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Update on management of vertebral
column tumors
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PRACTICE POINTS

e The neurologic, oncologic, mechanical, and systemic (NOMS) decision framework provides a treatment paradigm for
metastatic spinal tumors by evaluating a patient’s neurologic, oncologic, mechanical and systemic status.

e Stereotactic radiosurgery (SRS) has modified the treatment approach to metastatic spinal tumors by being able to
provide local control to tumor histologies that are radioresistant to conventional external beam radiation therapy.

e Separation surgery allows decompression of the neural elements and creation of a 2-3-mm tumor margin to allow for
adjuvant SRS at tumoricidal doses that provides effective local tumor control without risking spinal cord toxicity.

e Preliminary data have shown that SRS provided at a median dose of 24 Gy has been shown to be effective in providing

tumor control in chordomas with low treatment-related morbidity.

e 32P plaque brachytherapy provides a safe alternative to previously reported methods of rigid plaque brachytherapy in
order to supplement postoperative external beam radiation therapy through improved dosimetry.

e Early data indicate that high-dose-rate interstitial *?Ir brachytherapy can be applied either intraoperatively or
percutaneously for effective tumor and pain control in patients without external beam radiation options.

SUMMARY: Treatment options for metastatic and primary spinal tumors have expanded
in recent years, in part due to the advances made in stereotactic radiosurgery. For metastatic
spinal tumors, our institution utilizes the neurologic, oncologic, mechanical, and systemic
(NOMS) decision framework, which provides a treatment paradigm based on the neurologic,
oncologic, mechanical and systemic status of the patient. Radiosurgery as a supplement to
surgical decompression has allowed for less-invasive surgical procedures carrying minimal
morbidity while still providing effective local tumor control. Although wide en bloc excision
has traditionally been the goal for the treatment of high-grade primary spine tumors,
recent studies have shown promise for radiosurgery in providing control in tumors such as
chordomas and high-grade sarcomas. Despite advances in radiosurgery, there continues to
be limitations in providing effective conformational doses with minimal toxicity to critical
structures. One of the ways to circumvent this and supplement external beam radiation is
through the use of brachytherapy delivered by radioactive plaque or seeds.

Management of primary and metastatic spinal tumors has evolved to include a combination of surgi-
cal resection and radiation. Developments in stereotactic radiosurgery (SRS) have allowed greater
flexibility in the treatment of spinal tumors. Metastatic tumors that demonstrated poor responses to
conventional external beam radiation therapy (cEBRT) are now being recognized as radiosensitive
to SRS [1]. SRS has also expanded radiation strategies against primary spinal tumors. The emerging
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roles of SRS in spinal tumors have allowed the
modification in the surgical approaches to these
tumors. For metastatic spinal tumors, aggres-
sive cytoreductive tumor resection may no longer
be necessary. Surgical goals have been modified
to maintain stability and neural function, and
decompression of the neural elements in order
to allow safe and effective delivery of radiosur-
gery in order to achieve local control. In pri-
mary spinal tumors, radiosurgery is emerging
as a treatment in providing tumor control and
may possibly be used as a neoadjuvant therapy to
optimize surgical treatment or as the definitive
therapy. In addition to cEBRT and SRS, brachy-
therapy has also been employed and has shown
promise in helping to control tumor growth by
circumventing the limitations of external beam
radiation.

Metastatic tumors

Twenty percent of cancer patients will develop
metastases to the spine [2,3]. The treatment
for spinal metastases remains palliative with
goals directed at pain management, preserva-
tion of neural function, spinal stabilization
and local durable tumor control. The evolution

Low-grade ESCC

of treatment for metastatic spinal disease has
evolved from radiation therapy alone to include
surgical decompression and stabilization [4].
Advances in SRS have further expanded the
treatment options for radiation therapy. At our
institution, we utilize the neurologic, oncologic,
mechanical and systemic (NOMS) decision
framework as a decision-making guide for the
treatment of metastatic spinal disease.

The NOMS framework is a treatment para-
digm that takes into account four key elements in
a patient’s clinical status to arrive at the optimal
treatment approach (Figure 1). NOMS assesses
the patient’s neurologic, oncologic, mechanical
and systemic status [s]. The neurologic compo-
nent takes into account the patient’s degree of
epidural spinal cord compression (ESCC) and
the clinical manifestations including myelopa-
thy or functional radiculopathy. The oncologic
component takes into account the tumor hist-
ology, which considers the tumor responsiveness
to systemic or radiation therapy. The mechanical
component addresses the stability of the spine
at the level of disease, which dictates the type
stabilization that may be needed. The systemic
component takes into consideration the disease
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Figure 1. Neurologic, oncologic, mechanical, and systemic (NOMS) decision framework.
cEBRT: Conventional external beam radiation therapy; ESCC: Epidural spinal cord compression; SRS: Stereotactic

radiosurgery.
Reproduced with permission from [s].
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burden and associated medical comorbidities
that contribute to the expected survival, which
may influence the patient’s tolerance of possible
treatments.

One of the key decision points in the NOMS
framework is tumor histology, which dictates the
radiosensitivity of the tumor. Metastatic spine
tumors are considered to be radiosensitive or
radioresistant based on their responsiveness to
cEBRT. cEBRT is typically delivered in one or
two radiation beams without precise conformal
techniques. The typical field of radiation encom-
passes the postoperative bed and includes the
vertebral bodies above and below, which results
in a large area of normal tissue included in the
field. The inclusion of the spinal cord and other
organs at risk in the radiation field limits the
fraction dose that can be delivered using cEBRT.
Recent advances have led to the development
of image-guided radiation therapy (IGRT),
which is a method of radiation treatment that
provides conformal radiation doses with high
spatial precision. This allows for the delivery of
high doses of radiation to the desired treatment
regions while minimizing the radiation dose of
critical adjacent structures.

A review of the literature shows that the effec-
tiveness of cEBRT greatly depends on the his-
tology of the tumor [1]. Lymphoma, seminoma
and myeloma are the most radiosensitive hist-
ologies. Among the solid tumors, breast, pros-
tate, ovarian and certain neuroendocrine tumors
are radiosensitive. Treatment of radiosensitive
spinal metastases with cEBRT has been fairly
consistently shown to result in durable local con-
trol. Treatment of 131 patients with spinal breast
metastases resulted in 86% 2-year local control
rate (6]. The median duration of improvement in
motor capacity in patients with spinal metastases
from myeloma, breast and prostate cancers were
16, 12 and 10 months, respectively [7]. Renal,
thyroid, hepatocellular, colon and non-small-cell
lung carcinomas, sarcoma, as well as melanoma,
represent radioresistant tumors in which cEBRT
often fails to reliably provide durable local con-
trol. The 2-year local control rates for lung and
gastrointestinal metastases after cEBRT were 69
and 30%, respectively [6]. The median duration
of motor improvement after cEBRT in patients
with kidney, lung and bladder metastases were
5, 4 and 1 months, respectively [7]. For those
histologies that were deemed radioresistant, SRS
delivered via IGRT has been shown to achieve
durable tumor control.
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SRS has been shown to be effective in control-
ling tumor growth in multiple tumor histologies,
including renal cell, melanoma and lung metas-
tases [8.9]. Gerszten ez al. reported an aggregate
of 500 spinal metastasis patients, of which the
most commonly treated histologies included
renal cell, breast and lung cancer, and melanoma,
with median follow-up of 21 months and tumor
volume range between 0.2 and 264 cm?® [10].
They reported 86% overall pain improvement
and 88% radiographic control. Yamada et al.
reported similar results in a prospective study of
362 patients with 413 treated spinal metastases
(11]. They reported a 2.4% risk of recurrence at
3 years after treatment when death was accounted
as a competing risk to recurrence. Excellent
tumor control was achieved in all histologies,
with 3-year local control rates of 89% for renal
cell, 90% for melanoma, 92% for thyroid, 96%
for sarcoma and 98% for breast, lung, prostate
and colorectal cancer. Multiple oncology centers
have reported similar results demonstrating the
utility of radiosurgery to control tumor progres-
sion with low rates of toxicity and excellent rates
of pain resolution [12-17].

The majority of studies indicate that local
control with radiosurgery is independent of
tumor size or histology, but there does appear
to be an inverse relationship between radiation
dose and local recurrence risk. Patients receiving
24 Gy single-fraction SRS exhibited significantly
lower recurrence risk than patients with lower-
dose treatments [18,19]. Furthermore, analysis
of recurrence risk factors indicated that spinal
metastases that received at least 15 Gy to the
entire tumor volume exhibited no recurrence
regardless of primary histology. This empha-
sizes the importance of optimizing dosimetry
to the entire tumor volume [18]. This can only
be achieved when separation between the tumor
and the spinal cord exists, since a 15 Gy dose to
the spinal cord has not been shown to be safe,
and most physicians use lower spinal cord toler-
ance levels when planning spinal SRS. A sys-
tematic review of the literature performed by
Gerszten et al. suggests that SRS provides dura-
ble symptomatic and radiographic tumor control
independent of histology or prior fractionated
radiotherapy, and that while the available qual-
ity of evidence is low, a strong recommendation
based on a Cochran review of the literature is
that radiosurgery should be used in the treat-
ment of oligometastatic or radioresistant solid
metastases to the spine [1].
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Publications indicate a favorable toxicity pro-
file after spinal SRS. The majority of reported
complications consist of low-grade and well-
tolerated toxicities. However, significant toxici-
ties have also been reported and include verte-
bral compression fractures (VCF), myelopathy,
neuropathy and plexopathy, and esophageal
injuries. The rate of radiographic VCF has
been reported to range between 11 and 39%
(20-22]. Unfortunately, none of the studies have
addressed the rate of symptomatic VCF after
SRS, limiting the reporting to radiographic find-
ings. Our preliminary data indicate that the rate
of symptomatic VCF after 24-Gy single-fraction
SRS requiring cement or instrumented stabiliza-
tion is approximately 10%. Majority of sympto-
matic post-SRS fractures can be stabilized with
verterbo- or kypho-plasty or percutaneous screw
stabilization with complete resolution of insta-
bility pain. Therefore, the 10% rate of symp-
tomatic fracture after SRS appears to be quite
acceptable considering the superior local control
provided by 24 Gy. Increased awareness of this
phenomenon has allowed us to proactively deter-
mine which patients are at high-risk of post-SRS
VCF and to address their symptoms early and
with minimal morbidity. Cox et al. reported a
6.8% risk of significant (grade >3) esophageal
toxicity [23]. Patients with history of iotragenic
esophageal manipulation and chemotherapy asso-
clated with radiation recall were at the highest risk
of severe toxicity. Finally, the risk of spinal cord
myelopathy and plexopathy after SRS appears to
be quite low with only a few case reports of these
events available [24].

For all radiosensitive tumors regardless of the
ESCC grade [25], the NOMS framework directs
treatment toward cEBRT. Radioresistant tumors
without high-grade ESCC can be treated with
radiosurgery, since the full tumor volume can
receive the full dose of radiation without risk-
ing spinal cord toxicity. For radioresistant tumors
with high-grade ESCC, surgical decompression
and stabilization are required before SRS can be
delivered. The primary goals of surgery are main-
tenance of mechanical stability and preservation
of neural function through decompression of the
neural elements. Prior to the integration of SRS,
the goal of surgery was to maximize tumor resec-
tion in order to lessen the probability of recur-
rence due to the poor responses, using cEBRT
as a postoperative adjuvant. Aggressive tumor
resection may put the patients at increased risk
of surgical morbidity and in the metastatic tumor
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population postoperative complications prohibit
or delay patients from returning to meaningful
systemic therapy. Historically, the data regard-
ing postoperative tumor control are sparse but
Klekamp and Samii reported that despite aggres-
sive tumor resection, only 30% control rate at
1-year was achieved using cEBRT in the post-
operative setting [26]. With the integration of
SRS, the need for aggressive tumor resection may
significantly decrease as SRS markedly improves
control similar to its use in the upfront setting,
The integration of SRS led to the development
of the concept of ‘separation surgery’ in patients
operated for high-grade spinal cord compres-
sion from radioresistant histologies (Figure 2).
Separation surgery is accomplished via a pos-
terolateral laminectomy, unilateral or bilateral
facetectomy and pedicle resection, followed by
long posterior segmental fixation [27]. Instead of
attempting a gross total resection of the tumor,
the goal of separation surgery is to decompress
the neural elements by creating a 2-3-mm sepa-
ration between the tumor and the dural margin
to allow for a tumoricidal dose of radiation to be
applied to the entire tcumor volume with sufficient
room for dose fall-off to prevent toxicity to the
spinal cord. Radiosurgery as an adjunct to surgi-
cal decompression has been shown to be effec-
tive in providing local tumor control. Rock et al.
administered single-fraction SRS to 18 patients as
postoperative treatment with a median follow-up
of 7 months. Ninety-two percent of the patients
remained neurologically stable or improved, while
one deteriorated due to rapid tumor progression
(28]. Moulding ez al. evaluated 21 patients who
were treated with single-fraction SRS, which
resulted in a l-year recurrence risk of 9.5%.
Patients who received 24 Gy had significantly
better local control with a 1-year recurrence risk
of 6.3% [19]. This patient group was included in
the larger analysis of 186 patients who underwent
surgery followed by single-fraction or hypofrac-
tionated postoperative radiation [29]. The overall
1-year recurrence risk was 16.4%, with patients
receiving high-dose hypofractionated radiation
having a 1-year recurrence risk of 4.1%, which
was significantly lower than after low-dose hypo-
fractionated radiation. The 1-year recurrence rate
after single-fraction SRS was 9.0%. A smaller
series of patients confirmed our finding that high-
dose per-fraction postoperative SRS provides
superior local control compared with low-dose
SRS and also noted that patients with complete
spinal cord decompression had better post-SRS
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Figure 2. Separation surgery followed by stereotactic radiosurgery for metastatic spinal tumor.
(A & B) A 63-year-old male with a history of metastatic thyroid carcinoma and metastasis to T2. (C & D) Two months
following posterior decompression and stabilization followed by radiation of 2700 Gy in three fractions.

local tumor control compared with patients with
persistent postoperative spinal cord compression
(30]. Furthermore, it has been shown that hypo-
fractionated SRS may also be safely employed in
previously irradiated patients [31.32].

In patients with spinal instability who do not
require surgical decompression, vertebral cement

future science group

augmentation has been shown to be effective
alone or with percutaneous instrumentation.
Percutaneous cement augmentation has been
demonstrated to provide effective pain control
and stabilization in pathologic compression
fractures. Cancer Patient Fracture Evaluation
(CAFE) fractures that extend into the posterior
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elements including the pedicle or facet joints
cannot be stabilized using cement augmentation
alone [33]. In a study of 18 patients with meta-
static spinal tumors with evidence of radiographic
and symptomatic instability, percutaneous pedi-
cle screw fixation and cement kyphoplasty were
shown to consistently provide pain reduction
and spinal stabilization. This strategy provides a
minimally invasive approach to spinal stability in
this particular patient population [34].

Primary tumors

Treatment goals for primary spinal tumors range
from cure to palliation, depending on the histol-
ogy and stage of the tumor. When amenable, en
bloc excision to provide wide margins may pro-
vide a definitive cure. Depending on the tumor
grade, chemotherapy or radiation may be needed
in addition to surgery.

The surgical approach for primary spinal
tumors was adopted from the Enneking system
of staging musculoskeletal neoplasms, which
recommends intracapsular or marginal exci-
sion of benign tumors and wide excision of
malignant tumors [35]. The Weinstein, Boriani,
Biagini (WBB) system was created to apply the
concepts of the Enneking staging system to the
spine [36]. A review of the literature shows that
when wide margins can be achieved through
en bloc resection of chordomas and chondro-
sarcomas, local recurrence and disease-free sur-
vival is significantly improved when compared
with intralesional resections [37]. The Spine
Oncology Study Group (SOSG) has concluded
that surgery represents the primary treatment
modality for local control of osteoblastoma,
aneurysmal bone cyst, giant cell tumors, chor-
doma, chondrosarcoma, Ewing’s sarcoma and
osteosarcoma [37-39].

Total excision of primary spinal tumors can be
difficult to achieve due tumors that extend into
the epidural space, large paraspinal masses or cir-
cumferential bone disease. Surgical resection to
achieve wide margins in the sacral spine carries
a high morbidity. Thus, while surgery may rep-
resent the best chance for cure in select patients,
alternative therapies that are able supplement
surgical resections are needed.

Chemotherapy has long played a major role
in the treatment of osteogenic sarcoma and
is being explored in the treatment of chordo-
mas. A Phase II clinical study reported that
imatinib, a tyrosine kinase inhibitor that tar-
gets PDGFB/PDGFRB-positive chordomas,
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has shown promise in providing local tumor
control [40].

Chordomas, chondrosarcomas and most
osteosarcomas have proven to be resistant to
low-dose fractionated photon therapy [37]. On
the other hand, heavy particle irradiation with
protons and carbon ions has yielded promising
results. Combination of photon irradiation with
surgery has yielded 5-year local control rates
ranging from 62 to 100% [41-43]. The results of
fractionated carbon ion irradiation of large sacral
chordomas have been even more promising, with
two publications reporting local control rates of
94% in 34 patients with mean 43-month fol-
low-up and 100% in seven patients with mean
58-month follow-up [44.45].

Long-term response of spinal chordomas to
SRS has yet to be determined. Several studies
have shown the efficicacy of SRS in the treat-
ment of cranial chordomas [46-50]. Based on the
cranial results and convincing evidence that
SRS is able to provide durable tumor control
in significantly radioresistant metastases, SRS
has been used as a therapy in inoperable and
recurrent tumors and as planned postoperative
adjuvant treatment. Henderson ez al. treated
three sacral, eight mobile spine and seven clival
chordomas with CyberKnife in four or five frac-
tions as a postoperative adjuvant treatment [s1].
The 5-year actuarial control rate was 59% for
the entire series. None of the patients with gross
total resection of spinal chordomas who received
atleast 37.5 Gy to the tumor margin had a recur-
rence. Gerszten et al. reported the use of single-
fraction SRS in the treatment of two spinal chor-
domas [52]. Wu et al. described the results of a
pathologic examination of an L3 chordoma that
was treated with 2400-cGy single-fraction SRS
[53]. The tumor was excised when 14 weeks after
SRS the patient developed mechanical instabil-
ity. The pathology showed the tumor was almost
entirely necrotic with only a small focus of viable
tissue. This result may lead to the use of radia-
tion therapy as neoadjuvant therapy to assist in
surgical resection.

We recently reported on 24 spinal chordomas
that were treated at Memorial Sloan—Kettering
Cancer Center with single-fraction SRS, with a
median dose of 24 Gy [54]. This series includes
primary, recurrent and metastatic chordomas of
the mobile spine and the sacrum, with a median
follow-up of 24 months. Only one instance of
local progression has been diagnosed, resulting in
an actuarial local control rate of 95%. Initially,
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SRS was only used as a salvage strategy in patients
with recurrent tumors or patients who were
excluded from surgery due to medical comor-
bidities or the extensive nature of their tumors.
The encouraging results with these patients led
to the use of SRS as a neoadjuvant treatment
in an attempt to reduce the risk of postopera-
tive recurrence. Six patients underwent surgery
after SRS, with three of them having greater than
90% tumor necrosis at the time of surgery and
one with 50% necrosis. The timing of surgery
after SRS was variable; therefore, the range in
the extent of tumor necrosis may not be reflective
of the efficacy of SRS but may rather reflect the
various time points in the cellular response to
high-dose radiation. Six patients underwent SRS
as an intended neoadjuvant treatment, but based
on the lack of tumor progression refused to have
surgery and are being followed radiographically.
Most of the patients only experienced grade I or
IT skin reactions or odynophagia. One patient
developed a sciatic radiculopathy and one devel-
oped partial vocal cord paralysis requiring vocal
cord augmentation.

Brachytherapy

Brachytherapy represents an alternative form
of radiation therapy that can circumvent some
of the limitations of external beam radiation.
Despite the advances achieved through SRS in
enabling highly conformal radiotherapy for the
delivery of cytotoxic tumoral doses assisted with
separation surgery, concern about toxicity to the
spinal cord remains a dose-limiting problem,
particularly in instances when there is circum-
ferential disease with tumor around the posterior
aspect of the spinal dura. In order to supplement
postoperative radiation therapy in these cases fol-
lowing separation surgery, we have employed the
use of P plaques as single-dose intraoperative
brachytherapy.

Rigid plaque brachytherapy systems have been
reported in the past using ?Ir- and *°Y-based
sources with a polycarbonate backing. Drawbacks
of these systems include long fabrication time,
short half-life and inflexibility of the plaque,
which compromised its clinical utility on the
dural surface [55]. Our plaque is developed from
32P bound chemically to a flexible and transpar-
ent polymer layer coated with silicone. 3P does
not require special shielding and has a relatively
long shelf life, retaining sufficient activity for
1-2 weeks, which allows for flexibility in the tim-
ing of the surgical intervention. The malleability
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of the plaque itself allows for contouring when
applied to the dural surface for maximal contact.
The source is available at maximal capacity of
4 mCi/cm?, and the manufacture-specific dose
rate is approximately 38 ¢Gy/min/mCi-cm? at
1 mm from the foil surface. With the spinal
cord at an estimated 3 mm from the dural sur-
face, a standard subscription dose of 1000 cGy
at 1 mm will result in a maximum cord dose of
approximately 160 cGy. Plaques were applied to
the surface of the dura after being wrapped in
sterile plastic film (3M™ Ioban™ surgical film)
to minimize errant exposure (Figure 3).

We applied *2P plaques in a study of 25 patients
with recurrent primary or metastatic spinal
tumors to assess local disease control. In our
treatment group, 24 (96%) patients had failed at
least one course of external beam radiation, con-
sisting of cEBRT, SRS or proton therapy, prior
to surgical resection and 12 (48%) patients had
failed two or more courses of radiation. Patients
were selected due to a history of prior radiation
that would make effective re-radiation exceed
spinal cord tolerance. Separation surgery was
performed in these patients at which time the P
plaque was applied to the posterior dural surface.
Median exposure time was 15.1 min. All patients
received postoperative EBRT. Dosing was cal-
culated by integrating the dosing from the *P
plaque into the treatment plan, which accounted
for the radiation to the posterior aspect of the
dura. Coverage from the plaque extended the
overall radiation coverage allowing simplification
of the external beam treatment plan by reduc-
ing coverage burden, which may have been oth-
erwise difficult or impossible given the need to
meet dose fall off to the spinal cord. Mean local
control rate of spinal sarcomas was 62.5% with
a mean follow-up of 10.2 months and a mean
time to failure of 7.3 months. Local control rate
of metastatic disease was 82.4% with a mean
follow-up of 7.3 months and a time to failure of
3.2 months. Local progression-free survival and
overall survival rates for all spine tumor patients
was 83.3% [56].

We have also developed the use of intra-
operative and percutaneously placed 'Ir
brachytherapy seeds [571. High-dose-rate (HDR)
interstitial brachytherapy techniques have been
developed to use image-guided techniques to
deliver tumoricidal doses of radiation directly
to tumor in the vertebral bodies and paraspinal
tissues with less risk to adjacent critical struc-
tures. We recently reported our study of five
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Figure 3.3?P plaque brachytherapy for metastatic spinal tumors. (A) 3P plaque sealed in loban™ surgical film.
(B) Plaque placed on the dorsal dura following laminectomy.
Reproduced with permission from Department of Neurosurgery, Memorial Sloan—Kettering Cancer Center.

patients with metastatic spinal tumors treated
with intraoperative or percutaneous “?Ir HDR
spine brachytherapy. Patients in the study were
selected because of symptomatic progressive dis-
ease at previously irradiated sites in the spine and
determined that further cEBRT or SRS would
exceed departmental constraint guidelines to
the adjacent critical structures. Two patients in
the study had recurrent tumors with epidural
involvement that was previously treated with
separation surgery followed by radiation. These
patients were taken to the operating room for
repeat decompression followed by intraopera-
tive placement of HDR brachytherapy. Three
patients with recurrent tumors treated with radi-
ation therapy only received percutaneous HDR
brachytherapy. The median dose delivered was
14 Gy (range: 12-18 Gy). At a median follow-
up of 9 months, there was no local progression
of disease. Four patients had either a reduction
or complete resolution of pain. No evidence
of brachytherapy-related complications were
recorded and there was no evidence of toxicity
to the adjacent structures. A prospective clinical
trial at our institution is currently underway to
validate the use of HDR "Ir brachytherapy [ss].

Limitations of current evidence

A wealth of data have been published discussing
the results of spinal radiation in the treatment of
metastatic and primary tumors. Unfortunately,

the variability of radiation fractionation and
dosing, reported outcome measures and strati-
fication variables complicate consistent inter-
pretation and synthesis of these into high-
quality evidence and strong recommendations.
Currently we have to rely on the best possible
interpretation and comparison of the data and
expert opinion. Several years ago the Spine
Oncology Study Group, a multidisciplinary
panel of experts who specialize in the treatment
of spine tumors, performed the best possible
analysis of the available data and made several
recommendations. They concluded that the data
support a strong recommendation that oligo-
metastatic and radioresistant spinal metastases
should be treated with SRS and delineated the
histologies that have been shown to be resist-
ant to cEBRT. To date, there is no prospective
randomized trial comparing single-fraction or
hypofractionated SRS to long-duration cEBRT
and we are relying on historical data to make
the comparison between spinal SRS and cEBRT.

Conclusion

The treatment of metastatic and primary spi-
nal tumors is comprised from a combination of
surgical resection and reconstruction, radiation
therapy and chemotherapy. The ultimate goal is
to achieve local tumor control while minimiz-
ing morbidity. Advances in radiation therapy
have allowed more effective methods of treating
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spinal tumors to supplement less-invasive sur-
gical interventions. Future developments will
be directed toward advancements in radiation
therapy that can provide more effective local
tumor control without escalating risks to critical
adjacent structures.

Future perspective

The goals of treatment in patients with spinal
tumors include reliable and durable local con-
trol, minimizing the morbidity of disease and
treatment, and optimizing the quality of life.
Furthermore, we must achieve these goals in a
financially responsible manner. Our understand-
ing of tumor biology continues to improve with
increasing emphasis on targeting alterations that
drive tumor cell proliferation. Such targeted
therapies will continue to develop and to gain
prominence in the treatment of primary and
metastatic spinal tumors. While the radiation
techniques continue to improve, certain tumors
recur even after high-dose SRS. We are working
to optimize the dosimetry protocols in order to
maximize tumor coverage without risking tox-
icity to surrounding tissues in order to further
minimize the risk of recurrence. Finally, while
surgery continues to play a prominent role in
the treatment of spinal tumors, surgical goals
will continue to evolve in order to adapt to the
advances in systemic and radiation therapies.
Minimally invasive surgical techniques are
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