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a b s t r a c t 

Mucoepidermoid carcinoma (MEC) of the lacrimal gland (LG) is a rare entity. A 47-year-old 

woman was aware of periorbital swelling for 3 months. At presentation, the patient showed 

periorbital swelling in the right eye. CT scan showed an isodense mass in the anterior su- 

perolateral part of the orbit. MRI delineated the mass as enhancing, extra-conal tumor ap- 

pearing isointense on T1-weighted sequences, and to be of mixed intensity on T2-weighted 

sequences. The tumor was totally resected. Microscopically, the tumor tissue was comprised 

of squamous, epithelioid cells, and cells with plump and clear cytoplasm. Necrosis, neural 

invasion, or mitotic figures were not observed. Immunohistochemical examination revealed 

intense staining for cytokeratin 7. A subset of the cells was positively stained with periodic 

acid–Schiff and mucicarmine stains. Genetic analysis revealed the presence of the CRTC1- 

MAML2 fusion. The CRTC1-MAML2 fusion may be a useful indicator for the prognosis and 

planning of adjuvant therapy. 

© 2021 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

 

 

 

 

 

 

 

Introduction 

Orbital neoplasms comprise a broad spectrum of benign and
malignant tumors. MRI is particularly valuable for the eval-
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uation of orbital neoplasms as it provides critical anatomic
information about involved ocular structures and the occur-
rence of intracranial extension [1] . Clinically, lesions of the
lacrimal gland (LG) are found as palpable masses in the su-
perior lateral aspect of the orbit, and they can be categorized
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Fig. 1 – Non–contrast axial ( A ) and coronal ( B ) CT scans 
showing an isodense mass occupying the superolateral 
part of the right anterior orbit and posterolateral aspect of 
the eyeball ( A, asterisk). Note that erosive changes are not 
found in the orbital wall adjacent to the mass ( B, arrows). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 – Non–contrast T1-weighted images in the axial ( A ) 
and coronal ( D ) planes. Non–contrast T2-weighted images 
in the axial plane ( B ). Post-contrast T1-weighted images in 

the axial ( C ) and coronal ( E ) planes. MRI images show an 

intensely enhancing, extra-conal tumor appearing 
isointense on T1-weighted sequences and to be of mixed 

intensity on T2-weighted sequences ( A-E, asterisk), with 

the displaced lateral rectus muscle in the inferomedial 
direction ( D and E, arrow). ON, optic nerve; SRM, superior 
rectus muscle. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

as epithelial or non–epithelial processes. Of the LG neoplasms,
pleomorphic adenoma is the most common benign epithelial
tumor, while adenoid cystic carcinoma (ACC) is the most com-
mon metastatic tumor, characterized by frequent bone and
perineural invasion, and extraorbital spread [ 2 ,3 ]. We report
a case of mucoepidermoid carcinoma (MEC) of the LG, which
has rarely been described in the literature [ 4 ,5 ]. 

MECs are malignant tumors that commonly affect the sali-
vary glands, the secretary glands of the airway, and the uter-
ine cervix. In addition to advanced histologic grade and pos-
itive nodal status, the observation of a cystic component of
less than 20%, and 4 or more mitotic figures per 10 high-
power fields, neural involvement, necrosis, and anaplasia are
thought to be the microscopic features that herald a poor
prognosis [6–8] . Recently, molecular biology techniques have
been introduced to explore MECs [9–12] . Studies have revealed
that MECs are frequently associated with a t(11;19) (q14-
21;p12-13) translocation that results in the CRTC1-MAML2 fu-
sion gene, which has been suggested to indicate a favorable
prognosis [ 9 ,12 ]. Here, we present the first LG MEC case with
this genetic abnormality. 

Case report 

A 47-year-old woman had been aware of a painless periorbital
swelling from 3 months prior to presentation. She had a medi-
cal history of cervical and kidney cancer, both of which under-
went total resection, followed by an uneventful recovery with-
out further local recurrence or metastases. At presentation,
the patient showed slight proptosis and periorbital swelling
in the right eye, while her visual function, and ocular motor
movements were intact. A non–contrast brain CT scan showed
an isodense mass occupying the superolateral part of the right
anterior orbit and posterolateral aspect of the eyeball. Erosive
changes were not observed in the orbital wall adjacent to the
mass ( Fig. 1 ). MRI delineated the mass as an intensely enhanc-
ing, extra-conal tumor appearing isointense on T1-weighted
sequence and mixed intensity on T2-weighted sequence. The
right lateral rectus muscle was displaced in the inferomedial
direction by the tumor ( Fig. 2 ). The patient underwent tumor
resection via lateral orbitotomy. The tumor lying under the pe-
riorbita was whitish in color, elastic, hard, and less vascular.
Adhesions were not noted between the tumor and the peri-
orbita or lateral rectus muscle. However, a part of the tumor
had adhesions to the lacrimal gland, which was easily dis-
sected and detached. Consequently, gross total resection was
achieved ( Fig. 3 ). Microscopically, the tumor tissue was com-
prised of squamous, epithelioid cells and cells with plump and
clear cytoplasms. The latter cells proliferated in alveolar pat-
terns or formed gland-like structures. Necrosis, neural inva-
sion, or mitotic figures were not observed. Immunohistochem-
ical examination showed intense staining for cytokeratin 7
and negative staining for cytokeratin 20. In addition, staining
of a subset of the tumor cells with clear cytoplasms using pe-
riodic acid–Schiff and mucicarmine stains revealed an MIB-
1 labeling index of 8% ( Fig. 4 ). Furthermore, genetic analysis
demonstrated the presence of the CRTC1-MAML2 fusion gene
( Fig. 5 ). Postoperative whole-body FDG-PET and/or CT did not
identify any abnormal accumulations. Based on these find-
ings, we diagnosed the patient with low-grade MEC originat-
ing from the LG. Immediate adjuvant chemoradiation therapy
was not administered, but the patient was placed under close
observation. 
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Fig. 3 – Intraoperative photos showing the following: 1. 
completion of lateral orbitotomy, 2. early stage of tumor 
resection, 3. tumor being dissected from the lacrimal gland, 
and 4. completion of tumor resection. A, anterior; I, inferior; 
LG, lacrimal gland; P, posterior; PO, periorbita; S, superior; T, 
tumor; TP, titanium plate; Arrows in 3 : threads hung to the 
lateral rectus muscle near the attachment site of the eyeball 
that allow intraoperative identification of the muscle when 

pulled. 

 

 

 

 

 

 

 

 

 

Fig. 5 – Results of immunoelectrophoresis ( A ) and direct 
sequencing ( B ) showing the presence of the CRTC1-MAML2 
fusion ( A, yellow arrows and B ) and the absence of the 
CRTC3-MAML2 fusion ( A, white arrows) (Color version of the 
figure is available online.) 

 

 

 

 

 

 

Discussion 

Due to only a few documented cases, LG MECs are not well un-
derstood. Therefore, currently, there are no defined treatment
strategies [ 4 ,5 ]. Orbital neoplasms comprise a broad spectrum
of benign and malignant pathologies, with ACC being the most
common malignant tumor of the LG [ 2 ,3 ]. In our case, presur-
gical CT did not show any bone erosion that results from large
tumors, which excluded the diagnosis of ACC and aided with
the positioning of the surgical window that allowed to expose
the tumor located in the superolateral part of the anterior or-
Fig. 4 – Photomicrographs of the tumor tissue are mainly compri
plump and clear cytoplasms. The latter cells proliferate in alveol
mitotic figures are not found ( A : hematoxylin and eosin stain). Im
staining for cytokeratin 7 ( B ) and negative staining for cytokeratin
with periodic acid–Schiff ( D, arrows) and mucicarmine ( E, arrows
bit and posterolateral aspect of the eyeball. Lateral orbitotomy
was first described by Krönlein in 1888 and has been subject to
many modifications and variations. However, the utility of this
approach is limited if lesions are located deep in the orbital
apex or extends into the intracranial cavity. With surgeons be-
coming increasingly familiar with this procedure, along with
sed of squamous, epithelioid cells and cells that have 
ar patterns or form gland-like structures. Necrosis and 

munohistochemical examination showing intense 
 20 ( C ). Some tumor cells with clear cytoplasms are stained 

) stains. The MIB-1 labelling index is accounted to be 8% ( F ). 
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modern microsurgical techniques, and the adoption of en-
doscopy, the utility of this approach has expanded to allow the
treatment of intracranial pathologies [13] . The present patient
underwent gross total resection of the tumor, and the histo-
logic appearance was consistent with low-grade MEC. Postop-
erative whole-body FDG-PET and/or CT did not reveal any ab-
normal accumulations. Furthermore, the CRTC-MAML2 fusion
gene suggesting a favorable prognosis was identified. There-
fore, immediate adjuvant therapy was not administered to the
patient. Although the CRTC-MAML2 gene fusion is not always
detected in MECs, its presence can be definitive for the di-
agnosis of LG MECs, and help in planning postsurgical adju-
vant therapy. The CRTC1-MAML2 fusion gene was also useful
to exclude the involvement of the previous cervical and kidney
cancers from the differential diagnosis of the LG tumor. Accu-
mulation of further cases is needed to validate the diagnos-
tic and therapeutic implications of the CRTC1-MAML2 fusion
gene in LG MECs. Recent studies have reported that the acti-
vation of the endothelial growth factor receptor (EGFR) path-
way and EGFR amplification are also implicated in LG MECs
[10] . Continuous investigation using molecular biology tech-
niques would further improve the strategies used to approach
LG MECs. 

In addition to aforementioned findings, variability of the
arterial and venous tributaries distributed over the LG and
that of the zygomaticotemporal nerve, a branch of the trigem-
inal nerve that gives rise to the lacrimal nerve, may influence
the biological behavior of LG MECs [ 14 ,15 ]. Therefore, long-
term follow-up of the present patient is needed. 

In conclusion, CRTC1-MAML2 fusion may be a useful indi-
cator not only for an accurate diagnosis of LG MEC but also for
predicting the prognosis, and planning of adjuvant therapy. 

Author contributions 

All the authors contributed equally to the study. 

Disclosure of funding 

None. 

Ethical standards and patient consent 

We declare that the present study has been approved by the
institution’s guidelines for human research and performed in
accordance with the ethical standards laid down in the 1964
Declaration of Helsinki and its later amendments. We declare
that the patient described in this study gave informed consent
prior to inclusion in this study. 

R E F E R E N C E S  

[1] Tailor TD , Gupta D , Dalley RW , Keene CD , Anzai Y . Orbital 
neoplasms in adults: clinical, radiologic, and pathologic 
review. Radiographics 2013;33(6):1739–58 .

[2] Jung WS , Ahn KJ , Park MR , Kim JY , Choi JJ , Kim BS , et al. The 
radiological spectrum of orbital pathologies that involve the 
lacrimal gland and the lacrimal fossa. Korean J Radiol 
2007;8(4):336–42 .

[3] Shields CL , Shields JA . Lacrimal gland tumors. Int 
Ophthalmol Clin 1993;33(3):181–8 .

[4] Sofinski SJ , Brown BZ , Rao N , Wan WL . Mucoepidermoid 

carcinoma of the lacrimal gland. Case report and review of 
the literature. Ophthalmic Plast Reconstr Surg 
1986;2(3):147–51 .

[5] Yuksel D , Kosker M , Saribas F , Simsek S . Surgical treatment 
of mucoepidermoid carcinoma of the lacrimal sac. Semin 

Ophthalmol 2014;29(2):70–2 .
[6] Byrd SA , Spector ME , Carey TE , Bradford CR , McHugh JB . 

Predictors of recurrence and survival for head and neck 
mucoepidermoid carcinoma. Otolaryngol Head Neck Surg 
2013;149(3):402–8 .

[7] Goode RK , Auclair PL , Ellis GL . Mucoepidermoid carcinoma of
the major salivary glands: clinical and histopathologic 
analysis of 234 cases with evaluation of grading criteria. 
Cancer 1998;82(7):1217–24 .

[8] Ni C , Wagoner MD , Wang WJ , Albert DM , Fan CO , Robinson N .
Mucoepidermoid carcinomas of the lacrimal sac. Arch 

Ophthalmol 1983;101(10):1572–4 .
[9] Chen Z , Ni W , Li JL , Lin S , Zhou X , Sun Y , et al. The 

CRTC1-MAML2 fusion is the major oncogenic driver in 

mucoepidermoid carcinoma. JCI Insight 2021;6(7):139497 .
[10] Gervasio KA , Zhang PJL , Penne RB , Stefanyszyn MA , Eagle RC 

Jr , Puthiyaveettil R , et al. Mucoepidermoid carcinoma of the 
lacrimal sac: clinical-pathologic analysis, including 
molecular genetics. Ocul Oncol Pathol 2020;6(2):138–44 .

[11] Iordanous Y , Belrose JC , Cadieux DC , Chakrabarti S ,
Farmer JP , Allen LH . P63 positive mucoepidermoid tumor of 
the lacrimal sac with associated papilloma. Orbit 
2015;34(4):220–2 .

[12] Tirado Y , Williams MD , Hanna EY , Kaye FJ , Batsakis JG ,
El-Naggar AK . CRTC1/MAML2 fusion transcript in high grade 
mucoepidermoid carcinomas of salivary and thyroid glands 
and Warthin’s tumors: implications for histogenesis and 

biologic behavior. Genes Chromosom Cancer 
2007;46(7):708–15 .

[13] Lee RP , Khalafallah AM , Gami A , Mukherjee D . The lateral 
orbitotomy approach for intraorbital lesions. J Neurol Surg B 

Skull Base 2020;81(4):435–41 .
[14] Erdogmus S , Govsa F . Importance of the anatomic features of

the lacrimal artery for orbital approaches. J Craniofac Surg 
2005;16(6):957–64 .

[15] Scott G , Balsiger H , Kluckman M , Fan J , Gest T . Patterns of 
innervation of the lacrimal gland with clinical application. 
Clin Anat 2014;27(8):1174–7 .

http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0001
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0001
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0001
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0001
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0001
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0001
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0002
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0002
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0002
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0002
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0002
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0002
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0002
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0002
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0003
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0003
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0003
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0004
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0004
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0004
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0004
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0004
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0005
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0005
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0005
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0005
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0005
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0006
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0006
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0006
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0006
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0006
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0006
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0007
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0007
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0007
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0007
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0008
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0008
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0008
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0008
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0008
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0008
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0008
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0009
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0009
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0009
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0009
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0009
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0009
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0009
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0009
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0010
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0010
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0010
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0010
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0010
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0010
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0010
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0010
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0011
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0011
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0011
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0011
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0011
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0011
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0011
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0012
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0012
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0012
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0012
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0012
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0012
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0012
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0013
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0013
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0013
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0013
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0013
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0014
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0014
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0014
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0015
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0015
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0015
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0015
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0015
http://refhub.elsevier.com/S1930-0433(21)00646-4/sbref0015

	Mucoepidermoid carcinoma of the lacrimal gland in a patient with the CRTC1-MAML2 fusion gene
	 Introduction
	 Case report
	 Discussion
	 Author contributions
	 Disclosure of funding
	 Ethical standards and patient consent
	 References


