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Orbital neoplasms in adults may be categorized on the basis of location and 
histologic type. Imaging features of these lesions often reflect their tissue 
composition. Cavernous malformations (also known as cavernous hem-
angiomas), although not true neoplasms, are the most common benign 
adult orbital tumor. They typically appear as a well-circumscribed, ovoid 
intraconal mass on cross-sectional images. Lymphoma, which may be pri-
mary or secondary to systemic disease, is the most prevalent orbital neo-
plasm in older adults (≥60 years of age). Choroidal melanoma is the most 
common primary adult ocular malignancy. Melanin has intrinsic T1 and 
T2 shortening effects, classically manifesting with hyperintense signal on 
T1-weighted magnetic resonance (MR) images and with hypointense signal 
on T2-weighted images. However, amelanotic or mildly pigmented lesions 
of melanoma do not demonstrate these characteristic MR imaging features. 
Breast cancer is the most common malignancy to metastasize to the orbit, 
followed by prostate cancer, melanoma, and lung cancer. In women with bi-
lateral enophthalmos, metastatic scirrhous breast cancer should be consid-
ered in the differential diagnosis. Neoplasms that arise from the optic nerve 
or its sheath include glioma and meningioma. At imaging, gliomas often 
cause fusiform expansion of the optic nerve, in which the nerve itself cannot 
be delineated from the lesion. In contrast, meningiomas classically have a 
“tram-track” configuration, whereby the contrast-enhancing tumor is seen 
alongside the optic nerve. Neoplasms that derive from peripheral nerves in-
clude schwannoma and neurofibroma, the latter of which is associated with 
neurofibromatosis type 1. MR imaging is particularly valuable for evalua-
tion of orbital neoplasms, as it provides critical anatomic information about 
ocular structures involved, perineural spread, and intracranial extension. 

Introduction
Orbital neoplasms in adults comprise a broad spectrum of benign and malignant 
entities. Cross-sectional imaging plays a valuable role in characterization of these 
lesions and in evaluation of disease extent, supplementing clinical ophthalmologic 
examination and providing information beyond what can be seen at fundoscopy. 
As with imaging evaluation of all orbital disease processes, a general approach 
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should consider the anatomic compartment of 
involvement. In addition, in the evaluation of 
known or suspected neoplasm, consideration 
should also be given to the various tissues of 
origin from which neoplasms arise. In this re-
gard, Shields et al conducted a large case study, 
evaluating 1264 consecutive patients referred to 
an ocular oncology service for suspected orbital 
tumor or tumor-simulating condition (1). In 
their series, vasculogenic lesions were the most 
common (17% of cases), followed by lymphoid, 
lacrimal gland, optic nerve and meningeal, met-
astatic, peripheral nerve, and primary melanoma 
lesions. Although melanoma was the most com-
mon primary ocular malignancy in their series, 
melanoma constituted 1% of all lesions evalu-
ated. Other relatively rare lesions include fibro-
cytic, myogenic, lipogenic, and myxoid tumors.

In this article, the clinical, histopathologic, 
and imaging features of the more common non-
osseous orbital neoplasms in the adult popula-
tion are discussed.

Anatomic Considerations
A basic understanding of orbital anatomy is 
critical in evaluation of orbital neoplasms. Not 
only can site of involvement guide the differen-
tial diagnostic considerations, but accurate de-
scriptions of lesion location, involved structures, 
and extent of dissemination can facilitate proper 
treatment planning.

Figure 1.  Normal orbital anatomy. Axial computed tomographic (CT) image (left) with 
color overlays shows the orbit divided into intraocular and extraocular spaces by the muscle 
cone and their relationships to the globe. Coronal CT images (right) with color overlays 
show the configuration of the extraocular muscles, vascular structures, and lacrimal gland.

Table 1 
Contents of the Intraconal and Extraconal 
Compartments

Intraconal compartment
  Fat
  Cranial nerves: optic nerve, oculomotor nerve,  

  nasociliary branch of the ophthalmic nerve,  
  abducens nerve

  Ciliary ganglion
  Ophthalmic artery
Extraconal compartment
  Fat
  Cranial nerves: lacrimal and frontal branches of  

  the ophthalmic nerve, trochlear nerve
  Lacrimal gland
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The orbit is divided into the ocular compart-
ment or globe, the muscle cone, and intraconal 
and extraconal spaces (Fig 1). Six extraocular 
muscles control ocular movements; all but the 
inferior oblique muscle constitute the muscle 
cone. The muscle cone converges at the orbital 
apex, forming a tendinous ring (annulus of Zinn). 
Through this ring enters the optic nerve, oculo-
motor nerve (superior and inferior divisions), ab-
ducens nerve, nasociliary branch of the ophthal-
mic nerve, and the ophthalmic artery. The muscle 
cone separates the intraconal and extraconal 
spaces. The contents of these compartments are 
listed in Table 1.

The globe is continuous with the central ner-
vous system and consists of three distinct layers 
(Fig 2). From outer to inner, these layers are 
the sclera, uvea, and retina. The sclera is a col-
lagenous tissue layer that is continuous anteriorly 
with the cornea and posteriorly with the dura 
mater. The uvea, or the vascular pigmented layer, 

consists of the iris, ciliary body, and choroid. 
The choroid is the most vascular structure of the 
globe, and thus the most frequent site of intra-
ocular metastases. The retina is light sensitive and 
continues posteriorly as the optic nerve. Although 
the layers of the globe cannot be individually 
identified at routine cross-sectional imaging, they 
may be visualized in the setting of ocular (choroi-
dal or retinal) detachments.

The bony orbit should be routinely examined 
in an evaluation of orbital soft-tissue masses. The 
presence of osseous remodeling generally sug-
gests the diagnosis of a slow-growing process, 
whereas bone erosion is more suggestive of an 
aggressive lesion. In addition, the bony foramina, 
namely the optic canal, superior orbital fissure, 
and infraorbital canal, carry nerves along which 
perineural spread or intracranial extension may 
occur (Fig 3, Table 2).

Figure 2.  Diagram illustrates the cross-
sectional anatomy of the globe.

Figure 3.  Orbital foramina. Axial (a, b) and coronal (c) CT bone-window images demonstrate the superior orbital 
fissure (arrow, blue overlay in a), optic canal (arrow, brown overlay in b), and infraorbital canal (arrow, yellow over-
lay in c). Contents of each foramen are shown in Table 2.
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Vasculogenic Orbital Masses

Cavernous Malformation
Although not true neoplasms, cavernous mal-
formations are the most common benign orbital 
mass in adults. There is much disagreement in 
the literature about the etiology, classification, 
and nomenclature of these lesions. Although 
these masses are commonly referred to as cav-
ernous hemangiomas, many pathologists prefer 
the term cavernous malformation, as the former 
terminology implies a vasoproliferative neoplasm 
(2). Cavernous malformations are thought be 
congenital vascular anomalies that are present at 
birth, do not spontaneously involute, and grow 
slowly over time (3).

Patients with cavernous malformations are 
usually middle-aged adults (mean age, 43–48 
years), and there is a female predominance 
among this patient population. Because these le-
sions are slow growing, progressive painless prop
tosis is the most common clinical sign at patient 
presentation. However, some patients will present 
with abrupt orbital enlargement and acute-onset 
proptosis, caused by cytokine and hormonal 
stimulation at puberty or during pregnancy (3). 
Approximately half of the patients experience 
visual field deficits, which are most often from 
mass effect on the optic nerve or its blood sup-
ply (4). Although rare, involvement of the orbital 
apex can cause compressive optic nerve neuropa-
thy, which leads to monocular vision loss. Other 
less common symptoms include pain, eyelid 
swelling, diplopia, or a palpable lump (3).

At microscopy, cavernous malformations ap-
pear as dilated cavernous spaces lined by flat-
tened endothelial cells and separated by fibrous 
septa (Fig 4). A fibrous pseudocapsule surrounds 
the lesion, giving rise to its well-circumscribed 
appearance at gross examination. Occasional 
thrombus or hyalinization may be observed, but 
calcification is rare (4).

On CT images, cavernous malformations are 
typically well-circumscribed, homogeneous, and 
ovoid (Fig 5). The majority of lesions occur at the 
lateral aspect of the intraconal space (4). Conal 
and extraconal cavernous malformations are rare. 
Phleboliths are virtually never seen. Cavernous 
malformations tend to displace and surround 
adjacent structures, such as extraconal muscles 
and the optic nerve, rather than cause direct in-

Figure 4.  Cavernous malformation. Photomicro-
graph (original magnification, ×100; Gomori tri-
chrome stain) shows blood-filled spaces (*) separated 
by collagenous septa (arrows) and surrounded by a 
fibrous pseudocapsule (arrowheads).

Figure 5.  Cavernous malformation in a 46-year-old 
man with right-sided headache. Sagittal unenhanced 
CT image demonstrates a round, well-circumscribed 
intraconal mass that causes superior displacement of 
the optic nerve (*).

Table 2 
Contents of Orbital Foramina

Foramen Contents

Superior orbital fissure Cranial nerves (oculomotor, trochlear, ophthalmic branch 
of the trigeminal, abducens), superior ophthalmic vein, 
orbital branch of the middle meningeal artery, sympa-
thetic fibers

Optic canal Optic nerve, ophthalmic artery, sympathetic fibers
Infraorbital canal Maxillary branch of the trigeminal nerve, infraorbital artery 

and vein
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vasion (5). Osseous remodeling may be present, 
although bone erosion is rare (5). At magnetic 
resonance (MR) imaging performed with T1-
weighted sequences, cavernous malformations are 
isointense relative to muscle; the lesions appear 
uniformly hyperintense on T2-weighted images, 
with no flow voids. Internal septations may be 
identified on T2-weighted images (6).

At multiphase CT (Fig 6a, 6b), enhancement 
of cavernous malformations is poor on early 
arterial phase images, owing to the scant arte-
rial supply in these lesions (5). Delayed venous 
phase images demonstrate progressive filling of 
the mass from periphery to center, with complete 
filling within 30 minutes (5,7). This enhancement 

pattern may permit differentiation of cavernous 
malformations from other vascular lesions with 
rich arterial supply, such as capillary heman-
gioma (a pediatric diagnosis), hemangiopericy-
toma, and arteriovenous malformations (3).

Hemangiopericytoma
Hemangiopericytoma is a rare neoplasm, ac-
counting for 1% of all orbital tumors (1). Patients 
typically present in the 5th decade of life (mean 
age, 41 years), and the tumor has no gender pre-
dilection (8,9). Proptosis and palpable mass are 
common clinical manifestations. Pain, diplopia, 
and decreased visual acuity are less common 
signs (3,8). Hemangiopericytomas range from 
relatively bland to frankly malignant histologic 
types, are slow growing, and may recur or me-
tastasize irrespective of histologic type. The 
metastatic rate of orbital hemangiopericytoma is 
reported to be 15%, with the lung being the most 
common site of metastases (8).

Hemangiopericytomas derive from pericytes, 
the contractile support cells that surround small 
vessels (9). There is much debate about the patho-
genesis and characterization of these tumors 
(10,11). Many consider the term hemangioperi-
cytoma to be a descriptor used to characterize a 
group of neoplasms with a similar growth pattern. 
The tumors are thought to have the same cel-
lular lineage as solitary fibrous tumors, and some 
pathologists believe that many of these lesions are 
best regarded as solitary fibrous tumors (10,12).

Hemangiopericytoma appears histologically as 
a dense, hypercellular tumor with spindle-shaped 
cells (Fig 7). The tumors are vascular with a  
variably dilated, vascular branching pattern  

Figure 6.   Atypical cavernous malformation in a 
44-year-old woman with 1 year of progressive right eye 
fullness. Multiphase contrast material–enhanced CT 
was performed. (a) Axial nonenhanced image shows a 
round extraconal mass (arrow). (b) Axial arterial phase 
image shows mild enhancement (arrowhead). (c) Axial 
delayed phase image demonstrates progressive filling. 
Note that the extraconal location of the mass is atypical 
for a cavernous malformation.

Figure 7.  Hemangiopericytoma. Photomicrograph 
(original magnification, ×200; hematoxylin-eosin stain) 
shows densely packed spindle cells with a dilated, 
thin-walled vessel that has a characteristic “staghorn” 
configuration (*).
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classically described as “staghorn vessels.” Ana-
plastic features suggestive of a more aggressive 
neoplasm include increased mitosis, necrosis, in-
filtrative borders, and cellular pleomorphism (8).

Orbital hemangiopericytomas are typically 
extraconal, commonly adjacent to the paranasal 
sinuses. Lesions are usually lobulated and well 
circumscribed (Fig 8a). Aggressive lesions have 
infiltrative borders with possible bone erosion 
(Fig 8b). Calcification is rare. Unlike cavernous 
malformations, hemangiopericytomas reveal 
marked arterial enhancement and early venous 
phase enhancement with rapid washout at mul-
tiphase CT. The lesions tend to be isointense 
relative to gray matter on T1-weighted and T2-
weighted images, another feature that may help 
in differentiating them from cavernous malfor-
mation (3).

Lymphoproliferative Lesions
Lymphoproliferative lesions are the most com-
mon primary orbital tumor in older adults (≥60 
years of age) (13). These lesions represent a spec-
trum of disorders, including lymphoid hyperpla-
sia, atypical lymphoid hyperplasia, and ocular ad-
nexal lymphoma. Of these, malignant lymphoma 
is the most common, accounting for 67%–90% 
of orbital lymphoproliferative tumors and 24% 
of all space-occupying orbital tumors in patients 
older than 60 years of age (14). Lesions may be a 
manifestation of systemic lymphoma or arise pri-
marily from the orbit, with over 30% of patients 
with solitary orbital lymphoproliferative tumor 
developing systemic lymphoma 10 years after 
initial diagnosis (14). Non-Hodgkin lymphoma, 
specifically the mucosa-associated lymphoid tis-
sue (MALT) subtype, is the most common pri-
mary orbital lymphoma (13,15).

Patients typically present with a palpable mass, 
proptosis, and mildly restricted ocular motility 
(14). Pain is an uncommon symptom of a lympho-
proliferative lesion, in contrast to orbital pseudotu-
mor, which manifests with acute pain (14).

At microscopy, lymphoproliferative lesions 
may be benign (reactive lymphoid hyperplasia) 
or malignant (lymphoma). Benign lesions dem-
onstrate well-differentiated, somewhat pleomor-
phic lymphocytes, whereas malignant lymphoma 
(Fig 9) demonstrates atypical cells with nuclear 
membrane abnormalities (15,16). The majority 
of orbital lymphomas are of B-cell origin. Im-

munologic markers are particularly valuable for 
precise diagnosis (16).

Radiologic examinations do not allow reliable 
differentiation between benign and malignant 

Figure 8.  Recurrent hemangiopericytoma in a 64- 
year-old woman with visual field deficit and diplopia. 
(a) Axial contrast-enhanced CT image shows a lobu-
lated and circumscribed enhancing mass at the su-
perolateral orbit that causes rightward deviation of the 
superior rectus (*). (b) Axial CT image obtained 2 years 
after resection demonstrates that the lesion has recurred 
with infiltrative borders and bone erosion (arrows).

Figure 9.  Lymphoma. Photomicrograph (original 
magnification, ×400; hematoxylin-eosin stain) shows in-
filtrative lymphocytes in a vague follicular arrangement.
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lymphoproliferative disorders. The majority of 
lesions are unilateral (76% of cases) and often 
they are extraconal. The lacrimal gland is in-
volved in nearly 40% of cases (14). At CT or 
MR imaging, approximately half of the lesions 
are diffuse and ill defined (Fig 10), with the 
other half appearing as a smooth, circumscribed 
mass. Uniform enhancement is characteristic 
(14,16). One feature of these tumors is their 
tendency to mold to orbital structures, such 
as the globe (Fig 10a), optic nerve, and orbital 
wall; tumor shaped around the latter may result 
in bone remodeling. Osseous erosion is quite 
rare, although it may occasionally occur with 
diffuse large B-cell lymphoma (16). At MR 
imaging, most lesions are isointense relative to 
muscle with T1-weighted sequences and hyper-

intense relative to orbital fat with T2-weighted 
sequences (17).

Differentiation of orbital lymphoma from 
pseudotumor is often challenging at imaging. 
The findings of infiltration or thickening of ocu-
lar muscles favor a diagnosis of pseudotumor 
(16). One study suggested that pseudotumor is 
more commonly isointense relative to orbital fat 
on T2-weighted images (17). In a retrospective 
study of 47 patients, lymphoma was accurately 
differentiated from pseudotumor on the basis of 
apparent diffusion coefficient (ADC) values (18). 
Review of the patient’s clinical history is often 
useful, since patients with pseudotumor present 
with a relatively acute onset of pain and those 
with orbital lymphoma typically have no pain. 
Ultimately, however, biopsy may be required for 
diagnosis.

Lacrimal Gland Masses
Lacrimal gland masses represent 5%–14% of bi-
opsied orbital masses. Approximately half of these 
lesions are benign and half are malignant (19). 
Masses of the lacrimal gland may be categorized 
as epithelial or nonepithelial processes. Epithelial 
lesions compose 40%–50% of lacrimal masses 
and are largely neoplastic (1,19). Nonepithelial 
lesions predominantly include inflammatory 
(dacryoadenitis) and neoplastic (lymphoprolifera-
tive disease) processes (20).

Epithelial Lesions

Pleomorphic Adenoma.—Pleomorphic adenoma 
is the most common benign neoplasm of the 
lacrimal gland, accounting for up to 57% of epi-
thelial lesions (20). Also called a benign mixed 
tumor, pleomorphic adenoma contains both mes-
enchymal and epithelial elements. Pleomorphic 
adenomas are slow-growing tumors that most 
often manifest in the 4th or 5th decade of life 
(21). The lesions commonly displace the globe 
downward and cause proptosis. Pain is rare and, 
if present, is suggestive of a different, malignant 
type of lesion (19).

At histologic analysis, pleomorphic adenoma 
has a fibrous pseudocapsule with epithelial cells. 
Cells may form nests or tubules that resemble 
ducts (Fig 11a). The background stroma may 

Figure 10.  Orbital lymphoma in an 81-year-old man 
with a history of follicular lymphoma who presented 
with right eye swelling and proptosis. (a) Axial contrast-
enhanced CT image shows an ill-defined, enhancing 
retrobulbar mass that molds to the globe (arrowheads). 
The optic nerve (*) is encased. (b) Coronal CT image 
shows that the mass has extended through the infra
orbital canal (arrow) but without bone erosion.
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appear myxoid with spindle-shaped cells and 
mucin or may contain heterologous elements 
such as cartilage or bone (15,21).

At CT and MR imaging, pleomorphic ad-
enoma appears as a well-circumscribed, usually 
homogeneously enhancing mass in the supero-
temporal orbit. Larger lesions may demonstrate 
heterogeneity secondary to cystic degeneration, 
hemorrhage, serous or mucous collections, or 
necrosis (21). Because of its slow growth, pleo-
morphic adenoma may demonstrate bone remod-
eling, which most typically appears as a smooth 
concavity at the lacrimal fossa (Fig 11b). Lesions 
are typically hypointense on T1-weighted images 
and hyperintense on T2-weighted images. Bone 
erosion is rare and highly suggestive of malig-
nancy. Infiltrative borders and nodularity should 
also raise suspicion for malignancy (20,21).

Once clinical and imaging diagnosis is es-
tablished, a pleomorphic adenoma is excised 
en bloc without biopsy. Incomplete excision or 
rupture of the tumor may lead to recurrence or 
malignant transformation to pleomorphic ad-
enocarcinoma. With successful excision, progno-
sis is excellent (22).

Adenoid Cystic Carcinoma.—Adenoid cystic car-
cinoma is the most common malignancy of the 
lacrimal gland and the second most common lac-
rimal epithelial lesion. It accounts for 29% of all 
lacrimal epithelial neoplasms and approximately 
5% of all primary orbital neoplasms (22). Most 
patients present in the 4th decade of life. Adenoid 
cystic carcinoma is infiltrative, with a strong pro-
pensity for perineural spread. Owing to this pat-
tern of spread, proptosis may be minimal; how-
ever, patients commonly present with pain, which 
is a strong clinical indicator for malignancy (21). 
Complete surgical resection may not be possible. 
Prognosis is generally poor, with a survival rate of 
20% at 10 years follow-up (20).

At microscopy, tumors appear nonencapsu-
lated and consist of generally bland-appearing 
epithelial cells arranged in nests or chords, thus 
forming a characteristic cribriform (swiss cheese–
like) pattern (Fig 12). Unlike pleomorphic ad-
enoma, adenoid cystic carcinoma lacks a mesen-
chymal matrix (15,21).

At imaging, early lesions of adenoid cys-
tic carcinoma may be indistinguishable from 
pleomorphic adenoma. Irregular borders with 
distortion of the globe and orbital contents may 
be seen in patients with more advanced disease 
(Fig 13). The finding of bone erosion suggests 
the presence of malignancy, and calcification is 

Figure 11.  Pleomorphic adenoma. (a) Photomi-
crograph (original magnification, ×200; hematoxylin-
eosin stain) shows well-differentiated epithelial cells 
(arrows) arranged in ductlike tubules. (b) Axial 
contrast-enhanced CT image of a 59-year-old man 
who presented with right eye dryness shows a homo-
geneously enhancing, well-circumscribed mass at the 
lacrimal fossa. Rounded indentation at the zygomatic 
bone (arrow) reflects bone remodeling caused by slow 
growth of the tumor.
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also more commonly seen in carcinoma than in 
benign adenomas (20,21). Cranial nerves, par-
ticularly the lacrimal branch of the ophthalmic 
nerve, should be carefully examined for perineu-
ral invasion (20).

Nonepithelial Lesions
Lymphoproliferative disorders constitute up to 
50% of nonepithelial lacrimal lesions (19). Ma-
lignant lymphoma accounts for the vast majority 
of these lymphoproliferative processes. Nonethe-
less, lacrimal lymphoma is quite rare, accounting 
for only 1% of biopsied orbital masses (1). Most 
lacrimal gland lymphomas are non-Hodgkin B-
cell type (1,23).

Lacrimal gland lymphoma is a disease of older 
adults, with most patients presenting in the 7th de-
cade of life (mean age, 62–69 years) (1,23). Simi-
lar to pleomorphic adenoma, the lesion classically 
manifests as a painless mass in the superotemporal 
orbit. Lacrimal gland lymphoma may be associ-
ated with Sjögren syndrome. Approximately 35% 
of patients have or eventually develop systemic 
lymphoma (19). Prognosis is generally good, with 
a 5-year survival rate of 70% (23).

At microscopy, lymphoma manifests with small 
lymphocytes that infiltrate the normal lacrimal 
glandular tissue. Most lymphomas of the lacrimal 
gland have low-grade histologic features (23).

At CT, a homogeneously enhancing mass at the 
lacrimal fossa is usually observed (Fig 14). Bone 
erosion is typically absent and, if present, suggests 
an epithelial lesion. Rather than infiltrating orbital 
contents, lymphoma has a tendency to mold to the 

Figure 12.  Adenoid cystic carcinoma. Photomicro-
graph (original magnification, ×200; hematoxylin-eosin 
stain) shows epithelial tumor cells arranged in nests 
that form a characteristic swiss cheese–like appearance. 
The tumor lacks a true capsule.

Figure 13.  Adenoid cystic carcinoma in a 53-year-
old woman who presented with progressive pain and 
proptosis. Axial contrast-enhanced CT image shows 
a heterogeneous extraconal mass at the superolateral 
orbit with medial displacement of the optic nerve (*) 
and marked proptosis. There is erosion of the lateral 
orbital wall (arrowheads) and extension into the tem-
poral fossa (arrow).

Figure 14.  Lacrimal lymphoma in a 76-year-old 
woman with a palpable mass. Axial contrast-enhanced 
CT image shows an enhancing lacrimal gland mass, 
which molds to the globe and does not erode the or-
bital wall.
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orbit and globe (21,24). The MR imaging signal 
characteristics of lymphoma are nonspecific (7). 
Attempts should be made to distinguish lacrimal 
lymphoma from pleomorphic adenoma, as biopsy 
of the latter is generally avoided because of the risk 
of tumor seeding. Older patient age, the presence 
of lymphadenopathy elsewhere, and lack of osse-
ous remodeling are all characteristics suggestive 
of lymphoma (24). Lower ADC values may also 
be indicative of lymphoma, as opposed to other 
lacrimal gland diseases (25). Other rarer consider-
ations in the differential diagnosis that may mimic 
tumor include granulomatous diseases, such as 
sarcoidosis and Wegener granulomatosis, which 
often have other ocular manifestations not evident 
at imaging such as uveitis, keratitis, and conjuncti-
vitis (26,27).

Optic Nerve and Meningeal Lesions

Optic Nerve Glioma
Gliomas are the most common primary tumor 
of the optic nerve (1). They may occur anywhere 
along the optic tract; 25%–48% are confined to 
the intraorbital optic nerve (7). Nearly all optic 
nerve gliomas are juvenile pilocytic astrocyto-
mas (grade 1 as defined by the World Health 
Organization) and manifest in children less than 
8 years of age. Gliomas are associated with neu-
rofibromatosis type 1 (NF-1), with 20% of chil-
dren with NF-1 having optic nerve gliomas, of-
ten with bilateral involvement (7,28). Although 
extremely rare, malignant optic nerve gliomas 
may occur in adults. Such malignant lesions are 
aggressive, are not associated with NF-1, and 
are classified as anaplastic astrocytoma or glio-
blastoma multiforme.

Optic nerve gliomas may be asymptomatic and 
discovered incidentally in patients with NF-1, or 
patients may present with a visual field deficit, vi-
sion loss strabismus, or relative afferent pupillary 
defect. Treatment is generally reserved for cases 
with documented progression (28).

At histologic analysis, juvenile pilocytic as-
trocytomas consist of spindle-shaped astrocytes 
with hairlike (pilocytic) processes. Eosinophilic 
degenerative cell processes, called Rosenthal fi-
bers, may be present (Fig 15). The leptomeninges 
show reactive hyperplasia and cellular infiltration; 
however, the dura mater remains intact, resulting 
in fusiform or sausage-shaped nerve expansion. 

Malignant optic nerve gliomas show high mitotic 
activity, necrosis, and hemorrhage (15).

The imaging appearance of optic nerve glio-
mas is characteristic, such that biopsy is rarely 
performed (1) (Fig 16). MR imaging is the 
modality of choice, particularly for assessing 
involvement of the orbital apex, optic chiasm, 
hypothalamus, and other intracranial structures 
(28). The lesions are typically isointense on T1-
weighted images and isointense to hyperintense 
on T2-weighted images. Enhancement is vari-
able, and cystic spaces may be seen. Calcifica-
tions are rare (7). A rim of T2 hyperintensity is 
often observed at the tumor periphery, a find-
ing that may mimic an expanded subarachnoid 
space (Fig 16a). However, this finding corre-
sponds histopathologically to leptomeningeal 
infiltration and proliferation (so-called arachnoi-
dal gliomatosis) (28).

The appearance of optic nerve gliomas is dif-
ferent in patients with and without NF-1. In 
patients with NF-1, the optic nerve often ap-
pears tortuous, kinked or buckled, and diffusely 
enlarged (Fig 17). In patients without NF-1, 
gliomas tend to be fusiform. Isolated chiasmal 
gliomas are more likely in the absence of neuro-
fibromatosis, and chiasmal involvement is also 
more common in patients who do not have neu-
rofibromatosis (29). At imaging, the nerve itself 
cannot be distinguished from the tumor, a char-
acteristic that is useful for differentiating glioma 
from meningioma (7).

Figure 15.  Optic nerve glioma. Photomicrograph 
(original magnification, ×400; hematoxylin-eosin stain) 
shows elongated spindle cells (arrows) with Rosenthal 
fibers (arrowhead). Histologic characteristics are com-
patible with pilocytic astrocytoma.
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Optic Nerve Sheath Meningioma
Optic nerve sheath meningiomas derive from the 
arachnoid sheath of the optic nerve. They are the 
second most common optic nerve tumor, account-
ing for 2% of space-occupying orbital masses (1). 
Primary optic nerve meningiomas are less frequent 
than secondary lesions that extend into the orbit 
from an intracranial site (15). As with optic nerve 
gliomas, cross-sectional imaging features are char-
acteristic, such that biopsy is usually not warranted 
(1). As with intracranial meningiomas, optic nerve 
sheath meningiomas are more common in women. 
Patients usually present in the 5th decade of life 
(mean age, 48–50 years) (1,30). The classic clini-
cal triad includes painless, slowly progressive loss 
of vision; optic nerve atrophy; and the presence of 
optociliary shunt vessels, which result after long-
term compression of the central retinal vein (30).

Histologic analysis often shows a syncytial 
growth pattern, composed of cells with indistinct 
cytoplasmic margins (Fig 18). Psammoma bodies 
(round calcifications surrounded by meningioma 
cells) may be present (15,30).

Similar to optic nerve gliomas, optic nerve 
sheath meningiomas may appear as an expansion 
of the optic nerve. However, because the substance 
of the nerve is spared, a “tram-track” configuration 
is often observed at axial contrast-enhanced CT or 
MR imaging, since enhancing tumor lies on either 
side of the nerve (Fig 19). On coronal images, 
this configuration appears similar to a donut (31). 
Aside from this classic tubular growth pattern, 
meningiomas may also manifest as a fusiform or 
eccentric mass. Contrast-enhanced MR imaging is 

Figure 16.  Optic nerve glioma in a 6-year-old girl with proptosis. (a) Axial short inversion time inversion-recovery 
MR image shows an expansile mass that involves the right optic nerve. The hyperintense rim at the tumor periphery 
(arrowheads) reflects leptomeningeal infiltration. (b) Axial postcontrast T1-weighted fat-suppressed image shows 
minimal enhancement in the mass (arrow). The nerve itself cannot be separated from the tumor.

Figure 17.  Bilateral optic nerve gliomas in a 25-year-
old man with NF-1. Axial T1-weighted image shows 
the tortuous and kinked appearance of the bilateral 
optic nerves (arrows).

Figure 18.  Meningioma. Photomicrograph (original 
magnification, ×200; hematoxylin-eosin stain) shows 
meningioma cells with indistinct borders (arrowheads) 
and multiple ringlike psammoma bodies (arrows).
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the study of choice for evaluation, particularly for 
its value in determining the extent of disease (Fig 
20). T1 and T2 signal characteristics are variable 
(30). CT better shows bone remodeling and calci-
fication, the latter of which occurs in 20%–50% of 
cases (7,30).

With all tumors of the optic nerve or optic 
nerve sheath, including gliomas and meningio-
mas, it is important to define the extent of disease 
involvement and document any evidence of dis-
ease progression. Clinicians and surgeons must 
know precisely which portions of the optic nerve 
tract (intraoptic, intracanalicular, and intracra-
nial) are involved with disease (Fig 20). Optic 
nerve tumors, including meningiomas in adults 
and optic nerve gliomas in children, are gener-
ally slow growing and, therefore, may not require 
frequent follow-up. Conversely, optic nerve 
sheath meningiomas in children and optic nerve 
gliomas in adults may be aggressive. Therefore, it 
is important to closely monitor the extent of in-
volvement. If disease is spreading to approximate 
the optic chiasm, surgical intervention may be 
warranted to prevent disease dissemination to the 
contralateral eye (32).

Peripheral Nerve Sheath Lesions

Schwannoma
Schwannomas (also called neurilemomas) are 
encapsulated, slowly progressive, benign prolif-
erations of Schwann cells (33). They form as ec-
centric growths (eg, acoustic neuroma) from any 
peripheral nerve, most commonly from the ves-
tibulocochlear nerve. Schwannomas are rare in the 
orbit, most commonly arising from branches of 
the trigeminal nerve; however, they may arise from 
peripheral branches of the oculomotor, trochlear, 
and abducens nerves; parasympathetic and sympa-
thetic fibers; and the ciliary ganglia (1,6).

Schwannomas tend to occur in middle-aged 
individuals; however, they are seen in patients of 
a wide range of ages (20–70 years) (34). Clinical 
symptoms are nonspecific and can be similar to 
those manifested by patients with cavernous mal-
formation, making preoperative ophthalmologic 
diagnosis difficult. Perineural spread may result 
in progressive symptoms, pain, and neural com-
pression. Hence, surgical resection is the treat-
ment of choice (6).

Two distinct patterns are seen at microscopy 
(Fig 21). The Antoni A pattern is cellular, com-
posed of spindle cells arranged in fascicles or 
chords that may form Verocay bodies (pallisading 
arrangements of elongated cells) (15). The An-
toni B pattern is a looser arrangement of stellate 

cells in a mucoid stroma (33). Both patterns of-
ten coexist in a single tumor.

Schwannomas are typically extraconal and lo-
cated at the superior orbit, owing to their frequent 
origin from the frontal branch of the ophthalmic 
nerve, which further divides into the supratroch-
lear and supraorbital nerves (34). The lesions often 
abut orbital apertures, assuming a cone shape if 
the orbital apex is involved or a dumbbell shape 
when the superior orbital fissure is involved (33).

MR imaging is superior to CT in the evalua-
tion of schwannomas, and it facilitates preopera-

Figure 19.  Optic nerve sheath meningioma inciden-
tally found in a 50-year-old woman. Axial contrast-
enhanced CT image demonstrates the tram-track con-
figuration of an enhancing tumor (arrows) surrounding 
the optic nerve. The mass extends to the orbital apex. 
The optic nerve itself can be separated from the tumor.

Figure 20.  Optic nerve sheath meningioma in a 
62-year-old patient who presented with blurry vision 
of the right eye. Axial contrast-enhanced T1-weighted 
fat-suppressed MR image demonstrates an avidly 
enhancing tumor along both sides of the right optic 
nerve. The intraoptic and intracanalicular portions of 
the optic nerve are involved (arrows), as well as the 
prechiasmatic portion of the intracranial optic nerve 
(arrowhead). * = normal left intracranial optic nerve.
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tive planning by revealing the exact location and 
extent of disease. MR imaging features may be 
helpful in differentiating a schwannoma from a 
cavernous malformation (6,33). In addition, T2 
signal characteristics and contrast enhancement 
patterns may provide histopathologic information 
(33). On T1-weighted images, a schwannoma 
typically appears as a uniformly isointense, well-
circumscribed mass, although this appearance is 
nonspecific and variable. Schwannomas are usu-
ally T2 hyperintense, although heterogeneous, 
a pattern that differs from the relatively homo-
geneous pattern of cavernous malformations 
(6) (Fig 22). This heterogeneity likely reflects 
the mixed solid and cystic components of the 
tumor, as well underlying Antoni A and B cel-
lular patterns. Schwannomas of the Antoni B 
histologic type tend to appear with T2 hyperin-
tensity, whereas those of the Antoni A type tend 
toward T2 hypointensity with contrast material 
uptake (33). After intravenous contrast material 

administration, heterogeneous uptake is typically 
observed (Fig 22b). Progressive enhancement on 
delayed venous phase images favors a diagnosis of 
cavernous malformation over schwannoma (6,7).

Neurofibroma
Neurofibromas are benign, slow-growing, periph-
eral nerve tumors composed of an admixture of 
fibroblasts, Schwann cells, and axons (15). Local-
ized, diffuse, and plexiform types may occur in 
the orbit. Amputation (traumatic) neuromas may 
also occur in patients with a history of prior sur-
gery, such as enucleation, although these tumors 
are extremely rare (35).

Plexiform neurofibromas are the most com-
mon type of peripheral nerve sheath tumor and 
are essentially pathognomonic for NF-1. Diffuse 
types of neurofibroma have a more variable asso-
ciation with NF-1. Solitary orbital neurofibromas 

Figure 21.  Schwannoma. Photomicrograph 
(original magnification, ×100; hematoxylin-
eosin stain) shows the cellular Antoni A pat-
tern with Verocay bodies (arrows) in the top 
left, whereas the loosely arranged Antoni B 
pattern is seen in the bottom right.

Figure 22.  Schwannoma in a 56-year-old woman with progressive proptosis and decreased eye movements. (a) Axial 
T2-weighted MR image shows a heterogeneously hyperintense mass that expands the superior orbital fissure (arrows). 
(b) Coronal postcontrast T1-weighted fat-suppressed MR image shows heterogeneous enhancement of the mass. The 
tumor splays apart the superior oblique and superior rectus muscles (arrowheads) and causes downward displacement 
of the optic nerve (arrow).
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are quite rare (36). In one series of 1264 patients 
with orbital tumors, only two patients (<1%) 
were found to have solitary neurofibroma (1). 
The solitary form is associated with neurofibro-
matosis in approximately 12% of cases (36).

Histologic analysis reveals spindle-shaped cells 
arranged in ribbons and cords among a back-
ground of loose myxoid stroma. The majority of 
neurofibromas are benign, lacking cellular atypia. 
Solitary subtypes are well circumscribed, al-
though unlike schwannomas, neurofibromas lack 
a capsule (15).

Similar to schwannomas, neurofibromas are 
more commonly extraconal, owing to their fre-
quent origin from sensory branches of the trigemi-
nal nerve (36) (Fig 23). On cross-sectional images, 
plexiform neurofibromas appear as serpentine 
soft-tissue masses with heterogeneous uptake of 
contrast material. They are typically hyperintense 
on T2-weighted images and heterogeneous in in-
tensity on T1-weighted images. The lesions may 
cross tissue planes and involve large portions of 
the face. At clinical and imaging examinations, 
the appearance of plexiform neurofibromas is of-
ten compared with that of a “bag of worms.” The 
tendency of these lesions to insinuate between 
tissue planes is also characteristic of lymphatic 
malformations; however, the latter demonstrate 
fluid-fluid levels, best seen at MR imaging, an ap-
pearance highly suggestive of the diagnosis (37).

Clinical and imaging features of solitary neuro-
fibroma are largely indistinguishable from those of 

schwannoma. As with schwannoma, solitary neu-
rofibromas often occur at the superior extraconal 
orbit, causing downward displacement of the globe 
(hypoglobus). However, because it lacks a cap-
sule, the borders of a solitary neurofibroma may 
be less well defined than those of a schwannoma 
(7). Cystic components and T2 heterogeneity may 
suggest the diagnosis of a schwannoma (36). Most 
often, the distinction between these two entities is 
not possible at imaging, which is somewhat of a 
moot point as both are readily amenable to surgi-
cal excision. The primary reason for attempting to 
differentiate between these lesions is that malig-
nant transformation, although rare, is believed to 
be more common with neurofibroma (38). Patient 
history may be particularly helpful in suggesting a 
diagnosis, since neurofibroma is the hallmark le-
sion of NF-1 and schwannoma is more character-
istic of NF-2 (39). In the absence of such history, 
the final diagnosis lies with the pathologist.

Malignant Periph- 
eral Nerve Sheath Tumor
Malignant peripheral nerve sheath tumors may 
arise de novo or from preexisting peripheral 
nerve sheath tumors. They most commonly affect 
the sciatic nerve and are rare in craniofacial and 
orbital locations (40). The lesions are sarcomas 
and often lack a single tissue of origin at histo-
logic analysis. Patients with NF-1 carry a 10% 
lifetime risk of developing malignant peripheral 
nerve sheath tumors, which most commonly arise 
from plexiform neurofibromas (39). Clinical and 
radiologic features of malignant tumor may be 

Figure 23.  Neurofibromas in a 35-year-old man with NF-1. Coronal fluid-attenuated inversion-recovery MR im-
ages demonstrate multiple hyperintense extraconal masses, one at the superior orbit (arrows in a) and one located in 
the infraorbital canal, involving the V2 division of the trigeminal nerve (ie, the maxillary nerve) (arrowhead in b).
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indistinguishable from those of a benign periph-
eral nerve sheath tumor. Comparison with prior 
examinations is valuable, with rapid growth and 
soft-tissue or bone destruction being highly sug-
gestive of malignancy (38,39).

Primary Melanocytic Neoplasms
Primary orbital melanoma is the most com-
mon primary intraocular malignancy in adults. 
It is far more common among Caucasians 
(41). Other risk factors include a light-colored 
iris and ocular melanocytosis. Patients usually 
present in the 6th decade of life (mean age, 56 
years); there is no gender predominance among 
this group of neoplasms. Unlike the risk factors 
for cutaneous melanoma, the relationship of 
ultraviolet light exposure to the development of 
uveal melanoma is unclear (42).

Figure 24.  Choroidal melanoma. (a) Diagram illustrates how a melanotic lesion causes retinal 
detachment. As melanoma breaks through the choroid, it separates the retina from the choroid. 
(b) Photograph of a gross specimen from enucleation demonstrates a large mass (arrows) that 
nearly fills the vitreous chamber. The retina is detached in many areas (arrowheads). (c) Photomi-
crograph (original magnification, ×100; hematoxylin-eosin stain) shows epithelioid-type choroidal 
melanoma cells (black double arrow) adjacent to the sclera (white double arrow). A nest of mela-
noma cells (single arrows) invades the sclera.

Orbital melanoma arises from the uveal tract, 
which consists of the choroid, ciliary body, and 
iris. The majority of lesions (90%) derive from 
the choroid (41). Iris melanomas follow a rela-
tively nonaggressive course, whereas ciliary body 
and choroidal melanomas portend a far worse 
prognosis (43). Because of their visible loca-
tion, iris melanomas are typically diagnosed and 
treated with surgical resection early on and are 
not routinely imaged (42).

In contrast to patients with iris melanomas, 
approximately half of patients with choroidal 
melanomas die of metastatic disease. The liver 
is the most common site of metastases and is in-
volved in up to 90% of patients with metastatic 
disease (41). Extrahepatic sites of metastases 
include the lung, bone, and skin (3). Treatment 
of choroidal melanomas depends on lesion size, 
with larger lesions usually treated with enucle-
ation and smaller lesions managed with eye-con-
serving therapies (44). Therapeutic options for 
metastatic disease are limited (41).

Choroidal melanomas may be asymptomatic, 
or patients may present with decreased vision, 
visual field defects, or floaters. Pain is uncommon 
(42). As lesions grow, they expand the choroid and 
rupture through the Bruch membrane (innermost 
layer of the choroid), assuming a characteristic 
mushroom shape. Continued expansion of the 
tumor results in retinal detachment in most cases 
(Fig 24a, 24b). Less commonly, curvilinear growth 
occurs along the choroid (15). Tumor cells may 
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also infiltrate the underlying sclera, resulting in 
episcleral spread (Fig 24c).

Choroidal melanomas consist of spindle cells 
or epithelioid cells. Unlike nevi, which more fre-
quently contain spindle-A cells, choroidal melano-
mas contain varying amounts of spindle-B cells, 
which have higher nuclear-to-cytoplasmic ratio 
and more prominent nucleoli. Epithelioid cells 
have abundant cytoplasm, clear cellular borders, 
and enlarged ovoid nuclei (15,41) (Fig 24c).

Diagnosis is typically made at fundoscopy; 
however, imaging studies are valuable for iden-
tifying disease extent (42). CT is nonspecific, 
often demonstrating a hyperattenuating choroi-
dal mass (Fig 25). MR imaging is superior to 
CT in the evaluation of choroidal melanomas, 
as melanin has intrinsic T1 and T2 shortening 
effects, thereby manifesting with increased T1 
signal intensity and decreased T2 signal inten-
sity (3,45) (Fig 26). Studies have shown that the 
degree of melanomatous pigmentation correlates 
with quantitative T1 signal (46). This finding 
may be of value in predicting patient prognosis, 
as strong pigmentation confers a less favorable 
prognosis. MR imaging is also valuable for iden-
tifying other features, such as large tumor size, 
extraocular extension, and ciliary body infiltra-
tion, all of which also portend a poorer progno-

sis (46). In addition, MR imaging is superior to 
CT for identifying retinal detachment and extra-
scleral spread (45).

Notably, approximately 20% of melanomas are 
amelanotic, thereby lacking characteristic T1 and 
T2 shortening effects on MR images (46). In ad-
dition, MR signal characteristics may not always 
allow melanoma to be reliably distinguished from 
ocular metastases (47).

Metastatic Lesions
Metastases from other cancers constitute 1%–
13% of orbital tumors (1). Metastatic breast 
cancer is the most common type to metastasize 
to the orbit, accounting for 48%–53% of orbital 
metastases, followed by metastatic prostate carci-
noma, melanoma, and lung cancer (48,49) (Figs 
27–29). Metastases to the globe most frequently 
involve the choroid, with metastatic lung cancer 
being most commonly implicated (50).

Clinical symptoms generally manifest rapidly, 
with progression occurring over weeks to months 
(51). Proptosis and motility disturbances are 
among the most common presenting signs. Pain, 
diplopia, and decreased vision are also not infre-
quent. A less common, and often overlooked sign, 
is paradoxical enophthalmos, which is observed in 
10% of metastatic orbital lesions (52). Paradoxical 
enophthalmos is most often a sequela of scirrhous 
breast cancer, which produces infiltrative and 

Figures 25, 26.  (25) Cho
roidal melanoma discovered 
at fundoscopy in a 55-year-
old woman. Axial contrast-
enhanced CT image dem-
onstrates a subtle enhancing 
nodule at the level of the 
optic disk (arrow). (26) Cho-
roidal melanoma. (a) Axial 
T1-weighted image shows a 
rounded hyperintense mass 
(arrow) in the right posterior 
globe. (b) On an axial T2-
weighted image, the lesion 
appears hypointense.
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Figures 27–29.  (27) Breast cancer metastasis in a 56-year-old woman who presented with eye pain. Axial post-
contrast T1-weighted fat-suppressed MR image shows thickening of the left lateral rectus muscle (arrows), with in-
volvement of the tendinous insertion. Biopsy results revealed breast cancer, which was undiagnosed at presentation. 
(28) Metastatic scirrhous breast cancer in a 43-year-old woman with bilateral paradoxical enophthalmos. (a) Axial 
T1-weighted image shows abnormally hypointense and heterogeneous bilateral retrobulbar fat (arrows). (b) Axial 
postcontrast T1-weighted fat-suppressed image shows patchy enhancement of the retrobulbar fat (arrows). The left 
medial rectus is also thickened because of metastatic involvement (arrowhead). (29) Melanoma metastatic to the 
extraocular muscle in a 37-year-old man who presented with decreased vision. (a) Axial T1-weighted image shows a 
mass of the inferior rectus muscle that appears isointense (arrow), reflecting its amelanotic nature. (b) Photograph 
of a gross specimen from the same patient shows diffuse enlargement of the inferior rectus muscle (arrow).

fibrotic contraction of orbital fat, leading to poste-
rior globe retraction (52,53). On T1-weighted and 
T2-weighted MR images, the retrobulbar fat dem-
onstrates diffuse enhancement with abnormally 
heterogeneous hypointensity, reflective of fibrotic 
infiltration (Fig 28). In rare cases, this pattern may 
also be observed with metastatic scirrhous gastro-
intestinal carcinomas (52).

Differentiating orbital metastasis from nonneo-
plastic infiltrative processes may pose a diagnostic 

challenge. For conal metastasis in particular, dif-
ferential diagnostic considerations include thyroid 
ophthalmopathy, which is often bilateral and 
spares tendinous insertions, as well as orbital pseu-
dotumor, which is typically painful and may be 
differentiated from thyroid ophthalmopathy be-
cause pseudotumor involves the tendinous inser-
tion. Granulomatous disease, such as sarcoidosis, 
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Table 3 
Summary of Orbital Neoplasms

Diagnosis by  
Histologic Category Location Characteristic Imaging Findings

Vasculogenic
  Cavernous malformation Intraconal more often 

than extraconal
Well-circumscribed, homogeneous ovoid mass; poor 

arterial enhancement, progressive filling on delayed 
phase images

  Hemangiopericytoma Extraconal more often 
than intraconal

Low-grade lesions are lobulated and well circumscribed; 
aggressive features include infiltrative borders and 
osseous erosion; marked arterial phase enhancement 
with rapid washout

Lymphoproliferative

  Lymphoid hyperplasia,  
  atypical hyperplasia,  
  lymphoma

Extraconal more often 
than intraconal

Benign and malignant lesions cannot be distinguished 
reliably at imaging; lesions may be smooth and well 
circumscribed or diffuse and ill defined; enhancement 
is uniform; lesions mold to orbital structures; osseous 
erosion is rare

Lacrimal gland
  Pleomorphic adenoma Extraconal Well-circumscribed mass with homogeneous enhance-

ment; osseous remodeling is common; osseous ero-
sion is rare and suggests alternate malignant diagnosis

  Adenoid cystic carcinoma Extraconal Early lesions appear identical to pleomorphic adenoma; 
irregular borders with distortion of orbital contents; 
osseous erosion may be present; tendency for peri-
neural spread

  Lacrimal gland lymphoma Extraconal Homogeneously enhancing round mass; osseous erosion 
is rare

Optic nerve and meningeal
  Optic nerve glioma Intraconal with or 

without intracranial 
involvement

Fusiform enlargement of the optic nerve; tortuous or 
kinked optic nerve in NF-1 patients

  Optic nerve sheath  
  meningioma

Intraconal with or 
without intracranial 
involvement

Enhancing tumor with tram-track configuration on axial 
contrast-enhanced CT or MR images; possible bone 
remodeling and calcification

Peripheral nerve sheath
  Schwannoma Extraconal more often 

than intraconal; often 
in superior orbit

Mixed solid and cystic mass with heterogeneous 
enhancement; dumbbell shaped if superior orbital 
fissure is involved; cone shaped if orbital apex is 
involved

  Neurofibroma Extraconal more often 
than intraconal; may 
be localized, diffuse,  
or plexiform

Plexiform types may involve large portions of the face 
with a bag-of-worms appearance; solitary types dif-
ficult to distinguish from schwannoma

Primary melanocytic
  Primary orbital melanoma Globe (choroid is most 

common site)
Enhancing nodule or mass arising from the choroid; 

retinal detachment; possible extrascleral spread
Metastatic
  Most common types  

  include metastases from  
  breast cancer, prostate  
  cancer, melanoma, lung  
  cancer

Globe, intraconal, 
extraconal, or muscle 
cone

Breast cancer has tendency for orbital fat and muscle 
lesions; prostate cancer has tendency for bone lesions; 
melanoma has strong preference for muscle lesions; 
scirrhous breast cancer causes enophthalmos with 
heterogeneously enhancing retrobulbar fat
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may also mimic metastatic disease and can involve 
the extraocular muscles, optic nerve, optic chiasm, 
or lacrimal gland (21,54).

At imaging, it may be difficult to establish a 
principal tissue site of metastasis because by the 
time of radiologic evaluation, disease may have 
infiltrated orbital muscles, fat, and bone. However, 
different malignancies have tendencies toward lo-
calizing to certain tissues. Breast cancer has a ten-
dency to localize to orbital fat and muscle, prostate 
cancer has a tendency to disseminate to bone, and 
melanoma has strong preference for muscle (52). 
Knowledge of these general trends can be useful 
for the radiologist in constructing a differential 
diagnosis and may also guide work-up in cases in 
which a primary tumor is not yet established.

Conclusions
Cross-sectional imaging can aid in the diagnosis 
and evaluation of orbital neoplasms, supple-
menting findings from fundoscopic and clinical 
ophthalmologic examinations. A compartmen-
tal approach to assessing orbital disease, with a 
consideration of histologic composition, guides 
the differential diagnostic considerations for this 
complex group of diseases (Table 3). Use of MR 
imaging is especially valuable for assessing the 
extent of disease. Precise descriptions of lesion 
location, involved orbital compartments, spread 
to the orbital apex or along perineural pathways, 
and associated intracranial abnormalities provide 
information beyond what can be seen at fundos-
copy and facilitate appropriate treatment.
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Page 1742
Although not true neoplasms, cavernous malformations are the most common benign orbital mass in 
adults.

Page 1745
One feature of these tumors is their tendency to mold to orbital structures, such as the globe, optic 
nerve, and orbital wall; tumor shaped around the latter may result in bone remodeling.

Page 1749
However, because the substance of the nerve is spared, a “tram-track” configuration is often observed at 
axial contrast-enhanced CT or MR imaging, since enhancing tumor lies on either side of the nerve.

Page 1754
MR imaging is superior to CT in the evaluation of choroidal melanomas, as melanin has intrinsic T1 
and T2 shortening effects, thereby manifesting with increased T1 signal intensity and decreased T2 
signal intensity.

Page 1754
Metastatic breast cancer is the most common type to metastasize to the orbit, accounting for 48%–53% 
of orbital metastases, followed by metastatic prostate carcinoma, melanoma, and lung cancer.


