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Bone metastases remain one of the most common sites
of metastatic cancer spread. Bone metastases can cause
considerable pain for patients, which can lead to anxiety, a
sense of hopelessness, and depression (1,2). While adequate
pain control from cancer-related pain can often be achieved
through the use of individualized pain management
strategies optimizing analgesic medications (3), many
patients require palliative radiotherapy as a means to most
optimally control their pain, prevent bone fraction or
spinal cord compression, or provide durable tumor control.
While the recently evolving landscape of systemic therapies
has changed the treatment paradigm for many metastatic
patients, the improved response rates and even prolonged
survivals seen with target therapies and immunotherapies
provide further justification for aggressive pain management
of painful bone metastasis and for a local therapy option
that provides durable tumor control in metastatic patients
who are achieving longer overall survivals.

The optimal dose-fractionation regimen for palliative
radiotherapy for bone metastasis remains controversial.
In the past half century, numerous randomized trials in
palliative oncology have assessed outcomes with various
radiation dose-fractionation schemes. These trials have
been jointly analyzed in multiple systematic reviews and
meta-analyses that have concluded that single-fraction
radiotherapy (8 Gy x1 fraction) is equivalent in pain
relief to longer radiotherapy courses (such as 4 Gy x
5 fractions, 4 Gy x6 fractions, 3 Gy x10 fractions, or even
more prolonged fractionation schemes) for uncomplicated
bone metastases, which includes those without pathologic
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fracture, spinal cord compression, neuropathic pain, or
soft tissue component (4-7). When delivering palliative
radiotherapy using single- or multi-fraction regimens for
uncomplicated bone metastases, approximately 25-40% of
patients achieve complete pain relief, and the overall pain
response rate is approximately 75-90% (4-8).

Complete and overall response rates, overall side effect
profiles, and rates of subsequent spinal cord compression
across studies generally are not significantly difference
between single- and multi-fraction radiotherapy, whereas
some analyses have demonstrated higher rates of
pathological fractures after single-fraction radiotherapy,
and the rate of retreatment is generally higher for single-
fraction radiotherapy (4-7). These higher retreatment
rates are perhaps due to less durable pain control and also
radiation oncologists’ increased willingness and comfort
with retreatment after relatively low dose, single-fraction
radiotherapy (8). Notably, even with accounting for higher
retreatment rates, single-fraction radiotherapy has been
demonstrated to be more cost-effective than multi-fraction
radiotherapy for uncomplicated bone metastases (9). With
conventional radiotherapy, therefore, there is a tradeoff
between multi-fraction regimens that deliver higher total
radiotherapy doses that potentially have more durable pain
control versus single-fraction regimens are more convenient
for patients and their caregivers, less resource intensive on
radiation oncology clinics, more cost effective, and better
able to be integrated before or between cycles of systemic
therapy.

Stereotactic body radiation therapy (SBRT) may allow
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for the best of both approaches—a short and convenient
treatment course that delivers high-dose radiotherapy
that can provide durable treatment responses. SBRT is
an advanced radiotherapy modality that has emerged as
an option for treating patients with symptomatic bone
metastases (10). SBRT delivers an ultrahigh dose of
radiation per treatment fraction to a defined target. SBRT
imparts ablative radiotherapy doses and often higher
biologic-equivalent doses (BED) of radiotherapy than are
achievable with conventionally fractionated radiation, which
often translates into superior tumor killing compared with
conventional radiotherapy. SBRT also achieves a rapid
dose falloff beyond the tumor, allowing for a high degree
of normal tissue sparing. Reproducible target localization
is critical when delivering SBRT, and the use of fiducial
markers or image-guided radiotherapy to verify correct
patient positioning and tumor localization before each
treatment should be employed, methods that are often
unnecessary when delivering conventionally fractionated
palliative radiotherapy (11).

As the majority of patients will experience few side effects
and receive significant clinical benefit from conventional
palliative radiotherapy with commonly delivered regimens
such as 8 Gy x1 fraction, 4-5 Gy x5-6 fractions, and 3 Gy
x10 fractions, determining which patients could have an
appreciable benefit from SBRT currently is not defined.
SBRT in patients with metastatic disease can be particularly
beneficial in the reirradiation setting for which disease
or symptoms have recurred following an initial course of
palliative radiotherapy, as SBRT can limit retreatment doses
to normal tissues and thus may limit side effects while still
achieving palliative relief (12). SBRT is also particularly
suited for advanced stage patients with oligoprogressive or
oligometastatic disease. In this setting, more than palliating
symptoms, SBRT can achieve durable tumor control and
can improve progression-free survival and even overall
survival compared with systemic therapy alone (13-15).

The benefit of SBRT cover conventional radiotherapy
for patients with symptomatic bone metastases is currently
an area of active investigation. RTOG 0631, a randomized
phase II-III trial of uncomplicated spinal bone metastases
without cord compression, is assessing complete pain relief
following single-fraction SBRT to 16-18 Gy versus single-
fraction conventional radiotherapy to 8 Gy (16). This trial
has completed accrual, and when it is reported it could
change the treatment approach for palliative patients. Until
now, however, no randomized trial comparing SBRT to
multi-fractionated radiotherapy for patients with painful
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bone metastases has been completed to inform clinicals of
the true utility and benefits of SBRT.

Investigators from University of Texas MD Anderson
Cancer Center conducted a randomized phase II non-
inferiority trial where they enrolled 160 adult patients with
painful bone metastasis from 09/2014 to 06/2018 (17). The
study focused on uncomplicated bone metastases, as patients
with spinal cord compression and pathologic fractures
were excluded. Patients were treated with SBRT in a single
fraction (12 Gy for >4 cm lesions or 16 Gy to <4 c¢m lesions)
or with multi-fraction conventional radiotherapy (30 Gy in
10 fractions). The primary endpoint of the study was pain
response, as defined by a combination of pain score and
analgesic usage.

Among evaluable patients receiving treatment per
protocol (107 of 160 enrolled patients), more patients in
the SBRT arm were classified as pain responders (complete
or partial responses) at 2 weeks (62% vs. 36%, P=0.01),
3 months (72% vs. 49%, P=0.03), and 9 months (77%
vs. 46%, P=0.03), whereas response rates were similar at
1 month (68% wvs. 45%, P=0.21) and 6 months (68% us.
61%, P=0.78). Intention-to-treat analyses also showed
similar to higher response rates for SBRT at 2 weeks
(P=0.03), 1 month (P=0.18), 3 months (P=0.05), 6 months
(P=0.89), and 9 months (P=0.06). Furthermore, local
control rates at both 1 and 2 years were higher among
patients in the SBRT arm, and the cumulative incidence of
local failures at 24 months were 0% vs. 10% (P=0.02). This
uniform local control with SBRT is in keeping with prior
analyses showing excellent rates of durable control with
SBRT for bone metastases (10,18). Reirradiation rates also
trended lower with SBRT (1-year: 0% vs. 3%; 2-year: 0%
vs. 5%; P=0.10). Progression-free survival rates were higher
with SBRT (1-year: 100% vs. 90.5%; 2-year: 100% vs.
75.6%; P=0.01), whereas the overall survival was identical
between arms (17).

These benefits of SBRT were not at the expense of
toxicity, as there were no differences in treatment-related
adverse events or quality-of-life scores between arms. In
fact, both treatment arms led to similarly improved quality-
of-life scores. Interestingly, pain response rates among
SBRT patients were higher with 16 Gy than with 12 Gy
at 3 months (62% vs. 30%), and higher-dose SBRT also
provided the most durable response (9-month response
rates were 43% vs. 13%) (17). While this is in keeping with
the known finding that higher BED of SBRT correlate with
higher tumor response rates and improved outcomes (19,20),
the results in this study may also be confounded by higher

Ann Palliat Med 2019;8(4):360-363 | http://dx.doi.org/10.21037/apm.2019.07.06



362

doses in the trial being delivered to smaller lesions that
would have been more likely to respond to treatment.

The authors should be commended for completing
the first-ever randomized trial of SBRT in this patient
population. While several limitations of this trial exist,
including several patients not receiving treatment per
randomization, considerable patient attrition during the
course of the trial, and this being a single-center study, this
trial further establishes high-dose, single-fraction SBRT
as a standard treatment option that is safe and effective
for patients with painful bone metastases. The authors
demonstrated that higher BEDs delivered with SBRT can
achieve improved short- and long-term pain responses,
and that SBRT might be the optimal approach for select
patients with excellent performance statuses, longer life
expectancies, and limited bone metastases. While providers
should consider patient prognosis when determining
which radiotherapy dose-fractionation scheme to deliver,
this underlies the challenge of predicting survival for
patients with metastatic disease, for which physicians often
significantly overestimate life expectancy (21).

Providers treating patients with advanced malignancies
and bone metastases causing pain should consider early
referral to palliative care services to improve clinical
outcomes and patient quality of life (22) and to radiation
oncologists for evaluation of palliative radiotherapy to
improve symptom scores, including pain. With the rise in
single-fraction radiotherapy regimens, either delivered as
conventional treatment or as SBRT, radiation therapy can
now more easily (and potentially more synergistically) than
ever be integrated into a patient’s overall treatment course
with systemic therapy (23) and can achieve a speedy pain
response when delivered for painful uncomplicated bone
metastases that can improve quality of life for patients (24).
Multi-center randomized trials are encouraged and could
establish SBRT as the preferred treatment approach for
select patients with painful, uncomplicated bone metastases.
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