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Summary In the last decade, the understanding of
lung neoplasms, particularly rare salivary gland-type
tumors (SGT), has deepened significantly. This review
intends to spotlight the latest findings, particularly
emphasizing the differentiation between primary and
metastatic SGTs in the lung.

Keywords Rare pulmonary tumors · Salivary gland-
type · Review · Diagnosis pathway · Lung metastasis

Abbreviations
ACC Adenoid cystic carcinoma
EMC Epithelial-myoepithelial carcinoma
FISH Fluorescence in situ hybridization
GAs Genetic alterations
HCCC Hyalinizing clear cell carcinoma
MEC Mucoepidermoid carcinoma
MyC Myoepithelial carcinoma
MyE Myoepithelioma
NSCLC Non-small cell lung carcinoma
PA Pleomorphic adenoma
SGT Salivary gland tumors
SqCC Squamous cell carcinoma

G.-E. Olteanu
Center for Research and Innovation in Personalized
Medicine of Respiratory Diseases. Department of Infectious
Diseases, Discipline of Pulmonology, Victor Babes
University of Medicine and Pharmacy, Piata Eftimie Murgu
No. 2, 300041 Timisoara, Romania

Research Center for Pharmaco-Toxicological Evaluations,
Faculty of Pharmacy, Victor Babes University of Medicine
and Pharmacy, Timisoara, Romania

L. Brcic (�)
Diagnostic and Research Institute of Pathology, Medical
University of Graz, Neue Stiftingtalstraße 6, 8010 Graz,
Austria
luka.brcic@medunigraz.at

WES Whole exome sequencing

Introduction

The realm of lung neoplasms is vast and varied, en-
compassing an array of histologic types. Among these,
salivary gland-type tumors (SGT) stand out due to
their rarity [1, 2]. Although they develop from minor
salivary glands in the submucosa of the large airways
[3], their occurrence rate is remarkably low, account-
ing for only 0.09–0.2% of all lung cancers [4, 5]. Their
association with the tracheobronchial tree often re-
sults in patients presenting with symptoms such as
cough, dyspnea, and hemoptysis due to obstruction.

A critical aspect that needs to be discerned is the
differentiation of primary SGTs from metastatic tu-
mors. Notably, metastatic SGTs have been predom-
inantly recognized as originating from the head and
neck, primarily, but occurrences from sites such as
the breast, skin, and thymus have also been reported
[1, 6–8]. Importantly, the lung is the primary site of
metastasis in 63% of SGT [9].

In this short review, we will focus on characteris-
tics of primary SGT of the lung and the possibility of
their differentiation from metastatic SGT to the lung
(Fig. 1).

Lung salivary gland-type tumors

Based on the 2021 World Health Organization (WHO)
classification, SGTs of the lung include pleomorphic
adenoma (PA), adenoid cystic carcinoma (ACC), ep-
ithelial–myoepithelial carcinoma (EMC), mucoepider-
moid carcinoma (MEC), hyalinizing clear cell carci-
noma (HCCC), myoepithelioma (MyE), here focusing
specifically on myoepithelial carcinoma (MyC; Fig. 2).
Of note, while in the salivary glands in the head and
neck region, the most common tumors are PA, the
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Fig. 1 Diagnostic flowchart for salivary gland tumors (SGT).
PA pleomorphic adenoma, ACC adenoid cystic carcinoma,
EMC epithelial–myoepithelial carcinoma, MEC mucoepider-

moid carcinoma, HCCC hyalinizing clear cell carcinoma,
MyE myoepithelioma, MyC myoepithelial carcinoma, IHC im-
munohistochemistry

most common primary SGTs of the lung are MEC [1,
10]. Other types occur very sporadically.

The prognosis of these tumors often hinges on
their site of origin, in the lung, most of them are low-
grade malignancies that grow slowly but have an inva-
sive growth pattern. They occasionally recur and can
present with metastases. ACC of the lung is known to
be more aggressive, and it often presents at a more
advanced clinical stage and is frequently deemed un-
resectable. In terms of age and demographics, SGT
predominantly develops in adults during their 5th and
6th decades of life. However, there is an exception
with MEC, which can also manifest in children, rang-
ing from as young as 2 years to 78 years old. Overall,
the gender distribution for these tumors is fairly even;
only ACC shows a slight male predominance [9–12].

From pathology to clinical perspective

SGTs of the lung encompass a diverse range of mor-
phology, each characterized by distinct molecular
markers and clinical outcomes. Delving into these tu-
mors’ histology, immunohistochemistry (IHC), molec-
ular, and clinical intricacies provides a better under-
standing of their behavior and prognosis (Table 1).

Mucoepidermoid carcinoma

MEC, the most common SGT in the lung, is charac-
terized by a mixture of mucous, intermediate, and
squamoid cells [11–15]. Histologically, MEC of the
lung is graded based on specific criteria that assess
cellular morphology, mitotic activity, and the pres-
ence of necrosis. Low-grade MEC is characterized
by well-differentiated cells, minimal mitotic activity,
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Fig. 2 a Pleomorphic adenoma: duct-like formations (aci-
nar—red arrows) are noticeable within a cartilage-like (chon-
droid—red star) tissue matrix. b Myoepithelioma: tumor cells
resembling epithelial cells, having round nuclei and a pinkish
cytoplasm, are situated within hyalinized stroma; black line at
the transition between the tumor and a fibrous capsule. c Ade-
noid cystic carcinoma: the tumor mainly consists of cribri-
form nests with well-defined round spaces filled with a lightly

basophilic myxoid material (ground substance)—red dashed
oval. Red arrows indicate respiratory epithelium, with empha-
sis on the location this tumor usually has—associated with
an airway. d Mucoepidermoid carcinoma: abundant tumor
glands filled with mucin (red arrows), situated within a thick
fibrous tissue matrix (stroma—red arrowheads), the red star
indicates hypercellular areas. The diagnosis is low-grade mu-
coepidermoid carcinoma

Table 1 Salivary gland tumors (pleomorphic adenoma not included), main differential diagnosis, cell morphology for each
salivary gland tumor and histological pattern, primary immunohistochemistry for diagnosis and molecular changes
SGT Differential diagnosis Cells/Patterns Immunohistochemistry Molecular changes

Mucoepidermoid
carcinoma

Metastasis from head and neck sali-
vary gland tumor—clinical correlation
is paramount

3 cell types; cystic and solid growth
pattern

P63, p40 in squamoid and
intermediate cells

MAML2 rearrange-
ment, in 70–100%

Adenoid cystic
carcinoma

Carcinoid tumors, basaloid SCC, and
SCLC—IHC is usually enough for differen-
tial

Uniform, small cells; cribriform, solid,
tubular, mixed

P63 focally, CD117 focally or
diffusely

MYB rearrangement in
40%

Epithelial-myoep-
ithelial carcinoma

IHC differentiation of the two components
epithelial and myoepithelial is enough for
diagnosis

Biphasic (cuboidal and spindle cells);
tubular; trabecular, papillary, solid

Inner layer-panK, CK7, outer
layer p63, p40, CK5/6, SMA,
S100, ATF1

–

Myoepithelioma
and
myoepithelial
carcinoma

Composed exclusively of myoepithelial
cells—no ductal or tubular structures

Epithelioid, spindle, plasmacytoid cells,
sometimes clear cytoplasm; solid and
nested pattern

CK7, p63, p40, calponin, S100,
SMA

EWSR1, EWSR1-PBX1,
EWSR1-ZNF444, FUS-
KLF17

Hyalinizing clear
cell carcinoma

Low-grade MEC with clear cells, MyE,
metastatic RCC or NSCLC

Cells with round to oval nuclei, clear
to eosinophilic cytoplasm, hyalinizing
acellular stroma

CK7, p63, p40, CK5/6 EWSR1-ATF1 fusion, in
90%

RCC Renal cell carcinoma, NSCLC non-small cell lung cancer

and an absence of necrosis. The architecture typically
includes cystic spaces lined by mucus-producing cells
and a background of squamoid and intermediate cells.
In contrast, high-grade MEC exhibits features such as
marked cellular atypia, increased mitotic activity, and

the presence of necrosis. These tumors often show
solid growth patterns with less cystic differentiation
and a greater proportion of squamoid or intermediate
cells [11, 12]. The presence of these features in MEC
indicates a more aggressive behavior and correlates
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with a lower survival rate, approximately 75%, com-
pared to 95% in low-grade tumors [12]. Parenchy-
mal invasion is also more commonly observed in
high-grade tumors, occurring in about 50% of cases.
Treatment recommendations for MEC hinge on the
histological grade. For grade I (low-grade) tumors,
surgical resection is the preferred approach. However,
for more advanced grades (II and III, typically high-
grade), adjuvant therapies, including radiotherapy
or chemotherapy, are often considered to manage
the increased risk of recurrence and metastasis [5].
HER2 expression has been documented in MEC of
the salivary gland, particularly in those with high-
grade features. However, in pulmonary MEC, HER2
staining has not been observed. In addition, com-
mon lung markers such as TTF-1 and Napsin A are
typically negative in pulmonary MEC [11]. MEC is
characterized by the fusion of the CRTC1 and MAML2
genes, present in up to 90% of those tumors. This ge-
nomic alteration aids in the diagnostic process, with
fluorescence in situ hybridization (FISH) testing for
the CRTC1-MAML2 gene fusion serving as a reliable
diagnostic tool [16, 17]. Differentiating MEC from
adenosquamous carcinoma and squamous cell carci-
noma (SqCC) can be challenging, especially in small
biopsies. The clinical relevance of this distinction lies
in the more favorable prognosis of low-grade MEC
compared to high-grade variants and other non-small
cell lung carcinoma (NSCLCs) [2]. Notably, the pres-
ence of the CRTC1-MAML2 fusion is associated with
better survival outcomes, while incomplete resec-
tion and nodal metastases are indicators of a poorer
prognosis [18, 19].

Adenoid cystic carcinoma

Pulmonary ACC, characterized by its biphasic mor-
phology and cribriform, tubular, or solid patterns,
presents a diagnostic challenge due to its morpho-
logic overlap with other neoplasms. The differential
diagnosis includes basaloid SqCC, carcinoid tumor,
small-cell carcinoma, and PA. ACC of the lung typi-
cally exhibits positive IHC staining for severalmarkers.
These include cytokeratin 7, p63, p40, S100, calponin,
and CD117. The expression pattern of p63 in ACC
is particularly distinctive, manifesting as nuclear pe-
ripheral staining or, in cases with cribriform archi-
tecture, nuclear staining in the internal luminal cells
[11]. Furthermore, CD117/c-KIT expression by IHC
is present, providing additional aid in distinguish-
ing ACC from other lung tumors [2]. Interestingly,
mutations in the KIT gene are absent [13]. In head
and neck ACC, MYB or MYBL1 alterations are found
at a higher frequency compared to their pulmonary
counterparts. Specifically, 78% of head and neck ACC
cases exhibit these genetic alterations. Within this
subset, MYB alterations are present in 62% of cases,
while MYBL1 rearrangements are found in 16%. This
contrast highlights a distinct molecular profile of head

and neck ACC compared to pulmonary ACC, where
MYB or MYBL1 rearrangements are observed in about
41% to 58% of cases [11, 20]. From a diagnostic per-
spective, testing forMYB-NFIB andMYBL1-NFIB gene
fusions, using techniques like FISH or next generation
sequencing, can be pivotal in confirming the diagno-
sis [14]. This is especially useful in small biopsies,
where histologic presentation is not clear.

Clinically, ACC demonstrates an indolent course,
but its propensity for perineural invasion and infiltra-
tive growth limits the feasibility of complete resection.
However, local recurrences, often multiple, can occur
in a long follow-up, 10–15 years postresection. Fac-
tors such as the clinical stage at diagnosis, surgical
margins, patient age, and growth pattern significantly
determine prognosis [15].

Interestingly, in head and neck ACC, NOTCH1 mu-
tations, especially in the negative regulatory region
and Pro-Glu-Ser-Thr-rich domains, mark a more ag-
gressive subtype. These mutations are associated with
solid tumor histology, advanced disease at diagnosis,
higher metastasis rates, and shorter survival times.
The efficacy of brontictuzumab against NOTCH1-mu-
tant tumors suggests potential for targeted therapy
in this subgroup of ACC [21]. This raises a signifi-
cant question about the potential applicability of sim-
ilar therapeutic strategies for lung ACC, particularly
for cases exhibiting analogous molecular characteris-
tics. This, however, remains unanswered, as there are
no whole exome sequencing (WES) studies regarding
lung ACC. The 5-year survival rates, favorable com-
pared to other NSCLCs, underscore the importance of
accurate diagnosis, and tailored clinical management.
The distinction between primary ACC of the lung and
metastatic ACC from salivary glands of the head and
neck is very challenging. This difficulty arises be-
cause these two entities share the same morphologic,
IHC, and molecular features. Therefore, differentiat-
ing between primary pulmonary ACC and metastatic
salivary gland ACC based solely on histopathological
and IHC analysis is not feasible. However, Hsu et al.
reported that many solitary pulmonary ACCs, espe-
cially those present in the periphery of the lungs, are
metastases from salivary glands [22]. This suggests
that when encountering solitary pulmonary lesions, it
is essential to consider and investigate extrathoracic
primary sites, as these lesions might not be primary
lung tumors but rather metastases from the salivary
glands outside the lung [5].

Epithelial–myoepithelial carcinoma

EMC of the lung, classified by the WHO as a low-
grade salivary gland-type tumor, presents distinct his-
tological subtypes as elucidated by Nakashima et al.
in their 2018 case report and review of the literature
[23]. The primary subtype, characterized by a dual
ductal component of duct-forming epithelial and my-
oepithelial cells, is emblematic of EMC and suggests
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a lower-grade tumor. This subtype is observed most
frequently among EMC cases.

The second subtype, marked by a solid composition
of spindle and polygonal-shaped myoepithelial cells,
indicates a variation in cellular morphology within
EMC. The third and most clinically pertinent sub-
type is myoepithelial anaplasia, characterized by in-
creased nuclear atypia in myoepithelial cells, signify-
ing a higher grade and more aggressive tumor behav-
ior.

Immunohistochemically EMC demonstrates a bi-
phasic pattern. The inner duct-forming epithelial cells
are positive for cytokeratin 7, while the outer myoep-
ithelial cells exhibit negativity for this marker. In con-
trast, the myoepithelial cells show positivity for S100
protein, SMA, p63, and cytokeratin 5/6. This IHC pro-
file is critical in distinguishing EMC from other lung
carcinomas and confirms the diagnosis. Despite the
presence of myoepithelial anaplasia in some cases,
EMC generally follows an indolent course. The dif-
ferential diagnosis includes ACC and PA. The patho-
genesis of EMC remains elusive. Most of these car-
cinomas are low-grade, with no recurrence observed
after complete resection. However, there have been
sporadic reports of metastasis to mediastinal lymph
nodes. Certain factors, including a high mitotic count
and nuclear pleomorphism, have been identified as
adverse prognostic indicators [23, 24]. Regarding the
molecular pathology of EMC, as detailed in the study
by Urano et al. focusing on EMCs primarily in sali-
vary glands of the head and neck, a high prevalence of
HRAS mutations, particularly in codon 61, was found.
In addition, PIK3CA and/or AKT1 mutations were the
second most frequent, often co-occurring with HRAS
mutations. This molecular signature, especially the
high frequency of HRAS mutations, was consistent
across EMCs regardless of specific histological vari-
ations or the tumor’s anatomic site, suggesting HRAS
mutations as a common oncogenic event in EMC [25].
Unfortunately, molecular studies regarding EMCs of
the lung are currently lacking.

Myoepithelial carcinoma

Primary MyC of the lung is a rare tumor, originating
from bronchial salivary gland-type tissue. Histologi-
cally, MyC exhibits diverse patterns, including solid,
myxoid, reticular, and trabecular formations, often
complicating its differentiation from other lung neo-
plasms. MyC typically shows positivity for cytoker-
atin, S100, calponin, and p63, aiding in its identifi-
cation. Distinguishing benign from malignant forms
relies on criteria such as cytologic atypia and mitotic
activity. The rarity of PMC poses challenges in estab-
lishing definitive molecular characteristics; however,
its diagnosis relies on a combination of histological
and IHC findings. This tumor type’s clinical behav-
ior and prognosis remain poorly defined due to its
scarcity. Genetic alterations, particularly EWSR1 rear-

rangements, play a role in the diagnosis but are not ex-
clusive to these tumors [26–29]. Myoepithelial tumors
often exhibit EWSR1 gene rearrangements, with a sub-
set showing alternative FUS gene rearrangements [26,
27]. The presence of necrosis and a high mitotic count
(≥5 mitoses/2mm2) are associated with a worse prog-
nosis for these tumors [26–29].

Hyalinizing clear cell carcinoma

HCCC, an extremely rare pulmonary SGT that is char-
acterized histologically by atypical small-to-medium-
sized epithelioid cells with light eosinophilic to clear
cytoplasm. These cells exhibit round-to-oval nuclei
and inconspicuous nucleoli, lacking significant pleo-
morphism and mitotic activity [2, 11]. The tumor
cells are arranged in irregular nests, cords, tubular,
and trabecular patterns, set within a loose myxoid
stroma. Occasionally, these cells connect to the basal
layer of the bronchial epithelium but lack keratiniza-
tion and in situ carcinoma of the overlying epithe-
lium. IHC, HCCC is positive for CK7, p40, CK5/6,
and p63, and negative for PAX8, CD10, RCC, CAIX,
TTF1, S100, CDX2, SATB2, CK20, calponin, HMB-45,
Melan A, SOX10, WT-1, calretinin, D2-40, and SMA
[29]. The initial diagnostic considerations for this tu-
mor included low-grade mucoepidermoid carcinoma
due to its clear cell features. The pathogenesis of
HCCC is yet to be fully understood. However, the con-
sistent presence of the EWSR1-ATF1 fusion provides
a diagnostic marker [31]. This genetic feature, com-
bined with its unique morphologic and immunophe-
notypic profile, distinguishes HCCC from SqCC, MEC,
and other lung tumors [2]. The consistent presence of
the EWSR1-ATF1 fusion provides a diagnostic marker
[30]. They are low-grade tumors, clinically exhibiting
an indolent course, with no reported recurrences after
surgery, and no reported disease-related deaths [32].

Treatment of advanced salivary gland-type
tumors

The cornerstone of treatment for SGTs remains surgi-
cal resection aiming for complete resection with dis-
ease-free margins [33, 34]. Improved regional control
is found with combined chemoradiotherapy, though
without a corresponding survival benefit compared to
radiotherapy alone. Systemic therapies are generally
reserved for palliative care or in cases of rapid disease
progression. However, the limited response and sur-
vival rates with conventional chemotherapy highlight
the critical need for the identification of genetic al-
terations (GAs) that could guide the development of
targeted therapies [35]. The exploration of targeted
agents, such as those directed against HER2, is an
emerging area in the treatment of these tumors. The
discovery of HER2 overexpression and amplification
is promising for MEC and salivary duct carcinoma
therapy. On the other hand, other tumor types, like
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ACC, typically do not exhibit HER2 overexpression/
amplification [11].

Our short review, while not specifically focusing on
treatment outcomes, emphasizes the significance of
detailed molecular characterization of SGTs not only
for diagnosis but also for therapy decisions. It points
toward a future of personalizedmedicine, where treat-
ment strategies are tailored to the specific molecular
characteristics of each tumor, potentially improving
patient outcomes significantly.

Conclusion

Primary pulmonary salivary gland-type tumors (SGTs)
present a unique set of challenges in differential diag-
nosis and management. Understanding the intricate
morphological, immunophenotypic, and molecu-
lar characteristics of these tumors is paramount for
pathologists and clinicians. The rarity of these neo-
plasms necessitates a high index of suspicion and
a thorough diagnostic approach, integrating clinical,
radiological, and pathological data [2]. The favorable
prognosis of most of these tumors, compared to other
NSCLCs, highlights the importance of their recogni-
tion and accurate diagnosis for appropriate patient
management. Continued research and detailed re-
porting of these rare entities are crucial for expanding
our understanding and refining diagnostic criteria,
ultimately improving patient outcomes.

Take home message

Salivary gland-type tumors in the lung present a com-
plex diagnostic challenge. Correlation of radiology, his-
tology, immunohistochemistry, and molecular findings
are needed for the right diagnosis. Differentiation be-
tween metastatic and primary tumors is needed for op-
timal therapy and patient care.

Funding Open-access funding is provided by the Medical
University of Graz.

Funding Openaccess fundingprovidedbyMedicalUniversity
of Graz.

Conflict of interest G.-E. Olteanu and L. Brcic declare that
they have no competing interests.

Open Access This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits
use, sharing, adaptation, distribution and reproduction in
anymedium or format, as long as you give appropriate credit
to the original author(s) and the source, provide a link to
the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article
are included in the article’sCreativeCommons licence, unless
indicated otherwise in a credit line to thematerial. If material
is not included in the article’s Creative Commons licence and
your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permis-
sion directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Roden AC. Recent updates in salivary gland tumors of the
lung. SeminDiagnPathol. 2021;38(5):98–108.https://doi.o
rg/10.1053/j.semdp.2021.03.001.

2. Naso JR, Roden AC. Recent developments in the pathol-
ogy of primary pulmonary salivary gland-type tumours.
Histopathology. 2023;https://doi.org/10.1111/his.15039.

3. Trejo Bittar HE, Yousem SA. Lungs. In: Mills S, editor.
Histology for pathologists Lippincott Williams & Wilkins;
2019. pp.1057–132.

4. Molina JR, Aubry MC, Lewis JE, Wampfler JA, Williams BA,
MidthunDE,YangP,CassiviSD.Primarysalivarygland-type
lungcancer: spectrumofclinicalpresentation,histopatho-
logic andprognostic factors. Cancer. 2007;110(10):2253–9.
https://doi.org/10.1002/cncr.23048.

5. Kumar V, Soni P, Garg M, Goyal A, Meghal T, Kamholz S,
ChandraAB.Acomparativestudyofprimaryadenoidcystic
and mucoepidermoid carcinoma of lung. Front Oncol.
2018;15(8):153. https://doi.org/10.3389/fonc.2018.00153.

6. Di Tommaso L, Foschini MP, Ragazzini T, Magrini E, For-
nelliA,Ellis IO,EusebiV.Mucoepidermoidcarcinomaofthe
breast. Virchows Arch. 2004;444:13–9. https://doi.org/10.
1007/s00428-003-0923-y.

7. Riedlinger WF, Hurley MY, Dehner LP, Lind AC. Mucoepi-
dermoid carcinoma of the skin: a distinct entity from
adenosquamous carcinoma: a case study with a review of
the literature. AmJSurgPathol. 2005;29(1):131–5.https://d
oi.org/10.1097/01.pas.0000147397.08853.6f.

8. Roden AC, Erickson-Johnson MR, Eunhee SY, Gar-
cía JJ. Analysis of MAML2 rearrangement in mucoepi-
dermoid carcinoma of the thymus. Hum Pathol.
2013;44(12):2799–805. https://doi.org/10.1016/j.hump
ath.2013.07.031.

9. Mimica X, McGill M, Hay A, Karassawa Zanoni D, Shah JP,
WongRJ,HoA,CohenMA,Patel SG,Ganly I.Distantmetas-
tasisof salivaryglandcancer: Incidence,management, and
outcomes. Cancer. 2020;126(10):2153–62. https://doi.org/
10.1002/cncr.32792.

10. Falk N, Weissferdt A, Kalhor N, Moran CA. Primary pul-
monary salivary gland-type tumors: a review and update.
Adv Anat Pathol. 2016;23(1):13–23. https://doi.org/10.
1097/pap.0000000000000099.

11. WangM,GilaniS,XuH,CaiG.Salivarygland-typetumorsof
the lung: adistinct groupof uncommon lung tumors. Arch
PatholLabMed. 2021;145(11):1379–86.https://doi.org/10.
5858/arpa.2021-0093-ra.

12. LiX,GuoZ,LiuJ,WeiS,RenD,ChenG,XuS,ChenJ.Clinico-
pathological characteristics andmolecular analysis of pri-
marypulmonarymucoepidermoidcarcinoma: Casereport
and literature review. Thorac Cancer. 2018;9(2):316–23.
https://doi.org/10.1111/1759-7714.12565.

13. Pei J, Flieder DB, Patchefsky A, Talarchek JN, Cooper HS,
Testa JR, Wei S. Detecting MYB and MYBL1 fusion genes
in tracheobronchial adenoid cystic carcinoma by targeted
RNA-sequencing. ModPathol. 2019;32(10):1416–20.https:
//doi.org/10.1038/s41379-019-0277-x.

14. Wetterskog D,Wilkerson PM, RodriguesDN, LambrosMB,
FritchieK,AnderssonMK,NatrajanR,GauthierA,PalmaSD,
Shousha S, Gatalica Z. Mutation profiling of adenoid cys-
tic carcinomas from multiple anatomical sites identifies
mutations in the RAS pathway, but no KIT mutations.
Histopathology. 2013;62(4):543–50. https://doi.org/10.
1111/his.12050.

15. Roden AC, Greipp PT, KnutsonDL, Kloft-Nelson SM, Jenk-
ins SM, Marks RS, Aubry MC, García JJ. Histopathologic
and cytogenetic features of pulmonary adenoid cystic car-

Lung SGTs: pulmonary puzzles K

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1053/j.semdp.2021.03.001
https://doi.org/10.1053/j.semdp.2021.03.001
https://doi.org/10.1111/his.15039
https://doi.org/10.1002/cncr.23048
https://doi.org/10.3389/fonc.2018.00153
https://doi.org/10.1007/s00428-003-0923-y
https://doi.org/10.1007/s00428-003-0923-y
https://doi.org/10.1097/01.pas.0000147397.08853.6f
https://doi.org/10.1097/01.pas.0000147397.08853.6f
https://doi.org/10.1016/j.humpath.2013.07.031
https://doi.org/10.1016/j.humpath.2013.07.031
https://doi.org/10.1002/cncr.32792
https://doi.org/10.1002/cncr.32792
https://doi.org/10.1097/pap.0000000000000099
https://doi.org/10.1097/pap.0000000000000099
https://doi.org/10.5858/arpa.2021-0093-ra
https://doi.org/10.5858/arpa.2021-0093-ra
https://doi.org/10.1111/1759-7714.12565
https://doi.org/10.1038/s41379-019-0277-x
https://doi.org/10.1038/s41379-019-0277-x
https://doi.org/10.1111/his.12050
https://doi.org/10.1111/his.12050


short review

cinoma. J Thorac Oncol. 2015;10(11):1570–5. https://doi.
org/10.1097/jto.0000000000000656.

16. ZhuF,LiuZ,HouY,HeD,GeX,BaiC,JiangL,LiS.Primarysali-
vary gland—type lung cancer: clinicopathological analysis
of88casesfromChina. JThoracOncol. 2013;8(12):1578–84.
https://doi.org/10.1097/jto.0b013e3182a7d272.

17. Tonon G, Modi S, Wu L, Kubo A, Coxon AB, Komiya T,
O’Neil K, Stover K, El-Naggar A, Griffin JD, Kirsch IR.
t (11; 19)(q21; p13) translocation in mucoepidermoid
carcinoma creates a novel fusion product that disrupts
a Notch signaling pathway. Nat Genet. 2003;33(2):208–13.
https://doi.org/10.1038/ng1083.

18. Achcar RD, Nikiforova MN, Dacic S, Nicholson AG,
Yousem SA. Mammalian mastermind like 2 11q21 gene
rearrangement in bronchopulmonary mucoepidermoid
carcinoma. Hum Pathol. 2009;40(6):854–60. https://doi.
org/10.1016/j.humpath.2008.11.007.

19. Salem A, Bell D, Sepesi B, Papadimitrakopoulou V, El-Nag-
gar A, Moran CA, Kalhor N. Clinicopathologic and genetic
features of primary bronchopulmonary mucoepidermoid
carcinoma: the MD Anderson Cancer Center experience
and comprehensive review of the literature. Virchows
Arch. 2017;470:619–26. https://doi.org/10.1007/s00428-
017-2104-4.

20. PerssonM,AnderssonMK,MitaniY,Brandwein-WeberMS,
Frierson HF Jr, Moskaluk C, Fonseca I, Ferrarotto R,
Boecker W, Loening T, El-Naggar AK. Rearrangements,
expression, and clinical significance of myb and Mybl1 in
adenoid cystic carcinoma: A multi-institutional study.
Cancers. 2022;14(15):3691. https://doi.org/10.3390/
cancers14153691.

21. Ferrarotto R,Mitani Y,Diao L, Guijarro I,Wang J, Zweidler-
McKay P, Bell D, William WN Jr, Glisson BS, Wick MJ, Ka-
poun AM. Activating NOTCH1mutations define a distinct
subgroup of patients with adenoid cystic carcinoma who
have poor prognosis, propensity to bone and liver metas-
tasis, and potential responsiveness to Notch1 inhibitors.
J Clin Oncol. 2017;35(3):352. https://doi.org/10.1200/jco.
2016.67.5264.

22. Hsu AA, Tan EH, Takano AM. Lower respiratory tract ade-
noidcysticcarcinoma: itsmanagementinthepastdecades.
ClinOncol. 2015;27(12):732–40. https://doi.org/10.1016/j.
clon.2015.06.01.

23. Nakashima Y,Morita R,Ui A, IiharaK, Yazawa T. Epithelial-
myoepithelial carcinoma of the lung: a case report. surg
case rep. 2018;4:1–8. https://doi.org/10.1186/s40792-018-
0482-8.

24. TajimaS, AkiM,YajimaK,Takahashi T,NeyataniH,KodaK.
Primary epithelial-myoepithelial carcinoma of the lung:
a case report demonstrating high-grade transformation-
likechanges. OncolLett. 2015;10(1):175–81. https://doi.or
g/10.3892/ol.2015.3169.

25. Urano M, Nakaguro M, Yamamoto Y, Hirai H, Tani-
gawa M, Saigusa N, Shimizu A, Tsukahara K, Tada Y,
Sakurai K, Isomura M. Diagnostic significance of HRAS
mutations in epithelial-myoepithelial carcinomas exhi-
biting a broad histopathologic spectrum. Am J Surg
Pathol. 2019;43(7):984–94. https://doi.org/10.1097/pas.
0000000000001258.

26. Wei J, Yuan X, Yao Y, Sun L, Yao X, Sun A. Primary myoep-
ithelial carcinoma of the lung: a case report and review of
literature. IntJClinExpPathol. 2015;8(2):2111.

27. Agaram NP, Chen HW, Zhang L, Sung YS, Panicek D,
Healey JH,NielsenGP, FletcherCD,AntonescuCR. EWSR1-
PBX3: a novel gene fusion inmyoepithelial tumors. Genes
ChromosomCancer. 2015;54(2):63–71.https://doi.org/10.
1002/gcc.22216.

28. Antonescu CR, Zhang L, Chang NE, Pawel BR, Travis W,
Katabi N, Edelman M, Rosenberg AE, Nielsen PG, Cin PD,
Fletcher CD. EWSR1-POU5F1 fusion in soft tissue myoep-
ithelial tumors. A molecular analysis of sixty-six cases,
including soft tissue, bone, and visceral lesions, showing
common involvementof theEWSR1gene. GenesChromo-
somCancer. 2010;49(12):1114–24.https://doi.org/10.1002
/gcc.20819.

29. Leduc C, Zhang L, Öz B, Luo J, Fukuoka J, Antonescu CR,
Travis WD. Thoracic myoepithelial tumors: a pathologic
andmolecular studyof 8 caseswith reviewof the literature.
AmJSurgPathol. 2016;40(2):212. https://doi.org/10.1097/
PAS.0000000000000560.

30. Zhang Y, Han W, Zhou J, Yong X. Primary lung hyalinizing
clear cell carcinoma: a diagnostic challenge in biopsy.
Diagn Pathol. 2022;17(1):1–7. https://doi.org/10.1186/
s13000-022-01216-5.

31. Takamatsu M, Sato Y, Muto M, Nagano H, Ninomiya H,
Sakakibara R, Baba S, Sakata S, Takeuchi K, Okumura S,
IshikawaY.Hyalinizingclearcellcarcinomaofthebronchial
glands: presentation of three cases and pathologi-
cal comparisons with salivary gland counterparts and
bronchial mucoepidermoid carcinomas. Mod Pathol.
2018;31(6):923–33. https://doi.org/10.1038/s41379-018-
0025-7.

32. Shahi M, Dolan M, Murugan P. Hyalinizing clear cell
carcinoma of the bronchus. Head and Neck Pathol.
2017;11:575–9. https://doi.org/10.1007/s12105-017-
0820-3.

33. ElNayal A, Moran CA, Fox PS, Mawlawi O, Swisher SG,
MaromEM.Primarysalivarygland-typelungcancer: imag-
ingandclinicalpredictorsofoutcome.AJRAmJRoentgenol.
2013;201(1):W57. https://doi.org/10.2214/ajr.12.9579.

34. Garg PK, Sharma G, Rai S, Jakhetiya A. Primary salivary
gland-type tumors of the lung: a systematic review and
pooled analysis. Lung India. 2019;36(2):118. https://doi.
org/10.4103/lungindia.lungindia_284_18.

35. BouZerdanM,KumarPA,ZaccariniD,RossJ,HuangR,Siva-
piragasam A. Molecular targets in salivary gland cancers:
acomprehensivegenomicanalysisof118mucoepidermoid
carcinoma tumors. Biomedicines. 2023;11(2):519–510. htt
ps://doi.org/10.3390/biomedicines11020519.

Further Reading

36. Behboudi A, Enlund F, Winnes M, Andrén Y, Nordkvist A,
Leivo I, Flaberg E, Szekely L, Mäkitie A, Grenman R,
Mark J. Molecular classification of mucoepidermoid
carcinomas—prognostic significance of the MECT1-
MAML2 fusion oncogene. Genes Chromosomes Cancer.
2006;45(5):470–81. https://doi.org/10.1002/gcc.20306.

Publisher’sNote SpringerNature remainsneutralwith regard
to jurisdictional claims in published maps and institutional
affiliations.

.

7For latest news from interna-
tional oncology congresses see: 
http://www.springermedizin.at/
memo-inoncology

K Lung SGTs: pulmonary puzzles

https://doi.org/10.1097/jto.0000000000000656
https://doi.org/10.1097/jto.0000000000000656
https://doi.org/10.1097/jto.0b013e3182a7d272
https://doi.org/10.1038/ng1083
https://doi.org/10.1016/j.humpath.2008.11.007
https://doi.org/10.1016/j.humpath.2008.11.007
https://doi.org/10.1007/s00428-017-2104-4
https://doi.org/10.1007/s00428-017-2104-4
https://doi.org/10.3390/cancers14153691
https://doi.org/10.3390/cancers14153691
https://doi.org/10.1200/jco.2016.67.5264
https://doi.org/10.1200/jco.2016.67.5264
https://doi.org/10.1016/j.clon.2015.06.01
https://doi.org/10.1016/j.clon.2015.06.01
https://doi.org/10.1186/s40792-018-0482-8
https://doi.org/10.1186/s40792-018-0482-8
https://doi.org/10.3892/ol.2015.3169
https://doi.org/10.3892/ol.2015.3169
https://doi.org/10.1097/pas.0000000000001258
https://doi.org/10.1097/pas.0000000000001258
https://doi.org/10.1002/gcc.22216
https://doi.org/10.1002/gcc.22216
https://doi.org/10.1002/gcc.20819
https://doi.org/10.1002/gcc.20819
https://doi.org/10.1097/PAS.0000000000000560
https://doi.org/10.1097/PAS.0000000000000560
https://doi.org/10.1186/s13000-022-01216-5
https://doi.org/10.1186/s13000-022-01216-5
https://doi.org/10.1038/s41379-018-0025-7
https://doi.org/10.1038/s41379-018-0025-7
https://doi.org/10.1007/s12105-017-0820-3
https://doi.org/10.1007/s12105-017-0820-3
https://doi.org/10.2214/ajr.12.9579
https://doi.org/10.4103/lungindia.lungindia_284_18
https://doi.org/10.4103/lungindia.lungindia_284_18
https://doi.org/10.3390/biomedicines11020519
https://doi.org/10.3390/biomedicines11020519
https://doi.org/10.1002/gcc.20306

	Pulmonary puzzles: salivary gland-type tumors of the lung and their metastatic equivalents
	Summary
	Introduction
	Lung salivary gland-type tumors
	From pathology to clinical perspective
	Mucoepidermoid carcinoma
	Adenoid cystic carcinoma
	Epithelial–myoepithelial carcinoma
	Myoepithelial carcinoma
	Hyalinizing clear cell carcinoma
	Treatment of advanced salivary gland-type tumors
	Conclusion
	References


