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Purpose: This guideline provides evidence-based recommendations for palliative external beam radiation therapy (RT) in symptomatic
bone metastases.

Methods: The ASTRO convened a task force to address 5 key questions regarding palliative RT in symptomatic bone metastases. Based
on a systematic review by the Agency for Health Research and Quality, recommendations using predefined consensus-building method-
ology were established; evidence quality and recommendation strength were also assessed.

Results: For palliative RT for symptomatic bone metastases, RT is recommended for managing pain from bone metastases and spine
metastases with or without spinal cord or cauda equina compression. Regarding other modalities with RT, for patients with spine metas-
tases causing spinal cord or cauda equina compression, surgery and postoperative RT are conditionally recommended over RT alone.
Furthermore, dexamethasone is recommended for spine metastases with spinal cord or cauda equina compression. Patients with non-
spine bone metastases requiring surgery are recommended postoperative RT. Symptomatic bone metastases treated with conventional
RT are recommended 800 cGy in 1 fraction (800 cGy/1 fx), 2000 cGy/5 fx, 2400 cGy/6 fx, or 3000 cGy/10 fx. Spinal cord or cauda
equina compression in patients who are ineligible for surgery and receiving conventional RT are recommended 800 cGy/1 fx,
1600 cGy/2 fx, 2000 cGy/5 fx, or 3000 cGy/10 fx. Symptomatic bone metastases in selected patients with good performance status with-
out surgery or neurologic symptoms/signs are conditionally recommended stereotactic body RT over conventional palliative RT. Spine
bone metastases reirradiated with conventional RT are recommended 800 c¢Gy/1 fx, 2000 cGy/5 fx, 2400 cGy/6 fx, or 2000 cGy/8 fx;
nonspine bone metastases reirradiated with conventional RT are recommended 800 cGy/1 fx, 2000 cGy/5 fx, or 2400 cGy/6 fx. Determi-
nation of an optimal RT approach/regimen requires whole person assessment, including prognosis, previous RT dose if applicable, risks
to normal tissues, quality of life, cost implications, and patient goals and values. Relatedly, for patient-centered optimization of treat-
ment-related toxicities and quality of life, shared decision making is recommended.

Conclusions: Based on published data, the ASTRO task force’s recommendations inform best clinical practices on palliative RT for
symptomatic bone metastases.

© 2024 American Society for Radiation Oncology. Published by Elsevier Inc. All rights are reserved, including those for text and data

mining, Al training, and similar technologies.

Preamble

As a leading organization in radiation oncology, the
American Society for Radiation Oncology (ASTRO) is
dedicated to improving quality of care and patient out-
comes. A cornerstone of this goal is the development and
dissemination of clinical practice guidelines based on sys-
tematic methods to evaluate and classify evidence, com-
bined with a focus on patient-centric care and shared
decision making. ASTRO develops and publishes guide-
lines without commercial support, and members volun-
teer their time.

Disclosure Policy—ASTRO has detailed policies and
procedures related to disclosure and management of
industry relationships to avoid actual, potential, or per-
ceived conflicts of interest. All task force members are
required to disclose industry relationships and personal
interests from 12 months before initiation of the writing
effort. Disclosures for the chair and vice chair go through
a review process with final approval by ASTRO’s Conflict
of Interest Review Committee. For the purposes of full
transparency, task force members’ comprehensive disclo-
sure information is included in this publication. Peer
reviewer disclosures are also reviewed and included (Sup-
plementary Materials, Appendix E1). The complete dis-
closure policy for Formal Papers is online.

Selection of Task Force Members—ASTRO strives to
avoid bias and is committed to creating a task force that
includes a diverse and inclusive multidisciplinary group
of experts considering race, ethnicity, gender, experience,
practice setting, and geographic location. Representatives

from organizations and professional societies with related
interests and expertise are also invited to serve on the task
force.

Methodology—ASTRO’s task force uses evidence-
based methodologies to develop guideline recommenda-
tions in accordance with the National Academy of Medi-
cine standards."” The evidence identified from key
questions (KQs) is assessed using the Population, Inter-
vention, Comparator, Outcome, Timing, Setting
(PICOTS) framework. A systematic review of the KQs is
completed, which includes creation of evidence tables that
summarize the evidence base task force members use to
formulate recommendations. Table 1 describes ASTRO’s
recommendation grading system. See Appendix E2 in
Supplementary Materials for a list of abbreviations used
in the guideline.

Consensus Development—Consensus is evaluated
using a modified Delphi approach. Task force members
confidentially indicate their level of agreement on each
recommendation based on a 5-point Likert scale, from
“strongly agree” to “strongly disagree”. A prespecified
threshold of >75% (>90% for expert opinion recommen-
dations) of raters who select “strongly agree” or “agree”
indicates consensus is achieved. Recommendation(s) that
do not meet this threshold are removed or revised. Rec-
ommendations edited in response to task force or
reviewer comments are resurveyed before submission of
the document for approval.

Annual Evaluation and Updates—Guidelines are
evaluated annually beginning 2 years after publication for
new, potentially practice-changing studies that could
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Table 1

ASTRO recommendation grading classification system

ASTRO’s recommendations are based on evaluation of multiple factors including the QoE and panel consensus, which among other
considerations, inform the strength of recommendation. QoE is based on the body of evidence available for a particular key question
and includes consideration of number of studies, study design, adequacy of sample sizes, consistency of findings across studies, and

generalizability of samples, settings, and treatments.

Expert Opinion*

Strength of Definition Overall QoE Recommendation
Recommendation Grade Wording
Strong ® Benefits clearly outweigh risks and burden, or risks .
and burden clearly outweigh benefits. Any (usually high, “Recommend/
® All or almost all informed people would make the moderat'e,'or expert Should”
recommended choice. opinion)
Conditional ® Benefits are finely balanced with risks and burden, or
appreciable uncertainty exists about the magnitude of
benefits and risks.
® Most informed people would choose the Any (usually moderate, “Conditionally
recommended course of action, but a substantial low, or expert opinion) Recommend”
number would not.
® A shared decision-making approach regarding patient
values and preferences is particularly important.
Overall QoE Grade Type/Quality of Study Evidence Interpretation
High ¢ 2 or more well-conducted and highly generalizable The .true eff?cc;ls vfefry likely to heglose to t};e
RCTs or meta-analyses of such trials. estimate of the effect based on the body o
evidence.
Moderate ¢ 1 well-conducted and highly generalizable RCT or a
meta-analysis of such trials OR The true effect is likely to be close to the
® 2 or more RCTs with some weaknesses of procedure estimate of the effect based on the body of
or generalizability OR evidence, but it is possible that it is
® 2 or more strong observational studies with consistent substantially different.
findings.
Low ® 1 RCT with some weaknesses of procedure or

generalizability OR
® 1 or more RCT's with serious deficiencies of procedure
or generalizability or extremely small sample sizes OR
® 2 or more observational studies with inconsistent
findings, small sample sizes, or other problems that
potentially confound interpretation of data.

® Consensus of the panel based on clinical judgment
and experience, due to absence of evidence or
limitations in evidence.

The true effect may be substantially different
from the estimate of the effect. There is a
risk that future research may significantly
alter the estimate of the effect size or the

interpretation of the results.

Strong consensus (>90%) of the panel
guides the recommendation despite
insufficient evidence to discern the true
magnitude and direction of the net effect.
Further research may better inform the
topic.

Abbreviations: ASTRO = American Society for Radiation Oncology; QoE = quality of evidence; RCT's = randomized controlled trials.

"A lower quality of evidence, including expert opinion, does not imply that the recommendation is conditional. Many important clinical questions
addressed in guidelines do not lend themselves to clinical trials, but there still may be consensus that the benefits of a treatment or diagnostic test
clearly outweigh its risks and burden.

result in a guideline update. In addition, ASTRO’s Guide-
line Subcommittee will commission a replacement or
reaffirmation within 5 years of publication.

ASTRO’s methodology allows for use of implementa-
tion remarks meant to convey clinically practical informa-
tion that may enhance the interpretation and application
of the recommendation. While each recommendation is
graded according to recommendation strength and QoE,

these grades should not be assumed to extend to the
implementation remarks.

Introduction

Bone metastases are common among patients with
advanced cancer and can substantially worsen quality of
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life (QoL) through associated skeletal-related events such
as pain, fracture, and spinal cord or cauda equina com-
pression.” External beam radiation therapy (RT) is a par-
ticularly effective modality for managing bone metastases,
with evidence supporting its efficacy for reducing pain
and other symptoms from local progression as well as
potentially preventing new skeletal events and providing
long-term disease control in select patients with expected
prolonged survival.*® Correspondingly, RT dose and
technique—ranging from single- and multifraction con-
ventional palliative RT to highly conformal stereotactic
body RT (SBRT) regimens—may vary according to
patient and disease factors and treatment intent.

This systematic evidence review and guideline serves to
update previous ASTRO recommendations by incorpo-
rating new high-quality evidence for the management of
symptomatic bone metastases.”® To do so, ASTRO
assigned task force members to formulate and provide
guidance on 5 key clinical questions central to the use of
RT in this context. Whenever possible, data were included
and analyzed to consider factors known to be associated
with disparities in health access, use, and outcomes.

Methods

Task force composition

The task force consisted of a multidisciplinary team of
radiation, medical, and surgical oncologists; palliative care
specialists; and a patient representative. This guideline
was developed in collaboration with the American Society
of Clinical Oncology and the Musculoskeletal Tumor
Society, who provided representatives and peer reviewers.

Document review and approval

The guideline was reviewed by 15 official peer
reviewers (Appendix El) and revised accordingly. The
modified guideline was posted on the ASTRO website for
public comment from November to December 2023. The
final guideline was approved by the ASTRO Board of
Directors and endorsed by the Canadian Association of
Radiation Oncology, European Society for Radiotherapy
and Oncology, Musculoskeletal Tumor Society, and Royal
Australian and New Zealand College of Radiologists.

Evidence review

In July 2020, ASTRO submitted a proposal for the
Agency for Healthcare Research and Quality (AHRQ) to
develop a comparative effectiveness evidence review on
RT for symptomatic bone metastases.” This review aimed
to support a replacement of the prior ASTRO 2017 bone

metastases guideline.” AHRQ performed a systematic
search of the databases Embase Epub Ahead of Print, In-
Process and Other Nonindexed Citations, MEDLINE
Daily, MEDLINE, Cochrane Central Register of Con-
trolled Trials, Ovid Cochrane Database of Systematic
Reviews, and Scopus from January 1, 1985, to January 30,
2023. Eligible study designs included randomized con-
trolled trials (RCTs) and comparative nonrandomized
studies that controlled for confounding if no or very few
RCTs were available. At least 1 arm in each comparative
study comprised external beam RT. In total, 53 RCTs and
31 nonrandomized studies were included for data abstrac-
tion. Given the high clinical relevance of Radiation Ther-
apy Oncology Group (RTOG) 0631,' the latest co-
operative group study on the management of bone metas-
tases relevant to this guideline, this trial was additionally
evaluated by AHRQ after its publication in April 2023
and added to the AHRQ report as an addendum.” The
systematic review was not otherwise extended past Janu-
ary 30, 2023. For details on the AHRQ methodology and
systematic review explanation, including the Preferred
Reporting Items for Systematic Reviews and Meta-Analy-
ses diagram showing the number of articles screened,
excluded, and included in the evidence rev1ew, see Appen-
dix B of the AHRQ systematic review report.”’

References selected and published in this document are
representative and not all-inclusive. Additional ancillary
articles not in the AHRQ evidence tables or report are
included in the text but were not used to support the rec-
ommendations. The outcomes of interest are pain (level
and duration), skeletal function (overall function), relief
of spinal cord or cauda equina compression, and QoL.
Additional secondary outcomes examined include reirra-
diation, local recurrence, fracture, use of pain medication,
need for non-RT pain interventions, and overall survival.
Given variability in the definitions and modes of assess-
ment for the outcomes of interest, caution should be used
when comparing results across studies.

Scope of the guideline

RT has long been an integral component of the man-
agement of symptomatic bone metastases, given its effec-
tiveness in reducing pain and other local sequelae of
metastatic bone disease. Historically, 2-dimensional (2-D)
RT (ie, based on orthogonal radiographs with simple RT
field arrangements) was the mainstay of RT delivery.
However, over the past few decades, increasingly
advanced technologies have emerged such as 3-dimen-
sional conformal RT (3-D CRT; ie, computed tomogra-
phy—based imaging for planning with the potential for
more complex beam arrangements) and intensity modu-
lated radiation therapy (IMRT; ie, an advanced form of 3-
D CRT that uses nonuniform beam intensity, with addi-
tional planning, quality assurance, and imaging
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Table2 KQs in PICO format

KQ Population Intervention Comparator Outcomes for All KQs

1 In adult patients with symptomatic bone metastases, what are the appropriate indications

for RT in the palliative treatment of bone metastases?

Adult patients with e Palliative RT
symptomatic bone

metastases

Same as KQ1 o Palliative RT

metastases?

Same as KQl1 ® Dose-fx

® Target volumes

® Motion management

® Treatment techniques

® Optimal planning
parameters

® Dose-fx

® Target volumes

® Motion management

® Treatment techniques

® Optimal planning
parameters

Same as KQ1

® Comparisons of symptoms
before and after palliative RT

2 In adult patients with symptomatic bone metastases, what is the impact of surgery,
radiopharmaceutical therapy, bisphosphonate therapy, or kyphoplasty/vertebroplasty on
the appropriate indications for RT in the palliative treatment of bone metastases?

® Comparison of addition (or
omission) of RT to other
bone metastases interventions
(eg, surgery, radio-
pharmaceuticals, and
bisphosphonate therapies,
vertebroplasty)

3 In adult patients with symptomatic bone metastases, what RT dose-fx regimens, dose
constraints, and techniques are appropriate for the initial palliative treatment of bone

® Comparisons of RT dose-fx
regimens

® Comparisons of RT
techniques (eg, conventional
palliative RT vs SBRT)

4 In adult patients with symptomatic bone metastases, what RT dose-fx regimens, dose
constraints, and techniques are appropriate for palliative reirradiation of bone

metastases?

Same as KQ1 ® Dose-fx ® Comparisons of dose-fx
® Target volumes regimens for conventional
® Motion management palliative RT
® Treatment techniques ® Comparisons of RT
® Optimal planning techniques (eg, conventional

parameters palliative RT vs SBRT)
5 In adult patients with symptomatic bone metastases receiving palliative RT, how do the

different dose-fx regimens and techniques impact treatment toxicity and QoL?

® Comparisons of dose-fx

regimens for conventional
palliative RT

® Comparisons of RT

techniques (eg, conventional
palliative RT vs SBRT)

Primary Outcomes:

® Pain

® Skeletal function

® Improvement of
neurological symptoms
from spinal cord or
cauda equina
compression

® QoL

Secondary Outcomes:

® Local recurrence

® Fracture prevention

® Need for reirradiation

® Use of pain medication or
other interventions for
pain relief

® Overall survival

Adverse Events:
® Treatment toxicities
® Pain flare

beam radiation therapy; SBRT = stereotactic body radiation therapy.

Abbreviations: fx = fractionation; KQs = key questions; PICO = Population, Intervention, Comparator, Outcome; QoL = quality of life; RT = external

approaches). Adoption of SBRT (ie, the use of advanced
immobilization and imaging techniques to deliver highly
conformal, high dose per fraction RT to the tumor target)
has enabled further dose escalation and retreatment strat-
egies to be employed. Concurrent with these technologic
advancements within RT are the improvements in patient
systemic therapies resulting in greater longevity with

many metastatic cancer diagnoses, raising questions
regarding the efficacy of more conventional forms of palli-
ative RT (ie, 2-D and 3-D techniques delivered without
dose escalation) in a more modern population in terms of
outcomes, such as pain control and local control. Further-
more, greater longevity with a metastatic cancer diagnosis
has also rendered more salient questions about the role of
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RT for reirradiation in the setting of symptomatic bone
metastases, including both its efficacy and safety.

With the aforementioned clinical questions in mind,
the scope of this guideline is to provide updated evidence
on clinical recommendations regarding dose fractionation
and techniques of delivery of RT both in the upfront and
reirradiation settings. Furthermore, this guideline com-
pares the effectiveness and harms of RT in conjunction
with additional therapies (eg, bisphosphonates, surgery,
and vertebroplasty) with RT alone. Also addressed in this
guideline is if and how effectiveness and harms of RT
vary by patient and clinical characteristics, with the aim
of determining if certain subsets of patients may benefit
from specific palliative RT regimens and advanced
techniques.

This guideline addresses only the subjects specified in
the KQs (Table 2), specifically symptomatic bone metasta-
ses in adult patients; management of pediatric symptom-
atic bone metastases is beyond the scope of this guideline.
For the purposes of this guideline, the term “symptomatic
bone metastases” refers to osseous metastatic lesions
directly resulting in pain or other symptoms. The term
“palliative RT” refers to RT delivered with the goal of alle-
viating symptoms associated with target lesions. Studies
involved patients with symptomatic osseous lesions across
a range of clinical scenarios, including varying histologies
and extent of disease—from widely metastatic to oligome-
tastatic states. However, a majority of studies limited
inclusion to solid malignancies. As such, caution should
be used when applying recommendations for hematologic
and other potentially radiosensitive tumors, which may
be adequately palliated by lower doses or alternate frac-
tionation regimens. Outside the scope of this guideline
are many other important questions that may be subjects
of other guidelines, including SBRT in the setting of
“asymptomatic” metastatic disease.

Figure 1 provides a general schema for the manage-
ment of symptomatic bone metastases based on the evi-
dence review and expert consensus.

KQs and Recommendations

KQ1: Indications for RT in palliative treatment
of symptomatic bone metastases (Table 3)

In adult patients with symptomatic bone metastases,
what are the appropriate indications for RT in the palli-
ative treatment of bone metastases?

Despite the large number of RCTs evaluating RT
among patients with symptomatic bone metastases, no
RCTs have compared RT with no therapy or best support-
ive care. Furthermore, it is unlikely that such RCTs would
be performed in the future given ethical considerations.

As such, the evidence supporting appropriate indications
for RT in patients with symptomatic bone metastases are
gleaned from RCT's comparing different conventional pal-
liative RT dose-fractionation regimens with a focus on
whether there are differences in measured outcomes
across randomization arms before and after RT. Accord-
ingly, this limited evaluable endpoints. For example, the
effect of RT versus no RT on bone fracture risk could not
be commented on using these data, whereas differences in
pain response, medication use, and ambulatory function
before and after RT could be evaluated if they were
reported as proportions. Whereas descriptive summary
statistics such as mean and median values could not read-
ily be combined across randomization arms post-hoc (eg,
mean pain score), trial data that were reported as a pro-
portion (ie, with numerator and denominator, such as
complete pain response rate) could be summarized across
randomization arms and compared before and after RT.
However, it should be noted that differences in an out-
come before and after RT could be confounded by other
interventions that were not recorded or measured
between baseline and response assessment (eg, systemic
therapy, bisphosphonate use, and analgesics). Therefore,
proportions (when given) may overestimate the effect of
RT. Although response rates for the evaluable outcome
measures did not significantly vary between fractionation
regimens compared in RCTs of conventional palliative
RT regimens only, there were potential differences in
these outcomes in RCTs comparing palliative RT with
dose-escalated RT approaches (eg, SBRT). As such, only
trials of different conventional palliative RT fractionation
regimens were included for this KQ to ensure that values
could be appropriately combined across treatment arms
when comparing pre- versus post-RT outcomes.

Palliative RT and pain

Measurement of pain varied across RCTs, ranging from
categorical (eg, no pain, pain controlled with minor analge-
sics, pain requiring minor opiates, and pain requiring
major opiates)'® to continuous (eg, visual analog scale).”’
Not surprisingly, definition of pain response, which was
the primary endpoint for most RCTs also varied. These
heterogeneous definitions make it challenging to quantify
rates of pain response after RT, although allowing for these
caveats, overall pain response rates of 52% to 86% were
noted up to 4 weeks after RT,"******* 60% to 81% between
4 and 12 weeks after RT,'"'>*%?**%%%°! and 56% to 66%
more than 12 weeks after RT.”>* Although statistically sig-
nificant differences between groups cannot be established
on the basis of the available data, overall response rates by
primary tumor type reported ranged from 76% to 90% for
breast, 60% to 67% for lung, 78% to 88% for prostate, and
60% to 62% for other tumors in 2 RCTs reporting data by
tumor type at 12 weeks after RT.'"** In 1 RCT evaluating
overall pain response at 8 weeks by metastatic site, response
rate was 91% for spine, 93% for pelvis, 73% for limbs, and
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Table 3 Indications for RT in palliative treatment
. Strength of Quality of
KQl1 R dat
Q1 Recommendations Recommendation  Evidence (Refs)
1. For patients with symptomatic bone metastases, RT is recommended to reduce pain High
from osseous metastasis. (Overall pain)
11,12
St
rons Moderate
(Neuropathic pain)
13
2. For patients with symptomatic spine bone metastases, including those causing
compression of the spinal cord or cauda equina, RT is recommended to improve
i i i High
ambulatory status, sphincter function, and reduce pain. Strong 1/117gw
Implementation remark: Before initiating RT, evaluation for spine stability and
surgery are necessary.
3. For patients with symptomatic bone metastases and an anticipated life expectancy of
>4 weeks, RT is conditionally recommended to improve quality of life (eg, functional Conditional i‘oox
status, mobility).
Abbreviations: KQ = key question; RT = external beam radiation therapy.

71% for other metastatic sites after RT.”” Only 1 RCT eval-
uated RT in patients with pain with a neuropathic compo-
nent, demonstrating an overall pain response across the 2
randomized arms of 58% after RT."’

Palliative RT and spine bone metastases causing
compression of the spinal cord or cauda equina

Multiple RCTs evaluated conventional palliative RT in
patients with spine bone metastases causing compression
of the spinal cord or cauda equina: 4 comparing single-
versus multifraction RT,"*'>"” 1 comparing different regi-
mens of multifraction RT,"® and 1 comparing multifraction
RT with or without surgical decompression."” Most of
these studies required radiographic evidence of spinal cord
or cauda equina compression.'”'” Rates of improved or
regained sphincter control ranged widely between studies
(7%-71%) after RT."*'®'? Rates of regained ambulation
(nonambulatory to ambulatory with or without aids)
ranged from 9% to 65%, and rates of maintained ambula-
tion (with or without aids) ranged from 62% to 100% after
RT."*'®" Although RT is indicated for patients with spinal
cord or cauda equina compression, this does not obviate
the need for surgical evaluation for either stabilization and/
or for improving functional status.'””’

Palliative RT and QoL

QoL was variably included as a secondary outcome in
RCT's and was challenging to interpret across available ran-
domized studies given varied questionnaires (eg, European
Organisation for Research and Treatment of Cancer
[EORTC] and Spitz index) and endpoints (eg, mobility and
performance status). Several studies did not report when
QoL was reassessed after RT. However, among those that
did, the earliest time point was 4 weeks after RT.**** Quali-
tatively, there appears to be stable or improved QoL meas-
urements after RT.”’ For example, in 1 RCT evaluating RT
dose (single vs multifraction), global QoL as measured by a

visual analog scale was noted to improve at 4 weeks after
RT by >25% in 34% of patients, >50% in 21% of patients,
and >75% in 11% of patients.”’ It is unknown whether
improvements in QoL may be noted sooner (ie, <4 weeks).

KQ2: Impact of other treatments for bone
metastases on indications for RT in palliative
treatment (Table 4)

In adult patients with symptomatic bone metastases,
what is the impact of surgery, radiopharmaceutical
therapy, bisphosphonate therapy, or kyphoplasty/verte-
broplasty on the appropriate indications for RT in the
palliative treatment of bone metastases?

Similar to findings of the 2017 and 2011 ASTRO guide-
lines concerning the roles of surgery, radiopharmaceuticals,
bisphosphonates, kyphoplasty, and vertebroplasty, the
present task force found that none of these therapies obvi-
ate the need for palliative RT for patients with painful bone
metastases.”

Surgery and postoperative RT for compression of
the spinal cord or cauda equina

In the setting of spinal metastases causing compression
of the spinal cord or cauda equina, decompressive surgery
may be appropriate for eligible patients, followed by post-
operative RT. Multidisciplinary collaboration is encour-
aged to optimize patient selection for surgical
decompression. Factors that should influence decision
making include performance status; spinal stability;"’
character, duration, and pace of development of neuro-
logic symptoms; location and number of discrete levels of
compression; extent and distribution of metastatic disease
in the spine; primary tumor site and radiosensitivity;
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Table4 Impact of other treatments for bone metastases on indications for RT in palliative treatment
Strength of Quality of
KQ2 Recommendations . .
Q Recommendation Evidence (Refs)
1. For patients with spine bone metastases causing compression of the spinal cord or cauda el Low
equina, surgery with postoperative RT is conditionally recommended over RT alone. Comditlon ey
2. For patients who have undergone surgery for nonspine bone metastases or for spine
. . . . . . Low
metastases without spinal cord or cauda equina compression, postoperative RT is Strong 38
recommended.
3. For patients with spine bone metastases causing compression of the spinal cord or cauda Low
equina, RT combined with dexamethasone is recommended over RT alone. Strong 39
Abbreviations: KQ = key question; RT = external beam radiation therapy.

alternative treatment options including efficacy of and
anticipated response to systemic therapies; prior RT;
patient preferences and goals; and expected survival. An
RCT of direct decompressive surgery and postoperative
RT compared with RT alone showed that among a select
patient population with compression of the spinal cord,
more patients receiving the combination of surgery and
RT (3000 cGy in 10 fractions) maintained (94% vs 74%)
and regained (62% vs 19%) ambulatory status as com-
pared with RT alone.'” Other series most commonly
report the use of multifraction courses of RT in the post-
operative setting; however, an optimal dose-fractionation
regimen could not be determined from the available
data."””*"” The use of SBRT in the postoperative setting
is evolving, and participation in available clinical trials is
encouraged for eligible patients.*"**

Surgery and postoperative RT for bone metastases

Multidisciplinary evaluation of bone metastases should
include surgery in the case of impending or pathologic
fractures. No RCTs have compared surgery alone with
surgery and postoperative RT for nonspine bone metasta-
ses and spine metastases without cord or cauda equina
compression. Supported by retrospective series, expert
opinion, and acknowledging long-held ubiquitous prac-
tice patterns, RT after surgery for bone metastases is rec-
ommended, regardless of whether surgery is prophylactic
or reactionary after a pathologic fracture.”***” The opti-
mal sequencing and timing of surgery and RT are open
questions, as are the ideal dose fractionations and target
volumes. Reported regimens range from 800 cGy in 1
fraction to 3000 to 4500 cGy in conventionally fraction-
ated and hypofractionated regimens, with multifraction
regimens such as 3000 c¢Gy in 10 fractions being most
common. Reported target volumes and field sizes vary,
with a bias toward more inclusive coverage of all surgical
hardware and the suggestion that this may reduce the risk
of local recurrence.”®***"*

Palliative RT and dexamethasone for compression
of the spinal cord or cauda equina

The addition of dexamethasone to RT compared with
RT alone showed an improvement in ambulatory status

among patients with compression of the spinal cord or
cauda equina in a small single-center RCT trial.””*’ How-
ever, the dose of dexamethasone was high, with an initial
96 mg intravenous (IV) bolus, followed by oral therapy at
96 mg daily (given in 4 divided doses), for 3 days, fol-
lowed by a 10-day taper.”” The task force acknowledges
the potential detrimental consequences of prolonged
high-dose corticosteroid therapy; the optimal dosing of
dexamethasone in this setting is unknown. Although
high-quality dose finding data were not captured in the
literature review, expert opinions have suggested an initial
10 mg IV bolus, followed by a maintenance dose of 4 to
6 mg IV or by mouth every 6 to 8 hours or 8 mg every
12 hours, consideration of gastrointestinal prophylaxis,
Pneumocystis jiroveci (previously Pneumocystis carinii)
pneumonia prophylaxis in those receiving dexamethasone
>3 mg/d (equivalent of prednisone 20 mg/d) for >4
weeks,”” careful monitoring of clinical response and toxic-
ities, a plan for tapering safely and expeditiously, and
where feasible, moving doses to earlier hours in the day to
avoid insomnia.**”"

Palliative RT and radiopharmaceutical therapy
Radiopharmaceutical therapy does not obviate the rou-
tine need for palliative RT for patients with localized pain-
ful bone metastases. The task force reviewed a variety of
randomized and nonrandomized studies including those
comparing radiopharmaceutical therapy (with or without
concomitant RT) with RT alone and studies comparing
the 2 modalities directly. As such, studies that evaluated
radiopharmaceutical therapy alone are out of the scope of
this guideline. Specifically, for 2 RCTs comparing RT with
strontium-89 chloride for prostate cancer, there was no
significant difference in pain outcomes measured between
treatment arms.”””® Although 2 RCT's comparing RT plus
strontium-89 versus RT plus placebo similarly showed no
significant difference in primary pain outcomes for pros-
tate cancer,””" 1 reported significant reduction of analge-
sic use over time for the radiopharmaceutical arm.”” The
use of radiopharmaceutical therapy (mostly among
patients with metastatic prostate cancer) continues to
expand because of observed benefits including preventing
skeletal-related events and improving  survival,®
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specifically when considering radium-223° and lutetium-
177-prostate-specific membrane antigen.60 However, the
use of radiopharmaceutical therapy for endpoints aside
from pain response at the site of index (irradiated) bone
metastases is beyond the scope of this guideline.” '’

Palliative RT and bisphosphonate therapy

Bone modifying agents such as bisphosphonate thera-
pies do not obviate the routine need for palliative RT for
patients with localized painful bone metastases. The task
force reviewed a variety of RCTs and nonrandomized
studies, including those comparing bisphosphonates with
RT directly and those comparing combined RT and
bisphosphonates with RT alone.”*®” A UK trial (n = 470)
randomized patients with metastatic prostate cancer to
local conventional palliative RT (800 cGy in 1 fraction) or
a single 6 mg infusion of ibandronate and found no differ-
ence in overall pain response at 4 or 12 weeks; however, a
more rapid initial response with RT was observed.”

Palliative RT and kyphoplasty, vertebroplasty,
cryoablation, hyperthermia, and radiofrequency
ablation

Although data are limited, none of the available evi-
dence suggests that local interventional treatments—
including kyphoplasty, vertebroplasty, cryoablation,
radiofrequency ablation, or hyperthermia—obviate the
need for RT for patients with localized symptomatic bone
metastases.”>"” Multidisciplinary discussion, inclusive of
interventional radiology, is encouraged to identify
patients for whom these local interventions should be
considered, alone or in combination with palliative RT.

KQ3: Dose fractionation, dose constraints, and
techniques for initial palliative treatment
(Table 5)

In adult patients with symptomatic bone metastases,
what RT dose-fractionation regimens, dose constraints,
and techniques are appropriate for the initial palliative
treatment of bone metastases?

Although the role of RT in the treatment of symptom-
atic bone metastases is widely accepted, the optimal dose-
fractionation regimen has been debated for decades, rang-
ing from single- to multifraction delivery using a range of
regimens. Studies have also sought to evaluate the role of
dose escalation using IMRT or SBRT as compared with
conventional palliative RT doses and techniques.'”’*”” In
general, inclusion criteria for RCTs comparing various
RT doses and techniques have been broad and overlap-
ping between studies, and most RCT's did not provide sta-
tistical analyses for the differential effectiveness of
interventions based on patient and disease characteristics.
In addition to limiting conclusions regarding appropriate

patient selection, this also hindered the ability to com-
ment on how specific RT regimens may have interacted
with factors known to be associated with disparities in
health access, use, and outcomes. As such, the following
factors to guide decision making are suggested when con-
sidering selection of regimens with higher biological effec-
tive dose (BED), advanced planning techniques, or both:
better estimated prognosis, radioresistant tumor type,
limited metastatic disease, receipt of prior RT, and ability
to delay treatment to afford time for advanced planning
when appropriate.”” As described in KQI, the primary
outcome reported for most RCTs was pain response. Het-
erogeneity in both the definitions used as well as in the
timing of assessment of this outcome impaired direct
comparisons across studies.

Conventional palliative RT fractionation

Multiple RCTs evaluated the most effective single-frac-
tion dose of palliative RT. The consensus of these studies
determined that 800 c¢Gy in 1 fraction was superior to
other single-fraction dose regimens (eg, 400 cGy).”"””
Similarly, more than 10 RCTs set out to determine the
most effective multifraction regimen, with regimens of
2000 cGy in 5 fractions and 3000 cGy in 10 fractions
among the most commonly used.'>*"**7%¢1%2

To further understand the effects of fractionation on
palliation of painful bone metastases, there have been
many RCTs and nonrandomized studies comparing single-
versus multifraction regimens of RT. Most of these studies
included spine and nonspine metastases and many
included metastases from a variety of malignant tumors;
most were limited to “uncomplicated” bone metastases
without existing or impending fracture, spinal cord or
cauda equina compression, or history of prior RT. Almost
all the studies used 800 cGy for the single-fraction arm.
Conversely, there were a variety of multifraction regimens
used throughout these studies. The most common regi-
mens were 2000 cGy in 5 fractions and 3000 c¢Gy in 10
fractions. Other multifraction regimens that were used
include 2250 cGy in 5 fractions, 4000 cGy in 20 fractions,
and 2400 cGy in 6 fractions.'***° The recommendation of
multifraction regimens of 2000 cGy in 5 fractions and 3000
cGy in 10 fractions is based on the breadth of studies using
these fractionation regimens.'''******>*"7 The regimen
2400 cGy in 6 fractions is additionally included given that
it was tested as part of the largest (n = 1171) multisite RCT
of single versus multifraction RT."" Although the rates for
overall pain response tended to be slightly lower at 4 weeks
for single-fraction regimens as compared with multifrac-
tion regimens (ranging from 49% to 83% vs 53% to 89%,
respectively, across 9 RCTs), ***** " after 4 weeks of treat-
ment, there was no statistically significant difference in
pain reduction when comparing the single-fraction arm
with the multifraction arm.'"'*?%?**%%3! Shorter fraction-
ation regimens (eg, 800 cGy in 1 fraction) are preferred
given equivalence in pain outcomes. Despite lack of
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Table 5

Dose fractionation, dose constraints, and techniques for initial palliative treatment of bone metastases

KQ3 Recommendations

Strength of Quality of
Recommendation Evidence (Refs)

fractions are recommended.

radiosensitivity, and metastatic disease burden.

1. For patients with symptomatic bone metastases treated with conventional palliative RT,
800 cGy in 1 fraction, 2000 cGy in 5 fractions, 2400 cGy in 6 fractions, or 3000 cGy in 10 Strong

2. In patients with spine bone metastases causing compression of the spinal cord or cauda
equina who are not eligible for initial surgical decompression and are treated with

conventional palliative RT, 800 cGy in 1 fraction, 1600 cGy in 2 fractions, 2000 cGy in 5 High
fractions, or 3000 cGy in 10 fractions are recommended. Strong 14-16,18,19,73
Implementation remark: Consider patient and disease factors in dose-fractionation
selection (eg, prognosis and radiosensitivity).

3. For patients with spine bone metastases causing compression of the spinal cord or cauda
equina treated with dose-escalated palliative RT, the use of highly conformal planning and Conditional L%W
delivery techniques (eg, IMRT) is conditionally recommended.

4. For patients with symptomatic bone metastases treated with SBRT, 1200 to 1600 cGy in 1
fraction (nonspine) and 2400 cGy in 2 fractions (spine) are recommended.

Moderate

Implementation remark: Other established SBRT dose and fractionation regimens (eg, 3-5 Strong 10,75-77
fraction) with similar BEDs may be an option based on patient tumor and normal tissue
factors, and physician experience.

5. For patients with symptomatic bone metastases with ECOG PS 0-2, receiving no surgical
intervention, and absent neurological symptoms, SBRT is conditionally recommended
over conventional palliative RT. Conditional l\/[lggga;te

Implementation remark: Other factors to consider include life expectancy, tumor

High

11-13,20-22,28,32,70-72

Abbreviations: BED = biological effective dose; ECOG PS = Eastern Co-operative Oncology Group performance status; IMRT = intensity modulated
radiation therapy; KQ = key question; RT = external beam radiation therapy; SBRT = stereotactic body radiation therapy.

consistent difference in pain control between the single and
multifaction arms, a number of studies showed that
patients receiving single-fraction RT were more likely to
receive reirradiation than those who received multifraction
regimens,' ' >2%27283070.855% Given the lack of systematic
imaging follow-up in these studies, it is unclear if retreat-
ment with RT was caused by true symptomatic disease pro-
gression versus a greater willingness to retreat when the
prior RT dose intensity was low.

Palliative RT for bone metastases causing spinal
cord or cauda equina compression

There are several palliative RT fractionation regimens
to consider for patients with bone metastases causing spi-
nal cord or cauda equina compression who are not candi-
dates for initial surgical decompression. Across studies,
commonly used conventional palliative single- and multi-
fraction RT regimens were as follows: (1) 800 cGy in 1
fraction;'*'® (2) 1600 cGy in 2 fractions;'®”” (3) 2000
cGy in 5 fractions;''®"” and (4) 3000 cGy in 10
fractions.'*'® Multiple RCTs compared the efficacy of sin-
gle- versus multifraction regimens in maintaining or
improving ambulation after RT and demonstrated no dif-
ferences in ambulatory outcomes at any point between
fractionation schemes.'* """ Sphincter, bladder, and

bowel control outcomes were also similar for single- and
multifraction regimens. Similarly, an RCT comparing
2000 cGy in 5 fractions with 3000 c¢Gy in 10 fractions
reported no significant difference in ambulatory outcomes
between fractionation arms.'® Notably, median overall
survival was 3 to 4 months across patients in the above
noted RCTSs reporting this outcome, ™'*'®"” and 2 studies
specifically limited inclusion to patients with estimated
median survival of <6 months.''® As such, shorter
course, lower BED regimens may be most appropriate for
patients with limited prognosis. Multifraction regimens
with higher doses could be considered if survival is esti-
mated on the order of many months given the potential
impact of higher BED on maintenance of ambulatory
status.'>" In addition to estimated prognosis, relative
radioresistance of tumor type and prior overlapping radi-
ation should be considered in regimen selection.

Dose-escalated RT for spine bone metastases
causing compression of the spinal cord or cauda
equina

There are limited studies on advanced treatment
planning and delivery techniques (eg, IMRT) to escalate
dose (ie, doses approaching spinal cord or nerve toler-
ance) for patients with metastatic epidural spinal cord
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or cauda equina compression who did not undergo sur-
gical resection.”*’®**% In a single institutional study
where dose-escalated RT (IMRT in 59.3% of the
patients) delivering 2500 cGy in 5 fractions was used to
treat metastatic epidural spinal cord or cauda equina
compression, partial or complete pain relief was
achieved in 75.7% of the patients for a median duration
of 6 months.”® In a multicenter phase 2 trial using volu-
metric modulated arc therapy or SBRT delivering 2500
cGy in 5 fractions for metastatic epidural spinal cord or
cauda equina compression, authors reported improve-
ment in motor function in 60% of patients, with 82.5%
noted to be ambulatory after treatment.”* Fifty percent
of patients with sensory deficits noticed improvement
after treatment. Relief of pain and distress were
reported by 61.9% and 54.2% of patients, respectively,
at 1 month after treatment. When compared with the
historic control group of patients receiving conven-
tional palliative RT with 2000 cGy in 5 fractions, local
progression free survival (defined as no worsening of
motor deficits during and no in-field recurrence of spi-
nal cord compression after RT) was improved with
highly conformal dose-escalated RT (95% vs 76% at 6
months), but motor function was not appreciably dif-
ferent.”* No RT myelopathy events were observed.

SBRT for symptomatic bone metastases

Numerous single-arm retrospective and prospective
studies on SBRT for symptomatic bone metastases
showed promising results in terms of pain control.”*”*
Five RCTs comparing SBRT with conventional palliative
RT for symptomatic bone metastases without associated
neurologic symptoms and not requiring surgical inter-
vention have been completed.'””””””” Of the 3 trials that
included only patients with spinal bone metastases, 2
demonstrated statistically significant differences in pain
control in favor of SBRT.””’® Specifically, an RCT of
SBRT using 2400 cGy in 2 fractions reported significantly
higher rates of complete pain response at 3 months as
compared with conventional palliative RT of 2000 cGy in
5 fractions (35% vs 14%, respectively), with this 51gn1ﬁ—
cant difference persisting >6 months posttreatment.’
Although the trial of SBRT to 2400 cGy in 1 fraction ver-
sus conventional palliative RT to 3000 cGy in 10 fractions
did not find an appreciable difference in the primary end-
point (pain relief of >2 points on the visual analog scale
at 3 months), pain by this metric was significantly lower
in the SBRT group by 6 months. New pathologic fracture
rates at 6 months were 27.7% in the SBRT arm and 5.0%
in the conventional RT arm (P=.054); no fractures
required surgical intervention.”” Given concern regarding
fracture rate, this fractionation regimen was not included
in KQ3 recommendations (Table 5), although it may
remain a viable option in select clinical scenarios. The
third trial RTOG 0631 compared SBRT using 1600 to
1800 cGy in 1 fraction versus conventional palliative RT

using 800 cGy in 1 fraction and did not detect a differ-
ence between the SBRT and conventional palliative RT in
pain control in patients with spine metastases.'’ How-
ever, this trial was developed prior to the inception of the
use of spinal instability neoplastic score, reflecting the
degree of mechanical instability of the spinal segment,
which might be a confounder affecting the pain score."’
Furthermore, more patients in the SBRT arm had a
Zubrod score of >2, which was identified as a significant
predictor of reduced pain response to RT. As compared
with the other trials, RTOG 0631 used a nonstandard
definition of pain response of at least 3 points of pain
reduction.'” In contrast, the others studies employed
standardized, rigorous assessment of pain response at the
index lesion.””’® Additionally, the dosing regimen of
1600 cGy in 1 fraction was used in 55% of the patients in
the SBRT arm and is regarded as a lower BED regimen
compared with doses used in the other 2 RCTs showing
superior pain control with SBRT.””’° It is unclear if this
also contributed to the negative results. RTOG 0631 is
the largest RCT evaluating the role of SBRT for spinal
bone metastases. As such, until further data on SBRT for
painful bone metastases are available, its results would be
expected to dominate meta-analyses inclusive of these
data toward a nonsignificant impact of SBRT over con-
ventional RT approaches. However, given the limitations
of this study as compared with the 2 RCTs demonstrating
significant improvements in pain outcomes with SBRT,
the task force elected to conditionally recommend SBRT
in this context.”>’®

Two additional RCTs evaluated SBRT versus conven-
tional palliative RT in symptomatic nonspine or com-
bined spine and nonspine bone metastases.””””” For
painful nonspine bone metastases, an RCT comparing
1200 cGy (for lesions >4 cm) with 1600 cGy in 1 fraction
(for lesion <4 cm) with SBRT to 3000 cGy in 10 fractions
with conventional palliative RT found that SBRT yielded
superior pain control.”” For combined spine and non-
spine bone metastases associated with pain, a randomized
phase 2 trial from the Netherlands compared SBRT (1800
cGy in 1 fraction, 3000 cGy in 3 fractions, or 3500 cGy in
5 fractions) with conventional palliative RT (800 cGy in 1
fraction, 2000 cGy in 5 fractions, or 3000 cGy in 10 frac-
tions).”” In this trial, SBRT did not improve pain
response. However, as a result of the high dropout rate in
the SBRT arm, the trial was regarded as underpowered to
detect any difference in pain response.””

Two of the 3 RCTs assessed local recurrence after SBRT
versus conventional palliative RT as a secondary outcome. A
decrease in local recurrence following SBRT was noted in
the RCT of SBRT versus conventional palliative RT for
syrnptomatic spine metastases (2.6% vs 104% at 6
months).”” In the RCT of SBRT versus conventional pallia-
tive RT for nonspine bone metastases, there was a lesser like-
lihood of local recurrence in the SBRT arm, although not
statistically significant in the intention-to-treat analysis.””
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Table 6 SBRT dose constraints (based on trial protocols)
1 Fraction'*””
Organs at Risk Volume Max 2 Fractions’® Endpoint
Volume
(cGy)
Spinal cord* <0.35 cc 1000 cGy
<10% of partial spinal cord 1000 cGy N/R Myelopathy
<0.03 cc 1400 cGy
Spinal cord PRV/ .
Thecal sac N/R Max point dose <1700 cGy Myelopathy
Cauda equina <0.03 cc 1600 cGy
i <
<5 cc 1400 <Gy Max point dose <1700 cGy Neuropathy
Sacral plexus <0.03 cc 1800 cGy
i <
<5 e 1440 <Gy Max point dose <2600 cGy Plexopathy
Esophagus' <0.03 cc 1600 cGy
. » .
<5 cc 1190 <Gy Max point dose <2000 cGy Stenosis/ fistula
Ipsilateral brachial plexus  <0.03 cc 1750 cGy
<3 cc 1400 cGy N/R Plexopathy
Heart/pericardium <0.03 cc 2200 cGy e
<15 cc 1600 <Gy N/R Pericarditis
Great vessels' <0.03 cc 3700 cGy
<10 cc 3100 cGy N/R Aneurysm
Trachea' and larynx <0.03 cc 2020 cGy Max point dose <2000 cGy o e
<4 cc 1050 cGy Larynx: Mean <900 cGy
Skin <0.03 cc 2600 cGy .
<10 cc 2300 Gy N/R Ulceration
Stomach <0.03 cc 1600 cGy
. < .
<10 cc 1120 <Gy Max point dose <2000 cGy Ulceration/fistula
Duodenum'’ <0.03 cc 1600 cGy
. < .
<5 cc 1120 Gy Max point dose <2000 cGy Ulceration
Jejunum/Ileum' <0.03 cc 1540 cGy . " .
<
<5 ce 1190 <Gy Max point dose <2000 cGy Enteritis/obstruction
Colon' <0.03 cc 1840 cGy
. < .
<20 cc 1430 <Gy Max point dose <2000 cGy Colitis/fistula
Rectum' <0.03 cc 1840 cGy . L
<
<20 cc 1430 <Gy Max point dose <2000 cGy Proctitis/fistula
Renal hilum/vascular Malignant
trunk <2/3 1060 cGy N/R hypertension
Lungs (right and left) V10 <10%, V5 <35%, and
Spare 1000 cc 740 cGy V20 <3% and a mean dose  Pneumonitis
of <500 cGy for each lung
Renal cortex (right and Max point dose <2600 cGy
left) Spare 200 cc 840 cGy Mean dose for each kidney Basic renal function
<600 cGy
Liver Max point dose <2600 cGy . .
N/R Mean dose <800 cGy Liver dysfunction
Pharynx Max point dose <2000 cGy .
N/R Mean <900 cGy Stenosis/fistula
Parotids <
N/R Mean dose <700 cGy for each Xerostomia

parotid

Abbreviations: Max = maximum; N/R = not reported; PRV = planning organ at risk volume; SBRT = stereotactic body radiation therapy.

“The partial spinal cord should be contoured starting from 5-6 mm above the superior extent of the target volume to 5-6 mm below the inferior
extent of the target volume; greater spinal cord volume should be contoured to well-encompass cord dose from beams (eg, noncoplanar beams).
TAvoid circumferential irradiation.
Note: Constraints included are based on trial protocols.'””>”® See text for discussion about additional sources for dose constraints available for SBRT.
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The recommendations for SBRT dose regimens in
Table 5 are specifically drawn from RCTs that provide the
highest quality evidence of safety and efficacy for this
approach. However, a host of other dose regimens with
promising outcomes have been described, including 1600
to 2400 cGy in 1 fraction, 2800 cGy in 2 fractions, 2400 to
3000 cGy in 3 fractions, and 3000 to 4000 cGy in 5 frac-
tions.”®**?*”” Table 6 provides dose constraints for SBRT
used in 3 RCTs for treatment of spinal bone
metastases.'”’>’® Additional references for SBRT dose
constraints are available, including those derived from
consensus groups, SBRT trials performed in other clinical
contexts, and radiobiological models.”*'"* Caution
should be exercised when applying these dose constraints
to the management of symptomatic bone metastases.

KQ4: Dose fractionation, dose constraints, and
techniques for palliative reirradiation (Table 7)

In adult patients with symptomatic bone metastases,
what palliative RT dose-fractionation regimens, dose
constraints, and techniques are appropriate for pallia-
tive reirradiation of bone metastases?

With improvements in systemic therapies leading to
patients with metastatic cancer living longer, reirradiation
of a previously irradiated site (including the setting where a
bone site requiring palliative RT is immediately proximate
to a previously irradiated site) is becoming more common.
When considering reirradiation, the physician’s goals are
to safely provide relief of symptoms. For reirradiation of

Table 7

the spine, there are data to support the use of both conven-
tional palliative RT as well as SBRT. There are no data
directly comparing conventional palliative RT to SBRT for
reirradiation. For reirradiation of nonspine sites, there are
data supporting the use of conventional palliative RT in
reirradiation but no prospective data using SBRT or com-
paring SBRT versus conventional palliative RT.

The data supporting conventional palliative RT
included 2 RCT's and 2 nonrandomized studies compar-
ing single- with multifraction regimens. Importantly,
these studies differed in the pain scales used, the initial
dose of RT, how the patients were randomized, or the
reirradiation regimens applied. In terms of the initial dose
received, this varied from 800 cGy in 1 fraction, 1800 cGy
in 4 fractions, 2000 c¢Gy in 5 fractions, 3000 cGy in 10
fractions, to unknown dose.'””'*® All of the studies used
800 cGy as the single-fraction reirradiation arm. In terms
of the multifraction, reirradiation arms these included
2000 cGy in 8 fractions, 2000 cGy in 5 fractions, 2400 cGy
in 6 fractions, or 1500 cGy in 5 fractions.'”* % The reir-
radiation fractionation was based on anatomic location as
well as initial RT dose and fractionation. For example,
2000 cGy in 8 fractions was only used after prior multi-
fraction RT to the spine or whole pelvis.'**'**

Regardless of the different regimens of these studies,
their results were comparable: there was no difference
between the single- and multifraction arms for either
overall pain response (defined as the sum of complete
response and partial response) or complete pain response.
Data informing skeletal function, general function, and
relief of spinal cord or cauda equina compression were
minimal. Two studies found no difference in

Dose fractionation, dose constraints, and techniques for palliative reirradiation

KQ4 Recommendations

tolerance when determining RT dose fractionation.

site, treatment with SBRT is conditionally recommended.

Implementation remarks:

when determining if SBRT is indicated.

RT dose fractionation.

recommended.

1. For patients with spine bone metastases that would benefit from reirradiation to the same
site, conventional palliative RT regimens of 800 cGy in 1 fraction, 2000 cGy in 5 fractions,
2400 cGy in 6 fractions, or 2000 cGy in 8 fractions are recommended.

Implementation remark: Consider prior RT dose, time interval, and total spinal cord

2. For patients with spine bone metastases that would benefit from reirradiation to the same

® Consider patient factors (eg, urgency of treatment, prognosis, and radio resistance)

® Consider prior RT dose, time interval, and total spinal cord tolerance when determining

3. For patients with symptomatic nonspine bone metastases that would benefit from
reirradiation to the same site, single-fraction (800 cGy in 1 fraction) or multifraction
conventional palliative RT (2000 cGy in 5 fractions or 2400 cGy in 6 fractions) are

Strength of Quality of
Recommendation Evidence (Refs)
Moderate
Strong 103-106
Conditional Expert Opinion
Moderate
Strong 103,104,106

Abbreviations: KQ = key question; RT = external beam radiation therapy; SBRT = stereotactic body radiation therapy.
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Table 8 Spinal cord reirradiation considerations for spine SBRT
Prior Radiation Details SBRT Reirradiation Dose Recommendations
Prior Spinal Cord Prior EQD2-2 Planned' No. {\cceI?ta!)le Range of Recommenfled Thecal
Total Dose of Fractions  Reirradiation Total Dose Sac Constraint (Dmax)

2000 cGy/5 fx - 3000 cGy/10 fx 3000 - 3750 cGy 1 1600 - 1800 cGy 900 cGy
4000 cGy/20 fx - 5000 cGy/25 fx 4000 - 5000 cGy 1 Not recommended Not recommended
2000 cGy/5 fx - 4500 cGy/25 fx 3000 - 4300 cGy 2 1600 - 2400 cGy 1220 cGy
5000 cGy/25 fx 5000 cGy 2 1600 - 2000 cGy 1100 cGy
2000 cGy/5 fx - 4500 cGy/25 fx 3000 - 4300 cGy 3 1800 - 2700 cGy 1450 cGy
5000 cGy/25 fx 5000 cGy 3 1500 - 2400 cGy 1250 cGy
2000 cGy/5 fx - 4500 cGy/25 fx 3000 - 4300 cGy 4 2400 - 3000 cGy 1620 cGy
5000 cGy/25 fx 5000 cGy 4 2000 - 2600 cGy 1400 cGy
2000 cGy/5 - 4500/25 fx 3000 - 4300 cGy 5 2500 - 3000 cGy 1800 cGy
5000 cGy/25 fx 5000 cGy 5 2000 - 2500 cGy 1550 cGy
Abbreviations: Dmax = maximum point dose to an organ or tumor target; EQD2-2 = dose calculation to an equivalent dose of 2 Gy with an «-to-8
ratio of 2; SBRT = stereotactic body radiation therapy.
Adapted with permission from Sahgal et al.'"’

improvement in walking ability (because of pain) between
single- and multifraction RT regimens.'**'"

Equally important, these studies demonstrated that
toxicity was similar between the different regimens with
low rates of pathologic fractures (single-fraction 800 cGy,
7% vs multifraction 2000 cGy in 5 fractions, 5%).""* The
risk of side effects from RT varied, with 1 RCT'** report-
ing increased toxicity with multifraction RT compared
with single fraction, but the other RCT'" and 2 non-
randomized studies'*”'*® revealed no differences in toxic-
ity rates.

In summary, conventional reirradiation is a well-sup-
ported option with either single or multifraction dose pal-
liative RT. No consistent significant differences were
found comparing different fractionation regimens for
pain relief, improvement in walking or motor function,
QolL, or toxicity. For single-fraction treatment, 800 cGy is
recommended. For multifraction, the recommended reir-
radiation doses are 2000 cGy in 5 fractions and 2400 cGy
in 6 fractions.'””'’° However, keeping in mind cumula-
tive critical normal tissue (ie, spinal cord and brachial
plexus) dose and tolerance, in select situations, it may be
reasonable to give more dose intense regimens (eg, 3000
cGy in 10 fractions) as reirradiation if the initial dose
intensity was low and time interval has been sufficiently
long (>6 months).'?”'%® Finally, to ensure reirradiation
normal tissue constraints are met, more conformal plan-
ning techniques (eg, IMRT) to deliver conventional pallia-
tive RT dose regimens may be required.

The data reporting on SBRT in reirradiation of the spine
are limited to retrospective nonrandomized studies.”*'"”
One study reported on a multi-institutional series of
patients with spine metastases treated with SBRT, of whom
56% were in the reirradiation setting (initial RT dose

parameters were not detailed).”® Patients were treated with

either single-fraction SBRT (eg, 1630 cGy) or multifraction
SBRT (eg, 2060 cGy in 3 fractions, 2380 cGy in 4 fractions,
and 2540 cGy in 5 fractions). Of symptomatic patients,
71% to 73% had pain improvement (self-reported by
patients) at 4 to 6 months. There was no difference in pain
response between fractionation regimens. Toxicity was low
and similar between the arms with the exception of 1 grade
3 complication in the single-fraction arm. Another single
institution study employed SBRT to reirradiate spines pre-
viously treated with a median of 3000 cGy in 10 fractions
of conventional palliative RT.'"” SBRT reirradiation dosing
was 2500 cGy to 3000 cGy in 5 fractions or 2400 cGy in 3
fractions. Of symptomatic patients, 65% had pain improve-
ment with SBRT, and 93% of patients had stable or
improved disease at last follow-up. Toxicities included
fatigue (40%) and nausea (20%); of the 4 patients who had
persistent or worsening neurologic symptoms, all had evi-
dence of disease progression. No RT myelopathies were
observed. Because of the paucity and low-quality evidence,
SBRT for reirradiation of the spine is conditionally recom-
mended. Patient and disease factors, such as urgency of
treatment (ie, SBRT may not be feasible if RT is urgently
indicated), radiosensitivity, and prognosis, should be used
in determining if conventional palliative RT versus SBRT is
indicated. Furthermore, together with sufficient interval of
time to retreatment (5-6 months or greater),'”””'"*"'* it is
critical to consider the prior spinal cord and nerve root
dose in determining the reirradiation planning and delivery
approach and dose and fractionation (Table 8)."”"'"" As an
example, a patient with metastatic lung cancer previously
received 3000 cGy in 10 fractions for palliation of a lung
primary and now has a painful T6 bone metastasis without
epidural disease in the previously irradiated field a year
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later. Based on reirradiation data for the spinal cord,'"” this
patient could safely receive conventional palliative reirra-
diation with 800 c¢Gy in 1 fraction (cumulative dose calcu-
lation to an equivalent dose of 2 Gy per fraction with an
a-to-B ratio of 2 [EQD2-2] of 5800 c¢Gy) or 2000 cGy in 5
fractions (cumulative EQD2-2 of 6700 cGy). If the patient
has a limited life expectancy, 800 cGy in 1 fraction is opti-
mal. However, if the patient has a longer life expectancy
(eg, >1 year), and there is concern for disease recurrence at
the site, SBRT is conditionally recommended.

Regarding the use of SBRT for reirradiation of nonspine
lesions, there is no prospective data to support it. However,
a retrospective study that included patients with nonspine
bone metastases treated to 3000 to 3500 cGy in 5 fractions
showed complete pain response in 52% of the patients,
which is significantly higher compared with previously
reported rates in trials using conventional palliative RT.""”
However, given the lack of prospective data, further study
of the use of SBRT in this setting is warranted.

KQ5: Impact of dose fractionation and
techniques on treatment toxicity and QoL
(Table 9)

In adult patients with symptomatic bone metastases
receiving palliative RT, how do the different dose-frac-
tionation regimens and techniques impact treatment
toxicity and QoL?

The scope of KQ5 focused on the impact of various
palliative RT dose-fractionation regimens and techniques
on physical toxicity and other harms derived from the
treatment itself that may affect QoL. For information
regarding the impact of different dose-fractionation regi-
mens, constraints, and techniques on pain response, relief
of spinal cord or cauda equina compression, and motor/
neurologic function, see KQ3. In the available literature,
QoL metrics were not uniformly collected and variably
reported, with a frequent absence of patient-reported out-
comes. There were 3 RCTs that compared single- and
multifraction palliative RT that either had insufficient evi-
dence to characterize QoL or found that physical toxicity
between both modalities was relatively low and not signif-
icantly different.>'>*" One trial used the validated
EORTC QLQ-C30 QoL assessment tool, but overall, there

was insufficient high-quality evidence allowing assess-
ments of patient-reported outcomes and QoL according
to treatment dose and technique.®* This was also true for
the trials that compared conventional palliative RT with
SBRT.

Rates of acute physical toxicity across different modali-
ties were generally reported to be low, and there were no
statistically significant differences seen across all RT dose-
fractionation regimens and techniques. Of note, pain
flares are commonly seen after palliative RT, but only 1
RCT identified a difference in experiencing a pain flare
with single or multifraction RT (10% vs 4%)."” For
patients experiencing pain flare, 1 RCT of patients receiv-
ing 800 cGy in 1 fraction for painful bone metastases
were randomized to receive dexamethasone 8 mg every
day for 5 days with 800 cGy in 1 fraction versus usual
care. This showed a decrease in pain flare incidence by
9% among patients receiving dexamethasone.'” Notably,
this trial collected QoL and dexamethasone symptom
data using patient-reported, validated instruments
(EORTC QLQ-C15 PAL, EORTC QLQ-BM22, and the
Dexamethasone Symptom Questionnaire). At day 10,
patients receiving dexamethasone had significantly
reduced nausea and functional interference and improved
appetite as compared with placebo.'’” Other domains
were not significantly different.

For other acute side effects, there was no difference in
the measured physical symptoms across different treat-
ment types, including nausea (approximately 40%), vom-
iting (approximately 20%), bowel, bladder, or other
symptoms. Grade 3 to 4 toxicities were rare among
patients receiving single- and multifraction palliative RT
and among those receiving SBRT.”

Regarding skeletal-related events including impaired
ambulation, pathologic fracture, development of cord
compression, the rates were also low and found to be no
different between the various dose-fractionation regi-
mens. Specifically, there was no difference in the risk of
pathologic fractures between conventional palliative RT
with single- and multifraction regimens, with rates mea-
sured to be approximately 2% to 10%.""'****>**%* In the
RCTs comparing SBRT with conventional palliative RT in
symptomatic spine metastases, vertebral fracture rates
were similar—from 9% to 20% in the SBRT arms versus
4% to 22% in the conventional palliative RT arms.'®">7°
One RCT comparing SBRT with conventional palliative

Table9 Impact of dose fractionation and techniques on toxicity and QoL
St h of lity of
KQ5 Recommendation rength o . Qu? 1y o
Recommendation Evidence
1. For patients with bone metastases receiving palliative RT, a shared decision-making
approach is recommended to determine dose, fractionation, and use of supportive Strong Expert Opinion
measures to optimize QoL.
Abbreviations: KQ = key question; RT = external beam radiation therapy; QoL = quality of life.
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Figure 1 RT for symptomatic bone metastases.

Abbreviations: KQ = key question; RT = external beam radiation therapy; SBRT = stereotactic body radiation therapy.

*Algorithm applies to all symptomatic bone metastases either in the setting of no prior RT or after a prior course of RT (ie, reirradiation). Further details
pertinent to symptomatic bone metastases in the setting of reirradiation are found in the KQ4 recommendanons "Patients with metastatic spinal cord or
cauda equina compression should receive dexamethasone as part of their upfront management. IRT = Selection of treatment dose intensity and planning
modality (eg, conventional palliative RT vs SBRT) are discussed in the recommendations section.

RT in nonspine bone metastases reported on fracture
rates at 1% in the SBRT versus 0% in the conventional RT
arm.”’ Regarding subsequent reirradiation, conventional
palliative RT RCTs in aggregate suggest that single-frac-
tion palliative RT results in higher rates of reirradiation,
with reported retreatment rates ranging from 11% to 29%
following single-fraction RT and from 2% to 12% after
multifraction RT.'''5!%20:25:283070.8584 However, these
studies did not measure whether retreatment later versus
upfront multifraction treatment resulted in any difference
in a patient’s QoL.

Considering the absence of robust high-quality data, it
is the consensus of the task force to recommend patient
preference-sensitive and shared decision making for palli-
ative RT in symptomatic bone metastases. No studies cap-
tured a large, diverse cohort with detailed report of race,
ethnicity, comorbidities, and social determinants of
health. This hindered our ability to evaluate QoL relative
to factors known to be associated with health disparities.

Moreover, evaluated studies may not represent global pat-
terns of delivery of palliative RT. No studies captured
patient-reported outcomes comprehensively, such as psy-
chosocial symptoms, time spent receiving treatment, and
financial distress. Future studies should consider these
outcomes as primary and secondary endpoints when
comparing various dose-fractionation regimens and tech-
niques and should ensure adequate assessment of patient
demographics, prognosis, and access to care.

Conclusions and Future Directions

Over the past few decades, significant shifts in the
imaging, immobilization, and treatment delivery technol-
ogies available in the management of symptomatic bone
metastases (eg, 3-D CRT, IMRT, and SBRT) have
emerged. Furthermore, advances in systemic therapies
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have improved life expectancies for many patients with
metastatic cancers, rendering issues such as durability of
palliative RT, local control, and reirradiation more salient.
Additionally, advances in other therapies addressing
symptomatic bone metastases (eg, surgery, bisphospho-
nates, radiopharmaceutical, and vertebroplasty) have also
occurred in this timeframe. Long-term data continue to
support the use of short-course, conventional palliative
RT regimens for patients with symptomatic bone metasta-
ses. However, evidence for conformal and dose-escalation
approaches has moved from the experimental toward rou-
tine clinical care for select patients. These dramatic shifts
in the management of patients with metastatic cancer
highlight the crucial role of personalized and comprehen-
sive patient assessment—including consideration of met-
astatic site, global disease characteristics, and patient
goals and values—together with multidisciplinary input
when selecting appropriate interventions for patients with
symptomatic bone metastases. Other consensus state-
ments based on expert opinion have been developed for
the management of bone metastases with palliative
RT;''*'"” the recommendations within the present guide-
lines are unique in that they are based on a systematic
review of the available high-quality data informing this
topic.

Future studies are needed to address uncertainties in
the current evidence base. Randomized studies that seek
to delineate patient and disease characteristics that would
most benefit from single- versus multifraction regimens,
dose escalation, and advanced planning strategies would
aid in optimizing patient selection. Attempts to standard-
ize measurements of outcomes including pain response,
local control, QoL, impact of differences in cost and resul-
tant financial burden across treatment approaches, and
other patient-centered outcomes in the context of pallia-
tive RT are required to facilitate comparisons between
interventions. Studies should also address the role of com-
bining RT with other modalities (eg, systemic therapies
including immunotherapies, radiopharmaceutical, local
interventions such as vertebroplasty, radiofrequency abla-
tion, and cryotherapy) to define efficacy and safety in the
management of symptomatic bone metastases. Finally,
studies of methods of identifying metastatic bone sites at
risk of developing skeletal-related events (eg, radiomics-
based prediction tools) should be developed, with inter-
ventions potentially applying RT to at-risk lesions to pre-
vent skeletal-related events, an approach suggested as
beneficial for patients with asymptomatic metastatic bone
disease in a randomized phase 2 trial.” Arguably, the opti-
mal approach to palliative RT is the prediction and pre-
vention of symptoms and other QoL-compromising
skeletal-related events of bone metastases. Future studies
should also make dedicated efforts to ensure diversity of
patients in clinical trial enrollment such that study results
remain valid and interpretable across patient populations.
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