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ORIGINAL ARTICLE

Results of a Phase |l Clinical Trial of 2-Fractionated
Half-body Irradiation in Treatment of Patients with
Multiple Painful Bony M etastases

KH Wong,' C Gaffney,?2SM Chow,! TM Chan*

Department of Clinical Oncology, Queen Elizabeth Hospital, Hong Kong, and ?Department of Clinical

Oncology, Velindre Hospital, Whitchurch, Cardiff, United Kingdom

ABSTRACT

Objective: A prospective phase 11 study was conducted to evaluate the effectiveness in pain palliation and
toxicity of a 2-fractionated half-body irradiation.

Patientsand Methods: From 25 December 2000 to 16 January 2002, 30 patients receiving half-body irradiation
for pain palliation were studied. Three patients received upper half-body irradiation (6 Gy in 2 fractions over 4
days) and 27 patientsreceived lower half-body irradiation (6 to 8 Gy in two fractions over 4 to 5 days). The pain
response was assessed with a 5-point verbal analog pain score.

Results: Out of the 27 evaluable patients, the overall and complete pain response rates were 81% and
30%, respectively, with 75% of patients experiencing onset of pain relief within 4 days. The actuarial
pain progression-free rates at the fourth, 12th, 20th and 36th weeks after treatment were 80%, 62%, 49% and
25%, respectively. Analgesia requirement was reduced in 63% of patients. The mean percent net pain relief was
47%. Forty four percent of patients developed grade 3 to 4 Radiation Therapy Oncology Group acute toxicity,
with 15% of patients having grade 3 nausea and vomiting and 37% of patients having grade 3 to 4 haematologic
toxicity.

Conclusion: This 2-fractionated half-body irradiation scheme had comparable effectivenessin pain palliation
of multiple osseous metastases with most published single-dose and daily-fractionated half-body irradiation
schemes. The scheme was found to be logistically feasible for a busy treatment unit and convenient to patients

with multiple painful bony metastases.
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INTRODUCTION

Osseous metastasis is one of the most common meta-
stases in cancer patients, with approximately 60% to
84% of cancer patients with a solid tumour developing
bone metastases.* Despite great progress in pharmaco-
logic pain management, radiotherapy remains firmly
entrenched as an important palliative treatment for
metastatic bone pain.? Local field external irradiation
remains the most common radiotherapy technique for
palliation of bone pain.* However, most patients with
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0sseous metastases have multiple sites of involvement
and sometimes require multiple courses of palliative
radiotherapy. As many as 76% of patients receiving
local field radiotherapy will require additional radio-
therapy for pain at other siteswithin 1 year.* To obviate
the use of multiple fields and multiple courses of
treatment, half-body irradiation can be adopted.>®

Since its introduction by Fitzpatrick and Rider in
1976, many series of single-dose half-body irradiation
have confirmed the effectiveness and feasibility of this
treatment technique.®** Some have also reported signifi-
cant side effects.”**'*¢ |n order to decrease the acute
side effects and to increase the total dose for possible
better effectivenessin pain response, fractionated half-
body irradiation was studied and utilized in some
centres.'”*° However, protracted fractionation might

© 2005 Hong Kong College of Radiologists



cause inconvenience to those patients with a fragile
generd condition. The optimal fractionation of half-body
irradiation has not been well established.

Since 1985, most of the half-body irradiation given in
the Department of Clinical Oncology of the Queen
Elizabeth Hospital of Hong Kong was delivered by a
2-fractionated scheme using a dose rate of around
40 cGy/min. A prospective phasel trial was conducted
to evaluate the effectiveness in pain control and toxic-
ity of this 2-fractionated half-body irradiation scheme
as a palliative treatment for patients with multiple
metastatic bone pain.

PATIENTSAND METHODS

Patients

The eligible criteria for 2-fractionated half-body irra-
diation in the Department of Clinical Oncology of the
Queen Elizabeth Hospital of Hong Kong were: 1) non-
haematologic malignant disease, 2) multiple painful
0sseous metastases documented by X-ray, bone scan or
positron emission tomography scan, and 3) more than
2 symptomatic bony metastases confined to one-half
of the body and meriting radiotherapy for pain con-
trol. Further criteriaincluded a white blood cell count
>3 x 10°/L, an absolute neutrophil count >1.5 x 10%/L,
and a platelet count =100 x 10%L just before half-body
irradiation. Neither previous total body irradiation nor
half-body irradiation to the targeted half-body had
been given.

From 15 December 2000, the first 30 consecutive
patients who received 2-fractionated half-body irradia-
tion for palliation of multiple metastatic bone pain at
the Department of Clinical Oncology of the Queen
Elizabeth Hospital, Hong Kong were recruited into the
study as planned.

Treatment Technique

The upper half-body irradiation was delivered by
lateral opposing fieldsusing an 8 MV photon beam gen-
erated by alinear accelerator with a dose rate of around
40 cGy/min. An extended field-source-distance of 272
cmwas used to encompassthe areafrom the vertex down
to the inferior costal margin. A total dose of 6 Gy was
givenin 2 fractions over 4 to 5 days. The lower half-
body irradiation was delivered by lateral opposing fields
using an 8 MV photon beam generated by a linear
accelerator with a dose rate of around 40 cGy/hour.
An extended field-source-distance of 272 cm was used
to encompass the area from the inferior costal margin
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down to the feet. A total dose of 6-8 Gy was givenin
2 fractions over 4 to 5 days.

This 2-fractionated half-body irradiation was given as
an outpatient procedure. The compl ete blood count was
checked just before the first and the second fractions of
the half-body irradiation, and then weekly after treat-
ment until it had returned to normal and for at least
4 weeks.

Assessment

Baseline and Follow-up Assessment

Just before the first fraction of half-body irradiation,
patients were evaluated to measure their baseline
parameters of pain, performance status, mobility and
analgesic requirement. After the first fraction, patients
were reassessed at the second fraction, and then weekly
in the first month, 2-weekly in the second month,
monthly in the third to fourth month, and 2-monthly in
the subsequent months. Patients were followed up until
death. At each re-assessment, the pain response was
measured based on the change in the severity of pain
over the most painful area. Each patient was asked
about the subjective onset of their pain response. The
analgesia requirement and its change were recorded at
each follow-up visit. Performance status and mobility
of the patient were graded. Side effects of the irradia-
tion were graded according to the Radiation Therapy
Oncology Group (RTOG) acute radiation grading
system.?

Pain Assessment

The severity of the pain over the most painful areawithin
the irradiated half-body was used as the index param-
eter to assess the pain response. It referred to the aver-
age pain that the patient experienced on the assessment
day and was scored by a 5-point verbal analog scale,
from O to 4. A score of 0 denoted no pain; 1 denoted
mild pain; 2 denoted moderate pain; 3 denoted severe
pain; and 4 denoted incapacitating pain.

To alow comparison of change in analgesia require-
ment for individual patients to be carried out, the
dosages of analgesia were arbitrarily categorized by
an extended analgesic ladder as follows: category I:
paracetamol or non-steroidal anti-inflammatory drugs
alone; category |1: weak opioids with codeine equiva-
lent dose <120 mg/day; category I11: weak opioids with
codeine equivalent dose >120 mg/day; category IV:
strong opioids with oral morphine equivalent dose
<120 mg/day; category V: strong opioids with oral
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morphine equivalent dose >120 mg/day to <300 mg/day;
and category V1: strong opioidswith oral morphine equi-
valent dose =300 mg/day.

Mobility and Performance Status Assessment

The performance status was scored according to the
Eastern Cooperative Group (ECOG) score. The mobil-
ity of patients was arbitrarily categorized into 5 grades:
grade I: fully ambulatory with no limitations; grade I1:
ambulatory with some difficulty in walking due to
pain; grade I11: walking with support; grade IV: wheel-
chair-bound; and grade V: bedridden.

The mean percent net pain relief (%NPR), previously
adopted by RTOG studies,®? was also calculated as a
measurement of improvement in quality of life after
pain relief by paliative radiotherapy for painful osseous
metastases. This measure was obtained by dividing the
mean pain-free survival interval time by the mean overall
survival and then multiplying by 100, and represented
the patient’s remaining life span spent with relief of
cancer pain and without re-treatment in the irradiated
half of the body.*® The duration of the pain response
and the survival time of the patients were measured from
the date of the first fraction of half-body irradiation.

Statistical Analysis

Definition

To eliminate the co-interventional effect of analgesia, a
stringent definition of pain response was adopted in this
study. Pain response was defined as a decrease in the
verbal analog pain score by at least 1 grade after half-
body irradiation, with the analgesia requirement no
higher than the baseline requirement. Complete pain
response was defined as a decrease in the verbal analog
pain score to O after half-body irradiation, with the
analgesia requirement no higher than the baseline
requirement. Progression of pain after half-body irra-
diation was defined as an increase in the verbal analog
pain score by at least 1 grade as compared with the last
assessment, or an increment in analgesia requirement
for the pain over the irradiated half-body compared to
the last assessment.

Statistical Tests

The Student t-test was used to test the sginificance of
the difference in the means of continuous numerical
data and the chi-squared test with Y ates correction or
the Fisher’s Exact test was used to test the significance
of differences in the categorical data. The Kaplan-
Meier method® was applied to calculate the actuarial
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pain progression-free rate. Datawere censored for those
in whom there was no progression of pain at the last
follow-up date, at the time of death, or at the time when
analgesia was increased in response to pain over sites
outside of theirradiated half-body. A 2-tailed p value
of lessthan 0.05 was regarded as statistically significant.
Statistical calculations were carried out by use of the
computer software programme Statistica for Windows
(Version 5; StatSoft, Inc., Tulsa, OK, USA).%

RESULTS

From 25 December 2000 to 16 January 2002, 30 pa-
tients were recruited. The analysis was carried out when
the 30th patient had been followed up for 48 weeksin
January 2003. Three received upper half-body irradia-
tion and 27 received lower half-body irradiation. Two
patients underwent rapid deterioration of their genera
condition due to disease progression after the first
fraction of 3.5 Gy given, and hence the second fraction
was abandoned. One succumbed 3 days and the other
succumbed 10 days after irradiation. Another patient
had just received alocal field irradiation to the most
painful site of the irradiated half-body 2 weeks prior
to half-body irradiation and was excluded from the
analysis of the pain response and toxicity. The charac-
teristics of these 27 evaluable patients are summarized
inTable 1.

At thetime of analysis, 21 patients had died from their
disease at amedian of 10 weeks. Two patients defaulted
at 16 weeks and 42 weeks, respectively. Four patients
were alive at the time of analysis, with median follow-
up duration of 64 weeks and arange of 48 to 86 weeks.

Table 1. Patient characteristics and treatment technique of the 27
evaluable patients.

Age (mean [range]) 64 (40-82)
Sex (Male:Female) 15:12
Diagnosis

Carcinoma of the lung 12 (44%)

2
Colorectal carcinoma 3
Nasopharyngeal carcinoma 4
Carcinoma of the breast 1
Unknown primary 2
Carcinoma of the prostate 2
Carcinoma of the thyroid 2
Malignant melanoma 1
Treatment technique

Upper half body 3 (11%)

Lower half body 24 (89%)
Fractionation

6 Gy in 2 fractions over 4-5 days™ 4 (15%)

7 Gy in 2 fractions over 4-5 days 14 (48%)

8 Gy in 2 fractions over 4-5 days 9 (33%)

*Three patients received upper half-body irradiation and 1 patient received
lower half-body irradiation
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Pain Response

Out of the 27 evaluable patients, 22 (81%) had a pain
response after the 2-fractionated half-body irradiation,
including 8 (30%) who had a complete pain response.
The median onset of the pain response was 3 days
after the first fraction of half-body irradiation, with a
range of 1 to 14 days. Seventy five percent of the pain
response had an onset within 4 days. The baseline ver-
bal analog pain score and the best verbal analog pain
score achieved by half-body radiotherapy are shownin
Figure la.

Eight out of the 22 patients (36%) who initially showed
apain response experienced further progression of pain
after the pain had been kept under control for a period
of time. The pain progression-free curve is shown in
Figure 2. The actuarial pain progression-free rate after
half-body irradiation at the fourth, 12th, 20thand 36th
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weekswere 80%, 62%, 49% and 25%, respectively. The
mean percent %NPR of the overall group of patients
was 47%.

Analgesia Requirement

Seventeen patients (63%) were able to reduce the anal-
gesia requirement for some time after 2-fractionated
half-body irradiation. Ten patients (37%) were able to
step down the analgesic ladder and 5 patients (17%)
did not require analgesia for some period of time.
The baseline analgesia requirement and the best anal-
gesia requirement achieved after treatment are shown
in Figure 1b.

Improvement in Performance Status and
Mobility

Eight patients (30%) were able to improve mobility
after 2-fractionated half-body irradiation. Seven patients
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Figure 1. Distribution of baseline measurement parameters and the best measurement parameters after body irradiation: (a) verbal
analog pain score; (b) extended analgesic ladder; (c) Eastern Cooperative Group (ECOG) score; and (d) mobility score.
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Figure 2. The pain progression-free survival curve of the whole
group of patients.

(26%) underwent an improvement in their performance
status. The baseline performance status and the best
performance status achieved are shown in Figure 1c,
and the baseline mobility grade and best mobility grade
achieved are shown in Figure 1d.

Toxicity

Table 2 summarizes the toxicity profile of the 27
evaluable patients. No patients died of acute toxicity.
Twenty four patients (89%) devel oped grade 1 to 4 acute
complications. Twelve patients (44%) developed ma-
jor (grade 3 to 4) acute complications. Out of these 12
patients, 2 developed both major acute gastrointestinal
and major haematologic complications, 2 developed
major gastrointestinal complications alone and 8 de-
veloped major haematologic complications alone.
No patient developed an acute radiation reaction or
pneumonitis. Comparing the toxicity caused by upper
and lower half-body irradiation, the upper half-body

Table 2. Toxicity profile.

irradiation was associated with significantly higher
major haematologic complication rates (100% versus
29%, p = 0.04) but no significant difference in major
gastrointestinal toxicity (33% versus 12.5%, p = 0.39).

DISCUSSION

Comparison Between Different Fractionation
of Half-body Irradiation

Pain Response

In the palliative setting, the most common employed
fractionation of half-body irradiation is single dose.
Protracted daily-fractionated half-body irradiation,*"18
once-a-week fractionation,? and split-course half-body
irradiation®® have also been used, but only a limited
number of series have been reported.

Table 3 summarizes the effectiveness of some reported
series of half-body irradiation in pain palliation. The
pooled overall and complete pain response rates of
single-dose half-body irradiation from 12 large re-
ported series were 80% and 33%, respectively. The
pooled overall and complete pain response rates of
daily-fractionated half-body irradiation from 3 large
reported series were 94% and 63%, respectively. The
present 2-fractionated series showed a comparable
overall (81%) and complete (30%) pain response rate
with single-dose, and a comparable overall but inferior
complete pain response rate with the daily-fractionated
series.

All of the single-dose series reported a prompt onset
of pain response with most patients undergoing onset
within 48 hours and half of the patients within 24
hours. The daily-fractionated series showed a slower
pain response onset from 1 to 2 weeks. The present 2-
fractionated series demonstrated a slower onset than
single-dose series but a faster onset than the daily-
fractionated series with 50% of patients having onset of

Grade 0 Grade 1 Grade 2 Grade 3 Grade 4
No. (%) No. (%) No. (%) No. (%) No. (%)
Haematological
WBC 18 (66.7) 5(18.5) 0 (0.0) 4 (14.8) 0 (0.0
ANC 23 (85.2) 0 (0.0) 1(3.7) 3 (11.1) 0 (0.0)
PLT 21 (77.8) 13.7) 1(3.7) 1 3.7) 3(11.1)
HB 11 (40.7) 6 (22.2) 4 (14.8) 5 (18.5) 1(3.7)
Gastrointestinal
Nausea and vomiting 8 (29.6) 6 (22.2) 9 (33.3) 4 (14.8) 0 (0.0)
Colicky abdominal pain 25 (92.6) 0 (0.0 2 (7.4) 0 (0.0) 0 (0.0
Diarrhoea 3(85.2) 2 (7.4) 2 (7.4) 0 (0.0 0 (0.0)
Pneumonitis 0 (0.0 0 (0.0 0 (0.0) 0 (0.0) 0 (0.0

Abbreviations: WBC = white blood cells; ANC = absolute neutrophil count; PLT = platelet count; HB = haemoglobin level.
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Table 3. Pain response of half-body irradiation series.
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Series [Ref] Total Treatment detail  Assessment tool Pain response Onset Average  Mean
no. Overall RR  Complete RR duration  %NPR
No. (%) No. (%)
Single-dose series
Salazar et al [g] 25 8Gyxt Subjective pain relief 21 (84) 12 (48) 80% within 15 weeks
48 hours
Pene et al [10] 19 8Gyx1 Not mentioned 16 (84) 9 (47) Most within
48 hours
Qasim et al [14] 92 7-8Gyx1 Not mentioned 70 (76) 46 (50) Most within
24 hours
Salazar et al [22] 129  UHBI:6-8 Gy x 1 Integrating pain and 94 (73) 25 (19) 80% within 15 weeks 50
MHBI: 8-10 Gy x 1 analgesia scores 1 week
LHBI: 8-10 Gy x 1
Kuban et al [12] 31 UHBE6-8Gyx1 Integrating reduction 31 (100) 71% within
LHBI: 4-10 Gy x 1 in analgesia and 48 hours
subjective pain relief
Nseyo et al [11] 10 7Gyx1 Subjective pain relief 10 (100) 4 months*
Zelefsky et al [17] 14 UHBL:6Gyx 1 Subjective pain 13 (93) 11 (79) Most within
LHBI: 8 Gy x 1 response 48 hours
Hoskin et al [27] 37 UHBI:6Gyx 1 Reduction in 33 (89) 2 (5.4) 27% within 15 weeks
LHBI: 8 Gy x 1 analgesia or 24 hours
4-point pain scale
Burmeister and 16 5-6Gyx1 Reduction in analgesia 15 (94) Mean:
Probert [26] 7 days
Quilty et al [28] 80 UHBI6Gyx1 3-category pain grade 54 (67.4)
LHBI: 8 Gy x 1
Chau et al [13] 123 45-8Gyx 1 Subjective pain relief 105 (85)
Salazar et al [18] 37 4-10Gyx1 Not mentioned 27 (73) 12 (32) Median: 38
5 days
Daily fractionated series
Salazar et al [18] 23 3 Gydailyx5 Not mentioned 22 (96) 11 (49) Median: 68
1 week
Zelefsky et al [17] 15 25-30 Gy Subjective response 15 (100) 13 (87) Most
in9-10 frs <1-2 weeks
Salazar et al [19] 51 3 Gydailyx5 Integrating pain score 47 (92) 32 (63) Mean: 22 weeks 72
and analgesic score 3 days
Other fractionated series
Salazar et al [18] 8 4Gyx2 Not mentioned 4 (50) 113 34
over 2 weeks
Nag and Shah [25] 19 8Gyx?2 Subjective pain relief 19 (100) 10 (53) Most within -~ Median:
over 1 week score 48 hours 5 months
Salazar et al [19] 56 4 Gyx2with Integrating pain score 50 (89) 35 (63) Mean: 14 weeks 65
6-8 hours apart and analgesic score 3 days
in 1 day
49 3Gyx4 46 (94) 21 (43) Mean: 16weeks 75
over 2 days 3 days
Present series 27 UHBI3Gyx?2 5 categorcial verbal 22 (81) 8 (30) Median: 13 weeks 53
over 4 days analog pain score 3 days
LHBI: 3.5-4 Gy x 2 75% within
over 4-5 days 4 days

Abbreviations: RR = response rate; %NPR: percent net pain relief, UHBI = upper half-body irradiation; MHBI = mid-body irradiation; LHBI = lower half-body

irradiation; frs = fractions.

* The value was calculated from the data presented in the table of the article.
Pooled overall pain response rate and pooled complete pain response rate of single-dose series were 489/613 =79.8% and 117/353=33.1%, respectively.
Pooled overall pain response rate and pooled complete pain response rate of daily-fractionated series were 84/89=94.4% and 56/89=62.9%, respectively.

the pain response within 48 hours and 75% patients
within 4 days.

The reported mean durations of pain response of
single-dose series, daily-fractionated series, and the
present 2-fractionated series were around 15 weeks,
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around 22 weeks, and 13 weeks, respectively. In con-
trast to most reported series, for which the main com-
mon cancers involved were carcinoma of the breast,*#%
and carcinoma of the prostate, 121722 44% of patients
in our present series had carcinoma of the lung. In
addition, 37% of patientsin the present series had apoor
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performance status with an ECOG score of 3 to 4. It
has been reported that patients with poor performance
status'® and patients with carcinoma of the lung® have
shorter duration of pain response. This could partially
account for the shorter duration of pain response reported
in the present series.

Most of the half-body irradiation series previously
reported have not included sophisticated assessment of
quality of life. Some have reported change in perform-
ance status or mobility. Most RTOG studies of half-
body irradiation'®# and a small number of other series®®
adopted the concept of %NPR to measure the improve-
ment in the physical aspect of quality of life. The
mean %NPR reported by some single-dose series were
from 38% to 50%, and that reported by some daily-
fractionated series were from 68% to 72%. The mean
%NPR achieved in the present series was 47%.

Besides single-dose and daily-fractionated series, a
limited number of series of other fractionated schemes
have been reported. Salazar et al compared the treat-
ment results of 8 patients receiving split-course half-body
irradiation (4 Gy for 2 fractions separated by a 2-week
rest) with daily-fractionated and single-dose half-body
irradiation.*® The overall and complete pain response
rate was 50% and 13%, respectively, with amean %NPR
of 34%. Nag and Shah employed a once-a-week lower
half-body irradiation scheme for pain palliation in 19
patients with widespread metastatic disease.? Patients
received 2 single doses of 8 Gy, spaced 1 week apart.
Thisresulted in an overall and complete pain response
rate of 100% and 53%, respectively, with a median
duration of painrelief of 5 months.

An international multicentre, randomized controlled
trial*® was conducted to compare the short hyper-
fractionation, accelerated hyperfractionation, and
protracted daily-fractionated half-body irradiation
schedule. Fifty one patients received the daily-
fractionated scheme, with 15 Gy given in 5 fractions
over 5 days as the control arm. Fifty six patients were
treated by the short hyperfractionation scheme, with 2
fractions of 4 Gy given 6 to 8 hours apart on 1 day.
Forty nine patients received 12 Gy in 4 fractions over 2
daysin the accelerated hyperfractionation scheme. The
average onset time to pain response for all 3 arms was
3 days. All 3 fractionation schemes achieved similar
overall response rates of around 90%. Compared with
the daily-fractionated scheme, the short hyperfraction-
ation scheme showed a significantly lower complete
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pain response rate (63% versus 32%, p = 0.016) and a
significant shorter average pain-free survival (155 days
versus 101 days, p = 0.034). The complete pain response
rate and the average pain-free survival of the acceler-
ated hyperfractionation scheme were inferior to the
control arm (43% versus 63%, and 155 days versus 112
days) but the p values were not statistically significant.
The toxicities of these 3 fractionation schemes did
not show any significant difference. This study con-
cluded that for most primary tumour types, except for
cancer of the prostate, the accel erated hyperfractionation
schedule was as effective as the protracted fractionated
scheme and was a faster and more convenient half-body
irradiation scheme for the palliation of pain in wide-
spread cancer.

Toxicity

Table 4 summarizes the toxicity of some reported se-
riesof half-body irradiation. Most series, and our present
series, have demonstrated a higher complication rate
in upper half-body irradiation than in lower half-body
irradiation.t? With pre-medication and limitation of the
lung dose to less than 8 Gy, acute radiation syndrome
and pneumonitis have become uncommon. The most
common symptoms of gastrointestinal toxicity of half-
body irradiation were nausea and vomiting. Most large
single-dose series have shown an overall toxicity rate
of nausea and vomiting of between 38% and 90% in
upper half-body irradiation, and between 7% and 33%
in lower half-body irradiation. Our present series
demonstrated a relatively higher nausea and vomiting
rate with an overall rate of 66.7% and 71% with upper
and lower half-body irradiation, respectively. Diarrhoea
is another common symptom of gastrointestinal toxic-
ity in lower half-body irradiation but is usually of mild
severity. Some reported single-dose seriest?422 have
shown an overall diarrhoea rate of between 0% and
26%, and between 5% and 73% in upper and lower half-
body irradiation, respectively. Our present study showed
a rate of 0% with upper half-body irradiation and
17% with lower half-body irradiation. In aretrospec-
tive fractionated half-body irradiation series, Salazar
et al reported overall and severe nausea and vomiting
rates of 16% and 3%, respectively, and overall and se-
vere diarrhoea rates of 9% and 3%, respectively.*® These
rates were lower than most of the reported single-dose
series and our present 2-fractionated series.

The reported single-dose series showed various over-
all haematologic toxicity rates, from 8% to 91%.
Differencesin selection criteria, previous chemotherapy,
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Table 4. Summary of complications of patients reported by half-body irradiation series.

Series [Ref] No of patients and Pneumonitis Gastrointestinal Haematological
type of treatment No. (%) toxicity toxicity
Nausea and vomiting Diarrhoea
All Severe* All Severe* All Severe*
No. (%) No.(%) No.(%) No.(%) No.(%) No. (%)
Single-dose
Salazaretal [8] 22 UHBI: 8 Gy x 1 fr 2/22 (9)  18/20" (90) 20/22 (91)
12 LHBI: 8 Gy x 1 fr 4/12 (33)
Kubanetal [12] 13 UHBI:6-8 Gy x 1 fr 5/13 (38) 0/13 (0) 113 (8)
22 LHBI: 4-10 Gy x 1 fr 6/22 (27) 1/22 (5) 2/22 (9)
Salazar et al [22] 40 UHBI: 6-8 Gy x 1 fr 1/40 (3) 14/40 (35) 6/40 (15) 2/40 (5)  0/40 (0) 25/40 (B3) 13/40 (32)

13 MHBI: 8-10 Gy x 1 fr

76 LHBI: 8-10 Gy x 1 fr 44/89 (49) 8/89 (9) 18/89 (20) 3/89 (3) 34/89 (38) 9/89 (10)
Qasim [14] 104 UHBI: 7-8 Gy x 1 fr 14/104% (13) 72/104 (69) 27/104 (26) 129/149 (87) 6/149 (4)
45 LHBI: 7-8 Gy x 1 fr 3/45 (7) 33/45 (73)
Fractionated
Salazar et al [18] 24: 3 Gy x 3-5 frs over 3-5 days 0/7 (0) 5/32 (16) 1/32 (3) 3/32 (9) 1/32 (8) 2/32(6) 1/32 (3)

8: 4 Gy x 2 frs over 2 weeks

Salazar et al [19] 51: 3 Gy x 5 frs over 5 days
56: 4 Gy x 2 frs with 6-8 hours apart
49: 3 Gy x 4 frs over 2 days

Overall toxicity: grade 1-4: 29/51 (57),
Overall toxicity: grade 1-4: 38/56 (68), Major toxicity: grade 3-4: 9/56 (16)
Overall toxicity: grade 1-4: 29/49 (59), Major toxicity: grade 3-4: 5/49 (10)

Major toxicity: grade 3-4: 4/29 (8)

Present series 3 UHBI: 3 Gy x 2 frs over 4 days 0/3 (0)

24 |LHBI: 3.5-4 Gy x 2 frs over 4-5 days 0/3 (0)

2/3 (67)
14/24 (68) 3/24 (13)

1/3(33) 0/3 ()

4/24 (17)

0/3(0)  3/3(100)
0/24 (0) 18/24 (75)

3/3 (100)
7/24 (29)

Abbreviations: UHBI: upper half-body irradiation; LHBI: lower half-body irradiation; MHBI: mid-body irradiation; fr: fraction.

* Severe refers to grade 3-4 toxicity.
T Only 20 patients who did not take pre-medication were included.
* All received 8 Gy/fr.

previous radiotherapy to the non-irradiated half-
body and extent of bone marrow involvement might
account for such great variation. Severe haematologic
complication rates were low in most single-dose series,
ranging from 0% to 32%. Our present 2-fractionated
series showed grade 3 to 4 haematologic toxicity rates
of 87.5% and 29.1% in upper and lower half-body
irradiation, respectively. Salazar et a had previously
reported a lower severe haematologic toxicity rate of
3% in afractionated series.’®

Logistical Considerations

To reduce the toxicity of half-body irradiation, use of
alow-dose rate has been recommended.® With a dose
rate ranging from 0.15 to 0.45 Gy/min"622% the overall
radiation time for a single dose of 6 to 8 Gy will be
15 to 50 minutes. To cover alarge field, an extended
source-to-skin distance of up to 200 cm for half-body
irradiation will be required 11121631 gnd timeis required
for the set-up. Therefore, the overall treatment time for
a single-dose half-body irradiation will be 30 to 60
minutes.” Such along treatment time will cause signifi-
cant discomfort to afrail patient with mulitple meta-
static bone pain, and thus it may be better to limit the
entire treatment time to less than 30 minutes.® In
addition, along treatment time will disrupt the routine
schedule of the treatment machine and create logistical
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problems for a busy radiotherapy unit. These problems,
together with the potential toxicities, probably limit
the widespread utilization of half-body irradiation.®
Although protracted daily fractionated and accel erated
hyperfractionated series reported better complete pain
response rates, multiple visits to the treatment machine
will beinconvenient to frail patients with multiple meta-
static bone pain. These schemes will also disrupt the
tight treatment schedule of a busy radiotherapy centre.
Our 2-fractionated scheme employed a dose rate of
around 40 cGy/min, and the overall treatment time per
fraction was less than half an hour. This shorter treat-
ment duration will be more comfortable for patients.
Compared with protracted fractionated schemes, this
2-fractionated scheme requires fewer visits. This will
be more convenient for patients with a fair general
condition and will make it logistically more feasible to
avoid excessive disruption and difficultiesin scheduling.

Dose-response Effect

Only afew single-dose series™*® have demonstrated a
dose-response effect in pain relief. Most series adopted
anarrow range of total dose between 6 and 8 Gy and did
not set out to study dose-response relationships. RTOG
78-10 showed that the most effective and safest doses
for single-dose half-body irradiation were 6 Gy for
upper half-body irradiation and 8 Gy for lower half-body
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irradiation.?? Increasing the dose beyond these
levels did not increase the level or duration of pain
relief or achieve a faster response, but undoubtedly
increased toxicity. Most fractionated series adopted a
higher total dose than that of the single dose.*”* The
pain response rates of these series were higher than in
single-dose series and the toxicity was lower. No clini-
cal trial has been performed to study the dose-response
relationship in fractionated schemes, although RTOG
has performed aclinical study to investigate the maxi-
mum tolerable total dose of the fractionated scheme.
The most effective total dose of the fractionated scheme
has still not been established.®

Problemsin Studies of Half-body Irradiation
Clinical research in the palliative care setting is gener-
ally difficult to carry out.® Ethical constraints, frail
condition of the potential trial candidates, and difficulty
in outcome measurement, together with the logistic
problems of use of the treatment machine and the tech-
nical problems related to the treatment set-up might
account for the reluctance of radiation oncologists
to conduct controlled clinical trials to investigate the
optimal fractionation of half-body irradiation.

Differencesin histology, performance status, measure-
ment tools, selection criteria, reporting systems and
co-interventions contribute to the difficulties in com-
paring various fractionations reported in retrospective
and prospective series. Randomized controlled trials
should be conducted to eliminate these confounding
factors.

CONCLUSIONS

The present study showed that 2-fractionated half-body
irradiation was effective in pain palliation of cancer
patients with multiple painful osseous metastases. It
provided rapid onset of pain relief, a high overall pain
response rate, and a reasonabl e duration of control for
those patients with a limited life expectancy. Thirty
percent and 26% of the patients were able to achieve
improvement in mobility and performance status,
respectively. The effectiveness in pain palliation was
comparable to most published series. The associated
toxicity was acceptable. This fractionation scheme was
convenient for the patients and logistically more feasi-
ble in terms of demands on the treatment department.

To define the optimal fractionation of half-body
irradiation in pain palliation for patients with multiple
0sseous metastases, it will be essential to carry out a
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multicentre controlled randomized trial comparing the
present 2-fractionated scheme with a single-dose and
daily-fractionated schedule.
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