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Stereotactic radiation treatment can be used to treat spinal cord neoplasms in patients

with either unresectable lesions or residual disease after surgical resection. While

treatment guidelines have been suggested for epidural lesions, the utility of stereotactic

radiation for intradural and intramedullary malignancies is still debated. Prior reports

have suggested that stereotactic radiation approaches can be used for effective tumor

control and symptom management. Treatment-related toxicity has been documented in

rare subsets of patients, though the incidences of injury are not directly correlated with

higher radiation doses. Further studies are needed to assess the factors that influence

the risk of radiation-induced myelopathy when treating spinal cord neoplasms with

stereotactic radiation, which can include, but may not be limited to, maximum dose,

dose-fractionation, irradiated volume, tumor location, histology and treatment history.

This review will discuss evidence for current treatment approaches.
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INTRODUCTION

Intradural lesions, which can be further divided into extramedullary (IDEM) and intramedullary
(IM), account for 30% of all spinal cord neoplasms (1). Surgery is the preferred method for
symptom relief and tumor control. The safety and efficacy of microsurgical techniques have
been well-documented for a variety of spinal cord lesions (1–5). In some situations, surgery
is contraindicated by medical comorbidities, performance status, lesion location, or rapidly
recurrent/progressive tumor. In addition, gross total resection (GTR), which has been shown to
drastically improve tumor outcomes, may not be attainable in all cases (6, 7). Furthermore, studies
on the efficacy of chemotherapy are limited but show no effect on survival (8). In cases where
GTR is unachievable, stereotactic radiotherapy (SRT), or, when treatment is delivered in a single
dose, stereotactic radiosurgery (SRS) may be important clinical tools for symptom management
and tumor control.

Conventional radiation approaches typically rely on a standard dose fraction size of 180–200
cGy (9). While dose escalation attempts to 50Gy or higher have led to improved control rates, the
use of conventionally fractionated radiotherapy for both bony and spinal cord disease is associated
with modest outcomes and may be additionally limited by the presence of multiple tumors or
disease near organs-at-risk (10–12). Increasingly, treatment of the bony spine, largely metastatic
disease, has shifted to using larger fraction sizes, or hypofractionation (dose >2Gy), that provide
potential benefit in improving tumor control and reducing the duration of treatment (13). Due
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to the large dose of radiation being delivered daily,
hypofractionated approaches typically rely on stereotactic
immobilization, such as body cradles, and real-time image
guidance, such as cone-beam CT or orthogonal X-rays (14).
While adoption of stereotactic radiation to treat the bony spine
has increased, application of this type of treatment to spinal cord
tumors is far less standardized or accepted.

Indeed, the utility of stereotactic radiation for treating
spinal cord neoplasms is not well-defined. Most approaches are
extrapolated from the success of treating intracranial tumors
with SRT or SRS (15–17). However, the spinal cord is a serially
organized tissue that may have its own unique radiobiological
response to treatment (18). Furthermore, spinal cord lesions
have unique presentations and close spatial relationships with
the spinal cord, complicating the efficacy and safety of using
stereotactic approaches (19). The goal of this review is to
summarize existing experiences of treating IDEM and IM
lesions with SRT and to highlight potential factors that
influence radiation-injury.

METHODS

We conducted a literature search using theUSNational Library of
Medicine PubMed database to identify English-language reports
of intradural and intramedullary neoplasms treated using SRT or
SRS. Reports containing a combination of the following terms

TABLE 1 | Studies on SRS for metastatic tumors of the intradural-extramedullary and intramedullary spinal cord.

References No. of pts/

No. of lesions

No. of IDEM/

No. of IM

Histology Treatment details F/u time Outcomes Complications

Shin et al. (24) 9/10 4/6 Breast (3) lung (2),

brain (2), kidney (1),

skin (1)

Median 14Gy

(10–16Gy)

10 mo 80% symptom improvement None

89% tumor control

mOS = 8 mo (range 2–19

mo)

Mori et al. (25) 2/3 3/0 Lung (2) Median 25Gy in 5

frac (5–10 frac)

– Partial improvement in

symptoms

None

Local control for treated

lesions

mOS = 5 mo (range 5–22

mo)

Veeravagu

et al. (26)

9/11 0/11 Breast (5), lung (3),

epitheloid

hemangioepithilioma

(1), teratoma (1)

Median 21Gy (range

14–27Gy) in 3 frac

(1–5 frac)

– Stable symptoms after

treatment

None

Local control for all lesions

mOS = 4.1mo (range 1–9

mo)

Parikh and

Heron (27)

1/1 0/1 Kidney (1) 16Gy in 3 frac 26 mo Partial improvement in

symptoms

None

Tumor partial response

OS = 26 mo

Lieberson

et al. (28)

1/1 0/1 Prostate (1) Marginal dose 27Gy

in 3 frac

3 mo Improvement in symptoms None

Tumor controlled at f/u

Garcia et al.

(29)

1/1 0/1 Breast (1) 14Gy in 1 frac 37 mo Improvement in symptoms Imaging showed

asymptomatic

radiation necrosis
Tumor controlled at f/u

IDEM, intradural-extramedullary; IM, intramedullary; f/u, follow-up; frac, fractions; mo, months; mOS, median overall survival; OS, overall survival.

were compiled: SRT, stereotactic radiotherapy, SRS, radiosurgery,
intradural, intramedullary, extramedullary, tumors, metastases,
and spinal cord. In addition, we employed a manual search
strategy to review the references cited in order to identify further
relevant studies.

RESULTS

Metastatic Tumors of the Spinal Cord
Spinal metastases are seen in 40% of patients with cancer and
are often associated with cerebrospinal fluid (CSF) dissemination,

portending poor prognosis. Of all metastatic spinal disease, <6%
are purely intradural. IM metastases are even more rare and are
found in fewer than 1% of patients with systemic cancer (20).

Published reports of IDEM and IM metastases arise from
a similar set of solid tumors, such as lung, breast, and
renal cell carcinoma (21). IDEM metastases are additionally
associated with central nervous system (CNS) drop-metastases
in the pediatric population or in populations with primary
brain malignancies (22). Patients often present with pain and
neurological deficits that require more urgent intervention. This
is in contrast to primary tumors which are often benign and have
a longer duration of symptoms of less severity before intervention
is sought (23). For both IDEM and IM metastases, SRT and
SRS have been demonstrated to offer symptomatic control with
minimal toxicities (Table 1).
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Reports of IDEM metastases treated with SRT or SRS are
limited to a small number of case series. Shin et al. reported four
IDEM lesions treated with a single fraction of SRS, delivering
either 14 or 16Gy (24). Three of the four lesions had both clinical
and radiographic responses, demonstrating no toxicities during
the 10-month follow-up period. One patient experienced tumor
progression, and overall survival was 8-months (2–19-months).
Mori et al. reported two IDEM metastases of lung origin. Both
spinal cord lesions were in a previously irradiated field, receiving
up to 42Gy for either the lung primary lesion (via standard
fractionated external beam radiation therapy) or cerebellar
metastases (via hypofractionated whole-brain radiation therapy).
In both of these patients, IDEM metastases were treated
using 25Gy in either 5 or 10 fractions, relieving neurological
symptoms, and controlling tumor growth until death from
systemic disease (25).

Veeravagu et al. (26) reported the largest series (n = 9)
of IM spinal cord metastases treated using SRT. Lesions most
commonly arose from breast and lung, though metastases from
an epithelioid hemangioepithelioma and teratoma were also
included in this series. A median dose of 21Gy (range 14–
27Gy) was delivered in 1–5 fractions, providing a maximum
dose (Dmax) of up to 37.0Gy (median 26.7Gy). A particularly
large metastasis from inflammatory breast cancer was treated less
aggressively in order to minimize the biologically equivalent dose
(BED) delivered to the spinal cord and risk of myelopathy. All
patients with follow-up were noted to have stable or improved
lesions. Though the median overall survival was poor at 4.1-
months (range 1–9-months), none of the patients were noted to
have radiation-induced toxicity.

Other studies demonstrate similarly low rates of toxicity,
despite high dose delivery. Case reports examining the use of
SRT or SRS for treating metastases from renal (27), prostate (28),
and breast (29) cancers suggest effective tumor control and lack
of radiation-toxicity. In Parikh et al. (27) treatment was direct
to a cervical (C5) IM metastasis and the patient did report new
tinnitus and balance difficulties during the 26-month follow-up
after receiving a maximum dose of 18.75Gy, though this was
not explicitly attributed to treatment and the patient also had a
history of craniotomy for a temporal lobe metastasis. Lieberson
et al. (28) reported effective tumor control following treatment
to the conus medullaris with no new neurological deficits at
the 3-month follow-up after SRT to the resection cavity with a
marginal dose of 27Gy. Shin et al. (24) reported six IM lesions
(five cervical, one thoracic) treated with a single fraction of SRS to
10–16Gy (median 14Gy). Despite mixed radiographic responses,
all patients improved clinically and none had radiation-induced
complications reported during the 10-month follow-up.

Primary Tumors of the Spinal Cord
Spinal cord neoplasms account for 2–4% of all CNS primary
tumors (30). The vast majority of adult primary spinal canal
tumors are IDEM (80%) and are most commonly diagnosed
as meningiomas or nerve sheath tumors (NSTs), which include
schwannomas and neurofibromas (NFs) (31, 32). IM tumors
account for 5–10% of tumors within the spinal canal, though
estimates are higher in children (33). The most common IM

tumors are gliomas, which constitute 80–90% of IM primaries,
and are predominately ependymomas in adults and astrocytomas
in children. Hemangioblastomas (HBs) make up 8–15% of IM
lesions. One-third of patients diagnosed with HB have von
Hippel-Lindau syndrome, a hereditary condition associated with
tumors arising in multiple organs (34, 35). Given the non-
infiltrative nature of many spinal tumors, microsurgical resection
remains the preferred treatment option. In cases where open
surgical resection is contraindicated, stereotactic radiation has
been shown to offer symptomatic relief and tumor control.
Unlike its use in metastatic lesions, the utility of stereotactic
radiation is better characterized for the treatment of primary
spinal cord tumors and treatment-related complications have
been reported in this context, possibly as a result of the increased
number of reports and longer patient survival (Table 2).

Several large series of IDEM tumors treated by SRT or SRS
have been published and describe a small number of transient
treatment-related complications. Selch et al. (36) reported the
results of 25 benign NSTs, including seven intradural lesions,
treated to 12Gy in a single fraction. Two of the patients in
this series experienced transient worsening of pre-treatment
neuropathies following SRS, one of whom had an intradural
NST at the cervical level. Both instances of morbidity resolved
with conservative treatment, and no patients were documented
with long-term spinal cord injury after radiosurgery. In all cases,
SRS provided effective tumor local control. Marchetti et al.
(37) reported one patient who developed acute worsening of
a preexisting sciatica after treatment, though no late toxicity
was observed among 18 patients with a median follow up of
38-months. All lesions were reportedly stable or decreased on
radiological follow-up. In a series of a similar size, Sahgal et al.
(38) treated 19 IDEM lesions to a median of 21Gy (range
10–30Gy) in 1–5 fractions. The authors noted that the maximum
dose within the tumor volume was not restricted, leading to
a median of maximum doses of 26.7Gy (range 15.4–59.7Gy).
No toxicity was observed during a median follow-up period of
25-months (range 2–37-months) and the majority of patients
experienced stable or improvement in pre-treatment pain.

A few studies have reported myelopathy after SRT for a
spinal IDEM primary tumor. Dodd et al. (19) treated 55 benign
IDEM tumors to 16–30Gy in 1–5 consecutive days. Despite
excellent local control, one patient developed posterior column
dysfunction 8-months after radiation, attributed to treatment-
related radiation myelopathy. This patient was administered
24Gy in three sessions for a cervico-thoracic meningioma. The
authors note that even though the volume of the irradiated
spinal cord was higher in this patient, with over 1.7 cubic
centimeters of spinal cord irradiated to over 18Gy in three
sessions, this patient did not undergo a particularly aggressive
treatment. Furthermore, this patient underwent two prior
surgical resections that may have contributed to his spinal
cord injury.

In addition, Gerszten et al. (39) described 3 IDEM lesions
out of 73 for which SRS led to radiation-induced myelitis. In
three patients, the onset of symptoms was consistent with Brown-
Sequard syndrome and occurred at 5–13-months after treatment.
All three lesions were treated to 20Gy in a single fraction at
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TABLE 2 | Studies using SRS/SRT for primary tumors of the intradural-extramedullary and intramedullary spinal cord.

References No. of pts/

No. of

lesions

No. of IDEM/

No. of IM

Histology Treatment details F/u

(mo)

Outcomes Complications

Selch et al.

(36)

6/7 – NSTs (7) 12Gy in 1 frac 24

(12–42)

One case of transient pain

increase

None

72% lesions stable, 28%

responded

Marchetti et al.

(37)

18/21 21/0 MG (11), SW (9), NF

(1)

11 lesions 10–13Gy

in 1 frac; 10 lesions

18.5–25Gy in 4–6

frac

43

(32-73)

64% significant pain relief 1 grade 3 acute

toxicity (resolved

after 48h); no late

toxicity

67% lesions stable, 33%

responded

Sahgal et al.

(38)

16/19 – NF (11), chordoma

(4), HB (2), MG (2)

25 mo (2–37) 25

(2–37)

Partial improvement in

pre-treatment pain (15%

worsened)

None

Three tumors progressed

Dodd et al.

(19)

51/55 55/0 SW (30), MG (16),

NF (9)

19Gy (16–30Gy) in

1–3 frac

36

(24–73)

70% and 50% pain relief in

meningioma or schwannomas,

respectively

One case of

posterior column

dysfunction 8 mo

after SRS61% lesions stable, 39%

responded

Gerszten et al.

(39)

73/73 73/0 SW (35), NF (25),

MG (13)

Median of 22Gy,

21.3Gy, 21.25Gy to

SW, NFs, and MG,

respectively

37

(8–71)

Significant pain relief in 14/17

SW and 8/13 NFs

3 cases of

Brown-Sequard

syndrome at 5, 12,

13 mo after SRS
100% control rate (stable or

responded)

Chang et al.

(40)

20/30 22/8 NSTs (20), HB (8),

MG (2)

14–33Gy in 1–5 frac 35.6

(12–84)

95% pain relief None

33% stable, 57% responded,

10% progressed

Pan et al. (41) 28/46 – HB (46) 21.6Gy (15–35Gy)

in 1.8 frac (1–5)

54.3

(3–157)

81.2% symptom improvement None

1-year local control rate 96.1%

Ryu et al. (42) 7/10 0/10 HB (7),

ependymoma (3)

21Gy (18–25Gy) in

1–3 frac

8 (1–24) No deterioration of symptoms None

70% stable, 30% responded

Selch et al.

(43)

9/20 18/2 HB (20) 12Gy (12–14Gy) in

1 frac

51

(14–86)

Symptoms improved in 1/7

tumors

None

85% stable, 5% responded

Daly et al. (44) 19/27 7/20 HB (27) 17 lesions 18–30Gy

in 1 frac; 10 lesions

18–25Gy in 2–4 frac

33.7

(6.6–84)

3-years local control rate 86% 1 grade 2 and 2

grade 1 toxicities

at 5, 18, and 26

mo after SRS

Shi et al. (45) 6/10 0/10 Ependymoma (10) 19Gy (6–24Gy) in

1–3 frac

54

(2–157)

2-years local control rate 100% None

Lesions are intradural unless otherwise specified as IDEM or IM. IDEM, intradural-extramedullary; IM, intramedullary; f/u, follow-up; frac, fractions; mo, months; NF, neurofibroma; HB,

hemangioblastoma; MG, meningioma; SW, schwannoma; NST, nerve sheath tumor.

the cervical level. Though none of the affected patients had a
history of irradiation, two patients had undergone previous open
surgical resection. All tumors were well-controlled following SRS,
despite 26% of lesions having recurred after a previous surgical
resection. It is interesting to note that the four cases of radiation-
myelopathy described here all occurred at the cervical-thoracic
level or higher; though, this finding should be weighed against
the fact that some of the most common IDEM tumors (NSTs)
tend to arise from the cervical region (31).

While hemangioblastomas make a much smaller fraction of
IM primary tumors and are only 3% of all spinal neoplasms, the
role of SRT in treating HBs is well-documented in comparison
to other more common IM tumor histologies (42). This
over-representation may be due to its similar vasculature nature

to arteriovenous malformations (AVMs), which are commonly
treated with SRT and SRS (46, 47).

Treatment of HBs with SRT has been reported in a number
of cases. Ryu et al. (42) treated 7 HBs to 21Gy (range 21–
25Gy), demonstrating stable or improved radiographic and
clinical outcomes. Chang et al. (40) found that of eight HBs,
six showed sized reduction after treatment to a maximum point
dose of 14.5Gy. In a series of 46 spinal cord HBs, Pan et al. (41)
showed that 81.2% of tumors had symptomatic improvement,
and actuarial local control rates at 5-years were 92.3%. Prescribed
doses ranged from 15 to 35Gy and, despite a maximum point
dose of up to 42.7Gy, no complications related to SRT were
noted. Daly et al. (44) reported a similar efficacy, with a 3-years
control rate of 86% among 27 HBs (20 were intramedullary HBs).
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One grade 2 toxicity was noted 5-months after treatment. This
lesion was treated to a maximum cord dose of 17.8Gy, the lowest
among all single-fraction treatments in the series. Of note, this
patient had a history of microsurgical resection and SRS 2-years
prior to the treatment of interest.

Ependymomas make up the majority of IM tumors in adults,
but published reports of IM ependymoma tumors treated using
SRS are rare (32). Ryu et al. treated three IM ependymomas to
18Gy in one or two sessions. All three lesions had improved
clinical outcomes at follow-up (range 1–12-months) (42). In a
recent series of intracranial and spinal ependymomas, Shi et al.
(45) described 10 spinal cord ependymomas treated using SRT
to a median of 19Gy. Interestingly, half of the patients (including
intracranial lesions) were pediatric cases of ependymoma, though
it is unclear howmany of those were spinal lesions. No radiation-
related injuries were reported during the follow-up period
(median 54-months, range 2–157-months).

DISCUSSION

Preliminary evidence suggests that SRT and SRS are effective
and safe for treating lesions of the intradural and intramedullary
space. With advances in microsurgical technique, resection
remains the preferred choice for both primary and metastatic
lesions of the spinal cord. Excluding a small number of tumor
types, including primary IM spinal cord lymphomas and some
pediatric malignancies, pharmacologic treatment have a limited
role in primary IDEM and IM lesions (8, 48). Among spinal
cord metastatic lesions with systemic disease that may respond
chemotherapeutic agents, most studies have demonstrated a lack
of survival benefit (49–51). As the utility of chemotherapy is
made on a case-by-case basis and largely limited by the tumor
histology, surgery and radiation are more applicable treatment
options. In cases where the lesion is not amenable to surgery, or if
residual tumor remains following resection, stereotactic radiation
can provide a valuable treatment. Though the risk of radiation-
induced injury exists, the appropriate treatment plan must be
weighed against the expected prognosis of the patient’s disease.

Assessing the risk of radiation-injury when treating IDEM
and IM metastases with SRT is challenged by the short overall
survival portended by aggressive systemic disease and possible
CSF seeding. Brain metastases are reported to occur in two-
thirds of IDEM metastases, suggesting that the CSF pathway
plays an important dissemination point in the pathogenesis of
IDEM metastases (52). The largest series of IDEM metastases
reported by Shin et al. (24) note brain metastases in all
patients, and many of the studies cited in this review also note
short follow-ups due to the underlying malignancies. Given
that the incidence curve of post-treatment neuropathy flattens
after 15-months, the risk of spinal injury in this population
may be underestimated by existing literature (15). However,
this risk should be weighed against the already-demonstrated
benefits of treating metastases with SRT, including symptomatic
improvement and pain relief (24–28).

Among primary spinal lesions, the majority of which are
benign slow-growing tumors, the long-term consequences of
spinal injury may have greater impact due to prolonged life
expectancies. These tumors tend to be non-infiltrative and

amenable to total tumor resection, yielding low recurrence
rates when gross total removal is achieved (3, 53, 54). In
published series for primary spinal tumors, SRT has been
demonstrated to yield excellent local control in nerve sheath
tumors, meningiomas, and hemangioblastomas (19, 38, 40–42,
44, 55). Given that induced radiation-injury would drastically
decrease quality of life over an expectedly long life-expectancy,
understanding factors that influence radiation-induced injury is
crucial to identifying patients who would be good candidates
for SRT.

Though several guidelines have been published for treating
spine tumors using SRT, the accepted tolerance for radiation
to the spinal cord remains debated. The upper limit of 10Gy
for maximum dose is commonly cited to be yield safe results
with no radiation-related complications, though estimates range
from 8 to 13Gy (56, 57). Among existing published reports, the
radiation dose delivered to a particular lesion is often greater
than commonly cited upper-bounds. Furthermore, incidences
of radiation-injury are not necessarily correlated with the most
aggressive SRT treatment plan. Understanding the risk profile
of radiation doses is important as many groups will take special
care to limit the maximum point dose, potentially reducing the
efficacy of SRT in the context of radiation dose-dependent tumor
growth response (58).

The risk of injury from radiation therapy is likely
multifactorial (59, 60). It has been speculated that prior
open surgeries may predispose the spinal cord to subsequent
radiation injury (39). Animal models showed that 2-years in
between full-dose radiation treatments to the spinal cord is
sufficient for recovery, raising additional concerns about how
more recent prior radiotherapy affects radiation-injury after
SRT in humans (61). Bijl et al. (62) showed that, contrary to
assumptions that probability of myelopathy is proportional
to length of irradiated spinal cord, damage to the spinal cord
decreases when the field length is reduced. A separate study
demonstrated an increase in the partial cord tolerance compared
to full-thickness cord irradiation (63). Other animal studies
have suggested location along the spinal cord can also affect
radiation sensitivity, as the thoracic spine may be more prone
to injury due to its poor vascular supply (64). Even within the
same anatomical level, some studies have suggested variations
in radio-sensitivity between white and gray matter (63). While
many of these conclusions are drawn from experiments in
animal models, the role of these factors are not well-elucidated
in humans. Understanding what factors influence stereotactic
radiation-related injury is likely oversimplified by the existing
emphasis on maximum tumor dose. Larger studies with
detailed dosimetry data, lesion characteristics, and treatment
history are needed to understand what factors contribute to
radiation-induced injury.

CONCLUSION

SRT provides effective tumor control and symptomatic relief
in primary and metastatic spinal cord lesions. Acute and
delayed incidences of treatment-related radiation-injury have
been reported. While this review is insufficient for determining
the tolerance of the spinal cord against injury, it suggests that
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high maximum dose is not necessarily correlated with treatment
injury. Larger studies with longer follow-up are needed to assess
whether and how histology, prior treatments, anatomical level,
and the radiosurgery treatment plan affect the risk of treatment-
related radiation myelopathy.

AUTHOR CONTRIBUTIONS

ELwrote themanuscript. JS and ES formulated project and edited
manuscript. All authors contributed to the manuscript revision,
read, and approved the submitted version.

REFERENCES

1. Traul DE, Shaffrey ME, Schiff D. Part I: spinal-cord

neoplasms-intradural neoplasms. Lancet Oncol. (2007) 8:35–45.

doi: 10.1016/S1470-2045(06)71009-9

2. Wostrack M, Ringel F, Eicker SO, Jägersberg M, Schaller K, Kerschbaumer

J, et al. Spinal ependymoma in adults: a multicenter investigation of surgical

outcome and progression-free survival. J Neurosurg Spine. (2018) 28:654–62.

doi: 10.3171/2017.9.SPINE17494

3. Parsa AT, Lee J, Parney IF, Weinstein P, McCormick PC, Ames C.

Spinal cord and intradural-extraparenchymal spinal tumors: current

best care practices and strategies. J Neurooncol. (2004) 69:291–318.

doi: 10.1023/B:NEON.0000041889.71136.62

4. Alizada O, Kemerdere R, Ulu MO, Akgun MY, Isler C, Kizilkilic O,

et al. Surgical management of spinal intramedullary tumors: ten-year

experience in a single institution. J Clin Neurosci. (2020) 73:201–8.

doi: 10.1016/j.jocn.2019.12.054

5. Gezen F, Kahraman S, Canakci Z, Beduk A. Review of 36

cases of spinal cord meningioma. Spine. (2000) 25:727–31.

doi: 10.1097/00007632-200003150-00013

6. Rashad S, Elwany A, Farhoud A. Surgery for spinal intramedullary tumors:

technique, outcome and factors affecting resectability. Neurosurg Rev. (2018)

41:503–11. doi: 10.1007/s10143-017-0879-z

7. Boström A, Von Lehe M, Hartmann W, Pietsch T, Feuss M, Boström JP,

et al. Surgery for spinal cord ependymomas: outcome and prognostic factors.

Neurosurgery. (2011) 68:302–8. doi: 10.1227/NEU.0b013e3182004c1e

8. Juthani RG, BilskyMH, VogelbaumMA. Current management and treatment

modalities for intramedullary spinal cord tumors. Curr Treat Options Oncol.

(2015) 16:39. doi: 10.1007/s11864-015-0358-0

9. Heath A. Radiation Therapy Study Guide: A Radiation Therapist’s Review. New

York, NY: Springer (2015).

10. Lee SH, Chung CK, Kim CH, Yoon SH, Hyun SJ, Kim KJ, et al. Long-term

outcomes of surgical resection with or without adjuvant radiation therapy

for treatment of spinal ependymoma: a retrospective multicenter study by

the Korea Spinal Oncology Research Group. Neuro Oncol. (2013) 15:921–9.

doi: 10.1093/neuonc/not038

11. Kotecha R, Mehta MP, Chang EL, Brown PD, Suh JH, Lo SS, et al. Updates in

the management of intradural spinal cord tumors: a radiation oncology focus.

Neuro Oncol. (2019) 21:707–18. doi: 10.1093/neuonc/noz014

12. Koh ES, Nichol A, Millar BA, Ménard C, Pond G, Laperriere NJ. Role

of fractionated external beam radiotherapy in hemangioblastoma of the

central nervous system. Int J Radiat Oncol Biol Phys. (2007) 69:1521–6.

doi: 10.1016/j.ijrobp.2007.05.025

13. Redmond KJ, Sahgal A, Foote M, Knisely J, Gerszten PC, Chao ST, et al. Single

versus multiple session stereotactic body radiotherapy for spinal metastasis:

the risk-benefit ratio. Futur Oncol. (2015) 11:2405–15. doi: 10.2217/fon.15.160

14. Ma L, Wang L, Tseng CL, Sahgal A. Emerging technologies in

stereotactic body radiotherapy. Chinese Clin Oncol. (2017) 6(Suppl 2):S12.

doi: 10.21037/cco.2017.06.19

15. Flickinger JC, Kondziolka D, Niranjan A, Lunsford LD. Results of acoustic

neuroma radiosurgery: an analysis of 5 years’ experience using current

methods. J Neurosurg. (2001) 94:1–6. doi: 10.3171/jns.2001.94.1.0001

16. Kondziolka D, Nathoo N, Flickinger JC, Niranjan A, Maitz AH, Lunsford

LD, et al. Long-term results after radiosurgery for benign intracranial tumors.

Neurosurgery. (2003) 53:815–21. doi: 10.1093/neurosurgery/53.4.815

17. Lunsford LD, Kondziolka D, Flickinger JC, Bissonette DJ, Jungreis CA, Maitz

AH, et al. Stereotactic radiosurgery for arteriovenous malformations of the

brain. J Neurosurg. (1991) 75:512–24. doi: 10.3171/jns.1991.75.4.0512

18. Dale E, Olsen DR. Specification of the dose to organs at risk in

external beam radiotherapy. Acta Oncol (Madr). (1997) 36:129–35.

doi: 10.3109/02841869709109220

19. Dodd RL, Ryu MR, Kamnerdsupaphon P, Gibbs IC, Chang SD, Adler JR.

CyberKnife radiosurgery for benign intradural extramedullary spinal tumors.

Neurosurgery. (2006) 58:674–84. doi: 10.1227/01.NEU.0000204128.84742.8F

20. Galasko CSB. Diagnosis of skeletal metastases and assessment of response to

treatment. Clin Orthop Relat Res. (1995) 312:64–75.

21. Sasaji T. Intradural-extramedullary metastatic tumor from lung cancer-

a case report and review. MOJ Clin Med Case Rep. (2017) 6:14–9.

doi: 10.15406/mojcr.2017.06.00147

22. Ecker RD, Endo T, Wetjen NM, Krauss WE. Diagnosis and treatment

of vertebral column metastases. Mayo Clin Proc. (2005) 80:1177–86.

doi: 10.4065/80.9.1177

23. Koeller KK, Rosenblum RS, Morrison AL. Neoplasms of the spinal cord

and filum terminale: radiologic-pathologic correlation. Radiographics. (2000)

20:1721–49. doi: 10.1148/radiographics.20.6.g00nv151721

24. Shin DA, Huh R, Chung SS, Rock J, Ryu S. Stereotactic spine radiosurgery

for intradural and intramedullary metastasis. Neurosurg Focus. (2009) 27:1–6.

doi: 10.3171/2009.9.FOCUS09194

25. Mori Y, Hashizume C, Shibamoto Y, Kobayashi T, Nakazawa H, Hagiwara M,

et al. Stereotactic radiotherapy for spinal intradural metastases developing

within or adjacent to the previous irradiation field–report of three cases.

Nagoya J Med Sci. (2013) 75:263–71.

26. Veeravagu A, Lieberson RE, Mener A, Chen YR, Soltys SG, Gibbs

IC, et al. CyberKnife stereotactic radiosurgery for the treatment of

intramedullary spinal cord metastases. J Clin Neurosci. (2012) 19:1273–7.

doi: 10.1016/j.jocn.2012.02.002

27. Parikh S, Heron DE. Fractionated radiosurgical management of

intramedullary spinal cord metastasis: a case report and review

of the literature. Clin Neurol Neurosurg. (2009) 111:858–61.

doi: 10.1016/j.clineuro.2009.06.008

28. Lieberson RE, Veeravagu A, Eckermann JM, Doty JR, Jiang B, Andrews R,

et al. Intramedullary spinal cord metastasis from prostate carcinoma: a case

report. J Med Case Rep. (2012) 6:139. doi: 10.1186/1752-1947-6-139

29. Garcia R, Sallabanda K, Santa-Olalla I, Lopez Guerra JL, Avilés L, Sallabanda

M, et al. Robotic radiosurgery for the treatment of intramedullary spinal

cord metastases: a case report and literature review. Cureus. (2016) 8:e609.

doi: 10.7759/cureus.609

30. Grimm S, Chamberlain MC. Adult primary spinal cord tumors. Expert Rev

Neurother. (2009) 9:1487–95. doi: 10.1586/ern.09.101

31. Abul-Kasim K, Thurnher MM, McKeever P, Sundgren PC. Intradural spinal

tumors: current classification and MRI features. Neuroradiology. (2008)

50:301–14. doi: 10.1007/s00234-007-0345-7

32. Karsy M, Guan J, Sivakumar W, Neil JA, Schmidt MH, Mahan MA.

The genetic basis of intradural spinal tumors and its impact on clinical

treatment. Neurosurg Focus. (2015) 39:E3. doi: 10.3171/2015.5.FOCUS

15143

33. Ostrom QT, Gittleman H, Liao P, Rouse C, Chen Y, Dowling J, et al. CBTRUS

statistical report: primary brain and central nervous system tumors diagnosed

in the United States in 2007-2011. Neuro Oncol. (2014) 16(Suppl 4):iv1–63.

doi: 10.1093/neuonc/nou223

34. Milano MT, Johnson MD, Sul J, Mohile NA, Korones DN, Okunieff

P, et al. Primary spinal cord glioma: a surveillance, epidemiology,

and end results database study. J Neurooncol. (2010) 98:83–92.

doi: 10.1007/s11060-009-0054-7

35. Wanebo JE, Lonser RR, Glenn GM, Oldfield EH. The natural history

of hemangioblastomas of the central nervous system in patients

Frontiers in Oncology | www.frontiersin.org 6 June 2020 | Volume 10 | Article 907

https://doi.org/10.1016/S1470-2045(06)71009-9
https://doi.org/10.3171/2017.9.SPINE17494
https://doi.org/10.1023/B:NEON.0000041889.71136.62
https://doi.org/10.1016/j.jocn.2019.12.054
https://doi.org/10.1097/00007632-200003150-00013
https://doi.org/10.1007/s10143-017-0879-z
https://doi.org/10.1227/NEU.0b013e3182004c1e
https://doi.org/10.1007/s11864-015-0358-0
https://doi.org/10.1093/neuonc/not038
https://doi.org/10.1093/neuonc/noz014
https://doi.org/10.1016/j.ijrobp.2007.05.025
https://doi.org/10.2217/fon.15.160
https://doi.org/10.21037/cco.2017.06.19
https://doi.org/10.3171/jns.2001.94.1.0001
https://doi.org/10.1093/neurosurgery/53.4.815
https://doi.org/10.3171/jns.1991.75.4.0512
https://doi.org/10.3109/02841869709109220
https://doi.org/10.1227/01.NEU.0000204128.84742.8F
https://doi.org/10.15406/mojcr.2017.06.00147
https://doi.org/10.4065/80.9.1177
https://doi.org/10.1148/radiographics.20.6.g00nv151721
https://doi.org/10.3171/2009.9.FOCUS09194
https://doi.org/10.1016/j.jocn.2012.02.002
https://doi.org/10.1016/j.clineuro.2009.06.008
https://doi.org/10.1186/1752-1947-6-139
https://doi.org/10.7759/cureus.609
https://doi.org/10.1586/ern.09.101
https://doi.org/10.1007/s00234-007-0345-7
https://doi.org/10.3171/2015.5.FOCUS15143
https://doi.org/10.1093/neuonc/nou223
https://doi.org/10.1007/s11060-009-0054-7
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Liu et al. Radiosurgery for Spinal Cord Neoplasms

with von Hippel-Lindau disease. J Neurosurg. (2003) 98:82–94.

doi: 10.3171/jns.2003.98.1.0082

36. Selch MT, Lin K, Agazaryan N, Tenn S, Gorgulho A, DeMarco JJ, et al.

Initial clinical experience with image-guided linear accelerator-based spinal

radiosurgery for treatment of benign nerve sheath tumors. Surg Neurol. (2009)

72:668–74. doi: 10.1016/j.surneu.2009.04.019

37. Marchetti M, De Martin E, Milanesi I, Fariselli L. Intradural extramedullary

benign spinal lesions radiosurgery. Medium- to long-term results from a

single institution experience. Acta Neurochir (Wien). (2013) 155:1215–22.

doi: 10.1007/s00701-013-1756-3

38. Sahgal A, Chou D, Ames C, Ma L, Lamborn K, Huang K, et al. Image-

guided robotic stereotactic body radiotherapy for benign spinal tumors:

the University of California San Francisco preliminary experience. Technol

Cancer Res Treat. (2007) 6:595–603. doi: 10.1177/153303460700600602

39. Gerszten PC, Burton SA, Ozhasoglu C, McCue KJ, Quinn AE. Radiosurgery

for benign intradural spinal tumors. Neurosurgery. (2008) 62:887–95.

doi: 10.1227/01.neu.0000318174.28461.fc

40. Chang UK, Rhee CH, Youn SM, Lee DH, Park SQ. Radiosurgery using

the Cyberknife for benign spinal tumors: Korea Cancer Center Hospital

experience. J Neurooncol. (2011) 101:91–9. doi: 10.1007/s11060-010-0231-8

41. Pan J, Ho AL, D’AstousM, Sussman ES, Thompson PA, Tayag AT, et al. Image-

guided stereotactic radiosurgery for treatment of spinal hemangioblastoma.

Neurosurg Focus. (2017) 42:1–7. doi: 10.3171/2016.10.FOCUS16361

42. Ryu SI, Kim DH, Chang SD. Stereotactic radiosurgery for hemangiomas

and ependymomas of the spinal cord. Neurosurg Focus. (2003) 15:E10.

doi: 10.3171/foc.2003.15.5.10

43. Selch MT, Tenn S, Agazaryan N, Lee SP, Gorgulho A, De Salles AAF. Image-

guided linear accelerator-based spinal radiosurgery for hemangioblastoma.

Surg Neurol Int. (2012) 3:73. doi: 10.4103/2152-7806.98386

44. Daly ME, Choi CYH, Gibbs IC, Adler JR, Chang SD, Lieberson RE,

et al. Tolerance of the spinal cord to stereotactic radiosurgery: insights

from hemangioblastomas. Int J Radiat Oncol Biol Phys. (2011) 80:213–20.

doi: 10.1016/j.ijrobp.2010.01.040

45. Shi S, Jin MC, Koenig J, Gibbs IC, Soltys SG, Chang SD, et al. Stereotactic

radiosurgery for pediatric and adult intracranial and spinal ependymomas.

Stereotact Funct Neurosurg. (2019) 97:189–94. doi: 10.1159/000502653

46. Kim H, Chang W, Kim D, Lee J, Chang J, Kim D, et al. Gamma Knife

surgery for large cerebral arteriovenous malformations. J Neurosurg. (2010)

113(Suppl):2–8. doi: 10.3171/2010.7.GKS101043

47. Yahya S, Heyes G, Nightingale P, Lamin S, Chavda S, Geh I, et al. Linear

accelerator radiosurgery for arteriovenous malformations: updated literature

review. J Clin Neurosci. (2017) 38:91–5. doi: 10.1016/j.jocn.2016.12.015

48. Wu Q, Yang Z, Xu Y. Nomograms predict survival outcome of primary

intramedullary spinal cord lymphoma patients. Med Sci Monit. (2019)

25:7418–29. doi: 10.12659/MSM.919628

49. Grasso G, Meli F, Patti R, Giambartino F, Florena AM, Iacopino DG.

Intramedullary spinal cord tumor presenting as the initial manifestation of

metastatic colon cancer: case report and review of the literature. Spinal Cord.

(2007) 45:793–6. doi: 10.1038/sj.sc.3102105

50. Goyal A, Yolcu Y, Kerezoudis P, Alvi MA, Krauss WE, Bydon M.

Intramedullary spinal cord metastases: an institutional review of survival and

outcomes. J Neurooncol. (2019) 142:347–54. doi: 10.1007/s11060-019-03105-2

51. Sung WS, Sung MJ, Chan JH, Manion B, Song J, Dubey A, et al.

Intramedullary spinal cord metastases: a 20-year institutional experience

with a comprehensive literature review. World Neurosurg. (2013) 79:576–84.

doi: 10.1016/j.wneu.2012.04.005

52. Mirimanoff RO, Choi NC. Intradural spinal metastases in patients with

posterior fossa brain metastases from various primary cancers. Oncology.

(1987) 44:232–6. doi: 10.1159/000226484

53. Cohen-Gadol AA, Zikel OM, Koch CA, Scheithauer BW, Krauss WE. Spinal

meningiomas in patients younger than 50 years of age: a 21-year experience. J

Neurosurg. (2003) 98:258–63. doi: 10.3171/spi.2003.98.3.0258

54. Roux FX, Nataf F, Pinaudeau M, Borne G, Devaux B, Meder JF. Intraspinal

meningiomas: review of 54 cases with discussion of poor prognosis factors

and modern therapeutic management. Surg Neurol. (1996) 46:458–63.

doi: 10.1016/S0090-3019(96)00199-1

55. Shin DW, SohnMJ, KimHS, Lee DJ, Jeon SR, Hwang YJ, et al. Clinical analysis

of spinal stereotactic radiosurgery in the treatment of neurogenic tumors. J

Neurosurg Spine. (2015) 23:429–37. doi: 10.3171/2015.1.SPINE14910

56. Gibbs IC, Patil C, Gerszten PC, Adler JR, Burton SA. Delayed radiation-

induced myelopathy after spinal radiosurgery. Neurosurgery. (2009) 64(2

Suppl):67–72. doi: 10.1227/01.NEU.0000341628.98141.B6

57. Kirkpatrick JP, van der Kogel AJ, Schultheiss TE. Radiation dose-volume

effects in the spinal cord. Int J Radiat Oncol Biol Phys. (2010) 76(3 Suppl):42–9.

doi: 10.1016/j.ijrobp.2009.04.095

58. De Salles AAF, Pedroso AG, Medin P, Agazaryan N, Solberg T, Cabatan-

Awang C, et al. Spinal lesions treated with Novalis shaped beam intensity-

modulated radiosurgery and stereotactic radiotherapy. J Neurosurg. (2004)

101(Suppl 3):435–40. doi: 10.3171/sup.2004.101.supplement3.0435

59. Rock JP, Ryu S, Yin FF, Schreiber F, Abdulhak M. The evolving

role of stereotactic radiosurgery and stereotactic radiation therapy

for patients with spine tumors. J Neurooncol. (2004) 69:319–34.

doi: 10.1023/B:NEON.0000041890.01837.53

60. Gerszten PC, Burton SA, Ozhasoglu C, Welch WC. Radiosurgery for spinal

metastases: clinical experience in 500 cases from a single institution. Spine.

(2007) 32:193–9. doi: 10.1097/01.brs.0000251863.76595.a2

61. Ang KK, Jiang GL, Feng Y, Stephens LC, Tucker SL, Price RE. Extent and

kinetics of recovery of occult spinal cord injury. Int J Radiat Oncol Biol Phys.

(2001) 50:1013–20. doi: 10.1016/S0360-3016(01)01599-1

62. Bijl HP, Van Luijk P, Coppes RP, Schippers JM, Konings AWT, Van

der Kogel AJ. Dose-volume effects in the rat cervical spinal cord after

proton irradiation. Int J Radiat Oncol Biol Phys. (2002) 52:205–11.

doi: 10.1016/S0360-3016(01)02687-6

63. Bijl HP, Van Luijk P, Coppes RP, Schippers JM, Konings AWT, Van

Der Kogel AJ. Regional differences in radiosensitivity across the rat

cervical spinal cord. Int J Radiat Oncol Biol Phys. (2005) 61:543–51.

doi: 10.1016/j.ijrobp.2004.10.018

64. Kramer S, Lee KF. Complications of radiation therapy: the

central nervous system. Semin Roentgenol. (1974) 9:75–83.

doi: 10.1016/0037-198X(74)90011-X

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2020 Liu, Silverman and Sulman. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Oncology | www.frontiersin.org 7 June 2020 | Volume 10 | Article 907

https://doi.org/10.3171/jns.2003.98.1.0082
https://doi.org/10.1016/j.surneu.2009.04.019
https://doi.org/10.1007/s00701-013-1756-3
https://doi.org/10.1177/153303460700600602
https://doi.org/10.1227/01.neu.0000318174.28461.fc
https://doi.org/10.1007/s11060-010-0231-8
https://doi.org/10.3171/2016.10.FOCUS16361
https://doi.org/10.3171/foc.2003.15.5.10
https://doi.org/10.4103/2152-7806.98386
https://doi.org/10.1016/j.ijrobp.2010.01.040
https://doi.org/10.1159/000502653
https://doi.org/10.3171/2010.7.GKS101043
https://doi.org/10.1016/j.jocn.2016.12.015
https://doi.org/10.12659/MSM.919628
https://doi.org/10.1038/sj.sc.3102105
https://doi.org/10.1007/s11060-019-03105-2
https://doi.org/10.1016/j.wneu.2012.04.005
https://doi.org/10.1159/000226484
https://doi.org/10.3171/spi.2003.98.3.0258
https://doi.org/10.1016/S0090-3019(96)00199-1
https://doi.org/10.3171/2015.1.SPINE14910
https://doi.org/10.1227/01.NEU.0000341628.98141.B6
https://doi.org/10.1016/j.ijrobp.2009.04.095
https://doi.org/10.3171/sup.2004.101.supplement3.0435
https://doi.org/10.1023/B:NEON.0000041890.01837.53
https://doi.org/10.1097/01.brs.0000251863.76595.a2
https://doi.org/10.1016/S0360-3016(01)01599-1
https://doi.org/10.1016/S0360-3016(01)02687-6
https://doi.org/10.1016/j.ijrobp.2004.10.018
https://doi.org/10.1016/0037-198X(74)90011-X
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

	Stereotactic Radiation for Treating Primary and Metastatic Neoplasms of the Spinal Cord
	Introduction
	Methods
	Results
	Metastatic Tumors of the Spinal Cord
	Primary Tumors of the Spinal Cord

	Discussion
	Conclusion
	Author Contributions
	References


