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Abstract
Purpose: Although local control is an important issue for longer-term survivors of spinal metastases treated with conventional external
beam radiation therapy (EBRT), the literature on radiographic local failure (LF) in these patients is sparse. To inform clinical decision-
making, we evaluated rates, consequences, and predictors of radiographic LF in patients with spinal metastases managed with palliative
conventional EBRT alone.
Methods and Materials: We retrospectively reviewed 296 patients with spinal metastases who received palliative EBRT at a single
institution (2006-2013). Radiographic LF was defined as radiologic progression within the treatment field, with death considered a
competing risk. Kaplan-Meier, cumulative incidence, and Cox regression analyses determined overall survival estimates, LF rates, and
predictors of LF, respectively.
Results: There were 182 patients with follow-up computed tomography or magnetic resonance imaging; median overall survival for
these patients was 7.7 months. Patients received a median of 30 Gy in 10 fractions to a median of 4 vertebral bodies. Overall, 74 of 182
patients (40.7%) experienced LF. The 6-, 12-, and 18-month LF rates were 26.5%, 33.1%, and 36.5%, respectively, while corresponding
rates of death were 24.3%, 38.1%, and 45.9%. Median time to LF was 3.8 months. Of those with LF, 51.4% had new compression
fractures, 39.2% were admitted for pain control, and 35.1% received reirradiation; median time from radiation therapy (RT) to each of
these events was 3.0, 5.7, and 9.2 months, respectively. Independent predictors of LF included single-fraction RT (8 Gy) (hazard ratio
[HR], 2.592; 95% confidence interval [CI], 1.437-4.675; P Z .002), lung histology (HR, 3.568; 95% CI, 1.532-8.309; P Z .003), and
kidney histology (HR, 4.937; 95% CI, 1.529-15.935; P Z .008).
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Conclusions: Patients experienced a >30% rate of radiographic LF by 1 year after EBRT. Single-fraction RT and lung or kidney
histology predicted LF. Given the high rates of LF for patients with favorable prognosis, assessing the risk of death versus LF is
important for clinical decision-making.
� 2021 Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Approximately two-thirds of patients with cancer
develop bony metastases during their lifetime, with the
highest prevalence of bony metastases of 65% to 75% in
patients with breast and prostate cancers.1-3 The most com-
mon site of bony metastasis is the spine.3 The main goals of
treatment for spinal metastases are aimed at improving site-
related symptoms, optimizing local control, and reducing
risk of site-related spinal events, such as fracture and cord
compression.4-8 Conventional external beam radiation
therapy (EBRT) has traditionally been the primary modality
of treatment for spinal metastases, with larger doses of ra-
diation delivered in a single fraction or smaller doses over a
multifractionated regimen.9,10 The treatment dose limitation
in conventional EBRT is the toxicity of radiation to the
spinal cord.11 Among patients with a more favorable prog-
nosis or with radioresistant tumors, stereotactic body radia-
tion therapy (SBRT) has emerged as a method for delivering
high doses of radiation in a dose-escalated manner to the
target vertebral region while minimizing radiation to nearby
critical structures such as the spinal cord.9,12 For patients
presenting with spinal cord compression, studies have also
shown the benefits of radiation therapy (RT) combined with
surgery in improving functional status.13-16 In situations of
spinal instability or vertebral collapse, surgery or verte-
broplasty may restore spinal stability.17

Although current treatments may palliate symptoms
or improve functional status, there are minimal data
describing patterns of local failure (LF) in patients with
spinal metastases treated with conventional EBRT
alone, despite its relatively common occurrence. The
few studies that have reported on LF for spinal me-
tastases after treatment with conventional EBRT have
focused on metastatic spinal cord compression and
reirradiation as endpoints of LF, which may not suffi-
ciently capture true radiographic LF events and their
clinical sequelae.18-22 Given the clinical implications of
recurrence in the spine, understanding patterns of LF
after EBRT is critical. Our study aimed to compre-
hensively evaluate for rates, consequences, and pre-
dictors of radiographic LF within a cohort of patients
treated with conventional EBRT alone for spinal me-
tastases, to inform clinical decision-making for patients
treated with this modality of RT.
Methods and Materials

Study population

After obtaining institutional review board approval, we
performed a retrospective analysis of 296 consecutive
patients with spinal metastases who were treated with
EBRT alone at our institution between January 2006 and
December 2013. For nearly all patients, EBRT was used
to treat 1 vertebral body above, 1 vertebral body below,
and the entire lateral extent of vertebral bodies with
metastatic disease, as well as the set-up margin. There
were 3 patients who had 1 to 2 vertebral bodies treated
with RT. Each patient in this study had 1 radiation
treatment site; treatment of vertebral bodies were contin-
uous sites and not separate treatments. Patients who were
treated with SBRT to the primary metastatic lesion and
patients who had solely paraspinal, but not spinal, disease
were excluded from the study.
Study parameters and endpoints

Patients’ medical records were reviewed for clinical
characteristics. Metastatic burden, spine level, paraspinal
disease, epidural involvement, cord compression, and
radiologic progression noted on computed tomography
(CT) or magnetic resonance imaging (MRI) were deter-
mined by the reviewing radiologist. Spinal instability was
determined by a radiation oncologist according to the
spinal instability neoplastic score (SINS) system, with a
score of 1 to 6 denoting clinically stable lesions, 7 to 12
denoting potentially unstable lesions, and 13 to 18 indi-
cating unstable lesions.23 Eastern Cooperative Oncology
Group performance status, ambulatory status, and pres-
ence of neuropathic pain were assessed by the patient’s
clinician.

The primary endpoints were rates of radiographic LF
and time to development of radiographic LF, defined as
time from the start of RT to radiologic progression within
the treatment field of the irradiated metastasis, as deter-
mined by the reviewing radiologist and confirmed by a
radiation oncologist. Secondary endpoints included: (1)
time to consequences of LF, as manifested by new frac-
tures, pain admissions, or neurologic symptoms and (2)
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time to interventions for LF, which included reirradiation
of treated spinal metastasis, invasive interventions for
pain control, salvage surgery, and vertebroplasty. Invasive
interventions for pain control included local spinal in-
jections, such as the placement of indwelling catheters
and nerve ablation, at the site of radiographic LF.

Statistical analysis

Cumulative incidence estimates were used to deter-
mine radiographic LF rates, with death considered a
competing risk. Censoring occurred at the date of last
follow-up or date of death. We used X2 analyses to
compare baseline characteristics between patients with
versus without LF. We conducted Cox proportional haz-
ards regression analyses to test predictors of LF and to
calculate hazard ratios (HRs). Overall survival (OS) es-
timates were determined by the Kaplan-Meier method and
compared using the log-rank test. Descriptive statistics
were used to summarize estimates of time to conse-
quences of LF and interventions for LF. Analyses were
conducted with R version 3.5.2, with 2-sided tests and
statistical significance set at 0.05.
Results

Patient characteristics

A total of 182 out of 296 patients who received con-
ventional EBRT for spinal metastases had follow-up CT or
MRI available for review. On average, patients received
imaging every 3 to 4months.MedianOS for all 296 patients
was 4months. Of the 114 patients without imaging, median
Figure 1 Overall survival in patients with spinal metastases managed
up imaging (N Z 296).
OS was 4 months; 99 patients (86.7%) had died within 4
months of RT (Fig 1). In contrast, median OS for patients
with imaging was 7.7 months; 48 of the 182 patients
(26.4%) with imaging had died within 4 months. Patients
with compared to without imaging had statistically signif-
icant higher median OS (P< .0001) and represent a cohort
with more favorable prognosis. Further analyses in this
study include only the 182 patients who had received im-
aging, to allow for radiographic detection of LF.

Among the patients with imaging, median follow-up
time was 7.9 months overall (range, 0-124 months) and
20 months for those surviving at least 1 year. The median
age at the start of RT was 60.5 years (range, 23-97 years).
Most patients (52.2%) received 30 Gy in 10 fractions to a
median of 4 vertebral bodies. There were 32 patients
(17.6%) who received a single fraction of 8 Gy. The most
common primary tumor histology was lung (23.6%). The
thoracic spine was the most common site of metastasis,
occurring in 46.2% of patients. Just over half of patients
(54.4%) had epidural involvement and 33.5% had para-
spinal disease. Baseline clinical and radiation dose data
for patients are summarized in Table 1.

Rates and consequences of radiographic local
failure

Overall, 74 of 182 patients (40.7%) experienced
radiographic LF. The 6-, 12-, 18-, and 24-month LF rates
were 26.5%, 33.1%, 36.5%, and 37.0% respectively,
whereas corresponding rates of death were 24.3%, 38.1%,
45.9%, and 49.7% (Fig 2). Median time to LF was 3.8
months. Patients with breast histology had the lowest
cumulative incidence of LF at 22.5%, followed by those
with melanoma histology at 28.6%. The cumulative
with conventional radiation therapy with versus without follow-



Table 1 Baseline clinical characteristics of patients with spinal metastases with radiologic imaging (n Z 182)

Overall
(N Z 182)

Patients with
local failure
(n Z 74)

Patients without
local failure
(n Z 108)

Comparison of baseline
characteristics (with vs
without local failure)

No. % No. % No. % P value

Age at RT start (years)
Median 60.5 - 59.5 - 61 - -
Range 23-97 - 38-97 - 23-87 - -

Sex
Female 100 54.9 35 47.3 65 60.2 .086
Male 82 45.1 39 52.7 43 39.8

Time from metastatic
diagnosis to RT start (years)

Median 0.7 - 0.9 - 0.5 - -
Range 0-12.4 - 0-9.1 - 0-12.4 - -

ECOG PS
0 35 19.2 16 21.6 19 17.6 .835
1 97 53.3 37 50 60 55.6
2 34 18.7 15 20.3 19 17.6
3 16 8.8 6 8.1 10 9.3

Histology
Breast 40 22.0 9 12.2 31 28.7 .013
Lung 43 23.6 17 23.0 26 24.1
Prostate 32 17.6 17 23.0 15 13.9
Kidney 10 5.5 8 10.8 2 1.8
Melanoma 7 3.8 2 2.7 5 4.6
Other* 50 27.5 21 28.4 29 26.9

Metastatic burdeny

1 41 22.5 18 24.3 23 21.3 .497
2 58 31.9 24 32.4 34 31.5
3 42 23.1 13 17.6 29 26.9
�4 41 22.5 19 25.7 22 20.4

Spine level
Cervical 8 4.4 4 5.4 4 3.7 .559
Thoracic 84 46.2 30 40.5 54 50.0
Lumbar 74 40.7 34 45.9 40 37.0
Spine 16 8.8 6 8.1 10 9.3

SINS
0-6 71 39.0 28 37.8 43 39.8 .786
7-12 99 54.4 40 54.1 59 54.6
�13 12 6.6 6 8.1 6 5.6

Ambulatory 172 94.5 69 93.2 103 95.4 .536
Cord compression 19 10.4 8 10.8 11 10.2 .892
Neuropathic painz 96 52.7 43 58.1 53 49.5 .230
Paraspinal diseasez 61 33.5 21 28.4 40 37.4 .224
Epidural involvementx 99 54.4 43 68.3 56 59.6 .405
Total RT dose (Gy)
Median 30 - 30 - 30 - -
Range 8-40 - 8-40 - 8-37.5 - -

Dose regimens
Single-fraction (8 Gy) 32 17.6 18 24.3 14 13.0 .048
Multifractionk 150 82.4 56 75.7 94 87.0

Cumulative BED{

40 Gy 32 17.6 18 24.3 14 13 .197
41-60 Gy 29 15.9 11 14.9 18 16.7
61-75 Gy 94 51.6 33 44.6 61 56.5
�76 Gy 27 14.8 12 16.2 15 13.9

(continued on next page)
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Table 1 (continued )

Overall
(N Z 182)

Patients with
local failure
(n Z 74)

Patients without
local failure
(n Z 108)

Comparison of baseline
characteristics (with vs
without local failure)

No. % No. % No. % P value

Number of vertebral bodies
covered by RT

1 2 1.1 0 0 2 1.9 .525
2 1 0.5 0 0 1 0.9
3 43 23.6 20 27 23 21.3
4 50 27.5 20 27 30 27.8
5 29 15.9 15 20.3 14 13
6 19 10.4 5 6.8 14 13
7 17 9.3 5 6.8 12 11.1
8 10 5.5 5 6.8 5 4.6
�9 11 6.0 4 5.4 7 6.5

Abbreviations: BED Z biological equivalent dose; ECOG PSZ Eastern Cooperative Oncology Group Performance Status; RT Z radiation therapy;
SINS Z spinal instability neoplastic score.

* Other histology includes: Adrenal (n Z 1), carcinoid (n Z 2), colon (nZ 9), dermatofibroid (n Z 1), endometrium/uterine (n Z 4), esophagus
(nZ 14), head and neck (nZ 9), leiomyosarcoma (nZ 1), liposarcoma (nZ 1), meningioma (nZ 1), mesothelioma (nZ 1), neuroendocrine (nZ
2), nuclear protein in testis midline carcinoma (n Z 1), pancreas (n Z 4), sacromatoid (n Z 1), salivary (n Z 1), sarcoma (n Z 9), skin (n Z 3),
stomach (n Z 2), thyroid (n Z 5), and urothelial (n Z 9).

y Metastatic burden refers to the number of systems with metastatic disease (eg, lung, liver, etc).
z Presence of neuropathic pain and paraspinal disease was unknown for 1 patient, who did not experience local failure.
x Presence of epidural involvement was unknown for 25 patients, 11 of whom experienced local failure.
k Multifraction regimens included 20 Gy in 5 fractions (n Z 20), 30 Gy in 10 fractions (n Z 95), 35 to 37.5 Gy in 14 to 15 fractions (n Z 23),

and other radiation therapy regimens (n Z 12).
{ BED refers to the biological equivalent dose of the cumulative dose of RT delivered to the spine

Figure 2 Cumulative incidence of radiographic local failures versus deaths in patients with spinal metastases managed with
conventional radiation therapy (n Z 182).
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Figure 3 Cumulative incidence of radiographic local failures by histology in patients with spinal metastases managed with
conventional radiation therapy (n Z 182).
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incidence of LF among patients with lung, kidney, pros-
tate, and other histology was 39.5%, 80%, 53.1%, and
42%, respectively (Fig 3).

Of the 74 patients with LF, 55 (74.3%) experienced at
least 1 consequence of LF. There were 38 patients (51.4%)
who had new compression fractures, of which 18 (47.4%)
were symptomatic. Twenty-nine patients (39.2%) had ad-
missions for pain control, 21 patients (28.4%) developed
neurologic symptoms, and 13 patients (17.6%) developed
cord compression. The median time from RT to compres-
sion fracture, admission for pain control, neurologic
symptoms, or cord compression was 3, 5.7, 10.5, and 9
months, respectively. Nearly half of patients with LF
(41.9%) had at least 1 intervention for LF, which included
reirradiation (35.1%), invasive interventions for pain con-
trol (14.9%), salvage surgery (10.8%), and vertebroplasty
(6.8%). The median time from RT to reirradiation, invasive
interventions for pain control, salvage surgery, and verte-
broplasty was 9.2, 6, 9.6, and 3.2 months, respectively.
Predictors of local failure

On univariable analysis, histology was a significant
predictor of LF (Table 2). Compared with patients with
breast histology, who had the lowest cumulative inci-
dence of LF, patients with lung (HR, 3.717; 95%
confidence interval [CI], 1.638-8.435; P Z .002), kid-
ney (HR, 8.684; 95% CI, 3.286-22.948; P < .0001),
and prostate histology (HR, 2.523; 95% CI, 1.115-
5.708; P Z .026) had significantly higher rates of LF.
Those with histology other than breast, lung, kidney,
prostate, and melanoma also had a higher incidence of
LF (HR, 4.096; 95% CI, 1.852-9.058; P < .0001). In
addition, male sex (HR, 1.731; 95% CI, 1.093-2.743; P
Z .019) and single-fraction RT (8 Gy) (HR, 3.172;
95% CI, 1.832-5.494; P < .0001) were significant
predictors of LF. Compared with patients with SINS of
0 to 6, those with SINS of 7 to 12 and �13 did not
have an increased risk of LF.

In a multivariable model (Table 2) including sex,
fractionation, histology, and SINS, independent pre-
dictors of LF included single-fraction RT (8 Gy) (HR,
2.527; 95% CI, 1.397-4.571; P Z .002), lung histology
(HR, 3.594; 95% CI, 1.545-8.365; P Z .003), kidney
histology (HR, 4.888; 95% CI, 1.526-15.661; P Z
.008), and other histology (HR, 3.861; 95% CI, 1.676-
8.894; P Z .002). Age, male sex, time from metastatic
diagnosis to start of RT, Eastern Cooperative Oncology
Group, metastatic burden, SINS, and presence of



Table 2 Predictors of local failure on univariable and multivariable analyses with censoring at death (n Z 182)

Variable Univariable analyses Multivariable analyses

HR [95% CI] P value HR [95% CI] P value

Age at RT (per year) 1.000 [0.982-1.018] .984 - -
Male sex (Ref: female) 1.731 [1.093-2.743] .019 1.282 [0.659-2.495] .465
Time from metastatic diagnosis to RT start (per year) 1.000 [1.000-1.000] .485 - -
ECOG PS (Ref: 0)
1 1.156 [0.639-2.091] .632 - -
2 1.746 [0.854-3.567] .127 - -
3 1.545 [0.601-3.972] .366 - -

Histology (Ref: breast)
Lung 3.717 [1.638-8.435] .002 3.568 [1.532-8.309] .003
Kidney 8.684 [3.286-22.948] <.0001 4.937 [1.529-15.935] .008
Prostate 2.523 [1.115-5.708] .026 1.947 [0.680-5.572] .214
Melanoma 1.895 [0.380-9.457] .436 1.989 [0.390-10.142] .408
Other 4.096 [1.852-9.058] <.0001 3.699 [1.612-8.487] .002

Metastatic burden (Ref: 1)
2 1.323 [0.714-2.454] .374 - -
3 1.080 [0.525-2.222] .834 - -
�4 1.860 [0.970-3.567] .062 - -

SINS (Ref: 0-6)
7-12 0.962 [0.591-1.568] .877 1.168 [0.697-1.956] .556
�13 1.069 [0.421-2.642] .886 1.221 [0.483-3.083] .673

Neuropathic pain (Ref: no neuropathic pain) 1.474 [0.920-2.361] .106 - -
Paraspinal disease (Ref: no paraspinal disease) 0.761 [0.458-1.263] .290 - -
Epidural disease (Ref: no epidural disease) 1.472 [0.856-2.532] .162 - -
Single-fraction 8 Gy (Ref: Multifraction RT) 3.172 [1.832-5.494] <.0001 2.592 [1.437-4.675] .002

Abbreviations: CI Z confidence interval; ECOG PS Z Eastern Cooperative Oncology Group Performance Status; HR Z hazard ratio;
Ref Z reference group; RT Z radiation therapy; SINS Z spinal instability neoplastic score.
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paraspinal, neuropathic, or epidural disease were not
independent predictors of LF.
Discussion

The majority of patients who develop spinal metasta-
ses undergo palliative radiation therapy to alleviate pain,
prevent local disease progression, and prevent the devel-
opment of subsequent pathologic fractures or neurologic
complications.24,25 For long-term survivors, local control
of spinal metastases is an important issue. The literature
on LF among patients with spinal metastases receiving
conventional EBRT is sparse. To date, the data available
have focused on metastatic spinal cord compression and
reirradiation as endpoints of LF, which may not suffi-
ciently capture true radiographic LF events and their
clinical sequelae.18-22 Other studies comparing single-
fraction and multifraction RT, including a recently re-
ported noninferiority randomized clinical trial examining
ambulatory status as the primary endpoint, have focused
on the value of different fractionation schemes in the
context of clinical symptom relief.26 Of note, the patients
in that study had poorer prognosis, as the median survival
was 3 months and 37% of patients had died before the 2-
month ambulatory status assessment. Our study is the first
to our knowledge to comprehensively evaluate for pre-
dictors and consequences of radiographic LF within a
cohort of patients with a more favorable prognosis, with a
median follow-up of nearly 8 months following treatment
with conventional EBRT alone for spinal metastases.

In this study using modern conventional EBRT tech-
niques at an academic institution, the 1-year LF rate was
33.1%. Local failure for most patients occurred within the
first 6 months after conventional EBRT, with a median
time to LF of 3.8 months. There were notable clinical
implications of LF, including new compression fractures,
admissions for site-related symptoms, new neurologic
symptoms, and development of spinal cord compression.
Among the limited data available describing LF rates after
conventional EBRT, one study of patients managed with
primary surgery found a 1-year local recurrence of
69.3%.27 Only 60% of these patients received post-
operative adjuvant therapy, which likely accounted for the
higher incidence of LF compared with that of our cohort.
More recent studies have shown improved local control
rates that are comparable to those in our study. In two
studies on metastatic spinal cord compression from rela-
tively radioresistant tumors, the 1-year local control rates
were 76% to 84% after 30 Gy (10 fractions) and 80% to
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82% after higher doses of 37.5 Gy (15 fractions) or 40 Gy
(20 fractions).28,29 In both of these studies, there were no
statistically significant differences in local control with
dose escalation beyond 30 Gy.

In concert with the known higher incidence of
retreatment among patients receiving single fraction-
ation,19,21,30-33 we found that patients who received a
single fraction of 8 Gy were more likely than those who
received multiple fractions across a longer course of RT
to experience LF. A meta-analysis of single-fraction
versus multifraction randomized controlled trials in
painful, uncomplicated bone metastases demonstrated that
pain responses of single-fraction versus multifraction RT
were equivalent; however, rates of retreatment were
higher in the single-fraction group at 20% compared with
8% in the multifraction group.21 Of note, patients enrolled
in the trials included in this meta-analysis did not have
prespecified follow-up imaging, and thus may not have
had radiographic detection of LF that otherwise may have
been diagnosed by surveillance imaging. Although
patients with poor expected survival would benefit from a
shorter RT course to decrease the burden associated with
daily RT visits, these data support treating with multi-
fractionated RT for patients with a prognosis that exceeds
the timeframe of risks related to LF.

In addition, our study found that histology was an
independent predictor of LF. In particular, lung, kidney,
or other histology (excluding breast, lung, kidney, pros-
tate, or melanoma) were significantly associated with
higher rates of LF, compared with breast histology, which
is considered more radiosensitive and associated with a
more favorable prognosis.34 For patients with kidney
histology, the cumulative incidence of LF was highest, at
80%. Patients with lung histology and other histology had
cumulative incidences of 39.5% and 42%, respectively.
The findings of higher LF in patients with kidney and
lung histology are likely related to radioresistance, as both
renal cell carcinoma and non-small cell lung cancer are
known to have increased radioresistance to conventional
EBRT.35-37

These study findings have important implications for
patients with spinal tumors. First, the high rates of LF
occurring largely within the first 6 months post-RT
highlight the critical role of prognostication in RT
decision-making in the management of spinal tumors. Our
data suggest that patients with a life expectancy of greater
than a few months require consideration of the risks of
potential LF after conventional EBRT. Furthermore,
predictors of LFdnamely dose and histologydshould
also influence treatment decisions for spinal tumors.
Given that single-fraction RT is associated with an
increased risk of LF among patients with favorable
prognosis and that LF is related to significant clinical
consequences, other RT modalities or fractionation pat-
terns may be important to consider for patients in whom
longer life expectancy is projected. Prognosis prediction
models may be used to identify which patients may sur-
vive long enough to benefit from more nuanced consid-
erations of treatments and LF outcomes.38,39 Clinicians
should weigh the risk of LF and its consequences versus
the risk of death in the treatment decision-making process.

For some patients with favorable prognosis, especially
for those with more radioresistant tissue histology, dose-
escalated radiation may be beneficial. Reports of 1-year
local control estimates ranging from 81% to 98% suggest
that SBRT may have a role in improving local control
outcomes in spinal metastases.9,11-13,40-47 A recent phase
II randomized controlled trial noted improvements in pain
response and local control for patients receiving SBRT of
12 or 16 Gy compared with multifraction RT of 30 Gy (10
fractions).48

Finally, these findings inform surveillance imaging
after RT for spinal metastases. Given the high proportion
of patients who experience LF within the first 6 months of
RT, interval imaging of patients every 2 to 3 months in
the first 6 months after RT may be indicated. Given
continued failures after 6 months, ongoing imaging at
longer intervals may also be indicated. Such imaging may
facilitate early management of LF and avoid site-related
events such as admissions for failure-related pain and
metastatic spinal cord compression.

Limitations of this study include the retrospective na-
ture of our review from a single institution. In addition,
patients for whom we did not have at least 1 posttreatment
CT or MRI available to review, from which we could
determine radiologic evidence of LF, were excluded from
analyses. This likely selects out the patients with very
poor prognosis and patients who travel from long dis-
tances to an academic center for portions of their cancer
care. Most patients without imaging had died within 4
months of RT completion, and may not have lived long
enough to experience or to receive imaging to detect LF
before death. Patients with very poor prognosis also may
not have desired posttreatment imaging as part of their
goals of care. Finally, this study was unable to distinguish
between compression fracture as a consequence of LF or
complication of treatment. However, the risk of treatment-
related fracture is significantly less with conventional RT
compared with SBRT,49 and all of the patients with
compression fractures described in this study had radio-
graphic evidence of LF. Furthermore, although a higher
SINS has been shown to increase the risk for compression
fracture,50 SINS was not a predictor of LF on univariable
or multivariable analyses. This suggests that the
compression fractures noted in this study are likely a
consequence of LF and not due to treatment or intrinsic
vertebral instability.

Despite the limitations, this is the first study to our
knowledge to report on radiographic LF rates after con-
ventional EBRT and is one of the largest studies to date
on patients with spinal metastases treated with conven-
tional EBRT with a long follow-up period for surviving



Advances in Radiation Oncology: MaydJune 2021 Local failure in spinal metastases 9
patients. For patients who were consistently seen at our
institution, we had routine interval imaging after treat-
ment, which provided early, objective radiologic evidence
of LF and thus increased accuracy of LF rates at each 6-
month timepoint. These data may guide clinicians in
management decisions, informing expectations, and
counseling patients with spinal metastases treated with
conventional EBRT.

Conclusions

Patients with spinal metastases treated with conven-
tional EBRT experience an over 30% rate of LF by 1 year,
which results in the frequent need for admissions for pain
control and interventions such as reirradiation and sur-
gery. Significant predictors of LF include single-fraction
RT of 8 Gy and primary lung or kidney histology. Given
the high rates of LF and its clinical consequences, our
study suggests that single-fraction RT of 8 Gy should be
reserved for patients with poor prognosis, and that
assessment of the risk of death versus LF is important
when determining treatment modality and fractionation.
Further research is needed to determine how to reduce LF
among high-risk patients.
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