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Abstract
Orbital meningiomas can be classified as primary optic nerve sheath (ON) meningiomas,
primary intraorbital ectopic (Ob) meningiomas and spheno-orbital (Sph-Ob) meningiomas
based on anatomic site. Single-nucleotide polymorphism (SNP)-based array analysis with
the Illumina 300K platform was performed on formalin-fixed, paraffin-embedded tissue
from 19 orbital meningiomas (5 ON, 4 Ob and 10 Sph-Ob meningiomas). Tumors were
World Health Organization (WHO) grade I except for two grade II meningiomas, and one
was NF2-associated. We found genomic alterations in 68% (13 of 19) of orbital
meningiomas. Sph-Ob tumors frequently exhibited monosomy 22/22q loss (70%; 7/10) and
deletion of chromosome 1p, 6q and 19p (50% each; 5/10). Among genetic alterations, loss
of chromosome 1p and 6q were more frequent in clinically progressive tumors. Chromo-
some 22q loss also was detected in the majority of Ob meningiomas (75%; 3/4) but was
infrequent in ON meningiomas (20%; 1/5). In general, Ob tumors had fewer chromosome
alterations than Sph-Ob and ON tumors. Unlike Sph-Ob meningiomas, most of the Ob and
ON meningiomas did not progress even after incomplete excision, although follow-up was
limited in some cases. Our study suggests that ON, Ob and Sph-Ob meningiomas are three
molecularly distinct entities. Our results also suggest that molecular subclassification may
have prognostic implications.

INTRODUCTION
Meningiomas account for approximately 4% of intraorbital tumors
(37). Based on their origin and location, orbital meningiomas can
be subclassified as primary optic nerve sheath (ON) meningiomas
(23), primary intraorbital ectopic(Ob) meningiomas (13) and sec-
ondary lesions extending from an intracranial sphenoid wing com-
ponent (Sph-Ob) (23). One study of orbital tumors showed that 29
of 1264 (2%) cases in their cohort were ON meningiomas, whereas
24 cases (2%) were secondary Sph-Ob meningiomas (23). Ob
meningiomas, on the contrary, are extremely rare (31). Using a
PubMed search, we identified approximately a dozen cases in the
literature.

ON meningiomas are believed to arise from the arachnoid lining
of the intraorbital or intracanalicular segments of the optic nerve
(19). They commonly affect middle-aged women but may occur in
adult men and in both male and female children. Most of these
tumors are unilateral; however, bilateral tumors may occur in rare
instances, a subset of these in patients with neurofibromatosis type

2 (NF2) (4, 10). The characteristic radiologic features of ON
meningiomas include calcifications surrounding the nerve, tubular
enlargement of the entire nerve within the orbit or bulbous
enlargement of the nerve at the apex with a more proximal tubular
enlargement. On contrast-enhanced axial computed tomography
(CT) or T1-weighted magnetic resonance (MR) imaging, the optic
nerve usually is hypointense compared with the enhancing men-
ingioma, producing a “tram-track” appearance (21). The majority
of ON meningiomas are World Health Organization (WHO) grade
I, with the meningothelial and transitional histologic subtypes
being the two most common (19). Current treatment options for
ON meningiomas are no longer limited to surgical removal of the
affected optic nerve or observation without surgery. Stereotactic
fractionated radiotherapy has shown effectiveness in preserving
visual function with good short- and long-term prognosis and
minimal morbidity (2, 27, 34).

Rarely, an orbital meningioma may arise without any connec-
tion with the optic nerve sheath or optic canal, and also lack an
intracranial component. These tumors have been classified as
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ectopic (Ob) meningiomas. They frequently are located at the
superonasal orbit rim or in the medial orbital wall (13). Different
from ON meningiomas, the majority of Ob meningiomas occur in
men (31). Histologic examination of a handful of Ob meningiomas
revealed that most cases were WHO grade I, meningothelial type
(13, 31, 34, 49). The short-term prognosis appeared favorable:
limited follow-up of the patients for 0–42 months showed no
recurrence after surgical excision (13), but no long-term assess-
ments have been performed in these patients.

Secondary orbital meningiomas originate intracranially, usually
in the region of the planum sphenoidale or tuberculum sellae.
These tumors, which gradually extend into the orbit via the optic
canal (23), superior orbital fissure or both, and may infiltrate the
sphenoid bone and extend into the orbit from the bone itself, are
known as spheno-orbital (Sph-Ob) meningiomas. For some cases,
it can be difficult to determine if the tumor has arisen in the optic
canal and then spread intracranially, or involves the orbit from
extension from the intracranial cavity. In terms of the histologic
subtypes, the overall distribution of Sph-Ob meningioma is similar
to that of ON meningiomas, with the meningothelial and transi-
tional variants accounting for essentially all cases. It should be
noted that meningiomas affecting the orbit in particular are very
challenging to treat. Extent of resection and surgical expertise
represent significant factors affecting prognosis, quality of life and

outcomes. Surgery is the standard of care to prevent the tumor
from invading adjacent crucial intracranial structures. However,
because of frequent extensive involvement of the sphenoid wing,
orbit and cavernous sinus, complete resection can be difficult if not
impossible. Postoperative radiation therapy often is recommended
for incompletely excised tumors to minimize progression and
recurrence (23).

ON meningiomas, Ob meningiomas and Sph-Ob meningiomas
are morphologically indistinguishable (Figure 1). Despite their
morphologic similarity, these tumors may have different clinical or
molecular features. For example, Stafford and colleagues found a
higher recurrence rate associated with anterior visual pathway
meningiomas (42); however, as the cases in their study were not
subclassified based on tumor location, it is difficult to know if all
subtypes of orbital meningioma had a similar outcome.

To elucidate molecular mechanisms underlying tumorigenesis,
several studies have attempted to determine the genetic alterations
underlying intracranial meningiomas (9, 12, 29, 30, 33, 36, 44),
including high-resolution single-nucleotide polymorphism (SNP)
arrays (15, 17, 45). Monosomy 22 and deletion of chromosome
22q are the most common cytogenetic abnormalities in these
tumors, present in 60%–80% of cases (12, 36). The vast majority
of the deleted regions include the NF2 gene (33). These findings,
along with the fact that ∼50% of NF2 patients develop

Figure 1. Three subtypes of orbital
meningiomas. A. Optic nerve sheath
meningiomas form intraorbital masses in
close relation to optic nerve (arrows) (axial
T1-weighted MRI post-contrast). B. Intimate
association with optic nerve may be
demonstrated on histologic sections (H&E).
Intraorbital ectopic meningiomas are
unassociated with nerve. A small focus of
ossification was present in this example on
(C) CT scan (arrow) and (D) H&E. E.

Spheno-orbital meningiomas are characterized
by intracranial (arrow) and intraorbital
(arrowhead) components. Hyperostosis of the
posterior lateral wall and lateral sphenoid, and
tumor extension to the subtemporal area is
also present (asterisk) (F). This example
infiltrated surrounding soft tissues, including
skeletal muscle.
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meningiomas (40), suggest that NF2 inactivation may lead to men-
ingioma formation. Meningiomas with NF2 gene inactivation have
been reported to be most commonly of the fibroblastic and transi-
tional subtypes (48). In addition to NF2 mutation or loss, a number
of chromosome alterations including loss of 1p, 6q, 10, 14q and
18q, and gain of 1q, 9q, 12q, 15q, 17q and 20q have been linked to
tumor progression and a high-grade histology (6, 20, 26, 30, 47).
Recent whole exome sequencing studies have shown that most
non-NF2 meningiomas carry a different set of genetic alterations,
including mutations in TRAF7, KLF4, AKT1 and SMO (5, 8, 32,
35). Multiple meningiomas also arise rarely in families and
patients with germline mutations in SMARCB1, SMARCE1 and
SUFU (1, 3, 7, 25, 41).

In contrast to the progress made in elucidating the pathoge-
nesis of intracranial meningiomas, the molecular genetics of
orbital meningiomas remains largely unknown. Therefore, we per-
formed SNP arrays in archival material obtained from orbital
meningiomas in an attempt to detect genomic alterations in these
tumors, including copy number changes and copy neutral loss of
heterozygosity, which may be associated with clinical features and
outcome.

MATERIALS AND METHODS

Patients and tumor samples

Formalin-fixed paraffin-embedded (FFPE) tissue (10 Sph-Ob, 4
Ob and 5 ON meningiomas) was retrieved from the Surgical
Pathology archives of The Johns Hopkins Hospital, Mayo Clinic
and University of Manitoba over a 20-year period (1992–2012).

A total of 19 tumors (10 primary and 9 recurrent) (of 29) with
sufficient tissue were successfully studied. Eighteen cases were
sporadic, whereas one case developed in a patient with well-
documented NF2. The majority of the cases were WHO grade I
tumors except for two grade II Sph-Ob meningiomas. The Sph-Ob
meningioma group included tissue from four men and six women
between age 28 and 75 (median = 53). The Ob meningioma group
consisted of tissue from two men and two women ranging in age
from 53 to 92 (median 70). The ON meningiomas group included
tissue from four men and one woman between age 24 and 69
(median = 46). Four patients underwent a gross total resection
(GTR) of the tumor, whereas 12 patients had a subtotal resection
(STR). Information regarding the surgical procedure was not avail-
able for the three remaining patients. The clinical follow-up ranged
from 0 month to 21 years (median = 36 months). Two patients died
from their tumor during follow-up. Detailed demographics and
pertinent clinical information are summarized in Table 1. Histo-
logic diagnosis and grading of each tumor were confirmed by at
least two neuropathologists (CGE, CH or FJR) before tumor tissue
was selected for analysis.

Molecular analysis

Targeted tissues from 2–10 unstained, 10-μm-thick microscopic
sections were isolated using Pinpoint reagents (ZymoResearch,
Orange, CA, USA). DNA was extracted from the recovered tissue
using QIAmp DNA Mini Kit (Qiagen, Valencia, CA, USA), and
quantified by OD at 260 nm using the NanoDrop ND-1000
(NanoDrop Technologies, Inc., Wilmington, DE, USA). To ensure
the quality of the DNA for SNP array analysis, the extracted DNA

Table 1. Summary of demographics and clinico-pathological information of 19 orbital meningioma cases. Abbreviations: GTR = gross total resection;
NOS = extent of resection not specified; Ob = intraorbital ectopic meningiomas; ON = optic nerve sheath meningiomas; RFS = recurrence/progres-
sion-free survival; Sph-Ob = spheno-orbital meningiomas; STR = subtotal resection.

Case
No.

Type Age/Sex WHO
Grade

Primary (P)/
Recurrent (R)

Surgery Previous
treatment

Progression,
recurrence or death

RFS
(months)

1 Sph-Ob 42F I R STR — + 25‡
2 Sph-Ob 46F I P GTR — + 16‡
3 Sph-Ob 64M I R STR Irradiation − 50‡
4 Sph-Ob 64F I R STR — − 36‡
5 Sph-Ob 49F II R STR — + 6‡
6 Sph-Ob 57M I R GTR Irradiation + 36‡
7 Sph-Ob† 28M I R STR Gamma Knife + (Death) 66‡
8 Sph-Ob 69F I P STR — − 85‡
9 Sph-Ob 31F I P GTR — + 42‡

10 Sph-Ob 75M II R GTR — + (Death) 1
11 ON 46F I P STR — − 60‡
12 ON 32M I R STR — − 235‡
13 ON 69M I P NOS — − ?
14 ON 24M I P STR — − 3
15 ON 55M I P STR — − 2
16 Ob 53M I R STR Irradiation − 40‡
17 Ob 80F I P NOS — − ?
18 Ob 92M I P Autopsy — − Incidental
19 Ob 59M I P STR — − 2

†Confirmed diagnosis of NF2.
‡Duration of follow-up >36 months.
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was subjected to the Infinium HD FFPE DNA Restore Kit
(Illumina Inc., San Diego, CA, USA). Up to 200 ng DNA per
sample was used for the SNP analysis.

The SNP array analysis was performed on the Illumina Infinium
II SNP array with 300K markers (HumanCytoSNP_FFPE-12,
Illumina Inc.) as previously described (16). The B allele frequency
(BAF) and log R ratio (LRR) data were analyzed using Illumina
KaryoStudio software version 2.0 and CNV (copy number varia-
tion) partition V2.4.4.0. BAF represents the frequency of B alleles
at a given SNP. LRR is the ratio between the observed and the
expected probe intensity, thus indicating copy number. Deviation
of LRR (log R Dev) was used to assess noise of the SNP array
data. The chi-square test and paired Student’s t-test were used to
evaluate statistical significance.

RESULTS
By SNP array analysis, we found chromosomal alterations in 68%
(13 of 19) of all orbital meningioma cases included in this study.
Chromosomal alterations in the study group are summarized in
Figure 2. It should be noted that, in general, data obtained from
FFPE specimens are noisier than data from fresh preparations;
therefore, it was not always possible for us to unequivocally
interpret the observed chromosome abnormalities whether repre-
senting copy number change or alternatively copy neutral loss of
heterozygosity. Monosomy 22 or partial deletion of chromosome
22q arm were the most common chromosomal abnormalities, seen
in 58% (11 of 19) of the cases. The majority of the deleted regions
in chromosome 22 were from q11.2 to the end of the long arm (q),
accounting for almost the entire long arm and spanning the NF2
gene locus, located at chromosome region 22q12.2. The break-
point at chromosome 22 in orbital meningiomas was similar to
what has been reported for intracranial meningiomas (12, 33, 36).
Other frequent cytogenetic abnormalities included partial dele-

tions or CN-LOH of chromosome 19p, 1p, 4p and 6q, which were
detected in 37% (7 of 19), 32% (6 of 19), 26% (5 of 19) and 26%
(5 of 19) of the total cases, respectively (Tables 2 and 3).

Among the various chromosomal alterations detected in orbital
meningiomas, loss of 1p and loss of 6q have been shown to
correlate with progression, recurrence and poor prognosis in
intracranial meningiomas (6, 18, 24, 30, 39, 47). Consistent with
the literature, 67% (four of six) of the deleted 1p cases and 80%
(four of five) of the deleted 6q cases in our cohort were associated
with tumor progression, recurrence or tumor-related death. Of
note, deletion of chromosome arm 6q was present exclusively in
the Sph-Ob meningioma group. Although one case of ON menin-
gioma (case 11) demonstrated partial loss of chromosome 1p, the
deleted region was much smaller than the one detected in Sph-
Ob meningiomas. The deletion also did not include the tumor
suppressor locus on 1p34 that consistently was deleted in cranial
meningiomas with a poor clinical outcome (43).

The majority of our cases carrying the chromosomal aberrations
described earlier were WHO grade I tumors, suggesting that these
cytogenetic abnormalities may be used as prognostic markers for
histologically benign orbital meningiomas. In contrast, loss of 10q
and 14q, the allelic abnormalities detected in high-grade intracra-
nial meningiomas (6, 39), was infrequent in our cohort and irrel-
evant to disease progression in orbital meningiomas.

Spheno-orbital meningiomas

Chromosome abnormalities were detected in 70% (7 of 10)
of the Sph-Ob meningiomas. The majority of the tumors (60%; 6
of 10) had more than three large (>3 Mb) chromosomal numerical
alterations (mean = four alterations per case). Sph-Ob meningio-
mas frequently demonstrated alterations in chromosome 22
(monosomy 22 or deletion of 22q) (70%; 7 of 10), along with
other chromosome anomalies. Partial deletion, or CN-LOH of

Figure 2. Chromosome map summarizing the genomic alterations in orbital meningiomas by case. Abnormalities are listed sequentially by case
number to the left of the respective chromosomes. Only cases with abnormalities are illustrated (2, 3, 5, 6, 7, 8, 10, 11, 13, 14, 16, 17, 19). Gains
are illustrated in green, deletions in red and copy neutral loss of heterozygosity (LOH) in gray.
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Table 2. Summary of genomic alterations in orbital meningiomas detected by single-nucleotide polymorphism arrays. Abbreviations: Ob = intraorbital
ectopic meningiomas; ON = optic nerve sheath meningiomas; Sph-Ob = spheno-orbital meningiomas.

Case No. Type Age Chromosome abnormalities Approximate size (Mb) Total No. of alterations

1 Sph-Ob 42 None 0
2 Sph-Ob 46 Loss (6)(q12qter) 106 4

47 Loss (7)(pterp11.2) 54
Loss (19)(pterp13.11) 16
Loss (22)(q11.21qter) 33

3 Sph-Ob 64 Loss (1)(pterp31.3) 64 5
Loss (6)(q11.1qter) 109
Loss (16)(q12qter) 43
Loss (19)(pterp12) 22
Loss (22)(q11.1qter) 35

4 Sph-Ob 64 None 0
5 Sph-Ob 49 Loss (1)(pterp13.1) 117 6

CN-LOH (1)(q21.1qter) 105
Monosomy 4
CN-LOH (6)(pterq12) 68
Loss (6)(q12qter) 103
Monosomy 22

6 Sph-Ob 57 Loss (1)(pterp13.1) 117 8
Loss (4)(pterp16.1) 10
CN-LOH (5)(q11.2q13.1) 18
CN-LOH (5)(q14.1q34) 86
Loss (6)(q13q22.31) 46
Loss (19)(pterp13.2) 13
Loss (22)(q12.1q12.2) 3
Loss (22)(q13.1qter) 14

7 Sph-Ob 28 Loss (1)(pterp12) 118 6
CN-LOH (1)(p12qter) 130
Monosomy 4
Loss (7)(pterp12.1) 53
Loss (18)(q11.2qter) 59
Loss (22)(q12.1qter) 22

8 Sph-Ob 69 Loss (19)(pterp12) 25 2
Loss (22)(q11.1qter) 33

9 Sph-Ob 31 None 0
10 Sph-Ob 75 Loss (1)(pterp13.1) 118 10

Gain (3)(p22.3p22.1) 10
Loss (3)(p22.1p11.1) 44
Loss (4)(p15.1p11) 15
Loss (6)(q14.2qter) 86
Gain (15)(q26.2qter) 7
Loss (16)(q21qter) 26
CN-LOH (19)(pterp13.11) 18
Gain (22)(q11.1q11.23) 8
Loss (22)(q11.23qter) 27

11 ON 46 Loss (1)(pterp35) 29 4
Loss (2)(pterp16.3) 51
Loss (2)(q22.1qter) 106
Gain (15)(q22.2qter) 43

12 ON 32 None 0
13 ON 69 Loss (10)(q22.1q24.32) 30 5

Loss or CN-LOH(17) (pterp13.2) 4
CN-LOH(17)(q12qter) 47
Loss (19)(pterp13.11) 16
Loss (22)(q11.22qter) 27

14 ON 24 Loss (4)(pterp14) 38 5
Loss (4)(q32.1qter) 35
Loss (17)(q25.1qter) 7
Loss (19)(pterp13.3) 4
Gain (20)(q12qter) 24

15 ON 55 None 0
16 Ob 53 Loss (22)(q11.21qter) 33 1
17 Ob 80 Loss (14)(q11.2q24.3) 56 2

Monosomy 22
18 Ob 92 None 0
19 Ob 59 Monosomy 22 51 1
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chromosomes 1p, 6q or 19p each was present in half (5 of 10) of
the cases. Chromosome changes appeared to occur early, based on
our observation of one case (case 2) in which identical chromo-
some abnormalities were detected in both the primary tumor and
the recurrent tumor two years later.

There was a NF2 patient in our cohort (case 7) who suffered
multiple recurrences of a Sph-Ob meningioma in 8 years and
eventually succumbed to the disease. SNP analysis of the tumor

revealed deletion of chromosome arms 1p, 7p, 18q and 22q,
CN-LOH of 1q and monosomy 4.

Primary intraorbital ectopic and optic nerve
sheath meningiomas

SNP array analysis was successfully performed on five ON
meningiomas and four primary Ob meningiomas. The numbers of
ON and Ob meningioma cases included in this study were less than
Sph-Ob meningiomas because of the rarity of these subgroups (13,
31) and the poor quality of DNA recovered from several old
archival specimens, which did not allow interpretation of the SNP
array data. Similar to Sph-Ob meningiomas, however, loss of chro-
mosome 22/22q was detected in the majority of the Ob meningi-
oma cases (75%; three of four) (Figure 3A). Compared with
Sph-Ob and ON meningiomas, one characteristic molecular
feature of Ob meningiomas was the almost absence of other abnor-
malities besides monosomy or deletion of chromosome 22
(mean = one alteration per case). Non-chromosome 22 alterations
were substantially less common in Ob meningiomas (mean = 0.25
alteration per case) than in Sph-Ob and ON meningiomas
(mean = 3.2 and 2.6 alterations per case, respectively).

ON meningiomas, in contrast, had a number of chromoso-
mal alterations (mean = three alterations per case); however,

Table 3. Common genomic alterations in orbital meningiomas.
Abbreviations: Ob = intraorbital ectopic meningiomas; ON = optic nerve
sheath meningiomas; Sph-Ob = spheno-orbital meningiomas.

Genomic
alteration

No. of cases Percentage (%)

Sph-Ob ON Ob Sph-Ob ON Ob

del(22q) or −22 7/10 1/5 3/4 70 20 75
del(1p) 5/10 1/5† 0/4 50 20† 0
del(6q) 5/10 0/5 0/4 50 0 0
del(19p) 5/10 2/5 0/4 50 40 0

†The deleted region on chromosome 1p in this particular case is differ-
ent from those detected in Sph-Ob meningiomas (see Table 2).

Figure 3. Orbital meningioma subtypes have different cytogenetic abnormalities. Chromosome 22 loss was frequent in ectopic orbital meningiomas
(A) but rare in meningiomas of the optic nerve proper which usually had no alterations in Ch 22 (B). Conversely, optic nerve meningiomas contained
other less frequent abnormalities. In this example alterations in chromosome 2 (del 2pter-p16.3, del 2q22.1-qter) are shown (C).
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chromosome 22 abnormality, the most common cytogenetic altera-
tion in Sph-Ob and Ob meningiomas, was infrequent in ON
meningiomas (20%; one of five) (Figure 3B). Interestingly, the
non-chromosome 22 alterations detected in ON meningiomas,
including chromosome 2, 10, 17 and 20 abnormalities (Table 2),
were relatively uncommon in intracranial (29, 30, 47) menin-
giomas and in our Sph-Ob meningiomas. Candidate genes present
in these regions, some of which encoding for known tumor sup-
pressors, include EML4, MSH2 (Ch 2p); RPRM, GALNT13,
KCNJ3 (Ch 2q) and PTEN (Ch10q) (15, 17, 28, 45). Conversely,
recurrent alterations in loci previously suspected of participating
in meningioma development and/or progression were absent in
ON, including MUTYH, PRDX1, FOXD2, FOXE3, PTCH2,
RAD54L (1p); CTGF, TREM30A, SESN1 (Ch 6q); and NDRG2,
TMEM30B (Ch 14q) (28, 43). These findings suggest that ON
meningiomas might be a distinct subset from NF2-related intrac-
ranial and Sph-Ob meningiomas. Frequent chromosome altera-
tions (genomic instability) also distinguished ON meningiomas
from the genetically stable, skull base non-NF2 meningiomas that
have been reported in the literature (8).

Clinical follow-up and outcome

In terms of relapse rate, 70% (7 of 10) of patients with Sph-Ob
developed progression/recurrent tumors, whereas none of the ON
or Ob cases progressed after the time of the current surgery,
although clinical follow-up on the latter two subgroups was par-
ticularly limited. Two disease-related deaths occurred in the
Sph-Ob group during follow-up. The disease-free interval or sur-
vival for Sph-Ob meningioma cases with more than 3 years of
follow-up was 36.3 months (10 cases), compared with 142.5
months in ON meningiomas (2 cases). One patient with an ON
meningioma has been progression-free for almost 20 years despite
STR and no further treatment of the tumor (case 12).

Unlike Sph-Ob meningiomas, none of the Ob or ON meningi-
oma cases progressed following STR with no further treatment,
although follow-up >36 months was available for only a total of
three patients in these groups. Loss of chromosome 6q, an indica-
tor of progression or recurrence in intracranial (27, 47) and
Sph-Ob meningiomas, was absent in ON and Ob meningiomas.

DISCUSSION
Orbital meningiomas are predominantly indolent neoplasms that
can be further classified into primary Ob, ON and Sph-Ob
meningiomas by location and putative origin of the tumors
(Figure 4). In contrast to the first two categories that are regarded
as primary orbital neoplasms, Sph-Ob meningiomas are secondary
tumors spreading from an intracranial primary component.
Regardless of the subtype, the majority of the cases reported were
WHO grade I (19). Although GTR is the treatment of choice,
surrounding anatomic structures and persistent hyperostosis make
it difficult, if not impossible, to completely remove the tumor (11,
22, 38, 46). In addition, aggressive surgical removal or high-dose
radiation therapy may lead to visual deterioration, neurologic mor-
bidity or both (11, 38).

It is unclear from prior studies if subtypes of orbital
meningiomas are distinctive clinico-pathological entities or are
merely the same type of tumor occurring at different locations.

Recent advances in genomic analysis, including techniques appli-
cable to formalin-fixed archival material, now make it possible to
analyze the genetic makeup of relatively rare tumors to address
this issue. Two large-scale genomic studies of intracranial
meningiomas not only identified new molecular players in
tumorigenesis (5, 8) but also linked tumor genetics to anatomic
locations. Clark and colleagues reported that meningiomas with
mutant NF2 and/or chromosome 22 loss were more likely to be
atypical and localize to the cerebral surface, cerebellum and lateral
skull base, whereas the non-NF2 meningiomas nearly always were
benign and involved the skull base (8). In our study, the tumors
arising from the skull base, that is, the Sph-Ob meningiomas,
showed chromosome 22q loss and a more aggressive clinical
course despite apparent complete excision in some cases. Genomic
instability, a feature of NF2-related meningiomas reported by
Clark et al., was also commonly seen in our Sph-Ob meningioma
group and was manifested by frequent chromosome alterations.
Taken together, Sph-Ob meningiomas in our study are more
closely related both clinically and genomically to lateral skull base
than to medial skull base meningiomas. One caveat to have in
mind is that a large proportion of Sph-Ob meningiomas in our
group were recurrent/progressive tumors and had more extended
follow-up compared with the ON and Ob tumors

Only one WHO grade I meningioma in our study developed in
a NF2 patient. Interestingly, in addition to Ch 22q loss, this tumor
had additional losses in chromosomes 1, 4, 7 and 18. In a prior
study of NF2-associated meningiomas, such extent of genomic
instability was associated with higher grade tumors (II and III)
(14). This patient with NF2 in our study received gamma knife
therapy for his tumor, which could have played a role in the
development of these additional alterations. However, this tumor
behaved aggressively, with multiple recurrences and eventually
leading to patient’s death, raising the possibility that the tumor was
intrinsically more aggressive that reflected on its histologic grade.

In contrast to Sph-Ob meningiomas, the tumors originating
from the optic canal, that is, the ON meningiomas, appeared to

Figure 4. Graphic illustrating the three subtypes of orbital menin-
giomas at different anatomic sites. Optic nerve sheath (ON) meningi-
oma; intraorbital ectopic (Ob) meningioma; spheno-orbital (Sph-Ob)
meningioma.

Ho et al Genetic Profiling of Orbital Meningioma

199Brain Pathology 25 (2015) 193–201

© 2014 International Society of Neuropathology



share genetic and clinical similarities to the non-NF2, medial skull
base meningiomas described in Clark et al.’s report: the majority
of the tumors had an intact chromosome 22 and had a favorable
clinical course on available follow-up.

We also included in our study a third group of orbital
meningioma—primary Ob meningiomas—that were not con-
nected to the optic nerve sheath and did not have an intracranial
component. The majority had chromosome 22q loss, yet did not
show genomic instability. We hypothesize that these tumors are
either molecularly distinct from typical NF2-related meningiomas
or represent early stage NF2 tumors before genomic instability
occurs. Further analysis of tumors in this group may shed light on
the initiating events of genomic instability in NF2-related
meningiomas. Given the rarity of these tumors, and the often scant
material obtained during surgical procedures at these sites, archi-
val FFPE tissue may be the only material available for study. It is
possible that the quality of DNA extracted from FFPE may affect
interpretation in individual cases. In this context, small genomic
alterations could be missed, and it may not always be possible to
distinguish areas of deletion from copy neutral-LOH. We
attempted to minimize these problems by excluding tumors with
insufficient or degraded DNA affecting data interpretation, as
reflected by noise and waviness in LRR lines (n = 10). Many of
these were older samples. However, our study highlights the poten-
tial of using archival formalin-fixed tissue to identify broad genetic
changes of rare tumor subtypes, with biologic and/or clinical
implications.

In summary, our results indicate that the three subgroups of
orbital meningiomas—primary ON, primary Ob and Sph-Ob
meningiomas—all have distinct clinical and molecular features.
Our study highlights a potential role of molecular analysis in
management of orbital meningiomas. Tumors with intact chromo-
some 22 (non-NF2) or a simple loss of chromosome 22q, without
many additional alterations, appear to have a more favorable
course in our study, with the caveat that follow-up was necessarily
limited given the rarity of these tumors. This question would be
addressed by future studies, including larger datasets with exhaus-
tive clinical data. Further prospective studies in particular should
clarify the significance of these findings and applicability in clini-
cal decision making may be worthwhile.
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