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Introduction

Primary spinal cord tumors are rare tumors of the cen-
tral nervous system (CNS), comprising 2% to 4% of CNS 
tumors.1,2 Though many intracranial and spinal tumors 
share similar names, there is increasing evidence that the 
genetics and histopathological characteristics of intradural 
spinal tumors are different compared with their cranial 
counterparts.

In this review, we will discuss recent advances in our 
understanding of the most common intradural spinal 
tumors, namely astrocytomas, ependymomas, hemangio-
blastomas, meningiomas, and nerve sheath tumors, with 
an emphasis on molecular biology and experimental ther-
apies for these neoplasms.

Intramedullary Spinal Cord Tumors 

Intramedullary spinal cord tumors (IMSCTs) comprise approx-
imately 5%–10% of tumors within the spinal canal.1,2 Gliomas, 
which include both ependymomas and astrocytomas, 

constitute 80%–90% of IMSCTs, with ependymomas consti-
tuting roughly two thirds of these and astrocytomas constitut-
ing one third.3 Hemangioblastomas are the other main type of 
IMSCTs, making up 8%–15% of IMSCTs, while approximately 
2%–5% of IMSCTs are rare mass lesions such as neurenteric 
cysts and dermoid/epidermoids.

Astrocytomas

Epidemiology

Primary spinal cord astrocytomas are extremely rare, with 
an incidence of less than 0.1 per 100 000 person-years.3,4 
The average age of presentation is 35 years, with 60% of 
patients being male.3,5

Genetics

There have been tremendous advancements in our under-
standing of the underlying genetics and molecular biology 
of intracranial astrocytomas. This is reflected in the addi-
tion of some of these molecular parameters to the 2016 
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World Health Organization (WHO) Classification of Tumors 
of the Central Nervous System.6 Our understanding of 
spinal cord astrocytomas has lagged compared with their 
intracranial counterparts for several reasons. First, the rar-
ity of this clinical entity makes it more difficult to obtain 
samples to run adequate analyses. Secondly, the location 
of these tumors in the parenchyma and their infiltrative 
nature render them extremely “eloquent,” making the task 
of obtaining enough tissue to do exhaustive analyses more 
difficult.

A comparison of several common molecular and genetic 
aberrations in intracranial astrocytomas with spinal cord 
astrocytomas reveals some commonalities as well as 
divergences (Table 1). For example, though isocitrate dehy-
drogenase 1 (IDH1) and IDH2 mutations have been found 
in intracranial astrocytomas,7,8 the incidence of IDH1 muta-
tions in spinal cord astrocytomas is not clear. In a series 
of WHO grade II or III spinal cord astrocytomas, the R132H 
mutation in IDH1, which is the most common mutation 
found in intracranial astrocytoma, was not seen in any spi-
nal cord astrocytomas (n = 9).9 Similarly, in another large 
multicenter discovery cohort of spinal cord astrocytomas 
(n = 17), IDH mutations were not observed.10 These findings 
would suggest that there are potential differences in the 
genetic makeup of intracranial and spinal cord tumors with 
similar histopathological grades. Although there is a pau-
city of data describing the genetic differences among the 
different grades of spinal cord astrocytomas, we review 
the relevant literature below.

Grade I Astrocytoma (Pilocytic)

BRAF is a member of the mitogen-activated protein kinase 
(MAPK) pathway which is important for cellular division, 
cell cycle progression, and malignant transformation and 
has proven important in our understanding of the molecu-
lar underpinnings of intracranial and spinal cord astrocy-
tomas.11,12 Two major mutations have been noted in BRAF: 
a fusion oncogene consisting of BRAF and a previously 
uncharacterized gene, KIAA1549, and a valine to glutamate 
substitution at position 600 (BRAF V600E), causing consti-
tutive activation of the MAPK pathway.13,14 Interestingly, 
numerous studies have shown that supratentorial pilo-
cytic astrocytomas are more likely to harbor the BRAF 

V600E mutation, while posterior fossa and spinal cord pilo-
cytic astrocytomas are more likely to harbor fusion onco-
genes.15 A recent multi-institutional study of 17 spinal cord 
astrocytomas revealed that 80% of grade I  astrocytomas 
harbored mutations in the BRAF genes, with 40% harbor-
ing the BRAF-KIAA1549 translocation and the other 60% 
having a BRAF copy number gain10; none of their speci-
mens harbored the BRAF V600E mutation. These findings 
of different genetic underpinnings between intracranial 
and spinal cord astrocytomas will have important impli-
cations as targeted therapies for these tumors are investi-
gated, as described below.

Another gene that has been found to be important in 
the tumorigenesis of astrocytomas is cyclin-dependent 
kinase inhibitor 2A (CDKN2A), which is located on 9q21 
and encodes the p16 tumor suppressor protein.15,16 In an 
institutional cohort of over 140 pilocytic astrocytomas, 
Horbinski et al found that specific homozygous deletions 
of p16 were significantly more common in pilocytic astro-
cytomas of the brainstem and spinal cord compared with 
the cerebrum or cerebellum.17

Grade II Astrocytoma

Grade II spinal astrocytomas appear to harbor BRAF-
KIAA1549 translocations and BRAF amplifications.10 There 
is limited information regarding spinal grade II astrocyto-
mas, given the rarity with which they are resected or biop-
sied prior to transforming to higher-grade lesions.

Grade III/IV Astrocytoma

Another important gene in spinal cord astrocytomas is his-
tone 3 variant H3.3 (H3F3A), which has been implicated in 
the tumorigenesis of both intracranial and spinal astrocyto-
mas.18,19 The mutation of H3F3A K27M has predominantly 
been detected in malignant astrocytomas arising in struc-
tures of the midline, including the thalamus, brainstem, 
and spinal cord, and as such was listed as a separate entity 
in the 2016 WHO classification.6,20 Comparing low-grade 
(grades I and II) and high-grade (grades III and IV) spinal 
cord astrocytomas, a preponderance of the K27M mutation 
was found in grades III and IV spinal cord astrocytomas but 
without mutations in the BRAF gene, suggesting that BRAF 

Table 1  Genetics of astrocytoma, with an emphasis on spinal cord astrocytomas* 

Gene Locus Location Tumor Type Comments

BRAF 7q34 Spinal cord > Brain  I, II BRAF-KIAA1549 translocation, BRAF copy number gain, but not 
BRAF V600E mutation21,22

H3F3A 17q25 Spinal cord > Brain III, IV H3F3A K27M mutation found in mainly midline gliomas, includ-
ing spinal cord21,23–26

CDKN2A 9q21 Spinal cord > Brain All grades More common in brainstem/spinal cord compared with other 
locations and associated with higher grades27,28

IDH1 2q33.3 Brain > Spinal cord Grade III, IV Mutations are thought to suggest secondary glioblastoma, with 
better prognosis.24,29 Much more prevalent in intracranial gliomas.

TP53 17p13 Brain > Spinal Cord All grades P53 mutations thought to be secondary and not driver 
mutations21

*Modified and adapted from Tendulkar et al33 with permission.
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and H3F3A may segregate based on the grading of the spi-
nal cord astrocytoma and may have prognostic utility.10

Tumor suppressor protein 53 (TP53) has also been shown 
to be expressed in spinal cord glioblastomas, at a rate of 
80%–90%.21,22 Interestingly, it appears that many patients 
may harbor mutations in TP53 but not IDH1, in contradis-
tinction to patients with intracranial glioblastomas.22

Treatments

Surgery

Surgical resection remains the mainstay of treatment 
of patients with symptomatic spinal cord astrocytomas. 
Similar to surgery for intracranial astrocytomas in eloquent 
areas, the major goals of surgery are maximum resection 
while avoiding long-term neurological dysfunction.

There is increasing evidence that the grade of these 
tumors has a great influence on their infiltrative nature 
and, hence, the ability to find a good resection plane and 
the ability to provide gross total resection (GTR). Low-
grade lesions, such as pilocytic astrocytomas (grade I), 
have a distinct surgical plane that separates them from 
surrounding eloquent spinal cord parenchyma, making 
GTR an accomplishable goal. Intraoperative monitoring 
in the form of motor evoked potentials, somatosensory 
evoked potentials, and electromyography is an important 
adjunct that helps the surgeon make important decisions 
about when to stop resection, particularly in cases where 
dissection planes are not clear.23,24

It is important to note that in patients with mild symp-
toms, if serial imaging shows a probable low-grade astro-
cytoma and no increase in size, surgical resection may be 
deferred (Fig. 1). In this case, serial imaging is important 
in the care and surveillance of these patients. The National 
Comprehensive Cancer Network (NCCN) encourages spine 
MRIs for patients who have imaging and clinical evidence 
of low-grade tumors every 3–6 months for 5 years and then 
at least annually.25

Grade II lesions can be more infiltrative, but with a slower 
growth pattern.7 In many cases these are poorly enhancing 
but diffuse in nature and with indistinct borders. Biopsy 
can be performed, though it may leave patients with neuro-
logical deficits due to the invasive nature of these lesions.

For high-grade (WHO grade III or IV) spinal cord astro-
cytomas, it is our practice to attempt resection if a dissec-
tion or transition plane can be found, but often a biopsy 
and duraplasty (to allow for inevitable tumor growth) is 
performed due to the lack of distinct borders and high like-
lihood of rapid recurrence.26–28 In these cases, the NCCN 
recommends postoperative MRI 2–6 weeks after sur-
gery, then every 2–4 months for 2–3 years and then less 
frequently.25 Similar to intracranial astrocytomas, lower-
grade lesions may transform to higher-grade lesions, but 
the molecular mechanisms behind this are unclear (Fig. 2).

Radiation Therapy

The role of radiotherapy appears to be reserved for 
cases where GTR is not achievable, although one study 
showed that patients receiving radiotherapy had worse 

outcomes.3,29–31 As noted by the authors of that paper, this 
may signify a selection bias, as many of the patients who 
received radiotherapy were high risk and not candidates 
for surgery.3 Traditionally, conventional radiation was what 
was available for patients, and this required high doses 
(40–60 Gy) to show efficacy with a high rate of complica-
tions.32,33 However, the development of intensity-modu-
lated radiation therapy and stereotactic radiosurgery has 

A E
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Fig.  1  Low-grade astrocytoma. A  44-year-old woman under-
went MRI of the lower back for low back pain. (A) Sagittal 
T1-weighted MRI revealed an exophytic/expansile lesion at T8–
T9. (B) T1-weighted MRI with contrast revealed that the lesion did 
not enhance with contrast administration. (C) T1-weighted axial 
images with contrast through the lesion, showing the infiltrative 
nature of lesion. (D) T2- weighted sagittal images. (E) Two years 
later, T1-weighted sagittal images showed the lesion remained 
the same size. (F) There continued to be no enhancement on 
T1-weighted imaging with contrast administration. (G) Axial 
T1-weighted MRI with contrast. (H) T2-weighted sagittal images. 
Due to the patient’s continued asymptomatic presentation, no 
biopsy was performed. From Abd-El-Barr et al26 with permission.
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been exciting in that these techniques will allow for high 
doses to be delivered to the spine with a steep stepoff of 
radiation fields—limiting the complications associated 
with traditional radiation therapies.34,35

Systemic Therapy

Chemotherapy, in the form of temozolomide, an oral alkylating 
agent, appears to have a limited role in the treatment of spinal 
cord astrocytomas, in contradistinction to its important role in 
the treatment of intracranial astrocytomas.36,37 Studies have 
demonstrated only partial response to temozolomide in both 
low-grade and high-grade spinal cord astrocytomas, though 
some hematological side effects were noted.38–40 A systematic 
review of temozolomide in primary spinal cord glioblastoma 
did appear to show that patients treated with temozolomide 
had a slightly longer length of survival (16 mo vs 10 mo), 
but this did not reach statistical significance.41 Similarly, for 
pediatric patients with low-grade astrocytomas, patients 
who received adjuvant radiation therapy and chemotherapy 
after subtotal resection had longer survival times than those 
patients who only had subtotal resection, but not as long as 
those patients who underwent GTR.42

Anti-angiogenic agents are another important class of 
drugs against astrocytomas. Bevacizumab targets vascu-
lar endothelial growth factor (VEGF) and has been shown 
to have palliative effects in spinal cord astrocytomas that 
have failed surgical therapy, radiation therapy, and temo-
zolomide treatment, but studies are limited.39,43

Experimental Therapies

Given our new understanding of the genetic underpin-
nings of astrocytomas, many clinical trials targeting these 
genetic mutations are under way related to intracranial 
astrocytomas. Experimental therapies for the treatment of 
spinal cord astrocytomas lag their intracranial counterpart 
due to the rarity of this disease.

Among the most exciting avenues are the use of BRAF 
inhibitors. The presence of BRAF mutations in intracranial 

gliomas has spurred clinical trials investigating the safety 
and efficacy of these inhibitors. Newer drugs that target the 
fusion protein BRAF: KIAA1549 are also being developed.44

As for high-grade astrocytomas, the finding of the pre-
ponderance of the H3F3A K27M mutation in spinal cord 
astrocytomas may make the use of a demethylation inhibi-
tor a viable option—an option that has been shown to have 
good effect in a xenograft model of brainstem glioma.45

Another important experimental avenue that has been 
explored recently in the treatment of intracranial astrocy-
tomas has been the use of neural stem cells (NSCs). Neural 
stem cells are pluripotent cells capable of generating glio-
genic or neurogenic progeny.46 An important discovery is 
the tropism these cells have for tumors in vivo,47,48 which 
makes them great candidates to deliver toxic therapies tar-
geted toward tumor cells. Thus, the concept of engineered 
NSCs which express an enzyme that activates a nontoxic 
prodrug and then the administration of the prodrug caus-
ing significant concentrations of the toxic drug at the tumor 
site has been a promising one.49 A phase I trial of patients 
with recurrent intracranial gliomas who were treated with 
a one-time intracranial administration of an immortalized 
NSC line that expressed cytosine deaminase (CD) (HB1.
F3.CD.C21), which converts the prodrug 5-fluorocytosine 
(5-FC) to the cytotoxic 5-fluorouracil (5-FU) showed a good 
safety profile and, importantly, showed that these NSCs 
were nontumorigenic and were able to hone in on the 
intracranial tumor.50

We have shown the efficacy of using NSCs in a rat model 
of spinal cord glioma with one of our collaborators.51 Rats 
were injected with NSCs engineered to express either CD 
gene only (ie, F3.CD) or dual genes of CD and thymidine 
kinase (ie, F3.CD-TK) in the tumor epicenter 7  days after 
tumor seeding. We have shown that rats injected with dual-
expressed NSCs survived longer than those that had the 
single engineered CD or debris and had improved auto-
nomic function and decreased tumor growth.51

Many of these experimental therapies for intracranial 
glioblastoma require direct injection at the time of surgery 
for primary or recurrent tumors. Direct injection into spi-
nal cord astrocytomas may not be practical, and as such, 

A B C D

Fig. 2  High-grade astrocytoma. A 59-year-old female who originally presented with gait instability and balance issues. (A) Initial MRI of her 
thoracic spine demonstrated an expansile intramedullary mass extending from T7 to T10 on T2 sagittal imaging. (B) Sagittal imaging demonstrat-
ing no contrast enhancement at original presentation. The patient was clinically observed for over a year until follow-up imaging demonstrated 
(C) new areas of contrast enhancement (arrow). The patient underwent multilevel laminectomies, duraplasty, and selective biopsy of the con-
trast enhancing lesion. (D) Postoperative T1-weighted contrast-enhanced imaging demonstrating postoperative changes and biopsy of the 
lesion. Final pathology demonstrated astrocytoma with high-grade features, negative for IDH1 mutation.
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the use of other methods such as biodegradable polymers, 
convection enhanced delivery, and intrathecal delivery 
may prove to be more practical.

Ependymomas

Epidemiology

Ependymomas are the most common IMSCT in adults3,7 
and have an incidence of 0.17 per 100 000 person-years.4 
They occur evenly between females and males.52 In adults, 
they have a propensity to be located in the cervical or cer-
vicothoracic region, but in children, spinal ependymomas 
are mostly of the myxopapillary type found in the filum ter-
minale or conus.53

Genetics

Recent discoveries in the genetics and tumorigenesis of 
ependymomas have distinguished spinal ependymo-
mas from their intracranial counterpart (Table  2). Using 
advanced DNA methylation techniques on a large cohort 
of 500 tumors, Pajtler et al were able to identify 9 major 
molecular subgroups of ependymomas, with 3 in each 
compartment of the CNS, namely spine, posterior fossa, 
and supratentorial.54 The spinal cord ependymomas were 
divided into subependymomas (WHO grade I), myxopapil-
lary ependymomas (WHO grade I), and (anaplastic) epend-
ymomas (WHO grade II/III).

For subependymomas, the most common mutation 
found was partial or complete loss of chromosome 6, 
which has been corroborated in other studies.55 Candidate 
genes for the pathogenesis of this tumor include T-complex 
protein 1 (TCP1) (involved in tubulin function) and adre-
nomedullin 1 (ADM1) and cyclin-dependent kinase 11 
(CDK11) (involved in cell proliferation).55 For myxopapillary 
ependymomas, there is evidence of chromosomal instabil-
ity, with some groups reporting an overexpression of the 
NEFL gene, which encodes the neurofilament light poly-
peptide more likely to be found in myxopapillary epend-
ymomas compared with intracranial ependymomas.56

The most common genetic mutation in spinal cord 
ependymoma appears to be mutations in the neurofibro-
min (NF2) gene.57,58 In studies comparing both intracranial 
ependymomas and spinal cord ependymomas, mutation 
in the NF2 gene, which encodes the scaffolding protein 
merlin, also known as schwannomin, was found to be pref-
erentially expressed in spinal cord ependymomas com-
pared with intracranial ependymomas.57,59 It is thought that 

these mutations make cells less able to respond to contact 
inhibition, leading to uncontrolled cellular growth and 
proliferation.7

Treatments

Surgery

Surgery for symptomatic ependymomas appears to 
allow for longer survival, especially if GTR is possi-
ble.3,60–62 Subependymomas are usually intramedullary 
and, although low-grade, can be quite large; and although 
a surgical plane can often be found, their large size may 
not allow for GTR.63 Ependymomas are also intramed-
ullary, but even if tumors are extensive, a surgical plane 
can often be found between the tumor and the spinal cord 
parenchyma, allowing for GTR63 (Fig. 3). The presence of 
a syrinx aids in identifying the surgical plane and should 
be exploited early in the surgery. There can be a vascular 
nidus along the tumor margin as well, which may share 
blood supply with normal spinal cord, and special care 
should be taken to preserve blood vessels not involved 
with the tumor.

Myxopapillary ependymomas are often located in the 
thoraco-lumbar region, as they originate from the filum 
terminale or conus medullaris.7 As such, they can be con-
sidered intradural extramedullary lesions, making their 
complete removal easier than intramedullary ependymo-
mas (Fig. 4), but they do carry a higher potential for drop 
metastasis and CSF spread. Care should be taken in sur-
gery to prevent morselization of the tumor.

Although neurofibromatosis type 2 (NF2) is the most 
common mutation seen in spinal cord ependymomas, only 
around 20% of patients with the clinical diagnosis of NF2 
will present with symptomatic ependymomas.64 However, 
30%–50% of NF2 patients will have imaging evidence of 
spinal cord ependymomas.65 This difference is thought to 
be because of the indolent nature of the ependymomas 
in NF2 patients.64 As such, the treatment paradigms of 
patients with sporadic ependymomas and those with NF2 
may vary, as symptom progression may be slower in NF2 
patients.64

Radiation Therapy

The use of adjuvant radiotherapy is controversial, as some 
studies have shown worse overall survival, while others 
have shown beneficial responses.3,66 Radiotherapy appears 
to be limited to cases in which GTR is not possible or for 
asymptomatic lesions that show slow interval growth. For 
low-grade and anaplastic ependymomas, there is limited 

Table 2  Genetics of ependymomas, with an emphasis on spinal cord ependymomas

Gene Locus Location Tumor Type Comments

NF2 22q Spine WHO II/III Mutations in NF2 not seen in intracranial 
ependymomas77

RELA 11q13.1 Supratentorial WHO II/III Very poor prognosis77

YAP1 11q Supratentorial WHO II/III More common in children, better prognosis77
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evidence to suggest the efficacy of fractionated radiother-
apy if only subtotal resection is accomplished and there 
is no evidence of brain lesions. Craniospinal radiation is 
reserved for cases of leptomeningeal metastases.25

Systemic Therapy

Adjuvant chemotherapy, similar to treatment of cranial 
ependymoma, may be an option in cases where GTR 
is not possible. A single study reported that etoposide 
may have positive effects in patients with recurrent 
spinal cord ependymomas, but supporting evidence is 
lacking.67

Targeted therapies for ependymomas are currently being 
studied. Imatinib in a recurrent spinal cord ependymoma 
that overexpressed platelet derived growth factor (PDGF) 

appeared promising, but this overexpression in all spinal 
cord ependymomas has not been shown.68 Due to merlin’s 
interaction with rapamycin, it has been hypothesized that 
mammalian target of rapamycin (mTOR) inhibitors, such 
as everolimus, may play a role in treatment of NF2 mutated 
ependymomas, and a phase II trial is currently under way 
looking at the efficacy of everolimus in children with recur-
rent ependymomas (NCT02155920).

Interestingly, it has been noted that in patients with 
NF2, receiving bevacizumab stabilizes their known intrac-
ranial schwannomas. Bevacizumab has also been shown 
to decrease the size of cystic spinal cord ependymo-
mas in NF2 patients, leading to clinical improvement in 
7 out of 12 (58%) patients.69 It is unclear whether bevaci-
zumab will have similar efficacy in sporadic spinal cord 
ependymomas.

A
I II

II IV

B
A

V VI

VII VIII

B C

Fig. 3  Cervical ependymoma. A 53-year-old male who presented with several months of bilateral hand numbness and problems with gait. 
(A) Radiographic findings. (I) MRI revealed cervical intradural intramedullary lesion. Sagittal T1-weighted MRI revealed some enlargement of 
cervical spinal cord. (II) Sagittal T1-weighted MRI with contrast revealed diffuse contrast enhancement from C3 to C6 with evidence of cystic 
changes at rostral portion of lesion (arrow). (III) Axial T1-weighted MRI at level of cyst. (IV) Axial T1-weighted MRI with contrast at level of cyst. 
Patient underwent C2 to C6 laminoplasty and resection of tumor. (V) Postoperative sagittal T1-weighted MRI with contrast revealed good resec-
tion. (VI) Axial T1-weighted MRI with contrast revealed removal of cyst. (VII) Two years later, patient’s symptoms have improved and sagittal 
T1-weighted MRI reveals continued absence of tumor. (VIII) Axial T2-weighted MRI reveals absence of tumor and resolution of cystic changes. 
(B) Intraoperative photographs. (I) Midline myelotomy was done with CO2 laser (arrow). (II) Tumor is debulked using ultrasonic aspirator (arrow). 
(III) A good surgical plane at rostral end of tumor was found, allowing for removal of tumor without invasion into spinal cord parenchyma. (IV) 
Inspection of resection cavity revealed GTR of tumor. (C) Classically demonstrate perivascular pseudorosettes (ie, tumor cells radially arranged 
around a central vessel, with their pink fibrillary processes extending like spokes inward to the vessel, A) and true ependymal rosettes (ie, tumor 
cells radially arranged a nonvascular lumen, B). Scale bar = 50 μm. Magnification = 200×.
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Hemangioblastomas

Epidemiology

Spinal cord hemangioblastomas are benign vascular 
lesions that account for less than 10% of IMSCTs.70,71 
They occur equally in males and females and the aver-
age age of presentation is 48  years.71 Approximately 
20%–40% of patients who present with hemangioblas-
tomas have evidence of von Hippel–Lindau (VHL) dis-
ease, which is characterized by the VHL mutation.70 
The majority of patients present with neurological 
deficits thought to be due to tumor growth and spinal 
cord edema, while others may be found on workup of 
systemic VHL.

Of the VHL disease diagnosed in patients who have 
hemangioblastomas, 20% will be located in the spinal 
cord, while 80% are in the posterior fossa.70,72 VHL dis-
ease has an autosomal dominant inheritance pattern with 
90% penetrance and is caused by a mutation or loss of the 
tumor suppressor gene at 3p25–26.73

Genetics

The VHL gene encodes an E3 ubiquitin ligase that targets 
hypoxia-inducible factor 1a (HIF-α), a known modulator of 
vascular proliferation. As a result of mutations or loss of 
the gene, cells cannot adequately degrade HIF-α, causing a 
proliferation of blood vessels.7,70 As has been the case with 
intracranial astrocytomas, there has been a correlation 

between activated HIF-α and VEGF, and thus both have 
been found to be increased in VHL mutated cells.74,75

Treatments

Surgery

As with other intramedullary tumors, surgical resection is 
recommended in cases of symptomatic lesions or in lesions 
that are seen to grow on serial imaging. Because spinal cord 
hemangioblastomas are common in patients with VHL, early 
MRI screening is recommended in young patients known to 
harbor the disease.76 Lesions that are found in asymptomatic 
patients should be followed with serial MRIs and clinical 
examinations. Importantly, because 10%–20% of patients with 
VHL will also have a pheochromocytoma, patients with VHL 
should be screened for elevated catecholamines prior to any 
surgery, as endocrine active tumors may require surgical exci-
sion or blockade before surgery.77 VHL patients are also prone 
to developing renal cell carcinoma, retinal hemangioblasto-
mas, and pancreatic neuroendocrine tumors as well.

Hemangioblastomas are thought to arise from the pial 
layer and are classified as juxtamedullary, though they may 
have an encapsulated intramedullary component as well.7,78 
Using precise microsurgical techniques, it is usually possible 
to achieve GTR of the mass and mural nodule.79

Radiation Therapy

Based on experience with posterior fossa hemangioblas-
tomas, radiosurgery has been proposed as a method 

A B

C D

Fig. 4  Myxopapillary ependymoma. A 17-year-old male who presented with two months of progressive back pain. (A) Initial MRI demonstrated an 
intradural, extramedullary mass at the L2–L3 level that was well circumscribed but slightly heterogeneous on T2-weighted imaging. (B) On contrast 
administration the lesion enhanced prominently. (C) Intraoperatively, the lesion was found to be intimately associated with the filum terminale. (D) 
Sectioning of the filum allowed for easy dissection of the tumor away from the surrounding nerve roots.
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to treat spinal cord hemangioblastomas.80 Such a treat-
ment is usually reserved for cases in which a diagnosis of 
VHL has already been made and a tissue diagnosis is not 
required.81,82 A  recent meta-analysis was unable to com-
pare surgery versus radiosurgery, due to the rarity of these 
lesions.83 Precise targeting is difficult for intramedullary 
lesions, as the area is typically compact and cord tolerance 
is limited with such close margins.

Systemic Therapy

The increased VEGF and HIF-α noted in hemangioblasto-
mas are obvious targets for treatment of vascular lesions. 
The VEGF inhibitor bevacizumab has shown some prom-
ise for the treatment of spinal cord hemangioblastomas,84 
but the experience has been limited to a few case reports 
and appears to be a possibility for salvage treatment. 
Pozapanib, which is a multiple tyrosine kinase inhibitor 
(TKI), blocking both the VEGF and PDGF receptor path-
ways, has shown some promise for VHL-related heman-
gioblastomas and is currently undergoing a phase II trial 
(NCT01436227).85 VEGF inhibitors are also associated with 
side effects, including poor wound healing and increased 
bleeding, as well as rebound malignant edema after dis-
continuing the agent.86 The use of anti-angiogenic drugs 
such as thalidomide and SU5416 or sunitinib, which are 
inhibitors of VEGF, has also been shown to be helpful in 
limited studies.7,87 Vorinostat, a histone deacetylase inhibi-
tor, is being investigated as a potential therapy for VHL-
related hemangioblastomas (NCT02108002).

Intradural Extramedullary 
Spinal Tumors – Meningiomas

Epidemiology

Spinal meningiomas are the most common primary 
tumors of the adult spine.4,88 Meningiomas arise from the 
arachnoidal cap cells of the meninges and occur less fre-
quently in the spine than their intracranial counterpart, with 
at least one study citing a 1:8 ratio of spinal:intracranial 
meningiomas.89 Females are more often affected than 
males, and these tumors tend to arise between the fourth 
and fifth decades of life; this sex predilection is particularly 
more pronounced when comparing spinal with intracranial 
meningiomas.89,90

Genetics

The most consistent genetic abnormality found among 
spinal meningiomas is complete or partial loss of chromo-
some 22, followed by loss of 1p, 9p, and 10q and gains in 
5p and 17q.91,92 A  single institutional study looking at 14 
spinal and 141 intracranial meningiomas found that the 
genetic mutations in spinal meningiomas tended to arise 
from a single tumor cell clone and were not as complex 
or heterogeneous as the intracranial variety.91 Using RNA 
microarray techniques, 1555 genes (out of 2 × 10^4 genes 
analyzed) were identified as displaying a differential 

expression pattern and 35 of these genes showed a signifi-
cantly different expression in cranial meningiomas when 
matched for histologic subtype against spinal meningi-
omas. Some of these included genes expressing transcrip-
tion factors or proteins involved in cell proliferation and 
differentiation, such as the HOX genes, as well as TCF8, 
CYR61, FHL2, KFL4, JUNB, and FOSL2 genes.91 Similarly, 
study of 58 spinal meningiomas that focused on matrix 
metalloproteinase 9 and hormone status discovered that 
unlike their intracranial counterparts, the progesterone 
expression of spinal meningiomas did not correlate with 
proliferative index as assessed by Ki-67 staining.93,94

Another important mutation that has been identified in 
cases of familial spinal meningiomas without NF2 mutations 
is SMARCE1 (switch/sucrose nonfermentable related, matrix 
associated, actin dependent regulator of chromatin, subfam-
ily E, member 1), a chromatin-remodeling complex gene, 
also known to be part of a family of genes whose mutation 
has been implicated in schwannomatosis.95 Thus far this 
mutation has only been associated with clear cell histology.95 
It is important to note that recent high-impact work has been 
conducted in intracranial meningioma and identified muta-
tions in tumor necrosis factor receptor–associated factor 1, 
Krüppel-like factor 4, Akt1, and Smoothened, identifying new 
potential therapeutic targets.96,97 These findings have yet to 
be identified in spinal meningiomas.

Treatments

Surgery

Surgical resection is the primary treatment of spinal men-
ingioma given the low rate of operative morbidity and the 
low recurrence rates (~1.3%–4%) for these often benign 
tumors (Fig. 5).89,90,98 As with its intracranial counterpart, 
surgeons should strive for a Simpson grade I  resection 
(ie, complete removal of the tumor and involved dura) 
in spinal meningioma if feasible and safe. In one study 
of surgical resection for spinal meningioma based on 
Simpson grade, it was found that while recurrences were 
lower with Simpson grade I removals, complications were 
higher, whereas the opposite held with Simpson grade II 
removal.99 Removal of dura is more difficult to reconstruct 
with duraplasty given the constraints of spinal canal anat-
omy, especially in the ventral and lateral portions of the 
canal, and can lead to higher CSF leak/fistula rates.

Radiation Therapy

The use of conventional radiation therapy is limited and 
controversial given the often indolent nature of the tumor 
and risk of radiation. Some authors reserve its use for 
malignant meningiomas, whereas others have advocated 
its use in early recurrence after subtotal or total resection 
and in patients where surgery is not possible (eg, medi-
cal comorbidities).98,100–102 Previously, radiosurgery was 
confined to use in the intracranial space given the need for 
frame-based targeting, which is untenable for the spine; 
however, more recently with frameless technology, its use 
has been reported in extracranial locations, including spi-
nal meningiomas.103
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Systemic Therapy

The genetic alterations found in intracranial meningi-
oma have spurred a great deal of interest in formulating 
targeted medical therapies for this disease. While genetic 
differences as discussed above have been highlighted, 
the adoption of newer treatments for spinal meningiomas 
is likely to be slow. Currently, chemotherapy has a more 
extensive experimental history in the use of adjuvant treat-
ment for recurrent or malignant intracranial meningioma, 
with a range of drugs including hydroxyurea, temozolo-
mide, hormone modulators (eg, mifepristone, tamoxifen, 
octreotide, sandostatin), and targeted therapy (eg, the TKIs 
imatinib and erlotinib, and the anti-VEGF bevacizumab).104

The use of experimental chemotherapeutic agents in the 
treatment of spinal meningioma, however, has been even 
more limited owing to the predominance of good out-
comes with surgery alone and low mitotic activity of tumor 
cells. There are several scattered reports of its use in spi-
nal meningioma. Some advocate using adjuvant therapy 
in spinal meningioma, as is done for intracranial meningi-
oma by WHO grade and resection status.105

Nerve Sheath Tumors

Epidemiology

Nerve sheath tumors, consisting predominantly of schwan-
nomas and neurofibromas, are the second most common 
primary spinal cord tumor in adults.2,106 These tumors have 
an estimated incidence of 0.26 cases per 100 000 in the 
United States, with a slightly higher rate found in males 
(odds ratio, 1.11). Greater than 98% of these tumors are 
benign, but malignant nerve sheath tumors, though rare, 
are a distinct and notoriously difficult-to-treat subset asso-
ciated with a high burden of morbidity and mortality.2,107

Genetics

Though most of these tumors occur sporadically, there are 
known associations of both neurofibromas and schwanno-
mas with both neurofibromatosis type 1 (NF1) and dysfunc-
tion of the NF1 tumor suppressor gene, as well as with NF2 

A B C

D E F

Fig. 5  Meningioma. A 64-year-old female who presented with increasing gait instability as well as right-sided radiating rib pain. (A) Initial 
MRI demonstrated an intradural, extramedullary mass at the T5–T6 level on T2-weighted sequences. (B) T1-weight contrast-enhanced imaging 
showed homogeneous enhancement. (C) Axial imaging demonstrated significant mass effect on the associated cord. (D) Intraoperatively, a 
distinct mass was encountered ventral to the exiting nerve root on the right. (E) Opening of the dentate ligament allowed for direct access to the 
tumor, (F) which was able to be resected while leaving the overlying nerve root intact.
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and loss of NF2 gene function, which in turn produces the 
scaffolding protein merlin. Spinal tumors are common in 
NF2, with greater than 67% of patients estimated to have a 
spinal tumor detectable by MRI.65,108,109 Schwannomas can 
be encountered in NF1 patients, and likewise neurofibromas 
can be seen in the setting of NF2. Moreover, tumors exist of 
hybrid or mixed pathology that are difficult to pathologically 
classify clearly into schwannomas or neurofibromas. Though 
uncommon, when encountered, these tumors are highly 
suggestive of an underlying genetic disorder.110

A third major neurofibromatosis syndrome, schwanno-
matosis, has recently been recognized. Though the exact 
definitions and diagnostic criteria for this syndrome are still 
evolving, the recognition of this syndrome acknowledges the 
observation that many patients present with either multiple 
schwannomas or familial schwannomas who do not fulfill the 
diagnostic criteria of NF2.111,112 The SMARCB1 tumor suppres-
sor gene, which is found on chromosome 22 and is involved in 
chromatin remodeling, has been implicated in many of these 
cases, and up to 45% of the cases of familial schwannomas 
have been noted to have SMARCB1 mutations.113

Treatments

Surgery

Treatment of nerve sheath tumors not associated with neu-
rofibromatosis has traditionally consisted of maximal safe 

surgical resection, though certain patients with asympto-
matic lesions may be observed for growth or symptom/
sign development (Fig.  6). Complete resection is often 
feasible if the proximal and distal ends of the tumor are 
identified and surrounding nerve rootlets dissected free 
from the tumor wall. Sacrifice of 1–2 nerve rootlets envel-
oped by the tumor is tolerable with minimal neurologic 
deficit. Complete resections are typical for schwannomas, 
but neurofibromas are more challenging to remove due to 
involved nerve rootlets and fibers.

Radiation Therapy

Recent improvements in frameless stereotaxic accuracy 
have resulted in increased interest in the use of radiosur-
gery and hypofractionated radiation in the treatment of 
both spinal tumors in general and specifically nerve sheath 
tumors.114 Shin et  al investigated the use of stereotactic 
radiosurgery in 66 spinal nerve sheath tumor patients.115 
With an average follow-up of 44  months, they reported 
local control rates of 95.4%, with significant improve-
ments in visual analog scale pain scores and no reported 
complications or radiation-induced neurotoxicity. Similar 
results have been reported by several other case series, all 
featuring very high rates of local control with little to no 
reported neurotoxicity.116,117 It should be noted, however, 
that the promising results achieved by these investiga-
tors nevertheless still have limitations, most prominently 

A

C D E

B

Fig. 6  Schwannoma. A 44-year-old male with several months of right-sided lower extremity pain and numbness. (A, B) MRI revealed large 
intradural tumor. (C) Tumor was debulked using ultrasonic aspirator. (D) A nerve root was found to be involved with tumor, and on stimulation, no 
motor responses were elicited, allowing for sacrifice of root (arrow). (E) Tumor was able to be totally resected.
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in the duration of follow-up. As nerve sheath tumors are 
generally slow growing, shorter follow-up times may miss 
many cases of treatment failure or delayed malignant 
transformation.

Systemic Therapies

As slow-growing tumors, spinal nerve sheath tumors are 
generally not thought to be responsive to standard chemo-
therapy regimens. However, investigators have continued 
to explore possible medical therapies in patients with neu-
rofibromatosis, particularly in preventing the progression 
of plexiform neurofibromas and in cases of unresectable 
tumors. The TKI imatinib has been tested in a phase II clini-
cal trial with some demonstrated benefit. Twenty-six per-
cent of patients receiving the study drug experienced a 
≥20% reduction in plexiform neurofibroma volume.118 The 
mTOR inhibitor sirolimus (rapamycin), in one phase II clini-
cal trial of 46 patients, has also demonstrated some modest 
benefit.119 Patients on sirolimus had a slower time to pro-
gression of their neurofibromas of on average 4 months. 
Recently, an inhibitor of mitogen-activated protein kinase 
kinase, selumetinib, has shown promise as well.120 Twenty-
four children recently underwent treatment in a phase 
I trial, with 71% achieving partial response (>20% reduction 
in tumor volume) and 0% reporting disease progression, 
with most children able to tolerate prolonged treatment 
regimens. It may be that some of these treatments will be 
effective against intraspinal neurofibromas as well.

Other chemotherapeutic options and molecular targets 
have also been tested, but with limited demonstrated ben-
efits. Tipifarnib, a farnesyltransferase inhibitor, has been 
used to inhibit the dysregulated Ras signaling pathway 
that occurs in plexiform neurofibromas in NF1 patients.121 
Though initial phase I trial data demonstrated that the drug 
was well tolerated in the pediatric population, subsequent 
phase II trials failed to demonstrate improvements in time 
to progression in plexiform neurofibromas.122

Few trials have investigated medical therapy for tumors 
in NF2-related schwannomas, but so far success has been 
limited when evaluating agents targeting epidermal growth 
factor receptor (EGFR) activity.123 Lapatinib, a selective 
EGFR inhibitor, has been shown to have some activity in 
ependymomas,124 but follow-up results have been mixed.125

Conclusions

Intradural spinal tumors include a wide range of histo-
pathological subtypes arising from the spinal cord, spinal 
nerves, and meninges. They can be daunting entities to 
treat due to the eloquence of the spinal cord and its com-
pact tracts and the infiltrative properties of some of these 
tumors. Currently, the mainstay of treatment involves 
surgical resection for maximal removal when possible, 
and chemotherapy and radiation therapy are reserved for 
residual or recurrent disease.

Discoveries in the genetic and molecular mechanisms 
behind spinal tumors, and their cranial counterparts, have 
opened a path for experimenting with more targeted treat-
ments, which can help with residual or recurrent disease and 

may even one day supplant surgical resection. Advances in 
radiotherapy targeting and dose delivery are also evolving 
rapidly and may have a combinatorial effect with surgery to 
increase safety and minimize complications.

As a rare subset of tumors, intradural spinal tumors are dif-
ficult to study and investigate. Discovering similarities among 
cranial and spine tumors can help accelerate research, but dis-
tinguishing differences between them are equally important 
and critical. Thus, sharing of resources and pooling of data are 
essential for the discovery of safer and more effective treat-
ments for these rare and challenging spine tumors.
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