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1 | INTRODUCTION
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Abstract

Introduction: This study was conducted to compare pain response between single
and multiple fraction palliative radiotherapy and to describe prognostic factors
affecting treatment response in University of Malaya Medical Centre (UMMC).
Methods: The case records of 162 patients with uncomplicated painful bone metas-
tases treated with palliative radiotherapy from 2006 to 2014 were analyzed. Treat-
ment outcomes were pain score response, analgesic score response, response
according to International Consensus Endpoints (complete response and overall
response) at 4, 12, and 24 weeks, retreatment rate, symptomatic skeletal events
(SSEs), and prognostic factors.

Results: At 24 weeks, pain score response for single and multiple fraction group
was 82.3% and 88.5%, analgesic score response was 54.8% and 61.5%, and overall
response according to International Consensus Endpoint was 61.3% and 67.7%,
respectively. There was no statistically significant difference in treatment response
between the 2 treatment groups for all endpoints. ECOG (<2 vs >2: aOR 3.405,
95% Cl 1.708-6.790, P = .001) and primary breast and prostate (breast vs others:
aOR 5.231, 95% Cl 1.973-13.869, P = .001; prostate vs others: aOR 5.522, 95% ClI
1.493-20.420, P = .01) were significant variables on multivariate analysis.
Conclusion: Single fraction radiotherapy is as effective as multiple fraction radio-

therapy for the palliation of uncomplicated bone metastases.
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pain adequately so that these patients can have a good quality

of life.
Many advanced cancer patients are surviving longer with The role of radiotherapy for palliation of painful bone metastases
improvements in anticancer therapy. Pain from bone metastases has been well established. It has been shown to provide pain relief
accounts for 75% of the presenting complaint in these patients® in 50%-80% of treated patients with a complete response rate of
and can be a debilitating problem. It is important to manage 20%-50%.%° Nevertheless, the optimal dose fractionation remains
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uncertain. Some studies suggested that single fraction radiotherapy
is equally effective to multiple fraction in providing pain relief,* !
while others showed that higher dose fractionation provides more
effective pain relief than single fractionation schedule.?*® Evidence
from several studies demonstrated that single fraction radiotherapy
may be associated with higher rates of retreatment and pathological
fracture postirradiation.?"1©

We conducted this study to compare outcomes between single
and multiple fraction palliative radiotherapy in terms of pain
response, retreatment rate, and symptomatic skeletal events, and to
describe potential factors affecting treatment outcomes in our

patients.

2 | METHODS

2.1 | Data collection

This is a retrospective analysis of patients with bone metastases
treated with external beam radiotherapy in University of Malaya
Medical Centre (UMMC) between January 2006 and December
2014. The study was approved by the Medical Ethics Committee of
UMMC (201510-1789). The radiotherapy database was retrieved
and screened for patients with bone metastases. Patient case
records, medication chart, and radiotherapy treatment sheet were
reviewed to identify eligible patients.

Patients were considered eligible for this study if they had histo-
logically proven primary malignancy with radiologically confirmed
bone metastasis and received palliative radiotherapy for pain relief.
Patients were excluded if the painful site had been irradiated before
the study period (ie, before 2006), the presence of spinal cord com-
pression, pathological fracture or history of surgical intervention at
treatment site, and nonsolid primary tumor. Each patient was evalu-
ated only once, that is the first radiation treatment for one particular
site.

Relevant data collected include patient demographics, primary
tumor details, bone metastasis details, pain severity, analgesic con-
sumption, radiotherapy treatment details, adverse events after radio-
therapy, use of bone-targeting agents, systemic therapy, and
retreatment details.

Response evaluations were documented at 4, 12, and 24 weeks
after radiotherapy. Patients who died within 24 weeks of evaluation
period were excluded from this study. Retreatments occurring within
the evaluation period were reported as progression at evaluation
endpoint and were excluded from further analysis. Retreatment out-
comes were not assessed. Results were reported and compared in 2
treatment groups, that is single and multiple fractions.

2.2 | Evaluation and definition of response

221 | Pain score

Pain was measured by a 4-point scale with numbers 1-4 with pain docu-

mented as none—score 1, mild—score 2, moderate—score 3, and

severe—score 4.>1* Partial response was defined as relief of pain by at
least >1 category (eg, severe to moderate) or score of at least 1 (eg, 4-3).
Complete response was defined as the absence of pain (pain score of 1)
at treated site. Progression was considered as an increase in pain score

by >1 category or the need for retreatment.

2.2.2 | Analgesic scoring system

Patient analgesic consumption was recorded and scored as follows:
analgesic score O—analgesic not required, score 1—nonopioid anal-
gesic irregularly required, score 2—nonopioid analgesics regularly
required, score 3—oral or parenteral opioids occasionally required,
and score 4—oral or parenteral opioids regularly required.'®> The
response was defined as a reduction in analgesic score by at least 1
step or an unchanged analgesic score but reduction in daily dose by
>25%. Progression was defined as an increase in the analgesic score
by >25% or the need for retreatment. The stable response was

defined as a state between response and progression.

2.2.3 | International consensus endpoints

The outcomes were further analyzed using International Consensus
Endpoints, which incorporates pain score response and analgesic
consumption.'® Complete response was defined as a pain score of 0
at the treated site with no increase in analgesic intake (ie, stable or
reducing analgesic intake). Partial response was defined as a reduc-
tion in pain score by at least 1 (scale 1-4) at the treated site without
analgesic intake or analgesic reduction by at least 25% from baseline
without an increase in pain. Pain progression was defined as an
increase in pain score by at least 1 above baseline at the treated site
with stable analgesic usage or an increase in analgesic requirement

by at least 25% from baseline with stable pain score.

2.3 | Statistical methods

The sample size was calculated using Stata software, based on the
information gathered from a study by Arcangeli et al.'? The sample
size was calculated on the basis of a 0.05 alpha, with a power 80%
and hazard ratio 0.44 (total dose variable). Based on this calculation
and accounting for 20% dropout, each treatment arm required 63
patients. Therefore, the minimum sample size required for this study
was 126 patients.

Descriptive analysis of all the demographic and outcome vari-
ables was performed. Results of the continuous variables were
described with mean and standard deviation or median and
interquartile range, where appropriate. Results of categorical vari-
ables were described with frequency and percentage. Mann-Whitney
U test, chi-square test, and Fisher’s exact test were used to compare
the demographic and predictor variables with the outcome variables.
All statistical analysis was performed using Statistical Package for
the Social Sciences (SPSS), ver 22.0. Statistical significance was
defined as P < .05. Using univariate analysis, all variables were ana-
lyzed and variables were considered significant if P < .25 by applying



DURAISAMY ET AL.

Aging Medicine m_wl LEYﬁ

the preliminary main-effect model. Significant variables were then TABLE 1 Baseline characteristics of patients
included in multivariate analysis using the forward and backward Single Multiple
logistic regression. Hosmer and Lemeshow test was carried out to fraction fraction All patients
test for interaction and multicollinearity between significant variables (N = 65) (N =97) (N = 162)
and is significant for P > .05. N % n % N %
Age
3 | RESULTS <65 41 63 72 74.2 113 69.8
>65 24 37 25 25.8 49 30.2
3.1 | Overview of patient characteristics Mean 58.9 54.9 56.6
Median 60.0 55.0 57
Between January 2006 and December 2014, 584 patients with bone .
metastases received palliative radiotherapy in University of Malaya Med-
N . R Male 20 30.8 34 35 54 33.3
ical Centre (UMMC). Of the 584 case records reviewed, 162 patients
were eligible for this study. A total of 422 patients were excluded from Rl 45 69:2 63 63 108 66.7
analysis due to prior irradiation (n = 4), nonsolid tumor (n = 5), prior sur- ECOG
gical intervention with or without pathological fracture (n = 44), spinal 1 37 57 57 58.8 94 58
cord compression (n = 113), death within 24 weeks of study period 2 22 338 36 37.1 58 35.8
(n = 12), lost to follow-up (n = 124), and missing records (n = 120). 3 6 9.2 4 4.1 10 6.2
Baseline characteristics of the patients are summarized in Table 1. The Comorbidities
parallel-opposed technique was used to treat pelvis and extremity, while Yes 17 26.2 20 20.6 37 22.8
the direct posterior technique was used to treat spine. Treatment was No 48 73.8 77 79.4 125 77.2
delivered with a linear accelerator using megavoltage beams. Primary tumor
Breast 33 50.8 51 52.6 84 51.9
3.2 | Pain response according to fractionation Lung 16 246 15 s A 191
group Prostate 7 108 12 12.4 19 11.7
Others 9 13.8 19 19.5 28 17.3

The mean baseline pain and analgesic score at the treated site were
3.4 (SD & 0.5) and 3.2 (SD £ 0.7), respectively. Response evaluation

according to treatment groups is shown in Table 2. There was an

Extent of bone metastases
Single 6 9.2 3 3.1 9 5.6

. . . . Multiple 59 90.8 94 96.9 153 94.4
increasing trend of pain score response and analgesic score response

noted in both the treatment groups from 4 to 24 weeks. Using chi- Visceral metastases

square test, the difference in response rates between the 2 treat- Yes 31 47.7 42 433 73 45.1
ment groups was not statistically significant. However, there was a No 34 523 55 56.7 89 54.9
statistically significant difference in analgesic score progression Baseline pain score®
between the 2 fractionation groups seen at 24 weeks, P = .019. 2 1 1.5 2 2.1 8 1.9
When the results were reported in terms of International Consensus 3 36 554 52 53.6 88 54.3
Endpoint, the difference in overall response rates and pain progres- 4 28 431 43 443 71 43.8
sion between the 2 treatment groups was not statistically significant. Baseline analgesic score®
2 13 20 16 16.5 29 17.9
3.3 | Factors affecting pain response 3 29 446 47 48.5 76 46.9
4 23 35.4 34 35 57 35.2

Several factors that could potentially affect overall pain response at .
. . o . L Treatment site
4 weeks were analyzed using simple logistic regression. The univariate

.. . . L . Spine 29 44.6 62 63.9 91 56.2
analysis is shown in Table 3, and using the preliminary main-effect
model (P < .25), this suggests that gender, ECOG, primary tumor, and Pelvis 25 38.5 30 30.9 >3 34.0
bone-targeting agent could possibly be significant prognostic factors D s 77 2 21 7 4.3
affecting pain response, with significantly different rates of overall Others 4 6.2 5 5.2 9 5.5
pain response, when other confounders are not adjusted. Systemic therapy
For these variables, forward and backward logistic regression Yes 52 80 79 814 131 80.9
was carried out. Following this, only 2 of the variables, that is No 13 20 18 18.6 31 19.1
primary tumor and ECOG, were found to be significant in the (Continues)

main-effect model, as shown in Table 4. There is no interaction and
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TABLE 1 (Continued) multicollinearity seen among the variables. The Hosmer and Leme-
Single Multiple show test is significant at 0.492 (>0.05). The logistic regression has a
fraction fraction All patients Nagelkerke R? of 0.202.
(N = 65) (N =97) (N =162)
N % . % N % 34 | Retreatment
Fractionation schedule
10 Gy in 1# - - - - 3.1 The overall retreatment rate was 20.4% (n = 33). Retreatment was
8 Gy in 1# _ _ ; _ 37 observed in 16 patients (24.6%) in the single fraction group and 17
30 Gy in 10# - : ) : 31 patients (17.5%) in the multiple fraction group. Although the retreatment
20 Gy in 54 ) ) ) ) 568 rate was higher in the single fraction group, this was not statistically sig-
nificant Mean duration to retreatment was 35.1
There e s ptients with amlgese Scoe - (5D & 224 weeks i the  single and 576
TABLE 2 Response according to treatment group
Total, N = 162 Single fraction, N = 65 Multiple fraction, N = 97 P-value
Pain score response
4 wk 129/162 (79.6%) 50/65° (76.9%) 79/97 (81.4%) .394
12 wk 138/159 (86.8%) 54/63 (85.7%) 84/96 (87.5%) .938
24 wk 136/158 (86.1%) 51/62 (82.3%) 85/96 (88.5%) 228
Pain score progression
4 wk 6/162 (3.7%) 4/65 (6.2%) 2/97 (2.1%) 176
12 wk 5/159 (3.1%) 2/63 (3.2%) 3/96 (3.1%) .986
24 wk 11/158 (6.9%) 4/62 (6.5%) 7/96 (7.3%) .839
Analgesic score response
4 wk 81/162 (50%) 30/65 (46.2%) 51/97 (52.6%) 155
12 wk 92/159 (57.9%) 34/63 (54%) 58/96 (60.4%) 319
24 wk 93/158 (58.9%) 34/62 (54.8%) 59/96 (61.5%) .056
Analgesic score progression
4 wk 16/162 (9.9%) 10/65 (15.4%) 6/97 (6.2%) .054
12 wk 20/159 (12.6%) 11/63 (17.5%) 9/96 (9.4%) 133
24 wk 27/158 (17.1%) 16/62 (9.9%) 11/96 (11.5%) .019*
International consensus endpoint
4 wk
CR 52/162 (32.1%) 18/65 (27.7%) 34/97 (35.1%)
PR 39/162 (24.1%) 15/65 (23.1%) 24/97 (24.7%)
ORR 92/162 (56.2%) 33/65 (50.8%) 58/97 (59.8%) .364
Progression 54/162 (33.3%) 22/65 (33.8%) 32/97 (33.0%) .910
12 wk
CR 55/159 (34.6%) 21/63 (33.3%) 34/96 (35.4%)
PR 44/159 (27.7%) 18/63 (28.6%) 26/96 (27.1%)
ORR 99/159 (62.3%) 39/63 (61.9%) 60/96 (62.5%) 466
Progression 38/159 (23.9%) 13/63 (20.6%) 25/96 (26.0%) .384
24 wk
CR 89/158 (56.3%) 33/62 (53.2%) 56/96 (58.3%)
PR 14/158 (8.9%) 5/62 (8.1%) 9/96 (9.4%)
ORR 103/158 (65.2%) 38/62 (61.3%) 65/96 (67.7%) 259
Progression 28/158 (17.7%) 10/62 (16.1%) 18/96 (18.8%) .599

CR, complete response; PR, partial response; ORR, overall response (CR + PR).
Number of patients within treatment group.

*P < .05.
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TABLE 3 Univariate analysis of prognostic factors and overall
pain response

95%
Odds confidence Wald

Variable ratio interval statistic P-value
Age

<65 1.000 = = =

>65 1.193 0.605-2.353 0.258 611
Gender

Male 1.000 - - -

Female 1.823 0.942-3.527 3.178 .075*
ECOG

<2 3.240 1.689-6.213 12.526 <.001*

>2 1.000 - - -
Primary tumor

Breast 5.000 1.959-12.762 11.333 .001*

Lung 2.344 0.795-6.908 2.385 122*

Prostate 4.286 1.238-14.831 5.279 .022*

Others 1.000 = = =
Extent of bone metastases

Single 1.000 - - -

Multiple 1.027 0.265-3.973 0.001 969
Treatment site

Spine 1.067 0.269-4.235 0.008 .927

Pelvis 1.033 0.250-4.269 0.002 964

Extremities 0.600 0.082-4.400 0.253 .615

Others 1.000 - = -
Fractionation

Single 1.000 - - -

Multiple 1.299 0.690-2.446 0.658 417
Bone-targeting agent

Yes 1.693 0.898-3.192 2.650 .104*

No 1.000 - - -
Systemic treatment

Yes 1.256 0.573-2.752 0.323 .570

No 1.000 - - -

*The variables selected (P < .25) for the preliminary main-effect model
are gender, ECOG, primary tumor, and bone-targeting agent.

(SD + 54) weeks in the multiple fraction group. Using Mann-Whitney U
test, there was no statistically significant difference in mean duration to
retreatment in the 2 groups (P = .656). At evaluation period of
24 weeks, 11 (33.3%) patients had retreatment. The main reason for
retreatment was worsening pain seen in 16 (48.5%) patients, cord com-
pression with pain in 14 (42.4%) patients, and pathological fracture with
pain in 3 (9.1%) patients.

3.5 | Symptomatic skeletal events

The occurrence of pathological fracture in the treated site was seen
in 4 (2.5%) patients, 2 (3%) patients in the single fraction group and

 ~WILEY- ¥

TABLE 4 Multivariate analysis for overall response

Adjusted 95% confidence  Wald
Variable odds ratio (aOR) interval statistic  P-value
ECOG
<2 3.405 1.708-6.790 12.112 .001
>2 1.000 - - -
Primary tumor
Breast 5.231 1.973-13.869 11.064 .001
Lung 2.817 0.907-8.747 3.210 .073
Prostate  5.522 20.420-6.557 6.557 .010

Others 1.000 - - -

2 (2.1%) patients in the multiple fraction group. Spinal cord compres-
sion was seen in 14 (8.6%) patients, 5 (7.7%) patients in the single
fraction group, and 9 (9.3%) patients in the multiple fraction group.
There was no significant difference in the occurrence of SSEs
between the 2 treatment groups, P = 1.00.

3.6 | Bone metastases

Mean time from diagnosis of bone metastases to first irradiation for
pain was 20.2 weeks (SD + 40.3 weeks). Mean duration of diagnosis
of bone metastases to first irradiation was 14.3 weeks (SD + 18) in
the single fraction group and 24.11 (SD + 49.7) weeks in the multi-
ple fraction group. Using Mann-Whitney U test, there was no signifi-
cant difference in duration of diagnosis of bone metastases to time
of first irradiation between single and multiple fractionation group
(P =.492).

3.7 | Bone-targeting agents and systemic therapy

The administration of bone-targeting agent and systemic therapy in
both the fractionation groups is shown in Table 5. Mean time from
diagnosis of bone metastases to initiation of bone-targeting agent
was 44.9 (SD £ 58) weeks. There was a significant association for
usage of bone-targeting agents and occurrence of pathological frac-

ture and cord compression (P = .004).

4 | DISCUSSION

The results of our study showed that there is no significant differ-
ence in pain relief between single and multiple fraction radiother-
apy for palliation of painful bone metastases. This is consistent

57 and meta-analyses.2®! Although

with several published studies
we employed the verbal rating scale which is less sensitive than
the numerical rating scale,)” it is a reliable method for pain
assessment.'® Pain response rates from trials which used a cate-
gorical scale as a measure of pain showed response rates of
76%,Y* 72%,” 83.7%° in the single fraction group and 84%,*
90%,” 89.2%° in the multiple fraction group. This is compatible

with our pain response rates of 76.9%-85.7% in the single fraction
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TABLE 5 Concomitant therapy according to fractionation group

Single fraction
(N = 65) (%)

Multiple fraction
(N =97) (%)

Bone-targeting agents (N = 71) 29 (44.6)* 42 (43.3)*
Pamidronate 2 (3.1) 4 (4.1)
Zoledronic A. 24 (36.9) 33 (34.0)
Denosumab 3 (4.6) 5(5.2)

Systemic therapy (N = 131) 52 (80) 79 (81.4)
Chemotherapy 32 (49.2) 40 (41.2)
Hormonal therapy 15 (23.1) 32 (33)
Tyrosine kinase inhibitor 5(7.7) 5(5.2)
Radioiodine therapy 0 (0) 2(2.1)

?Percent within treatment group.

PPercent within total number of patients.

“Percent within retreatment.

dPercent within pathological fracture/cord compression.
*P < .05.

TP-value for retreatment.

*P-value for pathological fracture/cord compression.

group and 81.4%-88.5% in the multiple fraction group. A recent
systematic review!® comparing various single fraction doses for
the palliation of painful bone metastases showed a higher overall
response rate for higher doses, that is an overall response rate of
84% for 10 Gy and 72% for 8 Gy in evaluable patients, which
was representative of the single fraction doses that were used in
our study, as 92.3% of our patients were prescribed 8 Gy and the
remaining 10 Gy.

When results were reported using International Consensus End-
points, we obtained an overall response rate of 56.2% and 62.3% at
4 and 12 weeks, respectively, in the entire cohort of patients. Our
results were comparable with published data of overall response
rates in evaluable patients according to International Consensus End-
point at 1 month of 58% and 3 months of 67%.2° The reported esti-
mated spinal adverse event (SAE) rate (which include uncontrolled
pain) of >40% at 6 months?! could explain the significant require-
ment for more analgesia at 24 weeks that was seen in our study.

There was a significantly higher overall response rate observed
in patients with ECOG < 2 and primary tumors of breast and pros-
tate when compared to other primary tumors, which was compatible
with evidence which demonstrated that patients with breast and
prostate cancer had the best response rate.”

In addition to this, a study has reported that the single fraction
group was associated with fourfold greater retreatment rate and
higher pathological fracture rate.” Our study did not demonstrate
this. We found higher retreatment rates in the single fraction group,
but this was not statistically significant. We obtained a retreatment
rate of 24.6% in the single fraction group and 17.5% in the multiple
fraction group, which was higher as compared to published data of
21%,%° 18.2%%! in single fraction group and 6%2! in the multiple
fraction group. The highest percentage of retreatment was seen in

Pathological
fracture/Cord
Retreatment compression
Total (N = 162) (%) (N = 33) P-value™ (N = 18) (%) P-value*
71 (43.8)° 12 (36.4)° 43 2 (11.1)° .004*
6 (3.7)
57 (35.2)
8 (4.9)
131 (80.9) 28 (84.8) .625 15 (83.3) 1.000
72 (44.4)
47 (29)
10 (6.2)
2(1.2)

patients with lung primary, which could be due to the effect of
tumor histology.”!? At 4 weeks of evaluation endpoint, there were 3
(9%) retreatments involving the spine, 2 of them were in the single
fraction group. The use of single fraction radiotherapy in patients
with high spinal instability neoplastic score (SINS > 11) was associ-
ated with higher incidence of SAEs, with a reported cumulative inci-
dence first with SAE rate at 30 days of 6.8% in the single fraction
group and 3.5% in the multiple fraction group.?!

Our results showed a lower pathological fracture rate of 3% in
the single fraction group compared to 4%°'? and 13.6%2* that have
been reported. However, the pathological fracture rate obtained in
the multiple fraction group of 2.1% was similar to published data of
2%’ and 3%.2' As for cord compression rate, we obtained rates of
7.7% in the single fraction group and 9.3% in the multiple fraction
group compared to that reported in trials, that is, 3% to 7%,%’
10.5%2% in single fraction group and 1.7%2! in the multiple fraction
group. The low spinal cord compression rate in the multiple fraction
group®! may not be accurate as the recruitment of patients was not
reflective of the true numbers of spinal cord compression cases. Fur-
thermore, this trial only assessed patients that had spinal radiother-
apy, which only account for 56.2% of our study patients.

The significant association between the development of patho-
logical fracture and cord compression with the usage of bone-target-
ing agents is consistent with published trials on the efficacy of bone-
targeting agents in reducing the risk of skeletal-related events.?22%

There were several limitations to our study. Given the retrospec-
tive nature of this study, we were limited by the availability of data.
Firstly, as our primary objective was to assess pain response,
patients who did not have data or follow-up notes following irradia-
tion were excluded. This included patients who had died within eval-
uation period of 24 weeks. We acknowledge that the number of
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deaths reported in this study may not be accurate as there could be
more deaths in the lost to follow-up and missing notes group that
we were not able to trace. Hence, our study population may not be
representative of the actual situation.

Secondly, we realized that patient-reported outcomes were as
important as physician-assessed outcomes, as it provides evalua-
tion of response on the patient’s perspective. Results based on
patient-reported outcomes showed an improvement of 70% in
pain with no difference between single and multiple fraction
groups.2*

The choice of single fraction radiotherapy is affected by cultural
differences, physicians’ experience, location of training, and practice
location.?> The reported single fraction utilization rate in Canada was
49.2%,%5 as compared to the United States of 4.7%.2° There are no
trials reporting on the single fraction utilization rate in Asian coun-
tries to date. As for cultural differences, 76% of Canadian patients
favored single fraction?” while 85% of Asian patients preferred the
multiple fraction schedule.?® Patients’ preference toward treatment
needs to be considered as well as 84% of Asian patients expressed
positive opinions about being involved in the decision-making
process.?®

Therefore, our study could be improved by including outcome
assessment by physician and patient, SINS for patients with spinal
metastases, patient involvement in treatment decision making, and
exploration on physician judgment in choosing radiotherapy prescrip-
tion. A prospective randomized trial should be performed in the
future to verify our results. Importantly, despite our limitations, we
were able to obtain comparable pain response rates to those found
in the literature.

In conclusion, our study showed that there is no significant dif-
ference in terms of pain response, retreatment rate, and SSEs
between single fraction and multiple fraction radiotherapy in patients
treated for uncomplicated bone metastases. Single fraction radio-
therapy should be the standard treatment and prescribed more fre-

quently as it is more convenient and cost-effective.

CONFLICT OF INTEREST

None.

ORCID

Ina Shaliny Duraisamy http://orcid.org/0000-0002-7314-8220

REFERENCES

1. Amichetti M, Orru P, Madeddu A, et al. Comparative evaluation of
two hypofractionated radiotherapy regimens for painful bone metas-
tases. Tumori. 2004;90:91-95.

2. Bates T. A review of local radiotherapy treatment of bone metas-
tases and cord compression. Int J Radiat Oncol Biol Phys. 1992;23:
217-221.

3. Maher EJ. The use of palliative radiotherapy in the management of
breast cancer. Eur J Cancer. 1992;28:706-710.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

21.

22.

23.

 ~WILEY-®

Cole DJ. A randomized trial of a single treatment versus conven-
tional fractionation in the palliative radiotherapy of painful bone
metastases. Clin Oncol (R Coll Radiol). 1989;1:59-62.

Gaze MN, Kelly CG, Kerr GR, et al. Pain relief and quality of life fol-
lowing radiotherapy for bone metastases: a randomised trial of two
fractionation schedules. Radiother Oncol. 1997;45:109-116.

Hartsell WF, Scott CB, Bruner DW, et al. Randomized trial of short
versus long-course radiotherapy for palliation of painful bone metas-
tases. J Natl Cancer Inst. 2005;97:798-804.

Nielsen OS, Bentzen SM, Sandberg E, et al. Randomized trial of sin-
gle dose versus fractionated palliative radiotherapy of bone metas-
tases. Radiother Oncol. 1998;47:233-240.

Price P, Hoskin PJ, Easton D, et al. Prospective randomised trial of
single and multifraction radiotherapy schedules in the treatment of
painful bony metastases. Radiother Oncol. 1986;6:247-255.
Steenland E, Leer J, van Houwelingen H, et al. The effect of a single
fraction compared to multiple fractions on painful bone metastases:
a global analysis of the dutch bone metastasis study. Radiother Oncol.
1999;52:101-109.

Sze WM, Shelley MD, Held |, et al. Palliation of metastatic bone
pain: single fraction versus multifraction radiotherapy—a systematic
review of randomised trials. Clin Oncol (R Coll Radiol). 2003;15:345-
352.

Wu JS, Wong R, Johnston M, et al. Meta-analysis of dose-fractiona-
tion radiotherapy trials for the palliation of painful bone metastases.
Int J Radiat Oncol Biol Phys. 2003;55:594-605.

Arcangeli G, Giovinazzo G, Saracino B, et al. Radiation therapy in the
management of symptomatic bone metastases: The effect of total
dose and histology on pain relief and response duration. Int J Radiat
Oncol Biol Phys. 1998;42:1119-1126.

Blitzer PH. Reanalysis of the RTOG study of the palliation of symp-
tomatic osseous metastasis. Cancer. 1985;55:1468-1472.

Sarkar SK, Sarkar S, Pahari B, et al. Multiple and single fraction pal-
liative radiotherapy in bone secondaries a prospective study. Indian J
Radiol Imaging. 2002;12:281-284.

Fossa SD, Paus E, Lochoff M, et al. 8Strontium in bone metastases
from hormone resistant prostate cancer: palliation effect and bio-
chemical changes. Br J Cancer. 1992;66:177-180.

Chow E, Davis L, Holden L, et al. A comparison of radiation therapy
outcomes of bone metastases employing international consensus
endpoints and traditional endpoints. Support Cancer Ther. 2004;1:
173-178.

Breivik H, Borchgrevink PC, Allen SM, et al. Assessment of pain. Br J
Anaesth. 2008;101:17-24.

Bech RD, Lauritsen J, Ovesen O, et al. The verbal rating scale is reli-
able for assessment of postoperative pain in hip fracture patients.
Pain Res Treat. 2015;2015:676212, 7 pages.

Chow R, Hoskin P, Chan S, et al. Efficacy of single fraction conven-
tional radiation therapy for painful uncomplicated bone metastases:
a systematic review and meta-analyses. Ann Palliat Med. 2017;6:
125-142.

. Li KK, Hadi S, Kirou-Mauro A, et al. When should we define the

response rates in the treatment of bone metastases by palliative
radiotherapy? Clin Oncol (R Coll Radiol). 2008;20:83-89.

Lam TC, Uno H, Krishnan M, et al. Adverse outcomes after palliative
radiation therapy for uncomplicated spinal metastases: role of spinal
instability and single-fraction radiotherapy. Int J Radiat Oncol Biol
Phys. 2015;93:373-381.

Clemons M, Gelmon KA, Pritchard Kl, et al. Bone targeted agents
and skeletal-related events in breast cancer patients with bone
metastases: the state of the art. Curr Oncol. 2012;19:1259-1268.
Lipton A, Fizazi K, Stopeck A, et al. Superiority of denosumab to
zoledronic acid for prevention of skeletal-related events: a combined
analysis of 3 pivotal, randomized, phase 3 trials. Eur J Cancer. 2012;
48:3082-3092.


http://orcid.org/0000-0002-7314-8220
http://orcid.org/0000-0002-7314-8220
http://orcid.org/0000-0002-7314-8220

MW[ LE Y—Adging Medicine

24,
25.
26.

27.

DURAISAMY ET AL.

Conway JL, Yurkowski E, Glazier J, et al. Comparison of patient-
reported outcomes with single versus multiple fraction radiotherapy
for bone metastasis in a population-based cohort. Radiother Oncol.
2016;119:202-207.

Olson RA, Tiwana MS, Barnes M, et al. Use of single- versus multi-
ple-fraction palliative radiation therapy for bone metastases: popula-
tion-based analysis of 16,898 courses in a Canadian province. Int J
Radiat Oncol Biol Phys. 2014;89:1092-1099.

Rutter CE, Yu JB, Wilson LD, et al. Assessment of national practice
for palliative radiation therapy for bone metastases suggests marked
underutilization of Single-fraction regimens in the United States. Int
J Radiat Oncol Biol Phys. 2015;91:548-555.

Szumacher E, Thomas HL, Franssen E, et al. Treatment of bone
metastases with palliative radiotherapy: patients’ treatment prefer-
ences. Int J Radiat Oncol Biol Phys. 2005;61:1473-1481.

28. Shakespeare TP, Lu JJ, Back MF, et al. Patients’ preference for

radiotherapy fractionation schedule in the palliation of painful bone
metastases. J Clin Oncol. 2003;21:2156-2162.

How to cite this article: Duraisamy IS, Saad M, Alip A. Single
vs multiple fraction palliative radiotherapy for uncomplicated
painful bone metastases treated at University of Malaya
Medical Centre: A single institutional Malaysian experience.
Aging Med. 2018;1:133-140. https://doi.org/10.1002/
agm?2.12023



https://doi.org/10.1002/agm2.12023
https://doi.org/10.1002/agm2.12023

