Bzl SPANDIDOS
7] ,§, PUBLICATIONS

MOLECULAR AND CLINICAL ONCOLOGY 17: 153, 2022

Retrospective analysis of the effectiveness of volumetric
modulated arc therapy half-body irradiation in palliation
of pain in patients with multiple bone metastases
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Abstract. Bone metastases are the most common cause of
cancer-related pain. It has been reported that radiotherapy is
efficient in the palliation of pain caused by bone metastases.
Half-body irradiation (HBI) is a method of palliative treatment
in patients with multiple metastases to bones. The present
study aimed to evaluate the efficiency of upper and lower HBI
in reducing pain in patients with multiple bone metastases
treated with volumetric modulated arc therapy (VMAT)
HBI. A total of 22 patients received HBI based on the VMAT
technique between July 2018 and July 2020. Treatment plans
were subject to a dosimetric analysis. The absorbed doses
ranged from 6 to 8 Gy in a single fraction. The patients rated
pain on the 11-point (0-10) verbal numeric pain score (VNPS)
before irradiation and after 1 month of follow-up. To assess
the analgesic effect of HBI radiotherapy, data from 19 patients
who attended the follow-up visit were analyzed. Before the
treatment, the median VNPS of pain was 5 (IQR, 3-8); after
the follow-up period, it was 3 (IQR, 1-4) (P=0.003). The
median VNPS of the maximum pain within the last month
before treatment was 8 (IQR, 7-10) and after irradiation it was
5 (IQR, 4-7) (P<0.001). The median VNPS of the average pain
within the last month before the treatment was 5 (IQR, 4-7);
after the treatment, it was 3 (IQR, 2-5) (P=0.003). In conclu-
sion, conformal VM AT-intensity-modulated radiation therapy
HBI is an effective method for reducing pain in patients with
painful multiple bone metastases. Conformal techniques of
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radiation allow for the reduction of doses to organs at risk thus
potentially reducing the toxicity of treatment.

Introduction

Bone metastases occur in 60-84% of metastatic cancers and
are the most common cause of cancer-related pain (1). Primary
tumors that are responsible for the majority of cases are cancers
of prostate, kidney, thyroid gland, lung and breast (2). Usually,
bone metastases are associated with incurable diseases with
significant morbidity and severe pain (3). In patients with
bone metastases, radiotherapy has appeared to be efficient in
palliation of pain (4). Local field radiotherapy is a safe option
for relieving pain caused by localized bone metastases. All
fractionation schemes: 30 Gy in 10 fractions, 20 Gy in 5 frac-
tion and 8 Gy in single fraction are considered effective and
widely accepted (5,6). In oligometastatic setting of the disease,
defined as single or few (up to five) metastases (7), stereotactic
body radiotherapy (SBRT) may be considered (5).

Multiple locations of painful bone metastases occur in
many patients. Half-body irradiation (HBI) is an alternative to
local field radiotherapy. It shortens treatment time and its pain
palliation is effective (8-10). Historically, HBI was categorized
into upper HBI (UHBI), lower HBI (LHBI) and mid-body
irradiation (MBI) (11). For UHBI, the inferior margin of the
radiation field corresponded to the bottom of the 4th lumbar
vertebra. For LHBI, the superior margin corresponded to the
inferior one for UHBI, while the inferior margin extended
to mid-ankles and MBI that consisted of a field that reached
from the top of the diaphragm to the bottom of the obturator
foramina (11). Such treatment is advantageous as it allows to
deal with multiple lesions simultaneously within a short period
of time. On the other hand, wide field radiotherapy leads to
frequent irradiation of healthy tissue and therefore may cause
acute and long-term toxicity.

Nowadays, more conformal techniques, such as volumetric
modulated arc therapy (VMAT) or tomotherapy with 3D plan-
ning, are available, which allows to irradiate smaller fields and
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avoid unaffected bones. Thus, it helps to reduce doses in organs
at risk and may decrease the incidence of acute toxicity (8). The
safest and most effective single HBI doses are 6 Gy for UHBI
and 8 Gy for both LHBI and MBI (12). Lately, fractionated
schemes: 15 Gy/5 fractions/5 days, 8 Gy/2 fractions/1 day and
12 Gy/4 fractions/2 days have been reported to relieve pain in
91% of cases (13). A response to treatment is usually prompt and
manifests itself with relieved pain, observed as early as within
48 h following the initiation of the treatment (11,12). In UHBI,
the main organs at risk are lungs affected by post-radiation
pneumonitis, especially when the dose absorbed to a lung was
above 6 Gy (14). Irradiation of great volume of the digestive
system leads to nausea, vomiting and diarrhea, being the most
common acute complications of HBI (4). Hospitalization may
be required for hydration and administration of antiemetics.
Myelosuppression is another common HBI-induced toxicity.
Patients undergoing HBI demonstrate more hematologic
toxicity in comparison to those who undergo a local field treat-
ment alone, with approximately 10% of patients presenting
leukopenia, anemia or thrombocytopenia (15).

Although HBI radiotherapy utilizes modern techniques
which aim at reducing doses to organs at risk, there are only
limited data regarding the effectiveness and side-effects of
such treatment. The objective of our study was to evaluate
efficiency of upper and lower half body irradiation (UHBI,
LHBI) in reduction of pain in patients with painful multiple
bone metastases, treated with VMAT HBI.

Materials and methods

Study population. Our retrospective analysis covered the period
from July 2018 to July 2020. The study group included 22 patients
treated with HBI in Regional Cancer Center, Copernicus
Memorial Hospital of Lodz (£.6dz, Poland). All patients were
referred to radiotherapy department with multiple painful bone
metastases in cases where pain could not be controlled with
analgesics drugs and were qualified to palliative radiotherapy.
Patients were qualified to HBI treatment when pain was present
in more than 5 localizations and standard palliative treatment
could not be performed quickly and there was no further
systemic therapy planned. In most cases of patients that were
qualified to HBI, number of bone metastases was not given in
imaging results, and were described as multiple or uncountable.
All the patients have been admitted to hospital one day prior
to the treatment. Before hospitalization, all the patients have
undergone computed tomography (CT) scanning for the elective
treatment. Upon admission, the patients rated pain in 11 points
(0-10) according to the verbal numeric pain score (VNPS). The
patients were also asked to rate the maximum and average pain
experienced in the last month period. All patients provided
written informed consent to undergo the treatment.

Treatment. Hospitalization lasted 3 days, and the treatment proce-
dure was performed on the second day. According to the protocol
used in our center, inclusion criteria for HBI were the following:
diagnosed cancer with multiple, symptomatic bone metastases,
ECOG PS 0-4, WBC =3,000/x1, PLT =100,000/u1, Hgb level
above 8.5 g/dl and submission of a written informed consent to
undergo the treatment. The patients were prehydrated intrave-
nously. On the day of irradiation, the patients were administrated

steroids (dexamethasone 8 mg i.v.), antiemetics (metoclopramide
10 mg i.m.), and additionally, anti-diarrheal drugs (loperamide
2 mg p.o. every 8 h) when LHBI was performed. The treatment
procedure was conducted in the supine position, with hands
above the head when UHBI was planned.

Clinical target volume (CTV) was delineated by a radia-
tion oncologist, comprising the whole bone tissue extending
from lumbar vertebrae to cervical vertebrae, depending on the
metastases localized most superiorly and most inferiorly.

CTYV varied from C2-C7 to L1-L4 and was evaluated by the
attending physician. The skull was not delineated if there were
no metastases. In LHBI, borders extended from the mid-length
of the femur to the most inferiorly located metastasis if there
were no more metastases in lower extremities. With regards to
UHBI, the border extended as far as L1-L4 vertebrae, depending
on how much superiorly the metastasis was localized. The
patients who were qualified for both UHBI and LHBI, received
simultaneous planning and treatment with at least a two-week
interval. Planning target volume (PTV) was created by adding
a four-five mm margin to CTV. Organs at risk that were delin-
eated included: the heart, lungs, kidneys, spinal cord and liver
in UHBI and kidneys, rectum, spinal cord and bladder in LHBI.
The dose prescribed to PTV was 6 Gy in one fraction in UHBI
and 8 Gy in one fraction in LHBI. When both UHBI and LHBI
were planned, the dose of LHBI changed and ranged from 6 to
8 Gy, depending on the decision of the attending physician.

All patients' plans were prepared with the use of the VMAT
technique. Aimed dosimetry constraints were at least 90% of
the prescribed dose covering the whole PTV and organs at
risk with mean doses smaller than 2.5 Gy for kidneys, 3 Gy
for the rectum, bladder and heart, 4 Gy for the liver and 4 Gy
for lungs. Image verification with kV images was performed
before each arc. Plans for all 22 patients were subject to a
dosimetric analysis.

Follow-up. During a follow-up visit one month after finishing
the treatment, the patients were asked once again to rate the
pain on the day of the visit as well as the maximum and
average pain experienced within the last month. Of 22 patients,
3 were lost to the follow-up, so the influence of HBI radio-
therapy on severity of pain was assessed on the base of data
obtained from 19 patients. Characteristics of the study group
are presented in Table I. De-escalation of pain on the day of
interview, manifesting itself with the value of 0-1 in the VNPS
Scale was considered a complete response, whereas relieved
pain, characterized with at least 2 points less than before the
treatment, was regarded as a partial response.

Statistical analysis. All statistical analyses were performed
using Statistica 13.1 software (Statsoft). The Wilcoxon
signed-rank test was used to compare VNPS before and after
the treatment in the whole group of patients. P<0.05 was
considered to indicate a statistically significant difference.

Results

Dosimetric analysis. Thirteen UHBI plans were prepared: 6
of patients were planned for UHBI alone and 7 were planned
for both UHBI and LHBI for which the total number of both
plans was created to assess doses in PTVs and OARs, before
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Table I. Characteristics of the study group.

Characteristic Value

Median age at time of treatment, years 68 (IQR, 61-75)

Sex
Female 7 (37%)
Male 12 (63%)
Localization of primary tumor
Prostate 10 (53%)
Breast 7 (37%)
Bladder 1 (5%)
Unknown primary 1 (5%)
Treatment performed
UHBI 8 (42%)
LHBI 5 (26%)
UHBI + LHBI 6 (32%)
ECOG performance status
0-1 7 (37%)
2-3 12 (63%)

LHBI, lower half-body irradiation; UHBI, upper half-body irradia-
tion; ECOG, Eastern Cooperative Oncology Group.

implementing the treatment. All patients received the dose of
6 Gy prescribed to UHBI PTV volume. Plans consisted of 6
arcs in six patients, 5 arcs in two patients, 4 arcs in four patients
and 3 arcs for one patient. The mean minimum absorbed dose
that covered 90% of the PTV volume (D90) was 5.89+0.33 Gy
and the mean minimum absorbed dose that covered 95% of the
PTV volume (D95) was 5.68+0.21 Gy. The mean dose in PTV
was 6.08+0.09 Gy with the mean volume that absorbed 90% of
the prescribed dose (5.4 Gy)-V90 of 98.30+2.20%. Lungs were
the main organs at risk taken into account during an audit of
UHBI treatment plans. The mean doses administered to the left
and right lungs were 4.09+0.47 Gy and 4.02+0.46 Gy, respec-
tively. Other OARs that were delineated and in which the mean
dose was checked included: the spinal cord with the mean dose
of 5.79+0.94 Gy, the liver with the mean dose of 3.69+0.72 Gy
and the heart with the mean dose of 2.50+0.70 Gy.

LHBI plans were prepared for 16 patients: 9 were qualified
for LHBI alone and 7 were qualified for sequential treatment
with UHBI and LHBI for which the total number of both
plans was created. Eleven patients were prescribed a dose of
8 Gy, 3 patients-a dose of 6 Gy and 2 patients-a dose of 7 Gy
prescribed to LHBI PTV. A dosimetric analysis in the homog-
enous group of 11 plans with a prescribed dose of 8 Gy was
conducted. The plans consisted of 6 arcs in two patients, 5 arcs
in two patients, 4 arcs in two patients and 3 arcs in five patients.
The mean D90 was 7.77+0.16 Gy and D95 was 7.64+0.25 Gy.
The mean dose prescribed to PTV was 8.04+0.09 Gy with
the mean volume that absorbed 90% of the prescribed dose
(7.2 Gy)-V90 of 99.51+0.61%. The rectum, spinal cord and
urinary bladder were organs at risk, taken into account during
an audit of LHBI treatment plans. The mean doses applied to
the rectum, spinal cord and urinary bladder were respectively:
3.41+0.95, 4.51£1.93, and 3.80+0.96 Gy.
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Figure 1. Change in VNPS at the day of the questionnaire for each patient.
Before the treatment, the median VNPS score of pain was 5 (IQR 3-8); after
the follow-up period, it was 3 (IQR 1-4) (P=0.003). VNPS, verbal numeric
pain score; HBI, half-body irradiation.
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Figure 2. Change in VNPS of maximum pain during the last month for each
patient. The median VNPS score of the maximum pain in the last month
before the treatment was 8 (IQR 7-10) and after irradiation it was 5 (IQR 4-7)
(P<0.001). VNPS, verbal numeric pain score; HBI, half-body irradiation.

Pain palliation. The median age of 19 patients included in the
analysis was 68 (IQR 61-75) years. Primary tumors included
prostate cancer diagnosed in 10 cases, breast cancer diagnosed
in 7 cases, and bladder cancer detected in 1 case. An primary
tumor of the unknown origin was diagnosed in 1 case. Eight
patients were treated with LHBI, 5 patients-with UHBI and
6 patients-with both UHBI and LHBI (Table I).

The median pain, measured in the VNPS on the day prior
to the treatment was 5 (IQR 3-8) and 3 (IQR 1-4) on the day
of the follow-up visit (P=0.003) (Fig. 1). The median VNPS of
the maximum pain in the last month before the treatment was
8 (IQR 7-10) and 5 (IQR 4-7) on the follow-up visit (P<0.001)
(Fig. 2). The median VNPS of the average pain calculated in
the last month before the treatment was 5 (IQR 4-7) and 3
(IQR 2-5) on the day of the follow-up visit (P=0.003) (Fig. 3).
A short-term complete response was noted in 31.6% of patients
(6 out of 19) and a partial response was observed in 52.4% of
patients (10 out of 19).

The VNPS of pain on the day before the treatment in
the UHBI group (n=5) was 5 (IQR 3-5) and 3 (IQR 2-3) on
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Table II. Summary of the palliation effect in all subgroups.

VNPS UHBI (n=5) LHBI (n=8) UHBI + LHBI (n=6)
VNPS of pain at the day of the questionnaire
Before treatment 5 (IQR, 3-5) 5.5 (IQR, 5-7.5) 6 (IQR, 3-8)
At follow-up 3 (IQR, 2-3) 3.5 (IQR, 1-5) 2 (IQR, 1-4)
P-value 0.068 0.028 0.144
VNPS of maximum pain during the last month
Before treatment 7 (IQR, 6-8) 9 (IQR, 7.5-10) 8 (IQR, 7-9)
At follow-up 6 (IQR, 4-6) 5.5 (IQR, 4.5-8.5) 4 (IQR, 3-7)
P-value 0.068 0.028 0.059
VNPS of average pain during the last month
Before treatment 4 (IQR, 4-5) 5.5 (IQR, 5-7) 6 (IQR, 5-8)
At follow-up 4 (IQR, 4-5) 3.5 (IQR,2.5-6) 2 (IQR, 2)
P-value 0.29 0.128 0.028
VNPS, verbal numeric pain score; LHBI, lower half-body irradiation; UHBI, upper half-body irradiation.
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Figure 3. Change in VNPS of average pain during the last month for each
patient. The median VNPS score of the average pain in the last month
before the treatment was 5 (IQR 4-7); after the treatment, it was 3 (IQR 2-5)
(P=0.003). VNPS, verbal numeric pain score; HBI, half-body irradiation.

the day of the follow-up (P=0.068). The median VNPS of the
maximum pain in the last month before the treatment in the
UHBI group was 7 (IQR 6-8) and 6 (IQR 4-6) on the follow-up
visit (P=0.068). The median VNPS of the average pain in
the last month reported in the UHBI group before the treat-
ment was 4 (IQR 4-5) and 4 (IQR 4-5) on the follow-up day
(P=0.29). In the LHBI group (n=8), the VNPS of pain on the
day before the treatment was 5.5 (IQR 5-7.5) and 3.5 (IQR 1-5)
on the follow-up day (P=0.028). The maximum pain reported
in this group in the last month before the treatment was 9 (IQR
7.5-10) and 5.5 (IQR 4.5-8.5) on the follow-up day (P=0.028).
The average pain in the last month before the treatment was
5.5 (IQR 5-7) and 3.5 (IQR 2.5-6) on the follow-up procedure
(P=0.128). In the group of patients with both UHBI and LHBI
(n=6), the VNPS on the day before the treatment was 6 (IQR
3-8) and 2 (IQR 1-4) during the follow-up visit (P=0.144).
According to the VNPS, the maximum pain in the last month
prior to the treatment was 8 (IQR 7-9) and 4 (IQR 3-7) after
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Figure 4. Summary of HBI impact on median average pain during the last
month in LHBI, UHBI and LHBI + UHBI subgroups. A, before treatment; B,
after treatment; HBI, half-body irradiation; LHBI, lower HBI; UHBI, upper
HBI.

the treatment (P=0.059). The VNPS of the average pain during
the last month before HBI in this group was 6 (IQR 5-8) and
2 (IQR 2) during the follow-up visit (P=0.028). Table II and
Fig. 4 demonstrate the total value in all subgroups.

A retrospective analysis revealed grade 3 toxicity in one
patient with breast cancer and metastases to bones, treated
with UHBI. She needed to be admitted to hospital as well as
administered transfusion of packed red blood cells. No other
patient in this group demonstrated toxicity of grade 3 or higher.

Discussion

Our retrospective study shows that VM AT-based HBI is
effective in palliation of pain, with relief in all measured
scales of pain. Our findings are similar to results by another
authors (8-10,12,13,16) are consistent with two prospective
trials, where pain relief was reported in 76 and 73% of patients
undergoing HBI (9,12). However, in both trials, radiotherapy
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was applied in less conformal techniques. One retrospective
analysis of 3D conformal radiotherapy with HBI, conducted in
a large group (fractionation: 4 fractions of 3 Gy bind up to the
total dose of 12 Gy) was presented, where pain reduction was
observed in 76.3% of patients (16). To our knowledge, this is
the first report of HBI delivered with highly conformal VMAT
technique. In general, VMAT allows to deliver a prescribed
dose to PTV, simultaneously protecting normal tissues outside
PTV, as the high gradient of a dose at borders of PTV allows
to reduce doses in OARs.

There is a number of studies on dose reduction in OARs due
to the use of VMAT (17,18). Our dosimetric analysis showed
that the VMAT technique, allows to reduce doses applied to
lungs to 4 Gy, for 6 Gy prescribed to PTV. Therefore, potential
escalation of dose to PTV can be safely achieved. The risk
of radiation-induced pneumonitis, which tends to increase
when a dose absorbed to a lung is higher than 6 Gy, is now
lower (14). What is more, with the application of conformal
techniques, doses to all OARs are reduced in comparison to
those prescribed to PTV (8).

In our group, we did not report grade 1-2 toxicity due to lack
of full retrospective data, which is a limitation of this study. It
is the grade 1-2 toxicity that is considered a common adverse
event of HBI (4,15). However, despite another limitation of our
study that doses in ileum were not analyzed, a reduced radia-
tion dose applied to the gastrointestinal system may potentially
reduce the number of adverse events during the treatment.
Results of our study confirmed that the VMAT technique
has another benefit. It also ensures homogeneity of the dose
delivered to PTV. This allows to treat all metastatic locations
with the same effective dose. On the other hand, VMAT, being
a highly conformal technique, needs image verification before
each fraction, which may be problematic in highly symptom-
atic patients, treated with numerous arcs. Designing a treatment
for our patients was not difficult; however, it was one-fraction
treatment. Maintaining the same therapeutic position can be
difficult for a greater number of fractions.

A small-sized group of patients and only one-month
follow-up period are limitations of this analysis as well as
only grade 3 toxicity reported. Due to these limitations,
further relief of pain and grade 1-2 toxicity of this treatment
remains unknown. Another limitation of this report is that
exact analgesics doses and previous pharmacotherapy was
analyzed and correlated with pain level and HBI effectiveness.
Yet, VMAT HBI appeared to be clearly effective. Prospective
trials followed by an analysis of toxicity are needed to clarify
advantages of conformal techniques in HBI.
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