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Abstract 

Background Transcatheter arterial embolization (TAE) has long been used for hemostasis of traumatic or postop-
erative hemorrhage and embolization of tumors. Previous retrospective studies of TAE for painful bone metastases 
showed 60%–80% pain reduction with a median time to response of 1–2 days. Compared with radiotherapy and 
bisphosphonates, time to response appeared earlier than that of radiotherapy or bone-modifying agents. However, 
few prospective studies have examined TAE for this indication. Here, we describe the protocol for a confirmatory study 
designed to clarify the efficacy and safety profile of TAE.

Methods This study will be a multicenter, single-arm confirmatory study (phase 2–3 design). Patients with painful 
bone metastases from any primary tumor are eligible for enrollment. TAE will be the main intervention. Following 
puncture of the femoral artery under local anesthesia and insertion of an angiographic sheath, angiography will 
confirm that the injected region includes tumor vasculature. Catheter position will be adjusted so that the emboliza-
tion range does not include non-target tissues. Spherical embolic material will then be slowly injected into the artery 
to embolize it. The primary endpoint (efficacy) is the proportion of subjects with pain relief at 72 h after TAE and the 
secondary endpoint (safety) is the incidence of all NCI Common Terminology Criteria for Adverse Events version 5.0 
Grade 4 adverse events and Grade ≥ 3 necrosis of the central nervous system.

Discussion If the primary and secondary endpoints are met, TAE can be a treatment choice for painful bone metas-
tases. Trial registry number is UMIN-CTR ID: UMIN000040794.

Trial registration The study is ongoing, and patients are currently being enrolled. Enrollment started in March 2021. 
A total of 36 patients have participated as of Aug 2022.

Protocol Version: Ver1.4, 13/07/2022.
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Background
As life expectancy increases due to recent advances in 
cancer treatment, and the number of cancer patients 
increases due to an increase in cancer incidence result-
ing from an increase in patients surviving stroke and 
other cardiovascular disease, the number of patients with 
bone metastases is also increasing [1]. It is reported that 
approximately 75% of bone metastases are painful [2].

For patients with painful bone metastases, there are 
different approaches to pain relief. Among current stand-
ard treatments, time to pain relief is 4 to 8 weeks in most 
patients receiving radiotherapy [3, 4] and 1 to 3 months in 
responders to bone-modifying agents [5] (30% of treated 
patients). Surgery improves symptoms quite rapidly, but 
is indicated for limited pathologies and is often unfea-
sible due to its invasiveness, depending on the patient’s 
general condition [6]. Analgesics, including opioids, tem-
porarily relieve pain but do not remove its cause.

Arterial embolization is used for hemostasis of trau-
matic or postoperative hemorrhage and for embolization 
to reduce tumor size by ischemia. Previous retrospective 
studies of arterial embolization for painful bone metas-
tases [7–11] showed pain reduction of 60%–80% with a 
median time to response of 1–2  days. Compared with 
radiotherapy and bone-modifying agents, this reported 
time to response is faster. Although arterial emboliza-
tion with a mixture of thrombotic and chemotherapeu-
tic agents, such as trans-arterial chemoembolization 
(TACE) for hepatocellular carcinoma, is a commonly 
used technique, few prospective studies have evaluated 
transcatheter arterial embolization (TAE) without chem-
otherapeutic agents for painful bone metastases.

Here, we report the protocol for a confirmatory study 
of TAE, which aims to clarify the efficacy and safety pro-
files of this treatment.

Methods
Study design
The purpose of this study is to clarify the efficacy and 
safety profile of TAE for painful bone metastases. This 
study is a collaboration between the Japan Interventional 
Radiology in Oncology Study Group (JIVROSG) and the 
Japan Supportive, Palliative, and Psychosocial Oncology 
Group (J-SUPPORT). This protocol has been reviewed by 
the J-SUPPORT Scientific Advisory Board, and approved 
as a JIVROS/J-SUPPORT1903 study (PALEM study).

Patient and public involvement
Cancer survivors and nonmedical persons were invited 
to attend the scientific advisory board meeting of J-SUP-
PORT. From protocol concept to writing the informed 
consent document, they participated in our discus-
sion. Scientific advisory board members are listed on 

the following web page: Committees and Administrative 
Office | J-SUPPORT.

Study setting
This study is a multicenter, single-arm confirmatory 
study to clarify the efficacy and safety profile of TAE for 
painful bone metastases (phase 2–3 design).

All participants will be recruited from 24 hospitals: 
Aichi Medical College, Aichi Cancer Center, Iwate Medi-
cal College, Cancer Institute Hospital of JFCR, Tonan 
Hospital, National Cancer Center Hospital, National 
Cancer Center Hospital East, Shizuoka Cancer Center, 
Juntendo Hospital, Teina Keijinkai Hospital, Hokkaido 
University Hospital, Ryukyu University Hospital, Osaka 
University, Kobe University, Keio University, Saiseikai 
Fukuoka Sogo Hospital, Nara City Hospital, Hakodate 
Goryokaku Hospital, Hyogo Cancer Center, Hyogo Med-
ical University, Fukuchiyama City Hospital, Nara Medical 
Hospital, St. Marianna University Hospital, and Hok-
kaido Cancer Center.

The protocol treatment will be performed on inpatients.
To ensure the safety of subjects, registration will 

be suspended to evaluate safety once 20 subjects are 
recruited. In the exploratory phase, if any CTCAE 
Grade 4 adverse event or a Grade 3 or higher adverse 
event of central nervous system (CNS) necrosis occurs 
in at least 4 of the 20 subjects, the study will be discon-
tinued (stopping rule) (Fig. 1).

Inclusion criteria
Patients fulfilling all the following criteria will be eligible 
for inclusion in this study:

1) Diagnosis of painful bone metastases (multiple 
metastases are acceptable)
2) The most painful bone metastases involve the tho-
racic spine, lumbar spine, pelvis, or rib(s), for which 
arterial embolization is expected to relieve pain
3) No evidence of spinal cord compression on CT or 
MRI scan of the most painful bone metastases
4) Numerical rating scale (NRS) score of ≥ 5 
(Max10) for bone metastatic pain
5) Current use of opioid analgesics
6) No radiotherapy (RT) at the planned site(s) of 
TAE within the preceding 3 months
7) No initiation of new chemotherapy or hormone 
therapy within the preceding 2 weeks
8) Patients with any cancer
9) Life expectancy > 1 month
10) Normal renal function and no bleeding risk
11) Age ≥ 20 years
12) Ability to provide written informed consent to 
participate in the study
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Exclusion criteria
Patients fulfilling any of the following criteria will be 
excluded from this study:

1) Inability to remain in the supine position
2) Inability to describe pain on an NRS [12, 13]
3) History of contrast media allergy
4) Inability to discontinue anticoagulants, antithrom-
botics, or antiplatelet medication other than aspirin
5) Childbearing potential
6) Inappropriate for enrollment in the opinion of the 
investigator or sub-investigator

Intervention for bone metastases
The study treatment will be performed in an angiography 
suite on an inpatient basis. An angiography device that 
can be used in digital subtraction angiography (DSA) is 
necessary. It is desirable that cone beam CT and/or CT 
angiography are available.

As with conventional angiography, the femoral artery is 
punctured under local anesthesia to insert an angiographic 

sheath. Using an imaging catheter (parent catheter: 3 to 5 
Fr) from the sheath, a parent vessel of the feeding artery is 
selected and imaged to localize the tumor and determine 
the vascular morphology. A microcatheter (1.7 to 2.5 Fr) is 
then inserted through the parent catheter to select arteries 
feeding the target lesion. After selecting the feeding arte-
rial branches, angiography is performed to confirm that 
the relevant region includes abundant tumor stain, but not 
blood vessels in which embolization is contraindicated. The 
catheter position is adjusted so that the embolization range 
does not affect non-target tissues. Spherical embolic mate-
rial is then slowly injected into the artery to embolize it 
(Fig. 2). In Japan, spherical embolic material was approved 
for insurance coverage in 2013, and four products (Embo-
sphere®, BioSphere Medical, Rockland MA, USA), DC 
Bead® (Biocompatibles UK, Surrey, UK), HepaSphere® 
(BioSphere), and Embozene® (CeloNova Biosciences, 
Newnan GA, USA) are commercially available as of 2020.

In this study, spherical embolic material will be primar-
ily used to embolize arteries feeding the tumor. Spheri-
cal embolic material has been clinically applied since it 
was commercialized in Europe in the early 1990s. This 

Fig. 1 Study schema this study consists of two sections, the exploratory and confirmatory phases. Registration will be suspended when 20 subjects 
are recruited to analyze the data set rather than investigate all the events individually. (Stopping rule) Recruitment of a total of 120 patients is 
planned

Fig. 2 Example of arterial embolization a. Lumbar artery: DSA before embolization b. Lumbar artery: DSA after embolization
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material is characterized by its reliable embolization 
of target blood vessels, because it is spherical with uni-
form diameter and does not aggregate. In this regard, it 
is unlike conventional gelatin preparations and polyvinyl 
alcohol (PVA), which are irregular in shape and diameter. 
It allows embolization of blood vessels of a specific target 
size with less proximal embolization, and contains fewer 
proinflammatory raw materials.

Permitted concomitant therapies
All cancer treatments (including chemotherapy, immuno-
therapy, and Chinese medicine) that have been used since 
before enrollment in the study can be continued. Hydrox-
yzine, pentazocine, opioid analgesics, dexmedetomidine, 
and midazolam can be used as premedication before TAE. 
For post-embolization syndrome following arterial emboli-
zation, NSAIDs, acetaminophen, rescue opioid analgesics, 
and adjuvant analgesics can be used for transient exacer-
bation of pain, and antiemetics can be used for nausea.

Prohibited concomitant therapies
Subjects may not start any new cancer treatment (includ-
ing surgery, chemotherapy, molecularly-targeted drugs, 
therapeutic antibodies, hormone therapy, immunother-
apy, Chinese medicine, or radiotherapy) between enroll-
ment in the study and assessment at 2 weeks after arterial 
embolization.

Endpoints
Efficacy

The primary endpoint (efficacy) is the proportion of sub-
jects with pain relief at 72 h after TAE.

Compared with standard treatments for painful bone 
metastases, TAE is expected to produce a much more 
rapid response. Good pain relief may be achieved very rap-
idly after the start of palliative care by combining current 
standard treatments with TAE. Therefore, the proportion 
of subjects with pain relief as early as 72 h post-treatment 
is selected as the primary endpoint for immediate efficacy.

The assessment method and response assessment will be 
conducted in accordance with the International Consensus 

on Palliative Radiotherapy Endpoints, an international con-
sensus proposed for clinical trials of palliative radiotherapy 
for bone metastases [14]. A responder is defined as a sub-
ject with a complete response (CR) or partial response (PR).

Safety (secondary endpoint)
The secondary endpoint (safety) is the incidence of all 
CTCAE Grade 4 adverse events and CTCAE Grade ≥ 3 
CNS necrosis associated with the arterial embolization 
procedure.

In this study, the incidence of all CTCAE Grade 4 
adverse events and CTCAE Grade ≥ 3 CNS necrosis 
associated with the arterial embolization procedure will 
be assessed in the 2-week post-TAE observation period.

Secondary endpoints
Incidence of adverse events associated with arterial 
embolization
The incidence of all CTCAE Grade ≥ 2 adverse events 
associated with TAE will be investigated. Further, arte-
rial embolization for painful bone metastases is not 
technically difficult and is thus feasible for clinical 
introduction; given that this may be a key point, the 
proportion of subjects treated with arterial emboliza-
tion is included as another secondary endpoint.

The incidence of adverse events will be calculated 
using the following equation:

Proportion of subjects treated with TAE
The proportion of subjects treated with arterial embo-
lization will be calculated using the following equation:

Proportion of subjects with pain relief at 24 h/7 days/14 days 
after arterial embolization
To investigate the timing, course, and duration of pain 
relief in response to arterial embolization, the propor-
tions of subjects with pain relief at 24 h, 7 days, and 14 
days are included as other secondary endpoints. The pro-
portion of subjects with pain relief will be assessed based 
on the Brief-Pain Inventory-Short Form (BPI-SF) ques-
tionnaire [15].

The proportion of subjects with pain relief will be cal-
culated using the following equation:

(1)incidenceofadverseevents = numberofsubjectswithatleastoneadverseevent/Safetyanalysisset(SAS)

(2)proportionofsubjectstreatedwitharterialembolization = (SAS−subjectsdiscontinuedfromtreatment)/SAS

(3)proportionofsubjectswithpainrelief = (completeresponse+partialresponse)/(FAS−subjectswithmissingdata)
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where “FAS” stands for “Full Analysis Set,”

Proportion of subjects with an improvement in Karnofsky 
Performance Score (KPS)
An improvement in KPS would provide an additional 
reason to use TAE instead of other methods. The propor-
tion of subjects with an improvement in KPS is included 
as another secondary endpoint. An increase or decrease 
of ≥ 1 level will be counted as a significant change.

Proportion of subjects with a complete response
To demonstrate that TAE is more effective than placebo, 
the proportion of complete responders will be assessed.

The proportion of complete responders will be calcu-
lated using the following equation:

The definition of an analysis set is the population of 
subjects enrolled in the study, excluding those who are 
doubly or wrongly registered (Table 1).

Proportion of subjects with motion pain relief
In addition, since pain with motion is generally uncon-
trollable, it would be clinically significant to demon-
strate an improvement in this variable with TAE. The 

(4)proportionofcompleteresponders = completeresponse/(FAS−subjectswithmissingdata)

proportion of subjects with decreased pain with motion 
will be assessed based on the BPI-SF questionnaire. It will 
be comprehensively determined based on the improve-
ment in maximum pain measured by Item 3 and the 
improvement in motion measured by Item 9.

Participant timeline
Patients will be registered online before the TAE protocol 
is initiated.

After protocol treatment starts, several evaluations for 
pain and a general examination will be performed at 24 
h, 72 h, 7 days, and 14 days after protocol treatment. The 
assessment schedule from enrollment to 2  weeks after 
protocol treatment is shown in Table 2.

Sample size
The clinical hypothesis is that patients with painful bone 
metastases can be safely treated with arterial emboliza-
tion for immediate pain relief.

The early response rate after arterial embolization must 
exceed that after radiotherapy in order for arterial embo-
lization to be established as a new palliative therapy. 
Since the early response rate was reported to be 26% at 1 

Table 1 The definition of each analysis set

Analysis set Definition

All enrolled subjects Population of subjects enrolled in the study, excluding those who are doubly or wrongly registered

Full analysis set (FAS) Population of all enrolled subjects, excluding the following subjects:

● Subjects who are found ex post facto to be ineligible (fail to meet all of the eligibility criteria or meet any of the exclusion 
criteria) based on information obtained in accordance with the protocol

● Subjects who are found to be ineligible based on information obtained after enrollment or unscheduled examination 
results

● Subjects who have never received transcatheter arterial embolization (non-implementation)

● Subjects from whom no data have been collected after enrollment, except information at enrollment into the study

Safety analysis set (SAS) Population of all enrolled subjects who have been treated with arterial embolization at least once

Per protocol set (PPS) Population of subjects in the FAS who are in compliance with the protocol

Table 2 Time Schedule

Pretreatment Arterial 
embolization

24 h (± 3 h) 72 h (± 3 h) 7 d (± 1 d) 14 d (± 2 d)

Karnofsky Performance Status (KPS) 〇 〇 〇 〇 〇
Numerical rating scale (NRS) 〇
Brief Pain Inventory 〇 〇 〇 〇
Quantity of morphine used per day 〇 〇 〇 〇 〇
Blood exam 〇 〇
CTCAE ver 5.0 (safety profile) 〇  → always checked → 〇
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week after radiotherapy [16], it is assumed to be lower at 
72 h after radiotherapy.

Assuming that the threshold for the proportion of 
subjects with pain relief at 72  h after arterial emboliza-
tion, i.e., the primary efficacy endpoint, is 26%, and the 
expected response rate is 40%, which represents the min-
imum clinical utility, at least 113 patients are required to 
provide a power of 90% at a one-sided significance level 
of 2.5% (normal approximation test).

On the other hand, an adverse event associated with 
TAE, which is the primary safety endpoint, is defined 
as any CTCAE Grade 4 adverse event or Grade ≥ 3 CNS 
necrosis. As described in “Common Adverse Events Asso-
ciated with Arterial Embolization,” adverse events (includ-
ing mild events) have been reported in 5% to 7% of patients 
who undergo arteriography, 10% of patients treated with 
arterial embolization, and approximately 15% of patients 
treated with TACE. Considering that patients in poor 
general condition will be included in this study, the unac-
ceptable threshold incidence for the clinical use of this 
treatment is set at 15%, equal to that for TACE for hepato-
cellular carcinoma [17]. Assuming that the incidence will 
actually be approximately 5% in this study where no anti-
cancer drugs will be used concomitantly; and that bones 
will be treated, at least 96 patients are required to provide 
a power of 90% at a one-sided significance level of 2.5% 
(normal approximation test) (Fig. 1).

Allocation
Not applicable.

Masking
This is not a blinded study for either clinicians or 
patients.

Data collection methods
The investigators will maintain individual records for 
each patient as source data, including a copy of informed 
consent, medical records, laboratory data, image data, 
patient diary, and other records or notes. All data will be 
collected by the J-SUPPORT Data Center at the National 
Cancer Center. Clinical data entry, data management, 
and central monitoring will be performed using an elec-
tronic data capture (EDC) system, Viedoc® 4 (PCG Solu-
tions, Uppsala, Uppsala Lan, Sweden). Patient-reported 
outcomes will be collected using ePRO, Viedoc® Me 
(PCG Solutions).

Statistical methods of analysis
As defined in the Section “Primary Endpoints,” the pro-
portion of subjects with pain relief 72 h after arterial 
embolization and its two-sided 95% confidence interval 
(Clopper-Pearson method) will be calculated. It will be 

determined whether the lower limit of the two-sided 95% 
confidence interval is > 26%, the threshold response rate 
established at the time of study design. For reference, the 
p-value will be calculated by a binomial test.

Safety will be evaluated in the Safety Analysis Set 
(SAS) (Table  2). As defined in “Safety,” the incidence 
of all CTCAE Grade 4 adverse events and CTCAE 
Grade ≥ 3 adverse events of CNS necrosis associated 
with TAE and its two-sided 95% confidence interval (CI) 
(Clopper-Pearson method) will be calculated. It will be 
determined whether the upper limit of the two-sided 
95% CI is < 15%, the threshold incidence established at 
the time of study design. For reference, the p-value will 
be calculated by a binomial test.

Handling of missing values and outliers
In principle, all analyses will be performed without impu-
tation of missing values or outliers. However, if it is found 
before data lock that missing values or outliers may sig-
nificantly affect analysis results, countermeasures will be 
described in a statistical analysis plan.

Discussion
In this study, we will examine the effect of TAE in pro-
viding immediate pain relief (within 3 days) for pain-
ful bone metastases. Palliative radiotherapy is one of 
the most commonly used modalities for painful bone 
metastases; however, its median time to pain relief is 4–8 
weeks. Painkillers, including opioid analgesics, temporar-
ily relieve pain but do not remove its cause. Therefore, 
a modality which can achieve immediate pain relief and 
remove its cause is necessary in this field. TAE may have 
the potential to achieve these goals.

Since there is no standard treatment to compare with 
TAE for relieving bone metastatic pain in as short as a 
few days, this study will be conducted with a single arm. 
Because no quickly effective standard treatment is avail-
able, TAE, if shown to be quickly effective, will serve as a 
useful treatment option in clinical practice. In that case, 
TAE will be practically handled as one of several stand-
ard approaches; therefore, this study will be conducted 
as a confirmatory study. The study will also be conducted 
as a single-arm confirmatory study without controls in 
accordance with the Research Policy of Supportive and 
Palliative Care in Japan [18].

Because TAE’s safety and efficacy have not been con-
firmed in a palliative setting, a prospective confirmatory 
trial is needed. Considering that palliative radiotherapy, 
pain killers, and TAE can be combined, we feel a rand-
omized control study design comparing TAE with these 
other modalities is not necessary. In order to preserve the 
reliability of the results, we will evaluate efficacy and safety 
by maintaining strict thresholding and stopping rules.



Page 7 of 8Zenda et al. BMC Cancer          (2023) 23:109  

TAE is not a major tool in this field at present. If the 
primary and co-primary endpoints are met, TAE can be 
a treatment choice for painful bone metastases, and these 
results will potentially provide many benefits for all eligi-
ble patients with painful bone metastases.

Abbreviations
BPI-SF  Brief Pain Inventory-Short Form
CNS  Central nervous system
CRF  Case Report Form
CTCAE  Common Terminology Criteria for Adverse Events
EDC  Electronic Data Capture
JIVROSG  Japan Interventional Radiology in Oncology Study Group
J-SUPPORT  Japan Supportive Palliative and Psychosocial Oncology Group
KPS  Karnofsky Performance Status
NRS  Numeric Rating Scale
SAS  Safety Analysis Set
TACE  Transcatheter Arterial Chemoembolization
TAE  Transcatheter Arterial Embolization

Acknowledgements
The authors thank in advance all the patients, investigators and institutions 
involved in this study. We thank Libby Cone, MD, MA, from DMC Corp. (www. 
dmed. co. jp <http:// www. dmed. co. jp/ >) for editing drafts of this manuscript.

Authors’ contributions
Study concept was conceived by SZ, YA and Bone Metastases Working Group 
members (SS1, YI, KH, NN, EK, YM, and TT). Study design was devised by KY, 
TK, SS1, MY, TM, TO, and TM. YA was the primary author of the protocol, but all 
authors contributed to some part. SZ, YA, YU, and MS wrote the main manu-
script, and KY, YS, TK, TM, and SS1 made a manual of the stopping rule. TM, TK, 
SS2, MY, and TO made an electric data capture (EDC) system for this trial. All 
authors have read and approved the final manuscript.

Funding
This study is supported by Japan Agency for Medical Research and Develop-
ment (20ck0106601h0001) and mainly used for making placebo and the 
construction of electric data collection (EDC).
This study protocol has been undergone full external peer review by 
J-SUPPORT scientific advisory meeting.
The funding body played 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
The datasets will be available from the corresponding author on reasonable 
request.
For data management at participating institutions, source documents and 
linkable anonymizing correspondence tables will be appropriately managed 
as the responsibility of the site investigator. Since the case report form (CRF) 
will be managed electronically using the electronic CRF (eCRF), the site inves-
tigator, sub-investigator, and study collaborators will pay maximum attention 
to security management.
Study-related data will be stored at participating institutions for 5 years after 
end-of-study report or 3 years after all study-related publication, whichever 
is longer, but desirably for as long as possible. After the retention period, 
any study-related sample or information will be discarded only after being 
anonymized. After completion of the study, the raw data collection or data set 
created for analysis at the data center will be returned to the study representa-
tive and stored by the study representative. Auditing will be carried out by 
each institution’s audit system.
Only clinical data managers at the central data center have access to reported 
case data through the EDC system during the study conduct. The data man-
ager will transfer the final data set to the principal investigator after statistical 
analysis and the data will be stored in the electronic format.
The findings of this trial will be submitted to an international peer-reviewed 
journal and the key findings will be presented at international scientific con-
ferences.　Authorship will be ascribed in accordance with the International 
Committee of Medical Journal Editors guidance.

Declarations

Ethics approval and consent to participate
This study protocol was approved by National Cancer Center Hospital Institu-
tional Review Committee (IRB).
Modifications to the study protocol will be communicated to the IRB at 
National Cancer Center Hospital. The IRB will revise the informed consent 
materials to be given to participants and adapt them to accord with our insti-
tution’s guidelines. The protocol was amended as version 1.4 as of September 
2022.
Personal information such as name, address and medical ID will not be 
collected.
The central institutional review board approved this protocol before patient 
enrollment. (UMIN-000040794).
All patients will be required to provide written informed consent to 
participate.
This study is performed in accordance with Ethical Guidelines for Medical and 
Health Research Involving Human Subjects published by Japan’s Ministry of 
Education, Science, and Technology and the Ministry of Health, Labour, and 
Welfare and the modified Act on the Protection of Personal Information as 
well as the Declaration of Helsinki. This study was approved by the institu-
tional ethics committee at the National Cancer Center on March 2020 first. The 
ethical approval was obtained from all participating sites.

Consent for publication
All patients will be required to provide written informed consent for publica-
tion of the results.

Competing interests
None declared.

Author details
1 Department of Radiation Oncology, National Cancer Center Hospital East, 
6-5-1 Kashiwanoha, Kashiwa Chiba, Japan. 2 Department of Supportive 
and Palliative Care Research Support Office, National Cancer Center Hospital 
East, 6-5-1 Kashiwanoha, Kashiwa Chiba, Japan. 3 Department of Radiology, 
National Cancer Center Hospital East, 6-5-1 Kashiwanoha, Kashiwa Chiba, 
Japan. 4 Department of Radiology, National Cancer Center Hospital East, 5-1-1 
Tsukiji Chuo-Ku, Tokyo, Japan. 5 Department of Diagnostic and Interventional 
Radiology, Aichi Cancer Center, 1-1, Kanokoden, Chikusa-Ku, Nagoya, Aichi 
464-8681, Japan. 6 Department of Radiology, St. Marianna University School 
of Medicine, Sugao 2-16-1, Miyamae, Kawasaki, Kanagawa, Japan. 7 Depart-
ment of Biostatistics, Yokohama City University, 3-9 Fukuura Kanazawa-Ku, 
Yokohama City, Kanagawa, Japan. 8 Department of Practical Pharmacy, 
Tokyo University of Pharmacy and Life Sciences, 1432-1 Horinouchi Hachioji, 
Tokyo, Japan. 9 Division of Supportive Care, Survivorship and Translational 
Research, Institute for Cancer Control, National Cancer Center, 5-1-1 Tsukiji, 
Tokyo 104-0045, Japan. 10 Department of Radiation Oncology, St. Marianna 
University School of Medicine, Sugao 2-16-1, Miyamae, Kawasaki, Kanagawa, 
Japan. 11 Department of Musculoskeletal Oncology, National Cancer Center 
Hospital, 5-1-1 Tsukiji Chuo-Ku, Tokyo, Japan. 12 Department of Orthopedic Sur-
gery, Juntendo University School of Medicine, 3-1-3 Hongo Bunkyo-Ku, Tokyo, 
Japan. 13 Department of Palliative Care, Cancer Institute Hospital of JFCR, 
3-8-31 Ariake Koto-Ku, Tokyo, Japan. 

Received: 2 November 2022   Accepted: 10 January 2023

References
 1. Migliorini F, Maffulli N, Trivellas A, Eschweiler J, Tingart M, Driessen A. 

Bone metastases: a comprehensive review of the literature. Mol Biol Rep. 
2020;47(8):6337–45.

 2. Wagner G. Frequency of pain in patients with cancer. Recent Results 
Cancer Res. 1984;89:64–71.

 3. Chow E, Zeng L, Salvo N, Dennis K, Tsao M, Lutz S. Update on the sys-
tematic review of palliative radiotherapy trials for bone metastases. Clin 
Oncol (R Coll Radiol). 2012;24(2):112–24.

http://www.dmed.co.jp
http://www.dmed.co.jp
http://www.dmed.co.jp/


Page 8 of 8Zenda et al. BMC Cancer          (2023) 23:109 

•
 
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 •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

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

 4. Steenland E, Leer JW, van Houwelingen H, Post WJ, van den Hout WB, 
Kievit J, et al. The effect of a single fraction compared to multiple frac-
tions on painful bone metastases: a global analysis of the Dutch bone 
metastasis study. Radiother Oncol. 1999;52(2):101–9.

 5. Wong R, Wiffen PJ. Bisphosphonates for the relief of pain secondary to 
bone metastases. Cochrane Database Syst Rev. 2002;2002(2):CD002068.

 6. Ciray I, Lindman H, Astrom KG, Bergh J, Ahlstrom KH. Early response of 
breast cancer bone metastases to chemotherapy evaluated with MR 
imaging. Acta Radiol. 2001;42(2):198–206.

 7. Marciel AM, Van Zandt BL, Baxter AJ. Transcatheter arterial emboliza-
tion for the palliation of painful bone lesions. Tech Vasc Interv Radiol. 
2011;14(3):141–9.

 8. Eustatia-Rutten CF, Romijn JA, Guijt MJ, Vielvoye GJ, van den Berg R, 
Corssmit EP, et al. Outcome of palliative embolization of bone metas-
tases in differentiated thyroid carcinoma. J Clin Endocrinol Metab. 
2003;88(7):3184–9.

 9. Rossi C, Ricci S, Boriani S, Biagini R, Ruggieri P, De Cristofaro R, et al. 
Percutaneous transcatheter arterial embolization of bone and soft tissue 
tumors. Skeletal Radiol. 1990;19(8):555–60.

 10. Barton PP, Waneck RE, Karnel FJ, Ritschl P, Kramer J, Lechner GL. Emboliza-
tion of bone metastases. J Vasc Interv Radiol. 1996;7(1):81–8.

 11. Koike Y, Takizawa K, Ogawa Y, Muto A, Yoshimatsu M, Yagihashi K, et al. 
Transcatheter arterial chemoembolization (TACE) or embolization (TAE) 
for symptomatic bone metastases as a palliative treatment. Cardiovasc 
Intervent Radiol. 2011;34(4):793–801.

 12. Cleeland CS, Ryan KM. Pain assessment: global use of the brief pain 
inventory. Ann Acad Med Singap. 1994;23(2):129–38.

 13. Uki J, Mendoza T, Cleeland CS, Nakamura Y, Takeda F. A brief cancer pain 
assessment tool in Japanese: the utility of the Japanese Brief Pain Inven-
tory–BPI-J. J Pain Symptom Manage. 1998;16(6):364–73.

 14. Chow E, Wu JS, Hoskin P, Coia LR, Bentzen SM, Blitzer PH. International 
consensus on palliative radiotherapy endpoints for future clinical trials in 
bone metastases. Radiother Oncol. 2002;64(3):275–80.

 15. Bonafe FSS, de Campos LA, Maroco J, Campos J. Brief pain inventory: a 
proposal to extend its clinical application. Eur J Pain. 2019;23(3):565–76.

 16. Jeremic B, Shibamoto Y, Acimovic L, Milicic B, Milisavljevic S, Nikolic N, 
et al. A randomized trial of three single-dose radiation therapy regimens 
in the treatment of metastatic bone pain. Int J Radiat Oncol Biol Phys. 
1998;42(1):161–7.

 17. Gaba RC, Lokken RP, Hickey RM, Lipnik AJ, Lewandowski RJ, Salem R, et al. 
Quality improvement guidelines for transarterial chemoembolization and 
embolization of hepatic malignancy. J Vasc Interv Radiol. 2017;28(9):1210-
23 e3.

 18. Zenda S, Uchitomi Y, Morita T, Yamaguchi T, Inoue A. Establishment of 
a research policy for supportive and palliative care in Japan. Jpn J Clin 
Oncol. 2021;51(4):538–43.

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


	Protocol for a confirmatory trial of the effectiveness and safety of palliative arterial embolization for painful bone metastases
	Abstract 
	Background 
	Methods 
	Discussion 
	Trial registration 

	Background
	Methods
	Study design
	Patient and public involvement
	Study setting
	Inclusion criteria
	Exclusion criteria

	Intervention for bone metastases
	Permitted concomitant therapies
	Prohibited concomitant therapies
	Endpoints
	Efficacy

	Safety (secondary endpoint)
	Secondary endpoints
	Incidence of adverse events associated with arterial embolization
	Proportion of subjects treated with TAE
	Proportion of subjects with pain relief at 24 h7 days14 days after arterial embolization
	Proportion of subjects with an improvement in Karnofsky Performance Score (KPS)
	Proportion of subjects with a complete response
	Proportion of subjects with motion pain relief

	Participant timeline
	Sample size
	Allocation
	Masking
	Data collection methods
	Statistical methods of analysis
	Handling of missing values and outliers

	Discussion
	Acknowledgements
	References


