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adiotherapy for Primary
nd Metastatic Spinal Tumors
. Kenneth Macdonald, MD,* and Christopher M. Lee, MD†

Primary and metastatic spinal tumors as a group represent a heterogeneous mixture of
benign and malignant processes. In general, primary tumors of the spine remain relatively
uncommon, and the majority of spinal tumors that are treated annually represent systemic
spread of extraosseous primary malignancy. The management of spinal tumors requires
meticulous yet expedient attention as the consequences of failed or inappropriate treat-
ment can be devastating. Radiotherapy has proven beneficial in many tumors of the spine,
particularly metastatic lesions, Ewing’s sarcoma, and myeloid malignancies. A review of
the use of radiotherapy for the more common primary spinal malignancies and metastasis
is presented.
Semin Spine Surg 21:121-128 © 2009 Elsevier Inc. All rights reserved.
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lthough relatively uncommon, primary spinal tumors
represent a heterogeneous mixture of benign and malig-

ant processes. These result in a broad spectrum of symp-
oms ranging from a minor backache to severe weakness that
revents one from walking (due to neurologic structure im-
ingement). Common benign tumors that develop in the
pine include aneurysmal bone cysts, hemangiomas, giant
ell tumors of bone, osteoid osteomas, meningiomas, and
steoblastomas. There are many primary malignant pro-
esses that can also develop in the spine, including chordo-
as, chondrosarcomas, osteosarcomas, Ewing’s sarcomas,
lasmacytomas, multiple myeloma, and lymphoma. Al-
hough the differential diagnosis for a spinal tumor may ap-
ear lengthy, these primary disease processes only account
or a minority of all spinal tumors diagnosed annually.1-6

The majority of spinal tumors treated annually represent
ystemic spread of an extraosseous primary malignancy.
keletal metastases represent one of the most common man-
festations of metastatic malignancy, and vertebral column
nvolvement is the most common site for bony metastases to
e located.7 Although difficult to quantify, estimates suggest
hat over 100,000 patients develop osseous metastasis in the
SA annually. In these patients, it is estimated that 20% have

pinal column involvement.8,9 Most spine metastases derive
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rom breast, prostate, lung, kidney, and hematopoietic can-
ers.10-18

No matter the etiology, the management of spinal tumors
equires meticulous but expedient attention as the conse-
uences of failed or inappropriate or careless treatment can
e neurologically devastating and potentially irreversible.
urgical intervention has been established as a beneficial
reatment with durable results in the setting of primary and
econdary tumors of the spine.13,16,19-22 The application of
adiotherapy (RT) can serve as an adjunct to surgery or at
imes might be used in place of surgery or as a preparative
egimen to make a tumor more readily resectable. RT is used
xtensively in tumors of the spine, both in primary and in
etastatic lesions, and this review addresses options, tech-
iques, and results of modern-day RT applications.

adiotherapy
or Primary Tumors
s mentioned previously, there are a variety of primary ma-

ignant tumors of the spine. The most recognized and treated
alignancies typically derive from 1 of 2 tissue types, soft

issues (sarcomas) or hematopoietic cells (hematopoietic can-
ers). The frequency of use and effectiveness of primary and
djuvant RT approaches vary greatly among these primary
ancers even within tumors of similar cell-level progenitors.

hordoma
hese rare, slow-growing tumors often arise in the sacrum or

ase of skull.23 Men are more commonly affected than
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122 O.K. Macdonald and C.M. Lee
omen and are more commonly identified in the fifth to
eventh decades.24 Surgical resection is the mainstay of treat-
ent but can be fraught with difficulty due to the complexity

f removing tumors that commonly are intimately associated
ith nerve roots. Recurrence, although typically indolent in

ts course, can be common.25 RT has been found to be useful
n the adjuvant and primary setting because of the difficulty
f achieving a complete resection.26-31 The most favorable
eported results with RT combine high-dose proton beam
herapy (PT) with an aggressive surgical approach.32-35 There
re multiple potential reasons for the improved outcomes
ith PT, but it is likely that the greatest component of success
erives from the ability to optimize the therapeutic ratio with
T to a higher degree than traditional RT with photons (see
elow for further explanation).

steosarcoma
steosarcoma is a highly malignant tumor that commonly
evelops in young males. In osteosarcoma of the extremity,
eoadjuvant chemotherapy followed by complete surgical
esection represents the gold standard.36,37 Investigations
nto adequate therapy without surgery using contemporary
hemotherapy are controversial and uncommon.38 RT as a
ingle modality has not been shown to be particularly effec-
ive in the primary management of osteosarcoma.39,40 RT
ombined with systemic agents have been infrequently inves-
igated but have shown potential for improving local control
nd limb preservation following induction with chemother-
py.38,41,42 Typically, RT is not administered in the primary
anagement of osteosarcoma (including in spinal presenta-

ions) but could be considered in the palliative setting.

hondrosarcoma
hondrosarcomas were first described in 1943 by Lichten-

tein and Jaffe.43 Although relatively uncommon, they repre-
ent the second most common primary bone tumor. Oppo-
ite of osteosarcomas, chondrosarcomas typically develop in
dulthood (commonly in the fourth to seventh decades).
urther, chondrosarcoma is a slow-growing tumor that can
evelop in any portion of the bony spine. The gold standard
f therapy for these indolent tumors remains surgical resec-
ion and this alone results in a relatively favorable prognosis
or patients with newly diagnosed, resectable disease.44 How-
ver, a complete resection can be hampered by the size, lo-
ation, and extent of the tumor. Historically, it has been
elieved that chondrosarcomas are typically resistant to both
hemotherapy and RT. Studies investigating the administra-
ion of RT during a course of care for a patient with chondro-
arcoma indicate that statistically significant improvements
n local control can be achieved with 3-dimensional (3D)
onformal photon or proton therapy either as a primary or as
n adjuvant modality.45-47 Nevertheless, wide-surgical resec-
ion remains the preferred definitive management option.

lasmacytoma/Multiple Myeloma
wo other common malignant tumors that can develop in the

pinal column include solitary plasmacytoma and multiple R
yeloma. Both of these hematologic malignancies are more
ommon in men. Although multiple myeloma is more com-
on in the sixth and seventh decades of life, solitary plasma-

ytoma typically presents at a younger age.48 Solitary plasma-
ytoma is a rare entity and by definition is a single tumor
nvolving a specific area of the spine or bone. In a good
roportion of patients, they are thought to predispose the

ndividual to the subsequent development of multiple my-
loma regardless of local therapy. Multiple myeloma repre-
ents systemic involvement of the marrow space with likely
iffuse involvement of the spinal column. Both malignancies
re exquisitely sensitive to RT. Plasmacytoma is commonly
reated with a 4- to 6-week course of tumor-directed RT with
xcellent results in local control.49-52 However, evidence in-
icates a high, albeit variable, risk of progression to myeloma
ith 10-year rates commonly reported as greater than
0%.53-55 RT is commonly used in multiple myeloma as a
alliative tool to help improve patients’ quality of life, de-
rease pain, and prevent pathologic fracture. Palliative RT in
his situation is commonly delivered with a shorter 2- to
-week course with good results.56,57

ymphoma
ymphoma is described as a “small round blue-cell malig-
ancy” that can develop primarily in the bones of the spine.
esection is not typically required or recommended (unless
ecessary for prophylactic measures in stabilizing or rein-
orcing the vertebrae). Various subtypes of lymphoma can
nvolve the bone primarily. Although generally rare, best ev-
dence reveals that primary lymphoma of the spine should be
reated with induction chemotherapy tailored to the lym-
homa cell type, followed by consolidative RT. Several ran-
omized studies have demonstrated a significantly improved
isease-free survival with the combination of chemotherapy
nd radiation compared to chemotherapy alone or RT alone
n the primary management of intermediate grade non-
odgkin’s lymphoma.58,59 Although little data regarding RT
ose for spinal lymphoma are available, it is reasonable to
xtrapolate information from the doses implemented in the
bove trials for bony primary sites.

wing’s Sarcoma
nother “small round blue-cell tumor,” Ewing’s sarcoma is

he second most common primary tumor of bone in children
behind osteosarcoma). Ewing’s class of tumor has a charac-
eristic age distribution with presentations uncommon in
hildren younger than 8 years of age and in adults older than
5 years.60 Although primary disease in the spine occurs in a
elative minority of patients, it historically has represented a
elatively more aggressive subtype of disease based on con-
rol and survival rates compared to other sites.61 The marked
mprovement in survival realized contemporarily with ad-
anced chemotherapy has created a controversy in balancing
ong-term local disease control with long-term function.

It is still not clear what represents the optimal modality for
ocal control in combination with chemotherapy—surgery,

T, or some combination. Many of the available data for RT
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Radiotherapy for spinal tumors 123
lone are biased because historically many of the patients
ndergoing primary RT represented an unfavorable popula-
ion of tumors.62-65 More recent data, however, with modern
T techniques, demonstrate comparable rates of local control
nd survival with primary RT compared to historical surgical
ontrols in patients with complex nonoperable tumors, such
s those in the spine or pelvis.61,65,66 Recent and current Co-
perative Group studies recommend using primary RT alone
n patients with bulky tumors and in surgically difficult sites
including the spine, skull, and pelvis), as well as for those pa-
ients with poor response to induction chemotherapy and in
hich surgery would result in unacceptable functional results

Fig. 1). RT would be indicated in conjunction with surgery in
hose patients who have inadequate margins. RT typically con-
ists of 5 to 7 weeks of treatment in the primary setting.

adiotherapy for
etastatic Disease

he spine represents the most common site of skeletal me-
astases with over 18,000 new cases of spinal metastases rec-
gnized annually.7,8 Although surgery represents a mainstay
n the management of spinal metastases, RT maintains a
ried-and-true role in palliating patients with metastatic dis-
ase. RT techniques can be employed in a broad range of
ircumstances, including as a prophylactic measure against
uture pathologic fracture, palliation of bone pain, and palli-
tion of severe symptoms related to cord compression and
mpending neurologic compromise.

oncomplicated
pinal Metastasis

he beneficial role of achieving analgesia of bone metastases
ith RT is well documented and has been recognized since

he early use of photons in medical treatment.67 Although the
esponse to RT has been quantified and qualified by many

Figure 1 Radiotherapy plan with calculated isodoses to a
available online.)
ifferent criteria and instruments over the decades, the pre- m
onderance of evidence reveals that 70%-90% of patients
ill achieve a beneficial response from analgesic-directed RT
ith complete responses observed in up to 40% of pa-

ients.9,68,69 Further, the palliative role of RT cannot be over-
tated in the patient with multiple sites of pain and tender-
ess, as RT commonly represents the least morbid approach
o achieving broad-spectrum, prompt symptom relief relative
o other medical and surgical options.

Specific dose-fractionation schedules for palliative treat-
ent of bone metastases can be variable and are based on the
articular clinical situation for each patient. There is no stan-
ard treatment approach insofar as there are many dose frac-
ionation schedules for uncomplicated spinal skeletal metas-
asis. Two large meta-analyses and an additional update (in
ddition to hundreds of single institution and collaborative
roup studies) have consistently revealed no significant dif-
erences in complete and partial pain response rates follow-
ng single-fraction (8 Gy) vs. multifraction regimens in many
andomized trials.69-71 The most recent published update re-
orted no observable differences in overall and complete re-
ponse rates in both intention-to-treat and assessable pa-
ients.70 However, the likelihood of re-treatment was 2.5-fold
igher in those undergoing single fraction vs. multifraction
herapy. Further analyses have shown a statistically signifi-
ant increase in the risk of subsequent pathologic fracture in
atients undergoing single-fraction palliative RT.69,70 Never-
heless, re-treatment following recrudescence of pain follow-
ng single- or multifraction palliative RT is feasible, well-
olerated, and without evidence of increased spinal cord
oxicity in certain situations.72,73

alignant Spinal
ord Compression

he RT approach for patients with more severe spinal in-
olvement resulting in cord compression should not be con-
used with that already described for uncomplicated, painful

inal/spinal Ewing’s sarcoma. (Color version of figure is
parasp
etastases. The symptoms of cord compression are not easily



m
w
o

m
o
T
i
c

m
r
w
P
w
l
w
w
a

c
s
l
g
p
c
p
t
t
m
a
f
U
r
s
w
s
8
m
i

R
M
R
s
b
a
t
n
a

2
2
t
T
u

o
t
t
�
t
t
t
c
t
r

t
b
t
a
U
s
i
i
a
t
r
r
fi
p
c
t
c
t
s
t
f

b
s
l
o
i
a
t
s
m

3
a
C
d
a
i
i
m
i
t
c
o

124 O.K. Macdonald and C.M. Lee
istaken as 90% of patients will have pain and up to 50%
ill have difficulty walking and experience sensory, bowel,
r bladder dysfunction.74-76

Malignant spinal cord compression is best visualized with
agnetic resonance imaging and is identified as compression

f the dural sac and its contents by an extradural tumor mass.
he minimum radiologic evidence for cord compression is

ndentation of the theca at the level corresponding to the
linical features.77

Although only a minority of patients who present with
alignant cord compression will be surgical candidates, the

ole of surgical decompression followed by postoperative RT
as established by a randomized controlled trial reported by
atchell et al.78 One hundred patients with cord compression
ere randomized to RT alone or surgical decompression fol-

owed by RT. Significantly more patients in the surgery group
ere able to walk after the treatment, retained the ability to
alk for a longer duration after treatment, and regained the

bility to walk relative to those in the RT alone group.
However, many patients presenting with malignant cord

ompression are not candidates for surgery for various rea-
ons, including multiple levels of spinal involvement, limited
ife expectancy, or concurrent morbidities that prevent a sur-
ical procedure. RT represents a mainstay of therapy in those
atients and is typically supplemented with high-dose corti-
osteroids.79,80 RT in both the complicated and the uncom-
licated spinal metastasis setting is commonly prescribed to
he posterior wall of the vertebral body (or anterior aspect of
he spinal cord proper). Typically, most practitioners prefer a
ore protracted course of RT in the cord compression setting

nd courses vary from 5 daily fractions of 4 Gy to 23 daily
ractions of 2 Gy.68 The most common schema used in the
SA is 10 daily fractions of 3 Gy. However, the available

etrospective and prospective data would indicate no sub-
tantial benefit of one fractionation schedule over another
hen analyzing for functional outcomes.81-84 Additionally,

ome of those series included patients treated with a single
-Gy fraction course (among other more protracted regi-
ens) and no substantial difference in clinical outcomes or

ncrease in acute or late toxicity were reported.81,84

adiotherapy Techniques
odern advances in computer technology and the delivery of
T have led to the development of treatment techniques,
uch as 3D conformal, intensity-modulated, and proton
eam therapy. However, recognizing that most spinal tumors
re metastases, much of spinal RT is delivered using conven-
ional 2-dimensional (2D) techniques or 3D conformal tech-
iques. Techniques involved with each approach, including
dvantages and disadvantages, are discussed.

D Radiotherapy
D RT is a simple and convenient approach to treating spinal
umors, particularly in the metastatic disease setting (Fig. 2).
ypically, a radiation oncologist would elect to use a single

nopposed field directed anteriorly from the posterior aspect d
f the patient while covering the involved spine. Alterna-
ively, if the patient diameter in the treated region is larger,
he area of treatment interest is deep to the skin (generally

7-8 cm), or if the lower portions of the spine are being
argeted, 2 directly opposed beams would be employed for
herapy with the goal of improved target coverage. When
reating the upper cervical spine, opposed lateral beams are
ommonly used to spare the anterior portion of the neck and
hroat and to limit treatment of the esophagus and other
adiosensitive soft tissues.

Commonly, a patient who has consented to undergo RT to
he spine will have a computed tomographic (CT) simulation
efore treatment. During the simulation, the patient is posi-
ioned either supine or prone (rarely in a decubitus position)
nd axial CT images are obtained of the body area of interest.
sing a computer interface, the radiation target area can be

pecifically defined and a common safety margin of one un-
nvolved vertebral body above and below the affected area is
ncorporated (eg, if a metastatic lesion is present at T5, radi-
tion treatment is commonly directed at vertebral levels T4
hrough T6). A treatment field can then be designated di-
ectly on the computer or on printed digital reconstructed
adiographs that are reconstructed from the CT data. The
eld is then digitally applied to the CT data, and tissue com-
ensators may be applied. A dose is prescribed and the spe-
ific treatment time is then calculated. Verification films of
he patient in the treatment position, on the treatment ma-
hine, using mV or kV imaging devices immediately before
he first dose delivery are standard. Depending on the clinical
ituation and technology/equipment available, the simula-
ion, calculation, and treatment process can now be per-
ormed entirely on the treatment machine.

Alternatively, a physician may decide to use a multiple-
eam arrangement in completing a radiation treatment for a
pinal tumor. This technique, when employing 2 opposing
ateral beams and a single posterior beam, for example, can
ptimize dose to the targeted area with the benefit of decreas-
ng entrance and exit dose to the contents of the anterior
bdomen, thereby reducing the risks of treatment-related
oxicity. Ideally, each treatment approach will be patient-
pecific in an effort to curtail the risks of therapy and maxi-
ize target access and thus dose to the designated target area.

D Conformal Radiotherapy
nd Intensity-Modulation
ontemporary imaging technologies allow the practicing ra-
iation oncologist to better define, in 3 dimensions, cancer
natomy and normal tissue anatomy. Magnetic resonance
maging, CT, and positron emission tomography offer an
nvaluable resource for clearer target delineation and treat-

ent design. The combination of advances and access in
maging technologies with the technical growth of RT, par-
icularly with the advent of computer-controlled multileaf
ollimators, has allowed for the development and refinement
f 3D treatment approaches that serve to maximize tumor

ose and minimize normal tissue exposure.
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Radiotherapy for spinal tumors 125
The development of 3D conformal RT plans is approached
n a similar manner as outlined in the 2D RT section. The
ifference, however, is that the 3D conformal approach often
mploys an increased number of beams that are shaped to
onform to the target. Technological advances, including
ultileaf collimators, beam’s eye view, and forward or in-

erse treatment planning, are actively used to create and de-
iver a 3D plan. Further individual modulation of beams and
eamlets within each beam can achieve even greater confor-
ity and in conjunction with inverse treatment planning is

etter known as intensity-modulated radiation therapy
IMRT). 3D and IMRT techniques can be used to obtain
reater dose conformity to targets and sharp dose fall off
eyond the target and to decrease dose to adjacent normal
issues (Fig. 3). Although not particularly necessary in the
alliative setting where lower doses are commonly applied,
MRT and 3D conformal RT have a particularly important
ole in achieving significant total doses to primary malignant
esions of the spinal column that otherwise would be un-
chievable owing to the potential for substantial toxicity to

Figure 2 Isodose distributions obtained with (A) a single
3-beam (2 opposed-lateral beams and single posterior
available online.)
he nearby normal tissues. A
tereotactic Body Radiotherapy
y design, stereotactic body radiotherapy (SBRT) is best ap-
lied to small treatment volumes, using fewer but signifi-
antly higher dose fractions, and steep dose gradients—all of
hich act in concert to maximize cell kill and minimize the

isk of damage to normal tissues. Extracranial techniques for
tereotactic RT have been investigated since the early 1990s
nd results from the treatment of medically inoperable, early-
tage nonsmall cell lung cancer would indicate substantially
mproved local control compared to traditional external
eam techniques.85-87 Preliminary data in lung cancer suggest
hat in addition to high levels of control, SBRT typically re-
ults in low rates of treatment-related toxicity.85-87

Many institutions have investigated and reported clinical
utcomes with SBRT in treating metastatic spinal tumors,
oth primarily and as re-treatment following clinical failure
f previous radiation by standard dose-fractionation schema.
esults indicate a high potential for prompt symptom relief88

nd excellent rates of local control with minimal toxicity.89-92

orly directed beam at the thoracic spine level, and (B) a
at the level of the sacrum. (Color version of figure is
anteri
beam)
n extensive discussion of SBRT is beyond the limits of this
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126 O.K. Macdonald and C.M. Lee
eview; please refer to the article on Stereotactic Radiosurgery
y Levine in this issue.

roton Beam Therapy
he use of protons in RT has received increased attention as
modality that is equally as effective as photons but with

mproved dose distributions.93,94 Proponents highlight the
enefit of PT in the therapeutic ratio, as PT has the capacity to
eliver similar or higher doses to malignant tissues while
ecreasing doses to the adjacent normal tissues.95 Although
T has not been extensively investigated clinically in spine
pplications, in principle this technique could prove benefi-
ial in treating patients with larger tumor volumes, in com-
romised adjacent organ function, or in disease or symptom
rogression involving areas that were previously irradiated.
ptimally, PT would be delivered to tumors that are more

uperficial than deep because of their physical properties.
PT takes advantage of delivering a particle, or proton,

ather than an energy, which because of its significantly
arger mass has a finite range in tissue. Clinically, this trans-
ates into a beam of “energy” derived from the proton’s inter-
ctions with tissue that generate full dose at the depth or level
f the target with little to no exiting energy beyond the target.
his technique substantially lowers the dose to nontargeted
djacent and downstream organs or structures, thereby re-
ucing the risk of tissue injury and toxicity. The use of PT in
pinal tumors is most notable in chordomas.32-35 Owing to
he limited number of proton facilities and the generally well-
olerated use of other RT modalities, PT is not commonly
sed in the metastatic tumor setting currently.

onclusion
T has been used extensively in tumors of the spine, both
rimary and metastatic, for several decades. While used most

Figure 3 Beam representations and isodose distributions
at the L2 vertebral body. (Color version of figure is avai
ommonly with palliative intent for metastatic lesions, fur-
her development of 3D conformal, intensity-modulated, ste-
eotactic, and particle therapy techniques (such as proton
eam) have changed the role of RT in several primary disease
nd metastatic disease settings. In specific tumor types, such
s Ewing’s sarcoma, myeloid malignancies, or other primary
arcomas of bone, technical advances and results from past
linical trials have allowed for the expansion of RT’s applica-
ion with improved local tumor control and patient outcomes
rimarily or as an adjuvant treatment following surgery. The
uture evolution of radiation therapy and its specific role in
he treatment of both benign and malignant spinal tumors
ill be dependent on further clinical studies in a heteroge-
eous group of patients.
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