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Intramedullary and Spinal
Canal Tumors in Patients with
Neurofibromatosis 2: MR
Imaging Findings and
Correlation with Genotype'

PURPOSE: To determine the appearance of spinal tumors on magnetic resonance
(MR) images of patients with neurofibromatosis 2 (NF2), to assess the biologic
behavior of these tumors, and to determine the correlation between NF2 germline
mutations and these tumors.

MATERIALS AND METHODS: Spinal MR images in 49 patients with NF2 were
reviewed retrospectively. Intramedullary and intradural extramedullary tumors were
counted, and imaging features and growth patterns of intramedullary tumors were
determined. Medical records were reviewed for spinal tumor surgery. Data on spinal
tumors and NF2 germline mutations in 37 patients from 19 families were analyzed
for genotype-phenotype correlation.

RESULTS: Thirty-one patients (63%) had spinal tumors: Twenty-six (53%) had
intramedullary tumors, 27 (55%) had intradural extramedullary tumors, and 22
(45%) had at least one tumor of each type. Three (12%) patients with intramedul-
lary tumors versus 16 (59%) with extramedullary tumors had undergone surgery for
the respective types of tumors. Compared with patients with all other types of
mutations, a higher percentage of patients with nonsense and frameshift mutations
had intramedullary tumors (P < .025); these patients also had higher mean numbers
of all tumors (P < .001), intramedullary tumors (P < .001), and nerve sheath tumors
(NSTs) (P < .001).

CONCLUSION: In patients with NF2 and spinal tumors, extramedullary tumors
(predominantly NSTs) were present in higher numbers and were associated with
more surgery than were intramedullary tumors. Our data suggest that the associa-
tion between nonsense and frameshift mutations and severe NF2 may extend to
specific categories of spinal tumors.

Neurofibromatosis 2 (NF2) is a rare autosomal dominant disorder characterized by the
development of multiple nervous system tumors. The presence of bilateral vestibular
schwannomas is a defining feature, but patients with NF2 also develop other cranial,
spinal, and peripheral schwannomas, cranial and spinal meningiomas, and cataracts (1-3).
Recent reports (2-4) of series of patients with NF2 screened with magnetic resonance (MR)
imaging of the neuraxis have focused attention on the occurrence of spinal tumors.
Among patients in whom the entire spine was imaged, spinal tumors were documented in
75%-89%, and 25%-35% of patients with these tumors reported symptoms caused by
them (2,4). The histologic findings of excised extramedullary tumors were usually schwan-
noma or meningioma, and most excised intramedullary tumors were ependymomas,
although astrocytomas and schwannomas occurred (4-6). Because spinal tumors often
develop in NF2, their presence raises issues about appropriate management strategies (7),



since the natural history of NF2-associ-
ated tumors may differ from that of their
sporadic counterparts (8).

The NF2 gene was cloned from chro-
mosome 22q in 1993 (9,10); since then,
germline NF2 mutations have been re-
ported (3,11-14) in several series of pa-
tients with NF2. These study findings
support a genotype-phenotype correla-
tion in which nonsense and frameshift
mutations are usually associated with se-
vere disease, in which missense muta-
tions and large gene deletions are found
with mild phenotypes, and in which
splice-site mutations lead to variable clin-
ical manifestations. The data of Evans et
al (14) demonstrated that NF2 genotype
influences the mean number of spinal
tumors per patient, but to our knowl-
edge, the effect of different types of mu-
tations on spinal tumor histologic char-
acteristics or location has not been
examined.

Previously, we described clinical find-
ings in more than 60 patients with NF2
(2,3), many of whom had spinal tumors.
In the present study, we determined the
anatomic abnormalities detected within
the spinal cord and canal on MR images
of 49 patients; we used the number of
operations for intramedullary and ex-
tramedullary spinal tumors as a measure
of disease burden. In addition, because
germline NF2 mutations were identified
in 37 of these individuals (3,12,15), we
looked for correlations between specific
categories of mutations and different
types of spinal tumors in this subset of
patients.

MATERIALS AND METHODS

Patient Population

Patients with NF2 were enrolled be-
tween August 1987 and February 1994 in
a protocol (78-C-0039) approved by the
institutional review board of the Na-
tional Cancer Institute, Bethesda, Md.
After informed consent was obtained,
clinical evaluation was performed and in-
cluded physical examination, complete
eye examination, audiometry, evaluation
of auditory brainstem-evoked responses,
and MR imaging of the brain and spine.
Blood was obtained for molecular stud-
ies.

This study was based on 49 patients
from 26 unrelated families who under-
went spinal MR imaging at the Clinical
Center, National Institutes of Health, Be-
thesda, Md, between August 1987 and
January 1998. Spinal imaging findings in
41 patients were reported previously (3).
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The diagnosis of NF2 was based on stan-
dard clinical criteria in 48 patients (16)
and on DNA test results in one. Medical
records of these 26 male and 23 female
patients were reviewed (D.M.P.). Ab-
stracted information included age at on-
set of initial symptoms related to NF2,
age at diagnosis of this disorder, and age
at which the last spine MR images were
examined for this study.

The number of operations and regi-
mens of radiation therapy undertaken for
spinal tumors was also recorded. No pa-
tient underwent chemotherapy for NF2-
related tumors. The data on treatment
were used as a measure of disease burden
associated with spinal tumors. Available
surgery and pathology reports of the tu-
mors removed at surgery were reviewed.
We also reviewed the autopsy reports of
two patients who died after participating
in the study to determine the histologic
characteristics of the examined spinal tu-
mors.

MR Imaging

The entire spine was examined in 44
patients, the cervical and thoracic spine
were imaged in four patients, and only
the cervical spine was evaluated in one
patient. The examinations were per-
formed by using a 0.5-T (Picker, Cleve-
land, Ohio) or 1.5-T (GE Medical Sys-
tems, Milwaukee, Wis) unit. T1-weighted
(repetition time msec/echo time msec,
400-600/8-22) and intermediate- and
T2-weighted (2,000-3,500/20-104) spin-
echo images were obtained in the sagittal
plane with a 4-5-mm section thickness.
Images in the transverse plane were ob-
tained in any area of the spine in which
sagittal images demonstrated an abnor-
mality. Contrast material-enhanced im-
ages were obtained in all patients after
the administration of 0.1 mmol of gado-
pentetate dimeglumine per kilogram of
body weight (Magnevist; Berlex Labora-
tories, Wayne, NJ) by using the same T1-
weighted pulse sequences as in the non-
enhanced studies.

Spinal MR images were evaluated by
two radiologists (N.J.P., N.C.) who iden-
tified and characterized the abnormali-
ties by consensus. Each spinal lesion in
the 49 patients was identified; its loca-
tion, morphologic characteristics, signal
intensity characteristics, and enhance-
ment were assessed. The greatest diame-
ter of each intramedullary tumor was
measured on the contrast-enhanced im-
ages, and the presence of focal cord en-
gorgement, cord displacement, and cord
compression were also noted. A subset of

five patients had two or more intramed-
ullary lesions in proximity. In these pa-
tients, we counted each lesion as a sepa-
rate tumor, provided that intervening
normal cord tissue was identified between
such lesions.

Spinal tumors were classified as in-
tramedullary or extramedullary on the
basis of their location with respect to the
spinal cord and their morphologic char-
acteristics. We classified extramedullary
tumors that were round and located near
a nerve root as nerve sheath tumors
(NSTs), and we designated extramedul-
lary tumors that exhibited a flat surface
of dural attachment as meningiomas. Tu-
mors in the paraspinal soft tissues with-
out appreciable extension into the spinal
canal were excluded from this analysis.

In 16 patients with intramedullary le-
sions, two or more consecutive sets of
spinal MR images were reviewed for this
study. The interval between the first and
last studies ranged from 17 to 96 months
(mean, 49 months). The diameter of each
intramedullary lesion was measured on
consecutive contrast-enhanced T1-weighted
images and was compared between the
first and last examinations. Because the
number of extramedullary tumors was
large, the diameter of each tumor was not
measured on sequential images.

Mutation Data

NF2 mutations were identified in a
subset of 37 patients in this study; these
patients were from 19 unrelated families.
The mutations in patients from 18 of
these families were determined at exon
scanning of the genomic DNA extracted
from peripheral lymphocytes or Epstein-
Barr virus-transformed lymphoblasts
(3,12,15). The mutation in patients from
the 19th family was identified by means
of Southern blot analysis (3,9). The pa-
tients with known NF2 mutations in-
cluded 13 from 10 families with non-
sense or frameshift mutations, 15 from
seven families with splice-site mutations,
six from one family with an in-frame de-
letion, and three from one family with a
missense mutation.

Statistical Analysis

Standard statistical tests such as the x2
test or analysis of variance assume inde-
pendence of the study subjects. This
assumption may not always apply
when study subjects are related (eg, blood
relatives) because observations may be
correlated. Therefore, we used a family
(group)-specific adjustment method with

Neurofibromatosis 2 Intra- and Extramedullary Tumors: MR Imaging - 435



the standard x? test (17) to test for differ-
ences in proportions of patients with spi-
nal tumors among the different types of
mutations. In this method, a clustering
adjustment factor C; is used in the calcu-
lations of the x? test that we performed
for each of the i families.

Ages at onset of symptoms, at diagno-
sis of NF2, and at last spinal MR imaging
were adjusted to S-year intervals, and
family-specific mean ages were calcu-
lated. The associations between mutation
type and mean ages were analyzed by
using proc GLM of the SAS program (ver-
sion 6.12 for Windows; SAS Institute,
Cary, NC). Both this approach and the x>
method described before are more con-
servative than methods that do not take
family membership into account.

We analyzed the associations between
mutation type and numbers of tumors by
using proc GenmoD of the SAS program
(SAS Institute), with a regression analysis
approach. Because of the relatively small
number of patients with data available
for analysis, direct adjustment of the
model for family size resulted in the loss
of degrees of freedom. Therefore, we used
as the dependent variable the ratio of the
number of tumors in each family mem-
ber divided by the total number of tu-
mors in the family. This method is used
to adjust for bias that might arise in the
number of tumors because of large family
size without the use of additional degrees
of freedom. Since this approach may not
fully account for correlations between
family members, we selected one patient
from each family at random and con-
ducted a second set of analyses by using
the number of tumors in each patient as
the dependent variable. The results from
the second approach (data not shown)
were consistent with the results from our
original data set.

In all analyses, data in patients with
nonsense and frameshift mutations were
compared with those of patients with all
other types of mutations and patients
with splice-site changes. The last was the
only mutation category that included
more than 10 patients.

RESULTS
MR Imaging Findings

Spinal MR images demonstrated spinal
cord and/or canal tumors in 31 (63%) of 49
patients. Twenty-six patients (53%) had in-
tramedullary lesions, 27 patients (55%)
had intradural extramedullary tumors, and
22 patients (45%) had at least one tumor of
each type. Data on the type and numbers
of tumors are summarized in Table 1.
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TABLE 1

Spinal Tumors Depicted on MR Images in Patients with NF2

No. of Tumors

Patients Intramedullary NST* Meningioma®
All (n = 49) 107 177 24
With intra- and extramedullary tumors
(n=22) 101 167 24
With only intramedullary tumors (n = 4) 6 0 0
With only extramedullary tumors (n = 5) 0 10 0
Without spinal tumors (n = 18) 0 0 0

roots on MR images.

MR images.

* These tumors were classified on the basis of their rounded appearance and proximity to nerve

T These tumors were classified as on the basis of their flat surface of attachment to the dura on

Solid intramedullary tumors were ei-
ther isointense or slightly hyperintense
with respect to normal cord parenchyma
on nonenhanced T1-weighted images.
Cavitary tumors were hypointense with
this technique and demonstrated a faint
hyperintense rim around the cavity. On
T2-weighted images, intramedullary tu-
mors appeared hyperintense. Small tu-
mors that ranged between 4 and 7 mm in
diameter were not identified on the T2-
weighted or nonenhanced T1-weighted
images. All intramedullary tumors were
enhanced on the contrast-enhanced im-
ages; contrast-enhanced imaging was the
best method for the detection of these
lesions regardless of size (Figs 1-4). Both
sagittal and transverse sections demon-
strated that these tumors were located in
the center of the cord (Figs 1,2). Eight
(7%) of 107 intramedullary tumors were
in the cervicomedullary junction, 60
(56%) were in the cervical cord, and 39
(36%) were in the thoracic cord. The
greatest diameter of these tumors mea-
sured 4-44 mm.

Nine patients had a total of 12 in-
tramedullary tumors, with cavitation in
at least part of each tumor. These tumors
were among the largest encountered
(20-44 mm in diameter). The 12 cavitary
tumors and five solid tumors produced
focal cord engorgement (Figs 1,3,4). One
cavitary tumor had an associated syrinx
located proximally to it that enlarged the
cord beyond the tumor margins (Fig 4).

Fifteen patients had two or more in-
tramedullary tumors. In five of these
patients, the tumors seen on sagittal con-
trast-enhanced images were in proxim-
ity. Because none of these patients had
undergone surgery for any of these tu-
mors, we could not rule out the presence
of a tumor bridge connecting some of
these lesions at a microscopic level.
Among patients with intramedullary tu-

mors, the mean and median numbers of
these tumors were 4.1 and two, respec-
tively, with a range of one to 17.
Sixteen patients had 84 intramedullary
tumors that were evaluated on serial con-
trast-enhanced MR images of comparable
quality that were obtained with compa-
rable techniques. The diameter of 83 of
these tumors remained essentially un-
changed during a mean interval of 49
months. The single tumor that showed
progressive growth was in a patient
whose initial MR images of the cervical
cord obtained at age 11 years were nega-
tive. A mass lesion appeared in the cervi-
cal cord on follow-up MR images at age
12 years; the lesion grew slowly during 2
years and then remained stable during
the last year of observation.
Twenty-seven patients had a total of
201 extramedullary tumors (Table 1).
This number is an underestimation be-
cause three patients had so many tumors
in the lumbar canal that they could not
be counted individually. In 177 (88%) of
the 201 extramedullary tumors, imaging
characteristics were consistent with those
of NSTs (Fig 2), and 24 (12%) were clas-
sified as meningiomas (Fig 4). One hun-
dred sixty-seven (94%) of the NSTs and
all meningiomas occurred in 22 patients
who also had intramedullary tumors (Ta-
ble 1). Among patients with NSTs, the
mean and median numbers of these tu-
mors were 6.8 and five, respectively, with
a range of one to 28. The corresponding
numbers of meningiomas among pa-
tients with them were 2.6 and one, re-
spectively, with a range of one to 11.
Twelve (44%) of the 27 patients with
extramedullary tumors exhibited cord
compression caused by some of these tu-
mors. In seven patients, the cord was
compressed by a total of 10 NSTs; in four
patients, it was compressed by a total of
10 meningiomas, six of which were in a
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single individual. In one other patient,
two NSTs and two meningiomas com-
pressed the cord.

Tumor Treatment and Histologic
Findings

Three (12%) of the 26 patients with in-
tramedullary tumors had been treated for
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b. C.

Figure 1. (a) Sagittal T2-weighted MR image (3,500/100) of the cervical spine. A focal abnor-
mality at the C7 level demonstrates slight hyperintensity (arrow) with focal cord engorgement.
(b) Sagittal nonenhanced T1-weighted image (400/11). There are no signal abnormalities in the
cord, but a mild focal engorgement is seen again at the C7 level (arrow). (c) Sagittal contrast-
enhanced T1-weighted image (400/11) shows multiple enhancing tumors (small white arrows) in
proximity within the cord parenchyma. A small mass posterior to the cerebellar vermis is thought
to represent an intracranial meningioma (black arrow). The linear enhancing structure on the
ventral aspect of the cord and medulla represents a draining vein (large white arrows). (d) Trans-
verse contrast-enhanced T1-weighted image (400/15) demonstrates the central location of one

intramedullary enhancing tumor (arrow).

symptomatic tumors. All three were treated
prior to being enrolled in our study. Two of
the patients underwent subtotal surgical
resection followed by radiation therapy.
Surgery in the first patient was performed
for an ependymoma at age 25 years; the
second patient underwent operations for
astrocytomas at two separate sites at ages
34 and 36 years. In the third patient, an
intramedullary schwannoma was removed
at age 26 years, with no further treatment.
These patients were evaluated at the Na-
tional Institutes of Health at ages 45, 49,
and 41 years.

We obtained information on the histo-
logic findings of other intramedullary tu-
mors from autopsy reports of two pa-

tients in the study who later died of
causes related to NF2. One was the third
patient described previously, who died at
age 43 years; microscopic examination of
the spinal cord revealed two ependymo-
mas that were not contiguous and an
intervening low-grade astrocytoma. The
other was the patient with the only in-
tramedullary lesion that demonstrated
progressive growth in this study; when
he died at age 15 years, that lesion was
found to be a solitary ependymoma. In
addition to these tumors, autopsy in
both patients revealed extensive spinal
meningiomatosis.

Sixteen (59%) of the 27 patients with
intradural extramedullary tumors under-

Neurofibromatosis 2 Intra- and Extramedullary Tumors: MR Imaging - 437



went a total of 30 operations for these
tumors. No patient underwent adjuvant
radiation therapy for extramedullary tu-
mors. Pathology reports of the 49 excised
tumors described 26 as schwannomas, 17
as meningiomas, and six as neurofibro-
mas. The number and type of intramed-
ullary and intradural extramedullary tu-
mors removed at surgery or examined at
autopsy are listed in Table 2.

We were able to compare our MR im-
aging classifications of 15 extramedullary
tumors with the histologic findings re-
ported after these tumors were removed
from eight patients. On the basis of the
MR images, we designated nine tumors as
NSTs and six as meningiomas. The MR
imaging classification and pathology re-
ports agreed for all 15 tumors; of the nine
NSTs, eight were reported to be schwan-
nomas, and one was described as a neu-
rofibroma. We did not detect one small
meningioma on the MR images obtained
prior to surgery in one of the patients.
This patient had two large meningiomas
that compressed the cord; these two tu-
mors and an adjacent small meningioma
were removed during a single operation.

Correlations between Genotype and
Clinical Findings

Clinical data from the 37 patients with
identified NF2 mutations are summa-
rized in Table 3. The patients are grouped
according to type of mutation. When the
spinal imaging findings in patients with
nonsense and frameshift mutations were
compared with those of patients with all
other types of mutations, a significantly
higher percentage of patients with non-
sense and frameshift mutations had in-
tramedullary tumors but not any other
type of tumor (Table 3, analysis 1). A
similar pattern was seen in the compari-
son of patients with nonsense and frame-
shift mutations with patients with splice-
site mutations, but the difference in the
percentage of patients with intramedul-
lary tumors was not statistically signifi-
cant (Table 3, analysis 2).

Patients with nonsense and frameshift
mutations had significantly higher num-
bers of all spinal tumors (P < .001), in-
tramedullary tumors (P < .001), NSTs
(P < .001), and extramedullary tumors
(NSTs and/or meningiomas, P < .001).
However, they did not have a higher
number of meningiomas alone (P = .54),
compared with patients in the other two
mutation groups. With respect to the age
variables, patients with nonsense or
frameshift mutations were significantly
younger at the onset of symptoms and at
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a.
Figure 2.

b.

(a) Sagittal T2-weighted MR image (3,500/100) of the cervical and upper thoracic

spine. A rounded extraaxial mass is depicted in the spinal canal at the level of T3 and compresses
the cord (black arrow). Two small focal hyperintense areas (white arrows) are also identified in the
cord near the central canal at the C3 and C5-C6 levels. (b) Sagittal contrast-enhanced T1-
weighted image (500/8). Mass lesion (black arrow) at T3 demonstrates homogeneous enhance-
ment and represents an NST. Two additional lesions (white arrows) identified within the cord are
also enhanced; they represent intramedullary tumors.

diagnosis of NF2 than the patients in the
other two mutation groups (Table 3,
analyses 1 and 2). They were also signif-
icantly younger when the last reviewed
spinal MR images were obtained.

DISCUSSION

In this article, we describe the tumors
detected on gadolinium-enhanced MR
images of the spine of 49 patients with
NF2 from 26 unrelated families. The re-
sults confirm those of previous reports
(4,6,18), namely, the high percentage of
patients with spinal tumors, the variety
of spinal tumors associated with this dis-
order, and the frequent occurrence of
multiple tumors. With similar numbers
of patients with any intramedullary or
extramedullary tumors in those studies
and ours, a higher percentage of our pa-
tients underwent surgery for extramedul-

lary tumors. Analyses of the correlations
between specific categories of mutations
and different types of spinal tumors in a
subset of 37 patients revealed that pa-
tients with nonsense and frameshift mu-
tations had more spinal manifestations
of NF2 than did patients with all other
types of mutations or the group with
splice-site mutations. These spinal mani-
festations included the more frequent oc-
currences of intramedullary tumors and
higher mean numbers of all spinal tumors,
intramedullary tumors, NSTs, and extra-
medullary tumors. These results suggest
that genotype-phenotype correlations may
extend to specific categories of spinal tu-
mors.

Imaging and Pathologic Findings

Our imaging data are qualitatively sim-
ilar to those described in 73 patients with
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Figure 3. (a) Sagittal intermediate-weighted MR image (2,500/20) of the cervical spine. Several hyperintense tumors (arrows) are present at the
level of the medulla, C3-C4, C6 to C7, T1, T3, and T5. The tumor at the C6-C7 level is large and partially cavitary, and it produces cord engorgement.
Less obvious cord engorgement is also caused by the tumors at the C3-C4 and T3 levels. (b) Sagittal nonenhanced T1-weighted image (417/16)
clearly demonstrates the cavitary tumor at the C6-C7 level. Two of the solid tumors at the C3-C4 and T3 levels appear slightly hyperintense with

respect to the normal cord (arrows). (c) Sagittal contrast-enhanced T1-weighted image (417/16). All intramedullary tumors are enhanced.

NF2 by Mautner et al (4), but they differ
quantitatively. We documented spinal
tumors in 63% of our patients, which is
lower than the 89% reported by Mautner
et al. We observed a higher percentage of
patients with no spinal tumors (37% [18
of 49 patients] vs 11%), and, among pa-
tients with spinal tumors, we observed a
higher percentage with intramedullary
tumors (84% [26 of 31 patients] vs 37%).
The percentages of patients with ex-
tramedullary tumors were the same in
the two studies (87% [27 of 31 patients]
vs 92%), but the data of Mautner et al
included those of patients with intra-
dural and extradural tumors; the latter
were excluded from our study.

The higher percentage of patients in
our study without spinal tumors may re-
flect our inclusion of 12 patients from
two large families with mild NF2; only
one of these patients had spinal tumors.
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Other differences may be explained, in
part, by the fact that our results are based
on findings of imaging studies of the en-
tire spine in 90%, rather than 100%, of
patients. Since our results suggest that
the development of different categories
of spinal tumors may be influenced by
the type of NF2 mutation, the disparities
in imaging findings between the two
studies also likely reflect differences in
the distribution of different types of NF2
mutations in the studied populations, as
well as in patient ascertainment.

We identified three cardinal features of
intramedullary tumors in our patients:
(a) central location within the cord pa-
renchyma, (b) intense enhancement, and
(c) multiplicity. The presence of multiple
intramedullary tumors is a feature of
both metastatic tumors and hemangio-
blastomas. However, these tumors usu-
ally originate from the leptomeninges

and are eccentrically placed; only rarely
are they located in the center of the cord.
None of the patients with multiple con-
tiguous intramedullary tumors under-
went surgery for them after the imaging
studies were performed, so we could not
determine whether these tumors repre-
sented nodules of a single large lesion or
independently occurring multicentric tu-
mors.

The reported histologic findings in the
intramedullary tumors removed from pa-
tients or examined at autopsy have all
been described before in NF2 (4-6,19).
That different types of intramedullary tu-
mors can occur within an individual with
NF2 was demonstrated with the autopsy
findings in one patient from this study of
two ependymomas separated by an astro-
cytoma. None of the MR images or sur-
gery or autopsy reports suggested that
any of the intramedullary tumors were

Neurofibromatosis 2 Intra- and Extramedullary Tumors: MR Imaging - 439



holocord tumors similar to those de-
scribed (20) infrequently in children and
young adults.

Few of the 26 patients in our study
with intramedullary tumors had under-
gone any therapeutic intervention for
these tumors. Only three (12%) patients
underwent surgery for them, a percent-
age similar to that reported by Mautner et
al (4). In addition, of the 84 intramedul-
lary tumors that we evaluated on consec-
utive MR images of 16 patients, only one
demonstrated appreciable growth during
a mean follow-up of 49 months. Taken
together, these results suggest that many
intramedullary tumors associated with
NF2 remain quiescent over a long period
of time. Therefore, surgical intervention
may not be necessary for most of them.

Our data and the observations of oth-
ers (8) support an approach to NF2-asso-
ciated intramedullary tumors of watchful
waiting during which tumor growth is
monitored with regular imaging studies
and appropriate clinical correlations.
This approach differs from the treatment
implemented for a symptomatic intra-
medullary tumor in an individual in the
general population. Because these tumors
usually behave aggressively, standard of
care mandates attempted total resection
and adjunct radiation therapy and/or
chemotherapy for residual disease (21).
In the setting of NF2 in which both the
relatively indolent course of most NF2-
associated intramedullary tumors and
the anticipated burden from other spinal
and intracranial tumors must be consid-
ered, such aggressive management may
not be warranted, even in a symptomatic
patient (8).

In contrast to the indolent behavior of
most of the intramedullary tumors in our
patients, the presence of extramedullary
tumors led frequently to surgical inter-
vention. A higher percentage of patients
underwent surgery for extramedullary tu-
mors than for intramedullary tumors.
When we included operations performed
to remove extramedullary tumors both
before and after patients entered our
study, the percentage of patients with ex-
tramedullary tumors who underwent
such surgery was about five times higher
than the percentage of patients with in-
tramedullary tumors who underwent sur-
gery for them (59% vs 12%). Further-
more, with similar numbers of patients,
30 operations were performed to remove
extramedullary tumors compared with
four operations for intramedullary tu-
mors, a 7.5-fold increase. The higher sur-
gical burden associated with extramedul-
lary tumors in our patients may be the
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TABLE 2
Pathologic Findings in Spinal Tumors

No. of Tumors

Type of Tumor (N = 57*%)
Intramedullary
Astrocytoma 3*
Ependymoma 41
Schwannoma 1
Subtotal 8+t
Extramedullary
Schwannoma 26
Meningioma 17
Neurofibroma 6
Subtotal 49

Note.—Spinal tumors were removed from 16
patients and were examined at autopsy in
two patients.
* Includes one tumor examined at autopsy.
TIncludes three tumors described in the
autopsy reports of two patients.

result of a combination of factors, includ-
ing the relatively high mean number of
these tumors and frequent occurrence of
cord compression.

An important corollary to these obser-
vations is that a large proportion of the
patients with NF2 in our study who had
spinal tumors did not undergo any sur-
gery related to them: specifically, 23
(88%) of 26 patients with intramedullary
tumors and 11 (41%) of 27 patients with
extramedullary tumors did not undergo
surgery for these tumors either prior to or
during our study.

We were able to distinguish meningio-
mas from NSTs on the basis of MR imag-
ing characteristics in the small number of
patients on whom we performed imaging
studies prior to spinal tumor surgery. Ex-
trapolation of these correlations to all the
patients in our study allows us to com-
pare the morbidity associated with me-
ningiomas and that associated with NSTs
at both the radiographic and clinical lev-
els. The results of these comparisons sug-
gest that meningiomas were more aggres-
sive.

We observed meningiomas on the MR
images in a smaller proportion of pa-
tients (18% vs 53%), and their total and
mean numbers were lower (24 vs 177,
and 2.6 vs 6.8, respectively), compared
with patients with NSTs. However, the
percentage of patients with meningio-
mas who underwent surgery specifically
for these tumors was higher than the per-
centage of patients with NSTs who un-
derwent surgery for NSTs, namely, 56%
(five of nine patients) versus 38% (10 of
26 patients). One other patient under-
went separate operations for both types
of tumors. Although meningiomas com-

Figure 4.

Sagittal contrast-enhanced T1-
weighted MR image (550/22) of the cervical
spine. Extramedullary enhancing dural-
based tumors (meningiomas) are seen at the
C2 and C7-T1 levels (black solid arrows). The
tumor at the C7-T1 level results in cord com-

pression. In addition, an enhancing in-
tramedullary tumor (white solid arrows) at
the T3-T4 level causes focal cord engorge-
ment. An associated syrinx (open arrow) is
seen in a small segment of the cord proximal
to this tumor.

prised only 12% of all extramedullary tu-
mors on the MR images, 37% of ex-
tramedullary tumors that were excised
after the patients entered our study were
meningiomas. These results, which are
based on small numbers of patients and
tumors, suggest that the presence of me-
ningiomas should raise the level of vigi-
lance in the clinicians who care for pa-
tients with NF2 and meningiomas.

Genotype-Phenotype Correlations

Ever since NF2 germline mutations
were reported (9,10), investigators have
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TABLE 3

Clinical Findings in Patients with NF2: Nonsense and Frameshift Mutations versus Other Mutations

Mutation P Value*
Feature Nonsense and Frameshift Splice-Site In-Frame Missense Analysis 17 Analysis 2#

No. of patients 13 15 6 3 NP NP
No. of families 10 7 1 1 NP NP
Percentage of patients$

With any spinal tumors 92 (11.3 £ 8.0) 60 (6.8 = 8.2) 0 100 (1.7 = 1.5) .25 A7

With intramedullary tumors 92 (3.3 = 4.8) 53 (3.7 £4.7) 0 67 (1.3 £1.5) <.025 <.075

With NSTs 85 (6.5 6.1) 47 (2.7 = 4.7) 0 33(0.3 = 0.6) <.15 <.4

With meningiomas 46 (1.4 = 3.0) 20(0.4 = 0.9) 0 0 <.3 <.4

With NSTs and/or meningiomas 85(7.9 £6.7) 53 (3.1 =4.8) 0 33 (0.3 = 0.6) <.2 <.4
Age (y)!

At onset 12+79 21 +7.38 25+ 3.1 30 £ 14.6 <.009 <.032

At diagnosis 17 £ 6.6 32136 30 6.9 31 =131 0 0

At last MR imaging 31 =129 40 £ 15.2 42 +12.2 41 =139 <.025 <.04

* NP = not performed.

 Data in patients with nonsense and frameshift mutations were compared with those in patients with the three other types of mutations.

* Data in patients with nonsense and frameshift mutations were compared with those in patients with splice-site mutations.

§ Data in parentheses are the mean number of tumors plus or minus the SD.

I Data are the mean plus or minus the SD. Mean ages at onset, at diagnosis, and at last MR imaging in the entire set of 49 patients were 18.9 years
(range, 4-46 years), 25.9 years (range, 7-67 years), and 39.1 years (range, 10-72 years), respectively. Only four patients were younger than 15 years
at entrance into this study. Three patients were asymptomatic when NF2 was diagnosed.

looked for correlations between different
categories of mutations and specific clin-
ical manifestations. These study findings
have demonstrated that, in general, pa-
tients with nonsense or frameshift muta-
tions have disease that is more severe
than that of most patients with splice-site
mutations, missense mutations, or large
gene deletions. Manifestations of severe
disease include onset of symptoms before
age 20 years; presence of intracranial me-
ningiomas, spinal tumors, and skin tu-
mors; and higher numbers of these tu-
mors (14).

In previous studies, the variable spinal
tumors included all spinal tumors with-
out regard to their location or histologic
characteristics (3,14). The results pre-
sented here suggest that genotype-phe-
notype correlations may extend to spe-
cific categories of spinal tumors. In
particular, patients with nonsense and
frameshift mutations may be more likely
to have intramedullary tumors and to
have higher numbers of all spinal tu-
mors, intramedullary tumors, NSTs, and
extramedullary tumors, compared with
patients with other types of mutations.
They may also have higher numbers of
tumors in these categories than do pa-
tients with splice-site mutations.

However, the results of the number of
tumors must be viewed with caution. Be-
cause our study was based on a small
number of patients and families with
identified mutations, we could not di-
rectly adjust the analytic model for fam-
ily size. Therefore, these analyses should
be repeated in a data set large enough to
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accommodate this adjustment. With re-
spect to the age variables, our results are
consistent with those of previous reports
(3,11-14) of the younger ages at onset
and at diagnosis of NF2 in patients with
nonsense and frameshift mutations.

In conclusion, we have confirmed that a
high proportion of patients with NF2 have
multiple intramedullary and/or intradural
extramedullary spinal tumors that often
have different histologic types. Although
the numbers of patients in this study with
intramedullary or extramedullary tumors
were similar, the patients underwent far
more surgical procedures for extramedul-
lary tumors. NSTs were present more often
and in higher numbers than were menin-
giomas, and they were associated with
more surgical procedures overall. However,
a higher percentage of patients with me-
ningiomas underwent surgery specifically
for these tumors.

Overall, these results suggest that the fre-
quency of follow-up of patients with spinal
tumors should be based on knowledge of
tumor location, number, and suspected
histologic type. Regular assessment at MR
imaging and neurologic examination
should allow the clinician to establish ap-
propriate indications for surgery on in-
tramedullary tumors and should facilitate
early removal of rapidly growing or symp-
tomatic extramedullary tumors.

Our results also suggest that patients
with nonsense and frameshift mutations
may be more likely to develop intramed-
ullary tumors and to have higher num-
bers of intramedullary tumors and NSTs
compared with patients with others types

of mutations. If confirmed, these obser-
vations would extend genotype-pheno-
type correlations in NF2 to specific types
of spinal tumors.

Glossary of Terms

Exon.—A region of a gene that is tran-
scribed into mature messenger RNA. Af-
ter translation, the exon corresponds to a
sequence of amino acids in the resulting
protein. The NF2 gene has 17 exons.

Exon scanning.—A method used to look
for base changes in the NF2 gene. Exon
scanning was used to identify sequence
changes in single-stranded DNA from
each exon that altered its conformation
and hence its mobility on a gel matrix.
DNA strands that migrated abnormally
were sequenced to identify specific base-
pair changes.

Frameshift mutation.—A deletion or in-
sertion of one or more bases that is not
an exact multiple of three. A frameshift
mutation changes the reading frame of
the gene. All coding sequences that fol-
low the mutation are read as gibberish,
and a chain termination codon usually
results. Usually, translation of the result-
ing messenger RNA results in a shortened
or truncated protein.

In-frame deletion.—The loss from a gene
of three bases or a multiple of three con-
tiguous bases. This type of mutation does
not alter the reading frame beyond the
point of the mutation. Translation of the
resulting messenger RNA beyond the mu-
tation results in an amino acid sequence
that is unchanged.
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Intron.—A segment of a gene that is
transcribed into messenger RNA but
then is removed from it by splicing to-
gether the sequences (exons) on either
side of it.

Missense mutation.—A single base sub-
stitution in DNA that changes a codon
specific for one amino acid so that it
specifies a different amino acid.

Nonsense mutation.—A single base sub-
stitution in DNA that results in a chain-
termination codon and, presumably, a
truncated protein.

Splice-site mutation.—Usually a deletion
or insertion of one or more bases that
alters a DNA sequence involved in the
splicing out of introns and the splicing
together of exons from the primary RNA
transcript to generate a mature messen-
ger RNA. By interfering with normal
splicing, such mutations usually result in
either a premature stop codon and a
truncated protein or an abnormal protein
from which an exon has been deleted.
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