left lower lobe NA No FOD: 8 mo
[34] <5% Right upper lobe Wedge resection No FOD: 24 mo
[35] NA Right middle lobe NA NA NA
[36] NA Left upper lobe Lobectomy No No recurrence
[37]  25% Right middle lobe Lobectomy No NA
[38] 10% Left lower lobe Lobectomy No FOD: 6 mo
[39] NA Right main bronchus Electrocautery snare NA NA
[40] NA Right middle lobe Wedge resection No FOD: 60 mo
[41] NA Left lower lobe Endobronchial excision NA NA
[42]  10% Upper trachea Electrocautery snare NA NA

NA: not available, mo: month/s, LN: lymph node, FOD: free of disease, and number: number of people.

histologically, while incomplete resection (R1 or R2) is
defined as the presence of a residual tumor at the margin
according to pathologic examination [28]. Lobectomy was
used in most of the reported cases. In addition, treatments
with nonanatomical wedge resection and curative electro-
surgery were also reported. Chao et al. performed curative
electrosurgery because the patient refused a pneumectomy
and the tumor growth was limited to the bronchial cartilage
layer [26]. In another case, Hagmeyer et al. [34] described
that a patient with low-grade tumor was treated with nona-

natomical wedge resection and lymph node dissection. To
date, the performance of systemic lymph node dissection
was only used in a few reports. Although the necessity of
lymph node dissection is unclear, lymph node sampling is
considered a beneficial option for tumor stage classification
and prognosis of potentially aggressive P-EMC [11].

In general, lobectomy is used to treat benign manners of
P-EMC which are present as small and well-defined lesions,
while chemoradiotherapy is used to treat larger, invasive, or
ill-defined lesions that are prone to recurrence and



metastasis [17]. In previous literature, most patients did not
receive subsequent radiotherapy and chemotherapy after
surgery. The current radiotherapy and chemotherapy are
mainly used for P-EMC patients with metastatic tumors,
but only few cases have been published. For example, a case
of skull metastasis received a periosteum resection and
whole-brain radiation [14]. Yamazaki et al. [44] have recom-
mended that radiotherapy should be used for EMC patients
with 4 cm or larger primary tumors or positive surgical mar-
gins. As P-EMC is a low-grade malignant tumor with few
recurrence or metastasis patients reported, the efficacy of
chemotherapy in P-EMC is unclear. However, the incidence
of lung metastases from salivary gland EMC is higher than
that of P-EMC and the chemotherapy regimen for EMC
with lung metastases is mainly referred to SGTTs. According
to the National Comprehensive Cancer Network (NCCN),
chemotherapy may be used for palliation in advanced
SGTTs patients, with various agents alone or in combination
(such as cisplatin, cyclophosphamide, doxorubicin, mitox-
antrone, carboplatin, and vinorelbine). Yamazaki et al. [44]
reported that a primary parotid EMC underwent total
parotid gland resection and adjuvant radiation therapy,
and a follow-up CT suggested metastasis to the lungs, with
complete response (CR) of lung metastasis after 5 cycles of
chemotherapy with DCF (docetaxel 60 mg/m2, cisplatin
60 mg/m2, and fluorouracil 600 mg/m2). In addition, Pier-
ard et al. [45] described a primary submandibular gland
EMC patient with lung metastases who initially treated with
cisplatin+fluorouracil (CF) regimen, but due to the progres-
sion of metastases in lung, a second-line paclitaxel combined
with cyclophosphamide regimen was used and eventually
the disease stabilised and the lung symptoms resolved. Oth-
erwise, EMC of the lung from the base of tongue also was
reported [46]. Therefore, the current treatment of choice
for patients with early-staged P-EMC is surgical resection,
with follow-up treatment based on the presence or absence
of high-risk factors.

Targeted therapy is indispensable in the comprehensive
treatment of lung cancer and has been developing rapidly
in recent years. Similar as other malignancies, EMC involves
various genetic alterations including overexpression of
tumor suppressor genes, inactivation of tumor suppressor
genes, and deletion of certain chromosomal segments. Ru
et al. [24] described a case of P-EMC with an extensive
expression of the P53 gene and a possible involvement of
the APC gene mutations. APC gene mutations occur in
familial adenomatous polyposis and are involved in many
aspects of the disease progression, but the association
between APC mutation status and EMC development
remains unclear. In EMC of the salivary glands, HRAS
mutations are most frequently detected, followed by
PIK3CA and/or AKT1 mutations [47]. HRAS mutation has
not been reported for P-EMC until recently [38, 47]. Chen
et al. reported a P-EMC patient with a HARS Q61R muta-
tion, a nonsense mutation in the BCOR gene, and a TET2
C137R mutation [38]. Further studies are required to deter-
mine the clinical significance of these mutations in the
BCOR and TET2 genes in the diagnosis, prognosis, and
treatment of P-EMC. Unfortunately, there are currently no
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targeted drugs for the above mutated genes, but Mikeld
et al. [48] firstly reported an application of ex vivo drug
screening together with next generation sequencing found
significant differences in therapeutic sensitivity between the
EMC intratumor cell lineages, and that heterogeneity of dif-
ferentiation states within EMC may provide an outlet for
partial therapeutic responses for targeted therapies including
MEK and mTOR inhibitors.

In summary, surgical resection is still the most useful
and routinely used treatment for P-EMC, whereas radiother-
apy and chemotherapy are mainly used in patients with
advanced diseases. The use of radiotherapy and chemother-
apy mainly depends on the patient’s physical condition, size
of the tumor, positive margin rate, and the status of lymph
node metastasis. Since genetic alterations such as HRAS
mutation have been described in some recent reports, tar-
geted therapy may also have potential utility for treatment
of P-EMC. Immunotherapy has been proved effective in
treatment for patients with various advanced cancers; how-
ever, the application of immunotherapy in P-EMC treat-
ment has not been reported.

4.2. Prognosis. In Table 2, the disease-free survival period of
P-EMC after surgery is usually more than 2 years, and even
more than 5 years in some cases. Therefore, the prognosis of
P-EMC is better than other NSCLC. Although P-EMC is
generally considered a low-grade malignant neoplasm, it
has also been shown to have the capacity to relapse and
metastasize in some literature. The reported metastasis sites
include hilar and subcarinal lymph node, skull, bone of left
lower limb, bronchus, bilateral pulmonary, and chest wall
[12-16, 27]. Cha et al. [16] summarized 6 patients with
relapse or metastasis and found that no patients died of
the disease, which supports the low malignant potential of
P-EMC and the importance of complete tumor removal. In
these metastatic or recurrent cases, resurgical resection or
no treatment, the tumor did not show rapid progression,
and even PFS reached more than 4 years [27, 28]. What is
more, studies have suggested that size, circumscription,
mitotic activity, and a myoepithelial component may be reli-
able clinical factors in the prognosis of P-EMC [10, 11, 15].

P-EMC has varied tumor size, ranging from 0.7 to 16 cm
in diameter (average 1.9cm) [5, 6, 7, 9, 11-42]. Nakashima
et al. [11] have reviewed clinical follow-up information of
50 cases of P-EMC. They found that tumors larger than
the average size are prone to metastasize and recur, whereas
tumors localized in pulmonary parenchyma had no evidence
of recurrence and metastasis. The mitotic activity was used
to discriminate the status of recurrence and metastasis. In
general, the P-EMC with no more than 1/20 high power field
(HPF) and an absence of necrosis rarely recur and metasta-
size, while those with brisk mitotic rates (up to 13/10 HPF),
necrosis and cytologic atypia indicated recurrence and/or
metastasis [5].

Myoepithelial cell is an important EMC component and
can be used as diagnostic and prognostic indicators. Pelosi
et al. [49] suggested that abnormal intracellular localization
of p27/Kip-1 in the neoplastic myoepithelial cells could
abolish its growth inhibitory function, thus leading to
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unrestricted cell proliferation which contributes to tumori-
genesis. Therefore, the myoepithelial component may have
an important role in the prognosis of P-EMC. Song et al.
[15] analyzed 5 P-EMC cases and found that significantly
decreased nuclear expression of p27 was detected in myoe-
pithelial cells of all the cases, which was also described in
the previous three cases [7, 29, 50]. In addition, one of the
P-EMC patients had a poor prognosis, mainly characterized
by myoepithelial differentiation, larger size, and parenchy-
mal invasion [15]. Furthermore, studies have also shown
that simple myoepithelial tumor cells without epithelial
tumor cells, such as myoepithelioma and myoepithelial car-
cinoma, have a poor prognosis [5, 50]. Based on the above
information, myoepithelial cells may be an essential prog-
nostic factor for P-EMC.

P-EMC is similar to the salivary gland-type EMC, of
which incomplete excision is associated with poor prognosis
[11]. Nakashima et al. indicated that complete resection of
the tumor is needed and a thorough follow-up over 3 years
is necessary after surgery [11].

As shown in Table 2[5, 6, 7, 9, 11-42], in most of the P-
EMC cases, the Ki-67 index is less than 10%, indicating that
the proliferation activity of the tumor cells is low, in accor-
dance with low-grade malignant neoplasm. No metastasis
event was found in the cases with a higher Ki-67 index
(>10%). Therefore, there is no evident correlation between
the Ki-67 index and the prognosis of P-EMC.

Although several risk factors for P-EMC prognosis have
been reported as being reviewed above, further validation
studies are still required. Furthermore, the clinical utility of
additional prognostic features, such as the impact of radio-
therapy, chemotherapy, and other treatment methods,
should be assessed.

5. Conclusion

P-EMC is a rare subtype of SGTT, and is considered as a
low-grade malignant neoplasm with relatively good progno-
sis. P-EMC originates from submucosal tracheobronchial
glands and mainly presents as intrabronchial masses. It does
not have the characteristic clinical symptom, mainly by the
bronchial obstruction symptom. The diagnosis is based on
the biphasic structure with an inner layer of epithelial cells
immunoreactive for CK and EMA and an outside layer of
myoepithelial cells immunoreactive for S-100 and SMA.
Treatment of P-EMC is rarely reported. There are no specific
guidelines for the treatment of P-EMC. The current treat-
ment is mainly surgical resection, and radiotherapy and che-
motherapy are mainly used in cases with poor prognosis and
advanced patients. Recently, research has been started on
gene mutation of P-EMC, among which the HRAS gene
mutation was reported recently. Therefore, the targeted ther-
apy for HRAS gene would be a huge step forward for P-EMC
treatment. However, because of the rarity of P-EMC, the
gene mutation related to P-EMC is still uncertain and needs
to be studied extensively. At the same time, there is no report
on immunotherapy of P-EMC. In general, size, circumscrip-
tion, mitotic activity, and myoepithelial component appear
to be the clinical factors that most reliably correlated with

prognosis for the P-EMC. In summary, the current informa-
tion about P-EMC is just the tip of the iceberg, so further
study is required to acquire more precise information about
P-EMC.

Conflicts of Interest

The authors report no conflicts of interest in this study.

Authors’ Contributions

Lingru Chen is responsible to the writing of the original
draft, writing of the review and editing, and the investiga-
tion. Ying Fan is responsible to the visualization and formal
analysis. Hongyang Lu is responsible for the conceptualiza-
tion and supervision. Lingru Chen and Ying Fan contributed
equally to this work.

Acknowledgments

This study was supported by the Zhejiang Province Medical
Science and Technology Project (No. 2020ZH001).

References

[1] C. Moran, “Primary salivary gland-type tumors of the lung,”
Seminars in Diagnostic Pathology, vol. 12, no. 2, pp. 106-122,
1995.

[2] L. S. Westacott, G. Tsikleas, E. Duhig et al., “Primary
epithelial-myoepithelial carcinoma of lung: a case report of a
rare salivary gland type tumour,” Pathology, vol. 45, no. 4,
pp. 420-422, 2013.

[3] J. Molina, M. Aubry, J. Lewis et al., “Primary salivary gland-
type lung cancer,” Cancer, vol. 110, no. 10, pp. 2253-2259,
2007.

[4] K. Donath, G. Seifert, R. Schmitz et al., “Zur Diagnose und
Ultrastruktur des tubularen Speichelgangcarcinoms,” Epithe-
lial-Myoepithelial Carcinoma of the Intercalated Ducts, Pathol-
ogy Pathologische Anatomie, vol. 356, no. 1, pp. 16-31, 1972.

[5] L.G. Fulford, Y. Kamata, K. Okudera et al., “Epithelial-myoe-
pithelial carcinomas of the bronchus,” The American Journal
of Surgical Pathology, vol. 25, no. 12, pp. 1508-1514, 2001.

[6] S. Cho, S. Park, T. Ko, H. Y. Lee, and J. I. Kim, “Primary epi-
thelial myoepithelial lung carcinoma,” The Korean Journal of
Thoracic and Cardiovascular Surgery, vol. 47, no. 1, pp. 59-
62, 2014.

[7] G.Muiioz, F. Felipo, I. Marquina, and C. D. Agua, “Epithelial-
myoepithelial tumour of the lung: a case report referring to its
molecular histogenesis,” Diagnostic Pathology, vol. 6, no. 1,
p. 71, 2011.

[8] J. G. Batsakis, A. K. el-Naggar, and M. A. Luna, “Epithelial-
myoepithelial carcinoma of salivary glands,” The Annals of
Otology, Rhinology, and Laryngology, vol. 101, no. 6, pp. 540
542, 1992.

[9] A. Rosenfeld, D. Schwartz, S. Garzon, and S. Chaleff, “Epithe-
lial-myoepithelial carcinoma of the Lung,” Journal of Pediatric
Hematology/Oncology, vol. 31, no. 3, pp. 206-208, 2009.

[10] C. A. Moran, S. Suster, and M. N. Koss, “Primary adenoid cys-
tic carcinoma of the lung. A clinicopathologic and immuno-
histochemical study of 16 cases,” Cancer, vol. 73, no. 5,
pp. 1390-1397, 1994,



10

(11]

(12]

(13]

(14]

(15]

[16]

(17]

(18]

(19]

(20]

(21]

[22]

(23]

(24]

(25]

[26]

Y. Nakashima, R. Morita, A. Ui, K. Tihara, and T. Yazawa,
“Epithelial-myoepithelial carcinoma of the lung: a case
report,” Surgical Case Reports, vol. 4, no. 1, p. 74, 2018.

T. Chang, A. N. Husain, T. Colby et al., “Pneumocytic adeno-
myoepithelioma: a distinctive lung tumor with epithelial, myoe-
pithelial, and pneumocytic differentiation,” The American
Journal of Surgical Pathology, vol. 31, no. 4, pp. 562-568, 2007.
C. V. Nguyen, S. Suster, and C. A. Moran, “Pulmonary
epithelial-myoepithelial carcinoma: a clinicopathologic and
immunohistochemical study of 5 cases,” Human Pathology,
vol. 40, no. 3, pp. 366-373, 2009.

M. Nishihara, N. Takeda, S. Tatsumi et al., “Skull metastasis as
initial manifestation of pulmonary epithelial-myoepithelial carci-
noma: a case report of an unusual case,” Case Reports in Oncolog-
ical Medicine, vol. 2011, Article ID 610383, 4 pages, 2011.

D. H. Song, I. H. Choi, S. Y. Ha et al., “Epithelial-myoepthelial
carcinoma of the tracheobronchial tree: the prognostic role of
myoepithelial cells,” Lung Cancer, vol. 83, no. 3, pp. 416-419,
2014.

Y.J. Cha, J. Han, M. J. Lee, K. S. Lee, H. Kim, and J. Zo, “A rare
case of bronchial epithelial-myoepithelial carcinoma with solid
lobular growth in a 53-year-old woman,” Tuberculosis and
Respiratory Diseases, vol. 78, no. 4, pp. 428-431, 2015.

C. A. Moran, S. Suster, F. B. Askin, and M. N. Koss, “Benign
and malignant salivary gland-type mixed tumors of the lung.
Clinicopathologic and immunohistochemical study of eight
cases,” Cancer, vol. 73, no. 10, pp. 2481-2490, 1994.

M. Nistal, M. Garcia-Viera, C. Martinez-Garcia, and
R. Paniagua, “Epithelial-myoepithelial tumor of the bron-
chus,” The American Journal of Surgical Pathology, vol. 18,
no. 4, pp. 421-425, 1994.

N. Tsuji, R. Tateishi, S. Ishiguro, T. Terao, and
M. Higashiyama, “Adenomyoepithelioma of the lung,” The
American Journal of Surgical Pathology, vol. 19, no. 8,
Pp. 956-962, 1995.

R. W. Wilson and C. A. Moran, “Epithelial-myoepithelial car-
cinoma of the lung: immunohistochemical and ultrastructural
observations and review of the literature,” Human Pathology,
vol. 28, no. 5, pp. 631-635, 1997.

A. Ryska, Z. Kerekes, E. Hovorkova, and P. Barton, “Epithelial-
myoepithelial carcinoma of the bronchus,” Pathology,
Research and Practice, vol. 194, no. 6, pp. 431-435, 1998.

J. H. Shanks, P. S. Hasleton, A. Curry, and A. Rahman, “Bron-
chial epithelial-myoepithelial carcinoma,” Histopathology,
vol. 33, no. 1, pp. 90-91, 1998.

L. Doganay, S. Bilgi, A. Ozdil, Y. Yoruk, S. Altaner, and
K. Kutlu, “Epithelial-myoepithelial carcinoma of the lung: a
case report and review of the literature,” Archives of Pathology
& Laboratory Medicine, vol. 127, no. 4, pp. e177-e180, 2003.

K. Ru, A. Srivastava, and A. S. Tischler, “Bronchial epithelial-
myoepithelial carcinoma,” Archives of Pathology & Laboratory
Medicine, vol. 128, no. 1, pp. 92-94, 2004.

G. Pelosi, J. Rodriguez, G. Viale, and J. Rosai, “Salivary gland-
type tumors with myoepithelial differentiation arising in pul-
monary hamartoma: report of 2 cases of a hitherto unrecog-
nized association,” The American Journal of Surgical
Pathology, vol. 30, no. 3, pp. 375-387, 2006.

T. Y. Chao, A. S. Lin, C. H. Lie, Y. H. Chung, J. W. Lin, and
M. C. Lin, “Bronchial epithelial-myoepithelial carcinoma,”
The Annals of Thoracic Surgery, vol. 83, no. 2, pp. 689-691,
2007.

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

[41]

Journal of Oncology

A. A. Muslimani, M. Kundranda, S. Jain, and H. A. Daw,
“Recurrent bronchial epithelial-myoepithelial carcinoma after
local therapy,” Clinical Lung Cancer, vol. 8, no. 6, pp. 386—
388, 2007.

D. Y. Kang, Y. S. Yoon, H. K. Kim et al., “Primary salivary
gland-type lung cancer: surgical outcomes,” Lung Cancer,
vol. 72, no. 2, pp. 250-254, 2011.

F. Arif, S. Wu, S. Andaz, and S. Fox, “Primary epithelial myoe-
pithelial carcinoma of lung, reporting of a rare entity, its
molecular histogenesis and review of the literature,” Case
Reports in Pathology, vol. 2012, Article ID 319434, 6 pages,
2012.

F.Zhu, Z. Liu, Y. Hou et al,, “Primary salivary gland-type lung
cancer: clinicopathological analysis of 88 cases from China,”
Journal of Thoracic Oncology, vol. 8, no. 12, pp. 1578-1584,
2013.

M. Konoglou, A. Cheva, P. Zarogoulidis et al., “Epithelial-
myoepithelial carcinoma of the trachea-a rare entity case
report,” Journal of Thoracic Disease, vol. 6, Supplement 1,
p- S194, 2014.

S. Tajima, M. Aki, K. Yajima, T. Takahashi, H. Neyatani, and
K. Koda, “Primary epithelial-myoepithelial carcinoma of the
lung: a case report demonstrating  high-grade
transformation-like changes,” Oncology Letters, vol. 10, no. 1,
pp. 175-181, 2015.

C. Shen, X. Wang, and G. Che, “A rare case of primary periph-
eral epithelial myoepithelial carcinoma of lung: case report and
literature review,” Medicine (Baltimore), vol. 95, no. 35,
p. e4371, 2016.

L. Hagmeyer, L. Tharun, S. C. Schifer, K. Hekmat, R. Biittner,
and W. Randerath, “First case report of a curative wedge resec-
tion in epithelial-myoepithelial carcinoma of the lung,” Gen-
eral Thoracic and Cardiovascular Surgery, vol. 65, no. 9,
pp- 535-538, 2017.

C.H.Kim,J. S.Jeong, S. R. Kim, and Y. C. Lee, “Endobronchial
epithelial-myoepithelial carcinoma of the lung,” Thorax,
vol. 73, no. 6, pp- 593-594, 2018.

M. Mori, T. Hanagiri, R. Nakanishi, S. Ashikari, M. Yasuda,
and F. Tanaka, “Primary epithelial-myoepithelial carcinoma
of the lung with cavitary lesion: a case report,” Molecular and
Clinical Oncology, vol. 9, no. 3, pp. 315-317, 2018.

P. Guleria, K. Madan, S. Kumar, J. Saikia, and D. Jain, “Pulmo-
nary epithelial myoepithelial carcinoma with papillary archi-
tecture: an uncommon morphology of a rare tumour,”
Pathology, vol. 51, no. 4, pp. 443-445, 2019.

L. Chen, Q. Li, G. Fu, and M. Ge, “A rare case of pulmonary
epithelial-myoepithelial carcinoma: case report and literature
review,” Zhongguo Fei Ai Za Zhi, vol. 23, no. 2, pp. 127-132, 2020.

D. Patterson, Q. Halverson, S. Williams, J. A. Bishop, C. D.
Ochoa, and K. Styrvoky, “Bronchoscopic management of a
primary endobronchial salivary epithelial- myoepithelial carci-
noma: a case report,” Respiratory Medicine Case Reports,
vol. 30, p. 101083, 2020.

Y. Shiina, M. Yoshimura, and S. Tauchi, “Pulmonary
epithelial-myoepithelial carcinoma;report of a case,” Kyobu
geka. The Japanese Journal of Thoracic Surgery, vol. 73, no. 9,
pp. 708-711, 2020.

N. Yanagawa, A. Sato, M. Nishiya et al., “Pulmonary epithelial-
myoepithelial carcinoma without AKT1, HRAS or PIK3CA
mutations: a case report,” Diagnostic Pathology, vol. 15,
no. 1, p. 105, 2020.



Journal of Oncology

(42]

(43]

(44]

(45]

(46]

(47]

(48]

(49]

(50]

H. C. Huang, L. Zhao, X. H. Cao, G. Meng, Y. J]. Wang, and
M. Wu, “Primary salivary gland tumors of the lung: two cases
date report and literature review,” Respiratory Medicine Case
Reports, vol. 32, p. 101333, 2021.

K. Miura, H. Harada, S. Aiba, and Y. Tsutsui, “Myoepithelial
carcinoma of the lung arising from bronchial submucosa,”
The American Journal of Surgical Pathology, vol. 24, no. 9,
pp. 1300-1304, 2000.

H. Yamazaki, Y. Ota, T. Aoki, and A. Kaneko, “Lung metasta-
ses of epithelial-myoepithelial carcinoma of the parotid gland
successfully treated with chemotherapy: a case report,” Journal
of Oral and Maxillofacial Surgery, vol. 71, no. 1, pp. 220-226,
2013.

S. Pierard, V. Gregoire, B. Weynand, and J. P. Machiels, “Epi-
thelial-myoepithelial carcinoma of the submandibular gland
with symptomatic lung metastases treated with chemother-
apy,” European Archives of Oto-Rhino-Laryngology, vol. 263,
no. 12, pp. 1158-1160, 2006.

M. Y. Chen, V. Vyas, and R. Sommerville, “Epithelial-myoe-
pithelial carcinoma of the base of tongue with possible lung
metastases,” Case Reports in Otolaryngology, vol. 2017, Article
ID 4973573, 3 pages, 2017.

M. Urano, M. Nakaguro, Y. Yamamoto et al., “Diagnostic sig-
nificance of HRAS mutations in epithelial-myoepithelial carci-
nomas exhibiting a broad histopathologic spectrum,” The
American Journal of Surgical Pathology, vol. 43, no. 7,
Pp. 984-994, 2019.

R. Mikeld, A. Arjonen, A. Suryo Rahmanto et al., “_Ex vivo_
assessment of targeted therapies in a rare metastatic epithelial
-myoepithelial carcinoma,” Neoplasia, vol. 22, no. 9, pp. 390
398, 2020.

G. Pelosi, F. Fraggetta, F. Maffini, P. Solli, A. Cavallon, and
G. Viale, “Pulmonary epithelial-myoepithelial tumor of
unproven malignant potential: report of a case and review of
the literature,” Modern Pathology, vol. 14, no. 5, pp. 521-526,
2001.

L. Hysi, H. Wattez, L. Benhamed, and H. Porte, “Primary pul-
monary myoepithelial carcinoma,” Interactive Cardiovascular
and Thoracic Surgery, vol. 13, no. 2, pp. 226-228, 2011.

11



	Pulmonary Epithelial-Myoepithelial Carcinoma
	1. Introduction
	2. Epidemiological Characteristics and Clinical Characteristics
	2.1. Imaging Examination

	3. Pathology and IHC Examinations
	4. Diagnosis and Differential Diagnosis
	4.1. Treatment
	4.2. Prognosis

	5. Conclusion
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments



