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Purpose: Pain response after conventional external beam radiation therapy (cRT) in patients with painful bone metastases is
observed in 60% to 70% of patients. The aim of the VERTICAL trial was to investigate whether stereotactic body radiation
therapy (SBRT) improves pain response.

Methods and Materials: This single-center, phase 2, randomized controlled trial was conducted within the PRESENT cohort,
which consists of patients referred for radiation therapy of bone metastases to our tertiary center. Cohort participants with pain-
ful bone metastases who gave broad informed consent for randomization were randomly assigned to cRT or SBRT. Only pa-
tients in the intervention arm received information about the trial and were offered SBRT (1 x 18 Gy, 3 x 10 Gy, or 5 x 7 Gy),
which they could accept or refuse. Patients who refused SBRT underwent standard cRT (1 x 8 Gy, 5 x 4 Gy, or 10 x 3 Gy).
Patients in the control arm were not informed. Primary endpoint was pain response at 3 months after radiation therapy.
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Secondary outcomes were pain response at any point within 3 months, mean pain scores, and toxicity. Data were analyzed inten-
tion to treat (ITT) and per protocol (PP). This trial was registered with Clinicaltrials.gov, NCT02364115.

Results: Between January 29,2015, and March 20, 2019, 110 patients were randomized. ITT analysis included 44 patients in the
cRT arm and 45 patients in the SBRT arm. In the intervention arm, 12 patients (27%) declined SBRT, and 7 patients (16%) were
unable to complete the SBRT treatment. In ITT, 14 of 44 patients (32%; 95% confidence interval [CI], 18%-45%) in the control
arm and 18 of 45 patients (40%; 95% CI, 26%-54%) in the SBRT arm reported a pain response at 3 months (P = .42). In PP, these
proportions were 14 of 44 (32%; 95% CI, 18%-45%) and 12 of 23 patients (46%; 95% CI, 27%-66%), respectively (P = .55). In
ITT, a pain response within 3 months was reported by 30 of 44 control patients (82%; 95% CI, 68%-90%) and 38 of 45 patients
(84%;95% CI, 71%-92%) in the SBRT arm (P = .12). In PP, these proportions were 36 of 44 (82%; 95% CI, 68 %-90%) and 26 of
27 patients (96%; 95% CI; 81%-100%), respectively (P = .12). No grade 3 or 4 toxicity was observed in either arm.
Conclusions: SBRT did not significantly improve pain response in patients with painful bone metastases. One in 4 patients
preferred to undergo cRT over SBRT, and 1 in 5 patients starting SBRT was unable to complete this treatment. Because of this
selective dropout, which can be attributed to the character of the intervention, the trial was underpowered to detect the prespe-
cified difference in pain response. © 2020 The Author(s). Published by Elsevier Inc. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Bone metastases are a common manifestation of advanced
cancer, causing pain and neurologic complaints or deficits,
and they often impair overall quality of life."” Palliative
radiation therapy (RT) is a proven effective and widely
accepted treatment modality for metastatic bone pain.”
Pain response after conventional RT (cRT) is similar in
patients treated with single-fraction (8 Gy in 1 fraction) and
multifraction (20-30 Gy in 5-10 fractions) RT.">° It has
been suggested that dose escalation, and more specifically
dose escalation per fraction, could improve pain response in
patients with metastatic bone pain.” Dose escalation using
cRT is challenging because surrounding tissues such as the
spinal cord have limited tolerance to radiation. Stereotactic
body RT (SBRT) allows for accurate administration of a
higher dose to the target area while sparing the surrounding
tissue.

Previous studies have shown that SBRT can be admin-
istered safely to patients with bone metastases.”* Recent
randomized controlled trials (RCTs) comparing the pro-
portion of patients reporting a pain response after cRT
versus SBRT show inconsistent results.”'' Nguyen et al’
compared single-fraction SBRT with multifraction cRT’
and found that pain response after SBRT was superior to
multifraction cRT at 2 weeks and at 3 months. The recently
presented RTOG 0631 trial, however, showed no difference
in pain response between single-fraction cRT (8 Gy) and
single-fraction SBRT (16-18 Gy)."'

The VERTICAL trial was designed according to the
Trials within Cohorts (TwiCs) methodology with the aim to
estimate whether SBRT leads to superior pain response
compared with standard cRT in patients with painful bone
metastases. In addition, the TwiCs design allowed us to
evaluate acceptability and tolerability of SBRT in routine
clinical practice.

Methods and Materials
Study design

VERTICAL was a single-center, pragmatic phase 2 RCT
conducted within the PRESENT cohort.'” The VERTICAL
study followed the TwiCs design, also known as the cohort
multiple RCT design."’ All patients with bone metastases
referred to the departments of radiation oncology or or-
thopedic surgery at our tertiary referral center are system-
atically invited to participate in the prospective,
observational PRESENT cohort. At enrollment in PRE-
SENT, patients give informed consent to the use of their
clinical and outcome data for research purposes. Option-
ally, they provide additional consent to complete patient-
reported outcomes (PROs) at regular intervals during
follow-up. In addition, in a separate question, we ask pa-
tients for their broad consent to be randomized in (near)
future RCTs conducted within the cohort. Patients are
informed that randomization means that, when meeting
inclusion and exclusion criteria for future trials, they will
be randomized; when randomized to the intervention arm,
they will be offered the experimental intervention, which
they can accept or refuse. They are also informed that,
when assigned to the control arm, they will not be notified
about the trial and that their clinical, outcome, and PROs
data might be used comparatively.'*

Patients

For the present study, all patients eligible for the VERTI-
CAL trial were identified within PRESENT. Inclusion
criteria included histologic proof of malignancy, radiologic
or histologic evidence of bone metastases, no more than 2
painful lesions requiring treatment, no compression of
spinal cord/cauda equina, no or mild neurologic signs such
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as (radiating) pain or numbness, Karnofsky performance
status score >50 points, and pain score >3. Exclusion
criteria included contraindications to undergo magnetic
resonance imaging (MRI), metastasis from a highly radio-
sensitive tumor (eg, lymphoma), lesions too large for SBRT
(ie, >10 cm), estimated life expectancy less than 3 months,
previous cRT or SBRT on the same level, need for surgical
stabilization, and severe, worsening, or progressive
neurologic deficits (eg, muscle weakness). Patients were
only eligible when they provided informed consent to
completing PROs and when they gave broad informed
consent for future randomization.

At the initiation of the study in January 2015, only pa-
tients with vertebral metastases were eligible. From
November 17, 2015, onward, patients with bone metastases
at any location were eligible, with the exception of the first
and second cervical vertebrae because of the proximity of
major neurovascular structures. All patients provided
written informed consent before enrolment in PRESENT,
and all patients in the intervention arm of the PRESENT
study provided additional informed consent to the VER-
TICAL trial. Approval of the protocol was obtained from
the local ethics committee.

Randomization and masking

PRESENT participants who met the inclusion criteria were
randomly assigned (1:1) to receive cRT or SBRT, using
block randomization with alternating block sizes. No
stratification factors were used, and the random allocation
sequence was masked. Following the TwiCs methodology,
only patients who were randomized to the intervention arm
were informed about the VERTICAL trial and were offered
SBRT. Additional informed consent was obtained from
patients who accepted the offer. Patients who declined the
offer received standard cRT. Treatment group allocation
was not masked to the investigators or the patients in the
intervention arm, but the patients randomized to the control
arm were not informed about the VERTICAL trial and
received standard cRT.

Procedures

Patients in the cRT arm typically received 8 Gy in 1 frac-
tion; however, a multifraction regimen of 20 Gy in 5
fractions or 30 Gy in 10 fractions could be used for patients
in good clinical condition as assessed by the radiation
oncologist. Single or multiple computed tomography (CT)-
guided conformal fields were used for RT planning, in
which the clinical target volume (CTV), which included the
macroscopic tumor, received at least 80% of the prescribed
dose. In 3 patients, volumetric modulated arc therapy was
used to deliver the conventional dose.

No immobilization devices were used. Patients under-
going SBRT were immobilized using a vacuum cushion

(BlueBAG:; Elekta, Stockholm, Sweden) or a thermoplastic
mask depending on localization.

A planning CT (1-mm slice thickness) was acquired and
rigidly registered to a dedicated planning MRI (in treatment
position), and a recent diagnostic positron emission to-
mography (PET) scan was coregistered if available. The
radiation oncologist contoured the gross tumor volume
(GTV), referred to as the boost (GTVb); the CTV, referred
to as elective CTV (CTVe); and relevant organs at risk. The
GTVb was defined as the macroscopic extent of the tumor
on all available imaging modalities. The CTVe was
generated using a 1.5-cm isotropic margin around the
GTVb, excluding soft tissues (bone only); potential extra-
osseous disease was included in the CTVe. For spinal me-
tastases, the whole vertebra was considered the CTVe. Both
the GTVb and the CTVe were expanded with a 2-mm
isotropic margin to generate planning target volume mar-
gins.'” The planning target volume was prescribed for 18
Gy in a single fraction, 30 Gy in 3 fractions, or 35 Gy in 5
fractions using volumetric modulated arc therapy both with
3 fractions per week. A more detailed protocol for cRT and
SBRT planning procedures was published earlier.'®

From all PRESENT patients, demographic, clinical, and
follow-up data and treatment characteristics were collected
at baseline, before the start of RT, and until death. Because
VERTICAL was executed within PRESENT, these data
were available for the patients included in the VERTICAL
trial. For the VERTICAL trial, data collected at baseline, 2,
4, 6, and 8 weeks and 3 months after treatment was used.
Patients completed the Brief Pain Inventory combined with
a form on (opioid) analgesic use. In addition, change in
quality of life (QOL) was assessed using the EORTC-QLQ-
C15-PAL and EORTC-QLQ-BM22. Here, only the global
QOL scores of the QLQ-C15-PAL questionnaire are pre-
sented. Detailed analysis of all QOL domains of the QLQ-
C15-PAL and QLQ-BM22 questionnaires will be published
separately. From the opioid analgesic use, an oral morphine
equivalent dose (OMED) in mg was calculated. When pa-
tients failed to return questionnaires, they were systemati-
cally reminded by a call from the research team. Patients
were asked to fill out the questionnaire, and pain scores and
opioid analgesic use were already noted during that call.

Outcomes

The primary endpoint of the VERTICAL trial was the
proportion of patients reporting a pain response at 3 months
after RT, measured with the Brief Pain Inventory and
classified according to the international consensus on
palliative RT." Complete response was defined as a pain
score of 0 on a scale from 0 to 10, without an increase in
pain medication use. Partial response was a decline of at
least 2 points or decline of an OMED of at least 25%, or
both. Pain progression (PP) was an increase of at least 2
points without change in OMED dose, or a 1-point increase
with an increase of 25% in OMED use. All other pain
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responses were categorized as indeterminate response. Pa-
tients with a complete response or partial response were
considered responders; patients with other outcomes were
considered non—pain-responders. Patients for whom a pain
score was unknown were considered non—pain-responders
at that time point.

Secondary endpoints were best pain response in the first
3 months after treatment, mean pain scores, OMED use,
global QOL, and toxicity in the first 3 months after treat-
ment. Global QOL was rated on a 7-point scale ranging
from “very poor” to “excellent.” In accordance with the
scoring manual, the scale was converted into a score
ranging from 0 to 100, with higher scores indicating better
QOL.""" Toxicity was assessed by a physician at clinical
or telephone follow-up and categorized according to the
Common Terminology Criteria for Adverse Events
(CTCAE) version 4.0. Only adverse events grade >3 were
recorded because of the high number of study-unrelated
adverse events, owing to the natural course of disease in
patients with stage IV cancer. By applying the TwiCs
design, patients’ preferences to undergo SBRT could be
estimated, as patients allocated to the intervention arm
could accept or refuse the offer of SBRT. Patient-reported
reasons for not accepting SBRT were recorded.

Statistical analysis

We assumed the proportion of patients with pain response
at 3 months to be 60% after cRT versus 85% after SBRT. To
achieve an 80% power and a one-sided o of 5%, 49 patients
needed to be enrolled in each arm.””?' We assumed that
10% of the patients in the intervention arm would refuse
when offered SBRT. We also assumed 100% compliance in
the control arm because control patients were not informed
of the SBRT intervention and underwent treatment as usual.
In addition, a 10% dropout rate was anticipated in both
arms, resulting in 55 patients being required for each arm.'®

The proportions of patients reporting a pain response at
3 months (primary endpoint) were compared between the
control and the intervention arms using the % test. The
primary analysis was by intention to treat (ITT), excluding
patients who were found to be ineligible after randomiza-
tion. Patients in the intervention arm who preferred to un-
dergo cRT when SBRT was offered, and those who did not
want to undergo any treatment at all, were included in the
ITT analysis.

We also conducted a per protocol (PP) analysis and
included patients who completed the treatment planned
according to the random allocation. In the ITT and PP an-
alyses, patients who did not return their questionnaires were
considered non—pain-responders. In addition, a third
analysis, a complete case ITT analysis, was performed, in
which we analyzed only patients whose response could be
assessed at 3 months (alive and responding to
questionnaire).

The proportions of patients reporting pain response at at
least 1 of the follow-up time points up to 3 months after-
treatment (secondary outcome) were compared with ITT
and PP analyses using the ¥ test.

The independent samples ¢ test was used to compare
changes in mean pain scores and OMED use between
baseline and follow-up at 3 months relative to baseline by
treatment arm. In addition, a linear mixed model analysis
was performed to compare mean pain scores adjusted for
covariates. Global QOL was analyzed using a mixed model
for repeated measures, including time, treatment group, and
its interaction and adjusting for baseline QOL scores.
Toxicity was assessed in all enrolled patients who received
at least 1 RT fraction. Data were analyzed using SPSS
(IBM, Armonk, NY).”” This trial was registered with
Clinicaltrials.gov under NCT02364115.

Role of the funding source

The study was funded by internal sources. The corre-
sponding author had full access to all data in the study and
had final responsibility for the decision to submit for
publication.

Results

Between January 29, 2015, and March 20, 2019, 1102,
patients with (painful) bone metastases were included in the
PRESENT cohort at our department for RT. Of these pa-
tients, 178 patients were eligible (meeting the inclusion and
exclusion criteria of VERTICAL). The majority of patients
were not eligible for the VERTICAL study because 3 or
more locations were treated with RT or they had oligome-
tastatic disease, which was treated with SBRT. In addition,
patients were often excluded when the metastasis was >10
cm or when there was an increased fracture risk. Of the 178
eligible patients, 42 did not want to participate in the
PRESENT cohort, and they could not be included in
VERTICAL. Seven patients did not provide informed
consent for completing PROs, and 7 patients refused future
randomization. Ten patients were not randomized because
treatment in the intervention arm would not be possible
within 10 days, which was considered unethical. The
remaining 110 (61%) were randomized (Fig. 1).

After randomization, 11 patients in the cRT arm and 10
patients in the SBRT arm dropped out before start of
treatment because they did not, or no longer did, meet the
inclusion criteria. The most common reasons for dropping
out were need for surgery and lack of pain, although the
patient was referred because of painful metastases. As a
result, 89 patients were included in the ITT analysis, 44
patients in the standard arm, and 45 patients in the exper-
imental arm. Baseline characteristics are shown in Table 1.

After offering SBRT to the 45 patients in the interven-
tion arm, 12 patients (27%; 95% confidence interval [CI],
15%-42%) declined the offer and opted for cRT (Fig. 1).
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Eight of these patients refused SBRT because of the longer
waiting time of up to 10 days until treatment. One patient
had previously undergone cRT and was satisfied with the
results, and 1 patient refused SBRT because of worries
about the increased vertebral fracture risk after SBRT. Of
the patients who refused SBRT, 10 patients underwent cRT,
and 2 patients refused any treatment. Patients who refused
the SBRT treatment were slightly younger, had more
comorbidities, had a higher percentage of lung cancer and a
lower percentage of breast cancer, and had a higher pain
score than patients who accepted SBRT. They were similar
in terms of sex and of location of bone metastases (Table
El).

Of the 33 patients who accepted SBRT, 7 (21%) were
unable to complete the treatment, 3 of whom underwent
cRT. One patient was injured between consecutive fractions
because of a fall and was unable to continue SBRT; 1 pa-
tient was unable to undergo planning MRI because severe
bone pain; 1 patient was in too much pain after the first
SBRT fraction, did not respond to dexamethasone, and
refused to undergo additional fractions; and 1 patient turned
out to have 3 lesions on MRI requiring treatment. Two
patients had MRI-confirmed rapid tumor or metastasis
progression and underwent cRT, and 1 patient deteriorated
rapidly and underwent cRT before SBRT could be started.
Overall, 44 patients (100%) completed the allocated cRT,
and 26 patients (58%) completed the allocated SBRT
treatment. Thirteen patients (29%) randomized to the SBRT
arm received cRT, and 6 patients did not undergo any
treatment.

Fourteen patients died within 3 months—7 patients in
the cRT arm and 7 patients in the SBRT arm. Median time
to death was 44 days (interquartile range [IQR], 29-48
days) in the cRT arm and 46 days (IQR, 37-75 days) in the
SBRT arm. The overall 90-day survival was 84% in both
arms (Fig. El). Despite repeated calls, questionnaire
response rates were low. Thirty-five patients (39%) returned

their questionnaires at all follow-up moments, and 77 pa-
tients (87%) returned at least 1 follow-up questionnaire
(Table 2). The patients in the SBRT arm who did not un-
dergo any treatment did not return any questionnaires. Of
the 13 patients who underwent cRT instead of the allocated
SBRT, 8 returned at least 1 questionnaire. Patients who did
not return a questionnaire were considered to be non—pain-
responders at the given moment in follow-up.

In the ITT analysis, 14 of 44 patients (32%; 95% CI,
18%-45%) in the cRT arm reported a pain response at 3
months compared with 18 of 45 patients (40%; 95% CI,
26%-54%) in the SBRT arm (P = .42). In the PP analysis,
14 of 44 patients (32%; 95% CI, 18%-45%) in the cRT arm
and 12 of 26 patients (46%; 95% CI, 27%-66%) in the
SBRT arm reported a pain response at 3 months (P = .55;
Table 3).

In the subset of evaluable (alive and responding) patients
(ie, complete case ITT analysis), 14 of 23 patients (61%;
95% Cl, 39%-80%) in the cRT arm and 18 of 31 (58%; 95%
CI, 39%-75%) in the SBRT arm reported a pain response at
3 months (P = .84; Table 3).

The proportion of patients reporting a pain response on
at least 1 of the follow-up time points after treatment up to
3 months afterward was comparable between both treat-
ment arms in the ITT and PP analyses: 36 of 44 patients
(82%; 95% CI, 68%-90%) in the cRT arm versus 38
of 45 patients (84%; 95% CI, 71%-92%) in the SBRT arm
(P = .73) in the ITT analysis. In the PP analysis, 36 of 44
patients (82%; 95% CI, 68%-90%) in the cRT arm versus
26 of 27 patients (96%; 95% CI, 81%-100%) in the SBRT
arm reported a pain response within 3 months after treat-

ment (P = .12). The percentages of patients reporting a
pain response at each follow-up point were comparable
(Fig. 2).

In the ITT analysis, mean pain scores at baseline were
6.2 (standard deviation [SD] = 2.0) in the cRT arm and 6.6
(SD = 1.8) in the SBRT arm (Fig. 1). At 3 months, the

| Eligible patients (n=178) |

I Eligible but not participating (n=42) ‘

| Allocated to SBRT (n=55) |

—| Drop-out after randomization (n=10) |

| Offered SBRT (n=45) |
|

| Accepted SBRT (n=33, 73%)

| Allocated to cRT (n=55) |

—| Drop-out after randomization (n=11) ‘

Unable to complete SBRT

Refused SBRT (n=12, 27%) (n=7, 16%)
=7, 16%

Completed SBRT (n=26, 58%)

Received cRT (n=44)

Fig. 1.

Flowchart of patient enrolled in the VERTICAL trial and treatment allocation.
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Table 1 Baseline characteristics of patients with painful
bone metastases enrolled in the VERTICAL trial

Stereotactic body

Conventional radiation therapy
radiation therapy group
Characteristics group (N = 44) N = 45
Male sex, n (%)™ 31 (70) 24 (53)
Median age (IQR), y 63 (57-73) 65 (61-72)
Median Charlson 6 (6-7) 6 (6-7)
comorbidity
index (IQR)'
Karnofsky
performance
status, n (%)
0-50 1(3) 2 (6)
60-7 11 (37) 14 (40)
80-100 18 (60) 19 (42)
Primary tumor site,
n (%)
Lung 9 (21) 14 (31)
Breast 8 (18) 9 (20)
Prostate 9 (21) 11 (24)
Other’ 18 (40) 11 (24)
Location bone
metastases, n
(%)
Spine 22 (50) 27 (60)
Nonspine 22 (50) 18 (40)
Median pain score 6.2 (2) 6.6 (1.8)
at baseline, NRS
(IQR)
Pain medication at
baseline, n (%)
None 7 (16) 7 (16)
Nonopioid 15 (34) 15 (33)
Weak opioid 1(2) 1)
Strong opioid 21 (48) 22 (49)
Median oral 60 (40-120) 60 (40-110)
morphine
equivalent dose in
mg (IQR)
Concomitant 17 (39) 25 (56)
systemic
treatment,
n (%)
Hormone therapy 7 (16) 11 (24)
Chemotherapy 7 (16) 10 (22)
Targeted therapy 24) 2 4)
Other 1) 2 (4)

Abbreviations: IQR = interquartile range; NRS = Numeric Rating
Scale, ranging 0-10.

* Percentages might not add up to 100% because of rounding.

f The scale of the Charlson Comorbidity Index ranges from O to 40,
where a higher score indicates a worse prognosis. Patients with bone
metastases have a score of at least 6.

¥ The Karnofsky performance status score is assessed on a 100-
point scale, with lower numbers indicating greater disability.

§ Conventional external beam radiation therapy arm: kidney
5), bladder (n = 4), colon and rectum (n = 5), esophagus
1), another endocrine (n = 1). Stereotactic body radiation

(n

(n

therapy arm: bladder (n = 4), kidney (n = 3), colon and rectum
(n = 1), stomach (n = 1), esophagus (n = 1), another upper
digestive tract (n = 1).

mean pain score was 3.6 in the cRT arm (difference —2.5;
95% CI, —3.8 to —1.1) and 3.4 in the SBRT arm (difference
—2.9; 95% CI, —4.0 to 1.9; P = .41; Fig. 3). In the PP
analysis, the mean pain scores in the cRT remain 6.2
(SD = 2.0), because all patients allocated to the control
arm underwent the standard treatment. Mean pain score in
the SBRT arm at baseline was 6.3 (SD = 1.9), which
dropped to 3.0 at 3 months (difference —3.0; 95% CI,
—4.36 to —1.72). In a mixed-model analysis in which the
treatment, interaction between treatment and time, and
primary tumor were taken into account as fixed effects, no
significant difference was found (Table E3). At baseline, 22
patients in both arms used opioids with a mean OMED of
83 mg (SD = 67) in the cRT arm and 95 mg (SD = 60) in
the SBRT arm. At 12 weeks, 12 patients in the cRT arm and
13 in the SBRT arm used opioids, with an OMED of 83 mg
(SD = 102) and 86 mg (SD = 45), respectively. No dif-
ference was found in global QOL scores between patients
in the cRT and SBRT arm (Table 4; P = .91). No CTCAE
grade 3 or 4 toxicity related to the treatment was reported in
either treatment arm within 3 months after RT.

Discussion

In this cohort-embedded, randomized controlled trial
following the TwiCs design, we found no differences in
pain response, pain scores, and global QOL between pa-
tients receiving cRT and those (offered to be) treated with
SBRT. In both arms, patients had a comparable decrease in
pain and analgesic use in the 3 months after treatment. We
found that a substantial proportion of patients (27%)
preferred to undergo cRT instead of SBRT when given the
choice. In addition, a substantial proportion of patients
(21%) was unable to complete SBRT treatment, a phe-
nomenon that was not observed in the cRT arm.

Our results are in line with the RTOG 0631 trial, in
which no difference in pain response was found between
the cRT (58%) and SBRT (40%) group 3 months after RT
for spinal metastases.'' In that trial, 339 patients were
randomized 1:2 to cRT or SBRT, respectively.® In addition
to similar pain response rates, our trial also showed mean
pain scores similar to those in the RTOG 0631 in which, in
the 3 months after RT, mean pain scores decreased from
5.88 to 2.05 in the cRT arm and from 6.06 to 3.06 in the
SBRT arm. In addition, the results of Sprave et al'’ are
similar to the results of the RTOG 0631 trial and our re-
sults. Sprave et al'’ performed a classic RCT with 30 pa-
tients per arm with spinal metastases receiving either 24 Gy
SBRT in 1 fraction or 30 Gy multifraction cRT.'” In the ITT
analysis, no significant difference between cRT and SBRT
was found in pain response after 3 months (48% vs 70%,
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Table 2 Number and proportion of patients returning their questionnaire (n) of total patients at risk (N)
Treatment arm At 2 wk At 4 wk At 6 wk At 8 wk At 3 mo
Conventional external beam radiation therapy arm, n (%) 32 (73%) 33 (77%) 27 (68%) 28 (72%) 23 (62%)
Deceased 0 1 4 5 7
Stereotactic body radiation therapy, n (%) 37 (82%) 36 (80%) 32 (76%) 33 (85%) 31 (82%)
Deceased 0 0 3 6 7
respectively; P = .057). Pain scores displayed a similar arm (60% and 39%). In previous models predicting pain

trend in both treatment arms. Because this trial was small
and therefore underpowered, Sprave et al'’ recommended
conducting larger RCTs to find clinically significant dif-
ferences. A small, 3-arm, randomized phase 2 trial by
Berwouts et al”” showed that 8 Gy in a single fraction using
fluorodeoxyglucose-PET—based dose painting resulted in a
higher pain response (12/15; 80%) compared with 16 Gy in
a single fraction using fluorodeoxyglucose-PET—based
dose painting (9/15; 60%).”> The authors explained their
finding, among other reasons, by reducing the dose to
normal tissues. A higher SBRT dose results in a higher dose
to normal tissues, actually inducing elevation of inflam-
matory cytokines and possibly inducing adverse effects
after SBRT.”

In contrast to the aforementioned studies, as well as
ours, Nguyen et al found a significantly better pain response
after SBRT (12-16 Gy in 1 fraction) after 2 weeks (for both
ITT and PP analyses) and after 3 months (PP analysis). In
this trial, the researchers compared 79 patients receiving
multifraction cRT with 81 patients receiving SBRT for
mainly non—spinal metastases. Pain response rates at 3
months in both arms were low compared with those found
in other studies, with 21% in the cRT arm and 38% in the
SBRT arm. Nguyen et al’ mainly included patients with
metastases from lung carcinoma, in contrast to the more
heterogeneous study population in the RTOG 0631 trial and
our trial. Moreover, the proportion of patients with lung
cancer was higher in the cRT arm compared with the SBRT

response, patients with metastases from prostate or breast
cancer had a better response than patients with lung can-
cer.”'” The low response rate and homogeneity in the
Nguyen et al study could hamper extrapolation of the re-
sults to the general population with bone metastases. The
joint result from these trials seems to indicate that dose
escalation using SBRT does not lead to better pain
response, possibly indicating a much more complex bio-
logical reaction of painful bone metastases to irradiation.
To our knowledge, this trial is the first RCT designed
according to the TwiCs design in a palliative oncological
setting. The TwiCs approach is different from classic RCTs,
in which patients are informed about the trial and are asked
3 questions at the same time: (1) whether they are inter-
ested in participating in clinical research, (2) whether they
agree to be randomized, and (3) whether they are willing to
undergo an experimental intervention. In TwiCs, the first 2
questions (“Are you willing to participate in research?” and
“Are you prepared to be randomized?”) are asked at cohort
entry, although the last question (“Are you prepared to
undergo an experimental intervention?”’) is asked only of
patients in the intervention arm (ie, only patients who can
actually undergo the experimental intervention). This
patient-centered, informed consent procedure is less
confusing for patients than the standard informed consent
procedure in a classic RCT, in which patients receive in-
formation about interventions that they might not receive.
In addition, the TwiCs approach avoids disappointment of

Table 3  Patients who perceive a pain response after radiation therapy (n), according to treatment™
Analyses At 2 wk At 4 wk At 6 wk At 8 wk At 3 mo
ITT analysis
cRT 19/44 (43%) 19/44 (43%) 13/44 (30%) 16/44 (36%) 14/44 (32%)
SBRT 18/45 (40%) 16/45 (36%) 19/45 (42%) 17/45 (44%) 18/45 (40%)

PP analysis (patients undergoing allocated treatment)
cRT 19/44 (43%) 19/44 (43%)
SBRT 12/26 (46%) 10/26 (39%)
ITT analysis of evaluable patients'
cRT 19/32 (59%)
SBRT 18/37 (49%)

19/33 (58%)
16/36 (44%)

13/44 (30%)
13/26 (50%)

16/44 (36%)
11/26 (42%)

14/44 (32%)
12/26 (46%)

13/27 (48%)
19/32 (59%)

16/28 (57%)
17/33 (52%)

14/23 (61%)
18/31 (58%)

Abbreviations: cRT = conventional external beam radiation therapy; ITT = intention to treat; PP = per protocol; SBRT = stereotactic body radiation

therapy.

* Presented as n/N (%). Patients are considered to have a response as pain score or analgesic use went down per the international consensus criteria.” In
the ITT and PP analysis, patient who did not return a questionnaire or were deceased were considered nonresponders. In the ITT of analysable patients,

only patients who returned a questionnaire were included.

f Number of patients reporting a pain response (n), who returned a questionnaire (N). Presented as n/N (%).
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Fig. 2. Spider plot representing the proportion of patients

reporting a pain response at each follow-up point. cRT
(blue) and SBRT (red). (A color version of this figure is
available at https://doi.org/10.1016/j.ijrobp.2020.11.060).

patients allocated to the control arm, considering only pa-
tients in the intervention arm receive information about the
new intervention. As such, patients in the control arm are
not prone to disappointment bias, (ie, the phenomenon
observed among patients randomized to the control arm
while hoping to be randomized to the intervention arm).
Because patients know about the availability of a new
treatment, not being able to receive the new treatment could
induce disappointment and therefore result in reporting a
more negative outcome.”* Avoiding this type of bias is
especially attractive in trials assessing a subjective
outcome, such as pain and QOL.

Intention to treat analysis

TwiCs increases efficiency of recruitment.”””° We ran-
domized more than 60% of the eligible patients treated for
painful bone metastases at our institution during the study
period. Similarly high enrollment rates were seen in other
TwiCs at our institution, where 63% and 100% of the
eligible patients were randomized.”*”’ In classic RCTs in
the palliative setting, patient enrollment is challenging. The
RTOGO0631 trial, for example, took more than 9 years and
65 participating centers to enroll 339 patients (average of
0.6 patients per center per year). A Dutch multicenter
classic RCT, the RACOST trial, was stopped early because
of slow recruitment.”*”” We also completed the trial within
a single institution in a reasonable time frame of 4 years. As
new technologies and treatment options are being devel-
oped rapidly, finishing a trial quickly is important.

Patients in the intervention arm decide whether they will
accept the intervention or not; therefore, the TwiCs approach
provides insightful information about the acceptability of the
intervention to patients. We found that a substantial propor-
tion of patients was not inclined to accept SBRT as a treat-
ment: 12 patients (27%) declined to undergo SBRT, 10 of
whom explicitly preferred cRT. This might be partially
explained by more efficient treatment logistics of cRT; in our
center; patients who undergo cRT in a single fraction can
often undergo treatment on the same day as their visit to the
radiation oncologist, or the day after. For the SBRT treatment,
there was a waiting time of 1 to 2 weeks because of the use of
a vacuum cushion and the need for an MRI scan, despite the
availability of 2 dedicated MRI scanners for RT purposes at
the RT department. This extra waiting time was the reason
why many patients refused the intervention treatment. In
addition, 1 patient had previously been treated for bone me-
tastases with cRT; because he was satisfied with the effect of
the previous cRT, he did not want to undergo SBRT.

Some differences were seen between the accepters and
refusers of SBRT, specifically in primary tumor sites and
the use of pain medication. Although this may be due to

Per protocol analysis

8 8 -
— CRT — CRT
—— SBRT —— SBRT
6 6 o8
4 4 -
2 2
0 0
0 2 4 6 8 12 0 2 4 6 8 12
Time from treatment (weeks) Time from treatment (weeks)
n at risk n at risk

cRT 44 44 43 40 39 37
SBRT 45 45 45 42 39 38

Fig. 3.

cRT 44 44 43 40 39 37
SBRT 26 26 26 26 24 23

Pain scores during the first 12 weeks after radiation therapy treatment. Pain was scored on a 10-point pain scale

ranging from O (no pain) to 10 (worst imaginable pain). Pain was measured at baseline before radiation therapy treatment and
after 2 weeks, 4 weeks, 6 weeks, 8 weeks, and 3 months after radiation therapy treatment.
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Table 4 Global quality of life scores of the EORTC-QLQ-
C15 questionnaire™

Baseline At4 wk At8 wk At3 mo
67 (50-67) 67 (50-83) 67 (67-83) 67 (67-83)

Conventional
external beam
radiation
therapy

Stereotactic
body
radiation
therapy

67 (50-67) 50 (50-67) 67 (50-83) 67 (50-83)

* Presented as median (interquartile range).

chance, the higher percentage of patients with lung cancer
refusing SBRT treatment and more patients with breast
cancer accepting could be explained by the differences in
prognosis. Patients with breast cancer, who overall have a
better prognosis than patients with lung cancer, could be
more willing to invest in a more demanding and complex
treatment. Furthermore, the percentage of patients not using
any pain medication is higher among refusers, whereas
their pain scores are similar to those of patients receiving
lower levels of analgesia. This finding might indicate that
patients had an even higher pain score without the pain
medication and were therefore more likely to accept the
more complex experimental treatment. In addition, 2 pa-
tients (4%) who declined SBRT did not want to receive any
RT treatment, which was not seen in the cRT arm. Perhaps
providing more information to patients in the intervention
arm induced hesitation regarding the usefulness of both
SBRT and cRT.

Our choice to design the PRESENT study according to
TwiCs to create real-world evidence of the estimated effects
of implementing SBRT for pain control in patients with
bone metastases also had some disadvantages. Because of
the dropout rate in both arms and the unexpectedly high
nonacceptance rate in the SBRT arm, the trial was under-
powered to detect the assumed difference in pain response
between the cRT and SBRT arms. In addition, in the sample
size calculation, an increase of 25% in the proportion of
patients perceiving a pain response after SBRT compared
with cRT was assumed. Therefore, this trial was under-
powered to find smaller differences. A substantial pain
difference should be present to justify adopting a new
treatment, such as SBRT, which poses a considerable
higher burden to the patient. Nevertheless, a smaller dif-
ference (eg, 15%) could be considered in future studies.

Despite repeated reminders, the questionnaire return
rates at the different time points ranged from 71% to 78%,
and only 39% of the patients returned the questionnaires at
all follow-up time points. The relatively low number of
returned questionnaires not only reflects the difficulty of
conducting studies in vulnerable patient populations; it
might also induce a response bias when, for example,
mainly poor responders fail to return questionnaires.

Therefore, the patients who did not return a questionnaire at
a given time point were considered non—pain-responders in
the ITT and PP.

A reason for patients to stop filling out questionnaires
was an increase in disease burden. Other patients indicated
that they did not find it necessary to complete the ques-
tionnaire because there was no change in their physical
situation. Furthermore, the return rate in the control arm
was lower than that in the intervention arm. This could be
because control patients were unaware of being part of a
clinical trial.

It has been hypothesized that the duration of response is
longer after SBRT because of higher local control.”’
Because only 39% of the patients completed the question-
naires at all follow-up time points, we were unable to make
a reliable estimate of the duration of pain response to
confirm this suggestion. Furthermore, local control was not
assessed in the present study. Future research could include
local control as an endpoint, which could be particularly
relevant for patients with a relatively high life expectancy.
Despite the exclusion criterion of an estimated life expec-
tancy of <3 months, 14 patients died within 3 months after
RT. This result shows that estimating life expectancy in this
patient group is difficult. Multiple prognostic models have
been proposed, but none are sufficient to make a reliable
estimate of the prognosis for all patients. This is a dilemma
in all trials conducted with patients with bone metastases.

Finally, we depended on (follow-up) data as collected in
the PRESENT cohort. In this cohort, only grade >3 adverse
events are collected because of the high number of (inter-
vention unrelated) adverse events owing to the natural
course of disease in patients with stage IV cancer.
Furthermore, toxicity was physician rated, not patient re-
ported. This might have resulted in an underestimation of
toxicity; however, in both RCTs from Nguyen et al’ and
Sprave et al,'” no differences were seen in (grade 1 or 2)
adverse events after cRT and SBRT.

Future research to compare the pain response after cRT
and SBRT could be considered using the same TwiCs
design. Classic RCTs have the disadvantage of slow
accrual; this was an issue in the RACOST trial, which was
suspended because of the limited patient accrual. The
TwiCs design offers higher inclusion rates, but the potential
dropout rate should be considered in the study design.

Conclusion

This study showed a comparable pain response after cRT or
SBRT for painful bone metastases. Furthermore, when
given the choice, a substantial proportion of patients
preferred to receive cRT over SBRT. In addition, we found
a substantial proportion of patients who were unable to
complete SBRT treatment, unlike the cRT treatment.
Lastly, the use of the TwiCs design is a feasible method to
evaluate experimental treatments in the palliative oncology
setting.



Volume 110 e Number 2 o 2021

Pain response after stereotactic body radiation therapy versus conventional

367
radiation therapy for bone metastases

References

10.

11.

12.

13.

14.

15.

. Lutz S, Berk L, Chang E, et al. Palliative radiotherapy for bone me-

tastases: An ASTRO evidence-based guideline. Int J Radiat Oncol
Biol Phys 2011;79:965-976.

. Westhoff PG, De Graeff A, Monninkhof EM, et al. Quality of life in

relation to pain response to radiation therapy for painful bone me-
tastases. Int J Radiat Oncol Biol Phys 2015;93:694-701.

. Chow R, Hoskin P, Hollenberg D, et al. Efficacy of single fraction

conventional radiation therapy for painful uncomplicated bone me-
tastases: A systematic review and meta-analysis. Ann Palliat Med
2017;6:125-142.

. Chow E, Hoskin P, Mitera G, et al. Update of the international

consensus on palliative radiotherapy endpoints for future clinical trials
in bone metastases. Int J Radiat Oncol Biol Phys 2012;82:1730-1737.

. Chow E, Harris K, Fan G, Tsao M, Sze WM. Palliative radiotherapy

trials for bone metastases: A systematic review. J Clin Oncol 2007;25:
1423-1436.

. Westhoff PG, De Graeff A, Monninkhof EM, et al. Quality of life in

relation to pain response to radiation therapy for painful bone me-
tastases. Int J Radiat Oncol Biol Phys 2015;93:694-701.

. Spencer K, van der Velden J, Wong E, et al. Systematic review of the

role of stereotactic radiotherapy for bone metastases. J Natl Cancer
Inst 2019;111:10.

. Ryu S, Pugh SL, Gerszten PC, et al. RTOG 0631 phase 2/3 study of

image guided stereotactic radiosurgery for localized (1-3) spine me-
tastases: Phase 2 results. Pract Radiat Oncol 2014;4:76-81.

. Nguyen QN, Chun SG, Chow E, et al. Single-fraction stereotactic vs

conventional multifraction radiotherapy for pain relief in patients with
predominantly nonspine bone metastases: A randomized phase 2 trial.
JAMA Oncol 2019;5:872-878.

Sprave T, Verma V, Forster R, et al. Quality of life following stereo-
tactic body radiotherapy versus three-dimensional conformal radio-
therapy for vertebral metastases: Secondary analysis of an exploratory
phase II randomized trial. Anticancer Res 2018;38:4961-4968.

Ryu S, Deshmukh S, Timmerman RD, et al. Radiosurgery compared
to external beam radiotherapy for localized spine metastasis: Phase III
results of NRG Oncology/RTOG 0631. Int J Radiat Oncol 2019;105:
S2-S3.

Prospective Evaluation of Interventional Studies on Bone Metastases -
the PRESENT Cohort (PRESENT). Clin NCT02356497 https//
clinicaltrials.gov/show/NCT02356497. 2015.

Relton C, Torgerson D, O’Cathain A, Nicholl J. Rethinking pragmatic
randomised controlled trials: Introducing the ‘cohort multiple rando-
mised controlled trial” design. BMJ 2010;340:963-967.

Young-Afat DA, Verkooijen HAM, Van Gils CH, et al. Staged-
informed consent in the cohort multiple randomized controlled trial
design. Epidemiology 2016;27:389-392.

van der Velden JM, Hes J, Sahgal A, et al. The use of a simultaneous
integrated boost in spinal stereotactic body radiotherapy to reduce the
risk of vertebral compression fractures: a treatment planning study.
Acta Oncol (Madr) 2018;57:1271-1274.

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

van der Velden JM, Verkooijen HM, Seravalli E, et al. Comparing
conVEntional RadioTherapy with stereotactIC body radiotherapy in
patients with spinAL metastases: Study protocol for an randomized
controlled trial following the cohort multiple randomized controlled
trial design. BMC Cancer 2016;16:909.

. Lam K, Chow E, Zhang L, et al. Determinants of quality of life in

advanced cancer patients with bone metastases undergoing
palliative radiation treatment. Support Care Cancer 2013;21:
3021-3030.

Fayers PM. Interpreting quality of life data: Population-based refer-
ence data for the EORTC QLQ-C30. Eur J Cancer 2001;37:1331-
1334.

Groenvold M, Petersen MA, Aaronson NK, et al. The development of
the EORTC QLQ-C15-PAL: A shortened questionnaire for cancer
patients in palliative care. Eur J Cancer 2006;42:55-64.

Ryu S, Jin R, JinJY, et al. Pain control by image-guided radiosurgery for
solitary spinal metastasis. J Pain Symptom Manage 2008;35:
292-298.

Gerszten PC, Burton SA, Ozhasoglu C, Welch WC. Radiosurgery for
spinal metastases: Clinical experience in 500 cases from a single
institution. Spine (Phila Pa 1976) 2007;32:193-199.

IBM Corporation. IBM SPSS Statistics for Windows, Version 22.0.
Armonk, NY: IBM Corporation; 2013.

Berwouts D, De Wolf K, Lambert B, et al. Biological 18[F]-FDG-PET
image-guided dose painting by numbers for painful uncomplicated
bone metastases: A 3-arm randomized phase II trial. Radiother Oncol
2015;115:272-278.

van der Velden JM, Verkooijen HM, Ayoung-Afat D, et al. The cohort
multiple randomized controlled trial design: A valid and efficient
alternative to pragmatic trials? Int J Epidemiol 2017;46:96-102.

Gal R, Monninkhof EM, van Gils CH, et al. The Trials within Cohorts
design faced methodological advantages and disadvantages in the
exercise oncology setting. J Clin Epidemiol 2019;113:137-146.
Couwenberg AM, Burbach JPM, May AM, Berbee M, Intven MPW,
Verkooijen HM. The trials within cohorts design facilitated efficient
patient enrollment and generalizability in oncology setting. J Clin
Epidemiol 2020;120:33-39.

Gal R, Monninkhof EM, Peeters PHM, et al. Physical activity levels of
women with breast cancer during and after treatment, a comparison
with the Dutch female population. Acta Oncol (Madr) 2019;58:673-
681.

Braam P, Lambin P, Bussink J. Stereotactic versus conventional
radiotherapy for pain reduction and quality of life in spinal metastases:
Study protocol for a randomized controlled trial. Trials 2016;17:61.
Braam P, Lambin P, Bussink J. Conventional with stereotactic radio-
therapy for pain reduction and quality of life in spinal metastases
(RACOST). Available  at: https://clinicaltrials.gov/ct2/show/
NCTO02407795. Accessed March 2020.

van de Ven S, van den Bongard D, Pielkenrood B, et al. Patient-Reported
Outcomes of Oligometastatic Patients After Conventional or Stereotactic
Radiation Therapy to Bone Metastases: An Analysis of the PRESENT
Cohort. Int J Radiat Oncol Biol Phys 2020. https://doi.org/10.1016/
J.jrobp.2019.12.041. Accessed May 1, 2020.


http://refhub.elsevier.com/S0360-3016(20)34600-9/sref1
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref1
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref1
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref2
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref2
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref2
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref3
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref3
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref3
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref3
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref4
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref4
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref4
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref5
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref5
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref5
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref0
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref0
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref0
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref7
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref7
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref7
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref8
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref8
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref8
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref9
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref9
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref9
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref9
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref10
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref10
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref10
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref10
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref11
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref11
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref11
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref11
http://https//clinicaltrials.gov/show/NCT02356497
http://https//clinicaltrials.gov/show/NCT02356497
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref13
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref13
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref13
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref14
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref14
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref14
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref15
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref15
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref15
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref15
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref16
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref16
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref16
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref16
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref16
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref17
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref17
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref17
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref17
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref18
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref18
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref18
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref19
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref19
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref19
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref20
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref20
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref20
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref21
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref21
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref21
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref22
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref22
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref23
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref23
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref23
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref23
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref24
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref24
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref24
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref25
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref25
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref25
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref26
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref26
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref26
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref26
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref27
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref27
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref27
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref27
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref28
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref28
http://refhub.elsevier.com/S0360-3016(20)34600-9/sref28
https://clinicaltrials.gov/ct2/show/NCT02407795
https://clinicaltrials.gov/ct2/show/NCT02407795
https://doi.org/10.1016/<?show [?tjl=20mm]&tjlpc;[?tjl]?>j.ijrobp.2019.12.041
https://doi.org/10.1016/<?show [?tjl=20mm]&tjlpc;[?tjl]?>j.ijrobp.2019.12.041

	Pain Response After Stereotactic Body Radiation Therapy Versus Conventional Radiation Therapy in Patients With Bone Metasta ...
	Introduction
	Methods and Materials
	Study design
	Patients
	Randomization and masking
	Procedures
	Outcomes
	Statistical analysis
	Role of the funding source

	Results
	Discussion
	Conclusion
	References


