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ABSTRACT

SUMMARY: The purpose of this study was to present the imaging features of primary and secondary malignant lacrimal sac and naso-
lacrimal duct tumors and their pattern of tumor spread in 18 patients. The most common tumor histology in our series was squamous cell
carcinoma. In 15/18 patients, tumor involved both the lacrimal sac and duct at the time of diagnosis. In 11/16 patients on CT, the nasolacrimal
bony canal was smoothly expanded without erosive changes. The medial canthus region (16/18) was a frequent site of direct tumor spread.
Two patients had intraconal orbital spread of tumor. Tumor spread to the sinus or nasal cavity was observed in 5/13 primary tumors. Only
1 patient presented with nodal metastasis. There was no intracranial tumor extension, perineural tumor spread along the infraorbital nerve,
distant metastasis, or dacryocystocele formation in any of the patients at the time of diagnosis.

ABBREVIATION: SCCA � squamous cell carcinoma

The lacrimal drainage apparatus consists of the superior and

inferior canaliculi, common canaliculus, lacrimal sac, and na-

solacrimal duct (Fig 1).1 Tears collect in the lacrimal sac before

draining into the nasolacrimal duct and the inferior meatus of the

nasal cavity.2 Lacrimal sac and duct tumors are rare.3 The most

common presenting clinical symptoms of lacrimal sac and duct

tumors are epiphora, recurrent dacryocystitis, epistaxis, and/or a

lacrimal sac mass.3 These tumors present with nonspecific symp-

toms suggestive of chronic dacryocystitis; often diagnosis and

treatment are delayed.4 Early diagnosis and treatment are often

curative and can prevent tumor recurrence and loss of the eye and

visual function.4,5 The tumors are divided into epithelial and non-

epithelial neoplasms. Benign epithelial tumors include squamous

and transitional cell papillomas and oncocytomas. The malignant

epithelial neoplasms include squamous cell carcinoma (SCCA),

transitional cell carcinoma, adenocarcinoma, adenoid cystic car-

cinoma, poorly differentiated carcinoma, and, rarely, primary

melanomas.5 Secondary involvement of the lacrimal sac and duct

can occur from any cutaneous lesion that involves the eyelid

and/or conjunctiva, including SCCA, basal cell carcinoma, and

sebaceous cell carcinoma, and from any neoplastic process in-

volving the paranasal sinuses. Metastatic lesions to the lacrimal

sac can originate from any distant site and may include carcino-

mas or melanomas.

The purpose of this study was to review the CT and MR imag-

ing features of malignant lacrimal sac and nasolacrimal duct tu-

mors. We investigated the extent of tumor involvement of the

lacrimal sac and duct and the extent of bony expansion or destruc-

tion of the nasolacrimal duct bony canal. We characterized the

malignant lacrimal sac and duct tumors by the degree of enhance-

ment, signal characteristics on MR imaging, and local/regional

spread. We also sought to determine whether dacryocystocele for-

mation was a feature associated with these tumors and whether

nodal metastasis, distant metastasis, perineural tumor spread

along the infraorbital nerve, or intracranial tumor extension was

present on imaging at the time of the initial evaluation.

MATERIALS AND METHODS
Case Series
Approval for this retrospective Health Insurance Portability and

Accountability Act– compliant study was obtained from the insti-

tutional review board, with a waiver of informed consent. A ret-

rospective analysis was performed on 18 patients, 11 women and

7 men, 45– 86 years of age (mean, 64 years), who had been treated

for malignant lacrimal sac and nasolacrimal duct tumors at our

institution. Thirteen patients had primary malignant tumors of

the lacrimal sac and/or nasolacrimal duct, 4 patients had contig-

uous malignant tumor spread to the lacrimal sac and/or duct

from a neighboring site, and 1 patient had a metastatic melanoma

to the lacrimal sac and duct. The tumor histology consisted of the
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following: SCCA (n � 7), poorly differentiated sebaceous carci-

nomas (n � 3), melanomas (n � 3), adenocarcinomas (n � 2),

adenoid cystic carcinoma (n � 1), small cell undifferentiated car-

cinoma (n �1), and papillary transitional carcinoma (n � 1).

CT was performed on HD 750 scanners (GE Healthcare, Mil-

waukee, Wisconsin) after the administration of intravenous con-

trast by using the following parameters: 120 –140 kV(peak); 180 –

220 mA; section thickness, 1.25 mm; FOV, 180 to 250. MR

imaging studies were performed on 1.5T MR imaging scanners

(Excite HDxt; GE Healthcare) with the following pulse sequences:

T1WI, T2WI, and postcontrast T1WI. The images were reviewed

by 2 head and neck radiologists (V.A.K. and L.E.G.).

The degree of contrast enhancement of the malignant lacrimal

sac and nasolacrimal duct tumors on CT and MR imaging was

graded relative to the degree of contrast enhancement of the nor-

mal lacrimal glands. For this study, a normal lacrimal gland dem-

onstrated moderate enhancement on postcontrast CT and intense

contrast enhancement on postcontrast T1WI.

RESULTS
The results of this study are summarized in the Table. In 15/18

patients, malignant tumor involved both the lacrimal sac and na-

solacrimal duct at the time of diagnosis. Only 3 patients had tu-

mor confined to the lacrimal sac. Tumor was not observed solely

within the nasolacrimal duct in any patient. In 16/18 patients,

tumor had spread from the lacrimal sac into the medial canthus

region (Figs 2 and 3). Two patients had intraconal orbital tumor

spread (Fig 4A).

In 11/16 patients who had undergone CT, the nasolacrimal

bony canal was smoothly expanded without erosive changes (Fig

5B). In 2 patients, there were erosive changes to the nasolacrimal

duct bony canal. One patient with possible erosive changes had

undergone a prior dacryocystorhinostomy; therefore, the find-

ings were iatrogenic. In 2 patients, there was no nasolacrimal duct

dilation or erosion because these tumors were diagnosed at an

early stage.

Of the 16 cases of malignant lacrimal sac and duct tumors

evaluated with CT, 3 demonstrated mild contrast enhancement, 9

showed moderate contrast enhancement, and 4 exhibited intense

enhancement. In the 12/13 patients who had undergone MR im-

aging, the lacrimal sac and duct tumors were isointense on T1WI,

with the exception of 1 patient with nasal melanoma, which dem-

onstrated high intensity on T1WI. In all 13 patients, the tumors

showed isointense signal on T2WI (Fig 3B). On MR imaging, 3

cases demonstrated mild contrast enhancement, 7 cases had mod-

erate contrast enhancement, and 3 exhibited intense contrast

enhancement.

FIG 1. Normal anatomy of the lacrimal drainage system apparatus,
which includes the canaliculi, lacrimal sac, and nasolacrimal duct.

FIG 2. A 46-year-old woman with moderately differentiated invasive
SCCA of the right lacrimal sac and nasolacrimal duct. Post-contrast-en-
hanced CT shows tumor extension from the lacrimal sac into the medial
canthus region (arrow), which is a common site of tumor spread.

Imaging features and regional spread of malignant lacrimal sac
and nasolacrimal duct tumors

Features
No. of

Patients
Tumor location along lacrimal system on CT

and MRI (n � 18)
Lacrimal sac only 3
Nasolacrimal duct only 0
Involving lacrimal sac and nasolacrimal duct 15

Tumor involvement of the nasolacrimal duct bony
canal on CT (n � 16)

No duct dilation 2
Smoothly expanded duct 11
Erosive/lytic changes to duct 2
Iatrogenic changes to duct from prior

dacryocystorhinostomy
1

Orbit involvement by tumor (n � 18)
Medial cantus/extraconal space of orbit 16
Intraconal space of orbit 2

Sinonasal involvement by tumor in primary malignant
tumors of the lacrimal sac or duct (n � 5)a

Ethmoid sinus 4
Maxillary sinus 3
Nasal cavity 5

Other findings (n � 18)
Nodal metastasis 1
Distant metastasis 0
Perineural tumor spread along the infraorbital nerve 0
Intracranial extension 0
Dacryocystocele formation 0

a Please note that some patients had �1 subsite of sinonasal tumor extension.
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Five of 13 patients with primary malignant lacrimal sac and

duct tumors had disease spread to the sinus or nasal cavity. Four

had ethmoid sinus tumor extension, and 3 had maxillary sinus

tumor involvement. Five had nasal cavity tumor extension, with 4

specifically involving the inferior meatus of the nasal cavity. Note

that some patients had �1 subsite of sinonasal tumor extension.

Postobstructive sinus secretions were noted in 3 patients.

One patient presented with an ipsilateral jugulodiagastric (level

IIA) nodal metastasis at the time of initial diagnosis. Dacryocystocele

formation, perineural tumor spread along the infraorbital nerve, in-

tracranial extension of tumor or distant metastases were not seen in

any of the patients at the time of initial diagnosis.

DISCUSSION
To our knowledge, no large imaging se-

ries has assessed malignant lacrimal sac

and nasolacrimal duct tumors. This re-

port highlights the CT and MR imaging

features and spread pattern of these tu-

mors. In our series, the most common

tumor histology was SCCA (39%),

which has also been reported in other

studies.5,6 Eighty-three percent of pri-

mary and secondary tumors in our study

involved both the lacrimal sac and naso-

lacrimal duct at the time of initial imag-

ing. The medial canthus region (Figs 2

and 3) was commonly involved by ma-

lignant tumors (89%) because of direct

tumor spread from the lacrimal sac; intra-

conal orbital extension of tumor was less

common (11%). The differential diagno-

sis of masses in the medial canthus in-

cludes lacrimal sac and duct neoplasms,

but more commonly, dacryocystitis or id-

iopathic nasolacrimal duct blockage is a

cause.5 In our series, 38% of the primary
malignant nasolacrimal sac or nasolacri-

mal duct tumors demonstrated spread to

either the sinus or nasal cavity.

Tumor abutted the infraorbital fora-

men in 2 patients with advanced disease.

However, perineural tumor spread along

the infraorbital nerve was not seen on

imaging or on histology. Intracranial tu-

mor extension or distant metastases were not observed in any
patient at the time of diagnosis. Nodal metastasis was seen in only
1 patient in our series. In a large ophthalmology study, Ni et al7

found distant metastases from malignant lacrimal sac tumors in
only 6/74 patients and intracranial tumor spread in 1/74 patients.
They found nodal metastasis in 28% of patients, generally months
to years after the initial diagnosis.7 When present, nodal metasta-
ses from malignant lacrimal sac and duct tumors generally involve
the preauricular, submandibular, and cervical lymph nodes.7,8

In 69% our cases imaged with CT, the malignant lacrimal sac
and duct tumors expanded the lacrimal bony canal (Fig 5B) with-
out erosion. CT was superior to MR imaging in the delineation of

FIG 3. An 85-year-old man with metastatic melanoma to the lacrimal sac and nasolacrimal duct with extension into the medial canthus region.
Axial MR imaging demonstrates an isointense mass in the right medial canthus on T1WI (A), isointensity on T2WI (B), and enhancement on
postcontrast T1WI (C).

FIG 4. A 50-year-old man with adenocarcinoma of the left lacrimal sac and nasolacrimal duct. A,
Postcontrast thin-section coronal CT reformatted images demonstrate tumor in the lacrimal sac
and duct (white arrow) with direct extension into the inferior intraconal orbital space (black
arrow). B, Due to the extent of tumor spread, the patient underwent left orbital exenteration,
maxillectomy, and free flap reconstruction (white arrowheads) with adjuvant radiation therapy
and has been disease-free for 3 years.

FIG 5. A 73-year-old woman with well-differentiated SCCA of the lacrimal sac and nasolacrimal
duct. A, Post-contrast-enhanced CT demonstrates an enhancing tumor within the left lacrimal sac
(arrow). B, At a slightly more inferior level (bone window), note the mild expansion of the lacrimal
bony canal by tumor (arrow).

AJNR Am J Neuroradiol ●:● ● 2016 www.ajnr.org 3



the lacrimal bony canal and in evaluating expansion versus ero-
sion of the canal. Thin-section coronal imaging was very helpful

on both CT and MR imaging in the interpretation of the study

because it nicely displayed the entirety of the lacrimal sac and duct

and regional tumor spread (Fig 4A). When postobstructive sinus

secretions were present (3 cases), MR imaging was superior to CT

in distinguishing tumor from secretions within the sinonasal cav-

ity. In 2 cases, MR imaging and CT were equivalent in the diag-

nostic evaluation of intraconal tumor spread. We found that the

lacrimal canaliculi were not easily identifiable on MR imaging and

CT, due to the small size of these anatomic structures. In cases of

locally advanced malignant lacrimal sac and duct tumors, we

found it difficult to distinguish primary tumors from secondary

tumors by imaging. We anticipated seeing dacryocystocele forma-

tion secondary to tumor obstruction of the nasolacrimal duct

more frequently; however, this was not seen in any case.

In most cases in this study, the malignant lacrimal sac and

nasolacrimal sac tumors demonstrated moderate contrast en-

hancement on CT and MR imaging and demonstrated isointense

signal intensity on T1-weighted and T2-weighted MR imaging.

Contrast enhancement and MR imaging signal intensity were not

helpful in distinguishing tumor histology, except in 1 case of re-

current nasal cavity melanoma, which spread to the nasolacrimal

duct and demonstrated high T1WI signal intensity. Primary ma-

lignant melanoma of the lacrimal sac is rare, accounting for only

5% of lacrimal sac tumors.9 Due to the paramagnetic properties of

melanin, melanoma may appear hyperintense on T1WI and hy-

pointense on T2WI.6 According to Billing et al, 9 melanoma may

also demonstrate isointense T1WI and T2WI signal on MR imag-

ing (Fig 3A, -B).

Treatment of primary malignant lacrimal sac and nasolacri-

mal duct tumors typically involves wide local resection, followed

by radiation and/or chemotherapy. In our series, surgical excision

of the lacrimal sac was complemented by a medial maxillectomy

to allow complete resection of the nasolacrimal duct. Judicious

use of postoperative adjuvant proton radiation therapy or con-

current chemoradiation therapy can yield good local/regional

control, and a globe-sparing surgery can be achieved in most cases

with reasonable visual outcomes.5 Bony erosion of the nasolacri-

mal bony canal does not portend a worse prognosis, but it may

dictate the size of the planned bony resection, which, in addition

to a medial maxillectomy, may also include an ethmoidectomy.

Larger tumor diameter (generally �30 mm) at the time of presen-

tation5 and tumor invasion of the intraconal space of the orbit

may necessitate orbital exenteration (Fig 4A, -B).

Imaging surveillance of the head and neck is recommended

every 3 months for the first year, every 6 months the second year,

and annually in the third year and beyond.5 On the basis of the

results of this study, the authors recommend performing a thin-

section (1.25 mm) CT with contrast as the first-line imaging study

to evaluate malignant lacrimal sac and nasolacrimal duct tumors

at the time of initial staging. MR imaging can be performed if CT

cannot distinguish sinonasal tumor extension from postobstruc-

tive secretions.

CONCLUSIONS
Malignant lacrimal sac and nasolacrimal duct tumors tend to ex-

pand the nasolacrimal bony canal, rather than erode it. CT was

superior to MR imaging in characterizing expansion versus ero-

sion of the nasolacrimal bony canal. In most cases, tumor in-

volved both the lacrimal sac and nasolacrimal duct at initial diag-

nosis. The medial canthus region was a frequent site of tumor

spread. Tumor spread to the sinus or nasal cavity was observed in

less than half of the primary tumor cases. Nodal metastasis was

seen in only 1 patient. There was no intracranial tumor extension,

perineural tumor spread along the infraorbital nerve, distant me-

tastasis, or dacryocystocele formation in any of the cases at the

time of initial imaging. The most common tumor histology in our

series was SCAA.
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