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ABSTRACT

Purpose: Under the existing condition that the optimum radiotherapy regimen
for spinal metastases is controversial, this study investigates the benefits of dose
escalation by image-guided intensity-modulated radiotherapy (IG-IMRT) with 60-66
Gy in 20-30 fractions for spinal metastases.

Results: In the dose-escalation group, each D50 of planning gross tumor volume
(PGTV) was above 60 Gy and each Dmax of spinal cord planning organ at risk volume
(PRV) was below 48 Gy. The median biological effective dose (BED) of Dmax of
spinal cord was lower in the dose-escalation group compared with that in the 30-
Gy group (69.70 Gy vs. 83.16 Gy, p < 0.001). After one month and three months
of the radiotherapy, pain responses were better in the dose-escalation group than
those in the 30-Gy group (p = 0.005 and p = 0.024), and the complete pain relief
rates were respectively 73.69% and 34.29% (p = 0.006), 73.69% and 41.38% (p =
0.028) in two compared groups. In the dose-escalation group, there is a trend of a
longer duration of pain relief, a longer overall survival and a lower incidence of acute
radiation toxicities. No late radiation toxicities were observed in both groups.

Materials and Methods: Dosimetric parameters and clinical outcomes, including
pain response, duration of pain relief, radiation toxicities and overall survival, were
compared among twenty-five metastatic spinal lesions irradiated with the dose-
escalation regimen and among forty-four lesions treated with the 30-Gy regimen.

Conclusions: Conventionally-fractionated IG-IMRT for spinal metastases could
escalate dose to the vertebral lesions while sparing the spinal cord, achieving a better
pain relief without increasing radiation complications.

INTRODUCTION

Bone is the third most common metastatic site of
cancer [1], and spine is the most common affected bone
[2]. About one third of cancer patients were found to have
spinal metastases on autopsy [3]. Pain [4], motor and
sensory dysfunction [5], and spinal cord compression [6]

are the main detriments of spinal metastases, which impair
the patients’ quality of life significantly.

Radiotherapy (RT) is the major treatment modality
for spinal metastases [7]. It is efficacious in relieving
pain, alleviating spinal cord compression, and preventing
neurologic decline and pathological fracture [6]. To
date, however, there is no consensus on the standard
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radiotherapy scheme for spinal metastases. The regimens
most widely employed are 8 Gy/1fraction (f), 30 Gy/10f,
and 40 Gy/20f [7], with which similar pain relief [8, 9] and
equal function improvement [10—13] could be achieved.
However, 30 Gy/10f remains the most commonly used
one [14, 15]. Although the overall pain relief rate can
reach 60%—70% with the above three schemes, only
20%—-30% patients will gain complete pain relief [8, 16]
and the median duration of pain relief is only 3—6 months
[8, 9, 16]. Improvements in diagnostic and therapeutic
strategies have prolonged the survival of cancer patients
and motivated their pursuit of a long duration of pain relief
or the complete pain relief [17].

Local control rate of spinal metastases tends to
increase with the escalation of radiation dose [10, 18, 19].
On the other hand, pain relapse is related to the failure
of local tumor control. Therefore, for patients with a life
expectancy of more than 3—6 months, escalating dose to
spinal metastases is expected to achieve a higher pain
relief rate, and a longer duration of pain relief. However,
since spinal metastasis is often adjacent to or encircling
the spinal cord, conventional radiotherapy could hardly
escalate dose to spinal metastasis while sparing the spinal
cord [20]. Intensity-modulated radiation therapy (IMRT)
can improve conformality to tumor and meanwhile reduce
doses to normal tissues [21]. Image-guided radiotherapy
(IGRT) can offer precise delivery by monitoring and
correcting the set-up errors [22]. The combination of
IMRT and IGRT makes it possible to escalate dose to
spinal metastases.

Our previous study has shown the feasibility of
applying cone beam computer tomography (CBCT) guided
IMRT for dose escalation beyond 60 Gy [23]. In this study,
we further determined the benefits of dose escalation to
spinal metastases in dosimetric parameters and clinical
outcomes with a larger sample size. We also compared the
results with those treated with 30 Gy/10f scheme, aiming
to clarify the superiority of the dose-escalation regimen
and to provide a basis for clinical decision-making.

RESULTS

Patient characteristics

Patient characteristics are shown in Table 1. There
was no significant difference between the two groups. Up
to 80% lesions were painful (55/69) before radiotherapy.
There was no significant difference in the proportion of
painful lesions (p = 0.564) or the overall distribution of
pain severity (p = 0.154).

Comparison of dosimetric parameters in the
dose-escalation group with 30-Gy group

As shown in Table 2, in the dose-escalation group,
dose escalation to planning gross tumor volume (PGTV)

was achieved in all patients, reaching 60 Gy for all D50s.
Dmax and D2 of spinal cord planning organ at risk volume
(PRV) were restricted to 48 Gy, with a maximum of 47.91
Gy and 46.56 Gy, respectively. The biologic effective doses
(BEDs) of Dmax, D2 and D50 of spinal cord in the dose-
escalation group were significantly lower than those in the
30-Gy group (p < 0.001). The homogeneity indexes (HIs)
in the dose-escalation group were inferior (p = 0.005).
Since the conformality differed significantly by using
IMRT and 3D-CRT techniques, a further subgroup analysis
was performed in the 30-Gy group. The conformity
indexes (ClIs) were superior in the dose-escalation group
compared to those of the patients with 28 lesions by
using 3D-CRT (p < 0.001) in the 30-Gy group; however,
there was no significant difference in the Cls between
the dose-escalation group and the 30-Gy group (with 16
lesions) by IMRT. Also, as shown in Figure 1, the target
delineation, dose distribution, and dose-volume histogram
(DVH) showed better results in the dose-escalation scheme
compared to those of the 30-Gy regimen.

Pain response

Only painful lesions were included for response
assessment after one month of radiotherapy in the study.
In addition, a patient with painful lesion in the 30-Gy
group was excluded for pain assessment who underwent
vertebroplasty within one month, because a vertebroplasty
could also relieve pain. For one month after RT, the pain
response was significantly better in the dose-escalation
group than that in the 30-Gy group (p = 0.005, Table 3).
The overall pain response rates were 94.73% and 74.29%
in the dose-escalation and the 30-Gy group, respectively
(p = 0.139). Furthermore, the complete response rate in
the dose-escalation group was significantly superior to
that in the 30-Gy group (73.69% vs. 34.29%, p = 0.000).
The same result showed that the pain response was better
(p = 0.024) and the complete response rate was higher
(p = 0.028) in the dose-escalation group than those in
the 30-Gy group, although 6 patients died of systemic
progression at the three months after RT.

Since the Table 1 contains all patients for analysis,
it does not reflect the characteristics of the pain patients.
Therefore, a sub-analysis was performed for the pain
patients to compare the baseline characteristics between
the two groups. As a result, the findings (Supplementary
Table 1) showed that there were significant differences
between the two groups on the characteristics in the
location of spinal metastasis and the number of involved
vertebrae. In addition, to assess the risk factors that
affected complete pain response, the patients were further
analyzed according to the pain response. As shown in
Supplementary Table 2, the result indicated that only
radiation regimen was statistically different (p = 0.006)
between two response categories. Further multivariate
binary Logistic regression analysis revealed that the
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difference in the rates of complete pain relief was only
associated with the radiotherapy regimen (p = 0.011,
Table 4), and was independent of the other factors. In the
Logistic regression analysis, the age and the location of
spinal metastasis were not included in the analysis because
the two factors were a minor effect on pain relief [24].
In addition, age and ECOG scores were related variables
and were not simultaneously included in the multivariate
analysis.

Duration of pain relief

All lesions with complete or partial response in
Table 3 were included for assessing the duration of pain
relief. One patient with partial response in the 30-Gy group
was excluded because the vertebroplasty was operated for
further pain control. There was no statistical difference
in follow-up period between the two groups. The median
duration of pain relief was 258 days (range 60—-835) in
the dose-escalation group, longer than the 171 days (range
8—773) in the 30-Gy group, although without statistical
difference (p = 0.555). Pain relapse were 16.67% (3/18)
and 20.00% (5/25) in the dose-escalation and the 30-Gy
group, respectively.

Acute and late complications

Acute radiation toxicities occurred in 12.00%
(3/25) and 20.45% (9/44) lesions in the dose-escalation

Dose-escalation group

30Gy group

and the 30-Gy group, respectively (p = 0.575). One
Grade 1 esophageal reaction, one Grade 1 upper
gastrointestinal reaction, and one Grade 1 skin reaction
occurred in the dose-escalation group. In the 30-Gy group,
three Grade 1 skin reactions, two Grade 1 esophageal
reactions, one Grade 1 laryngeal reaction, one Grade
1 upper gastrointestinal reaction, one Grade 2 upper
gastrointestinal reaction, and one Grade 4 oral mucosal
reaction were observed.

No late radiation complications such as radiation-
induced myelopathy were observed in both groups.

Overall survival

The follow-up periods were of no statistical
difference between the two groups (p = 0.054), although
the median in the dose-escalation group was 376 days
(range 90—898), a bit longer than the 219 days (range 28—
881) in the 30-Gy group. The overall follow-up rate was
94.2% (65/69). In the dose-escalation group, 24 lesions
completed the follow-ups, among which 8 were still alive
at the last follow-up and 16 died of systemic progression,
whereas 1 lost the follow-ups 140 days after radiotherapy.
In the 30-Gy group, 41 lesions completed the follow-ups,
among which 10 were still alive at the last follow-up and
31 died of systemic progression, whereas 3 lost the follow-
ups after 244, 177, 87 days of radiotherapy, respectively.

The median overall survivals (OSs) were 418 days
in the dose-escalation and 324 days in the 30-Gy group,
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Figure 1: Representative target delineations, dose distributions and DVHs. A metastatic lesion in the 9th thoracic vertebra
was irradiated in the dose-escalation group. The prescribed dose to PGTV and PCTV were 60 Gy and 45 Gy in 23 fractions, respectively.
Dose to spinal cord PRV was restricted to 48 Gy. Plan was made with IMRT in the Pinnacle V.9.2 treatment planning system and target
delineation, dose distribution and DVH were shown in (A—C), respectively. A metastatic lesion in the 7th thoracic vertebra was irradiated
in the 30-Gy group. The prescribed dose to PCTV was 30 Gy in 10 fractions and no restricted dose was applied to the spinal cord. One
anterior field and two posterior oblique fields plan was made in the XiO Release 4.70 treatment planning system and target delineation, dose

distribution and DVH were shown in (D-F), respectively.
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Table 1: Patient characteristics between two radiotherapy groups

Dose-escalation group (n = 25)

30-Gy group (n =44)

No. of lesions (%) No. of lesions (%) P
Age (years) 0.066
<60 22 (88.00) 30 (68.18)
>60 3 (12.00) 14 (31.82)
Gender 0.828
Male 16 (64.00) 27 (61.36)
Female 9 (36.00) 17 (38.64)
ECOG performance status 0.074
0 10 (40.00) 9 (20.45)
1-2 14 (56.00) 31 (70.45)
34 1 (4.00) 4 (9.09)
Primary tumor? 0.999
Unfavorable 22 (88.00) 40 (90.91)
Favorable 3 (12.00) 4(9.09)
Spinal metastasis location 0.101
Cervical spine 2 (8.00) 5(11.36)
Thoracic spine 10 (40.00) 16 (36.36)
Lumber spine 5(20.00) 19 (43.18)
Cervical-thoracic spine 3 (12.00) 2 (4.55)
Thoracic-lumber spine 5(20.00) 2 (4.55)
Number of involved vertebra(e) 0.376
1-2 15 (60.00) 31 (70.45)
>3 10 (40.00) 13 (29.55)
Spinal cord compression 0.424
Yes 2 (8.00) 8 (18.18)
No 23 (92.00) 36 (81.82)
Pretreatment pain severity 0.154
No pain (0) 6 (24.00) 8(18.18)
Mild pain (1-3) 10 (40.00) 13(29.55)
Moderate pain (4—6) 5(20.00) 8(18.18)
Severe pain (7-10) 4 (16.00) 15(34.09)
VCF before RT 0.106
Yes 4 (16.00) 15 (34.09)
No 21 (84.00) 29 (65.91)
Vertebroplasty before RT 0.755
Yes 2 (8.00) 6 (13.64)
No 23 (92.00) 38 (86.36)
Systemic therapy® 0.252
Yes 18 (72.00) 38 (86.36)
No 7 (28.00) 6 (13.64)
Diphosphonate therapy 0.103
Yes 20 (80.00) 42 (95.45)
www.impactjournals.com/oncotarget 112333 Oncotarget



No 5(20.00) 2 (4.55)

Analgesics use® 0.218
Yes 10 (52.63) 25 (69.44)
No 9(47.37) 11 (30.56)

Abbreviations: ECOG = Eastern Cooperative Oncology Group; VCF = Vertebral compression fracture; RT = Radiotherapy.
‘In the dose-escalation group, favorable type included 3 breast cancers and unfavorable type included 4 adenocarcinomas
of lung, 3 neuroendocrine carcinomas, 2 nasopharyngeal carcinomas, 1 parotid adenocarcinoma, 1 osteosarcoma, 1 skin
squamous cell carcinoma, 1 gastric adenocarcinoma, 1 adenocarcinoma of the duodenum, 1 hepatocellular carcinoma, 1
aggressive osteoblastoma, 1 synovial sarcoma, 1 Ewing’s sarcoma, 1 alveolar soft part sarcoma, 1 malignant peripheral nerve
sheath tumor, 1 malignant melanoma and 1 cancer of unknown primary site. In the 30-Gy group, the favorable type included
4 small cell lung cancers and the unfavorable type included 36 non-small cell lung cancers, 1 suprarenal epithelioma, 1
hepatocellular carcinoma, 1 adenocarcinoma of esophagus and cardia and 1 gastric adenocarcinoma. *Systemic therapy
refers to chemotherapy, endocrine therapy or molecular targeted therapy. “Only patients with pain before radiotherapy were

included in the analysis.

with a trend of better survival in the dose-escalation
group, though without statistical difference (p = 0.053,
Supplementary Figure 1).

DISCUSSION

Reports on the feasibility of dose escalation using
conventionally-fractionated IG-IMRT in spinal metastases
have already been taken out [23, 25]. However, relevant
clinical outcomes have rarely been studied [26]. Previous
studies were single-arm studies with a small volume of
samples. Here, it is the first report that the dosimetric
parameters and clinical outcomes are compared between
the dose-escalation regimen and the commonly used 30-Gy
protocol. Furthermore, this study has a large sample size in
the dose-escalation group and all the patients were treated
above 60 Gy. The results for the study have demonstrated
that the dose-escalation regimen was superior to the 30-
Gy protocol in dosimetric parameters and pain response,
especially the complete pain response rate.

The dose-escalation regimen indicated obvious
advantages in dosimetric parameters. It achieved dose
escalation to PGTV with all D50s beyond 60 Gy, which
was consistent with our previous results [23]. As a result,
the higher the radiation dose was administered to the
metastatic sites, the better the pain response and the tumor
control were. In terms of the spinal cord, each Dmax and
D2 of spinal cord PRV met prescription requirement in
the dose-escalation group. This study demonstrated for
the first time that the corresponding BEDs of Dmax, D2
and D50 of the spinal cord in the dose-escalation group
were significantly less than those in the 30-Gy group. The
results seemed questionable because the Dmax and D2 of
the spinal cord were higher in the dose-escalation group.
However, when corresponding BEDs were calculated
using the formula BED = D x [1+d/(a/B)], the twice
fractions in the dose escalation group can counteract the
slightly higher dose of spinal cord. More importantly,
BEDs of Dmax of the spinal cord in the dose-escalation
group were all less than the safe BED of 98 Gy for spinal

cord in each treatment course in re-irradiation [27]. This
suggests that the risk of spinal cord injury will be smaller
in the dose-escalation group when re-irradiation is needed.
The superior CI in the dose-escalation group is the basis
for dosimetric superiority.

Pain response, the main clinical outcome, was
also significantly better in the dose-escalation group. In
this study, the criteria of pain response established by
the International Bone Metastases Consensus Working
Party [28, 29] was adopted. Changes both in numerical
rating scale (NRS) and analgesics dosing were taken into
account, making it easier to compare the results with those
of other studies using the consensus as well. Patients with
mild pain were included into the pain response analysis
according to the consensus because their NRS were all
2 to 3 [28]. Although the updated consensus suggested
that a minimum score of 5 may be a better criterion, the
new suggestion was still opposed by 31% experts for fear
that it would restrict entry of patients with higher pain
tolerance [29]. The overall response rate in the dose-
escalation group was higher than that in the conventional
radiotherapy [8, 16]. More importantly, the complete
response rate increased significantly. This suggests that
dose-escalation regimen would benefit more patients with
complete response rather than partial response.

The median duration of pain relief was 171 days
in the 30-Gy group, consistent with the result of another
study [30]. The median duration of pain relief was 258
days in the dose-escalation group in our study, which was
longer than that in the 30-Gy group, although this was
not statistically significant. However, the results need to
be interpreted with precautions. Few lesions relapsed in
both groups due to patients’ death and short follow-up,
which could hardly be avoided among patients with distant
metastases. Also, longer observation time in the dose-
escalation group could also lead to the longer duration
of pain relief. Further studies in patients with longer life
expectancy are needed.

No radiation-induced myelopathy was observed
in the dose-escalation group, confirming the dosimetric
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Table 2: Dosimetric parameters

Dose-escalation group (n = 25)

30-Gy group (n =44)

Median (Range)
or Mean = SD

D2-PTV (Gy)
BED-Gy,,(Gy)

D50-PTV (Gy)
BED-Gy,, (Gy)

D95-PTV (Gy)
BED-Gy ,(Gy)

D98- PTV (Gy)
BED-Gy , (Gy)

Dmax-Spinal cord PRV (Gy)
BED-Gy,(Gy)

D2- Spinal cord PRV (Gy)
BED-Gy, (Gy)

D50-Spinal cord PRV (Gy)
BED-Gy, (Gy)

Dmax- Spinal cord (Gy)
BED-Gy, (Gy)

D2- Spinal cord (Gy)
BED-Gy, (Gy)

D50-Spinal cord (Gy)
BED-Gy, (Gy)

HI

CI

64.39 (61.73-69.83)
80.55 (74.43-91.99)
61.96 (60.74-67.63)
77.13 (73.04-88.42)
54.36 (41.21-60.62)

68.78 (46.87-75.71)

50.67 (35.18-59.71)
61.96 (39.31-75.21)
44.17 (31.39-47.91:
83.62 (47.80-98.65)"
41.41 (28.47-46.56)°
77.24 (41.98-93.69)
29.38 (11.85-41.35)
47.43 (14.90-78.52)"
37.59 + 4.76°
69.70 (36.20-88.20)"
36.11+£5.10°

64.24 (34.21-85.82)
27.83 (11.84-39.98)*
44.38 (14.89-74.73)

0.2355 (0.0384-0.4575)

0.5876 £ 0.1794
0.6393 (0.2241-0.8376)

Median (Range) P
or Mean = SD
32.33 (30.27-35.96) <0.001
42.78 (37.85-48.89) <0.001
30.94 (30.04-31.93) <0.001
40.51 (36.11-42.13) <0.001
29.60 (27.39-30.14) <0.001
38.07 (34.10-39.22) <0.001
29.17 (26.94-29.77) <0.001
37.53 (33.04-38.62) <0.001
32.04 + 0.80° <0.001
83.16 (63.80-92.95)" <0.001
31.83+0.77° 0.001
82.45 (63.59-89.82)° <0.001
30.56 (25.65-32.14)" 0.356
77.25 (58.55-83.79)° <0.001
0.1095(0.0486-0.2809) 0.005
0.2577 £ 0.1371°¢ <0.001
0.4204 (0.0831-0.8538)¢ 0.200

Abbreviations: SD = standard deviation; BED = biologic effective dose; PTV = planning target volume, represented PGTV in
the dose-escalation group and PGTV or PCTV in the 30-Gy group; PRV = planning organ at risk volume; Dmax = maximum
point dose, defined as point dose of 0.03 cc; D2 = minimal dose to 2% of the target volume; D50 = minimal dose to 50%
of the target volume; D95 = minimal dose to 95% of the target volume; D98 = minimal dose to 98% of the target volume;
Gy, = an o/ value of 10 Gy for the tumor; Gy, = an o/p value of 2 Gy for the spinal cord; HI = homogeneity index; CI =
conformity index. *The number of lesions was 23. Two lesions had no spinal cord segment involved in the radiation field
because of the low location of the corresponding lumber vertebra(e). *The number of lesions was 38. Six lesions had no
spinal cord segment involved in the radiation field because of the low location of the corresponding lumber vertebra(e). <28
3D-CRT plans made in PrecisePLAN Release 2.16 or XiO Release 4.70. 416 IMRT plans made in Pinnacle V. 9.0 or V.9.2.

results that all spinal cords were within tolerance. It also
proved the advantage of IGRT in dose-escalation regimen
[23, 25], because doses decrease so sharply in IMRT that
even set-up errors less than 3 mm would cause huge dose
changes in spinal cord [25]. Radiation-induced myelopathy
was also not observed during a median follow-up of 15.6
or 17 months in previous dose-escalation studies [23, 26].
However, the incidence of radiation-induced myelopathy
might be underreported because of short survival of these
patients. The acute radiation complications were mild
and skin or gastrointestinal reaction remained the most

common, which was consistent with other studies [30, 31].
Taken together, toxicities in the dose-escalation group
were not higher than those in the 30-Gy group, indicating
that dose escalation beyond 60 Gy with IG-IMRT is safe.
OS was determined mainly by the nature of
the primary tumor and the effectiveness of systemic
treatment. Therefore, it is not surprising that the OS was
of no statistical difference between the two groups. It
demonstrated the fact that it remains difficult to develop an
effective predictive model for life expectancy in patients
with spinal metastases [32-34]. An effective predictive
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Table 3: Pain response to radiotherapy

One month after radiotherapy Three months after radiotherapy
Dose- Dose-
escalation 30-G{ group escalation group 30-G}i group
_ (n=35) P _ (n=29) P
group (n =19) No.(%) (n=19) No.(%)
No.(%) e No.(%) e
Complete response 14 (73.69) 12 (34.29) 14 (73.69) 12 (41.38)
Partial 4 (21.05 14 (40.00 4 (21.05 11 (37.93
artlal response (21.05) (40.00) 0.005 (21.05) (3793 004

Indeterminate response 1(5.26) 7 (20.00) 1(5.26) 5(17.24)
Pain progression 0 (0.00) 2(5.71) 0 (0.00) 1 (3.45)

Table 4: Multivariate logistic regression analysis of association between clinical factors and risk
of complete response

Clinical factors Odds ratio 95% CI D
Radiation regimen

Dose-escalation vs. 30-Gy 11.145 1.722-72.121 0.011#
Gender

Male vs. Female 0.401 0.078-2.055 0.273
ECOG performance status

0vs. 12 2.878 0.090-92.556 0.551

0vs.34 3.346 0.186-60.086 0.412
Primary tumor

Unfavorable vs. Favorable 0.494 0.031-7.866 0.618
Number of involved vertebra(e)

12vs.>23 0.588 0.124-2.793 0.505
Spinal cord compression

Yes vs. No 2.538 0.399-16.133 0.324
Pretreatment pain severity

Mild vs. Moderate 0.063 0.030-1.391 0.080

Mild vs. Severe 0.362 0.054-2.452 0.298
VCEF before RT

Yes vs. No 0.608 0.125-2.967 0.539
Vertebroplasty before RT

Yes vs. No 0.587 0.059-5.798 0.649
Systemic therapy®

Yes vs. No 0.927 0.138-6.220 0.938
Diphosphonate therapy

Yes vs. No 15.811 0.863-289.654 0.063
Analgesics use

Yes vs. No 4.892 0.290-82.415 0.271

Abbreviations: CI = confidence interval; ECOG = Eastern Cooperative Oncology Group; VCF = Vertebral compression
fracture; RT = Radiotherapy; ‘p-value was less than 0.05 and difference was considered statistically significant. *Systemic
therapy refers to chemotherapy, endocrine therapy or molecular targeted therapy.
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model for life expectancy will be helpful to guide the
radiation regimen selection for spinal metastases in these
patients.

Stereotactic body radiation therapy (SBRT) could
result in similar clinical outcomes as dose-escalation
regimen. The overall pain response rate is about 80%
[35, 36] and the local control rate is 90%—-95% [35-37].
However, the incidence of vertebral compression fracture
(VCF) could be as high as 11%—-39% [38—40]. It is
much higher than the incidence of 5% in conventional
radiotherapy [8]. VCF occurs at 3 to 25 months after
SBRT [38-40], but no VCF was observed during the
l-year and 2-year follow-up period in this study and in
Guckenberger’s dose-escalation study, respectively [26].
The absence of VCF might be the advantage of dose-
escalation radiotherapy over SBRT.

Several limitations should be considered when
interpreting the results. First, the histological types of
primary tumors were diverse in the dose-escalation group
while most patients in the 30-Gy group were with non-small
cell lung cancer. Both groups lacked common types such as
breast cancer and prostate cancer [6]. Second, there existed
confounding factors such as more severe pain in the 30-Gy
group and inconformity of analgesics application between
two groups, although they did not affect complete pain
response with the Logistic regression analysis. Third, data
on local tumor control rate and health economy were not
collected, which were difficult to obtain in a retrospective
study and will be the focus of future studies. Prospective
multicenter study with a larger patient population and a
longer life expectancy should be conducted in the future.

In conclusion, in comparison with the 30-Gy
regimen, the dose-escalation regimen with conventionally-
fractionated IG-IMRT showed a trend of achieving
better dosimetric parameters, increasing pain relief and
potentially improving the quality of life for patients with
spinal metastases, and thus being recommended for these
patients, especially those with a long life expectancy.

MATERIALS AND METHODS

Patients and treatment

Sixty-nine metastatic spinal lesions treated with
radiotherapy at the West China Hospital from March 1,
2010 to July 17, 2014 were enrolled, among which 25
were in the dose-escalation group and 44 were in the
30-Gy group. This study was approved by the Research
Ethics Committee of West China Hospital. Primary tumors
were classified into favorable and unfavorable tumors
according to literature [12]. Favorable histologic primary
tumors included breast and prostate carcinoma; small
cell lung cancer; lymphoma and myeloma. Unfavorable
histologic primary tumors included non-small cell lung,

gastric, colon-rectal, liver, head and neck, kidney, bladder
and uterine carcinoma; melanoma; sarcoma; and others.
IG-IMRT was performed in all patients in the dose-
escalation group. The prescribed doses to PGTV were
> 60 Gy. While for the 30-Gy group as a control, patients
received 30 Gy in 10 fractions with the three-dimensional
conformal radiotherapy (3D-CRT) or 3-5 field IMRT.
The radiation administration, treatment planning,
and image guidance in dose-escalation group were
described previously [23]. Briefly, gross tumor volume
(GTV) included the metastatic lesions, and the half
vertebra above and below the metastatic vertebra (e) were
covered as clinical target volume (CTV). A 3mm margin
was expanded isotropically from GTV or CTV to form
PGTYV or planning clinical target volume (PCTV). A dose
of 60—-66 Gy was given to PGTV in 20 to 30 fractions, and
the dose to spinal cord PRV was restricted to 45-48 Gy.

Follow-up and data collection

Dmax, D2, D50, D95, and D98 were extracted
from tabular DVH. HI [41], CI [42], and BED [26] were
calculated. Biologic effective dose (BED) = D x [1+d/
(a/B)], whereas D = total dose and d = dose per fraction.
o/P values of 10 Gy and 2 Gy were hypothesized for the
tumor and the spinal cord, respectively. Follow-ups were
carried out at 1 month, 3 months and thereafter every 3
months after radiotherapy by clinical visits or phone calls
until death or January 31, 2015 among survivors, ensuring
a minimum follow-up of 6 months for each survivor. Pain
was assessed by the worst pain without administration of
analgesics before radiotherapy evaluated by the 11-point
NRS and the 4-point categorical verbal rating scale (VRS)
[43]. Pain response was first evaluated 30 days after
radiotherapy in alignment with the consensus released by
the International Bone Metastases Consensus Working
Party [28, 29]. Complete response, partial response,
indeterminate response and pain progression were defined
as reported in the consensus [28, 29]. Overall response
included complete and partial response. Pain relapse
was defined as any occurrence of pain in patients with
complete response and pain progression in those with
partial response. Duration of pain relief was evaluated
in patients with complete and partial response, and was
calculated from the first date evaluated at 30 days after
radiotherapy to the date of relapse, or the date of death,
or last follow-up. OS was calculated from the date of
completion of radiotherapy.

Acute and late radiation complications were
assessed according to Radiation Therapy Oncology Group
(RTOG) Acute Radiation Morbidity Scoring Criteria and
RTOG/ European Organization for Research on Treatment
of Cancer (EORTC) Late Radiation Morbidity Scoring
Schema [44].
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Statistical analysis

IBM SPSS statistics for Windows version 19.0 (IBM
Corp., Armonk, NY, USA) was applied for statistical
analysis. Mann-Whitney U test or Student’s ¢ test was
used for comparing the quantitative data. Chi-square test
and Wilcoxon rank sum test were applied to compare the
qualitative and ranked data, respectively. Kaplan-Meier
method with a log-rank test was used to assess the survival.
Logistic regression was used to analyze the risk factors
that might affect the pain relief. A two-sided p-value of
< 0.05 was considered as statistically significant.

Abbreviations

3D-CRT: three-dimensional conformal radiotherapy;
BED: biological effective dose; CBCT: cone beam
computer tomography; cc: cubic centimeter; CI: conformity
index; CI: confidence interval; CTV: clinical target volume;
Dmax: maximum point dose; D2: minimal dose to 2% of
the target volume; D50: minimal dose to 50% of the target
volume; D95: minimal dose to 95% of the target volume;
D98: minimal dose to 98% of the target volume; DVH:
dose-volume histogram; ECOG: Eastern Cooperative
Oncology Group; EORTC: European Organization for
Research on Treatment of Cancer; f: fraction; GTV: gross
tumor volume; HI: homogeneity index; IGRT: image-
guided radiotherapy; IG-IMRT: image-guided intensity-
modulated radiotherapy; IMRT: intensity-modulated
radiation therapy; NRS: numerical rating scale; PCTV:
planning clinical target volume; PGTV: planning gross
tumor volume; PRV: planning organ at risk volume; RT:
radiotherapy; RTOG: Radiation Therapy Oncology Group;
SBRT: stereotactic body radiation therapy; SD: standard
deviation; OS: overall survival; VCF: vertebral compression
fracture; VRS: verbal rating scale.
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