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Abstract

Background: Patients with bone metastasis often experience severe pain that is difficult to control and seriously
affects quality of life. Radiotherapy is an effective way to relieve pain in these patients. Currently, there is no standard
recommended range of radiotherapy targets for vertebral metastasis. The effect of radiotherapy on pain relief varies
among patients, and some patients with metastases have serious side effects.

Methods: This study aims to verify whether reducing the radiotherapy range for vertebral metastases can achieve
the same effect as whole vertebral radiotherapy while minimizing side effects. Sixty-six patients with pain caused

by vertebral metastasis were randomly divided into two groups. The study group is receiving partial vertebrae body
radiotherapy at the regions of abnormal signal, suspected invasion, and adjacent subclinical focus of vertebral metas-
tasis, and the control group is receiving the same dose of radiotherapy on whole vertebrae body where metastasis
occurred. After radiotherapy, along-term follow-up of patients will determine pain relief and side effects.

Discussion: The expected results of this study are that local irradiation of vertebral metastases can achieve a pallia-
tive effect of pain control not less than total vertebral irradiation with fewer side effects.

Trial registration: This study was registered in the Chinese Clinical Trial Registry (No: ChiCTR1900023401).
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Background

Patients with bone metastasis often present with severe
pain that is difficult to control. The ASTRO guideline and
its update recommend palliative analgesic radiotherapy
for bone metastases [1, 2]. However, the effects of pain
control therapies vary from one patient to another. In the
past, the target setting of two-dimensional radiotherapy
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and 3D-CRT included the whole diseased vertebral body
to treat spinal metastases, despite some patients suffering
from pathological fracture, spinal cord compression, and
other side effects of an excessive dose or range of verte-
bral irradiation.

The ISRC proposed dividing vertebral body into six
parts in the target setting of spinal stereotactic radio-
surgery, as shown in Fig. 1. As reported by a prospective
study [3], there is a need to expand the CTV in SBRT for
include adjacent physiologically occurring bone mar-
row spaces, which may have subclinical diseases and
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Fig. 1 The International Spine Radiosurgery Consortium proposed
to divide each vertebral body into 6 sectors: Sector 1 represents the
vertebral body, sector 2 represents the left pedicle, sector3 represents
the left transverse process and lamina, sector 4represents the spinous
process, sector 5 represents the right transverse process and lamina,
and sector 6 represents the right pedicle

may become local recurrent lesions. The ISRC consen-
sus guidelines on the target volume of spinal SRS suggest
that CTV should include bone marrow signals suspected
of microscopic invasion and adjacent normal bone. If the
spinous processes, lamina / bilateral pedicle and vertebral
body are affected or there are extensive metastatic dis-
eases around the epidural space, the circumferential TVs
around the spinal cord should be used [4].

At present, there is a single-center phase II prospec-
tive cohort study comparing the effect on pain control
of conventional radiotherapy and SBRT in patients with
spinal metastasis. In both treatment groups, patients
had a comparable decrease in pain and analgesic use
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in the 3 months following treatment [2, 5]. However,
there have no randomized controlled trials compar-
ing the effect of local irradiation and whole vertebral
irradiation on pain control in IMRT [6]. Therefore, we
designed a randomized controlled trial to evaluate if
irradiation of local metastases in the vertebral body as
well as whole vertebral body irradiation can effectively
control pain. We also investigated if side effects such as
twinkling bone pain, spinal cord radiation injury, verte-
bral compression fracture, and nerve root compression
were reduced.

Methods

This study was registered in the ChiCTR (No:
ChiCTR1900023401). This is a multicenter, prospective,
phase II randomized controlled clinical trial. Patients
with solid tumors diagnosed pathologically at our hos-
pital were collected. All patients had vertebral metas-
tases and pain symptoms. Patients will be randomized
into 2 groups: study group’s clinical target volume set-
ting was according to the ISRC consensus guidelines
that recommend the vertebral body be divided into
six parts, which include the area of vertebral destruc-
tion and adjacent parts, and control group’s clinical tar-
get volume include the whole vertebral body, The two
groups of clinical target volume settings are shown in
Fig. 2. Two groups will receive treatment with the same
dose of 95% PTV DT 30 Gy/10 f IGRT (Image Guided
Radiation Therapy).

Before starting treatment, the qualified recruit-
ment participants will explain the common ethical
issues, objectives, design, description, implementation,
requirements and schedule of this study to every poten-
tial study participant.

Fig. 2 The experimental and control group clinical target volume setting

(red line): A The clinical target volume setting of the experimental group
was as follows: vertebral and adjacent tissue destruction according to the International Spine Radiosurgery Consortium consensus guidelines that
recommend that the vertebral body is divided into six parts. B The clinical target volume setting of the control group: the entire vertebra that has

been destroyed
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Objectives
The primary endpoint is pain relief rate. The secondary
endpoints are the incidence and types of side effects.

Inclusion criteria

1. Aged 18-80 years

2. Patients with vertebral metastasis of solid tumors

confirmed by pathology and imaging, and a number

of discontinuous vertebral metastases <3, who had

no tumor tissue compressing the spinal cord

ECOGO-1

4. No serious chronic diseases, such as severe hyperten-
sion, diabetes or heart disease

5. There was no contraindication to radiotherapy and no
previous radiotherapy targeting a vertebral metastasis

6. Estimated survival time > 3 months

7. The patient or their family members sign the
informed consent form and were willing to cooperate
with the follow-up

I

Exclusion criteria

1. Bone destruction in benign diseases and diffuse bone
destruction, such as multiple myeloma, lymphoma,
or leukemia with bone marrow infiltration

2. Participated in other clinical trials of drug or physical
therapy for target lesions in the past four weeks

3. Uncontrolled and/or severe disease, including:

a. Myocardial infarction or myocardial ischemia and
arrhythmia (> 2 levels of congestive heart failure
according to the NYHA and QTc > 480 ms)

b. > CTCA Elevel 2 infection or long-term unhealed
wound

c. Active bleeding due to dysfunctional coagulation

d. Systolic blood pressure greater than or equal to
180 mmHg and diastolic blood pressure greater
than or equal to 110 mmHg

e. According to the judgment of the researchers, the
tumor invaded the large blood vessels and likely
caused fatal bleeding during the treatment

4. Those who had a history of drug abuse and were una-
ble to quit, or had mental disorders

5. Had received surgery or radiotherapy for the target
lesion in the past six months

6. The researcher judged that there were serious accom-
panying diseases that would endanger the safety of
patients or affect the completion of the study.
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Drop-out criteria

1. The withdrawal of the informed consent of patients.

2. A decision by the researchers to discontinue the
study to ensure patients’ safety

3. A decision by the researchers or patients to stop the
research in case of toxic side effects

4. Researchers’ judgment

Radiotherapy

Before radiotherapy, all patients received computed
tomography (CT) scans with a thickness of 3 to 5 mm.
These CT scans were used to contour the gross tumor
volume (GTV), clinical target volume (CTV) and organs
at risk (OARs). The GTV was profiled according to CT
scans, MRI and ECT. The clinical target volumes include
the area of vertebral destruction and adjacent parts (study
group) or the whole vertebral body (control group). The
planning target volume (PTV) include organ movement
and a daily setting error of 0.3 cm based on the CTV.
Radiotherapy will be performed as IGRT, which will be
administered using a line accelerator (energy=6MYV) in
10fractions (3 Gy/ fractionation, once a day from Mon-
day to Friday).

Data collection and management

This study will collect the patient’s name, age, gender,
diagnosis of primary tumor, location and number of ver-
tebral metastases, pain score and imaging findings. The
above information will be recorded in a unique case
report for each patient. These data will be input and
saved in the electronic data management system estab-
lished by Mianyang Central Hospital. The final data will
be reviewed, locked and used for final data analysis by
key researchers and statistical analysts.

Measurement of the primary and secondary endpoints
Pain relief will be assessed by patients using the numeri-
cal rating scale before radiotherapy, two weeks, three
months, six months and every six months after radio-
therapy. The pain relief rate is the primary endpoint of
this study. The secondary endpoint was a follow-up on
the occurrence of side effects and the positive results of
imaging, such as radiation spinal cord injury and patho-
logical fracture. The vertebral bodies will be scanned with
CT to identify radiogenic injury of the spinal cord and
vertebral compression fracture.

Adverse events are being recorded in accordance with
the requirements of the MedDRA. The classification of
side effects was based on the CTCAE of National Cancer
Institute.
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Statistical analysis and randomization
We estimated the sample size based on paper of Fleiss,
JL et al. [7]. We performed non-inferiority and equiva-
lence trials with «=0.025, 1-B=0.8 and non-inferiority
A=-0.15 using PearsonX’test, power=0.809, HO: mt—
mic <-0.15, H1: it—mc>-0.15.We estimate a loss to fol-
low-up rate of 10% and the resultant required number
of patients was 66. The rate of pain relief in patients with
vertebral metastases receiving radiotherapy will be meas-
ured according to the results of previous trials including
that by Howell et al. [8]. Randomization will be admin-
istered centrally by the SPSS24.0 software at Mianyang
central hospital. Patients who meet the inclusion criteria
will be randomized on al:1 basis to one of the 2 groups.
The randomization will conduct by Mianyang Central
Hospital through spss24.0 software. Patients who meet
the enrollment conditions will enter the control group
and the study group in a ratio of 1:1.

The number, proportion and 95% confidence interval of
patients with pain relief will be reported. The related tox-
icity will analyze by Fisher exact test.

Ethics

The study was approved by the Ethics Committee of
Mianyang Central Hospital (NO 2019YJ30). The ethics
committee will supervise and administer the study.

Status

This trial was registered in the ChiCTR (NO:
ChiCTR1900023401). The recruitment starts in January
2021 and is planned to be completed in two years.

Discussion

Approximately one-third of patients with advanced
malignant tumors will experience bone metastasis, and
the spine is the most common bone metastasis, especially
the lumbar spine and thoracic [9, 10]. Patients with bone
metastasis often present with severe pain that is difficult
to control. Some patients with vertebral metastasis even
have pathological fractures and spinal cord compression.
Radiotherapy is an effective treatment for alleviating the
symptoms of bone metastasis [11-13].

The 2017 ASTRO update on palliative radiotherapy for
bone metastases continues to recommend that patients
with bone metastases can be selectively treated with
8 Gy/1 £, 20 Gy/5 £, 2 Gy/6 f, or 30 Gy/10 f with four dif-
ferent fractionation methods [14—16]. The 30 Gy/10 fand
8 Gy/1 f doses are widely used in conventional radiother-
apy. Existing research has shown that the effects on pain
relief of single radiotherapy and fractional radiotherapy
are similar [11, 15-18]. However, Rades et al. showed that
the recurrence of pain caused by vertebral metastases
treated with large fractionation therapy could be as high
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as 26%, compared with conventional long-term treat-
ment with 30 Gy/10 f, which showed better local con-
trol [19]. This is the basis for the selection of 30 Gy/10 F
fractionated irradiation in our trial. We suspect that the
reason for the difference in pain control and duration of
pain relief may be related to the dose limitation of spinal
nerves in patients with vertebral metastases. Therefore,
current research on radiotherapy of vertebral metastases
focuses on increasing the radiation dose without increas-
ing the side effects to achieve better pain control [20].

According tothe2012 ISRC consensus guidelines on the
target volume of spinal SRS, unless the spinous processes,
lamina / bilateral pedicle and vertebral body are affected
or there are extensive metastatic diseases around the epi-
dural space, the circumferential TVs around the spinal
cord should not be used. The guidelines emphasized that
published guidelines on indications and practice patterns
for spinal SRS are limited and there is no consensus on
the definition of target volume [2]. We propose a safe and
effective reduction of the target area in IGRT radiother-
apy, which can effectively avoid the excessive irradiation
of nerve, spinal cord and other normal tissues, and cor-
respondingly improve the target dose setting.

If this trial can prove that local irradiation is equivalent
to whole vertebral body irradiation in terms of pain relief,
then the next step will be to increase the irradiation dose
on the reduced target area in order to achieve higher pain
control rate of vertebral metastasis and improve the qual-
ity of life of patients with vertebral metastasis.

Abbreviations

ASTRO: American Society for Therapeutic Radiology and Oncology; ISRC: Inter-
national Spine Radiosurgery Consortium ; 3D-CRT: 3-dimensional conformal
radiation therapy; CTV: Clinical target volume; SBRT: Stereotactic body radia-
tion therapy; IMRT: Intensity-modulated radiation therapy; ChiCTR: Chinese
Clinical Trial Registry; NYHA: New York Heart Association classification; IGRT:
Image-guided radiation therapy; ECOG: Eastern Cooperative Oncology Group;
MedDRA: Medical Dictionary for Regulatory Activities; CTCAE: Common Termi-
nology Criteria Adverse Events.

Acknowledgements
Not applicable

Authors’ contributions

Each author had participated sufficiently in the work to take public respon-
sibility for appropriate portions of the content. XBD: Designed this Study. LY:
Performed the statistical analysis. LDG, DFW, TZD and FG: Helped to interpret
the data. XBD and LY: Writing of original draft. All authors reviewed and revised
the manuscript. All authors read and approved the final manuscript.

Funding

This work was supported by the Mianyang Science and Technology

Bureau (15-501-3). The Study Protocol has undergone full external peer review
by the funding body as part of the peer review process. Funding body had no
role in the design of the study and collection, analysis, and interpretation of
data and in writing the manuscript.

Availability of data and materials
All data generated or analyzed during this study are included in this published
article.



Yuan et al. BMC Neurology (2022) 22:226

Declarations

Ethics approval and consent to participate

The study was approved by the Ethics Committee of Mianyang Central Hos-
pital, Sichuan, China (Number: 2019YJ30). All patients who meet the inclusion
criteria and provide informed consent will participate in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 17 November 2021 Accepted: 10 June 2022
Published online: 20 June 2022

References

1. LutzS, Berk L, Chang E, et al. Palliative radiotherapy for bone metasta-
ses: an ASTRO evidence-based guideline. Int J Radiat Oncol Biol Phys.
2011;79(4):965-76.

2. Pielkenrood BJ, Velden J, LindenY, et al. Pain response after stereotactic
body radiation therapy versus conventional radiation therapy in patients
with bone metastases—a phase 2 randomized controlled trial within a
prospective cohort. Int J Radiat Oncol Biol Phys. 2021;110(2):358-67.

3. Chang EL, Shiu AS, Mendel E, et al. Phase I/Il study of stereotactic body
radiotherapy for spinal metastasis and its pattern of failure. J Neurosurg
Spine. 2007;7(2):151.

4. Cox BW, Spratt DE, Lovelock M, et al. International spine radiosurgery con-
sortium consensus guidelines for target volume definition in spinal ste-
reotactic radiosurgery. Int J Radiat Oncol Biol Phys. 2012;83(5):e597-605.

5. RyuS, Deshmukh S, Timmerman RD, et al. Radiosurgery compared
to external beam radiotherapy for localized spine metastasis: phase
Il results of NRG oncology/RTOG 0631. Int J Radiat Oncol Biol Phys.
2019;105(1):52-3.

6. Marks LB, Yorke ED, Jackson A, et al. Use of normal tissue complica-
tion probability models in the clinic. Int J Radiat Oncol Biol Phys.
2010;76(35):S10-9.

7. Fleiss JL, Tytun A, Ury HK. A simple approximation for calculating
sample sizes for comparing independent proportions. Biometrics.
1980;36(2):343-6.

8. Howell DD, James JL, Hartsell WF, et al. Single-fraction radiotherapy
versus multifraction radiotherapy for palliation of painful vertebral
bone metastases-equivalent efficacy, less toxicity, more convenient: a
subset analysis of radiation therapy oncology group trial 97-14. Cancer.
2013;119:888-96.

9. Wong DA, Fornasier VL, MacNab I. Spinal metastases: the obvious, the
occult, and the impostors. Spine. 1990;15:1-4.

10. Coleman RE. Clinical features of metastatic bone disease and risk of
skeletal morbidity. Clin Cancer Res. 2006;12:6243-9.

11. Chow E, Hoskin P, Mitera G, Zeng L, Lutz S, Roos D, et al. Update of
the international consensus on palliative radiotherapy endpoints for
future clinical trials in bone metastases. Int J Radiat Oncol BiolPhys.
2012;82:1730-7.

12. Chow E, Zeng L, Salvo N, et al. Update on the systematic review of pal-
liative radiotherapy trials for bone metastases. ClinOncol (R CollRadiol).
2012,24:112-24.

13. Chow R, Hoskin P, Hollenberg D, et al. Efficacy of single fraction conven-
tional radiation therapy for painful uncomplicated bone metastases: a
systematic review and meta-analysis. Ann Palliat Med. 2017,6(2):125-42.

14. American Society for Radiation Oncology (ASTRO). Palliative radiation
therapy for bone metastases: update of an ASTRO evidence-based guide-
line. Pract Radiat Oncol 2017;7(1):4-12.

15. Majumder D, Chatterjee D, Bandyopadhyay A, et al. Single fraction versus
multiple fraction radiotherapy for palliation of painful vertebral bone
metastases: a prospective study. Indian J Palliat Care. 2012;18:202-6.

16. Tong D.The palliation of symptomatic osseous metastases; final result of
the study by the radiation therapy oncology group. Cancer. 1982;50:893.

Page 5 of 5

17. Gutierrez Bayard L, Salas BuzonMdel C, Angulo Pain E, de Ingunza
BL. Radiation therapy for the management of painful bone metas-
tases: Results from a randomized trial. Rep Pract Oncol Radiother.
2014;19:405-11.

18. Katsoulakis E, Laufer |, Bilsky M, Agaram NP, Lovelock M, Yamada Y.
Pathological characteristics of spine metastases treated with high-dose
single-fraction stereotactic radiosurgery. Neurosurg Focus. 2017;42:E7.

19. Rades D, Schild SE. Is stereotactic radiosurgery the best treatment option
for patients with spinal metastases? Nat Clin Pract Oncol. 2007;4(7):400-1.

20. Barton R, Robinson G, Gutierrez E, Kirkbride P, McLean M. Palliative
radiation for vertebral metastases: the effect of variation in prescription
parameters on the dose received at depth. Int J Radiat Oncol Biol Phys.
2002;52:1083-109.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	A randomized controlled trial for evaluating pain response in patients with spinal metastases following local versus whole vertebral radiotherapy: study protocol for phase II clinical trial
	Abstract 
	Background: 
	Methods: 
	Discussion: 
	Trial registration: 

	Background
	Methods
	Objectives
	Inclusion criteria
	Exclusion criteria
	Drop-out criteria
	Radiotherapy
	Data collection and management
	Measurement of the primary and secondary endpoints
	Statistical analysis and randomization
	Ethics
	Status

	Discussion
	Acknowledgements
	References


