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Purpose: This study aimed to compare the outcomes of '*°I seed brachytherapy versus external
beam radiation therapy (EBRT) for the palliation of painful bone metastases of lung cancer
after one cycle of chemotherapy progression.

Materials and methods: We analyzed retrospectively 158 patients with painful bone metas-
tases secondary to lung cancer after one cycle of chemotherapy progression treated between
June 2013 and May 2016. Seventy-six patients with 96 lesions received '*I brachytherapy
(Group A), whereas 82 patients with 98 metastases received EBRT (Group B). Pain intensity
on Brief Pain Inventory, percentage of patients with pain severity, and quality of life were
recorded prior to treatment (T ), 2, 4, 6, 8, 12, 16, 20, and 24 weeks (T,, T,, T, T,, T ,, T, T,
and T,,) after treatment during a 24-hour period. Cost-effectiveness and number of treatment
appointments were also compared between groups.

Results: One hundred and fifty-eight patients had been treated. Visual analog scale for
16> Tzo’ and
L and T,),
cost-effectiveness, and number of treatment appointments. No significant differences were

worst pain in Group A was significantly lower than in Group B at T,, T,, T, T
T,,. Group A was superior to group B concerning quality of life scores (T,, T,, T

observed for complications.

Conclusion: Compared with EBRT, '*’I seed brachytherapy can be an alternative method for
painful bone metastases from lung cancer after one cycle of chemotherapy progression.
Keywords: pain, I seed, brachytherapy, EBRT, bone metastases, lung cancer, chemotherapy

Introduction

Bone metastases secondary to lung cancer are frequent, particularly in cases of
nonsmall-cell lung cancer. Reportedly, the rate of bone metastasis is as high as
30%-40%, and it continues to show an increasing trend.'? Pain is the most common
clinical symptom of skeletal metastases. It severely affects the quality of life (QOL)
of patients.>* Pain remission has become an important part of the comprehensive treat-
ment of lung cancer and plays a key role in improving patient QOL.’

Currently, palliative therapy is regarded as the standard of care for painful bone
metastases secondary to lung cancer.®” The standard treatments for bone metasta-
ses are external beam radiation therapy (EBRT) and surgery. Ablative strategies
such as radiofrequency ablation (RFA), ultrasound ablation, microwave ablation,
high-intensity focused ultrasound, or vertebral augmentation may also be per-
formed (National Comprehensive Cancer Network guidelines 2017). Reportedly,
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EBRT is an effective treatment, and 60% of patients
achieve pain remission.* A trial conducted by the Radia-
tion Therapy Oncology Group, including 1,016 patients,
found that complete pain relief was observed in 53% of
patients and partial relief in 83% with a mean duration of
response of 12 and 20 weeks in two groups, respectively.!’
Some studies also reported that RFA can provide significant
pain relief for cancer patients who have failed standard
treatments.!" Although EBRT or RFA seems to be effective
for pain relief, some limitations are found. First, patients
treated with ERBT for bone metastases, specifically spine
metastases, may have reached the value of dose tolerance
due to previous EBRT treatment. Second, the thermal
ablative techniques have some disadvantages, including
an increased possibility of pain and intra- or postproce-
dural injury to critical structures within the ablation zone.

In our previous study, we have shown that '>°I brachyther-
apy, anew indication of iodine brachytherapy, was a safe and
effective method for palliation of painful bone metastases
secondary to lung cancer.'? Patients had significantly lower
scores in the pain visual analog scale (VAS) after treatment
with '#I brachytherapy. The QOL of patients was also
obviously improved. No previous reports have compared
computed tomography (CT)-guided '*°I brachytherapy and
EBRT for pain palliation. Thus, this study aimed to analyze
the outcomes of '*I seed brachytherapy versus EBRT and
evaluate whether %1 brachytherapy can be an alternative
method to manage painful bone metastases secondary to
lung cancer.

Materials and methods

Patients
This retrospective study was approved by the institutional
review board at our hospital (Trail number: B2016-014-01).
All individual participants agreed to participate in the study
and signed informed consent. One hundred fifty-eight
patients with one or two painful bone metastatic lesions
secondary to lung cancer after one cycle of chemotherapy
progression (score of =4 in worst pain over the past 24 hours
according to the Brief Pain Inventory [BPI] Short Form) were
enrolled in this study between June 2013 and May 2016.
Then, 76 patients with 96 bone lesions received percutaneous
CT-guided '*I seed implantation (Group A) and 82 patients
with 98 bone metastases received EBRT (Group B).

All enrolled patients met the following inclusion criteria:
1) bone metastases secondary to lung cancer histologically
or cytologically proven and confirmed by imaging examina-
tions; 2) no more than two bone lesions sized less than 6 cm

each; 3) BPI-Short Form score =4 for worst pain over the
past 24 hours; 4) tumor progression after one cycle of che-
motherapy; 5) expected survival time =3 months; 6) Eastern
Cooperative Oncology Group performance status =2;
7) white blood cell =3x10%/L and heemoglobin =90 g/dL;
8) absence of coagulopathy (prothrombin activity >40% or
platelet count >50,000/uL); and 9) absence of impending
fracture. All individual participants agreed the study and
signed informed consent.

'] brachytherapy

The I seed type (Yunke Pharmaceutical Limited Liability
Company, Chengdu, China) was 6,711, with a 0.8 mm
diameter and 4.5 mm length. The central source of the
particles was a '*I radionuclide silver rod. The matched
peripheral dose (MPD) was 120 Gy (110-140 Gy), and the
average energy was 27-32 KeV. Each deposit had an initial
activity of 0.8 mCi and a half-life of 59.6 days, with a con-
tinuous release of low-dose y-rays and soft X-rays (5% of
35keV and 95% of 28 keV, respectively). About 93%—97%
of dose activity was delivered in the first 8—10 months after
the implant.

Before I brachytherapy, all patients underwent detailed
tumor volume evaluation, using enhanced CT scans with a
5 mm thickness within 1 week before the procedure (Figure 1).
Treatment was mapped and dosed for each patient using a
computerized treatment planning system (TPS) (RT-RSI;
Beijing Atom and High Technique Industries Inc, Beijing,
China). The clinical target volume (CTV) was defined as a
1.0 cm expansion external to the gross tumor volume (GTV).
The planned target volume (PTV) was defined as a 0.5 cm
expansion external to the CTV. The prescribed dose was
averaged at 120 Gy (range 100-140 Gy). Based on three
orthogonal diameters within the target tumor, the prescribed

Figure | Prebrachytherapy shows one lesion in the right iliac bone (arrowhead).
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Target 25.9 6,056.6 202,620.7 27,730.7 12,064.8 6,056.8 24.5 (94.7%) 23.3 (90.3%)
Figure 2 Dose-volume histogram of the tumor. Prescription dose was 120 Gy, D, =120.6 Gy, V, ,=90.3%.

Note: D90 or D100, 90% or100% tumor volume has received treatment dose; V90 or V100, the tumor volume percentage of 90% or 100% prescribed dose covered.

MPD average was 120 Gy. The TPS generated dose—volume
histogram, isodose curves of different percentages, and cal-
culated the position of the brachytherapy applicator as well
as the dose and number of implanted seeds (Figure 2). The
PTV edge was covered by 70%—90% of the isodose curve.
The MPD on vital organs and tissues was reduced accord-
ing to the following criteria: large vessels <80 Gy, heart
45-50 Gy, oesophagus <60 Gy, trachea <50 Gy, spinal cord
45-50 Gy, breast <50 Gy, thyroid <45 Gy, kindey <20 Gy,
and skin <50 Gy.

At the beginning of the operation, the patient was posi-
tioned in the CT gantry and the treatment site was localized.
Then the CT scan, with a 5 mm thickness, was obtained to
delineate the upper and lower borders of the tumor according
to the preoperative TPS. After local infiltration anesthesia
with 5—15 mL of 1% lidocaine (Liduokayin; Yimin, Yichang,
China), an 18-G spinal needle (Yunke Pharmaceutical
Limited Liability Company) was inserted to reach the farthest
tumor edge, but was kept at approximately or less than 5 mm
of the border (Figure 3). The seeds were released from deep
to shallow while retracting the needle and keeping adjacent
particles at a distance of 5-15 mm. To avoid intraproce-
dural complications, all of the spinal needles were retained
until the implantation was completed and then removed
simultaneously. A CT scan was performed after comple-
tion of the procedure to assess postoperative complications,

such as bleeding. The last scan image was also reviewed to
verify the position and intensity of '*I seeds according to
TPS (Figure 4).

External beam radiation therapy

Before treatment, the physician and radiation physicist
discussed and made an initial treatment plan based on the
patient’s medical history, location of the lesion, and labora-
tory and imaging data. The procedure for all patients was
preplanned on the CT simulator and was then administered by

Figure 3 The procedure of CT-guided '*| brachytherapy was performed according
to preoperative TPS. The 18 G spinal needle was inserted to reach the tumor. Seeds
were released from deep to shallow (arrowhead).

Abbreviations: CT, computed tomography; TPS, treatment planning system.
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Figure 4 Verification of post-'*| brachytherapy; D, =122.7 Gy and V, =90.6%.
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Note: D90 or D100, 90% or100% tumor volume has received treatment dose; V90 or V100, the tumor volume percentage of 90% or 100% prescribed dose covered.

three-dimensional conformal radiation therapy or intensity-
modulated radiotherapy.

Patients were taken into the simulator room, and the
radiation physicist and physician selected the appropriate
position according to the circumstances of each patient.
To ensure the accuracy and repeatability of radiotherapy
and reduce the impact of patient position changes, patients
were made as comfortable as possible and a fixed mould
was made for each patient. After a 5-mm thickness CT scan,
image data were transmitted to the preoperative radiotherapy
TPS to account for the entire data of bone metastases and
surrounding tissues.

The physician and radiation physicist determined the
target region and dose based on the obtained CT images.
The GTV was delineated by fusing bone metastases volume
on CT images, and CTV was defined as a 1.0 cm expansion
external to GTV. The PTV included an additional margin
of 10 mm in the cranio-caudal direction and 5 mm in the
axial direction and was also defined as a 0.5 cm expansion
external to the CTV. The prescribed dose average was 30 Gy
(range 20-40 Gy). Normal tissue doses were calculated for
the following structures: mean total lung dose, mean con-
tralateral lung dose, maximum spinal cord dose (<18 Gy),
maximum oesophagus dose (<27 Gy), maximum heart dose
(<30 Gy), maximum brachial plexus dose (<24 Gy), and
maximum trachea or mainstem bronchi dose (<30 Gy).

Then, the radiotherapy procedure was completed according
to the preoperative TPS. The dose of EBRT was given in 2
or 3 Gy per fraction, 5 days a week at a dose of 30 or 40 Gy
in this study.

Follow-up

Efficacy assessment

A dynamic enhanced CT was performed every 2 weeks for
the first 2 months, and then once every month thereafter
(Figure 5). We assessed and compared pain intensity and
need of pain medication between groups in a 24-hour period

Figure 5 Two weeks after brachytherapy, the tumor remained stable, and the
appropriate distribution of the radioactive seeds was maintained (arrowhead).
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at2,4, 06,8, 12, 16, 20, and 24 weeks (T2, T4, T6, T8, T12,
T16, T20, and T24) by example. The worst pain and average
pain with responses from 0 to 10 (0, no pain; 10, maximum
pain intensity) were recorded to compare the pain controlling
effects between both groups. Pain relief by pain treatments
or medications was scored on a 0%—100% scale in 24 hours
(0%, no relief; 100%, complete relief) in both groups.

To further evaluate the analgesic results, pain scores of
0-3 were categorized as mild, 4-6 as moderate, and 7-10 as
severe. The percentage distribution of patients whose worst
pain score fell in each category was compared during various
periods between Groups A and B.

QOL is defined as the effect of area of pain on the life
state of patients according to Short Form-36 questionnaire
(SF-36). QOL factors, including sleep, appetite, mental state,
and fatigue, were rated by patients at T,, T,, T, T,, T ,, T,
T,,, and T, by using a five-point categorical scale (1=worst,
2=bad, 3=mild, 4=normal, and 5=very good). The differ-
ences in scores during these time periods were calculated
and compared.

Cost-effectiveness and number of treatment
appointments

The cost-effectiveness analysis is defined as the total cost
of treatment (associated with ' brachytherapy or EBRT
process) paid by himself or herself in our country, not includ-
ing medical insurance and donations. The cost-effectiveness
included comparisons of mean treatment costs in Chinese
yuan and dollars between Groups A and B. The number of
treatment appointments was defined as the average number of
appointments after brachytherapy or EBRT between doctor
and patient during the entire study course.

Safety assessment

According to the National Cancer Institute Common
Terminology Criteria for Adverse Events,'? the percentage of
complications was analyzed for each group and compared.

Statistical analysis

The statistical software package SPSS, version 10.0 was
used for statistical analyses. Values are presented as the
mean £SD for continuous variables with normal distribution,
as median (interquartile range) for those with nonnormal dis-
tribution, and number of patients and percentages for categor-
ical variables. A P-value of less than 0.05 was considered as
an indicator of a statistically significant difference. BPI pain
and QOL scores were compared between groups and ana-
lyzed by using Wilcoxon’s test. The percentage distribution

of patients in each pain category, cost-effectiveness, and the
number of treatment appointments in the two groups were
analyzed with Pearson’s y° test.

Results

Patient characteristics

The characteristics of individual patients, tumors, and
treatments are summarized in Table 1. When comparing
the number of metastases, a single lesion was treated in
56 patients, whereas two lesions were treated in 20 patients,
for a total of 96 tumors treated in Group A; a single lesion
in 66 patients and two lesions in 16 patients, for a total of
98 tumors treated in Group B. In Group A, the total number
of implanted seeds was 2,208, with an average of 24+4.6
seeds per lesion.

Comparison of pain response between
groups

The effectiveness of pain palliation in both groups is sum-
marized in Table 2. VAS for worst pain in Group A was
significantly lower than in Group B at T, (P<<0.01), T,
(P<0.01), T, (P<0.01), T,  (P<0.01), T, (P<0.01), and
T,, (P<0.01). Although the pain relief for average pain
was significantly improved from T, to T,, in Group A, there

was a significant difference in scores at T, T,, T,, and T,,

207
between the two groups.

Further comparison of the distribution of pain severity
showed that the proportions of mild and moderate pain were
significantly higher after treatment than prior to treatment.
When Groups A and B were compared, the percentage of
patients with pain was significantly different at T, (P<<0.01),
T, (P<0.01), T, (P<0.01), T, (P<0.01), T,, (P<0.01), and
T,, (P<0.01), whereas there was no difference in scores
atT, , (P=0.36) and T , (P=0.51) (Table 3).

Differences in of QOL scores between
groups

Comparison of QOL scores at T, and T, showed that recovery
of quality of sleep, appetite, spirit, and fatigue in Group A was
both significantly better than in Group B (P<<0.01). When
122 and T16’
no significant difference in the quality of sleep (P=0.31,0.22,
0.36, 0.46), appetite (P=0.44, 0.52, 0.23, 0.33), mental state
(P=0.33,0.75, 0.41, 0.36), and fatigue (P=0.76, 0.26, 0.38,
0.56). However, the QOL scores decreased at T, and T, in
Group B, and there were significant differences between both
groups (P<<0.01) (Table 4).

comparing Groups Aand Bat T, T,, T there was
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Table | Characteristics of patients and tumors

Characteristics Value P-value
Group A Group B
No of patients (female/male) 28/48 33/49 0.74
Mean age (+SD) 48 (+12) 52 (£9) 0.56
Karnofsky performance status (+SD) 72 (£1.6) 74 (£2.8) 0.82
Number of patients with opioid analgesics 52/76 (68.4%) 46/82 (56.1%) 0.14
Osteoprotective medication 28/76 (36.8%) 35/82 (42.7%) 0.56
Primary lung tumor type histology 0.96
Small-cell carcinoma 15/76 (19.7%) 17182 (20.7%)
Adenocarcinoma 31/76 (40.8%) 32/82 (39.0%)
Squamous carcinoma 18/76 (23.7%) 20/82 (24.4%)
Large-cell carcinoma 6/76 (7.9%) 4/82 (4.9%)
Adenosquamous carcinoma 4/76 (5.3%) 6/82 (7.3%)
Others 2/76 (2.6%) 3/82 (3.7%)
Bone metastases location 0.87
Rib/chest wall 38/96 (39.6%) 47/98 (48.0%)
Thoracic/lumbar vertebra 17196 (17.7%) 17198 (17.3%)
lliac/ischium/pubic bones 18/96 (18.8%) 17198 (17.3%)
Sacrum 11/96 (11.5%) 10/98 (10.2%)
Scapula 5/96 (5.2%) 3/98 (3.1%)
Sternum 4/96 (4.2%) 2/98 (2.0%)
Clavicle 2/96 (2.1%) 2/98 (2.0%)
Acetabulum 1/96 (1.0%) 0/98 (0.0%)
Mean metastases diameter, cm (£SD) 3.2 (£0.6) 2.8 (£0.8) 0.46
=2 30/96 (31.3%) 36/98 (36.7%)
>2, =4 51/96 (53.1%) 52/98 (53.1%)
>4, <6 15/96 (15.6%) 10/98 (10.2%)
Metastases number 0.35
| 56/76 (73.9%) 66/82 (80.5%)
2 20/76 (26.1%) 16/82 (19.5%)
Type of bone metastases 0.12

Osteolytic
Osteoplastic
Mixed
Total number of '%| seed implantations 2,208
Meant SD 24+4.6

49176 (64.5%)
15/76 (19.7%)
12/76 (15.8%)

52/82 (63.4%)
24/82 (29.3%)
6/82 (7.3%)

Note: Patients that received '*| brachytherapy (Group A), and patients that received EBRT (Group B).

Cost-effectiveness and the number of

treatment appointments

Regarding the cost-effectiveness and number of treatments
appointments, lower costs and fewer treatments were
observed for Group A. The difference between groups was
statistically significant (P<<0.01) (Table 5).

Local tumor control and complications

between groups

All local bone tumors in Groups A and B were stable after
2 weeks of treatment according to the modified Response
Evaluation Criteria in Solid Tumors (m-RECIST) on CT or
positron emission tomography-CT images, and the range of
tumor necrosis gradually increased with the prolonging of
follow-up.

Regarding the safety evaluation, the proportion of patients
who had complications in Groups A and B, respectively,
were as follows: local skin reaction (10.5%, 19.5%; P=0.13);
fever (3.9%, 2.4%; P=0.67), granulocytopenia (2.6%, 7.3%;
P=0.28), a small amount of subcutaneous hemorrhage
(19.7%; 0), seed displacement (2.6%; 0), radiation pneu-
monia (3.7%), and hydropneumothorax (1.2%). There was
no statistically significant difference between the groups
during the entire course of treatment. The mild-to-moderate
complications were resolved after expectant management,
and severe complications, such as pathological fracture and
massive bleeding, were not seen in either group (Figure 6).

Discussion
Multiple minimally invasive image-guided ablation strategies
(RFA, MWA, cryoablation) have been studied and received
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Table 3 Distribution of pain severity scores between groups

Time Mild

Moderate

Severe

period

Group A Group B

Group A

Group B Group A Group B

T 0 0
(N,=76,
N,=82)
B
TS 11 (14.9%)
(N,=74,
N,=79)
TS 17 (25.6%)
(N,=66,
N,=72)
T2 23 (46.9%)
(N,=49,
N,=50)
TS 21 (47.7%)
(N, =44,
N,=43)
TS 19 (65.5%)
(N,=29,
N,=31)
T, ! 19 (73.1%)
(N,=26,
N,=25)
T, 17 (68.0%)
(N,=25,
N,=20)
T, 16 (72.7%)
(N,=22,
N,=19)

9 (11.4%)

14 (19.4%)

20 (40.0%)

19 (44.2%)

21 (67.7%)

20 (80.0%)

10 (50.0%)

9 (47.5%)

41 (53.9%)

38 (51.3%)

31 (47.0%)

20 (40.8%)

18 (40.9%)

6 (20.7%)

5 (19.2%)

4 (16.0%)

3 (13.6%)

47 (57.3%) 35 (46.1%) 35 (42.7%)

44 (55.7%) 25 (33.8%) 26 (32.9%)

36 (50.0%) 18 (27.3%) 22 (30.6%)

17 (34.0%) 6 (12.2%) 13 (26.0%)

14 (32.6%) 5 (11.4%) 10 (23.3%)

6 (19.4%) 4(13.8%) 4(12.9%)

3 (12.0%) 2 (7.7%) 2 (8.0%)

7 (35.0%) 4 (16.0%) 3 (15.0%)

6 (31.6%) 3 (13.6%) 4(21.1%)

Notes: Patients that received '%| brachytherapy (Group A), and patients that received EBRT (Group B). TO-T24: Week 0 to Week 24. *Group A vs group B (P=0.54); *Group

A vs group B (P<0.01); <Group A vs group B (P=0.36); ‘Group A vs group B (P=0.51).

good results as treatments for painful bone metastases.'
Goetz et al reported score for worst pain was 7.9 prior to
treatment, and the scores reduced to 5.8, 4.5, 3.0, and 1.4,
respectively, at 1, 4, 8, and 24 weeks following RFA."
Matthew et al found that score for worst pain using the BPI
was 7.1 before treatment, and reduced to 5.1, 4.0, 3.6, and
1.4 at 1, 4, 8, and 24 weeks, respectively.'® However, these
studies also found that a majority of patients would experi-
ence increased pain.

The present study results showed that '°I brachytherapy
can be an alternative method for palliation of painful
bone metastases secondary to lung cancer. VAS pain
scores, the proportion of patients by pain severity, QOL,
cost-effectiveness, and adverse events were all significantly
improved in the brachytherapy group compared with the
EBRT group. In fact, owing to variable individual tolerability
and other factors, '*°I brachytherapy may be an alternative
method for patients with painful bone metastases secondary
to lung cancer.'” At a low-dose-rate brachytherapy, the '*I
seed emits continuous 7y rays that inhibit tumor cell mitosis
and decrease the resistance of hypoxic cells to radiation.'®°

Because the radiation from °I seed decreases with increasing
distance, much less radiation is delivered to the neighbor-
ing organs;? thus, we considered the possibility that '*°I
brachytherapy might be an alternative treatment. To the
best of our knowledge, our study is the first to compare %1
brachytherapy with EBRT and show that '*I brachytherapy
can be useful to control painful bone metastases secondary
to lung cancer.

Another relevant finding of this study is that '*°I
brachytherapy achieved pain palliation faster, with less
pain recurrence in comparison with EBRT. VAS for worst
pain in Group A was significantly lower than in Group B
at T, (P<0.01), T, (P<0.01), T, (P<0.01), T, (P<<0.01),
T,, (P<0.01), and T,, (P<<0.01). The proportion of patients
according to the severity of pain was also significantly differ-
ent between Groups A and B at T, (P<<0.01), T, (P<<0.01),
T, (P<0.01), T, (P<0.01), T,  (P<0.01),and T,, (P<<0.01).
These results are consistent with those of previous studies
on ' brachytherapy for the management of painful bone
metastases secondary to lung or liver cancer.?! A potential
reason for the successful pain palliation achieved with
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Table 4 Differences of quality-of-life scores in various periods between groups

Time Sleep P-value Appetite

period

Group A Group B Group A Group B

P-value

Mental state P-value Fatigue P-value

Group A Group B Group A Group B

T, 13103
(N,=76,
N,=82)
T,
(N,=74,
N,=79)
T,

(N, =66,
N,=72)
T, 2.9+0.9
(N,=49,

N,=50)

T, 3.6+0.6
(N, =44,

N,=43)

T, 43206
(N,=29,

N,=31)

T, 42404
(N,=26,
N,=25)
Tlﬂa
(N,=25,
N,=20)
T24a
(N,=22,
N,=19)

1.4+0.3 0.51 2.0+0.6 1.9+0.4 0.33

1.9+1.1 2.0+0.6 <0.01 2.6+0.9 2.5+0.5

2.5+1.4 2.5¢1.1 <0.01 3.2+0.9 3.0x1.1

2.8+0.8 0.31 3.7+0.8 3.7+0.6 0.44

3.4+0.8 0.22 3.8+0.6 4.0£0.3 0.52

42104 0.36 4.010.8 4.2+0.4 0.23

4.210.6 0.46 4.11£0.3 4.240.3 0.33

3.8+0.6 3.0+0.6 <0.01 4.0+0.4 2.9+0.4

4.0+0.2 2.4+0.4 <0.01 4.2+0.4 2.8+0.6

<0.01

<0.01

<0.01

<0.01

1.9£0.5 1.8£0.4 0.76 1.6+0.6 1.8+0.4 0.31

2.3+0.6 2.44+0.8 <0.01 2.6+0.9 2.5+0.3 <0.01

3.3£0.5 2.9+1.1 <0.01 3.5+0.4 3.4+0.8 <0.01

4.0+0.4 3.6+0.8 0.33 3.8+0.4 3.8+0.8 0.76

4.7£0.2 44104 0.75 4.11£0.3 4.1£0.6 0.26

4.610.3 4.610.2 0.41 4.410.5 4.0£0.8 0.38

4.4+0.3 4.5%0.2 0.36 42103 3.9+0.6 0.56

4.3+0.4 3.310.6 <0.01 4.0+0.4 2.9+0.4 <0.01

4.0+0.2 2.9+0.4 <0.01 3.8+0.2 2.5+0.6 <0.01

Note: Patients that received '?*| brachytherapy (Group A), and patients that received EBRT (Group B). T0-T24: Week 0 to Week 24. *Group A vs Group B (P<0.01).

125] brachytherapy might be the radiation dose. First, large
radiation doses are emitted “from the inside out” of the bone
tumor; then, these undergo a rapid decrease as the radioactive
energy is inversely correlated with the square of the radius,
meaning that the normal tissue is less affected.”? Second,
sustained low-dose radiation decreases the repair rates of
sublethal damaged tumor cells.?

For patients with painful bone metastases, QOL is the
main health-related factor that is affected.** According to
the comparison of QOL scores (including quality of sleep,
appetite, mental state, and fatigue), there was a significant
difference between '*’I brachytherapy and EBRT at T, and
T, (P<0.01). Additionally, these scores decreased at T,

Table 5 Cost-effectiveness and number of treatment appointments

Groups Group A Group B P-value
Cost (median * IQR)

RMB (thousand) 9.5+0.3 46.3£1.5 <0.0l
Dollars 1,434+45.3 6,690+226.5 <0.0l
Number of treatment 9.210.6 12.6x1.4 <0.01

appointments

Note: Patients that received '*| brachytherapy (Group A), and patients that
received EBRT (Group B).
Abbreviations: RMB, renminbin (Chinese yuan); IQR, interquartile range.

and T,, in Group B. These results are consistent with the
VAS scores reported by patients and further illustrate the
faster pain palliation and less pain recurrence achieved
with '] brachytherapy.”® Additionally, we found that
23] brachytherapy was relatively superior to EBRT in
terms of lower treatment costs (9.5£0.3 vs 46.3+0.5) and
fewer number of post-treatment appointments (9.2+0.6 vs
12.6+1.4).%

The American Brachytherapy Society’s “dual 90~
guideline states that to achieve prostate cancer cure, 90%
of the tumor volume needs to receive at least 90% of the
prescribed dose.?” Our study showed that TPS can contribute
to the achievement of the peripheral tumor doses (MPD of
100-140 Gy) and ensure that more than 95% of the tumor
receives 100% of the prescribed dose.?®?* Using CT guidance,
all patients with bone metastases secondary to lung cancer
were successfully treated. Fifteen patients (19.7%) presented
minor subcutaneous hemorrhages, probably because of injury
to subcutaneous vessels, but all recovered after expectant
treatment. Eight (10.5%) and 16 (19.5%) patients presented
local skin reactions in Groups A and B, respectively, but there
was no significant difference between groups. All patients
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Figure 6 Complications of '*| brachytherapy and EBRT, there was no statistically significant difference between groups during the entire course of treatment (P>0.05).
Note: Patients that received '*| brachytherapy (Group A), and patients that received EBRT (Group B).

Abbreviation: EBRT, external beam radiation therapy.

recovered after local treatment. No serious complications
were observed in either group. These findings further illus-
trate that '2°I brachytherapy is a safe and feasible treatment
for pain palliation.

Despite our important findings, our study had some
limitations. First, assessments of pain scores and QOL were
based on patient-answered questionnaires. Patients, for the
most part, did not have experience with the rating systems,
and their assessments could have varied during the treatment
course. Second, although pathology subtypes of lung cancer
metastases were clarified, it is not clear which pathology
subtype of metastasis is more sensitive to '#°I brachytherapy
or EBRT. Third, the injection of local anesthesia might
have contributed to pain relief experience in brachytherapy.
Last, many researchers would consider the use of less
fractionated treatments and variable treatment schedules
in EBRT might improve QOL; thus, a method for planning
the most appropriate dose for bone metastases is the future
direction of study.

Conclusion

Our results showed that CT-guided '*I brachytherapy
can be a justifiable alternative method for palliation of
painful bone metastases secondary to lung cancer after
one cycle of chemotherapy progression. Compared with
EBRT, '»I brachytherapy resulted in faster pain palliation,

better QOL, less pain recurrence, less cost-effectiveness, and
similar complications. Studies, in larger cohorts, could help
substantiate this claim and might help broaden application
of this therapy.
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