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Background: (I) Dosimetric comparison between Helical tomotherapy (HT) and intensity-modulated 
radiation therapy (IMRT) with hypofractionated simultaneously integrated boost (HF-SIB) technique for 
spine metastasis. (II) Mega-voltage CT (MVCT) imaging can be used to monitor changes and calculate the 
true spinal cord dose over multiple fractions, and compare it with the planned dose by deformable image 
registration. 
Methods: We retrospectively analyzed 57 patients with spine metastasis receiving HT at our institution 
between March 2016 and March 2019. (I) The dose/fraction to planning gross tumor volume (PGTV) and 
planning target volume (PTV) were 40 or 50 Gy/10 fractions and 30 or 40 Gy/10 fractions. Plans were 
compared according to PTV coverage and OARs sparing. (II) The daily MVCT were strictly registered with 
plan CT according to the rigid structures. Contours of the target and critical organs were then deformed 
from plan CT to MVCT using MIM deformable registration algorithm. After rigid imaging registration, 
the planning dose matrix was mapped to the MVCT images. The total doses of 10 fractions to the deformed 
structures were compared with the planned doses.
Results: Comparing HT and IMRT plan averaged over all patients, differences were observed for both 
homogeneity index (HI) (P<0.001) and conformity index (CI) (P=0.032). The maximum dose of the spinal 
cord was significantly lower in the HT group than the IMRT group (P=0.037). The actual dose of the spinal 
cord obtained based on the MVCT modified adaptive radiation therapy (ART) was slightly higher than the 
initially planned dose, while no significant difference was observed (P=0.083).
Conclusions: HF-SIB with HT was able to achieve lower spinal cord doses, which was dosimetrically 
superior to IMRT, especially in those cases where strict control of the spinal cord dose is required. With 
deformable contours from the planning CT, daily MVCT along with rigid dose transformation can provide 
quantitative dose guidance for replanning.
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Introduction

Bone metastases present very commonly in the course of 
solid tumors that can cause pain, spinal cord compression, 
and pathologic fracture (1,2). About one-third of all 
bone metastases are located in the spinal column, mostly 
the lumbar (52%), thoracic (36%), and cervical (12%)  
spine (3). Conventional radiotherapy has been considered 
the main treatment options for spinal metastases (4). The 
main palliative radiation therapy regimen is 30 Gy in  
10 fractions, up to 70% of the patients had some degree of 
pain relief (5,6). Nevertheless, the commonly used palliative 
therapeutic options dose was associated with a limited local 
control (7).

Recently, new innovative treatment schedules such as 
stereotactic body radiotherapy (SBRT) has been suggested 
for the patients with spinal metastases (8,9), and outcome 
data show excellent local control than conventional 
palliative therapy (10). Due to the spinal cord is the 
major dose-limiting tissue when increasing the dose of 
radiotherapy for patients with spine metastasis. Eligible 
patients with spine bone metastases should continue to be 
considered for available SBRT (11). 

We registered a clinical trial that use of hypofractionated 
intensity-modulated radiation therapy (IMRT) to dose 
escalate the tumor volume to 40 Gy would allow for 
increased local control and palliation of pain symptoms. 
When patients undergo simultaneously integrated boost 
(SIB), it is important that the target volume is accurately 
localized in order to ensure high dose delivery to the 
target. These anatomic changes and set-up errors during 
a course of radiation therapy can then possibly cause an 
unanticipated overdosing to organs at risk (OARs) (12). 
The dose of OARs we prescribe on the planning CT is not 
always the dose that the patient receives.

With the development of image-guided adaptive 
radiation therapy (IGART), its promises improved tumor 
targeting with smaller margins, and ART further helps in 
reduction of doses to normal tissues and improves accuracy 
of delivery (13). Mega-voltage CT (MVCT) imaging can 
be used to monitor changes and calculate the true spinal 
cord dose over multiple fractions and compare it with the 
planned dose by deformable image registration. 

Our article recommend the application of our cancer 
center in precise radiotherapy for spine metastasis, target 
delineation after CT/PET-CT/MR fusion, dosimetric 
advantages and monitors with MVCT ART of Helical 
tomotherapy (HT). We chiefly described (I) a planning 
studies to compare HT-SIB with IMRT-SIB, and (II) to 

investigate the discrepancies between the planned doses and 
daily doses using MVCTs, to determine optimal replanning 
strategies.

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-13).

Methods

Patients and tumor characteristics

From March 2016 to March 2019, 57 patients with 
symptomatic  spine metastases  were treated with 
hypofractionated SIB by HT at our institution. The 
primary malignancies were including lung cancer, prostatic 
cancer, breast cancer, esophageal cancer, and others. All the 
patients need written informed consent. This retrospective 
study was permitted by the Nanjing Drum Tower Hospital’s 
ethics committee. All the patients were provided written 
informed consents. Patient general characteristics are 
described in Table 1.

Simulation and delineation of targets and OARs

Patients were treated with a supine posit ion and 
immobilized by a thermoplastic mask. CT images with slice 
thickness of 3 mm were obtained and transferred to MIM 
(MIM Software, Inc., Cleveland, OH). The planning CT 
images were co-registered to T1-weighted MRI or PET/
CT by using MIM workflow (Figure 1). 

The gross tumor volume (GTV) was defined as 
macroscopic lesion on T1-MRI or pathological uptake on 
PET-CT. The clinical target volume (CTV) included the 
entire vertebral body of the involved spine. A margin of 
3 mm was used to determine the PTV. If any epidural or 
paraspinal soft tissue component of the tumor were present, 
should also be included. We added 3 mm safety margin for 
the spinal cord when the target in close contact with it. We 
prescribed radiation dose using simultaneous integrated 
boost technique. PGTV was the boost volume. Other 
organs, such as spinal cord, lungs, esophagus, trachea, and 
kidneys were delineated depending on tumor vertebral level.

Treatment planning and acquisition of daily MVCT

The CT images with delineated structures were transferred 
to the Tomotherapy planning station (Hi-Art System; 
Tomotherapy, Madison, WI, USA) and Pinnacle3. Then, 
the HT-SIB and IMRT-SIB treatment plans for 57 patients 
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designed by the physicist. IMRT-SIB was planned using 
the step-and-shoot technique with 7 coplanar beams. The 
dose/fraction to planning gross tumor volume (PGTV) and 
planning target volume (PTV) were 40 or 50 Gy/10 fraction 
and 30 or 40 Gy/10 fraction. The dose prescriptions were 
designed to cover at least 95% of the target volume for HT 
and IMRT plans, respectively. All plans were assessed and 
confirmed by senior physicians.

Before daily treatment, patient’s position was verified by 
matching the MVCT images to the initial planning CT to 
minimize interfraction set-up errors. The fractional MVCT 
images were exported from the Tomotherapy data server 
and then imported into MIM to analyze the actually dose of 
critical organs.

Dose calculation using deformable image registration

MIM Software as a commercially available deformable 
registration tool is used for this work. Daily MVCT were 
first rigidly registered with planning CT based on the 
bony structures. Contours of the target and critical organs 
were then deformed from planning CT to MVCT using 
the MIM Software deformable registration tools. After 
rigid imaging registration, the planning dose matrix was 
mapped to the MVCT images. The doses to the deformed 
structures were compared with the planned doses using the 
Dose Accumulation Deformable workflow. The deformed 
doses from 10 fraction of treatment are accumulated.

Dose evaluation

We compared the dose distribution of tumor target and 
OARs between HT and IMRT groups. Target coverage was 
analyzed using the homogeneity index (HI) and conformity 
index (CI). The maximum dose of the spinal cord between 
the two planning was investigated. The actually total doses 
were compared with the planned doses using MVCTs. 

Statistical analysis

All statistical analyses were performed using SPSS 16.0 
software. The paired t-test was used to compare the 
dosimetric differences between the two groups. P<0.05 was 
considered statistically significant.

Results

Both HT and IMRT plans meet the spinal cord tolerance 
dose. Dose distributions and dose-volume histograms 
(DVHs) for all plans were evaluated with the following 
indices.

Dosimetric comparison for target and organs at risks

DVHs were generated from each planning group and used to 
compare target coverage and OARs. The dose distribution of 
HT and IMRT plan was shown in Figure 2. Dose coverage 
was expected to be better for HT. Significant differences 
were observed between the two plans for HI (P<0.001) and 
CI (P=0.032) (Table 2). As the OAR were dependent on the 
location of the spine metastases. Here, we mainly discuss 
the radiation dose of the spinal cord. The maximum dose of 
the spinal cord was lower in the HT group than the IMRT 
group: 33.02±2.40 vs. 35.55±4.16 Gy (P=0.037) (Table 2).

Table 1 Clinical and histopathological characteristics of the 57 patients

Characteristics No. of patients (n=57)

Age (years)

<65 22 (38.6%)

≥65 35 (61.4%)

Gender

Male 37 (64.9%)

Female 20 (35.1%)

PS (ECOG)

0–1 23 (40.4%)

2 34 (59.6%)

Primary tumor

Lung 16

Breast 7

Prostatic 8

Esophageal 7

Gastric 5

Colon 4 (23.8%)

Liver 3

HNC 3

Cervical 2

Other 2

Tumor location

Cervical 16

Thoracic 21

Lumbar 20
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Figure 1 Definition of irradiation targets and OARs. A patient case with prostatic cancer T8 spine metastasis treated with Tomotherapy. 
The planning CT images (A) were registered to MR (B) and PET/CT (C), respectively. Red line: GTV = PGTV, Blue line: CTV, Green 
line: PTV.

Figure 2 Plan comparison between HT-SIB plan (A) and IMRT-SIB plan (B). Red line: PGTV, Green line: PTV; Red area: 100% of the 
prescribed dose, Green area: 80% of prescribed dose, Blue area: 50% of prescribed dose. DVHs for the plans above were compared (C). HT, 
Helical Tomotherapy; SIB, simultaneously integrated boost; IMRT, intensity-modulated radiation therapy; MVCT, Mega-voltage CT; ART, 
adaptive radiation therapy.
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Table 2 The HI, CI of PTV and dosimetric comparison for the spinal cord in two groups (mean ± SD)

Parameters HT-SIB IMRT-SIB P value

HI 0.076±0.001 0.213±0.062 <0.001

CI 0.841±0.021 0.801±0.073 0.032

Dosemax of spinal cord (Gy) 33.02±2.40 35.55±4.16 0.037

HI, homogeneity index; CI, conformal index; HT, Helical Tomotherapy; SIB, simultaneously integrated boost; IMRT, intensity-modulated 
radiation therapy.
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Figure 3 A typical dose distribution of (A) the original HT-SIB plan, and (B) the actual accumulated dose distribution based on the contours 
projected in the MVCT by modified ART. HT, Helical Tomotherapy; SIB, simultaneously integrated boost; MVCT, Mega-voltage CT; 
ART, adaptive radiation therapy.

Dose calculation using deformable image registration

The actual dose of spinal cord obtained based on the 
MVCT modified ART was slightly higher than the initially 
planned dose (33.41±2.26 vs. 33.02±2.40 Gy)，but there 
was no significant differences (P=0.083). Dosimetric 
comparisons between the initial planned and the planning 
MVCT modified ART were shown in Figure 3. The dose 
distribution of the actual accumulated dose based on the 
contours projected in the MVCT by modified ART, which 
is similar for original HT-SIB plan.

Discussion

For patients with vertebral metastases, local control can 
be effectively achieved with radiotherapy, especially dose 
escalations may result in improved tumor control. The 
use of SBRT has been increasing in the treatment of 
metastatic spinal tumors. A series of clinical trials reported 
that about 67.5% of patients with spine metastases receive  
SBRT (14). SBRT use for patients who present with 
spinal cord compression should be considered great 
caution as absence of a physical separation between the 
target and adjacent normal critical structures. Eligible 
patients with spine metastases should continue to be 
considered for available SBRT trials to clarify the optimal 
treatment approach. Our study explores hypofractionated 
SIB technique to spine metastasis that it allows for dose 

escalation for patients who are not optimal SBRT candidates 
but may benefit from higher doses than conventional RT. 
Previous studies verified hypofractionated SIB technique 
can improve LC compared with conventionally fractionated 
RT, especially when treating tumors with radioresistant (15).

Our study not only compare dose between HT and 
IMRT with hypofractionated simultaneously integrated 
boost (HF-SIB) technique for spine metastasis. To our 
knowledge, our study is one of the data to use MVCT 
imaging to monitor changes and calculate the true spinal 
cord dose over multiple fractions and compare it with the 
planned dose by deformable image registration. This work 
is an enlightenment to the coming studies and potentially 
useful for clinicians in making treatment choices for spine 
metastasis with higher biological effectiveness.

Both HT and conventional IMRT plans can deliver high-
quality spine metastasis HF-SIB. Significant differences 
between HT and IMRT were observed for HI, CI and the 
max spinal cord dose. HT can achieve more conformed 
and homogeneous dose distribution, while not increasing 
the spinal cord dose. Even a circular target could be easily 
treated with HT using a rotating gantry and could avoid 
the spinal cord. Our study has allowed clinicians to expand 
HF-SIB by HT to treat spine metastases close to the spinal 
cord. In future, we can explore appropriate target area and 
dose to increase the tumor dose while ensuring the safety of 
the spinal cord.

Due to weight loss, tumor and normal tissue growth 
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or shrinkage, and intra-treatment position variations, the 
originally planned dose is rarely the same as the actually 
delivered dose to the patient. Often this will result in the 
need to create a modified treatment plan, a process known as 
ART (16). In the ART process, dose accumulation is needed 
to evaluate the dose already received by the patient at that 
time during a course of treatment. Image guidance plays 
an increasingly important role, not only in-patient setup 
but also in monitoring the delivered dose and adapting the 
treatment to patient changes (17). Helical Tomotherapy as a 
novel form of IMRT and IGRT uses daily MVCT imaging 
to guide the treatment daily. We evaluated the feasibility 
of a modified ART based on daily MVCT to plan CT 
using MIM deformable registration algorithm. Our results 
indicated with deformable contours from the planning CT, 
daily MVCT along with rigid dose transformation can 
provide quantitative dose guidance for replanning.

Our findings suggest that most spine metastasis 
undergoing Tomotherapy do not require ART routinely, 
because there did not have significant increase in dose to 
the maximum dose of spinal cord. Nonetheless, treatment 
replanning was necessary for some patients because of 
excessive set-up uncertainty and/or weight loss. 

Conclusions 

SIB with HT was able to produce highly biological 
effective dose distributions in the target volumes and 
minimizing the dose to cord. With deformable contours 
from the planning CT, daily MVCT along with rigid dose 
transformation can provide quantitative dose guidance 
for replanning. The suggested method is sufficiently fast 
and reliable to be used for daily delivered dose evaluations 
in clinical application for adaptive tomotherapy of spine 
metastasis. Through this simple real-time dose monitoring 
method, we can continue to explore the possibility of 
increasing the radiation dose in the target area while 
ensuring the safe dose of the spinal cord.
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