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Abstract

Purpose: Single-fraction radiation therapy (RT) is a convenient and cost-effective regimen for the
palliation of painful bone metastases, but is still underused. Randomized controlled trials
comparing single- versus multiple-fraction RT are limited by generalizability. We compared the
pain response rates after single- versus multiple-fraction RT in nonrandomized studies.

Methods and Materials: We searched PubMed and Scopus from the inception of each database
through August 2018. We sought to identify nonrandomized studies in which data on pain response
rates could be extracted for single- and multiple-fraction RT. Our primary outcomes of interest
were the overall and complete pain response rates in evaluable patients. The analysis was
performed using a random-effects model with the Mantel-Haenszel method.

Results: Of the 3933 articles identified through our search, 9 met our inclusion criteria. Five of 9
included studies did not exclude patients with features of complicated bone metastases. A 1 x 8 Gy
radiation schedule was frequently used in single-fraction therapy, and schedules of 5 x 4 Gy and
10 x 3 Gy were frequently used in multiple-fraction therapy. In the 9 studies, the overall response
rate was 67% (884 of 1321 patients) for patients in the single-fraction arm and 70% (953 of 1360
patients) for those in the multiple-fraction arm (pooled odds ratio [OR]: 0.85; 95% confidence
interval [CI], 0.66-1.08). In 5 studies, the complete response rate was 26% (195 of 753 patients) for
patients in the single-fraction arm and 35% (289 of 821 patients) for those in the multiple-fraction
arm (pooled OR: 0.89; 95% CI, 0.70-1.13).

Conclusions: There were no significant differences in the overall and complete response rates
between single- and multiple-fraction RT. The effectiveness of single-fraction regimens was shown
in nonrandomized settings, which better reflect daily practice than randomized studies. The Cls for
the pooled ORs included clinically meaningful differences, and the study results are inconclusive.
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Oncology. This is an open access article under the CC BY-NC-ND license (http:/
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Introduction

Randomized controlled trials (RCTs) have shown that
single-fraction radiation therapy (RT) regimens demon-
strate pain response rates that are similar to those of
multiple-fraction regimens for painful bone metastases
(BM).!? Single-fraction RT is a convenient and cost-
effective treatment for the palliation of painful BM.**
However, the underutilization of single-fraction RT has
been reported worldwide.”” An analysis of the National
Cancer Data Base showed that among patients treated for
nonspinal or vertebral metastases, 4.7% received 8 Gy in
1 fraction, whereas 95.3% received multiple-fraction
treatment.'”

Radiation oncologists’ continued reluctance to adopt
single-fraction regimens may, at least in part, be attrib-
utable to the limitation of RCTs in terms of generaliz-
ability. RCTs have high internal validity and play a key
role in comparing different interventions,'’ but non-
randomized studies can provide additional evidence.
RCTs and nonrandomized studies have different patient
populations, and both types of studies may reach different
conclusions, even after adjusting for known prognostic
factors.'' In addition, patients with complicated BM (ie,
impending or existing pathologic fracture, spinal cord
compression, or cauda equina compression) were
excluded from most RCTs on RT for BM.'? This exclu-
sion of patients with complicated BM limits the general-
izability of RCTs.

In this meta-analysis, we compared the pain response
rates between single- and multiple-fraction RT for BM in
nonrandomized studies, which better reflect daily practice
than RCTs.

Methods and Materials

Data sources and study selection

We reported this review in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-analyses guidelines.'” No formalized review proto-
col was created for the present review. A literature search
was conducted in PubMed and Scopus, and the last search
was performed on August 14, 2018. Search terms
included synonyms of and words related to “bone”,
“metastasis”, “radiation therapy”, “response”, and “pain.”
The full search strategy is reported in Method E1 (avail-
able online at https://doi.org/10.1016/j.adr0.2019.06.003).
There were no restrictions regarding the date of publica-
tion. In this review, we only included articles in which
data on pain response rates could be extracted for single-
and multiple-fraction RT.

The exclusion criteria for abstract screening were
as follows: Editorials or reviews; case reports (<10

patients); publications in languages other than English;
radiopharmaceuticals; particle RT; brachytherapy; intra-
operative RT; stereotactic body RT; intensity modulated
RT; concurrent chemotherapy and RT; and half-body
irradiation. Subsequently, we assessed the screened full-
text papers for eligibility in accordance with the following
exclusion criteria: randomized studies; studies in which
the response rates were calculated on the basis of the
number of painful irradiated lesions instead of the number
of patients; and studies in which the number of patients
with pain response was not reported and only the per-
centage of pain response was reported. At this stage, some
studies were excluded on the basis of the exclusion
criteria for abstract screening. Abstract screening was
performed by 1 reviewer (T.S.). Full-text paper review
was performed by 2 reviewers (T.S. and K.Y.) indepen-
dently, and disagreements were addressed by discussion.

To avoid counting the same patients more than once,
for studies in which the Rapid Response Radiotherapy
Program14 database was used, we selected studies ac-
cording to the following policy: For studies that shared, at
least in part, the same enrollment period, only 1 study (the
largest) was selected for this review.

Data extraction and risk of bias assessment

Our primary outcomes of interest were the overall and
complete response rates in evaluable patients. Dropout
rates were not reported in all studies; therefore, we could
only analyze the response rates in evaluable patients.
When more than 1 assessment of response was per-
formed, the latest assessment performed within 3 months
after RT was recorded. Secondary outcomes included
retreatment rate, pathologic fracture rate, spinal cord
compression rate, and acute toxicity. Additional infor-
mation compiled included the name of the first author,
publication year, journal name, study design, character-
istics of BM, eligibility criteria, dose fractionation of RT,
definition of pain response, and time at which pain
response was measured. The risk of bias of the included
studies was assessed by 1 author (T.S.) using the Risk of
Bias in Nonrandomized Studies of Interventions tool."”

Statistical analysis

This meta-analysis was conducted using Review
Manager, version 5.3 (Cochrane Collaboration, Oxford,
United Kingdom) and StatsDirect, version 3.1.20 (Stats-
Direct Ltd, Cheshire, United Kingdom). The analysis was
performed using a random-effects model with the Mantel-
Haenszel method. Odds ratio (OR) and 95% confidence
interval (CI) were calculated for each study and presented
in a forest plot. The heterogeneity of the included studies
was assessed with Cochran’s Q test and the I index.'®
Publication bias was assessed using a funnel plot and
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118 Full-text articles excluded

9 Studies included in quantitative synthesis

Figure 1 Flow diagram of study inclusion.

Egger’s test. Subgroup analyses were performed on the
basis of whether the response was characterized by pain
intensity measures only or with both pain intensity mea-
sures and analgesic use. P < .05 was considered statis-
tically significant.

Results

Characteristics of included studies

Of the 3933 articles identified through our search, 9
met our inclusion criteria (Fig 1). The characteristics of
the included studies are presented in Table 1. Four studies
were prospective in nature and 3 studies were based on
prospectively collected data. Two studies had a retro-
spective design. In 4 studies, the main objective was the
comparison of single- versus multiple-fraction
RT.!71921:25 1y the other 5 studies, the response rates
were extracted for each single- and multiple-fraction
RT.8:20.22:24

Five studies did not exclude patients with features of
complicated BM. A 1 x 8 Gy radiation schedule was
frequently used in single-fraction therapy, and schedules
of 5 x 4 Gy and 10 x 3 Gy were frequently used in
multiple-fraction therapy. In 4 studies, overall response
was defined only on the basis of pain intensity.'”'**' In
the other 5 studies, overall response was defined on the
basis of pain intensity and analgesic use.””””*” One

study”* used the International Consensus Endpoint, which
was initially published in 2002,°° and 3 studies”’****
used the International Consensus Endpoint, which was
updated in 2012.%’

The 9 studies were adjudged as having a serious risk of
bias in 3 to 5 domains and serious overall risk of bias
(Table 2). Serious risk of bias was mainly observed in
terms of confounding, selection of participants into the
study, measurement of outcomes, and selection of the
reported result.

Pain response rates

In the 9 studies included for the calculation of overall
response rates, the single-fraction arm included 1321
evaluable patients, and the multiple-fraction arm included
1360 evaluable patients (Fig 2). The overall response rate
was 67% (884 of 1321 patients) among patients in the
single-fraction arm and 70% (953 of 1360 patients)
among those in the multiple-fraction arm. The pooled OR
was 0.85 (95% CI, 0.66-1.08). Although Cochran’s Q test
was not significant (P = .16), the I’ value (33%) indi-
cated the possibility of moderate heterogeneity between
the studies.'® A funnel plot and Egger’s test (P = .039)
indicated the potential presence of publication bias
(Fig 3).

Smaller studies tended to show that multiple-fraction
RT was associated with better response rates than single-
fraction therapy. In the 5 studies that reported complete



Table 1  Study characteristics
Study Study design No. of patients BM characteristics Main study Eligibility Radiation Overall response Complete When response
objective criteria for schedule definition response was measured
Single Multiple complicated BM g3/, 016 fx  Multiple fx Gsitrildizn

fx fx
Qasim, 1977'"  Retrospective 69 246 BM from lung Compare single- None 800-1000 2000 Pain reduction When patients  3-4 wk after RT
or breast cancer vs multiple-fx RT rads rads/5 fx with or without became
the need for completely
mild analgesic free from pain
drugs
Wu et al, 2006'® Based on 58 27 BM mainly from Characterize effect Excluded spinal 6-8 Gy 18-30 Reduction in worst ~ NR 4-6 wk after RT
prospectively breast or prostate  of palliative RT cord compression;  (most Gy/4-10 fx  pain score by
collected data cancer (patients included bone received > 2/10
who received lesions with 8 Gy)
treatment in 1 neuropathic pain,
dominant area established or
of bone pain) high risk of
pathologic
fracture, and/or
soft-tissue mass
Kapoor Single-center, 116 71 Spine metastases Compare single- None 8 Gy 30 Gy/10 fx Reduction in visual ~ Not specified 30 d after
et al, 2015" prospective, mainly from vs multiple-fx RT (100%) (100%) analog scale score completion
observational lung, breast, by at least 2 of RT
or prostate cancer points from
baseline
Nakamura Single-institute, 5 12 BM mainly from Estimate None 8 Gy 30 Gy/10 fx, Pain score An index pain 2 mo after
et al, 2016°° prospective breast, lung, or prevalence of (100%) 20 Gy/5 fx  improvement >2 score of 0 start of RT
prostate cancer neuropathic with no increase with no
(patients with pain features in analgesia or increase in
neuropathic among patients decrease in analgesia™
features) who received analgesia of >25%
palliative RT without increase
in pain score™
Conway Based on 509 395 BM mainly from Compare single- Included BM with  4-10 Gy  4-50 Gy/5-25 Improvement in Follow-up pain  3-4 wk after
et al, 2016°' prospectively genitourinary, vs multiple-fx RT  pathologic (median, fx (median,  pain score by score of 0 completion
collected data breast, or lung fracture and/or 8 Gy) 20 Gy/5fx)  at least 1 point of RT
cancer neurologic
compromise
van der Based on 382 389 BM mainly from Develop and None 8 Gy NR Pain score NR Within 3 mo
Velden prospectively breast, prostate, validate clinical improvement >2 after RT

et al, 2017

collected data

or lung cancer

risk score to
predict pain
response

with no increase
in analgesia or
decrease in
analgesia of >25%
without increase in
pain score™

(continued on next page)
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Table 1 (continued)

Study Study design No. of patients BM characteristics Main study Eligibility Radiation Overall response Complete When response
objective criteria for schedule definition response was measured
Single Multiple complicated BM g3/, 016 fx  Multiple fx Gdiibildzn
fx fx
van der Two-center, 82 36 Spine metastases Evaluate Excluded BM with 8 Gy 30 Gy/10 Pain score NR 4-8 wk after RT
Velden prospective, mainly from relationship invalidating fx, 20 improvement >2
et al, 2017%° observational breast, prostate, between neurologic Gy/5 fx with no increase
lung, or kidney mechanical deficits (American in analgesia or
cancer stability and Spinal Injury decrease in
response Association E analgesia of >25%
to palliative RT or D without without increase
progression) in pain score™
Cacicedo Multicenter, 37 88 BM from lung, Evaluate whether =~ Excluded BM with 8 Gy 20 Gy/5 fx  Pain score NR 4 wk after
et al, 2018** prospective prostate, or age is predictor pathologic (87%), 20 improvement >2 completion
observational breast cancer of pain response fracture, spinal Gy/4 fx with no increase of RT
(secondary cord compression, (13%) in analgesia or
analysis) or cauda equina decrease in
syndrome analgesia of >25%
without increase
in pain score'
Duraisamy Single-center, 63 96 BM mainly from Compare single- Excluded BM with 8 Gy, 20 Gy/5 Reduction in Pain score of 0 12 wk after RT
et al, 2018% retrospective breast, lung, vs multiple-fx RT  spinal cord 10 Gy fx, 30 pain score by at the treated
or prostate cancer compression or Gy/10 fx at least 1 site with no

pathologic fracture

(scale 1-4) at the
treated site without
analgesic intake

or analgesic
reduction by at
least 25% from
baseline without
increase in pain

intake

increase in
analgesic

Abbreviations: BM = bone metastases; fx = fraction; NR = not reported; RT = radiation therapy.
* International Consensus Endpoint published in 2012.
f International Consensus Endpoint published in 2002.
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Table 2 Risk of bias assessment using the Risk of Bias in Nonrandomized Studies of Interventions tool
Study Bias due to  Bias in Bias in Bias due Bias Bias in Bias in Overall
confounding selection of classification to deviations  due to  measurement selection risk of
participants  of interventions from intended missing of outcomes  of the bias
into the interventions  data reported
study result
Qasim, 19777 S S M S NI S S S
Wu et al, 2006'° S S L S NI S S S
Kapoor S S S NI S M S
et al, 2015"
Nakamura S S L L S M S
et al, 2016
Conway S S L S S M S
et al, 2016™
van der S S L L L S S S
Velden
et al, 20177
van der S S L L L S S
Velden
et al, 2017%
Cacicedo S S L L NI S S S
et al, 20187
Duraisamy S S M L L S S S
et al, 2018”

Abbreviations: L. = low risk of bias; M = moderate risk of bias; NI = no information; S = serious risk of bias.

response rates, the complete response rate was 26% (195
of 753 patients) among patients in the single-fraction arm
and 35% (289 of 821 patients) among those in the
multiple-fraction arm (Fig 2). The pooled OR was 0.89
(95% CI, 0.70-1.13). In one study in which the de-
nominators of the response rates were not presented, the
denominators were calculated from the numerators and
response rates in the present review.”’

In another study that reported radiation schedules of
1 x 8 Gy and others, schedules other than 1 x 8 Gy were
treated as multiple fractions in the present review.””
Subgroup analyses based on pain response definitions
did not identify any specific patient subgroups that would
derive more benefit from multiple-fraction RT (Fig 4).

Secondary outcomes

Two studies reported the retreatment rates after RT. In
one study, the retreatment rate was 10% (7 of 69 patients)
among patients who received single-fraction RT and 14%
(35 of 246 patients) among those who received multiple-
fraction RT."” In the other study, the retreatment rate was
25% (16 of 65 patients) for patients with single-fraction
RT and 18% (17 of 97 patients) for those with multiple-
fraction RT.” Two studies reported the pathologic frac-
ture rates after RT. In one study, the rate of pathologic
fracture of the femoral neck was 30% (3 of 10 patients)
among patients who received single-fraction RT and 24%
(5 of 21 patients) among those with multiple-fraction

RT."”” In the other study, the pathologic fracture rate
was 3% (2 of 65 patients) among patients who received
single-fraction RT and 2% (2 of 97 patients) in those with
multiple-fraction RT.*

Only 1 study reported the spinal cord compression rate
after RT.” The spinal cord compression rate was 8% (5 of
65 patients) among patients who received single-fraction
RT and 9% (9 of 97 patients) in those with multiple-
fraction RT.” Only 1 study reported on the toxicity of
RT."” This study reported that the radiation side effects
were less marked in patients who received multiple-
fraction RT (data not shown).17

Discussion

We found that there were no significant differences in
the overall and complete response rates between single-
and multiple-fraction RT. The effectiveness of single-
fraction regimens was shown in nonrandomized studies,
which better reflect daily practice than randomized set-
tings. RCTs have strong internal validity but limited
external validity and generalizability because RCTs often
include patient populations that are not representative of
the population with the disease.”® Evidence from non-
randomized studies can provide equivalent or potentially
higher confidence in the evidence compared with RCT-
based evidence, which does not adequately represent the
population.”’
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@ Overall response

Study

Odds ratio (95% Cl)

Qasim, 1977 (17)

Wu et al, 2006 (18)

Kapoor et al, 2015 (19)
Nakamura et al, 2016 (20)
Conway et al, 2016 (21)

van der Velden et al, 2017 (22)
van der Velden et al, 2017 (23)
Cacicedo et al, 2018 (24)
Duraisamy et al, 2018 (25)

Overall

Complete response

Study

0.89 (0.44-1.82)
0.90 (0.30-2.67)
0.91 (0.50-1.66)
0.33 (0.04-2.87)
0.96 (0.71-1.29)
1.10 (0.83-1.47)
0.36 (0.14-0.91)
0.36 (0.16-0.79)
0.97 (0.51-1.88)

0.85 (0.66-1.08)

Favors multiple fraction Favors single fraction

Weight, %
— 9.1
— 4.5
— 11.7

1]l

1.2
24.5
253
—_— 5.8

A 7.7

10.3

¢ 100

0.01

Odds ratio (95% Cl)

Qasim, 1977 (17)

Kapoor et al, 2015 (19)
Nakamura et al, 2016 (20)
Conway et al, 2016 (21)
Duraisamy et al, 2018 (25)

Overall

Figure 2

0.96 (0.56-1.64)
1.35 (0.63-2.89)
1.25 (0.09-17.98)
0.80 (0.59-1.09)
0.91(0.47-1.78)

0.89 (0.70-1.13)

Favors multiple fraction Favors single fraction

0.1 1 10 100

Odds ratio (95% Cl)

Weight, %
—— 19.2
— 9.5
0.8
o 58.2
— 12.3

< 100

0.01

Most RCTs comparing single- versus multiple-fraction

regimens for painful BM excluded patients with compli-
cated BM.'*" In a study of a population-based RT pro-
gram, 34.4% of BM were complicated by fracture or

0.0
02 P=.039
0.4

0.6

0.8

Standard error of log (odds ratio)

20 15 -1.0 05 0.0 05 1.0 15 2.0
Log (odds ratio)

Figure 3  Funnel plot of studies that reported overall response
rates with Egger’s test results.

0.1 1 10 100

Odds ratio (95% Cl)

Overall and complete response rates in the evaluable patients. Error bars indicate 95% confidence intervals.

neurologic compromise and less likely to receive single-
fraction RT.”' Radiation oncologists’ knowledge of the
exclusion of patients with complicated BM from RCTs
may have contributed to their reluctance to use single-
fraction regimens for complicated BM. In the present
review, patients with complicated BM were not excluded
in 5 of 9 studies, which benefited our study in terms of
generalizability. One study included in the present review
showed that for the patient subgroup with complicated
BM, there were no differences in the overall pain response
rates between the single-fraction and multiple-fraction
groups.”' However, in the complicated BM subset, com-
plete pain response and functional improvement occurred
more commonly in the multiple-fraction group.”' The
effectiveness of single-fraction regimens in patients with
complicated BM should be investigated in future research.

We identified the potential presence of publication bias
in the present meta-analysis. Smaller studies tended to
show that multiple-fraction RT was associated with better
response rates than single-fraction therapy. However, the
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Studies in which response was defined by pain intensity only

Overall response

Study 0dds ratio (95% Cl) Favors multiple fraction Favors single fraction Weight, %

Qasim, 1977 (17) 0.89 (0.44-1.82) —_— 11.9
Wu et al, 2006 (18) 0.90 (0.30-2.67) —_— 5.1
Kapoor et al, 2015 (19) 0.91 (0.50-1.66) S 16.8
Conway et al, 2016 (21) 0.96 (0.71-1.29) I 66.2
Overall 0.94 (0.73-1.20) 100

I t t {

0.01 0.1 1 10 100

0Odds ratio (95% Cl)

Complete response

Study 0dds ratio (95% Cl) Favors multiple fraction Favors single fraction Weight, %
Qasim, 1977 (17) 0.96 (0.56-1.64) — 221
Kapoor et al, 2015 (19) 1.35 (0.63-2.89) I 11,0
Conway et al, 2016 (21) 0.80 (0.59-1.09) IH 66.9
Overall 0.88 (0.69-1.14) E 3 100
) 1 1 }
0.01 0.1 10 100

Odds ratio (95% ClI)

Studies in which response was defined by pain intensity and analgesic use

Overall response

Favors multiple fraction Favors single fraction

Study Odds ratio (95% Cl) Weight, %
Nakamura et al, 2016 (20) 0.33 (0.04-2.87) | 5.8
van der Velden et al, 2017 (22) 1.10 (0.83-1.47) -L— 31.9
van der Velden et al, 2017 (23) 0.36 (0.14-0.91) —_— 17.9
Cacicedo et al, 2018 (24) 0.36 (0.16-0.79) — 20.7
Duraisamy et al, 2018 (25) 0.97 (0.51-1.88) —— 23.7
Overall 0.65 (0.37-1.14) - 100
I t } {
0.01 0.1 1 10 100
Odds ratio (95% Cl)
Complete response
Study 0dds ratio (95% Cl) Favors multiple fraction Favors single fraction Weight, %
Nakamura et al, 2016 (20) 1.25 (0.09-17.98) } 5.9
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Figure 4 Subgroup analyses based on pain response definitions. Error bars indicate 95% confidence intervals.
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present review included only 9 studies; thus, this finding
may be inconclusive.

Response definitions influence the evaluation of
palliative RT effects. According to the International
Consensus Endpoint, patients with alleviated pain and
increased opioid analgesic use would be diagnosed as
nonresponders.”” However, these same patients would be
diagnosed as responders if response was defined using
only pain intensity measures. The response definitions
may raise or lower the response rates.”> Our subgroup
analyses based on pain response definitions did not
identify any patient subgroups that might have benefitted
more from multiple-fraction RT and highlights the overall
robustness of our results.

The present review has some limitations. First, all 9
included studies were judged to have a serious overall risk
of bias. Patients who received single-fraction therapy may
not be comparable to those who received multiple-
fraction therapy. The adjustment of patient characteris-
tics between the treatment groups was not performed in
any of the 9 studies. Future studies comparing single- and
multiple-fraction RT in nonrandomized settings may
benefit from the adjustment of baseline patient charac-
teristics between the treatment groups.

The second limitation is that the CIs for the pooled
ORs included clinically meaningful differences, rendering
our study results inconclusive. Larger data may be
necessary for the acquisition of more reliable conclusions.
The third limitation of the present review is that only few
studies reported data on retreatment rates, pathologic
fracture rates, spinal cord compression rates, or acute
toxicity. Limited data are available regarding these
important outcomes, other than response rates, in non-
randomized studies comparing single- and multiple-
fraction RT.

Conclusions

We compared the pain response rates after single-
versus multiple-fraction RT for BM in nonrandomized
studies. There were no significant differences in the
response rates between single- and multiple-fraction RT.
Considering the serious risk of bias in the effectiveness
estimates for interventions in the included nonrandomized
studies, the results of the present meta-analysis should be
interpreted with caution. The present study indicated the
effectiveness of single-fraction RT in nonrandomized
studies, which are more representative of real-world set-
tings than RCTs.

To date, this study seems to be the first meta-analysis
of nonrandomized studies to compare different dose
fractionation regimens in RT for painful BM. In the
future, the performance of nonrandomized studies
comparing single- versus multiple-fraction regimens, after
adjustment for confounding factors, may be beneficial in

drawing more valid comparison results. In addition, data
on retreatment rates, pathologic fracture rates, spinal cord
compression rates, and acute toxicity are worth recording
in such studies.

Supplementary data

Supplementary material for this article can be found at
https://doi.org/10.1016/j.adro.2019.06.003.
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