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compose the Guideline. The members of the Task Force divided
into subgroups to address the separate questions according to their
areas of particular expertise. All members of the Task Force then
evaluated the responses to the questions assigned to the subgroups.
After the secondary review by the Task Force as a whole, the initial
draft of the Guideline was sent to external reviewers. The ASTRO
Board of Directors integrated this feedback and approved the final
document in July 2010.

Literature search
Whenever possible, the Guideline relied on an evidence-based ap-

proach using a formal systematic literature review. One investigator
(S.L.) with aid from the ASTRO staff searched for English-language
citations in the National Library of Medicine’s PubMed database
through December 22, 2009 using the Medical Subject Heading
term ‘‘Radiotherapy bone metastases,’’ limiting the results to 1998
through 2009. Of the 4,287 articles originally identified, the group’s

Table 1. Prospective randomized trials comparing single- vs. multiple-fraction radiotherapy regimens for painful, uncomplicated bone
metastases

Study

Patients (n),
tumor

histologic
type Fractionation

Overall
pain
relief
(%)

Complete
response
(%)

Acute
toxicity
(%)

Late
toxicity
(%)

Repeat
treatment

rate
(%) Investigator Year Reference

Prospective randomized Phase III trials
8-Gy single
fraction RT for
metastatic
skeletal pain:
randomized comparison
with
multifraction
schedule

775, various
histologic
types

8 Gy/1 Fx 78 57 30 2 23 Bone Pain
Trial Working
Party

1999 9
20 Gy/5 Fx

or 30 Gy/10
Fx

78 58 32 1 10

Randomized
clinical trial
with 2 palliative
RT regimens
in Spain

160, various
histologic
types

8 Gy/1 Fx 75 15 13 NR 28 Foro 2008 13
30 Gy/10 Fx 86 13 18 NR 2

Radiation
Therapy and
Oncology
Group 97-14

898, breast
or prostate
cancer

8 Gy/1 Fx 66 15 10 4 18 Hartsell 2005 11
30 Gy/10 Fx 66 18 17 4 9

Randomized
trial of 3 single-dose RT
regimens for metastatic
bone pain

327, various
histologic
types

4 Gy/1 Fx 59 21 32 6 42 Jeremic 1998 7
6 Gy/1 Fx 73 27 29 7 44
8 Gy/1 Fx 78 32 37 7 38

Prospective
randomised
multicenter
trial of single-fraction RT
(8 Gy ! 1) vs. multiple
fractions
(3 Gy ! 10)

376, various
histologic
types

8 Gy/1 Fx Equivalent NR NR 4 15 Kaasa 2006 12
30 Gy/10 Fx Equivalent NR NR 11 4

Randomized trial of
single-dose vs. fractionated
palliative RT for
bone metastases

241, various
histologic
types

8 Gy/1 Fx 62 15 35 5 21 Nielsen 1998 15
20 Gy/4 Fx 71 15 35 5 12

Trans-Tasman
Radiation
Oncology
Group 96-05
(neuropathic pain)

272, various
histologic
types

8 Gy/1 Fx 53 26 5 5 29 Roos 2005 10
20 Gy/5 Fx 61 27 11 4 24

Long-term
follow-up of
cancer patients
receiving RT for
bone metastases:
results from
randomized
multicenter
trial—Norway

188, various
histologic
types

8 Gy/1 Fx PR PR PR 5 27 Sande 2009 14
30 Gy/10 Fx PR PR PR 5 5

Global analysis of
Dutch Bone
Metastasis Study

1,171, various
histologic
types

8 Gy/1 Fx 72 37 Equivalent 4 25 Steenland 1999 16
24 Gy/6 Fx 69 33 Equivalent 2 7

Abbreviations: Fx = radiotherapy fractions; NR = not reported; Equivalent = reports described as equivalent between treatment arms; PR =
previously reported in trial first authored by Kaasa et al. (12).
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Purpose: To present guidance for patients and physicians regarding the use of radiotherapy in the treatment of
bone metastases according to current published evidence and complemented by expert opinion.
Methods and Materials: A systematic search of the National Library of Medicine’s PubMed database between
1998 and 2009 yielded 4,287 candidate original research articles potentially applicable to radiotherapy for bone
metastases. ATask Force composed of all authors synthesized the published evidence and reached a consensus re-
garding the recommendations contained herein.
Results: The Task Force concluded that external beam radiotherapy continues to be themainstay for the treatment
of pain and/or prevention of the morbidity caused by bonemetastases. Various fractionation schedules can provide
significant palliation of symptoms and/or prevent themorbidity of bonemetastases. The evidence for the safety and
efficacy of repeat treatment to previously irradiated areas of peripheral bone metastases for pain was derived from
both prospective studies and retrospective data, and it can be safe and effective. The use of stereotactic body ra-
diotherapy holds theoretical promise in the treatment of new or recurrent spine lesions, although the Task Force
recommended that its use be limited to highly selected patients and preferably within a prospective trial. Surgical
decompression and postoperative radiotherapy is recommended for spinal cord compression or spinal instability
in highly selected patients with sufficient performance status and life expectancy. The use of bisphosphonates, ra-
dionuclides, vertebroplasty, and kyphoplasty for the treatment or prevention of cancer-related symptoms does not
obviate the need for external beam radiotherapy in appropriate patients.
Conclusions: Radiotherapy is a successful and time efficient method by which to palliate pain and/or prevent the
morbidity of bone metastases. This Guideline reviews the available data to define its proper use and provide con-
sensus views concerning contemporary controversies or unanswered questions that warrant prospective trial eval-
uation.

INTRODUCTION

Bone metastases are a commonmanifestation of malignancy
that can cause severe and debilitating effects, including pain,
spinal cord compression, hypercalcemia, and pathologic
fracture. The proper care of bonemetastasis patients requires
interdisciplinary care among radiologists, radiation oncolo-
gists, medical oncologists, surgeons, pain medicine special-
ists, and palliative care professionals. Radiotherapy (RT)
provides successful palliation of painful bone metastasis
that is time efficient and has been associated with very few
side effects. External beam RT (EBRT) can provide signifi-
cant palliation of painful bone metastases in 50–80% of pa-
tients, with up to one-third of patients achieving complete
pain relief at the treated site (1).

Widespread variation exists in theworldwide practice pat-
terns for palliative radiation dose fractionation schedules (2).
Numerous prospective randomized and retrospective trials
have shown similar pain relief outcomes with single-
fraction RT schedules compared with longer courses of pal-
liative RT for previously unirradiated bone metastases, with
the main advantages to the schedules being the increased
conveniencewith a single fraction and the lower repeat treat-
ment rate with a longer course (1, 2). A wide range of
radiotherapeutic options also exists for pain that has
recurred after RT (EBRT or radiopharmaceutical agents)
has been given for bone metastases. Among these options
is a second course of EBRT to the same localized site
(repeat RT). Also, painful bone lesions at several anatomic
sites have been treated with injectable radiopharmaceutical
agents or hemibody RT, depending on the tumor histologic
features and the distribution of the metastases.
Additionally, great interest has been devoted to the
question of whether technological advances in RT delivery,
such as stereotactic body RT (SBRT), could improve the
results of the primary treatment or repeat treatment of
metastatic spinal lesions. The circumstances of spinal cord
compression with complete or impending pathologic

fracture demand a coordinated care plan between surgeons
and radiation oncologists. Although clinical trials with
bisphosphonates initially considered the need for EBRT as
a failure of therapy endpoint, EBRT to the index
symptomatic lesion might provide more prompt and
durable symptom relief. Finally, EBRT should be used in
conjunction with both kyphoplasty and vertebroplasty in
patients who have been treated with these interventions for
spinal metastases.

Given the complexities of care for patients with bone me-
tastases and the relative lack of palliative RT guidelines for-
mulated to date, the American Society for Radiation
Oncology (ASTRO) Clinical Affairs and Quality Committee
convened a Task Force of experts to develop a Guideline
regarding the care of patients with bone metastases (3–6).
The recommendations have been based on the results of
a systematic data review combined with the expert
opinions of the Task Force members. The Guideline is
presented herein.

METHODS AND MATERIALS

Process
The Guidelines Subcommittee of the Clinical Affairs and Quality

Committee, in accordance with established ASTRO policy, re-
cruited a Task Force composed of recognized experts in the fields
of palliative RT for bone metastases. These experts represented ra-
diation oncology academic, private practice, and residency groups,
as well as neurosurgery and palliative medicine specialties. The
Task Force was asked to provide guidance on the use of palliative
RT for bone metastases to patients and physicians. The Task Force
was also charged with providing guidelines for the proper integra-
tion of RT with other available treatment options for patients with
bone metastases.
In October 2009, the ASTRO Board of Directors approved

a proposal to develop a Guideline regarding palliative RT for
bone metastases and also authorized the membership of the Task
Force. Subsequently, the Task Force participated in a series of com-
munications by electronic mail and conference telephone calls to
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specific research questions were approached by searching for
combinations of the following key words: single, fraction, radiother-
apy, spine, toxicity, side effects, retreatment, re-treatment, highly
conformal therapy, Cyberknife, IMRT [intensity-modulated
radiotherapy], stereotactic body, tomotherapy, spinal cord
compression, surgery, kyphoplasty, vertebroplasty, meta-analysis,
metaanalysis, radionuclides, radiopharmaceuticals, and bisphospho-
nates.Of this sample, they identified 25 randomized clinical trials, 20
prospective single-arm studies, and 4 meta-analyses/systematic
reviews.

Bibliographies of the candidate studies were also reviewed to en-
sure that all eligible studieswere evaluated, including those published
before 1998. Some topics were defined by data that was almost com-
pletely or exclusively retrospective in nature, although the Task Force
attempted tominimize the use of retrospective data and tempered any
recommendations it made using that data. All prospective clinical
studies were reviewed by the investigators, addressing the questions
from that subtopic, and one author (S.L.) reviewed all the prospective
studies from every topic. The prospective studies were abstracted for
the inclusion criteria, RT methods, clinical outcomes, and toxicity.

Table 2. Data describing repeat treatment of painful spinal metastases

Study

Patients (n),
tumor histologic

type
Initial
dose

Retreatment
fractionation

Pain
relief Comments Investigator Year Reference

Local repeat RT 30, various
histologic
types

Mostly
30

Gy/10 Fx

10 Gy/5 Fx to
26 Gy/13 Fx

50% Better pain
relief for
those

with initial
CR vs. PR

Hayashi 2002 39

Prospective
randomised
trial of 4
or 8-Gy
single doses
for metastatic
bone pain

40, various
histologic
types

4 Gy/1 Fx Most received 8
Gy/1 Fx;

some received
20 Gy/5 Fx

71% No difference
in response
by histologic

type

Hoskin 1992 13
8 Gy/1 Fx 44%

Single 4-Gy
repeat RT for
painful bone
metastases
after
single-fraction
RT

109 initial
responders, 26
nonresponders,

various
histologic
types

4 Gy/1 Fx 4 Gy/1 Fx 74% initial
responders; 46%
nonresponders

31% CR Jeremic 1999 40
6 Gy/1 Fx
8 Gy/1 Fx

Second single
4-Gy repeat
RT for
painful bone
metastases

25, various
histologic
types

4 Gy/1 Fx,
plus repeat RT,
4 Gy/1 Fx

4 Gy/1 Fx
(second re-RT)

80% No pain control
difference in

initial responders
vs.

nonresponders

Jeremic 2002 41

6 Gy/1 Fx plus repeat
treatment; 4 Gy/1 Fx

8 Gy/1 Fx plus repeat
treatment 4 Gy/1 Fx

Repeat RT for
painful bone
metastases

57, various
histologic
types

Single fraction
therapy to 41%,
fractionated

treatment to 59%

8 or 10 Gy/1 Fx,
26 Gy/6 Fx,
28 Gy/7 Fx,

30 Gy/10 Fx

87% Patients treated
were initial

nonresponders

Mithal 1994 42

Low-dose,
single-fraction
RT for
metastatic
bone pain

11, various
histologic
types

4 Gy/1 Fx 4 Gy/1 Fx to
initial

responders,
multifraction or
8 Gy/1 Fx to
nonresponders

100%, initial
responders; 0%,
nonresponders

2 patients
underwent

re-RT second
time

Price 1988 43

Single-dose
RT (6 Gy):
palliation of
painful bone
metastases

18, various
histologic
types

6 Gy/1 Fx 6 Gy/1 Fx 72% Long intervals
between
primary

and repeat
treatment

Uppelschoten 1995 45

Repeat
treatment
and Dutch
Bone
Metastasis
Study

173, various
histologic types

8 Gy/1 Fx 8 Gy/1 Fx, 46
patients

66% Single fraction
therapy

effective
initial

treatment
or repeat
treatment

van der
Linden

2004 28

Multifractions, 91
patients

24 Gy/6 Fx 8 Gy/1 Fx, 27
patients

46%

Multifractions in 9
patients

Abbreviations: RT = radiotherapy; Fx = radiotherapy fractions; CR = complete response; PR = partial response.
The references listed in Table 2 correspond to those cited in the full manuscript published online and contained in the Supplemental Materials
section.
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section.
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Purpose: Incidence, outcome and prognostic factors of metastatic spinal cord compression (MSCC)
patients reirradiated for in-field recurrence were analyzed. Radiation therapists’ attitude in reirradiate
spinal cord relapses, doses adopted and incidence of myelopathy were also examined.
Materials and methods: Data deriving from 579 evaluable patients entered two randomized trials on
radiotherapy (RT) for MSCC were revised.
Results: Twenty-four (4.15%) patients had an in-field recurrence and 12 (50%) were reirradiated. At the
time of analysis all reirradiated patients had died. Median time from first and second RT was 5 months
(range, 2–31). Six patients received an 8 Gy single-dose, 2 patients 5 ! 3 Gy and remaining four patients
2 ! 8, 5 ! 4, or a single dose of 7 and 4 Gy, respectively. The median cumulative Biologically Effective
Dose (BED) calculated was 114.5 Gy2 (range, 80–120 Gy2). Six of seven (85.7%) ambulant patients main-
tained walking ability, whereas none of five not ambulant patients recovered the function. Median dura-
tion of response was 4.5 months (range, 1–24). The effect of reirradiation on motor function was
significantly associated with walking capacity before reirradiation. Myelopathy was never recorded.
Conclusions: In MSCC reirradiation was safe and effective. Patient walking capacity before reirradiation
was the strongest prognostic factor for functional outcome. Reirradiation was given in about one-half
of patients with in-field recurrence and different doses and fractionations were used, even though cumu-
lative BED was in all cases 6120 Gy2.

! 2011 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology 98 (2011) 234–237

Because of improved cancer therapy, which results in better
survival rates, cancer patients are more likely to live long enough
to develop a recurrence of their disease. Although few data are
available in the literature, in patients with Metastatic Spinal Cord
Compression (MSCC), the incidence of an in-field recurrence can
vary from 2.5% to 11% of cases and can occur 2–40 months after
the first radiotherapy (RT) cycle [1–3]. In the majority of cases,
RT remains the only treatment option, even if radiation oncologists
seem reluctant in giving reirradiation of spinal cord. Radiation-in-
duced myelopathy (RIM) is a relevant late toxicity, because it may
result in severe neurologic dysfunction. The risk of RIM depends on
the Biologically Effective Dose (BED) delivered to the spinal cord
[4,5]. This takes into account both the total dose of RT and the dose
per fraction. In the case of reirradiation, it is appropriate to calcu-
late also cumulative BED (i.e., BED of the first plus BED of the sec-
ond course of RT).

Higher RT doses, larger doses per fraction, and previous expo-
sure to radiation could be associated with a higher probability of

developing RIM [6]. Experimental data indicate that also the total
dose of the first and second RT, interval to reirradiation, length of
irradiated spinal cord, and age of the treated animals influence
the risk of RIM [7,8]. Reported reirradiation data in patients
with MSCC are rather scarce and heterogeneous deriving from
retrospective investigations, often monoinstitutional [7–11]. Re-
cently, Nieder et al., analyzing published clinical data on spinal
reirradiation and incidence of RIM, worked out a risk score for
human spinal cord reirradiation tolerance. The three variables
identified (i.e., cumulative BED, BED of each single RT course, inter-
val between the courses) allowed the development of a risk score
that discriminates among low-, intermediate- and high-risk groups
of patients. The risk of RIM appears small after cumulative BED
6135.5 Gy2, when the interval from the first RT and reirradiation
is not shorter than 6 months, and the BED of each course is
698 Gy2 [9,11].

Unfortunately, prospective clinical trials on this issue are
lacking. To add to this knowledge, we analyzed incidence, outcome
and prognostic factors of MSCC patients with in-field recurrence, as
well as radiation therapist attitude in reirradiate spinal cord re-
lapses, doses adopted and incidence of RIM examining results of
the two published prospective randomized multicentre Italian
trials on RT for MSCC [12,13].
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a b s t r a c t

Background and purpose: In a previous randomized trial we showed that the short-course radiotherapy
(RT) regimen of 8 Gy ! 2 was feasible in patients with metastatic spinal cord compression (MSCC) and
short life expectancy. This phase III trial was planned to determine whether in the same category of
patients 8 Gy single-dose is as effective as 8 Gy ! 2.
Materials and methods: Three hundred and twenty-seven patients with MSCC and short life expectancy
were randomly assigned to a short-course of 8 Gy ! 2 or to 8 Gy single-dose RT. Median follow-up was
31 months (range, 4–58).
Results: A total of 303 (93%) patients are assessable, 150 treated with the short-course and 153 with the
single-dose RT. No difference in response was found between the two RT schedules adopted. Median
duration of response was 5 and 4.5 months for short-course and single-dose RT (p = 0.4), respectively.
The median overall survival was 4 months for all cases. Light acute toxicity was registered in a minority
of cases. Late toxicity was never recorded.
Conclusions: Both RT schedules adopted were effective. As already shown in several trials evaluating RT
regimens in uncomplicated painful bone metastases, also MSCC patients may achieve palliation with
minimal toxicity and inconvenience with a single-dose of 8 Gy.

! 2009 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology 93 (2009) 174–179

Metastatic spinal cord compression (MSCC) is a common compli-
cation of metastatic malignancies, in particular lung, prostate and
breast cancers. It is an oncologic emergency that must be diagnosed
early and promptly treated, to limit MSCC-associated morbidity,
causing pain, loss of mobility, and sphincter control [1–3]. After his-
tological and radiological confirmation, the standard treatment is
radiotherapy (RT) [4–12]. Exceptions are patients with a gross spinal
instability, and compression due to bone impingement on the spine
which require surgery [11–13]. New evidence suggests that those
with a localized block and no metastatic disease elsewhere may also
benefit from initial surgical approach [14]. Nevertheless, for the vast
majority of patients the treatment of choice is RT, and a standard RT
technique employs a treatment volume defined by the site of

compression and a margin of two vertebral bodies above and below
this. In the past, myelography was used to define the site of the block
but computed tomography (CT) and magnetic resonance imaging
(MRI) are now the investigations of choice giving the three-dimen-
sional extent of spinal disease [3,15].

Generally, the median life expectancy in MSCC patients is short
(4–6 months) and thus treatment ought to be less prolonged as
possible [3,4,8,13,16,17]. However, prescription of RT given to treat
MSCC varies within and between published trials: accelerated
courses of RT varying from 20 Gy to 37.5 Gy in 5–15 fractions were
described as well prolonged higher dose schedules delivering 40–
50 Gy in 20–25 fractions, or split dose of 15 Gy in 3 fractions and
then 15 Gy in 5 fractions without evidence of an advantage of
one regimen over the others for any cohort of patients [2,8,18–
29]. Recently, we have reported outcomes of our phase III trial,
the only randomized trial published in the literature, in which a
short-course RT regimen of 16 Gy in 2 fractions was compared
with a split-course RT regimen of 15 Gy in 3 fractions followed
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pre-reirradiation walking capacity. Although ambulant patients
had 7.5 months of median survival and not ambulant ones only 2
months; this difference was no statistically significant (p = 0.17),
(Fig. 1). Five of the 6 patients were able to walk after reirradiation,
survived for P6 months (range, 6–24 months), and maintained
their walking capacity until death. Other examined prognostic fac-
tors, reirradiation dose schedule or cumulative BED included, had
no significant impact on functional outcome and survival.

Reirradiation was well tolerated by all patients. Neither serious
acute side effects, nor RIM were observed.

Discussion

Reported reirradiation data in patients with MSCC are scarce and
heterogeneous deriving from retrospective investigations, often
monoinstitutional [7–11]. Although the number of MSCC patients
reirradiated in these two trials are rather few [12,13], they are pro-
spectively conducted and can reflect better than retrospective trials
the incidence and time of occurrence of in-field recurrence after
first RT, the attitude of radiation oncologists in prescribing reirradi-
ation of the spine, RT schedule adopted, and incidence of RIM in
clinical practice.

Analyzing published data, recurrence in previously irradiated
spinal cord occurs 2–40 months after the first RT cycle with an
incidence varying from 2.5% to 11% of cases [1–3]. In our experi-
ence, median interval between first and second RT was 5 months
(range, 2–31), and in-field recurrence occurred in 24 of 579
(4.15%) patients.

No certain data are available regarding the radiation oncologists’
attitude in prescribing reirradiation of the spine. However, some
authors reported that radiation oncologists may have reservations
about implementing spinal reirradiation because of concerns that
it may result in RIM and severe neurologic dysfunction [2,8,17–
23]. This attitude was confirmed in our analysis in which only 50%
of patients with recurrence were reirradiated. Moreover, it is worthy
to note that the choice of reirradiation could have been also condi-
tioned by patient life expectancy and, specifically, by neurologic sta-
tus; in fact, no paraplegic (i.e., Tomita’s group IV) was reirradiated.

The bad prognosis associated to paraplegic patients was well
shown in the two examined randomized trials on MSCC in which
strongest prognostic factor for ability to walk after RT was pre-
treatment motor capacity. The majority of ambulant patients
(Tomita’s groups I and II) maintained this function, whereas only
27–35% of not ambulant patients (Tomita’s group III) and 0–4% of
paraplegics (Tomita’s group IV) recovered the function, respec-
tively [12,13]. In reirradiated patients, the relationship between
walking ability and response to treatment was more evident: none
of not ambulant patients (Tomita’s group III) regained walking
ability, whereas six of seven (85.7%) ambulant ones maintained
the function after reirradiation (p = 0.025).

Analyzing survival according to pre-reirradiation walking ability
of patients, an important difference was registered between ambu-
lant and not ambulant patients which had 7.5 months and 2 months
of median survival, respectively. However, this difference does not
reach statistical significance (p = 0.17). Other examined prognostic
factors, reirradiation dose schedule and cumulative BED included,
had no significant impact on functional outcome and/or survival.

Recently, in a retrospective study, Rades et al. investigated clin-
ical outcome and prognostic factors after reirradiation in a large

Table 2
Treatment characteristics according to the first and second radiotherapy regimens.

Patient First radiotherapy
schedule (Gy)

BEDa (Gy2) Reirradiation
schedule (Gy)

BEDa Gy2 Interval between
first and second
treatment (months)

Cumulative
BEDa (Gy2)

1 2 ! 8 80 5 ! 3 37.5 7 117.5
2 2 ! 8 80 7 31.5 3 111.5
3 2 ! 8 80 5 ! 3 37.5 5 117.5
4 2 ! 8 80 4 12 5 92
5 2 ! 8 80 8 40 4 120
6 8 40 8 40 31 80
7 8 40 2 ! 8 80 9 120
8 8 40 8 40 9 80
9 8 40 8 40 5 80

10 2 ! 8 80 8 40 11 120
11 8 40 8 40 2 80
12 8 40 5 ! 4 60 4 120

a Biologically Effective Dose with an a/b ratio of 2 Gy.

Table 3
Motor function before and after reirradiation according to fractionation schedules.

Patient First
radiotherapy
schedule (Gy)

Tomita group
before
reirradiation

Reirradiation
schedule
(Gy)

Tomita group
after
reirradiation

1 2 ! 8 I 5 ! 3 I
2 2 ! 8 III 7 III
3 2 ! 8 II 5 ! 3 II
4 2 ! 8 II 4 III
5 2 ! 8 III 8 III
6 8 I 8 I
7 8 II 2 ! 8 II
8 8 III 8 IV
9 8 II 8 II

10 2 ! 8 III 8 III
11 8 II 8 II
12 8 III 5 ! 4 III

Tomita group I–II: ambulant patients; Tomita group III–IV: not ambulant patients.

Fig. 1. Kaplan–Meier plot of overall survival probability as a function of pre-
reirradiation walking capacity. The number of patients at risk and p-value are
presented as well.
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Tomita group I–II: ambulant patients; Tomita group III–IV: not ambulant patients.

Fig. 1. Kaplan–Meier plot of overall survival probability as a function of pre-
reirradiation walking capacity. The number of patients at risk and p-value are
presented as well.
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RESULTS

The questions and Guideline statements regarding the use
of palliative RT for bone metastases are listed below.

1) What fractionation schemes have been shown to be ef-
fective for the treatment of painful and/or prevention of mor-
bidity from peripheral bone metastases?

Guideline statement
Multiple prospective randomized trials have shown pain

relief equivalency for dosing schema, including 30 Gy in
10 fractions, 24 Gy in 6 fractions, 20 Gy in 5 fractions,
and a single 8-Gy fraction for patients with previously unir-
radiated painful bone metastases. Fractionated RT courses
have been associated with an 8% repeat treatment rate to
the same anatomic site because of recurrent pain vs. 20% af-
ter a single fraction; however, the single fraction treatment
approach optimizes patient and caregiver convenience (1).

2) When is single fraction RTappropriate for the treatment
of painful and/or prevention ofmorbidity from uncomplicated
bonemetastasis involving the spine orother critical structures?

Guideline statement
Although many of the studies presented in Table 1 did not

delineate treatment relief by spinal vs. nonspinal metastases,
the Task Force could find no evidence from reviewing the
data to suggest that a single 8-Gy fraction provided inferior
pain relief compared with a more prolonged RT course in
painful spinal sites, although single fractionation has been
associated with a 20% incidence of repeat treatment vs.
8% with fractionated RT (7–14). The set up and
prescription points for treatment should follow those
outlined by the International Consensus on Palliative

Radiotherapy Endpoints for future clinical trials in bone
metastases to minimize the risk and allow for consistent
reporting of treatment results (17). The Task Force does
not believe that any additional trials are needed to confirm
the use of single-fraction RT in these circumstances.

3) Are there long-term side effect risks that should limit
the use of single fraction therapy?

Guideline statement
The Task Force did not find any suggestions from the

available data that single-fraction therapy produces unac-
ceptable rates of long-term side effects that might limit
this fractionation scheme for patients with painful bone me-
tastases. Numerous prospective, randomized trials have
failed to show any significant difference in long-term toxic-
ity between a single 8-Gy fraction and more prolonged RT
courses for uncomplicated, painful bone metastases. No ad-
ditional studies are suggested to confirm this recommenda-
tion at this time.

4) When should patients receive repeat treatment with RT
for peripheral bone metastases?

Guideline statement
Although no specific trial has been completed to define

the criteria for the repeat treatment of patients with recurrent
symptoms of metastatic disease, most trials have included
the option of repeat treatment (Table 2). The rates of repeat
treatment have been 20% with single-fraction palliative RT
schedules compared with 8% with lengthier RT courses.
The Task Force recommends that, whenever possible, pa-
tients should be included in prospective randomized trials
to further define the appropriate use of RT in the setting of
recurrent cancer symptoms.

Table 3. Suggested inclusion and exclusion criteria for patients enrolled in trials to evaluate stereotactic body radiotherapy for spinal
bone metastases

Characteristic Inclusion Exclusion

Radiographic 1) Spinal or paraspinal metastasis by MRI (50, 51)
2) No more than 2 consecutive or 3 noncontiguous

spine segments involved (50–53)

1) Spinal MRI cannot be completed for any reason (50, 51)
2) Epidural compression of spinal cord or cauda equina
3) Spinal canal compromise >25% (58)
4) Unstable spine requiring surgical stabilization (50, 51, 54,

57)
5) Tumor location within 5 mm of spinal cord or cauda

equina (50, 51) (relative*)
Patient 1) Age $18 y (50, 54)

2) KPS of $40–50 (50, 51, 54, 55)
3) Medically inoperable (or patient refused surgery)

(50, 51)

1) Active connective tissue disease (50)
2) Worsening or progressive neurologic deficit (50–52, 57)
3) Inability to lie flat on table for SBRT (50–52)
4) Patient in hospice or with <3-month life expectancy

Tumor 1) Histologic proof of malignancy (50, 51, 56)
2) Biopsy of spine lesion if first suspected metastasis
3) Oligometastatic or bone only metastatic disease (50)

1) Radiosensitive histology such as MM50-52

2) Extraspinal disease not eligible for further treatment51

Previous
treatment

Any of the following:
1) Previous EBRT <45-Gy total dose
2) Failure of previous surgery to that spinal level (50–52)
3) Presence of gross residual disease after surgery

1) Previous SBRT to same level
2) Systemic radionuclide delivery within 30 days before

SBRT (50–52)
3) EBRT within 90 days before SBRT (50–52)
4) Chemotherapy within 30 days of SBRT (50–53)

Abbreviations:MRI = magnetic resonance imaging; KPS = Karnofsky performance status; SBRT = stereotactic body radiotherapy; MM =
multiple myeloma; EBRT = external beam radiotherapy.
* Relative indicates that optimally tumor >5mm from spinal cord; if this distance is closer, case-by-case discussion required because published

data suggest risk of failure is greater (50, 63).
The references listed in Table 3 correspond to those cited in the full manuscript published online and contained in the Supplemental Materials
section.
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Purpose: To present guidance for patients and physicians regarding the use of radiotherapy in the treatment of
bone metastases according to current published evidence and complemented by expert opinion.
Methods and Materials: A systematic search of the National Library of Medicine’s PubMed database between
1998 and 2009 yielded 4,287 candidate original research articles potentially applicable to radiotherapy for bone
metastases. ATask Force composed of all authors synthesized the published evidence and reached a consensus re-
garding the recommendations contained herein.
Results: The Task Force concluded that external beam radiotherapy continues to be themainstay for the treatment
of pain and/or prevention of the morbidity caused by bonemetastases. Various fractionation schedules can provide
significant palliation of symptoms and/or prevent themorbidity of bonemetastases. The evidence for the safety and
efficacy of repeat treatment to previously irradiated areas of peripheral bone metastases for pain was derived from
both prospective studies and retrospective data, and it can be safe and effective. The use of stereotactic body ra-
diotherapy holds theoretical promise in the treatment of new or recurrent spine lesions, although the Task Force
recommended that its use be limited to highly selected patients and preferably within a prospective trial. Surgical
decompression and postoperative radiotherapy is recommended for spinal cord compression or spinal instability
in highly selected patients with sufficient performance status and life expectancy. The use of bisphosphonates, ra-
dionuclides, vertebroplasty, and kyphoplasty for the treatment or prevention of cancer-related symptoms does not
obviate the need for external beam radiotherapy in appropriate patients.
Conclusions: Radiotherapy is a successful and time efficient method by which to palliate pain and/or prevent the
morbidity of bone metastases. This Guideline reviews the available data to define its proper use and provide con-
sensus views concerning contemporary controversies or unanswered questions that warrant prospective trial eval-
uation.

INTRODUCTION

Bone metastases are a commonmanifestation of malignancy
that can cause severe and debilitating effects, including pain,
spinal cord compression, hypercalcemia, and pathologic
fracture. The proper care of bonemetastasis patients requires
interdisciplinary care among radiologists, radiation oncolo-
gists, medical oncologists, surgeons, pain medicine special-
ists, and palliative care professionals. Radiotherapy (RT)
provides successful palliation of painful bone metastasis
that is time efficient and has been associated with very few
side effects. External beam RT (EBRT) can provide signifi-
cant palliation of painful bone metastases in 50–80% of pa-
tients, with up to one-third of patients achieving complete
pain relief at the treated site (1).

Widespread variation exists in theworldwide practice pat-
terns for palliative radiation dose fractionation schedules (2).
Numerous prospective randomized and retrospective trials
have shown similar pain relief outcomes with single-
fraction RT schedules compared with longer courses of pal-
liative RT for previously unirradiated bone metastases, with
the main advantages to the schedules being the increased
conveniencewith a single fraction and the lower repeat treat-
ment rate with a longer course (1, 2). A wide range of
radiotherapeutic options also exists for pain that has
recurred after RT (EBRT or radiopharmaceutical agents)
has been given for bone metastases. Among these options
is a second course of EBRT to the same localized site
(repeat RT). Also, painful bone lesions at several anatomic
sites have been treated with injectable radiopharmaceutical
agents or hemibody RT, depending on the tumor histologic
features and the distribution of the metastases.
Additionally, great interest has been devoted to the
question of whether technological advances in RT delivery,
such as stereotactic body RT (SBRT), could improve the
results of the primary treatment or repeat treatment of
metastatic spinal lesions. The circumstances of spinal cord
compression with complete or impending pathologic

fracture demand a coordinated care plan between surgeons
and radiation oncologists. Although clinical trials with
bisphosphonates initially considered the need for EBRT as
a failure of therapy endpoint, EBRT to the index
symptomatic lesion might provide more prompt and
durable symptom relief. Finally, EBRT should be used in
conjunction with both kyphoplasty and vertebroplasty in
patients who have been treated with these interventions for
spinal metastases.

Given the complexities of care for patients with bone me-
tastases and the relative lack of palliative RT guidelines for-
mulated to date, the American Society for Radiation
Oncology (ASTRO) Clinical Affairs and Quality Committee
convened a Task Force of experts to develop a Guideline
regarding the care of patients with bone metastases (3–6).
The recommendations have been based on the results of
a systematic data review combined with the expert
opinions of the Task Force members. The Guideline is
presented herein.

METHODS AND MATERIALS

Process
The Guidelines Subcommittee of the Clinical Affairs and Quality

Committee, in accordance with established ASTRO policy, re-
cruited a Task Force composed of recognized experts in the fields
of palliative RT for bone metastases. These experts represented ra-
diation oncology academic, private practice, and residency groups,
as well as neurosurgery and palliative medicine specialties. The
Task Force was asked to provide guidance on the use of palliative
RT for bone metastases to patients and physicians. The Task Force
was also charged with providing guidelines for the proper integra-
tion of RT with other available treatment options for patients with
bone metastases.
In October 2009, the ASTRO Board of Directors approved

a proposal to develop a Guideline regarding palliative RT for
bone metastases and also authorized the membership of the Task
Force. Subsequently, the Task Force participated in a series of com-
munications by electronic mail and conference telephone calls to
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compose the Guideline. The members of the Task Force divided
into subgroups to address the separate questions according to their
areas of particular expertise. All members of the Task Force then
evaluated the responses to the questions assigned to the subgroups.
After the secondary review by the Task Force as a whole, the initial
draft of the Guideline was sent to external reviewers. The ASTRO
Board of Directors integrated this feedback and approved the final
document in July 2010.

Literature search
Whenever possible, the Guideline relied on an evidence-based ap-

proach using a formal systematic literature review. One investigator
(S.L.) with aid from the ASTRO staff searched for English-language
citations in the National Library of Medicine’s PubMed database
through December 22, 2009 using the Medical Subject Heading
term ‘‘Radiotherapy bone metastases,’’ limiting the results to 1998
through 2009. Of the 4,287 articles originally identified, the group’s

Table 1. Prospective randomized trials comparing single- vs. multiple-fraction radiotherapy regimens for painful, uncomplicated bone
metastases

Study

Patients (n),
tumor

histologic
type Fractionation

Overall
pain
relief
(%)

Complete
response
(%)

Acute
toxicity
(%)

Late
toxicity
(%)

Repeat
treatment

rate
(%) Investigator Year Reference

Prospective randomized Phase III trials
8-Gy single
fraction RT for
metastatic
skeletal pain:
randomized comparison
with
multifraction
schedule

775, various
histologic
types

8 Gy/1 Fx 78 57 30 2 23 Bone Pain
Trial Working
Party

1999 9
20 Gy/5 Fx

or 30 Gy/10
Fx

78 58 32 1 10

Randomized
clinical trial
with 2 palliative
RT regimens
in Spain

160, various
histologic
types

8 Gy/1 Fx 75 15 13 NR 28 Foro 2008 13
30 Gy/10 Fx 86 13 18 NR 2

Radiation
Therapy and
Oncology
Group 97-14

898, breast
or prostate
cancer

8 Gy/1 Fx 66 15 10 4 18 Hartsell 2005 11
30 Gy/10 Fx 66 18 17 4 9

Randomized
trial of 3 single-dose RT
regimens for metastatic
bone pain

327, various
histologic
types

4 Gy/1 Fx 59 21 32 6 42 Jeremic 1998 7
6 Gy/1 Fx 73 27 29 7 44
8 Gy/1 Fx 78 32 37 7 38

Prospective
randomised
multicenter
trial of single-fraction RT
(8 Gy ! 1) vs. multiple
fractions
(3 Gy ! 10)

376, various
histologic
types

8 Gy/1 Fx Equivalent NR NR 4 15 Kaasa 2006 12
30 Gy/10 Fx Equivalent NR NR 11 4

Randomized trial of
single-dose vs. fractionated
palliative RT for
bone metastases

241, various
histologic
types

8 Gy/1 Fx 62 15 35 5 21 Nielsen 1998 15
20 Gy/4 Fx 71 15 35 5 12

Trans-Tasman
Radiation
Oncology
Group 96-05
(neuropathic pain)

272, various
histologic
types

8 Gy/1 Fx 53 26 5 5 29 Roos 2005 10
20 Gy/5 Fx 61 27 11 4 24

Long-term
follow-up of
cancer patients
receiving RT for
bone metastases:
results from
randomized
multicenter
trial—Norway

188, various
histologic
types

8 Gy/1 Fx PR PR PR 5 27 Sande 2009 14
30 Gy/10 Fx PR PR PR 5 5

Global analysis of
Dutch Bone
Metastasis Study

1,171, various
histologic
types

8 Gy/1 Fx 72 37 Equivalent 4 25 Steenland 1999 16
24 Gy/6 Fx 69 33 Equivalent 2 7

Abbreviations: Fx = radiotherapy fractions; NR = not reported; Equivalent = reports described as equivalent between treatment arms; PR =
previously reported in trial first authored by Kaasa et al. (12).
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RESULTS

The questions and Guideline statements regarding the use
of palliative RT for bone metastases are listed below.

1) What fractionation schemes have been shown to be ef-
fective for the treatment of painful and/or prevention of mor-
bidity from peripheral bone metastases?

Guideline statement
Multiple prospective randomized trials have shown pain

relief equivalency for dosing schema, including 30 Gy in
10 fractions, 24 Gy in 6 fractions, 20 Gy in 5 fractions,
and a single 8-Gy fraction for patients with previously unir-
radiated painful bone metastases. Fractionated RT courses
have been associated with an 8% repeat treatment rate to
the same anatomic site because of recurrent pain vs. 20% af-
ter a single fraction; however, the single fraction treatment
approach optimizes patient and caregiver convenience (1).

2) When is single fraction RTappropriate for the treatment
of painful and/or prevention ofmorbidity from uncomplicated
bonemetastasis involving the spine orother critical structures?

Guideline statement
Although many of the studies presented in Table 1 did not

delineate treatment relief by spinal vs. nonspinal metastases,
the Task Force could find no evidence from reviewing the
data to suggest that a single 8-Gy fraction provided inferior
pain relief compared with a more prolonged RT course in
painful spinal sites, although single fractionation has been
associated with a 20% incidence of repeat treatment vs.
8% with fractionated RT (7–14). The set up and
prescription points for treatment should follow those
outlined by the International Consensus on Palliative

Radiotherapy Endpoints for future clinical trials in bone
metastases to minimize the risk and allow for consistent
reporting of treatment results (17). The Task Force does
not believe that any additional trials are needed to confirm
the use of single-fraction RT in these circumstances.

3) Are there long-term side effect risks that should limit
the use of single fraction therapy?

Guideline statement
The Task Force did not find any suggestions from the

available data that single-fraction therapy produces unac-
ceptable rates of long-term side effects that might limit
this fractionation scheme for patients with painful bone me-
tastases. Numerous prospective, randomized trials have
failed to show any significant difference in long-term toxic-
ity between a single 8-Gy fraction and more prolonged RT
courses for uncomplicated, painful bone metastases. No ad-
ditional studies are suggested to confirm this recommenda-
tion at this time.

4) When should patients receive repeat treatment with RT
for peripheral bone metastases?

Guideline statement
Although no specific trial has been completed to define

the criteria for the repeat treatment of patients with recurrent
symptoms of metastatic disease, most trials have included
the option of repeat treatment (Table 2). The rates of repeat
treatment have been 20% with single-fraction palliative RT
schedules compared with 8% with lengthier RT courses.
The Task Force recommends that, whenever possible, pa-
tients should be included in prospective randomized trials
to further define the appropriate use of RT in the setting of
recurrent cancer symptoms.

Table 3. Suggested inclusion and exclusion criteria for patients enrolled in trials to evaluate stereotactic body radiotherapy for spinal
bone metastases

Characteristic Inclusion Exclusion

Radiographic 1) Spinal or paraspinal metastasis by MRI (50, 51)
2) No more than 2 consecutive or 3 noncontiguous

spine segments involved (50–53)

1) Spinal MRI cannot be completed for any reason (50, 51)
2) Epidural compression of spinal cord or cauda equina
3) Spinal canal compromise >25% (58)
4) Unstable spine requiring surgical stabilization (50, 51, 54,

57)
5) Tumor location within 5 mm of spinal cord or cauda

equina (50, 51) (relative*)
Patient 1) Age $18 y (50, 54)

2) KPS of $40–50 (50, 51, 54, 55)
3) Medically inoperable (or patient refused surgery)

(50, 51)

1) Active connective tissue disease (50)
2) Worsening or progressive neurologic deficit (50–52, 57)
3) Inability to lie flat on table for SBRT (50–52)
4) Patient in hospice or with <3-month life expectancy

Tumor 1) Histologic proof of malignancy (50, 51, 56)
2) Biopsy of spine lesion if first suspected metastasis
3) Oligometastatic or bone only metastatic disease (50)

1) Radiosensitive histology such as MM50-52

2) Extraspinal disease not eligible for further treatment51

Previous
treatment

Any of the following:
1) Previous EBRT <45-Gy total dose
2) Failure of previous surgery to that spinal level (50–52)
3) Presence of gross residual disease after surgery

1) Previous SBRT to same level
2) Systemic radionuclide delivery within 30 days before

SBRT (50–52)
3) EBRT within 90 days before SBRT (50–52)
4) Chemotherapy within 30 days of SBRT (50–53)

Abbreviations:MRI = magnetic resonance imaging; KPS = Karnofsky performance status; SBRT = stereotactic body radiotherapy; MM =
multiple myeloma; EBRT = external beam radiotherapy.
* Relative indicates that optimally tumor >5mm from spinal cord; if this distance is closer, case-by-case discussion required because published

data suggest risk of failure is greater (50, 63).
The references listed in Table 3 correspond to those cited in the full manuscript published online and contained in the Supplemental Materials
section.
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8% with fractionated RT (7–14). The set up and
prescription points for treatment should follow those
outlined by the International Consensus on Palliative

Radiotherapy Endpoints for future clinical trials in bone
metastases to minimize the risk and allow for consistent
reporting of treatment results (17). The Task Force does
not believe that any additional trials are needed to confirm
the use of single-fraction RT in these circumstances.

3) Are there long-term side effect risks that should limit
the use of single fraction therapy?

Guideline statement
The Task Force did not find any suggestions from the

available data that single-fraction therapy produces unac-
ceptable rates of long-term side effects that might limit
this fractionation scheme for patients with painful bone me-
tastases. Numerous prospective, randomized trials have
failed to show any significant difference in long-term toxic-
ity between a single 8-Gy fraction and more prolonged RT
courses for uncomplicated, painful bone metastases. No ad-
ditional studies are suggested to confirm this recommenda-
tion at this time.

4) When should patients receive repeat treatment with RT
for peripheral bone metastases?

Guideline statement
Although no specific trial has been completed to define

the criteria for the repeat treatment of patients with recurrent
symptoms of metastatic disease, most trials have included
the option of repeat treatment (Table 2). The rates of repeat
treatment have been 20% with single-fraction palliative RT
schedules compared with 8% with lengthier RT courses.
The Task Force recommends that, whenever possible, pa-
tients should be included in prospective randomized trials
to further define the appropriate use of RT in the setting of
recurrent cancer symptoms.

Table 3. Suggested inclusion and exclusion criteria for patients enrolled in trials to evaluate stereotactic body radiotherapy for spinal
bone metastases

Characteristic Inclusion Exclusion

Radiographic 1) Spinal or paraspinal metastasis by MRI (50, 51)
2) No more than 2 consecutive or 3 noncontiguous

spine segments involved (50–53)

1) Spinal MRI cannot be completed for any reason (50, 51)
2) Epidural compression of spinal cord or cauda equina
3) Spinal canal compromise >25% (58)
4) Unstable spine requiring surgical stabilization (50, 51, 54,

57)
5) Tumor location within 5 mm of spinal cord or cauda

equina (50, 51) (relative*)
Patient 1) Age $18 y (50, 54)

2) KPS of $40–50 (50, 51, 54, 55)
3) Medically inoperable (or patient refused surgery)

(50, 51)

1) Active connective tissue disease (50)
2) Worsening or progressive neurologic deficit (50–52, 57)
3) Inability to lie flat on table for SBRT (50–52)
4) Patient in hospice or with <3-month life expectancy

Tumor 1) Histologic proof of malignancy (50, 51, 56)
2) Biopsy of spine lesion if first suspected metastasis
3) Oligometastatic or bone only metastatic disease (50)

1) Radiosensitive histology such as MM50-52

2) Extraspinal disease not eligible for further treatment51

Previous
treatment

Any of the following:
1) Previous EBRT <45-Gy total dose
2) Failure of previous surgery to that spinal level (50–52)
3) Presence of gross residual disease after surgery

1) Previous SBRT to same level
2) Systemic radionuclide delivery within 30 days before

SBRT (50–52)
3) EBRT within 90 days before SBRT (50–52)
4) Chemotherapy within 30 days of SBRT (50–53)

Abbreviations:MRI = magnetic resonance imaging; KPS = Karnofsky performance status; SBRT = stereotactic body radiotherapy; MM =
multiple myeloma; EBRT = external beam radiotherapy.
* Relative indicates that optimally tumor >5mm from spinal cord; if this distance is closer, case-by-case discussion required because published

data suggest risk of failure is greater (50, 63).
The references listed in Table 3 correspond to those cited in the full manuscript published online and contained in the Supplemental Materials
section.
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RESULTS

The questions and Guideline statements regarding the use
of palliative RT for bone metastases are listed below.

1) What fractionation schemes have been shown to be ef-
fective for the treatment of painful and/or prevention of mor-
bidity from peripheral bone metastases?

Guideline statement
Multiple prospective randomized trials have shown pain

relief equivalency for dosing schema, including 30 Gy in
10 fractions, 24 Gy in 6 fractions, 20 Gy in 5 fractions,
and a single 8-Gy fraction for patients with previously unir-
radiated painful bone metastases. Fractionated RT courses
have been associated with an 8% repeat treatment rate to
the same anatomic site because of recurrent pain vs. 20% af-
ter a single fraction; however, the single fraction treatment
approach optimizes patient and caregiver convenience (1).

2) When is single fraction RTappropriate for the treatment
of painful and/or prevention ofmorbidity from uncomplicated
bonemetastasis involving the spine orother critical structures?

Guideline statement
Although many of the studies presented in Table 1 did not

delineate treatment relief by spinal vs. nonspinal metastases,
the Task Force could find no evidence from reviewing the
data to suggest that a single 8-Gy fraction provided inferior
pain relief compared with a more prolonged RT course in
painful spinal sites, although single fractionation has been
associated with a 20% incidence of repeat treatment vs.
8% with fractionated RT (7–14). The set up and
prescription points for treatment should follow those
outlined by the International Consensus on Palliative

Radiotherapy Endpoints for future clinical trials in bone
metastases to minimize the risk and allow for consistent
reporting of treatment results (17). The Task Force does
not believe that any additional trials are needed to confirm
the use of single-fraction RT in these circumstances.

3) Are there long-term side effect risks that should limit
the use of single fraction therapy?

Guideline statement
The Task Force did not find any suggestions from the

available data that single-fraction therapy produces unac-
ceptable rates of long-term side effects that might limit
this fractionation scheme for patients with painful bone me-
tastases. Numerous prospective, randomized trials have
failed to show any significant difference in long-term toxic-
ity between a single 8-Gy fraction and more prolonged RT
courses for uncomplicated, painful bone metastases. No ad-
ditional studies are suggested to confirm this recommenda-
tion at this time.

4) When should patients receive repeat treatment with RT
for peripheral bone metastases?

Guideline statement
Although no specific trial has been completed to define

the criteria for the repeat treatment of patients with recurrent
symptoms of metastatic disease, most trials have included
the option of repeat treatment (Table 2). The rates of repeat
treatment have been 20% with single-fraction palliative RT
schedules compared with 8% with lengthier RT courses.
The Task Force recommends that, whenever possible, pa-
tients should be included in prospective randomized trials
to further define the appropriate use of RT in the setting of
recurrent cancer symptoms.

Table 3. Suggested inclusion and exclusion criteria for patients enrolled in trials to evaluate stereotactic body radiotherapy for spinal
bone metastases

Characteristic Inclusion Exclusion

Radiographic 1) Spinal or paraspinal metastasis by MRI (50, 51)
2) No more than 2 consecutive or 3 noncontiguous

spine segments involved (50–53)

1) Spinal MRI cannot be completed for any reason (50, 51)
2) Epidural compression of spinal cord or cauda equina
3) Spinal canal compromise >25% (58)
4) Unstable spine requiring surgical stabilization (50, 51, 54,

57)
5) Tumor location within 5 mm of spinal cord or cauda

equina (50, 51) (relative*)
Patient 1) Age $18 y (50, 54)

2) KPS of $40–50 (50, 51, 54, 55)
3) Medically inoperable (or patient refused surgery)

(50, 51)

1) Active connective tissue disease (50)
2) Worsening or progressive neurologic deficit (50–52, 57)
3) Inability to lie flat on table for SBRT (50–52)
4) Patient in hospice or with <3-month life expectancy

Tumor 1) Histologic proof of malignancy (50, 51, 56)
2) Biopsy of spine lesion if first suspected metastasis
3) Oligometastatic or bone only metastatic disease (50)

1) Radiosensitive histology such as MM50-52

2) Extraspinal disease not eligible for further treatment51

Previous
treatment

Any of the following:
1) Previous EBRT <45-Gy total dose
2) Failure of previous surgery to that spinal level (50–52)
3) Presence of gross residual disease after surgery

1) Previous SBRT to same level
2) Systemic radionuclide delivery within 30 days before

SBRT (50–52)
3) EBRT within 90 days before SBRT (50–52)
4) Chemotherapy within 30 days of SBRT (50–53)

Abbreviations:MRI = magnetic resonance imaging; KPS = Karnofsky performance status; SBRT = stereotactic body radiotherapy; MM =
multiple myeloma; EBRT = external beam radiotherapy.
* Relative indicates that optimally tumor >5mm from spinal cord; if this distance is closer, case-by-case discussion required because published

data suggest risk of failure is greater (50, 63).
The references listed in Table 3 correspond to those cited in the full manuscript published online and contained in the Supplemental Materials
section.
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Purpose: To present guidance for patients and physicians regarding the use of radiotherapy in the treatment of
bone metastases according to current published evidence and complemented by expert opinion.
Methods and Materials: A systematic search of the National Library of Medicine’s PubMed database between
1998 and 2009 yielded 4,287 candidate original research articles potentially applicable to radiotherapy for bone
metastases. ATask Force composed of all authors synthesized the published evidence and reached a consensus re-
garding the recommendations contained herein.
Results: The Task Force concluded that external beam radiotherapy continues to be themainstay for the treatment
of pain and/or prevention of the morbidity caused by bonemetastases. Various fractionation schedules can provide
significant palliation of symptoms and/or prevent themorbidity of bonemetastases. The evidence for the safety and
efficacy of repeat treatment to previously irradiated areas of peripheral bone metastases for pain was derived from
both prospective studies and retrospective data, and it can be safe and effective. The use of stereotactic body ra-
diotherapy holds theoretical promise in the treatment of new or recurrent spine lesions, although the Task Force
recommended that its use be limited to highly selected patients and preferably within a prospective trial. Surgical
decompression and postoperative radiotherapy is recommended for spinal cord compression or spinal instability
in highly selected patients with sufficient performance status and life expectancy. The use of bisphosphonates, ra-
dionuclides, vertebroplasty, and kyphoplasty for the treatment or prevention of cancer-related symptoms does not
obviate the need for external beam radiotherapy in appropriate patients.
Conclusions: Radiotherapy is a successful and time efficient method by which to palliate pain and/or prevent the
morbidity of bone metastases. This Guideline reviews the available data to define its proper use and provide con-
sensus views concerning contemporary controversies or unanswered questions that warrant prospective trial eval-
uation.

INTRODUCTION

Bone metastases are a commonmanifestation of malignancy
that can cause severe and debilitating effects, including pain,
spinal cord compression, hypercalcemia, and pathologic
fracture. The proper care of bonemetastasis patients requires
interdisciplinary care among radiologists, radiation oncolo-
gists, medical oncologists, surgeons, pain medicine special-
ists, and palliative care professionals. Radiotherapy (RT)
provides successful palliation of painful bone metastasis
that is time efficient and has been associated with very few
side effects. External beam RT (EBRT) can provide signifi-
cant palliation of painful bone metastases in 50–80% of pa-
tients, with up to one-third of patients achieving complete
pain relief at the treated site (1).

Widespread variation exists in theworldwide practice pat-
terns for palliative radiation dose fractionation schedules (2).
Numerous prospective randomized and retrospective trials
have shown similar pain relief outcomes with single-
fraction RT schedules compared with longer courses of pal-
liative RT for previously unirradiated bone metastases, with
the main advantages to the schedules being the increased
conveniencewith a single fraction and the lower repeat treat-
ment rate with a longer course (1, 2). A wide range of
radiotherapeutic options also exists for pain that has
recurred after RT (EBRT or radiopharmaceutical agents)
has been given for bone metastases. Among these options
is a second course of EBRT to the same localized site
(repeat RT). Also, painful bone lesions at several anatomic
sites have been treated with injectable radiopharmaceutical
agents or hemibody RT, depending on the tumor histologic
features and the distribution of the metastases.
Additionally, great interest has been devoted to the
question of whether technological advances in RT delivery,
such as stereotactic body RT (SBRT), could improve the
results of the primary treatment or repeat treatment of
metastatic spinal lesions. The circumstances of spinal cord
compression with complete or impending pathologic

fracture demand a coordinated care plan between surgeons
and radiation oncologists. Although clinical trials with
bisphosphonates initially considered the need for EBRT as
a failure of therapy endpoint, EBRT to the index
symptomatic lesion might provide more prompt and
durable symptom relief. Finally, EBRT should be used in
conjunction with both kyphoplasty and vertebroplasty in
patients who have been treated with these interventions for
spinal metastases.

Given the complexities of care for patients with bone me-
tastases and the relative lack of palliative RT guidelines for-
mulated to date, the American Society for Radiation
Oncology (ASTRO) Clinical Affairs and Quality Committee
convened a Task Force of experts to develop a Guideline
regarding the care of patients with bone metastases (3–6).
The recommendations have been based on the results of
a systematic data review combined with the expert
opinions of the Task Force members. The Guideline is
presented herein.

METHODS AND MATERIALS

Process
The Guidelines Subcommittee of the Clinical Affairs and Quality

Committee, in accordance with established ASTRO policy, re-
cruited a Task Force composed of recognized experts in the fields
of palliative RT for bone metastases. These experts represented ra-
diation oncology academic, private practice, and residency groups,
as well as neurosurgery and palliative medicine specialties. The
Task Force was asked to provide guidance on the use of palliative
RT for bone metastases to patients and physicians. The Task Force
was also charged with providing guidelines for the proper integra-
tion of RT with other available treatment options for patients with
bone metastases.
In October 2009, the ASTRO Board of Directors approved

a proposal to develop a Guideline regarding palliative RT for
bone metastases and also authorized the membership of the Task
Force. Subsequently, the Task Force participated in a series of com-
munications by electronic mail and conference telephone calls to
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compose the Guideline. The members of the Task Force divided
into subgroups to address the separate questions according to their
areas of particular expertise. All members of the Task Force then
evaluated the responses to the questions assigned to the subgroups.
After the secondary review by the Task Force as a whole, the initial
draft of the Guideline was sent to external reviewers. The ASTRO
Board of Directors integrated this feedback and approved the final
document in July 2010.

Literature search
Whenever possible, the Guideline relied on an evidence-based ap-

proach using a formal systematic literature review. One investigator
(S.L.) with aid from the ASTRO staff searched for English-language
citations in the National Library of Medicine’s PubMed database
through December 22, 2009 using the Medical Subject Heading
term ‘‘Radiotherapy bone metastases,’’ limiting the results to 1998
through 2009. Of the 4,287 articles originally identified, the group’s

Table 1. Prospective randomized trials comparing single- vs. multiple-fraction radiotherapy regimens for painful, uncomplicated bone
metastases

Study

Patients (n),
tumor

histologic
type Fractionation

Overall
pain
relief
(%)

Complete
response
(%)

Acute
toxicity
(%)

Late
toxicity
(%)

Repeat
treatment

rate
(%) Investigator Year Reference

Prospective randomized Phase III trials
8-Gy single
fraction RT for
metastatic
skeletal pain:
randomized comparison
with
multifraction
schedule

775, various
histologic
types

8 Gy/1 Fx 78 57 30 2 23 Bone Pain
Trial Working
Party

1999 9
20 Gy/5 Fx

or 30 Gy/10
Fx

78 58 32 1 10

Randomized
clinical trial
with 2 palliative
RT regimens
in Spain

160, various
histologic
types

8 Gy/1 Fx 75 15 13 NR 28 Foro 2008 13
30 Gy/10 Fx 86 13 18 NR 2

Radiation
Therapy and
Oncology
Group 97-14

898, breast
or prostate
cancer

8 Gy/1 Fx 66 15 10 4 18 Hartsell 2005 11
30 Gy/10 Fx 66 18 17 4 9

Randomized
trial of 3 single-dose RT
regimens for metastatic
bone pain

327, various
histologic
types

4 Gy/1 Fx 59 21 32 6 42 Jeremic 1998 7
6 Gy/1 Fx 73 27 29 7 44
8 Gy/1 Fx 78 32 37 7 38

Prospective
randomised
multicenter
trial of single-fraction RT
(8 Gy ! 1) vs. multiple
fractions
(3 Gy ! 10)

376, various
histologic
types

8 Gy/1 Fx Equivalent NR NR 4 15 Kaasa 2006 12
30 Gy/10 Fx Equivalent NR NR 11 4

Randomized trial of
single-dose vs. fractionated
palliative RT for
bone metastases

241, various
histologic
types

8 Gy/1 Fx 62 15 35 5 21 Nielsen 1998 15
20 Gy/4 Fx 71 15 35 5 12

Trans-Tasman
Radiation
Oncology
Group 96-05
(neuropathic pain)

272, various
histologic
types

8 Gy/1 Fx 53 26 5 5 29 Roos 2005 10
20 Gy/5 Fx 61 27 11 4 24

Long-term
follow-up of
cancer patients
receiving RT for
bone metastases:
results from
randomized
multicenter
trial—Norway

188, various
histologic
types

8 Gy/1 Fx PR PR PR 5 27 Sande 2009 14
30 Gy/10 Fx PR PR PR 5 5

Global analysis of
Dutch Bone
Metastasis Study

1,171, various
histologic
types

8 Gy/1 Fx 72 37 Equivalent 4 25 Steenland 1999 16
24 Gy/6 Fx 69 33 Equivalent 2 7

Abbreviations: Fx = radiotherapy fractions; NR = not reported; Equivalent = reports described as equivalent between treatment arms; PR =
previously reported in trial first authored by Kaasa et al. (12).
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compose the Guideline. The members of the Task Force divided
into subgroups to address the separate questions according to their
areas of particular expertise. All members of the Task Force then
evaluated the responses to the questions assigned to the subgroups.
After the secondary review by the Task Force as a whole, the initial
draft of the Guideline was sent to external reviewers. The ASTRO
Board of Directors integrated this feedback and approved the final
document in July 2010.

Literature search
Whenever possible, the Guideline relied on an evidence-based ap-

proach using a formal systematic literature review. One investigator
(S.L.) with aid from the ASTRO staff searched for English-language
citations in the National Library of Medicine’s PubMed database
through December 22, 2009 using the Medical Subject Heading
term ‘‘Radiotherapy bone metastases,’’ limiting the results to 1998
through 2009. Of the 4,287 articles originally identified, the group’s

Table 1. Prospective randomized trials comparing single- vs. multiple-fraction radiotherapy regimens for painful, uncomplicated bone
metastases

Study

Patients (n),
tumor

histologic
type Fractionation

Overall
pain
relief
(%)

Complete
response
(%)

Acute
toxicity
(%)

Late
toxicity
(%)

Repeat
treatment

rate
(%) Investigator Year Reference

Prospective randomized Phase III trials
8-Gy single
fraction RT for
metastatic
skeletal pain:
randomized comparison
with
multifraction
schedule

775, various
histologic
types

8 Gy/1 Fx 78 57 30 2 23 Bone Pain
Trial Working
Party

1999 9
20 Gy/5 Fx

or 30 Gy/10
Fx

78 58 32 1 10

Randomized
clinical trial
with 2 palliative
RT regimens
in Spain

160, various
histologic
types

8 Gy/1 Fx 75 15 13 NR 28 Foro 2008 13
30 Gy/10 Fx 86 13 18 NR 2

Radiation
Therapy and
Oncology
Group 97-14

898, breast
or prostate
cancer

8 Gy/1 Fx 66 15 10 4 18 Hartsell 2005 11
30 Gy/10 Fx 66 18 17 4 9

Randomized
trial of 3 single-dose RT
regimens for metastatic
bone pain

327, various
histologic
types

4 Gy/1 Fx 59 21 32 6 42 Jeremic 1998 7
6 Gy/1 Fx 73 27 29 7 44
8 Gy/1 Fx 78 32 37 7 38

Prospective
randomised
multicenter
trial of single-fraction RT
(8 Gy ! 1) vs. multiple
fractions
(3 Gy ! 10)

376, various
histologic
types

8 Gy/1 Fx Equivalent NR NR 4 15 Kaasa 2006 12
30 Gy/10 Fx Equivalent NR NR 11 4

Randomized trial of
single-dose vs. fractionated
palliative RT for
bone metastases

241, various
histologic
types

8 Gy/1 Fx 62 15 35 5 21 Nielsen 1998 15
20 Gy/4 Fx 71 15 35 5 12

Trans-Tasman
Radiation
Oncology
Group 96-05
(neuropathic pain)

272, various
histologic
types

8 Gy/1 Fx 53 26 5 5 29 Roos 2005 10
20 Gy/5 Fx 61 27 11 4 24

Long-term
follow-up of
cancer patients
receiving RT for
bone metastases:
results from
randomized
multicenter
trial—Norway

188, various
histologic
types

8 Gy/1 Fx PR PR PR 5 27 Sande 2009 14
30 Gy/10 Fx PR PR PR 5 5

Global analysis of
Dutch Bone
Metastasis Study

1,171, various
histologic
types

8 Gy/1 Fx 72 37 Equivalent 4 25 Steenland 1999 16
24 Gy/6 Fx 69 33 Equivalent 2 7

Abbreviations: Fx = radiotherapy fractions; NR = not reported; Equivalent = reports described as equivalent between treatment arms; PR =
previously reported in trial first authored by Kaasa et al. (12).
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Purpose: To present guidance for patients and physicians regarding the use of radiotherapy in the treatment of
bone metastases according to current published evidence and complemented by expert opinion.
Methods and Materials: A systematic search of the National Library of Medicine’s PubMed database between
1998 and 2009 yielded 4,287 candidate original research articles potentially applicable to radiotherapy for bone
metastases. ATask Force composed of all authors synthesized the published evidence and reached a consensus re-
garding the recommendations contained herein.
Results: The Task Force concluded that external beam radiotherapy continues to be themainstay for the treatment
of pain and/or prevention of the morbidity caused by bonemetastases. Various fractionation schedules can provide
significant palliation of symptoms and/or prevent themorbidity of bonemetastases. The evidence for the safety and
efficacy of repeat treatment to previously irradiated areas of peripheral bone metastases for pain was derived from
both prospective studies and retrospective data, and it can be safe and effective. The use of stereotactic body ra-
diotherapy holds theoretical promise in the treatment of new or recurrent spine lesions, although the Task Force
recommended that its use be limited to highly selected patients and preferably within a prospective trial. Surgical
decompression and postoperative radiotherapy is recommended for spinal cord compression or spinal instability
in highly selected patients with sufficient performance status and life expectancy. The use of bisphosphonates, ra-
dionuclides, vertebroplasty, and kyphoplasty for the treatment or prevention of cancer-related symptoms does not
obviate the need for external beam radiotherapy in appropriate patients.
Conclusions: Radiotherapy is a successful and time efficient method by which to palliate pain and/or prevent the
morbidity of bone metastases. This Guideline reviews the available data to define its proper use and provide con-
sensus views concerning contemporary controversies or unanswered questions that warrant prospective trial eval-
uation.

INTRODUCTION

Bone metastases are a commonmanifestation of malignancy
that can cause severe and debilitating effects, including pain,
spinal cord compression, hypercalcemia, and pathologic
fracture. The proper care of bonemetastasis patients requires
interdisciplinary care among radiologists, radiation oncolo-
gists, medical oncologists, surgeons, pain medicine special-
ists, and palliative care professionals. Radiotherapy (RT)
provides successful palliation of painful bone metastasis
that is time efficient and has been associated with very few
side effects. External beam RT (EBRT) can provide signifi-
cant palliation of painful bone metastases in 50–80% of pa-
tients, with up to one-third of patients achieving complete
pain relief at the treated site (1).

Widespread variation exists in theworldwide practice pat-
terns for palliative radiation dose fractionation schedules (2).
Numerous prospective randomized and retrospective trials
have shown similar pain relief outcomes with single-
fraction RT schedules compared with longer courses of pal-
liative RT for previously unirradiated bone metastases, with
the main advantages to the schedules being the increased
conveniencewith a single fraction and the lower repeat treat-
ment rate with a longer course (1, 2). A wide range of
radiotherapeutic options also exists for pain that has
recurred after RT (EBRT or radiopharmaceutical agents)
has been given for bone metastases. Among these options
is a second course of EBRT to the same localized site
(repeat RT). Also, painful bone lesions at several anatomic
sites have been treated with injectable radiopharmaceutical
agents or hemibody RT, depending on the tumor histologic
features and the distribution of the metastases.
Additionally, great interest has been devoted to the
question of whether technological advances in RT delivery,
such as stereotactic body RT (SBRT), could improve the
results of the primary treatment or repeat treatment of
metastatic spinal lesions. The circumstances of spinal cord
compression with complete or impending pathologic

fracture demand a coordinated care plan between surgeons
and radiation oncologists. Although clinical trials with
bisphosphonates initially considered the need for EBRT as
a failure of therapy endpoint, EBRT to the index
symptomatic lesion might provide more prompt and
durable symptom relief. Finally, EBRT should be used in
conjunction with both kyphoplasty and vertebroplasty in
patients who have been treated with these interventions for
spinal metastases.

Given the complexities of care for patients with bone me-
tastases and the relative lack of palliative RT guidelines for-
mulated to date, the American Society for Radiation
Oncology (ASTRO) Clinical Affairs and Quality Committee
convened a Task Force of experts to develop a Guideline
regarding the care of patients with bone metastases (3–6).
The recommendations have been based on the results of
a systematic data review combined with the expert
opinions of the Task Force members. The Guideline is
presented herein.

METHODS AND MATERIALS

Process
The Guidelines Subcommittee of the Clinical Affairs and Quality

Committee, in accordance with established ASTRO policy, re-
cruited a Task Force composed of recognized experts in the fields
of palliative RT for bone metastases. These experts represented ra-
diation oncology academic, private practice, and residency groups,
as well as neurosurgery and palliative medicine specialties. The
Task Force was asked to provide guidance on the use of palliative
RT for bone metastases to patients and physicians. The Task Force
was also charged with providing guidelines for the proper integra-
tion of RT with other available treatment options for patients with
bone metastases.
In October 2009, the ASTRO Board of Directors approved

a proposal to develop a Guideline regarding palliative RT for
bone metastases and also authorized the membership of the Task
Force. Subsequently, the Task Force participated in a series of com-
munications by electronic mail and conference telephone calls to
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Radiotherapy and Radiosurgery for Metastatic
Spine Disease
What Are the Options, Indications, and Outcomes?

Peter C. Gerszten, MD, MPH,*† Ehud Mendel, MD,‡ and Yoshiya Yamada, MD§

Study Design. Systematic literature review.
Objective. To determine the options, indications, and

outcomes for conventional radiotherapy and radiosur-
gery for metastatic spine disease.

Methods. Three research questions were determined
through a consensus among a multidisciplinary panel of
spine oncology experts. A systematic review of the liter-
ature was conducted regarding radiotherapy and radio-
surgery for metastatic spine disease using PubMed, Em-
base, the Cochrane Evidence Based Medicine Database,
and a review of bibliographies of reviewed articles.

Research questions:
1. What are the clinical outcomes of the current indica-

tions for conventional radiotherapy alone and stereo-
tactic radiosurgery for metastatic spine disease?

2. What are the current dose recommendations and
fractionation schedules for conventional spine ra-
diotherapy and stereotactic radiosurgery for meta-
static spine disease?

3. What are the current known patterns of failure
and complications after conventional spine radi-
ation and stereotactic radiosurgery for metastatic
spine disease?

Results. For conventional radiotherapy, the initial lit-
erature search yielded a total of 531 potentially relevant
abstracts. Each of these abstracts was reviewed for rele-
vance, and 62 were selected for in-depth review. Forty-
nine studies met all the inclusion criteria. References from
the articles included in the analysis and review articles
were also examined for potential inclusion in the study.
For conventional radiotherapy, 3 randomized trials (high-
quality evidence), 4 prospective studies (moderate-qual-
ity evidence), and over 40 nonprospective data sets (low-
or very-low-quality evidence) that included over 5000
patients in the literature were included in this review.
Drawing from the same databases, a systematic search
for radiosurgery yielded 195 abstracts, of which 29 met all
inclusion criteria. They all represented single-institution
reports (low- or very-low-quality data). No randomized
data are available for spine radiosurgery.

Conclusion. A systematic review of the available evi-
dence suggests that conventional radiotherapy is safe
and effective with good symptomatic response and local

control, particularly for radiosensitive histologies. A strong
recommendation can be made with moderate quality evi-
dence that conventional fractionated radiotherapy is an ap-
propriate initial therapy option for patients with spine me-
tastases in cases in which no relative contraindication
exists. A systematic review of the available evidence sug-
gests that radiosurgery is safe and provides an incremental
benefit over conventional radiotherapy with more durable
symptomatic response and local control independent of his-
tology, even in the setting of prior fractionated radiotherapy.
A strong recommendation can be made with low-quality
evidence that radiosurgery should be considered over con-
ventional fractionated radiotherapy for the treatment of
solid tumor spine metastases in the setting of oligometa-
static disease and/or radioresistant histology.

Key words: outcomes, radiotherapy, radiosurgery, met-
astatic spine disease. Spine 2009;34:S78–S92

Approximately 5% to 10% of all cancer patients will
develop spine metastases. The majority of these patients
will undergo palliative radiation therapy. The goals of
local radiation therapy in the treatment of spinal tumors
have been palliation of pain, prevention of local disease
progression and subsequent pathologic fractures, and
halting progression of or reversing neurologic compro-
mise.1 The role of radiation therapy for the treatment of
metastatic tumors of the spine is well established.2–8

Conventional radiotherapy, defined as radiation de-
livered in 1 to 2 radiation beams without high precision
or highly conformal treatment techniques, is widely ac-
cepted as an appropriate treatment modality. However,
the effectiveness of conventional radiation has been lim-
ited by the spinal cord, which is intolerant of high-dose
radiation. In recent years, advances in imaging technol-
ogy and computerized treatment planning have allowed
the safe delivery of high-dose radiation (image-guided
intensity-modulated radiation therapy or spinal radio-
surgery) to spinal metastases even in close proximity to
the spinal cord and other paraspinal dose-sensitive or-
gans. These treatments are often given in 1 to 5 fractions
of high-dose radiation (to ensure safe doses) that are able
to limit the dose to the spinal cord.

In general, metastatic patients are difficult to study
retrospectively because multiple confounding factors are
present and difficult to control. They often suffer from a
multitude of concurrent clinical problems. Quality of life
may be confounded by the effects of chemotherapy or
surgery in conjunction with radiation therapy, as well as
by the effects of the disease itself. Survival may also be
limited and thus long-term follow-up is not typical for
this patient population.
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dose (16–24 Gy ! 1) have been reported with ste-
reotactic radiosurgery. No consensus on dose can
be made based on the available evidence (low or
very low quality) although significant toxicity does
not appear to be associated with any fractionation
schedule reported for spine radiosurgery.

3. What are the current known patterns of failure and
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stereotactic radiosurgery for metastatic spine disease?
a. Conventional radiation. Local control rates of
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of recurrent cord compression after conventional
radiotherapy, has been specifically in 7 retrospective
studies (low-quality evidence) describing 885 pa-
tients. Histology clearly has an impact on response to
conventional radiation. Lymphoma, seminoma, my-
eloma, breast cancer, and prostate cancer are nearly
universally categorized as favorable histologies in 1
randomized study (high-quality evidence) and 4 ret-
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b. Stereotactic radiosurgery. Local controls of 75% to
100% have been reported in single-institution re-
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Spine Oncology Study Group Recommendations

Conventional radiotherapy is safe and effective with
good symptomatic response and local control, particu-
larly for radiosensitive histologies, such as lymphoma,
myeloma, and seminoma. A strong recommendation can
be made with moderate-quality evidence that conven-
tional fractionated radiotherapy is an appropriate initial
therapy option for patients with spine metastases in cases
in which no relative contraindications exist. These rela-
tive contraindications include, but are not limited to,
spinal instability, prior irradiation, radioresistant histol-
ogy, and/or high-grade spinal cord compression.

Radiosurgery is safe and effective with durable
symptomatic response and local control for even ra-
dioresistant histologies, regardless of prior fraction-
ated radiotherapy. A strong recommendation can be
made with low-quality evidence that radiosurgery
should be considered over conventional fractionated
radiotherapy for the treatment of solid-tumor spine
metastases in the setting of oligometastatic disease
and/or radioresistant histology in which no relative
contraindications exist.

Key Points

● Conventional radiotherapy is safe and effective
with good symptomatic response and local con-
trol, particularly for radiosensitive histologies,
such as lymphoma, myeloma, and seminoma.

● A strong recommendation can be made with
moderate quality evidence that conventional
fractionated radiotherapy is an appropriate ini-
tial therapy option for patients with spine metas-
tases in cases in which no relative contraindica-
tions exist.

● Radiosurgery is safe and effective with durable
symptomatic response and local control for even
radioresistant histologies, regardless of prior
fractionated radiotherapy.

● A strong recommendation can be made with
low-quality evidence that radiosurgery should be
considered over conventional fractionated radio-
therapy for the treatment of solid tumor spine
metastases in the setting of oligometastatic dis-
ease and/or radioresistant histology in which no
relative contraindications exist.
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ature was conducted regarding radiotherapy and radio-
surgery for metastatic spine disease using PubMed, Em-
base, the Cochrane Evidence Based Medicine Database,
and a review of bibliographies of reviewed articles.
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diotherapy and stereotactic radiosurgery for meta-
static spine disease?

3. What are the current known patterns of failure
and complications after conventional spine radi-
ation and stereotactic radiosurgery for metastatic
spine disease?

Results. For conventional radiotherapy, the initial lit-
erature search yielded a total of 531 potentially relevant
abstracts. Each of these abstracts was reviewed for rele-
vance, and 62 were selected for in-depth review. Forty-
nine studies met all the inclusion criteria. References from
the articles included in the analysis and review articles
were also examined for potential inclusion in the study.
For conventional radiotherapy, 3 randomized trials (high-
quality evidence), 4 prospective studies (moderate-qual-
ity evidence), and over 40 nonprospective data sets (low-
or very-low-quality evidence) that included over 5000
patients in the literature were included in this review.
Drawing from the same databases, a systematic search
for radiosurgery yielded 195 abstracts, of which 29 met all
inclusion criteria. They all represented single-institution
reports (low- or very-low-quality data). No randomized
data are available for spine radiosurgery.

Conclusion. A systematic review of the available evi-
dence suggests that conventional radiotherapy is safe
and effective with good symptomatic response and local

control, particularly for radiosensitive histologies. A strong
recommendation can be made with moderate quality evi-
dence that conventional fractionated radiotherapy is an ap-
propriate initial therapy option for patients with spine me-
tastases in cases in which no relative contraindication
exists. A systematic review of the available evidence sug-
gests that radiosurgery is safe and provides an incremental
benefit over conventional radiotherapy with more durable
symptomatic response and local control independent of his-
tology, even in the setting of prior fractionated radiotherapy.
A strong recommendation can be made with low-quality
evidence that radiosurgery should be considered over con-
ventional fractionated radiotherapy for the treatment of
solid tumor spine metastases in the setting of oligometa-
static disease and/or radioresistant histology.
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Approximately 5% to 10% of all cancer patients will
develop spine metastases. The majority of these patients
will undergo palliative radiation therapy. The goals of
local radiation therapy in the treatment of spinal tumors
have been palliation of pain, prevention of local disease
progression and subsequent pathologic fractures, and
halting progression of or reversing neurologic compro-
mise.1 The role of radiation therapy for the treatment of
metastatic tumors of the spine is well established.2–8

Conventional radiotherapy, defined as radiation de-
livered in 1 to 2 radiation beams without high precision
or highly conformal treatment techniques, is widely ac-
cepted as an appropriate treatment modality. However,
the effectiveness of conventional radiation has been lim-
ited by the spinal cord, which is intolerant of high-dose
radiation. In recent years, advances in imaging technol-
ogy and computerized treatment planning have allowed
the safe delivery of high-dose radiation (image-guided
intensity-modulated radiation therapy or spinal radio-
surgery) to spinal metastases even in close proximity to
the spinal cord and other paraspinal dose-sensitive or-
gans. These treatments are often given in 1 to 5 fractions
of high-dose radiation (to ensure safe doses) that are able
to limit the dose to the spinal cord.

In general, metastatic patients are difficult to study
retrospectively because multiple confounding factors are
present and difficult to control. They often suffer from a
multitude of concurrent clinical problems. Quality of life
may be confounded by the effects of chemotherapy or
surgery in conjunction with radiation therapy, as well as
by the effects of the disease itself. Survival may also be
limited and thus long-term follow-up is not typical for
this patient population.
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or very-low-quality evidence) that included over 5000
patients in the literature were included in this review.
Drawing from the same databases, a systematic search
for radiosurgery yielded 195 abstracts, of which 29 met all
inclusion criteria. They all represented single-institution
reports (low- or very-low-quality data). No randomized
data are available for spine radiosurgery.

Conclusion. A systematic review of the available evi-
dence suggests that conventional radiotherapy is safe
and effective with good symptomatic response and local

control, particularly for radiosensitive histologies. A strong
recommendation can be made with moderate quality evi-
dence that conventional fractionated radiotherapy is an ap-
propriate initial therapy option for patients with spine me-
tastases in cases in which no relative contraindication
exists. A systematic review of the available evidence sug-
gests that radiosurgery is safe and provides an incremental
benefit over conventional radiotherapy with more durable
symptomatic response and local control independent of his-
tology, even in the setting of prior fractionated radiotherapy.
A strong recommendation can be made with low-quality
evidence that radiosurgery should be considered over con-
ventional fractionated radiotherapy for the treatment of
solid tumor spine metastases in the setting of oligometa-
static disease and/or radioresistant histology.

Key words: outcomes, radiotherapy, radiosurgery, met-
astatic spine disease. Spine 2009;34:S78–S92

Approximately 5% to 10% of all cancer patients will
develop spine metastases. The majority of these patients
will undergo palliative radiation therapy. The goals of
local radiation therapy in the treatment of spinal tumors
have been palliation of pain, prevention of local disease
progression and subsequent pathologic fractures, and
halting progression of or reversing neurologic compro-
mise.1 The role of radiation therapy for the treatment of
metastatic tumors of the spine is well established.2–8

Conventional radiotherapy, defined as radiation de-
livered in 1 to 2 radiation beams without high precision
or highly conformal treatment techniques, is widely ac-
cepted as an appropriate treatment modality. However,
the effectiveness of conventional radiation has been lim-
ited by the spinal cord, which is intolerant of high-dose
radiation. In recent years, advances in imaging technol-
ogy and computerized treatment planning have allowed
the safe delivery of high-dose radiation (image-guided
intensity-modulated radiation therapy or spinal radio-
surgery) to spinal metastases even in close proximity to
the spinal cord and other paraspinal dose-sensitive or-
gans. These treatments are often given in 1 to 5 fractions
of high-dose radiation (to ensure safe doses) that are able
to limit the dose to the spinal cord.

In general, metastatic patients are difficult to study
retrospectively because multiple confounding factors are
present and difficult to control. They often suffer from a
multitude of concurrent clinical problems. Quality of life
may be confounded by the effects of chemotherapy or
surgery in conjunction with radiation therapy, as well as
by the effects of the disease itself. Survival may also be
limited and thus long-term follow-up is not typical for
this patient population.
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Data Summary for Conventional Radiotherapy
Overall, only 9 papers presenting prospective data were
found,20,45,78–83 of which 3 are randomized trials.78–80 The
majority of published literature represents single- or multi-
institution retrospective series. A wide range of radiation dose-
fraction schedules have been reported in these series, with a
mixture of histologies. Given the inherent biases of retrospec-
tive data, conclusions from these series must be interpreted as
hypothesis generating only.

The vast majority of reported dose-fractionation schedules
fall into 2 categories: short course (within 2–5 fractions) and
long (!5 fractions). No reports describing treatment more than
once a day (i.e., hyperfractionation) were found. Under the
umbrella of short-course radiation, 95% were treated by either
8 Gy " 1, 3 Gy " 5 (reirradiation), or 4 Gy " 5. Long-course
radiation regimens were 8 Gy " 2, 5 Gy " 3 # 3 Gy " 5 split
course, 4 Gy " 7, 3 Gy " 10, or 2 Gy " 20. The most com-
monly used fractionation schedule was 3 Gy " 10. Short-
course radiation was more likely to be prescribed in cases of
patients with poor performance status. Thirty-two studies re-
ported survival outcomes (median, 4.3 months; range, 2–20
months). The majority of patients described received dexa-
methasone in conjunction with radiotherapy.

The most commonly addressed clinical scenario was epi-
dural cord compression. Because of the retrospective nature of
the vast majority of the data, functional outcome analysis was
problematic. Nonetheless, the most commonly reported out-
come was the number of patients who maintained ambulatory
status or regained ambulatory status (if not ambulatory before
radiotherapy). With similar caveats, pain improvement was
addressed in 11 reports. In the retrospective series, no common
definition of ambulatory or nonambulatory status was found,
and details on how pain was assessed were scant.

Data Summary for Radiosurgery
Twenty-nine reports of spine radiosurgery treating metastatic
spine tumors alone or in combination with benign spinal tu-
mors were identified (Table 2). The quality of evidence of the
selected studies was then assigned a score of high, moderate,

low, or very low based on the GRADE approach.38 Twenty-
one studies met the criteria of low and 8 studies were catego-
rized as very low. The methodologic quality of the studies was
overall low. The data were not pooled, but the relevant results
were summarized (Table 2).

Results

Conventional Radiotherapy for Metastatic
Spine Disease

What are the clinical outcomes of the current indications
for conventional radiotherapy alone for metastatic spine
disease?

Ambulatory Status. Data from 3 randomized trials using
3 different fractionation schedules (3000 cGy/10, 3000
cGy/8 split course, 1600 cGy/2 split course) have been
reported in a total of 327 patients who presented with
epidural spinal cord compression.78,80,81 The patient
population represented a mixed group of histologies,
with a median overall survival of 3 to 4 months.

Seventy-four percent78 and 67% of patients81 re-
mained ambulatory after radiotherapy alone. Of those
deemed nonambulatory at the time of radiation, 19%
and 26% of patients regained ambulatory status. In the
radiation-only arm of a small randomized study reported
by Young et al,80 60% of patients treated with radiation
only (3000 cGy/10 fractions split course) remained am-
bulatory, but only 33% regained ambulant status. Thus,
in this prospectively followed patient cohort, less than
one-third of nonambulant patients were able to recover
ambulation after conventional radiation therapy.

In 2 nonrandomized prospective studies with a total
of 423 patients, 82% of patients42 and 75% to 79%20

were reported to be ambulatory, while 60% and 30% of
nonambulatory patients regained ambulation after radi-
ation therapy. The high number of patients who regained

Table 1. Continued

Author N Ambulatory Status Pain Status Survival
Quality of
Evidence

Hill et al 75 43 100% remained ambulatory/47%
regained ambulation

4 mo Low

Tombolini
et al 76

95 82% improved Very low

Juremic
et al 77

36 63% improved motor function/75%
regained ambulation

85% improved Very low

Patchell
et al 78

51 74% remained ambulatory/19%
regained ambulation

4.8 mg daily morphine
equivalent (0.4 mg for
surgery)

3 mo High

Maranzano
et al 79

276 67% remained ambulatory/26%
regained ambulation

57% improved 4 mo High

Young et al 80 13 60% remained ambulatory/33%
regained ambulation

46% improved 5 mo High

Maranzano
and Latini 81

209 82% remained ambulatory/60%
regained ambulatory status

77% improved 6 mo Moderate

Rades et al 20 214 75%–79% remained ambulatory/30%
regained ambulation

12 mo Moderate

Turner et al 82 37 81% remained ambulatory/12.5%
regained ambulatory status

73% improved 2 mo Moderate

Greenberg
et al 83

83 89% remained ambulatory/35%
regained ambulation

Moderate
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Author N Ambulatory Status Pain Status Survival
Quality of
Evidence

Helwig Larsen
et al 39

153 91% remained ambulatory/50%
regained ambulation

78% resolved Low

Spiegel et al 40 114 2.5 mo Very low
Rades et al 41 81 86% remained ambulatory/14%

regained ambulation
4 mo Low

Rades et al 42 87 87% remained ambulatory 7 mo Low
Rades et al 43 199 27% improved motor function 4 mo Low
Rades et al 44 32 6% improvement/16% deterioration 4 mo Low
Maranzano

et al 45
56 100% remained ambulatory/60%

regained ambulation
89% resolved 66% 12 mo survival if

ambulatory 10% if not
Moderate

Maranzano
et al 46

44 100% remained ambulatory/46%
regained ambulation

100% improved 9 mo Low

Rades et al 47 922 21% improvement in motor function 14 mo Low
Hoskin et al 48 102 84% remained ambulatory/55%

regained ambulation at 2 mo
58% using narcotics

pre-radiotherapy, 19% 2–6
mo post-treatment

3.5 mo Low

Katagiri et al 49 101 64% remained ambulatory (85% of
responsive group)

57% overall pain relief (87%
of favorable group)

7 mo poor responder,
25 mo good responder

Low

Rades et al 50 143 69% remained ambulatory/10%
regained ambulation

4 mo Low

Bach et al 51 102 SCLC 100% remained ambulatory/15%
regained ambulation/NSCLC 95%
remained ambulatory/22% regained
ambulation

1.5–3.5 mo Low

Rades et al 52 252 68% remained ambulatory/15%
regained ambulation

Low

Rades et al 53 281 84% remained ambulatory/34%
regained ambulation

17 mo Low

Kraiwattanapong
et al 54

31 23% regained ambulation 77% improved Low

Rades et al 55 335 89% remained ambulatory/39%
regained ambulation

20 mo Low

Ingham 17 6/17 regained ambulation 1.5 mo Very low
Rades et al 56 521 94% remained ambulatory/54%

regained ambulation
12 mo Low

Brown et al 57 34 95% remained ambulatory/22%
regained ambulation

4.1 mo Low

Rades et al 58 1852 76% ambulatory at 3 yr 12 mo Low
Maranzano

et al 22
49 38% regained ambulation 67% improved 5 mo Low

Sorensen et al 59 149 78% remained ambulatory/16%
regained ambulation

3.1 mo Low

Rades et al 60 62 40% improved motor function
(re-irradiation)

8 mo Low

Rades et al 61 231 12% vs. 10% worse motor function in
favor of long radiotherapy 0.006

12 mo Low

Schiff et al 62 54 88% remained ambulatory/16%
regained ambulation

5 mo Low

Rades et al 23 247 55%–61% improvement in ambulatory
status (1 yr)

Low

Tazi et al 63 12 58% ambulatory Very low
Aass et al 64 49 60% maintained independent mobility Low
Podd et al 65 158 18% regained ambulation 58% improved 3 mo Very low
Huddart et al 66 62 67% regained ambulation 3.5 mo Very low
Kovner et al 67 79 90% remained ambulatory/33%

regained ambulation
2 mo Very low

Zelefsky et al 68 42 88% remained ambulatory/77%
improved extremity weakness

92% experienced relief 8 mo Low

Solberg et al 69 58 68% remained ambulatory/9%
regained ambulation

82% significant reduction 4.1 mo Low

Smith et al 70 26 85% remained ambulatory/67%
regained ambulation

81% improved Low

Kim et al 71 25 83% remained ambulatory/0%
regained ambulation

Low

Merimsky et al 72 19 32% motor function improved 80% improved 5 mo Low
Rades et al 73 131 3%–70% improvement in motor

function, depending upon time to
start RT

5 mo Low

Ampil et al 74 16 100% remained ambulatory/50%
regained ambulation

85% improved 11 mo Low

(Continued)
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Author

N

Ambulatory Status

Pain Status
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Helwig Larsen

et al39

153
91% remained ambulatory/50%

regained ambulation

78% resolved

Low

Spiegel et al40
114

2.5 mo
Very low

Rades et al41
81

86% remained ambulatory/14%

regained ambulation

4 mo
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Rades et al42
87

87% remained ambulatory

7 mo
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Rades et al43
199

27% improved motor function

4 mo
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Rades et al44
32

6% improvement/16% deterioration

4 mo
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Maranzano

et al45

56
100% remained ambulatory/60%

regained ambulation

89% resolved

66% 12 mo survival if

ambulatory 10% if not

Moderate

Maranzano
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44
100% remained ambulatory/46%

regained ambulation

100% improved

9 mo
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Rades et al47
922

21% improvement in motor function
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Hoskin et al48
102

84% remained ambulatory/55%

regained ambulation at 2 mo

58% using narcotics

pre-radiotherapy, 19% 2–6

mo post-treatment

3.5 mo
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Katagiri et al49
101

64% remained ambulatory (85% of

responsive group)

57% overall pain relief (87%

of favorable group)

7 mo poor responder,

25 mo good responder
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Rades et al50
143

69% remained ambulatory/10%
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SCLC 100% remained ambulatory/15%
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17
6/17 regained ambulation
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Brown et al57
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95% remained ambulatory/22%
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Rades et al58
1852

76% ambulatory at 3 yr
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Maranzano
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49
38% regained ambulation

67% improved

5 mo
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Sorensen et al59
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78% remained ambulatory/16%

regained ambulation

3.1 mo
Low

Rades et al60
62

40% improved motor function

(re-irradiation)

8 mo
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Rades et al61
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favor of long radiotherapy 0.006
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Schiff et al62
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88% remained ambulatory/16%
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Rades et al23
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status (1 yr)
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Tazi et al63
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58% ambulatory

Very low

Aass et al64
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60% maintained independent mobility
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Podd et al65
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18% regained ambulation

58% improved

3 mo
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Huddart et al66
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67% regained ambulation

3.5 mo
Very low

Kovner et al67
79

90% remained ambulatory/33%

regained ambulation

2 mo
Very low

Zelefsky et al68
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88% remained ambulatory/77%

improved extremity weakness

92% experienced relief

8 mo
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Solberg et al69
58

68% remained ambulatory/9%

regained ambulation

82% significant reduction
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Smith et al70
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85% remained ambulatory/67%

regained ambulation

81% improved
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Kim et al71

25
83% remained ambulatory/0%

regained ambulation
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Merimsky et al72
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32% motor function improved
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5 mo
Low

Rades et al73
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3%–70% improvement in motor

function, depending upon time to

start RT

5 mo
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Ampil et al74
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100% remained ambulatory/50%

regained ambulation

85% improved

11 mo
Low
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ambulation in the Maranzano study was thought to be in
part due to a large number of favorable histologies in the
data set. Seven percent of the patients had also under-
gone surgical decompression. A prospectively collected
data set from Memorial Sloan Kettering Cancer Center
reported that 89% of patients remained ambulatory, and
35% recovered the ability to walk after 3000 cGy/10
given in a split course.83 A prospective data set reported
by Turner et al found that 81% were ambulant, and only
12.5% regained ambulant status after radiation.82 In the

radiation-only arm (3000 cGy/10 fractions) of Patchell’s
randomized trial of conventional radiation versus de-
compressive surgery and conventional radiation, 19% of
patients regained ambulation after conventional radio-
therapy alone. Only 2 of 35 patients remained ambula-
tory at 500 days after conventional radiation therapy,
compared with 6 of 34 patients who underwent both
surgery and radiation (P ! 0.024). Patients who received
conventional radiotherapy alone were able to walk a
median of 54 days. Those who received radiation alone

Table 2. Summary of Results of Systematic Review for Stereotactic Radiosurgery

Author Description
Quality

of Evidence Outcomes Conclusions

Hamilton et al 27 Case series Very low 5 patients with 5 lesions Feasibility study with no injuries
Ryu et al 10 Prospective cohort study Very low 5 patients with 5 lesions Feasibility study with no injuries
Shiu et al 11 Case series Very low 3 patients with 3 lesions Feasibility study. No injuries
Milker-Zabel

et al 17
Prospective cohort study Low 18 patients with 19 lesions Retreatment after prior radiation resulted in 95%

local control rate. 81% clinical improvement.
No injuries

Ryu et al 84 Prospective cohort study Low 10 patients with 10 lesions 100% clinical improvement. No injuries
Bilsky et al 14 Prospective cohort study Very low 4 patients with 4 lesion All had clinical improvement in pain. No injuries
DeSalles et al 16 Prospective cohort study Low 10 patients with 11 lesions 90% clinical improvement. No injuries
Benzil et al 13 Prospective cohort study Low 31 patients with 35 lesions 94% clinical improvement. No injuries
Ryu et al 31 Retrospective case

series
Low 49 patients with 61 lesions 85% clinical improvement. No injuries

Chang et al 15

(continuation
of Shiu study)

Case series Very low 15 patients with 15 lesions Feasibility study. No injuries

Degen et al 85 Prospective cohort study
using quality of life
outcomes measures

Low 38 patients with 58 lesions 97% clinical improvement. 95% local control rate.
No injuries

Yamada et al 86 Prospective cohort study Low 21 patients with 21 lesions 90% clinical improvement. 75% local control rate.
No injuries

Mahan et al 87 Case series Very low 8 patients with spinal cord
compression

Pilot feasibility study. No injuries

Gerszten et al 88 Prospective cohort study Low 28 patients with 36 lesions
with melanoma primary

96% clinical improvement. 75% local control rate.
No injuries

Gerszten et al 89 Prospective cohort study Low 50 patients with 68 lesions
with breast primary

96% clinical improvement. 100% local control
rate. No injuries

Gerszten et al 90 Prospective cohort study Low 48 patients with 60 lesions
with renal primary

89% clinical improvement. 87% local control rate.
No injuries

Rock et al 91 Retrospective case
series

Very low 10 cases treated with
postoperative
radiosurgery

92% with deficits remained stable or improved.
No injuries

Gerszten et al 92 Prospective cohort study Low 77 patients with 87 lesions
with lung primary

89% clinical improvement. 100% local control
rate. No injuries

Ryu et al 84 Prospective cohort study Low 177 patients with 230 lesions Focusing on the complications of single-dose
radiosurgery, 1 case of spinal cord injury

Chang et al 93 Prospective cohort study Low 63 patients with 74 lesions 84% progression-free incidence. No injuries.
Pattern of failure emphasized

Jin et al 94 Prospective cohort study Low 196 patients with 270 lesions 85% clinical improvement. No injuries
Gerszten et al 95 Prospective cohort study Low 393 patients with 500 lesions 86% clinical improvement. 89% local control rate.

No injuries
Gagnon et al 96 Prospective cohort study

with matched controls
Low 18 patients with 18 lesions

with breast cancer
primary

Salvage radiosurgery is as efficacious as initial
conventional radiotherapy without added
toxicity

Gibbs et al 97 Prospective cohort study Low 72 patients with 102 lesions 84% clinical improvement. 3 spinal cord injuries
Ryu et al 98 Prospective cohort study Low 49 patients with 61 lesions 84% clinical improvement. No injuries
Yamada et al 99 Prospective cohort study Low 93 patients with 103 lesions 90% local control rate. No injuries
Kim et al 100 Prospective cohort study Very low 7 patients with 7 lesions All had radiographic control. No injuries
Gagnon et al 101 Prospective cohort study Low 151 patients with 151 lesions

Outcomes evaluation
included visual analog
scale and SF-12 survey

Significant decrease in pain scores, quality-of-life
improvement, SF-12 Physical Component
scores demonstrated no significant change
throughout follow-up period. No injuries

Gibbs et al 102 Prospective cohort study Low 6 cases of radiation-induced
myelopathy in a series of
1075 patients

Radiation injury occurred over a spectrum of
dose parameters that prevented identification
of specific dosimetric factors contributing to
the complication
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Jin et al 94 Prospective cohort study Low 196 patients with 270 lesions 85% clinical improvement. No injuries
Gerszten et al 95 Prospective cohort study Low 393 patients with 500 lesions 86% clinical improvement. 89% local control rate.

No injuries
Gagnon et al 96 Prospective cohort study

with matched controls
Low 18 patients with 18 lesions

with breast cancer
primary

Salvage radiosurgery is as efficacious as initial
conventional radiotherapy without added
toxicity

Gibbs et al 97 Prospective cohort study Low 72 patients with 102 lesions 84% clinical improvement. 3 spinal cord injuries
Ryu et al 98 Prospective cohort study Low 49 patients with 61 lesions 84% clinical improvement. No injuries
Yamada et al 99 Prospective cohort study Low 93 patients with 103 lesions 90% local control rate. No injuries
Kim et al 100 Prospective cohort study Very low 7 patients with 7 lesions All had radiographic control. No injuries
Gagnon et al 101 Prospective cohort study Low 151 patients with 151 lesions

Outcomes evaluation
included visual analog
scale and SF-12 survey

Significant decrease in pain scores, quality-of-life
improvement, SF-12 Physical Component
scores demonstrated no significant change
throughout follow-up period. No injuries

Gibbs et al 102 Prospective cohort study Low 6 cases of radiation-induced
myelopathy in a series of
1075 patients

Radiation injury occurred over a spectrum of
dose parameters that prevented identification
of specific dosimetric factors contributing to
the complication
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Peter C. Gerszten, MD, MPH,*† Ehud Mendel, MD,‡ and Yoshiya Yamada, MD§

Study Design. Systematic literature review.
Objective. To determine the options, indications, and

outcomes for conventional radiotherapy and radiosur-
gery for metastatic spine disease.

Methods. Three research questions were determined
through a consensus among a multidisciplinary panel of
spine oncology experts. A systematic review of the liter-
ature was conducted regarding radiotherapy and radio-
surgery for metastatic spine disease using PubMed, Em-
base, the Cochrane Evidence Based Medicine Database,
and a review of bibliographies of reviewed articles.

Research questions:
1. What are the clinical outcomes of the current indica-

tions for conventional radiotherapy alone and stereo-
tactic radiosurgery for metastatic spine disease?

2. What are the current dose recommendations and
fractionation schedules for conventional spine ra-
diotherapy and stereotactic radiosurgery for meta-
static spine disease?

3. What are the current known patterns of failure
and complications after conventional spine radi-
ation and stereotactic radiosurgery for metastatic
spine disease?

Results. For conventional radiotherapy, the initial lit-
erature search yielded a total of 531 potentially relevant
abstracts. Each of these abstracts was reviewed for rele-
vance, and 62 were selected for in-depth review. Forty-
nine studies met all the inclusion criteria. References from
the articles included in the analysis and review articles
were also examined for potential inclusion in the study.
For conventional radiotherapy, 3 randomized trials (high-
quality evidence), 4 prospective studies (moderate-qual-
ity evidence), and over 40 nonprospective data sets (low-
or very-low-quality evidence) that included over 5000
patients in the literature were included in this review.
Drawing from the same databases, a systematic search
for radiosurgery yielded 195 abstracts, of which 29 met all
inclusion criteria. They all represented single-institution
reports (low- or very-low-quality data). No randomized
data are available for spine radiosurgery.

Conclusion. A systematic review of the available evi-
dence suggests that conventional radiotherapy is safe
and effective with good symptomatic response and local

control, particularly for radiosensitive histologies. A strong
recommendation can be made with moderate quality evi-
dence that conventional fractionated radiotherapy is an ap-
propriate initial therapy option for patients with spine me-
tastases in cases in which no relative contraindication
exists. A systematic review of the available evidence sug-
gests that radiosurgery is safe and provides an incremental
benefit over conventional radiotherapy with more durable
symptomatic response and local control independent of his-
tology, even in the setting of prior fractionated radiotherapy.
A strong recommendation can be made with low-quality
evidence that radiosurgery should be considered over con-
ventional fractionated radiotherapy for the treatment of
solid tumor spine metastases in the setting of oligometa-
static disease and/or radioresistant histology.

Key words: outcomes, radiotherapy, radiosurgery, met-
astatic spine disease. Spine 2009;34:S78–S92

Approximately 5% to 10% of all cancer patients will
develop spine metastases. The majority of these patients
will undergo palliative radiation therapy. The goals of
local radiation therapy in the treatment of spinal tumors
have been palliation of pain, prevention of local disease
progression and subsequent pathologic fractures, and
halting progression of or reversing neurologic compro-
mise.1 The role of radiation therapy for the treatment of
metastatic tumors of the spine is well established.2–8

Conventional radiotherapy, defined as radiation de-
livered in 1 to 2 radiation beams without high precision
or highly conformal treatment techniques, is widely ac-
cepted as an appropriate treatment modality. However,
the effectiveness of conventional radiation has been lim-
ited by the spinal cord, which is intolerant of high-dose
radiation. In recent years, advances in imaging technol-
ogy and computerized treatment planning have allowed
the safe delivery of high-dose radiation (image-guided
intensity-modulated radiation therapy or spinal radio-
surgery) to spinal metastases even in close proximity to
the spinal cord and other paraspinal dose-sensitive or-
gans. These treatments are often given in 1 to 5 fractions
of high-dose radiation (to ensure safe doses) that are able
to limit the dose to the spinal cord.

In general, metastatic patients are difficult to study
retrospectively because multiple confounding factors are
present and difficult to control. They often suffer from a
multitude of concurrent clinical problems. Quality of life
may be confounded by the effects of chemotherapy or
surgery in conjunction with radiation therapy, as well as
by the effects of the disease itself. Survival may also be
limited and thus long-term follow-up is not typical for
this patient population.
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ambulation in the Maranzano study was thought to be in

part due to a large number of favorable histologies in the

data set. Seven percent of the patients had also under-

gone surgical decompression. A prospectively collected

data set from Memorial Sloan Kettering Cancer Center

reported that 89% of patients remained ambulatory, and

35% recovered the ability to walk after 3000 cGy/10

given in a split course.83 A prospective data set reported

by Turner et al found that 81% were ambulant, and only

12.5% regained ambulant status after radiation.82 In the

radiation-only arm (3000 cGy/10 fractions) of Patchell’s

randomized trial of conventional radiation versus de-

compressive surgery and conventional radiation, 19% of

patients regained ambulation after conventional radio-

therapy alone. Only 2 of 35 patients remained ambula-

tory at 500 days after conventional radiation therapy,

compared with 6 of 34 patients who underwent both

surgery and radiation (P ! 0.024). Patients who received

conventional radiotherapy alone were able to walk a

median of 54 days. Those who received radiation alone

Table 2. Summary of Results of Systematic Review for Stereotactic Radiosurgery

Author

Description

Quality

of Evidence

Outcomes

Conclusions

Hamilton et al27 Case series

Very low
5 patients with 5 lesions

Feasibility study with no injuries

Ryu et al10
Prospective cohort study

Very low
5 patients with 5 lesions

Feasibility study with no injuries

Shiu et al11
Case series

Very low
3 patients with 3 lesions

Feasibility study. No injuries

Milker-Zabel

et al17

Prospective cohort study
Low

18 patients with 19 lesions
Retreatment after prior radiation resulted in 95%

local control rate. 81% clinical improvement.

No injuries

Ryu et al84
Prospective cohort study

Low
10 patients with 10 lesions

100% clinical improvement. No injuries

Bilsky et al14
Prospective cohort study

Very low
4 patients with 4 lesion

All had clinical improvement in pain. No injuries

DeSalles et al16 Prospective cohort study
Low

10 patients with 11 lesions
90% clinical improvement. No injuries

Benzil et al13
Prospective cohort study

Low
31 patients with 35 lesions

94% clinical improvement. No injuries

Ryu et al31
Retrospective case

series

Low
49 patients with 61 lesions

85% clinical improvement. No injuries

Chang et al15

(continuation

of Shiu study)

Case series

Very low
15 patients with 15 lesions

Feasibility study. No injuries

Degen et al85
Prospective cohort study

using quality of life

outcomes measures

Low
38 patients with 58 lesions

97% clinical improvement. 95% local control rate.

No injuries

Yamada et al86 Prospective cohort study
Low

21 patients with 21 lesions
90% clinical improvement. 75% local control rate.

No injuries

Mahan et al87
Case series

Very low
8 patients with spinal cord

compression

Pilot feasibility study. No injuries

Gerszten et al88 Prospective cohort study
Low

28 patients with 36 lesions

with melanoma primary

96% clinical improvement. 75% local control rate.

No injuries

Gerszten et al89 Prospective cohort study
Low

50 patients with 68 lesions

with breast primary

96% clinical improvement. 100% local control

rate. No injuries

Gerszten et al90 Prospective cohort study
Low

48 patients with 60 lesions

with renal primary

89% clinical improvement. 87% local control rate.

No injuries

Rock et al91
Retrospective case

series

Very low
10 cases treated with

postoperative

radiosurgery

92% with deficits remained stable or improved.

No injuries

Gerszten et al92 Prospective cohort study
Low

77 patients with 87 lesions

with lung primary

89% clinical improvement. 100% local control

rate. No injuries

Ryu et al84
Prospective cohort study

Low
177 patients with 230 lesions

Focusing on the complications of single-dose

radiosurgery, 1 case of spinal cord injury

Chang et al93
Prospective cohort study

Low
63 patients with 74 lesions

84% progression-free incidence. No injuries.

Pattern of failure emphasized

Jin et al94
Prospective cohort study

Low
196 patients with 270 lesions

85% clinical improvement. No injuries

Gerszten et al95 Prospective cohort study
Low

393 patients with 500 lesions
86% clinical improvement. 89% local control rate.

No injuries

Gagnon et al96 Prospective cohort study

with matched controls

Low
18 patients with 18 lesions

with breast cancer

primary

Salvage radiosurgery is as efficacious as initial

conventional radiotherapy without added

toxicity

Gibbs et al97
Prospective cohort study

Low
72 patients with 102 lesions

84% clinical improvement. 3 spinal cord injuries

Ryu et al98
Prospective cohort study

Low
49 patients with 61 lesions

84% clinical improvement. No injuries

Yamada et al99 Prospective cohort study
Low

93 patients with 103 lesions
90% local control rate. No injuries

Kim et al100
Prospective cohort study

Very low
7 patients with 7 lesions

All had radiographic control. No injuries

Gagnon et al101 Prospective cohort study
Low

151 patients with 151 lesions

Outcomes evaluation

included visual analog

scale and SF-12 survey

Significant decrease in pain scores, quality-of-life

improvement, SF-12 Physical Component

scores demonstrated no significant change

throughout follow-up period. No injuries

Gibbs et al102
Prospective cohort study

Low
6 cases of radiation-induced

myelopathy in a series of

1075 patients

Radiation injury occurred over a spectrum of

dose parameters that prevented identification

of specific dosimetric factors contributing to

the complication
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The primary factor that limits radiation dose for local
vertebral tumor control with conventional radiotherapy
is the relatively low tolerance of the spinal cord to radi-
ation, because conventional external beam radiotherapy
lacks the precision to deliver large single-fraction doses
of radiation near radiosensitive structures. This often
limits the treatment dose to a level far below the optimal
therapeutic dose,2,9,10 resulting in less than optimal clin-
ical response. Precise confinement of the radiation dose
to the treatment volume, as is the case for intracranial
radiosurgery, should increase the likelihood of successful
tumor control and clinical response at the same time that
the risk of spinal cord injury is minimized.10–18

The idea of single-fraction radiotherapy for symptom-
atic bone metastases is not new. During the past 2 de-
cades, several clinical trials have compared the relative
efficacy of various dose-fractionation schedules in pro-
ducing pain relief for symptomatic bone metastases.19–24

Studies have previously determined the clinical efficacy
of single-fraction therapy for painful bone metastases.25

Both, a Radiation Therapy Oncology Group Phase III
trial as well as a meta-analysis found no significant dif-
ference in complete and overall pain relief between sin-
gle-fraction and multifraction palliative radiation ther-
apy for bone metastases.19,25 Most of these trials used 8
Gy in a single fraction. However, none of these trials
were specifically evaluating spinal metastases.

The emerging technique of radiosurgery for spine metas-
tases represents a logical extension of the current state-of-
the-art radiation therapy. Stereotactic body radiosurgery
(SBRS) has emerged as a new treatment option in the mul-
tidisciplinary management of metastases located within or
adjacent (paraspinal) to vertebral bodies/spinal cord.26

SBRS provides an option to deliver high-dose per fraction
radiation, and therefore a high biologic equivalent dose, in
1 to 5 fractions. The aims of SBRS for spinal metastases are
to improve on existing rates of clinical response and tumor
control, and to reduce the retreatment rate by increasing the
biologic equivalent dose.26

Since Hamilton et al 27 first described the possibility of
linear-accelerator–based spinal stereotactic radiosurgery
in 1995, multiple centers have attempted to pursue large
fraction conformal radiation delivery to spinal lesions
using a variety of technologies.10,13–18,27–35 Researchers
have shown the feasibility and clinical efficacy of spinal
hypofractionated stereotactic body radiotherapy for me-
tastases. 10,12–18,36 Others have demonstrated the effec-
tiveness of protons for spinal and paraspinal tumors.37

There has been a rapid increase in the use of radiosurgery
as a treatment alternative for malignant tumors involving
the spine. Recent technological developments, including
imaging technology for 3-dimension localization and pre-
treatment planning, the advent of intensity-modulated ra-
diated therapy, and a higher degree of accuracy in achieving
target dose conformation while sparing normal surround-
ing tissue, have allowed clinicians to expand radiosurgery
applications to treat malignant vertebral body lesions
within close proximity to the spinal cord and cauda equina.

The goals of SBRS parallel those of brain radiosur-
gery, namely, to improve local control over conventional
fractionated radiotherapy and to be effective in previ-
ously irradiated lesions with an acceptable safety profile.
Therefore, the purpose of this chapter is to provide evi-
dence-based answers to several key questions related to
the use of radiosurgery for the treatment of spine metas-
tases. This process will synthesize the best available evi-
dence and use the consensus expert opinion of the Spine
Oncology Study Group in offering clinically relevant
grades of recommendations for practitioners who treat
spine metastases. The grades of recommendation,
whether strong or weak, are based on the quality of ev-
idence in conjunction with the balance of the benefits and
harms of the intervention.38 Specifically, a focused qual-
itative systematic review was performed to investigate
the 2 pertinent questions regarding the utilization of ra-
diosurgery for spine metastases.

Keeping in mind difficulties regarding the interpreta-
tion of data from metastatic patients, a comprehensive
survey of the available medical evidence was done to
assess the following clinically significant questions:

1. What are the clinical outcomes of the current indica-
tions for conventional radiotherapy alone and stereo-
tactic radiosurgery for metastatic spine disease?

2. What are the current dose recommendations and
fractionation schedules for conventional spine ra-
diotherapy and stereotactic radiosurgery for meta-
static spine disease?

3. What are the current known patterns of failure and
complications after conventional spine radiation and
stereotactic radiosurgery for metastatic spine disease?

Materials and Methods

A systematic literature search for conventional radiotherapy of
spine metastases was undertaken. The search was limited to
data published from 1980 (to limit data to modern treatment
techniques) and available in English. References from each pa-
per were also reviewed for relevant articles. Articles were se-
lected for relevance to conventional radiotherapy for bony
spine metastases; those which were primarily surgical and
without radiation-therapy data were excluded. Surgical data
describing cohorts who had radiotherapy without surgery were
included if sufficient details regarding radiation and outcomes
of those patients were provided. Stereotactic radiosurgery re-
ports were also excluded from this analysis. Case reports or
papers describing less than 10 patients were also excluded.
Search was performed on PubMed (217 abstracts), Embase
(274 abstracts using Emtree terms and 36 using keywords), and
the Cochrane Evidence Based Medicine Database (4 abstracts).
References from the articles included in the analysis and review
articles were also examined for potential inclusion in the study.
After cross checking for duplicates, the initial literature search
yielded 531 potentially relevant abstracts. Sixty-two abstracts
were selected for in-depth review, and 49 studies met all the
criteria for inclusion in this article (Table 1). The GRADE cri-
teria set out by Guyatt and coworkers38 was used to critically
evaluate the quality of each dataset see “Quality of Evidence”
in Table 1).
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Study Design. Systematic literature review.
Objective. To determine the options, indications, and

outcomes for conventional radiotherapy and radiosur-
gery for metastatic spine disease.

Methods. Three research questions were determined
through a consensus among a multidisciplinary panel of
spine oncology experts. A systematic review of the liter-
ature was conducted regarding radiotherapy and radio-
surgery for metastatic spine disease using PubMed, Em-
base, the Cochrane Evidence Based Medicine Database,
and a review of bibliographies of reviewed articles.

Research questions:
1. What are the clinical outcomes of the current indica-

tions for conventional radiotherapy alone and stereo-
tactic radiosurgery for metastatic spine disease?

2. What are the current dose recommendations and
fractionation schedules for conventional spine ra-
diotherapy and stereotactic radiosurgery for meta-
static spine disease?

3. What are the current known patterns of failure
and complications after conventional spine radi-
ation and stereotactic radiosurgery for metastatic
spine disease?

Results. For conventional radiotherapy, the initial lit-
erature search yielded a total of 531 potentially relevant
abstracts. Each of these abstracts was reviewed for rele-
vance, and 62 were selected for in-depth review. Forty-
nine studies met all the inclusion criteria. References from
the articles included in the analysis and review articles
were also examined for potential inclusion in the study.
For conventional radiotherapy, 3 randomized trials (high-
quality evidence), 4 prospective studies (moderate-qual-
ity evidence), and over 40 nonprospective data sets (low-
or very-low-quality evidence) that included over 5000
patients in the literature were included in this review.
Drawing from the same databases, a systematic search
for radiosurgery yielded 195 abstracts, of which 29 met all
inclusion criteria. They all represented single-institution
reports (low- or very-low-quality data). No randomized
data are available for spine radiosurgery.

Conclusion. A systematic review of the available evi-
dence suggests that conventional radiotherapy is safe
and effective with good symptomatic response and local

control, particularly for radiosensitive histologies. A strong
recommendation can be made with moderate quality evi-
dence that conventional fractionated radiotherapy is an ap-
propriate initial therapy option for patients with spine me-
tastases in cases in which no relative contraindication
exists. A systematic review of the available evidence sug-
gests that radiosurgery is safe and provides an incremental
benefit over conventional radiotherapy with more durable
symptomatic response and local control independent of his-
tology, even in the setting of prior fractionated radiotherapy.
A strong recommendation can be made with low-quality
evidence that radiosurgery should be considered over con-
ventional fractionated radiotherapy for the treatment of
solid tumor spine metastases in the setting of oligometa-
static disease and/or radioresistant histology.

Key words: outcomes, radiotherapy, radiosurgery, met-
astatic spine disease. Spine 2009;34:S78–S92

Approximately 5% to 10% of all cancer patients will
develop spine metastases. The majority of these patients
will undergo palliative radiation therapy. The goals of
local radiation therapy in the treatment of spinal tumors
have been palliation of pain, prevention of local disease
progression and subsequent pathologic fractures, and
halting progression of or reversing neurologic compro-
mise.1 The role of radiation therapy for the treatment of
metastatic tumors of the spine is well established.2–8

Conventional radiotherapy, defined as radiation de-
livered in 1 to 2 radiation beams without high precision
or highly conformal treatment techniques, is widely ac-
cepted as an appropriate treatment modality. However,
the effectiveness of conventional radiation has been lim-
ited by the spinal cord, which is intolerant of high-dose
radiation. In recent years, advances in imaging technol-
ogy and computerized treatment planning have allowed
the safe delivery of high-dose radiation (image-guided
intensity-modulated radiation therapy or spinal radio-
surgery) to spinal metastases even in close proximity to
the spinal cord and other paraspinal dose-sensitive or-
gans. These treatments are often given in 1 to 5 fractions
of high-dose radiation (to ensure safe doses) that are able
to limit the dose to the spinal cord.

In general, metastatic patients are difficult to study
retrospectively because multiple confounding factors are
present and difficult to control. They often suffer from a
multitude of concurrent clinical problems. Quality of life
may be confounded by the effects of chemotherapy or
surgery in conjunction with radiation therapy, as well as
by the effects of the disease itself. Survival may also be
limited and thus long-term follow-up is not typical for
this patient population.
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The primary factor that limits radiation dose for local
vertebral tumor control with conventional radiotherapy
is the relatively low tolerance of the spinal cord to radi-
ation, because conventional external beam radiotherapy
lacks the precision to deliver large single-fraction doses
of radiation near radiosensitive structures. This often
limits the treatment dose to a level far below the optimal
therapeutic dose,2,9,10 resulting in less than optimal clin-
ical response. Precise confinement of the radiation dose
to the treatment volume, as is the case for intracranial
radiosurgery, should increase the likelihood of successful
tumor control and clinical response at the same time that
the risk of spinal cord injury is minimized.10–18

The idea of single-fraction radiotherapy for symptom-
atic bone metastases is not new. During the past 2 de-
cades, several clinical trials have compared the relative
efficacy of various dose-fractionation schedules in pro-
ducing pain relief for symptomatic bone metastases.19–24

Studies have previously determined the clinical efficacy
of single-fraction therapy for painful bone metastases.25

Both, a Radiation Therapy Oncology Group Phase III
trial as well as a meta-analysis found no significant dif-
ference in complete and overall pain relief between sin-
gle-fraction and multifraction palliative radiation ther-
apy for bone metastases.19,25 Most of these trials used 8
Gy in a single fraction. However, none of these trials
were specifically evaluating spinal metastases.

The emerging technique of radiosurgery for spine metas-
tases represents a logical extension of the current state-of-
the-art radiation therapy. Stereotactic body radiosurgery
(SBRS) has emerged as a new treatment option in the mul-
tidisciplinary management of metastases located within or
adjacent (paraspinal) to vertebral bodies/spinal cord.26

SBRS provides an option to deliver high-dose per fraction
radiation, and therefore a high biologic equivalent dose, in
1 to 5 fractions. The aims of SBRS for spinal metastases are
to improve on existing rates of clinical response and tumor
control, and to reduce the retreatment rate by increasing the
biologic equivalent dose.26

Since Hamilton et al 27 first described the possibility of
linear-accelerator–based spinal stereotactic radiosurgery
in 1995, multiple centers have attempted to pursue large
fraction conformal radiation delivery to spinal lesions
using a variety of technologies.10,13–18,27–35 Researchers
have shown the feasibility and clinical efficacy of spinal
hypofractionated stereotactic body radiotherapy for me-
tastases. 10,12–18,36 Others have demonstrated the effec-
tiveness of protons for spinal and paraspinal tumors.37

There has been a rapid increase in the use of radiosurgery
as a treatment alternative for malignant tumors involving
the spine. Recent technological developments, including
imaging technology for 3-dimension localization and pre-
treatment planning, the advent of intensity-modulated ra-
diated therapy, and a higher degree of accuracy in achieving
target dose conformation while sparing normal surround-
ing tissue, have allowed clinicians to expand radiosurgery
applications to treat malignant vertebral body lesions
within close proximity to the spinal cord and cauda equina.

The goals of SBRS parallel those of brain radiosur-
gery, namely, to improve local control over conventional
fractionated radiotherapy and to be effective in previ-
ously irradiated lesions with an acceptable safety profile.
Therefore, the purpose of this chapter is to provide evi-
dence-based answers to several key questions related to
the use of radiosurgery for the treatment of spine metas-
tases. This process will synthesize the best available evi-
dence and use the consensus expert opinion of the Spine
Oncology Study Group in offering clinically relevant
grades of recommendations for practitioners who treat
spine metastases. The grades of recommendation,
whether strong or weak, are based on the quality of ev-
idence in conjunction with the balance of the benefits and
harms of the intervention.38 Specifically, a focused qual-
itative systematic review was performed to investigate
the 2 pertinent questions regarding the utilization of ra-
diosurgery for spine metastases.

Keeping in mind difficulties regarding the interpreta-
tion of data from metastatic patients, a comprehensive
survey of the available medical evidence was done to
assess the following clinically significant questions:

1. What are the clinical outcomes of the current indica-
tions for conventional radiotherapy alone and stereo-
tactic radiosurgery for metastatic spine disease?

2. What are the current dose recommendations and
fractionation schedules for conventional spine ra-
diotherapy and stereotactic radiosurgery for meta-
static spine disease?

3. What are the current known patterns of failure and
complications after conventional spine radiation and
stereotactic radiosurgery for metastatic spine disease?

Materials and Methods

A systematic literature search for conventional radiotherapy of
spine metastases was undertaken. The search was limited to
data published from 1980 (to limit data to modern treatment
techniques) and available in English. References from each pa-
per were also reviewed for relevant articles. Articles were se-
lected for relevance to conventional radiotherapy for bony
spine metastases; those which were primarily surgical and
without radiation-therapy data were excluded. Surgical data
describing cohorts who had radiotherapy without surgery were
included if sufficient details regarding radiation and outcomes
of those patients were provided. Stereotactic radiosurgery re-
ports were also excluded from this analysis. Case reports or
papers describing less than 10 patients were also excluded.
Search was performed on PubMed (217 abstracts), Embase
(274 abstracts using Emtree terms and 36 using keywords), and
the Cochrane Evidence Based Medicine Database (4 abstracts).
References from the articles included in the analysis and review
articles were also examined for potential inclusion in the study.
After cross checking for duplicates, the initial literature search
yielded 531 potentially relevant abstracts. Sixty-two abstracts
were selected for in-depth review, and 49 studies met all the
criteria for inclusion in this article (Table 1). The GRADE cri-
teria set out by Guyatt and coworkers38 was used to critically
evaluate the quality of each dataset see “Quality of Evidence”
in Table 1).
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For conventional radiotherapy, 3 randomized trials (high-
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ity evidence), and over 40 nonprospective data sets (low-
or very-low-quality evidence) that included over 5000
patients in the literature were included in this review.
Drawing from the same databases, a systematic search
for radiosurgery yielded 195 abstracts, of which 29 met all
inclusion criteria. They all represented single-institution
reports (low- or very-low-quality data). No randomized
data are available for spine radiosurgery.

Conclusion. A systematic review of the available evi-
dence suggests that conventional radiotherapy is safe
and effective with good symptomatic response and local

control, particularly for radiosensitive histologies. A strong
recommendation can be made with moderate quality evi-
dence that conventional fractionated radiotherapy is an ap-
propriate initial therapy option for patients with spine me-
tastases in cases in which no relative contraindication
exists. A systematic review of the available evidence sug-
gests that radiosurgery is safe and provides an incremental
benefit over conventional radiotherapy with more durable
symptomatic response and local control independent of his-
tology, even in the setting of prior fractionated radiotherapy.
A strong recommendation can be made with low-quality
evidence that radiosurgery should be considered over con-
ventional fractionated radiotherapy for the treatment of
solid tumor spine metastases in the setting of oligometa-
static disease and/or radioresistant histology.
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Approximately 5% to 10% of all cancer patients will
develop spine metastases. The majority of these patients
will undergo palliative radiation therapy. The goals of
local radiation therapy in the treatment of spinal tumors
have been palliation of pain, prevention of local disease
progression and subsequent pathologic fractures, and
halting progression of or reversing neurologic compro-
mise.1 The role of radiation therapy for the treatment of
metastatic tumors of the spine is well established.2–8

Conventional radiotherapy, defined as radiation de-
livered in 1 to 2 radiation beams without high precision
or highly conformal treatment techniques, is widely ac-
cepted as an appropriate treatment modality. However,
the effectiveness of conventional radiation has been lim-
ited by the spinal cord, which is intolerant of high-dose
radiation. In recent years, advances in imaging technol-
ogy and computerized treatment planning have allowed
the safe delivery of high-dose radiation (image-guided
intensity-modulated radiation therapy or spinal radio-
surgery) to spinal metastases even in close proximity to
the spinal cord and other paraspinal dose-sensitive or-
gans. These treatments are often given in 1 to 5 fractions
of high-dose radiation (to ensure safe doses) that are able
to limit the dose to the spinal cord.

In general, metastatic patients are difficult to study
retrospectively because multiple confounding factors are
present and difficult to control. They often suffer from a
multitude of concurrent clinical problems. Quality of life
may be confounded by the effects of chemotherapy or
surgery in conjunction with radiation therapy, as well as
by the effects of the disease itself. Survival may also be
limited and thus long-term follow-up is not typical for
this patient population.
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The primary factor that limits radiation dose for local
vertebral tumor control with conventional radiotherapy
is the relatively low tolerance of the spinal cord to radi-
ation, because conventional external beam radiotherapy
lacks the precision to deliver large single-fraction doses
of radiation near radiosensitive structures. This often
limits the treatment dose to a level far below the optimal
therapeutic dose,2,9,10 resulting in less than optimal clin-
ical response. Precise confinement of the radiation dose
to the treatment volume, as is the case for intracranial
radiosurgery, should increase the likelihood of successful
tumor control and clinical response at the same time that
the risk of spinal cord injury is minimized.10–18

The idea of single-fraction radiotherapy for symptom-
atic bone metastases is not new. During the past 2 de-
cades, several clinical trials have compared the relative
efficacy of various dose-fractionation schedules in pro-
ducing pain relief for symptomatic bone metastases.19–24

Studies have previously determined the clinical efficacy
of single-fraction therapy for painful bone metastases.25

Both, a Radiation Therapy Oncology Group Phase III
trial as well as a meta-analysis found no significant dif-
ference in complete and overall pain relief between sin-
gle-fraction and multifraction palliative radiation ther-
apy for bone metastases.19,25 Most of these trials used 8
Gy in a single fraction. However, none of these trials
were specifically evaluating spinal metastases.

The emerging technique of radiosurgery for spine metas-
tases represents a logical extension of the current state-of-
the-art radiation therapy. Stereotactic body radiosurgery
(SBRS) has emerged as a new treatment option in the mul-
tidisciplinary management of metastases located within or
adjacent (paraspinal) to vertebral bodies/spinal cord.26

SBRS provides an option to deliver high-dose per fraction
radiation, and therefore a high biologic equivalent dose, in
1 to 5 fractions. The aims of SBRS for spinal metastases are
to improve on existing rates of clinical response and tumor
control, and to reduce the retreatment rate by increasing the
biologic equivalent dose.26

Since Hamilton et al 27 first described the possibility of
linear-accelerator–based spinal stereotactic radiosurgery
in 1995, multiple centers have attempted to pursue large
fraction conformal radiation delivery to spinal lesions
using a variety of technologies.10,13–18,27–35 Researchers
have shown the feasibility and clinical efficacy of spinal
hypofractionated stereotactic body radiotherapy for me-
tastases. 10,12–18,36 Others have demonstrated the effec-
tiveness of protons for spinal and paraspinal tumors.37

There has been a rapid increase in the use of radiosurgery
as a treatment alternative for malignant tumors involving
the spine. Recent technological developments, including
imaging technology for 3-dimension localization and pre-
treatment planning, the advent of intensity-modulated ra-
diated therapy, and a higher degree of accuracy in achieving
target dose conformation while sparing normal surround-
ing tissue, have allowed clinicians to expand radiosurgery
applications to treat malignant vertebral body lesions
within close proximity to the spinal cord and cauda equina.

The goals of SBRS parallel those of brain radiosur-
gery, namely, to improve local control over conventional
fractionated radiotherapy and to be effective in previ-
ously irradiated lesions with an acceptable safety profile.
Therefore, the purpose of this chapter is to provide evi-
dence-based answers to several key questions related to
the use of radiosurgery for the treatment of spine metas-
tases. This process will synthesize the best available evi-
dence and use the consensus expert opinion of the Spine
Oncology Study Group in offering clinically relevant
grades of recommendations for practitioners who treat
spine metastases. The grades of recommendation,
whether strong or weak, are based on the quality of ev-
idence in conjunction with the balance of the benefits and
harms of the intervention.38 Specifically, a focused qual-
itative systematic review was performed to investigate
the 2 pertinent questions regarding the utilization of ra-
diosurgery for spine metastases.

Keeping in mind difficulties regarding the interpreta-
tion of data from metastatic patients, a comprehensive
survey of the available medical evidence was done to
assess the following clinically significant questions:

1. What are the clinical outcomes of the current indica-
tions for conventional radiotherapy alone and stereo-
tactic radiosurgery for metastatic spine disease?

2. What are the current dose recommendations and
fractionation schedules for conventional spine ra-
diotherapy and stereotactic radiosurgery for meta-
static spine disease?

3. What are the current known patterns of failure and
complications after conventional spine radiation and
stereotactic radiosurgery for metastatic spine disease?

Materials and Methods

A systematic literature search for conventional radiotherapy of
spine metastases was undertaken. The search was limited to
data published from 1980 (to limit data to modern treatment
techniques) and available in English. References from each pa-
per were also reviewed for relevant articles. Articles were se-
lected for relevance to conventional radiotherapy for bony
spine metastases; those which were primarily surgical and
without radiation-therapy data were excluded. Surgical data
describing cohorts who had radiotherapy without surgery were
included if sufficient details regarding radiation and outcomes
of those patients were provided. Stereotactic radiosurgery re-
ports were also excluded from this analysis. Case reports or
papers describing less than 10 patients were also excluded.
Search was performed on PubMed (217 abstracts), Embase
(274 abstracts using Emtree terms and 36 using keywords), and
the Cochrane Evidence Based Medicine Database (4 abstracts).
References from the articles included in the analysis and review
articles were also examined for potential inclusion in the study.
After cross checking for duplicates, the initial literature search
yielded 531 potentially relevant abstracts. Sixty-two abstracts
were selected for in-depth review, and 49 studies met all the
criteria for inclusion in this article (Table 1). The GRADE cri-
teria set out by Guyatt and coworkers38 was used to critically
evaluate the quality of each dataset see “Quality of Evidence”
in Table 1).
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Methods. Three research questions were determined
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spine oncology experts. A systematic review of the liter-
ature was conducted regarding radiotherapy and radio-
surgery for metastatic spine disease using PubMed, Em-
base, the Cochrane Evidence Based Medicine Database,
and a review of bibliographies of reviewed articles.
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1. What are the clinical outcomes of the current indica-
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tactic radiosurgery for metastatic spine disease?

2. What are the current dose recommendations and
fractionation schedules for conventional spine ra-
diotherapy and stereotactic radiosurgery for meta-
static spine disease?

3. What are the current known patterns of failure
and complications after conventional spine radi-
ation and stereotactic radiosurgery for metastatic
spine disease?

Results. For conventional radiotherapy, the initial lit-
erature search yielded a total of 531 potentially relevant
abstracts. Each of these abstracts was reviewed for rele-
vance, and 62 were selected for in-depth review. Forty-
nine studies met all the inclusion criteria. References from
the articles included in the analysis and review articles
were also examined for potential inclusion in the study.
For conventional radiotherapy, 3 randomized trials (high-
quality evidence), 4 prospective studies (moderate-qual-
ity evidence), and over 40 nonprospective data sets (low-
or very-low-quality evidence) that included over 5000
patients in the literature were included in this review.
Drawing from the same databases, a systematic search
for radiosurgery yielded 195 abstracts, of which 29 met all
inclusion criteria. They all represented single-institution
reports (low- or very-low-quality data). No randomized
data are available for spine radiosurgery.

Conclusion. A systematic review of the available evi-
dence suggests that conventional radiotherapy is safe
and effective with good symptomatic response and local

control, particularly for radiosensitive histologies. A strong
recommendation can be made with moderate quality evi-
dence that conventional fractionated radiotherapy is an ap-
propriate initial therapy option for patients with spine me-
tastases in cases in which no relative contraindication
exists. A systematic review of the available evidence sug-
gests that radiosurgery is safe and provides an incremental
benefit over conventional radiotherapy with more durable
symptomatic response and local control independent of his-
tology, even in the setting of prior fractionated radiotherapy.
A strong recommendation can be made with low-quality
evidence that radiosurgery should be considered over con-
ventional fractionated radiotherapy for the treatment of
solid tumor spine metastases in the setting of oligometa-
static disease and/or radioresistant histology.
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Approximately 5% to 10% of all cancer patients will
develop spine metastases. The majority of these patients
will undergo palliative radiation therapy. The goals of
local radiation therapy in the treatment of spinal tumors
have been palliation of pain, prevention of local disease
progression and subsequent pathologic fractures, and
halting progression of or reversing neurologic compro-
mise.1 The role of radiation therapy for the treatment of
metastatic tumors of the spine is well established.2–8

Conventional radiotherapy, defined as radiation de-
livered in 1 to 2 radiation beams without high precision
or highly conformal treatment techniques, is widely ac-
cepted as an appropriate treatment modality. However,
the effectiveness of conventional radiation has been lim-
ited by the spinal cord, which is intolerant of high-dose
radiation. In recent years, advances in imaging technol-
ogy and computerized treatment planning have allowed
the safe delivery of high-dose radiation (image-guided
intensity-modulated radiation therapy or spinal radio-
surgery) to spinal metastases even in close proximity to
the spinal cord and other paraspinal dose-sensitive or-
gans. These treatments are often given in 1 to 5 fractions
of high-dose radiation (to ensure safe doses) that are able
to limit the dose to the spinal cord.

In general, metastatic patients are difficult to study
retrospectively because multiple confounding factors are
present and difficult to control. They often suffer from a
multitude of concurrent clinical problems. Quality of life
may be confounded by the effects of chemotherapy or
surgery in conjunction with radiation therapy, as well as
by the effects of the disease itself. Survival may also be
limited and thus long-term follow-up is not typical for
this patient population.
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inclusion criteria. They all represented single-institution
reports (low- or very-low-quality data). No randomized
data are available for spine radiosurgery.

Conclusion. A systematic review of the available evi-
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dence that conventional fractionated radiotherapy is an ap-
propriate initial therapy option for patients with spine me-
tastases in cases in which no relative contraindication
exists. A systematic review of the available evidence sug-
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benefit over conventional radiotherapy with more durable
symptomatic response and local control independent of his-
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will undergo palliative radiation therapy. The goals of
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progression and subsequent pathologic fractures, and
halting progression of or reversing neurologic compro-
mise.1 The role of radiation therapy for the treatment of
metastatic tumors of the spine is well established.2–8

Conventional radiotherapy, defined as radiation de-
livered in 1 to 2 radiation beams without high precision
or highly conformal treatment techniques, is widely ac-
cepted as an appropriate treatment modality. However,
the effectiveness of conventional radiation has been lim-
ited by the spinal cord, which is intolerant of high-dose
radiation. In recent years, advances in imaging technol-
ogy and computerized treatment planning have allowed
the safe delivery of high-dose radiation (image-guided
intensity-modulated radiation therapy or spinal radio-
surgery) to spinal metastases even in close proximity to
the spinal cord and other paraspinal dose-sensitive or-
gans. These treatments are often given in 1 to 5 fractions
of high-dose radiation (to ensure safe doses) that are able
to limit the dose to the spinal cord.

In general, metastatic patients are difficult to study
retrospectively because multiple confounding factors are
present and difficult to control. They often suffer from a
multitude of concurrent clinical problems. Quality of life
may be confounded by the effects of chemotherapy or
surgery in conjunction with radiation therapy, as well as
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dose (16–24 Gy ! 1) have been reported with ste-
reotactic radiosurgery. No consensus on dose can
be made based on the available evidence (low or
very low quality) although significant toxicity does
not appear to be associated with any fractionation
schedule reported for spine radiosurgery.

3. What are the current known patterns of failure and
complications after conventional spine radiation and
stereotactic radiosurgery for metastatic spine disease?
a. Conventional radiation. Local control rates of

61% to 89% (mean, 77%), defined as the absence
of recurrent cord compression after conventional
radiotherapy, has been specifically in 7 retrospective
studies (low-quality evidence) describing 885 pa-
tients. Histology clearly has an impact on response to
conventional radiation. Lymphoma, seminoma, my-
eloma, breast cancer, and prostate cancer are nearly
universally categorized as favorable histologies in 1
randomized study (high-quality evidence) and 4 ret-
rospective studies (low-quality evidence).

b. Stereotactic radiosurgery. Local controls of 75% to
100% have been reported in single-institution re-
ports, and the majority of reported local control
rates are approximately 90%. There is a suggestion
that certain histologies may do worse (melanoma
and renal cell carcinoma) but no high-level evi-
dence is available to confirm this observation.

Spine Oncology Study Group Recommendations

Conventional radiotherapy is safe and effective with
good symptomatic response and local control, particu-
larly for radiosensitive histologies, such as lymphoma,
myeloma, and seminoma. A strong recommendation can
be made with moderate-quality evidence that conven-
tional fractionated radiotherapy is an appropriate initial
therapy option for patients with spine metastases in cases
in which no relative contraindications exist. These rela-
tive contraindications include, but are not limited to,
spinal instability, prior irradiation, radioresistant histol-
ogy, and/or high-grade spinal cord compression.

Radiosurgery is safe and effective with durable
symptomatic response and local control for even ra-
dioresistant histologies, regardless of prior fraction-
ated radiotherapy. A strong recommendation can be
made with low-quality evidence that radiosurgery
should be considered over conventional fractionated
radiotherapy for the treatment of solid-tumor spine
metastases in the setting of oligometastatic disease
and/or radioresistant histology in which no relative
contraindications exist.

Key Points

● Conventional radiotherapy is safe and effective
with good symptomatic response and local con-
trol, particularly for radiosensitive histologies,
such as lymphoma, myeloma, and seminoma.

● A strong recommendation can be made with
moderate quality evidence that conventional
fractionated radiotherapy is an appropriate ini-
tial therapy option for patients with spine metas-
tases in cases in which no relative contraindica-
tions exist.

● Radiosurgery is safe and effective with durable
symptomatic response and local control for even
radioresistant histologies, regardless of prior
fractionated radiotherapy.

● A strong recommendation can be made with
low-quality evidence that radiosurgery should be
considered over conventional fractionated radio-
therapy for the treatment of solid tumor spine
metastases in the setting of oligometastatic dis-
ease and/or radioresistant histology in which no
relative contraindications exist.
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dose (16–24 Gy ! 1) have been reported with ste-
reotactic radiosurgery. No consensus on dose can
be made based on the available evidence (low or
very low quality) although significant toxicity does
not appear to be associated with any fractionation
schedule reported for spine radiosurgery.

3. What are the current known patterns of failure and
complications after conventional spine radiation and
stereotactic radiosurgery for metastatic spine disease?
a. Conventional radiation. Local control rates of

61% to 89% (mean, 77%), defined as the absence
of recurrent cord compression after conventional
radiotherapy, has been specifically in 7 retrospective
studies (low-quality evidence) describing 885 pa-
tients. Histology clearly has an impact on response to
conventional radiation. Lymphoma, seminoma, my-
eloma, breast cancer, and prostate cancer are nearly
universally categorized as favorable histologies in 1
randomized study (high-quality evidence) and 4 ret-
rospective studies (low-quality evidence).

b. Stereotactic radiosurgery. Local controls of 75% to
100% have been reported in single-institution re-
ports, and the majority of reported local control
rates are approximately 90%. There is a suggestion
that certain histologies may do worse (melanoma
and renal cell carcinoma) but no high-level evi-
dence is available to confirm this observation.

Spine Oncology Study Group Recommendations

Conventional radiotherapy is safe and effective with
good symptomatic response and local control, particu-
larly for radiosensitive histologies, such as lymphoma,
myeloma, and seminoma. A strong recommendation can
be made with moderate-quality evidence that conven-
tional fractionated radiotherapy is an appropriate initial
therapy option for patients with spine metastases in cases
in which no relative contraindications exist. These rela-
tive contraindications include, but are not limited to,
spinal instability, prior irradiation, radioresistant histol-
ogy, and/or high-grade spinal cord compression.

Radiosurgery is safe and effective with durable
symptomatic response and local control for even ra-
dioresistant histologies, regardless of prior fraction-
ated radiotherapy. A strong recommendation can be
made with low-quality evidence that radiosurgery
should be considered over conventional fractionated
radiotherapy for the treatment of solid-tumor spine
metastases in the setting of oligometastatic disease
and/or radioresistant histology in which no relative
contraindications exist.

Key Points

● Conventional radiotherapy is safe and effective
with good symptomatic response and local con-
trol, particularly for radiosensitive histologies,
such as lymphoma, myeloma, and seminoma.

● A strong recommendation can be made with
moderate quality evidence that conventional
fractionated radiotherapy is an appropriate ini-
tial therapy option for patients with spine metas-
tases in cases in which no relative contraindica-
tions exist.

● Radiosurgery is safe and effective with durable
symptomatic response and local control for even
radioresistant histologies, regardless of prior
fractionated radiotherapy.

● A strong recommendation can be made with
low-quality evidence that radiosurgery should be
considered over conventional fractionated radio-
therapy for the treatment of solid tumor spine
metastases in the setting of oligometastatic dis-
ease and/or radioresistant histology in which no
relative contraindications exist.
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be made based on the available evidence (low or
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not appear to be associated with any fractionation
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Radiotherapy and Radiosurgery for Metastatic
Spine Disease
What Are the Options, Indications, and Outcomes?

Peter C. Gerszten, MD, MPH,*† Ehud Mendel, MD,‡ and Yoshiya Yamada, MD§

Study Design. Systematic literature review.
Objective. To determine the options, indications, and

outcomes for conventional radiotherapy and radiosur-
gery for metastatic spine disease.

Methods. Three research questions were determined
through a consensus among a multidisciplinary panel of
spine oncology experts. A systematic review of the liter-
ature was conducted regarding radiotherapy and radio-
surgery for metastatic spine disease using PubMed, Em-
base, the Cochrane Evidence Based Medicine Database,
and a review of bibliographies of reviewed articles.

Research questions:
1. What are the clinical outcomes of the current indica-

tions for conventional radiotherapy alone and stereo-
tactic radiosurgery for metastatic spine disease?

2. What are the current dose recommendations and
fractionation schedules for conventional spine ra-
diotherapy and stereotactic radiosurgery for meta-
static spine disease?

3. What are the current known patterns of failure
and complications after conventional spine radi-
ation and stereotactic radiosurgery for metastatic
spine disease?

Results. For conventional radiotherapy, the initial lit-
erature search yielded a total of 531 potentially relevant
abstracts. Each of these abstracts was reviewed for rele-
vance, and 62 were selected for in-depth review. Forty-
nine studies met all the inclusion criteria. References from
the articles included in the analysis and review articles
were also examined for potential inclusion in the study.
For conventional radiotherapy, 3 randomized trials (high-
quality evidence), 4 prospective studies (moderate-qual-
ity evidence), and over 40 nonprospective data sets (low-
or very-low-quality evidence) that included over 5000
patients in the literature were included in this review.
Drawing from the same databases, a systematic search
for radiosurgery yielded 195 abstracts, of which 29 met all
inclusion criteria. They all represented single-institution
reports (low- or very-low-quality data). No randomized
data are available for spine radiosurgery.

Conclusion. A systematic review of the available evi-
dence suggests that conventional radiotherapy is safe
and effective with good symptomatic response and local

control, particularly for radiosensitive histologies. A strong
recommendation can be made with moderate quality evi-
dence that conventional fractionated radiotherapy is an ap-
propriate initial therapy option for patients with spine me-
tastases in cases in which no relative contraindication
exists. A systematic review of the available evidence sug-
gests that radiosurgery is safe and provides an incremental
benefit over conventional radiotherapy with more durable
symptomatic response and local control independent of his-
tology, even in the setting of prior fractionated radiotherapy.
A strong recommendation can be made with low-quality
evidence that radiosurgery should be considered over con-
ventional fractionated radiotherapy for the treatment of
solid tumor spine metastases in the setting of oligometa-
static disease and/or radioresistant histology.

Key words: outcomes, radiotherapy, radiosurgery, met-
astatic spine disease. Spine 2009;34:S78–S92

Approximately 5% to 10% of all cancer patients will
develop spine metastases. The majority of these patients
will undergo palliative radiation therapy. The goals of
local radiation therapy in the treatment of spinal tumors
have been palliation of pain, prevention of local disease
progression and subsequent pathologic fractures, and
halting progression of or reversing neurologic compro-
mise.1 The role of radiation therapy for the treatment of
metastatic tumors of the spine is well established.2–8

Conventional radiotherapy, defined as radiation de-
livered in 1 to 2 radiation beams without high precision
or highly conformal treatment techniques, is widely ac-
cepted as an appropriate treatment modality. However,
the effectiveness of conventional radiation has been lim-
ited by the spinal cord, which is intolerant of high-dose
radiation. In recent years, advances in imaging technol-
ogy and computerized treatment planning have allowed
the safe delivery of high-dose radiation (image-guided
intensity-modulated radiation therapy or spinal radio-
surgery) to spinal metastases even in close proximity to
the spinal cord and other paraspinal dose-sensitive or-
gans. These treatments are often given in 1 to 5 fractions
of high-dose radiation (to ensure safe doses) that are able
to limit the dose to the spinal cord.

In general, metastatic patients are difficult to study
retrospectively because multiple confounding factors are
present and difficult to control. They often suffer from a
multitude of concurrent clinical problems. Quality of life
may be confounded by the effects of chemotherapy or
surgery in conjunction with radiation therapy, as well as
by the effects of the disease itself. Survival may also be
limited and thus long-term follow-up is not typical for
this patient population.
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dose (16–24 Gy ! 1) have been reported with ste-
reotactic radiosurgery. No consensus on dose can
be made based on the available evidence (low or
very low quality) although significant toxicity does
not appear to be associated with any fractionation
schedule reported for spine radiosurgery.

3. What are the current known patterns of failure and
complications after conventional spine radiation and
stereotactic radiosurgery for metastatic spine disease?
a. Conventional radiation. Local control rates of

61% to 89% (mean, 77%), defined as the absence
of recurrent cord compression after conventional
radiotherapy, has been specifically in 7 retrospective
studies (low-quality evidence) describing 885 pa-
tients. Histology clearly has an impact on response to
conventional radiation. Lymphoma, seminoma, my-
eloma, breast cancer, and prostate cancer are nearly
universally categorized as favorable histologies in 1
randomized study (high-quality evidence) and 4 ret-
rospective studies (low-quality evidence).

b. Stereotactic radiosurgery. Local controls of 75% to
100% have been reported in single-institution re-
ports, and the majority of reported local control
rates are approximately 90%. There is a suggestion
that certain histologies may do worse (melanoma
and renal cell carcinoma) but no high-level evi-
dence is available to confirm this observation.

Spine Oncology Study Group Recommendations

Conventional radiotherapy is safe and effective with
good symptomatic response and local control, particu-
larly for radiosensitive histologies, such as lymphoma,
myeloma, and seminoma. A strong recommendation can
be made with moderate-quality evidence that conven-
tional fractionated radiotherapy is an appropriate initial
therapy option for patients with spine metastases in cases
in which no relative contraindications exist. These rela-
tive contraindications include, but are not limited to,
spinal instability, prior irradiation, radioresistant histol-
ogy, and/or high-grade spinal cord compression.

Radiosurgery is safe and effective with durable
symptomatic response and local control for even ra-
dioresistant histologies, regardless of prior fraction-
ated radiotherapy. A strong recommendation can be
made with low-quality evidence that radiosurgery
should be considered over conventional fractionated
radiotherapy for the treatment of solid-tumor spine
metastases in the setting of oligometastatic disease
and/or radioresistant histology in which no relative
contraindications exist.

Key Points

● Conventional radiotherapy is safe and effective
with good symptomatic response and local con-
trol, particularly for radiosensitive histologies,
such as lymphoma, myeloma, and seminoma.

● A strong recommendation can be made with
moderate quality evidence that conventional
fractionated radiotherapy is an appropriate ini-
tial therapy option for patients with spine metas-
tases in cases in which no relative contraindica-
tions exist.

● Radiosurgery is safe and effective with durable
symptomatic response and local control for even
radioresistant histologies, regardless of prior
fractionated radiotherapy.

● A strong recommendation can be made with
low-quality evidence that radiosurgery should be
considered over conventional fractionated radio-
therapy for the treatment of solid tumor spine
metastases in the setting of oligometastatic dis-
ease and/or radioresistant histology in which no
relative contraindications exist.
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dose (16–24 Gy ! 1) have been reported with ste-
reotactic radiosurgery. No consensus on dose can
be made based on the available evidence (low or
very low quality) although significant toxicity does
not appear to be associated with any fractionation
schedule reported for spine radiosurgery.

3. What are the current known patterns of failure and
complications after conventional spine radiation and
stereotactic radiosurgery for metastatic spine disease?
a. Conventional radiation. Local control rates of

61% to 89% (mean, 77%), defined as the absence
of recurrent cord compression after conventional
radiotherapy, has been specifically in 7 retrospective
studies (low-quality evidence) describing 885 pa-
tients. Histology clearly has an impact on response to
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eloma, breast cancer, and prostate cancer are nearly
universally categorized as favorable histologies in 1
randomized study (high-quality evidence) and 4 ret-
rospective studies (low-quality evidence).

b. Stereotactic radiosurgery. Local controls of 75% to
100% have been reported in single-institution re-
ports, and the majority of reported local control
rates are approximately 90%. There is a suggestion
that certain histologies may do worse (melanoma
and renal cell carcinoma) but no high-level evi-
dence is available to confirm this observation.
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good symptomatic response and local control, particu-
larly for radiosensitive histologies, such as lymphoma,
myeloma, and seminoma. A strong recommendation can
be made with moderate-quality evidence that conven-
tional fractionated radiotherapy is an appropriate initial
therapy option for patients with spine metastases in cases
in which no relative contraindications exist. These rela-
tive contraindications include, but are not limited to,
spinal instability, prior irradiation, radioresistant histol-
ogy, and/or high-grade spinal cord compression.

Radiosurgery is safe and effective with durable
symptomatic response and local control for even ra-
dioresistant histologies, regardless of prior fraction-
ated radiotherapy. A strong recommendation can be
made with low-quality evidence that radiosurgery
should be considered over conventional fractionated
radiotherapy for the treatment of solid-tumor spine
metastases in the setting of oligometastatic disease
and/or radioresistant histology in which no relative
contraindications exist.

Key Points

● Conventional radiotherapy is safe and effective
with good symptomatic response and local con-
trol, particularly for radiosensitive histologies,
such as lymphoma, myeloma, and seminoma.

● A strong recommendation can be made with
moderate quality evidence that conventional
fractionated radiotherapy is an appropriate ini-
tial therapy option for patients with spine metas-
tases in cases in which no relative contraindica-
tions exist.

● Radiosurgery is safe and effective with durable
symptomatic response and local control for even
radioresistant histologies, regardless of prior
fractionated radiotherapy.

● A strong recommendation can be made with
low-quality evidence that radiosurgery should be
considered over conventional fractionated radio-
therapy for the treatment of solid tumor spine
metastases in the setting of oligometastatic dis-
ease and/or radioresistant histology in which no
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dose (16–24 Gy ! 1) have been reported with ste-
reotactic radiosurgery. No consensus on dose can
be made based on the available evidence (low or
very low quality) although significant toxicity does
not appear to be associated with any fractionation
schedule reported for spine radiosurgery.

3. What are the current known patterns of failure and
complications after conventional spine radiation and
stereotactic radiosurgery for metastatic spine disease?
a. Conventional radiation. Local control rates of

61% to 89% (mean, 77%), defined as the absence
of recurrent cord compression after conventional
radiotherapy, has been specifically in 7 retrospective
studies (low-quality evidence) describing 885 pa-
tients. Histology clearly has an impact on response to
conventional radiation. Lymphoma, seminoma, my-
eloma, breast cancer, and prostate cancer are nearly
universally categorized as favorable histologies in 1
randomized study (high-quality evidence) and 4 ret-
rospective studies (low-quality evidence).

b. Stereotactic radiosurgery. Local controls of 75% to
100% have been reported in single-institution re-
ports, and the majority of reported local control
rates are approximately 90%. There is a suggestion
that certain histologies may do worse (melanoma
and renal cell carcinoma) but no high-level evi-
dence is available to confirm this observation.

Spine Oncology Study Group Recommendations

Conventional radiotherapy is safe and effective with
good symptomatic response and local control, particu-
larly for radiosensitive histologies, such as lymphoma,
myeloma, and seminoma. A strong recommendation can
be made with moderate-quality evidence that conven-
tional fractionated radiotherapy is an appropriate initial
therapy option for patients with spine metastases in cases
in which no relative contraindications exist. These rela-
tive contraindications include, but are not limited to,
spinal instability, prior irradiation, radioresistant histol-
ogy, and/or high-grade spinal cord compression.

Radiosurgery is safe and effective with durable
symptomatic response and local control for even ra-
dioresistant histologies, regardless of prior fraction-
ated radiotherapy. A strong recommendation can be
made with low-quality evidence that radiosurgery
should be considered over conventional fractionated
radiotherapy for the treatment of solid-tumor spine
metastases in the setting of oligometastatic disease
and/or radioresistant histology in which no relative
contraindications exist.

Key Points

● Conventional radiotherapy is safe and effective
with good symptomatic response and local con-
trol, particularly for radiosensitive histologies,
such as lymphoma, myeloma, and seminoma.

● A strong recommendation can be made with
moderate quality evidence that conventional
fractionated radiotherapy is an appropriate ini-
tial therapy option for patients with spine metas-
tases in cases in which no relative contraindica-
tions exist.

● Radiosurgery is safe and effective with durable
symptomatic response and local control for even
radioresistant histologies, regardless of prior
fractionated radiotherapy.

● A strong recommendation can be made with
low-quality evidence that radiosurgery should be
considered over conventional fractionated radio-
therapy for the treatment of solid tumor spine
metastases in the setting of oligometastatic dis-
ease and/or radioresistant histology in which no
relative contraindications exist.
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Radiotherapy and Radiosurgery for Metastatic
Spine Disease
What Are the Options, Indications, and Outcomes?

Peter C. Gerszten, MD, MPH,*† Ehud Mendel, MD,‡ and Yoshiya Yamada, MD§

Study Design. Systematic literature review.
Objective. To determine the options, indications, and

outcomes for conventional radiotherapy and radiosur-
gery for metastatic spine disease.

Methods. Three research questions were determined
through a consensus among a multidisciplinary panel of
spine oncology experts. A systematic review of the liter-
ature was conducted regarding radiotherapy and radio-
surgery for metastatic spine disease using PubMed, Em-
base, the Cochrane Evidence Based Medicine Database,
and a review of bibliographies of reviewed articles.

Research questions:
1. What are the clinical outcomes of the current indica-

tions for conventional radiotherapy alone and stereo-
tactic radiosurgery for metastatic spine disease?

2. What are the current dose recommendations and
fractionation schedules for conventional spine ra-
diotherapy and stereotactic radiosurgery for meta-
static spine disease?

3. What are the current known patterns of failure
and complications after conventional spine radi-
ation and stereotactic radiosurgery for metastatic
spine disease?

Results. For conventional radiotherapy, the initial lit-
erature search yielded a total of 531 potentially relevant
abstracts. Each of these abstracts was reviewed for rele-
vance, and 62 were selected for in-depth review. Forty-
nine studies met all the inclusion criteria. References from
the articles included in the analysis and review articles
were also examined for potential inclusion in the study.
For conventional radiotherapy, 3 randomized trials (high-
quality evidence), 4 prospective studies (moderate-qual-
ity evidence), and over 40 nonprospective data sets (low-
or very-low-quality evidence) that included over 5000
patients in the literature were included in this review.
Drawing from the same databases, a systematic search
for radiosurgery yielded 195 abstracts, of which 29 met all
inclusion criteria. They all represented single-institution
reports (low- or very-low-quality data). No randomized
data are available for spine radiosurgery.

Conclusion. A systematic review of the available evi-
dence suggests that conventional radiotherapy is safe
and effective with good symptomatic response and local

control, particularly for radiosensitive histologies. A strong
recommendation can be made with moderate quality evi-
dence that conventional fractionated radiotherapy is an ap-
propriate initial therapy option for patients with spine me-
tastases in cases in which no relative contraindication
exists. A systematic review of the available evidence sug-
gests that radiosurgery is safe and provides an incremental
benefit over conventional radiotherapy with more durable
symptomatic response and local control independent of his-
tology, even in the setting of prior fractionated radiotherapy.
A strong recommendation can be made with low-quality
evidence that radiosurgery should be considered over con-
ventional fractionated radiotherapy for the treatment of
solid tumor spine metastases in the setting of oligometa-
static disease and/or radioresistant histology.

Key words: outcomes, radiotherapy, radiosurgery, met-
astatic spine disease. Spine 2009;34:S78–S92

Approximately 5% to 10% of all cancer patients will
develop spine metastases. The majority of these patients
will undergo palliative radiation therapy. The goals of
local radiation therapy in the treatment of spinal tumors
have been palliation of pain, prevention of local disease
progression and subsequent pathologic fractures, and
halting progression of or reversing neurologic compro-
mise.1 The role of radiation therapy for the treatment of
metastatic tumors of the spine is well established.2–8

Conventional radiotherapy, defined as radiation de-
livered in 1 to 2 radiation beams without high precision
or highly conformal treatment techniques, is widely ac-
cepted as an appropriate treatment modality. However,
the effectiveness of conventional radiation has been lim-
ited by the spinal cord, which is intolerant of high-dose
radiation. In recent years, advances in imaging technol-
ogy and computerized treatment planning have allowed
the safe delivery of high-dose radiation (image-guided
intensity-modulated radiation therapy or spinal radio-
surgery) to spinal metastases even in close proximity to
the spinal cord and other paraspinal dose-sensitive or-
gans. These treatments are often given in 1 to 5 fractions
of high-dose radiation (to ensure safe doses) that are able
to limit the dose to the spinal cord.

In general, metastatic patients are difficult to study
retrospectively because multiple confounding factors are
present and difficult to control. They often suffer from a
multitude of concurrent clinical problems. Quality of life
may be confounded by the effects of chemotherapy or
surgery in conjunction with radiation therapy, as well as
by the effects of the disease itself. Survival may also be
limited and thus long-term follow-up is not typical for
this patient population.
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dose (16–24 Gy ! 1) have been reported with ste-
reotactic radiosurgery. No consensus on dose can
be made based on the available evidence (low or
very low quality) although significant toxicity does
not appear to be associated with any fractionation
schedule reported for spine radiosurgery.

3. What are the current known patterns of failure and
complications after conventional spine radiation and
stereotactic radiosurgery for metastatic spine disease?
a. Conventional radiation. Local control rates of

61% to 89% (mean, 77%), defined as the absence
of recurrent cord compression after conventional
radiotherapy, has been specifically in 7 retrospective
studies (low-quality evidence) describing 885 pa-
tients. Histology clearly has an impact on response to
conventional radiation. Lymphoma, seminoma, my-
eloma, breast cancer, and prostate cancer are nearly
universally categorized as favorable histologies in 1
randomized study (high-quality evidence) and 4 ret-
rospective studies (low-quality evidence).

b. Stereotactic radiosurgery. Local controls of 75% to
100% have been reported in single-institution re-
ports, and the majority of reported local control
rates are approximately 90%. There is a suggestion
that certain histologies may do worse (melanoma
and renal cell carcinoma) but no high-level evi-
dence is available to confirm this observation.

Spine Oncology Study Group Recommendations

Conventional radiotherapy is safe and effective with
good symptomatic response and local control, particu-
larly for radiosensitive histologies, such as lymphoma,
myeloma, and seminoma. A strong recommendation can
be made with moderate-quality evidence that conven-
tional fractionated radiotherapy is an appropriate initial
therapy option for patients with spine metastases in cases
in which no relative contraindications exist. These rela-
tive contraindications include, but are not limited to,
spinal instability, prior irradiation, radioresistant histol-
ogy, and/or high-grade spinal cord compression.

Radiosurgery is safe and effective with durable
symptomatic response and local control for even ra-
dioresistant histologies, regardless of prior fraction-
ated radiotherapy. A strong recommendation can be
made with low-quality evidence that radiosurgery
should be considered over conventional fractionated
radiotherapy for the treatment of solid-tumor spine
metastases in the setting of oligometastatic disease
and/or radioresistant histology in which no relative
contraindications exist.

Key Points

● Conventional radiotherapy is safe and effective
with good symptomatic response and local con-
trol, particularly for radiosensitive histologies,
such as lymphoma, myeloma, and seminoma.

● A strong recommendation can be made with
moderate quality evidence that conventional
fractionated radiotherapy is an appropriate ini-
tial therapy option for patients with spine metas-
tases in cases in which no relative contraindica-
tions exist.

● Radiosurgery is safe and effective with durable
symptomatic response and local control for even
radioresistant histologies, regardless of prior
fractionated radiotherapy.

● A strong recommendation can be made with
low-quality evidence that radiosurgery should be
considered over conventional fractionated radio-
therapy for the treatment of solid tumor spine
metastases in the setting of oligometastatic dis-
ease and/or radioresistant histology in which no
relative contraindications exist.
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very low quality) although significant toxicity does
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ated radiotherapy. A strong recommendation can be
made with low-quality evidence that radiosurgery
should be considered over conventional fractionated
radiotherapy for the treatment of solid-tumor spine
metastases in the setting of oligometastatic disease
and/or radioresistant histology in which no relative
contraindications exist.

Key Points

● Conventional radiotherapy is safe and effective
with good symptomatic response and local con-
trol, particularly for radiosensitive histologies,
such as lymphoma, myeloma, and seminoma.

● A strong recommendation can be made with
moderate quality evidence that conventional
fractionated radiotherapy is an appropriate ini-
tial therapy option for patients with spine metas-
tases in cases in which no relative contraindica-
tions exist.
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radioresistant histologies, regardless of prior
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metastases in the setting of oligometastatic dis-
ease and/or radioresistant histology in which no
relative contraindications exist.

References
1. Lu C, Stomper PC, Drislane FW, et al. Suspected spinal cord compression in

breast cancer patients: a multidisciplinary risk assessment. Breast Cancer
Res Treat 1998;51:121–31.

2. Faul CM, Flickinger JC. The use of radiation in the management of spinal
metastases. J Neurooncol 1995;23:149–61.

3. Kim YH, Fayos JV. Radiation tolerance of the cervical spinal cord. Radiol-
ogy 1981;139:473–8.

4. Markoe A, Schwade J. The Role of Radiation Therapy in the Management
of Spine and Spinal Cord Tumors. Rolling Meadows, IL: American Asso-
ciation of Neurological Surgeons; 1994:23–35.

5. Shapiro W, Posner J. Medical vs. Surgical Treatment of Metastatic Spinal
Cord Tumors. New York, NY: Raven Press; 1983.

6. Sundaresan N, Krol G, Digiacinto C, et al. Metastatic tumors of the spine.
In: Sundaresan B, Schmidek H, Schiller A, et al, eds. Tumors of the Spine.
Philadelphia, PA: WB Saunders; 1990:279–304.

7. Sundaresan N, Digiacinto GV, Hughes JE, et al. Treatment of neoplastic
spinal cord compression: results of a prospective study. Neurosurgery 1991;
29:645–50.

8. Gerszten PC, Welch WC. Current surgical management of metastatic spinal
disease. Oncology (Williston Park) 2000;14:1013–24; discussion 1024,
1029–30.

9. Loblaw DA, Laperriere NJ. Emergency treatment of malignant extradural
spinal cord compression: an evidence-based guideline. J Clin Oncol 1998;
16:1613–24.

10. Ryu SI, Chang SD, Kim DH, et al. Image-guided hypo-fractionated stereo-
tactic radiosurgery to spinal lesions. Neurosurgery 2001;49:838–46.

11. Shiu AS, Chang EL, Ye JS, et al. Near simultaneous computed tomography
image-guided stereotactic spinal radiotherapy: an emerging paradigm for
achieving true stereotaxy. Int J Radiat Oncol Biol Phys 2003;57:605–13.

12. Amendola BE, Wolf AL, Coy SR, et al. Gamma knife radiosurgery in the
treatment of patients with single and multiple brain metastases from carci-
noma of the breast. Cancer J 2000;6:88–92.

13. Benzil DL, Saboori M, Mogilner AY, et al. Safety and efficacy of stereotactic
radiosurgery for tumors of the spine. J Neurosurg 2004;101(suppl 3):
413–8.

14. Bilsky MH, Yamada Y, Yenice KM, et al. Intensity-modulated stereotactic
radiotherapy of paraspinal tumors: a preliminary report. Neurosurgery
2004;54:823–30; discussion 830–1.

15. Chang EL, Shiu AS, Lii MF, et al. Phase I clinical evaluation of near-
simultaneous computed tomographic image-guided stereotactic body ra-
diotherapy for spinal metastases. Int J Radiat Oncol Biol Phys 2004;59:
1288–94.

16. De Salles AA, Pedroso AG, Medin P, et al. Spinal lesions treated with
Novalis shaped beam intensity-modulated radiosurgery and stereotactic
radiotherapy. J Neurosurg 2004;101(suppl 3):435–40.

17. Milker-Zabel S, Zabel A, Thilmann C, et al. Clinical results of retreatment
of vertebral bone metastases by stereotactic conformal radiotherapy and
intensity-modulated radiotherapy. Int J Radiat Oncol Biol Phys 2003;55:
162–7.

S90 Spine • Volume 34 • Number 22S • 2009

dose (16–24 Gy ! 1) have been reported with ste-
reotactic radiosurgery. No consensus on dose can
be made based on the available evidence (low or
very low quality) although significant toxicity does
not appear to be associated with any fractionation
schedule reported for spine radiosurgery.

3. What are the current known patterns of failure and
complications after conventional spine radiation and
stereotactic radiosurgery for metastatic spine disease?
a. Conventional radiation. Local control rates of

61% to 89% (mean, 77%), defined as the absence
of recurrent cord compression after conventional
radiotherapy, has been specifically in 7 retrospective
studies (low-quality evidence) describing 885 pa-
tients. Histology clearly has an impact on response to
conventional radiation. Lymphoma, seminoma, my-
eloma, breast cancer, and prostate cancer are nearly
universally categorized as favorable histologies in 1
randomized study (high-quality evidence) and 4 ret-
rospective studies (low-quality evidence).

b. Stereotactic radiosurgery. Local controls of 75% to
100% have been reported in single-institution re-
ports, and the majority of reported local control
rates are approximately 90%. There is a suggestion
that certain histologies may do worse (melanoma
and renal cell carcinoma) but no high-level evi-
dence is available to confirm this observation.

Spine Oncology Study Group Recommendations

Conventional radiotherapy is safe and effective with
good symptomatic response and local control, particu-
larly for radiosensitive histologies, such as lymphoma,
myeloma, and seminoma. A strong recommendation can
be made with moderate-quality evidence that conven-
tional fractionated radiotherapy is an appropriate initial
therapy option for patients with spine metastases in cases
in which no relative contraindications exist. These rela-
tive contraindications include, but are not limited to,
spinal instability, prior irradiation, radioresistant histol-
ogy, and/or high-grade spinal cord compression.

Radiosurgery is safe and effective with durable
symptomatic response and local control for even ra-
dioresistant histologies, regardless of prior fraction-
ated radiotherapy. A strong recommendation can be
made with low-quality evidence that radiosurgery
should be considered over conventional fractionated
radiotherapy for the treatment of solid-tumor spine
metastases in the setting of oligometastatic disease
and/or radioresistant histology in which no relative
contraindications exist.

Key Points

● Conventional radiotherapy is safe and effective
with good symptomatic response and local con-
trol, particularly for radiosensitive histologies,
such as lymphoma, myeloma, and seminoma.

● A strong recommendation can be made with
moderate quality evidence that conventional
fractionated radiotherapy is an appropriate ini-
tial therapy option for patients with spine metas-
tases in cases in which no relative contraindica-
tions exist.

● Radiosurgery is safe and effective with durable
symptomatic response and local control for even
radioresistant histologies, regardless of prior
fractionated radiotherapy.

● A strong recommendation can be made with
low-quality evidence that radiosurgery should be
considered over conventional fractionated radio-
therapy for the treatment of solid tumor spine
metastases in the setting of oligometastatic dis-
ease and/or radioresistant histology in which no
relative contraindications exist.
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Radiotherapy and Radiosurgery for Metastatic
Spine Disease
What Are the Options, Indications, and Outcomes?

Peter C. Gerszten, MD, MPH,*† Ehud Mendel, MD,‡ and Yoshiya Yamada, MD§

Study Design. Systematic literature review.
Objective. To determine the options, indications, and

outcomes for conventional radiotherapy and radiosur-
gery for metastatic spine disease.

Methods. Three research questions were determined
through a consensus among a multidisciplinary panel of
spine oncology experts. A systematic review of the liter-
ature was conducted regarding radiotherapy and radio-
surgery for metastatic spine disease using PubMed, Em-
base, the Cochrane Evidence Based Medicine Database,
and a review of bibliographies of reviewed articles.

Research questions:
1. What are the clinical outcomes of the current indica-

tions for conventional radiotherapy alone and stereo-
tactic radiosurgery for metastatic spine disease?

2. What are the current dose recommendations and
fractionation schedules for conventional spine ra-
diotherapy and stereotactic radiosurgery for meta-
static spine disease?

3. What are the current known patterns of failure
and complications after conventional spine radi-
ation and stereotactic radiosurgery for metastatic
spine disease?

Results. For conventional radiotherapy, the initial lit-
erature search yielded a total of 531 potentially relevant
abstracts. Each of these abstracts was reviewed for rele-
vance, and 62 were selected for in-depth review. Forty-
nine studies met all the inclusion criteria. References from
the articles included in the analysis and review articles
were also examined for potential inclusion in the study.
For conventional radiotherapy, 3 randomized trials (high-
quality evidence), 4 prospective studies (moderate-qual-
ity evidence), and over 40 nonprospective data sets (low-
or very-low-quality evidence) that included over 5000
patients in the literature were included in this review.
Drawing from the same databases, a systematic search
for radiosurgery yielded 195 abstracts, of which 29 met all
inclusion criteria. They all represented single-institution
reports (low- or very-low-quality data). No randomized
data are available for spine radiosurgery.

Conclusion. A systematic review of the available evi-
dence suggests that conventional radiotherapy is safe
and effective with good symptomatic response and local

control, particularly for radiosensitive histologies. A strong
recommendation can be made with moderate quality evi-
dence that conventional fractionated radiotherapy is an ap-
propriate initial therapy option for patients with spine me-
tastases in cases in which no relative contraindication
exists. A systematic review of the available evidence sug-
gests that radiosurgery is safe and provides an incremental
benefit over conventional radiotherapy with more durable
symptomatic response and local control independent of his-
tology, even in the setting of prior fractionated radiotherapy.
A strong recommendation can be made with low-quality
evidence that radiosurgery should be considered over con-
ventional fractionated radiotherapy for the treatment of
solid tumor spine metastases in the setting of oligometa-
static disease and/or radioresistant histology.

Key words: outcomes, radiotherapy, radiosurgery, met-
astatic spine disease. Spine 2009;34:S78–S92

Approximately 5% to 10% of all cancer patients will
develop spine metastases. The majority of these patients
will undergo palliative radiation therapy. The goals of
local radiation therapy in the treatment of spinal tumors
have been palliation of pain, prevention of local disease
progression and subsequent pathologic fractures, and
halting progression of or reversing neurologic compro-
mise.1 The role of radiation therapy for the treatment of
metastatic tumors of the spine is well established.2–8

Conventional radiotherapy, defined as radiation de-
livered in 1 to 2 radiation beams without high precision
or highly conformal treatment techniques, is widely ac-
cepted as an appropriate treatment modality. However,
the effectiveness of conventional radiation has been lim-
ited by the spinal cord, which is intolerant of high-dose
radiation. In recent years, advances in imaging technol-
ogy and computerized treatment planning have allowed
the safe delivery of high-dose radiation (image-guided
intensity-modulated radiation therapy or spinal radio-
surgery) to spinal metastases even in close proximity to
the spinal cord and other paraspinal dose-sensitive or-
gans. These treatments are often given in 1 to 5 fractions
of high-dose radiation (to ensure safe doses) that are able
to limit the dose to the spinal cord.

In general, metastatic patients are difficult to study
retrospectively because multiple confounding factors are
present and difficult to control. They often suffer from a
multitude of concurrent clinical problems. Quality of life
may be confounded by the effects of chemotherapy or
surgery in conjunction with radiation therapy, as well as
by the effects of the disease itself. Survival may also be
limited and thus long-term follow-up is not typical for
this patient population.
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dose (16–24 Gy ! 1) have been reported with ste-
reotactic radiosurgery. No consensus on dose can
be made based on the available evidence (low or
very low quality) although significant toxicity does
not appear to be associated with any fractionation
schedule reported for spine radiosurgery.

3. What are the current known patterns of failure and
complications after conventional spine radiation and
stereotactic radiosurgery for metastatic spine disease?
a. Conventional radiation. Local control rates of

61% to 89% (mean, 77%), defined as the absence
of recurrent cord compression after conventional
radiotherapy, has been specifically in 7 retrospective
studies (low-quality evidence) describing 885 pa-
tients. Histology clearly has an impact on response to
conventional radiation. Lymphoma, seminoma, my-
eloma, breast cancer, and prostate cancer are nearly
universally categorized as favorable histologies in 1
randomized study (high-quality evidence) and 4 ret-
rospective studies (low-quality evidence).

b. Stereotactic radiosurgery. Local controls of 75% to
100% have been reported in single-institution re-
ports, and the majority of reported local control
rates are approximately 90%. There is a suggestion
that certain histologies may do worse (melanoma
and renal cell carcinoma) but no high-level evi-
dence is available to confirm this observation.

Spine Oncology Study Group Recommendations

Conventional radiotherapy is safe and effective with
good symptomatic response and local control, particu-
larly for radiosensitive histologies, such as lymphoma,
myeloma, and seminoma. A strong recommendation can
be made with moderate-quality evidence that conven-
tional fractionated radiotherapy is an appropriate initial
therapy option for patients with spine metastases in cases
in which no relative contraindications exist. These rela-
tive contraindications include, but are not limited to,
spinal instability, prior irradiation, radioresistant histol-
ogy, and/or high-grade spinal cord compression.

Radiosurgery is safe and effective with durable
symptomatic response and local control for even ra-
dioresistant histologies, regardless of prior fraction-
ated radiotherapy. A strong recommendation can be
made with low-quality evidence that radiosurgery
should be considered over conventional fractionated
radiotherapy for the treatment of solid-tumor spine
metastases in the setting of oligometastatic disease
and/or radioresistant histology in which no relative
contraindications exist.

Key Points

● Conventional radiotherapy is safe and effective
with good symptomatic response and local con-
trol, particularly for radiosensitive histologies,
such as lymphoma, myeloma, and seminoma.

● A strong recommendation can be made with
moderate quality evidence that conventional
fractionated radiotherapy is an appropriate ini-
tial therapy option for patients with spine metas-
tases in cases in which no relative contraindica-
tions exist.

● Radiosurgery is safe and effective with durable
symptomatic response and local control for even
radioresistant histologies, regardless of prior
fractionated radiotherapy.

● A strong recommendation can be made with
low-quality evidence that radiosurgery should be
considered over conventional fractionated radio-
therapy for the treatment of solid tumor spine
metastases in the setting of oligometastatic dis-
ease and/or radioresistant histology in which no
relative contraindications exist.
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ated radiotherapy. A strong recommendation can be
made with low-quality evidence that radiosurgery
should be considered over conventional fractionated
radiotherapy for the treatment of solid-tumor spine
metastases in the setting of oligometastatic disease
and/or radioresistant histology in which no relative
contraindications exist.

Key Points

● Conventional radiotherapy is safe and effective
with good symptomatic response and local con-
trol, particularly for radiosensitive histologies,
such as lymphoma, myeloma, and seminoma.

● A strong recommendation can be made with
moderate quality evidence that conventional
fractionated radiotherapy is an appropriate ini-
tial therapy option for patients with spine metas-
tases in cases in which no relative contraindica-
tions exist.
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dose (16–24 Gy ! 1) have been reported with ste-
reotactic radiosurgery. No consensus on dose can
be made based on the available evidence (low or
very low quality) although significant toxicity does
not appear to be associated with any fractionation
schedule reported for spine radiosurgery.

3. What are the current known patterns of failure and
complications after conventional spine radiation and
stereotactic radiosurgery for metastatic spine disease?
a. Conventional radiation. Local control rates of

61% to 89% (mean, 77%), defined as the absence
of recurrent cord compression after conventional
radiotherapy, has been specifically in 7 retrospective
studies (low-quality evidence) describing 885 pa-
tients. Histology clearly has an impact on response to
conventional radiation. Lymphoma, seminoma, my-
eloma, breast cancer, and prostate cancer are nearly
universally categorized as favorable histologies in 1
randomized study (high-quality evidence) and 4 ret-
rospective studies (low-quality evidence).

b. Stereotactic radiosurgery. Local controls of 75% to
100% have been reported in single-institution re-
ports, and the majority of reported local control
rates are approximately 90%. There is a suggestion
that certain histologies may do worse (melanoma
and renal cell carcinoma) but no high-level evi-
dence is available to confirm this observation.

Spine Oncology Study Group Recommendations

Conventional radiotherapy is safe and effective with
good symptomatic response and local control, particu-
larly for radiosensitive histologies, such as lymphoma,
myeloma, and seminoma. A strong recommendation can
be made with moderate-quality evidence that conven-
tional fractionated radiotherapy is an appropriate initial
therapy option for patients with spine metastases in cases
in which no relative contraindications exist. These rela-
tive contraindications include, but are not limited to,
spinal instability, prior irradiation, radioresistant histol-
ogy, and/or high-grade spinal cord compression.

Radiosurgery is safe and effective with durable
symptomatic response and local control for even ra-
dioresistant histologies, regardless of prior fraction-
ated radiotherapy. A strong recommendation can be
made with low-quality evidence that radiosurgery
should be considered over conventional fractionated
radiotherapy for the treatment of solid-tumor spine
metastases in the setting of oligometastatic disease
and/or radioresistant histology in which no relative
contraindications exist.

Key Points

● Conventional radiotherapy is safe and effective
with good symptomatic response and local con-
trol, particularly for radiosensitive histologies,
such as lymphoma, myeloma, and seminoma.

● A strong recommendation can be made with
moderate quality evidence that conventional
fractionated radiotherapy is an appropriate ini-
tial therapy option for patients with spine metas-
tases in cases in which no relative contraindica-
tions exist.

● Radiosurgery is safe and effective with durable
symptomatic response and local control for even
radioresistant histologies, regardless of prior
fractionated radiotherapy.

● A strong recommendation can be made with
low-quality evidence that radiosurgery should be
considered over conventional fractionated radio-
therapy for the treatment of solid tumor spine
metastases in the setting of oligometastatic dis-
ease and/or radioresistant histology in which no
relative contraindications exist.
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Radiotherapy and Radiosurgery for Metastatic
Spine Disease
What Are the Options, Indications, and Outcomes?

Peter C. Gerszten, MD, MPH,*† Ehud Mendel, MD,‡ and Yoshiya Yamada, MD§

Study Design. Systematic literature review.
Objective. To determine the options, indications, and

outcomes for conventional radiotherapy and radiosur-
gery for metastatic spine disease.

Methods. Three research questions were determined
through a consensus among a multidisciplinary panel of
spine oncology experts. A systematic review of the liter-
ature was conducted regarding radiotherapy and radio-
surgery for metastatic spine disease using PubMed, Em-
base, the Cochrane Evidence Based Medicine Database,
and a review of bibliographies of reviewed articles.

Research questions:
1. What are the clinical outcomes of the current indica-

tions for conventional radiotherapy alone and stereo-
tactic radiosurgery for metastatic spine disease?

2. What are the current dose recommendations and
fractionation schedules for conventional spine ra-
diotherapy and stereotactic radiosurgery for meta-
static spine disease?

3. What are the current known patterns of failure
and complications after conventional spine radi-
ation and stereotactic radiosurgery for metastatic
spine disease?

Results. For conventional radiotherapy, the initial lit-
erature search yielded a total of 531 potentially relevant
abstracts. Each of these abstracts was reviewed for rele-
vance, and 62 were selected for in-depth review. Forty-
nine studies met all the inclusion criteria. References from
the articles included in the analysis and review articles
were also examined for potential inclusion in the study.
For conventional radiotherapy, 3 randomized trials (high-
quality evidence), 4 prospective studies (moderate-qual-
ity evidence), and over 40 nonprospective data sets (low-
or very-low-quality evidence) that included over 5000
patients in the literature were included in this review.
Drawing from the same databases, a systematic search
for radiosurgery yielded 195 abstracts, of which 29 met all
inclusion criteria. They all represented single-institution
reports (low- or very-low-quality data). No randomized
data are available for spine radiosurgery.

Conclusion. A systematic review of the available evi-
dence suggests that conventional radiotherapy is safe
and effective with good symptomatic response and local

control, particularly for radiosensitive histologies. A strong
recommendation can be made with moderate quality evi-
dence that conventional fractionated radiotherapy is an ap-
propriate initial therapy option for patients with spine me-
tastases in cases in which no relative contraindication
exists. A systematic review of the available evidence sug-
gests that radiosurgery is safe and provides an incremental
benefit over conventional radiotherapy with more durable
symptomatic response and local control independent of his-
tology, even in the setting of prior fractionated radiotherapy.
A strong recommendation can be made with low-quality
evidence that radiosurgery should be considered over con-
ventional fractionated radiotherapy for the treatment of
solid tumor spine metastases in the setting of oligometa-
static disease and/or radioresistant histology.

Key words: outcomes, radiotherapy, radiosurgery, met-
astatic spine disease. Spine 2009;34:S78–S92

Approximately 5% to 10% of all cancer patients will
develop spine metastases. The majority of these patients
will undergo palliative radiation therapy. The goals of
local radiation therapy in the treatment of spinal tumors
have been palliation of pain, prevention of local disease
progression and subsequent pathologic fractures, and
halting progression of or reversing neurologic compro-
mise.1 The role of radiation therapy for the treatment of
metastatic tumors of the spine is well established.2–8

Conventional radiotherapy, defined as radiation de-
livered in 1 to 2 radiation beams without high precision
or highly conformal treatment techniques, is widely ac-
cepted as an appropriate treatment modality. However,
the effectiveness of conventional radiation has been lim-
ited by the spinal cord, which is intolerant of high-dose
radiation. In recent years, advances in imaging technol-
ogy and computerized treatment planning have allowed
the safe delivery of high-dose radiation (image-guided
intensity-modulated radiation therapy or spinal radio-
surgery) to spinal metastases even in close proximity to
the spinal cord and other paraspinal dose-sensitive or-
gans. These treatments are often given in 1 to 5 fractions
of high-dose radiation (to ensure safe doses) that are able
to limit the dose to the spinal cord.

In general, metastatic patients are difficult to study
retrospectively because multiple confounding factors are
present and difficult to control. They often suffer from a
multitude of concurrent clinical problems. Quality of life
may be confounded by the effects of chemotherapy or
surgery in conjunction with radiation therapy, as well as
by the effects of the disease itself. Survival may also be
limited and thus long-term follow-up is not typical for
this patient population.
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dose (16–24 Gy ! 1) have been reported with ste-
reotactic radiosurgery. No consensus on dose can
be made based on the available evidence (low or
very low quality) although significant toxicity does
not appear to be associated with any fractionation
schedule reported for spine radiosurgery.

3. What are the current known patterns of failure and
complications after conventional spine radiation and
stereotactic radiosurgery for metastatic spine disease?
a. Conventional radiation. Local control rates of

61% to 89% (mean, 77%), defined as the absence
of recurrent cord compression after conventional
radiotherapy, has been specifically in 7 retrospective
studies (low-quality evidence) describing 885 pa-
tients. Histology clearly has an impact on response to
conventional radiation. Lymphoma, seminoma, my-
eloma, breast cancer, and prostate cancer are nearly
universally categorized as favorable histologies in 1
randomized study (high-quality evidence) and 4 ret-
rospective studies (low-quality evidence).

b. Stereotactic radiosurgery. Local controls of 75% to
100% have been reported in single-institution re-
ports, and the majority of reported local control
rates are approximately 90%. There is a suggestion
that certain histologies may do worse (melanoma
and renal cell carcinoma) but no high-level evi-
dence is available to confirm this observation.

Spine Oncology Study Group Recommendations

Conventional radiotherapy is safe and effective with
good symptomatic response and local control, particu-
larly for radiosensitive histologies, such as lymphoma,
myeloma, and seminoma. A strong recommendation can
be made with moderate-quality evidence that conven-
tional fractionated radiotherapy is an appropriate initial
therapy option for patients with spine metastases in cases
in which no relative contraindications exist. These rela-
tive contraindications include, but are not limited to,
spinal instability, prior irradiation, radioresistant histol-
ogy, and/or high-grade spinal cord compression.

Radiosurgery is safe and effective with durable
symptomatic response and local control for even ra-
dioresistant histologies, regardless of prior fraction-
ated radiotherapy. A strong recommendation can be
made with low-quality evidence that radiosurgery
should be considered over conventional fractionated
radiotherapy for the treatment of solid-tumor spine
metastases in the setting of oligometastatic disease
and/or radioresistant histology in which no relative
contraindications exist.

Key Points

● Conventional radiotherapy is safe and effective
with good symptomatic response and local con-
trol, particularly for radiosensitive histologies,
such as lymphoma, myeloma, and seminoma.

● A strong recommendation can be made with
moderate quality evidence that conventional
fractionated radiotherapy is an appropriate ini-
tial therapy option for patients with spine metas-
tases in cases in which no relative contraindica-
tions exist.

● Radiosurgery is safe and effective with durable
symptomatic response and local control for even
radioresistant histologies, regardless of prior
fractionated radiotherapy.

● A strong recommendation can be made with
low-quality evidence that radiosurgery should be
considered over conventional fractionated radio-
therapy for the treatment of solid tumor spine
metastases in the setting of oligometastatic dis-
ease and/or radioresistant histology in which no
relative contraindications exist.
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with good symptomatic response and local con-
trol, particularly for radiosensitive histologies,
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tial therapy option for patients with spine metas-
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dose (16–24 Gy ! 1) have been reported with ste-
reotactic radiosurgery. No consensus on dose can
be made based on the available evidence (low or
very low quality) although significant toxicity does
not appear to be associated with any fractionation
schedule reported for spine radiosurgery.

3. What are the current known patterns of failure and
complications after conventional spine radiation and
stereotactic radiosurgery for metastatic spine disease?
a. Conventional radiation. Local control rates of

61% to 89% (mean, 77%), defined as the absence
of recurrent cord compression after conventional
radiotherapy, has been specifically in 7 retrospective
studies (low-quality evidence) describing 885 pa-
tients. Histology clearly has an impact on response to
conventional radiation. Lymphoma, seminoma, my-
eloma, breast cancer, and prostate cancer are nearly
universally categorized as favorable histologies in 1
randomized study (high-quality evidence) and 4 ret-
rospective studies (low-quality evidence).

b. Stereotactic radiosurgery. Local controls of 75% to
100% have been reported in single-institution re-
ports, and the majority of reported local control
rates are approximately 90%. There is a suggestion
that certain histologies may do worse (melanoma
and renal cell carcinoma) but no high-level evi-
dence is available to confirm this observation.

Spine Oncology Study Group Recommendations

Conventional radiotherapy is safe and effective with
good symptomatic response and local control, particu-
larly for radiosensitive histologies, such as lymphoma,
myeloma, and seminoma. A strong recommendation can
be made with moderate-quality evidence that conven-
tional fractionated radiotherapy is an appropriate initial
therapy option for patients with spine metastases in cases
in which no relative contraindications exist. These rela-
tive contraindications include, but are not limited to,
spinal instability, prior irradiation, radioresistant histol-
ogy, and/or high-grade spinal cord compression.

Radiosurgery is safe and effective with durable
symptomatic response and local control for even ra-
dioresistant histologies, regardless of prior fraction-
ated radiotherapy. A strong recommendation can be
made with low-quality evidence that radiosurgery
should be considered over conventional fractionated
radiotherapy for the treatment of solid-tumor spine
metastases in the setting of oligometastatic disease
and/or radioresistant histology in which no relative
contraindications exist.

Key Points

● Conventional radiotherapy is safe and effective
with good symptomatic response and local con-
trol, particularly for radiosensitive histologies,
such as lymphoma, myeloma, and seminoma.

● A strong recommendation can be made with
moderate quality evidence that conventional
fractionated radiotherapy is an appropriate ini-
tial therapy option for patients with spine metas-
tases in cases in which no relative contraindica-
tions exist.

● Radiosurgery is safe and effective with durable
symptomatic response and local control for even
radioresistant histologies, regardless of prior
fractionated radiotherapy.

● A strong recommendation can be made with
low-quality evidence that radiosurgery should be
considered over conventional fractionated radio-
therapy for the treatment of solid tumor spine
metastases in the setting of oligometastatic dis-
ease and/or radioresistant histology in which no
relative contraindications exist.
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of bony metastases. The response rates range from 60% to 
90% and the indications are pain, chronically endangered 
stability, and the impending compression of neural tissue.

Pharmacotherapy
The level of activity of bone metastases is often corre-
lated with the local or overall tumor mass, and, there-
fore, systemic treatment should always be considered 
in addition to local treatment. The basic principles of 
systemic treatment are as follows: 
● If the metastases are located exclusively in bone, 

then monotherapy with a well-tolerated drug is 
the treatment of choice.

●  For hormone-sensitive tumors, e.g., breast cancer, 
endocrine therapy should be considered.

●  When other organs aside from bone are involved 
as well, polychemotherapy is a reasonable option. 

The relief of pain, if present, is a major consider-
ation in the treatment of spinal metastases. In general, 
pain due to bony metastases that are of the nociceptive 
type respond well to analgesic therapy according to 
the WHO algorithm and are particularly responsive to 
opiates (18). Spinal metastases, however, often also 
cause neuropathic pain with a radicular component 
(sensory deficit, burning pain, painful shock-like 

 sensations). This type of pain requires the additional 
administration of anticonvulsants (e.g., gabapentin) 
and perhaps antidepressants as well (e.g., amitri -
ptyline, doxepine) (1, e2, e3). In spinal cord compres-
sion syndromes, not only surgical intervention, but 
also the administration of glucocorticoids is of prime 
clinical importance. Steroids relieve the pain of spinal 
cord compression and reduce spinal cord edema 
through a mechanism involving prostaglandin 
 inhibition. The initial dose must be high enough to be 
effective (e.g., 16 to 32 mg of dexamethasone per 
day); as a rule, the steroid dose can be gradually 
 lowered starting four days after the initiation of 
 treatment (19).

Bone-specific systemic treatment with bisphospho -
nates is a further important component of the treatment 
of bony metastases (20). Bisphosphonates inhibit bone 
resorption and thus exert a major beneficial effect in 
bone that is involved by tumor. They are effective in the 
treatment of bony metastases that are osteolytic, 
 osteoplastic, or of a mixed nature. Studies currently in 
progress are addressing the question of their potential 
role as adjuvant therapy in an early stage of neoplastic 
disease before any bone metastases have been detected 
(21).

The goals of treatment
The relief of pain, if present, is a major consider-
ation in the treatment of spinal metastases.

Bisphosphonates
Bisphosphonates are an integral component of 
the current treatment of spinal metastases.

FIgure 3: Kyphoplasty of the L3 vertebral body after a pathological fracture due to metastatic breast cancer  
a) Lateral plain film showing involvement of the L3 vertebral body by metastatic breast cancer with a pathological impression fracture of the superior endplate without 
involvement of the posterior edge of the vertebra 
b) MRI of the same finding shown in a) 
c) and d) Plain x-rays and e) CT showing the result after vertebral body augmentation with bone cement (kyphoplasty)

a b c d
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rity of the VB and can lead to compression or burst frac-
tures. These fractures can force bone fragments or tumor 
debris into the spinal canal or neural foramina, causing 
compression of neurological structures and pain or mo-
tor/autonomic impairment. In a cadaveric study, Windha-
gen et al.147 determined that the likelihood of pathological 
fracture could be predicted by calculating the product of 
cross-sectional area of the intact bone and bone mineral 
density. Taneichi et al.133 showed that collapse was pre-
dicted by 50–60% VB lysis in the thoracic spine and 35–
45% in the lower thoracic/lumbar spine. Segments of high 
mobility or stress, such as the cervicothoracic and thora-
columbar junctions, are likely to be subject to fracture 
with less tumor burden. Metastases to the dorsal elements 
of the spinal column, especially the facet joints, are be-
lieved to predispose patients to pathological dislocation, 
spondylolysis, and translational instability. These are un-
common, though, because metastasis to the posterior ele-
ments is much less common than to the VB.

Characterizing the degree and nature of instability 

can assist the selection of surgical approach and extent 
of reconstruction. This remains somewhat unclear in 
patients with neoplasia. The indications for fixation and 
decompression in instability secondary to neoplastic pro-
cesses are less clear, because the mechanisms of injury 
are different. Cybulski36 proposed imaging criteria for the 
assessment of spine instability due to tumors; these were 
as follows: 1) anterior and middle column destruction (> 
50% collapse of VB height); 2) collapse of 2 or more ad-
jacent VBs; 3) tumor involvement of the middle and pos-
terior columns (possibility of forward shear deformity); 
and 4) previous surgical laminectomy, with failure to rec-
ognize anterior and middle column disease. This study 
recommended surgical decompression and fixation when 
one of these instability criteria is met or when neural 
compression is present in patients with a life expectancy 
of > 5–6 months, competent immune and nutritional sta-
tus, incomplete neurological deficit, and a radioresistant 
tumor or a tumor that failed to respond to previous treat-
ment. Clearly, much more research is needed in the area 

FIG. 1. A: Intraoperative photograph of thoracic spondylectomy and anterior reconstruction with distractible titanium cage 
and posterior pedicle screw stabilization. B: Postoperative anteroposterior radiograph of thoracic spondylectomy and anterior 
reconstruction with distractible titanium cage and posterior pedicle screw stabilization. C: Postoperative coronal CT scan of 
thoracic spondylectomy and anterior reconstruction with distractible titanium cage and posterior pedicle screw stabilization. 
D: Postoperative lateral radiograph of thoracic spondylectomy and anterior reconstruction with distractible titanium cage and 
posterior pedicle screw stabilization.
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of bony metastases. The response rates range from 60% to 
90% and the indications are pain, chronically endangered 
stability, and the impending compression of neural tissue.

Pharmacotherapy
The level of activity of bone metastases is often corre-
lated with the local or overall tumor mass, and, there-
fore, systemic treatment should always be considered 
in addition to local treatment. The basic principles of 
systemic treatment are as follows: 
● If the metastases are located exclusively in bone, 

then monotherapy with a well-tolerated drug is 
the treatment of choice.

●  For hormone-sensitive tumors, e.g., breast cancer, 
endocrine therapy should be considered.

●  When other organs aside from bone are involved 
as well, polychemotherapy is a reasonable option. 

The relief of pain, if present, is a major consider-
ation in the treatment of spinal metastases. In general, 
pain due to bony metastases that are of the nociceptive 
type respond well to analgesic therapy according to 
the WHO algorithm and are particularly responsive to 
opiates (18). Spinal metastases, however, often also 
cause neuropathic pain with a radicular component 
(sensory deficit, burning pain, painful shock-like 

 sensations). This type of pain requires the additional 
administration of anticonvulsants (e.g., gabapentin) 
and perhaps antidepressants as well (e.g., amitri -
ptyline, doxepine) (1, e2, e3). In spinal cord compres-
sion syndromes, not only surgical intervention, but 
also the administration of glucocorticoids is of prime 
clinical importance. Steroids relieve the pain of spinal 
cord compression and reduce spinal cord edema 
through a mechanism involving prostaglandin 
 inhibition. The initial dose must be high enough to be 
effective (e.g., 16 to 32 mg of dexamethasone per 
day); as a rule, the steroid dose can be gradually 
 lowered starting four days after the initiation of 
 treatment (19).

Bone-specific systemic treatment with bisphospho -
nates is a further important component of the treatment 
of bony metastases (20). Bisphosphonates inhibit bone 
resorption and thus exert a major beneficial effect in 
bone that is involved by tumor. They are effective in the 
treatment of bony metastases that are osteolytic, 
 osteoplastic, or of a mixed nature. Studies currently in 
progress are addressing the question of their potential 
role as adjuvant therapy in an early stage of neoplastic 
disease before any bone metastases have been detected 
(21).

The goals of treatment
The relief of pain, if present, is a major consider-
ation in the treatment of spinal metastases.

Bisphosphonates
Bisphosphonates are an integral component of 
the current treatment of spinal metastases.

FIgure 3: Kyphoplasty of the L3 vertebral body after a pathological fracture due to metastatic breast cancer  
a) Lateral plain film showing involvement of the L3 vertebral body by metastatic breast cancer with a pathological impression fracture of the superior endplate without 
involvement of the posterior edge of the vertebra 
b) MRI of the same finding shown in a) 
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rity of the VB and can lead to compression or burst frac-
tures. These fractures can force bone fragments or tumor 
debris into the spinal canal or neural foramina, causing 
compression of neurological structures and pain or mo-
tor/autonomic impairment. In a cadaveric study, Windha-
gen et al.147 determined that the likelihood of pathological 
fracture could be predicted by calculating the product of 
cross-sectional area of the intact bone and bone mineral 
density. Taneichi et al.133 showed that collapse was pre-
dicted by 50–60% VB lysis in the thoracic spine and 35–
45% in the lower thoracic/lumbar spine. Segments of high 
mobility or stress, such as the cervicothoracic and thora-
columbar junctions, are likely to be subject to fracture 
with less tumor burden. Metastases to the dorsal elements 
of the spinal column, especially the facet joints, are be-
lieved to predispose patients to pathological dislocation, 
spondylolysis, and translational instability. These are un-
common, though, because metastasis to the posterior ele-
ments is much less common than to the VB.

Characterizing the degree and nature of instability 

can assist the selection of surgical approach and extent 
of reconstruction. This remains somewhat unclear in 
patients with neoplasia. The indications for fixation and 
decompression in instability secondary to neoplastic pro-
cesses are less clear, because the mechanisms of injury 
are different. Cybulski36 proposed imaging criteria for the 
assessment of spine instability due to tumors; these were 
as follows: 1) anterior and middle column destruction (> 
50% collapse of VB height); 2) collapse of 2 or more ad-
jacent VBs; 3) tumor involvement of the middle and pos-
terior columns (possibility of forward shear deformity); 
and 4) previous surgical laminectomy, with failure to rec-
ognize anterior and middle column disease. This study 
recommended surgical decompression and fixation when 
one of these instability criteria is met or when neural 
compression is present in patients with a life expectancy 
of > 5–6 months, competent immune and nutritional sta-
tus, incomplete neurological deficit, and a radioresistant 
tumor or a tumor that failed to respond to previous treat-
ment. Clearly, much more research is needed in the area 

FIG. 1. A: Intraoperative photograph of thoracic spondylectomy and anterior reconstruction with distractible titanium cage 
and posterior pedicle screw stabilization. B: Postoperative anteroposterior radiograph of thoracic spondylectomy and anterior 
reconstruction with distractible titanium cage and posterior pedicle screw stabilization. C: Postoperative coronal CT scan of 
thoracic spondylectomy and anterior reconstruction with distractible titanium cage and posterior pedicle screw stabilization. 
D: Postoperative lateral radiograph of thoracic spondylectomy and anterior reconstruction with distractible titanium cage and 
posterior pedicle screw stabilization.
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of bony metastases. The response rates range from 60% to 
90% and the indications are pain, chronically endangered 
stability, and the impending compression of neural tissue.
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The level of activity of bone metastases is often corre-
lated with the local or overall tumor mass, and, there-
fore, systemic treatment should always be considered 
in addition to local treatment. The basic principles of 
systemic treatment are as follows: 
● If the metastases are located exclusively in bone, 

then monotherapy with a well-tolerated drug is 
the treatment of choice.

●  For hormone-sensitive tumors, e.g., breast cancer, 
endocrine therapy should be considered.

●  When other organs aside from bone are involved 
as well, polychemotherapy is a reasonable option. 

The relief of pain, if present, is a major consider-
ation in the treatment of spinal metastases. In general, 
pain due to bony metastases that are of the nociceptive 
type respond well to analgesic therapy according to 
the WHO algorithm and are particularly responsive to 
opiates (18). Spinal metastases, however, often also 
cause neuropathic pain with a radicular component 
(sensory deficit, burning pain, painful shock-like 

 sensations). This type of pain requires the additional 
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and perhaps antidepressants as well (e.g., amitri -
ptyline, doxepine) (1, e2, e3). In spinal cord compres-
sion syndromes, not only surgical intervention, but 
also the administration of glucocorticoids is of prime 
clinical importance. Steroids relieve the pain of spinal 
cord compression and reduce spinal cord edema 
through a mechanism involving prostaglandin 
 inhibition. The initial dose must be high enough to be 
effective (e.g., 16 to 32 mg of dexamethasone per 
day); as a rule, the steroid dose can be gradually 
 lowered starting four days after the initiation of 
 treatment (19).

Bone-specific systemic treatment with bisphospho -
nates is a further important component of the treatment 
of bony metastases (20). Bisphosphonates inhibit bone 
resorption and thus exert a major beneficial effect in 
bone that is involved by tumor. They are effective in the 
treatment of bony metastases that are osteolytic, 
 osteoplastic, or of a mixed nature. Studies currently in 
progress are addressing the question of their potential 
role as adjuvant therapy in an early stage of neoplastic 
disease before any bone metastases have been detected 
(21).

The goals of treatment
The relief of pain, if present, is a major consider-
ation in the treatment of spinal metastases.

Bisphosphonates
Bisphosphonates are an integral component of 
the current treatment of spinal metastases.

FIgure 3: Kyphoplasty of the L3 vertebral body after a pathological fracture due to metastatic breast cancer  
a) Lateral plain film showing involvement of the L3 vertebral body by metastatic breast cancer with a pathological impression fracture of the superior endplate without 
involvement of the posterior edge of the vertebra 
b) MRI of the same finding shown in a) 
c) and d) Plain x-rays and e) CT showing the result after vertebral body augmentation with bone cement (kyphoplasty)
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rity of the VB and can lead to compression or burst frac-
tures. These fractures can force bone fragments or tumor 
debris into the spinal canal or neural foramina, causing 
compression of neurological structures and pain or mo-
tor/autonomic impairment. In a cadaveric study, Windha-
gen et al.147 determined that the likelihood of pathological 
fracture could be predicted by calculating the product of 
cross-sectional area of the intact bone and bone mineral 
density. Taneichi et al.133 showed that collapse was pre-
dicted by 50–60% VB lysis in the thoracic spine and 35–
45% in the lower thoracic/lumbar spine. Segments of high 
mobility or stress, such as the cervicothoracic and thora-
columbar junctions, are likely to be subject to fracture 
with less tumor burden. Metastases to the dorsal elements 
of the spinal column, especially the facet joints, are be-
lieved to predispose patients to pathological dislocation, 
spondylolysis, and translational instability. These are un-
common, though, because metastasis to the posterior ele-
ments is much less common than to the VB.

Characterizing the degree and nature of instability 

can assist the selection of surgical approach and extent 
of reconstruction. This remains somewhat unclear in 
patients with neoplasia. The indications for fixation and 
decompression in instability secondary to neoplastic pro-
cesses are less clear, because the mechanisms of injury 
are different. Cybulski36 proposed imaging criteria for the 
assessment of spine instability due to tumors; these were 
as follows: 1) anterior and middle column destruction (> 
50% collapse of VB height); 2) collapse of 2 or more ad-
jacent VBs; 3) tumor involvement of the middle and pos-
terior columns (possibility of forward shear deformity); 
and 4) previous surgical laminectomy, with failure to rec-
ognize anterior and middle column disease. This study 
recommended surgical decompression and fixation when 
one of these instability criteria is met or when neural 
compression is present in patients with a life expectancy 
of > 5–6 months, competent immune and nutritional sta-
tus, incomplete neurological deficit, and a radioresistant 
tumor or a tumor that failed to respond to previous treat-
ment. Clearly, much more research is needed in the area 

FIG. 1. A: Intraoperative photograph of thoracic spondylectomy and anterior reconstruction with distractible titanium cage 
and posterior pedicle screw stabilization. B: Postoperative anteroposterior radiograph of thoracic spondylectomy and anterior 
reconstruction with distractible titanium cage and posterior pedicle screw stabilization. C: Postoperative coronal CT scan of 
thoracic spondylectomy and anterior reconstruction with distractible titanium cage and posterior pedicle screw stabilization. 
D: Postoperative lateral radiograph of thoracic spondylectomy and anterior reconstruction with distractible titanium cage and 
posterior pedicle screw stabilization.
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of bony metastases. The response rates range from 60% to 
90% and the indications are pain, chronically endangered 
stability, and the impending compression of neural tissue.

Pharmacotherapy
The level of activity of bone metastases is often corre-
lated with the local or overall tumor mass, and, there-
fore, systemic treatment should always be considered 
in addition to local treatment. The basic principles of 
systemic treatment are as follows: 
● If the metastases are located exclusively in bone, 

then monotherapy with a well-tolerated drug is 
the treatment of choice.

●  For hormone-sensitive tumors, e.g., breast cancer, 
endocrine therapy should be considered.

●  When other organs aside from bone are involved 
as well, polychemotherapy is a reasonable option. 

The relief of pain, if present, is a major consider-
ation in the treatment of spinal metastases. In general, 
pain due to bony metastases that are of the nociceptive 
type respond well to analgesic therapy according to 
the WHO algorithm and are particularly responsive to 
opiates (18). Spinal metastases, however, often also 
cause neuropathic pain with a radicular component 
(sensory deficit, burning pain, painful shock-like 

 sensations). This type of pain requires the additional 
administration of anticonvulsants (e.g., gabapentin) 
and perhaps antidepressants as well (e.g., amitri -
ptyline, doxepine) (1, e2, e3). In spinal cord compres-
sion syndromes, not only surgical intervention, but 
also the administration of glucocorticoids is of prime 
clinical importance. Steroids relieve the pain of spinal 
cord compression and reduce spinal cord edema 
through a mechanism involving prostaglandin 
 inhibition. The initial dose must be high enough to be 
effective (e.g., 16 to 32 mg of dexamethasone per 
day); as a rule, the steroid dose can be gradually 
 lowered starting four days after the initiation of 
 treatment (19).

Bone-specific systemic treatment with bisphospho -
nates is a further important component of the treatment 
of bony metastases (20). Bisphosphonates inhibit bone 
resorption and thus exert a major beneficial effect in 
bone that is involved by tumor. They are effective in the 
treatment of bony metastases that are osteolytic, 
 osteoplastic, or of a mixed nature. Studies currently in 
progress are addressing the question of their potential 
role as adjuvant therapy in an early stage of neoplastic 
disease before any bone metastases have been detected 
(21).

The goals of treatment
The relief of pain, if present, is a major consider-
ation in the treatment of spinal metastases.

Bisphosphonates
Bisphosphonates are an integral component of 
the current treatment of spinal metastases.

FIgure 3: Kyphoplasty of the L3 vertebral body after a pathological fracture due to metastatic breast cancer  
a) Lateral plain film showing involvement of the L3 vertebral body by metastatic breast cancer with a pathological impression fracture of the superior endplate without 
involvement of the posterior edge of the vertebra 
b) MRI of the same finding shown in a) 
c) and d) Plain x-rays and e) CT showing the result after vertebral body augmentation with bone cement (kyphoplasty)
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rity of the VB and can lead to compression or burst frac-
tures. These fractures can force bone fragments or tumor 
debris into the spinal canal or neural foramina, causing 
compression of neurological structures and pain or mo-
tor/autonomic impairment. In a cadaveric study, Windha-
gen et al.147 determined that the likelihood of pathological 
fracture could be predicted by calculating the product of 
cross-sectional area of the intact bone and bone mineral 
density. Taneichi et al.133 showed that collapse was pre-
dicted by 50–60% VB lysis in the thoracic spine and 35–
45% in the lower thoracic/lumbar spine. Segments of high 
mobility or stress, such as the cervicothoracic and thora-
columbar junctions, are likely to be subject to fracture 
with less tumor burden. Metastases to the dorsal elements 
of the spinal column, especially the facet joints, are be-
lieved to predispose patients to pathological dislocation, 
spondylolysis, and translational instability. These are un-
common, though, because metastasis to the posterior ele-
ments is much less common than to the VB.

Characterizing the degree and nature of instability 

can assist the selection of surgical approach and extent 
of reconstruction. This remains somewhat unclear in 
patients with neoplasia. The indications for fixation and 
decompression in instability secondary to neoplastic pro-
cesses are less clear, because the mechanisms of injury 
are different. Cybulski36 proposed imaging criteria for the 
assessment of spine instability due to tumors; these were 
as follows: 1) anterior and middle column destruction (> 
50% collapse of VB height); 2) collapse of 2 or more ad-
jacent VBs; 3) tumor involvement of the middle and pos-
terior columns (possibility of forward shear deformity); 
and 4) previous surgical laminectomy, with failure to rec-
ognize anterior and middle column disease. This study 
recommended surgical decompression and fixation when 
one of these instability criteria is met or when neural 
compression is present in patients with a life expectancy 
of > 5–6 months, competent immune and nutritional sta-
tus, incomplete neurological deficit, and a radioresistant 
tumor or a tumor that failed to respond to previous treat-
ment. Clearly, much more research is needed in the area 

FIG. 1. A: Intraoperative photograph of thoracic spondylectomy and anterior reconstruction with distractible titanium cage 
and posterior pedicle screw stabilization. B: Postoperative anteroposterior radiograph of thoracic spondylectomy and anterior 
reconstruction with distractible titanium cage and posterior pedicle screw stabilization. C: Postoperative coronal CT scan of 
thoracic spondylectomy and anterior reconstruction with distractible titanium cage and posterior pedicle screw stabilization. 
D: Postoperative lateral radiograph of thoracic spondylectomy and anterior reconstruction with distractible titanium cage and 
posterior pedicle screw stabilization.
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of bony metastases. The response rates range from 60% to 
90% and the indications are pain, chronically endangered 
stability, and the impending compression of neural tissue.

Pharmacotherapy
The level of activity of bone metastases is often corre-
lated with the local or overall tumor mass, and, there-
fore, systemic treatment should always be considered 
in addition to local treatment. The basic principles of 
systemic treatment are as follows: 
● If the metastases are located exclusively in bone, 

then monotherapy with a well-tolerated drug is 
the treatment of choice.

●  For hormone-sensitive tumors, e.g., breast cancer, 
endocrine therapy should be considered.

●  When other organs aside from bone are involved 
as well, polychemotherapy is a reasonable option. 

The relief of pain, if present, is a major consider-
ation in the treatment of spinal metastases. In general, 
pain due to bony metastases that are of the nociceptive 
type respond well to analgesic therapy according to 
the WHO algorithm and are particularly responsive to 
opiates (18). Spinal metastases, however, often also 
cause neuropathic pain with a radicular component 
(sensory deficit, burning pain, painful shock-like 

 sensations). This type of pain requires the additional 
administration of anticonvulsants (e.g., gabapentin) 
and perhaps antidepressants as well (e.g., amitri -
ptyline, doxepine) (1, e2, e3). In spinal cord compres-
sion syndromes, not only surgical intervention, but 
also the administration of glucocorticoids is of prime 
clinical importance. Steroids relieve the pain of spinal 
cord compression and reduce spinal cord edema 
through a mechanism involving prostaglandin 
 inhibition. The initial dose must be high enough to be 
effective (e.g., 16 to 32 mg of dexamethasone per 
day); as a rule, the steroid dose can be gradually 
 lowered starting four days after the initiation of 
 treatment (19).

Bone-specific systemic treatment with bisphospho -
nates is a further important component of the treatment 
of bony metastases (20). Bisphosphonates inhibit bone 
resorption and thus exert a major beneficial effect in 
bone that is involved by tumor. They are effective in the 
treatment of bony metastases that are osteolytic, 
 osteoplastic, or of a mixed nature. Studies currently in 
progress are addressing the question of their potential 
role as adjuvant therapy in an early stage of neoplastic 
disease before any bone metastases have been detected 
(21).

The goals of treatment
The relief of pain, if present, is a major consider-
ation in the treatment of spinal metastases.

Bisphosphonates
Bisphosphonates are an integral component of 
the current treatment of spinal metastases.

FIgure 3: Kyphoplasty of the L3 vertebral body after a pathological fracture due to metastatic breast cancer  
a) Lateral plain film showing involvement of the L3 vertebral body by metastatic breast cancer with a pathological impression fracture of the superior endplate without 
involvement of the posterior edge of the vertebra 
b) MRI of the same finding shown in a) 
c) and d) Plain x-rays and e) CT showing the result after vertebral body augmentation with bone cement (kyphoplasty)
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rity of the VB and can lead to compression or burst frac-
tures. These fractures can force bone fragments or tumor 
debris into the spinal canal or neural foramina, causing 
compression of neurological structures and pain or mo-
tor/autonomic impairment. In a cadaveric study, Windha-
gen et al.147 determined that the likelihood of pathological 
fracture could be predicted by calculating the product of 
cross-sectional area of the intact bone and bone mineral 
density. Taneichi et al.133 showed that collapse was pre-
dicted by 50–60% VB lysis in the thoracic spine and 35–
45% in the lower thoracic/lumbar spine. Segments of high 
mobility or stress, such as the cervicothoracic and thora-
columbar junctions, are likely to be subject to fracture 
with less tumor burden. Metastases to the dorsal elements 
of the spinal column, especially the facet joints, are be-
lieved to predispose patients to pathological dislocation, 
spondylolysis, and translational instability. These are un-
common, though, because metastasis to the posterior ele-
ments is much less common than to the VB.

Characterizing the degree and nature of instability 

can assist the selection of surgical approach and extent 
of reconstruction. This remains somewhat unclear in 
patients with neoplasia. The indications for fixation and 
decompression in instability secondary to neoplastic pro-
cesses are less clear, because the mechanisms of injury 
are different. Cybulski36 proposed imaging criteria for the 
assessment of spine instability due to tumors; these were 
as follows: 1) anterior and middle column destruction (> 
50% collapse of VB height); 2) collapse of 2 or more ad-
jacent VBs; 3) tumor involvement of the middle and pos-
terior columns (possibility of forward shear deformity); 
and 4) previous surgical laminectomy, with failure to rec-
ognize anterior and middle column disease. This study 
recommended surgical decompression and fixation when 
one of these instability criteria is met or when neural 
compression is present in patients with a life expectancy 
of > 5–6 months, competent immune and nutritional sta-
tus, incomplete neurological deficit, and a radioresistant 
tumor or a tumor that failed to respond to previous treat-
ment. Clearly, much more research is needed in the area 

FIG. 1. A: Intraoperative photograph of thoracic spondylectomy and anterior reconstruction with distractible titanium cage 
and posterior pedicle screw stabilization. B: Postoperative anteroposterior radiograph of thoracic spondylectomy and anterior 
reconstruction with distractible titanium cage and posterior pedicle screw stabilization. C: Postoperative coronal CT scan of 
thoracic spondylectomy and anterior reconstruction with distractible titanium cage and posterior pedicle screw stabilization. 
D: Postoperative lateral radiograph of thoracic spondylectomy and anterior reconstruction with distractible titanium cage and 
posterior pedicle screw stabilization.




















