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Simple Summary: This study examines the use of transarterial embolization (TAE) combined with
radiotherapy (RT) for treating bone metastases, which can cause severe pain and complications. By
combining TAE and RT, the researchers aimed to evaluate whether this approach improves disease
control and pain relief more effectively than RT or TAE alone. A review of studies found that TAE
plus RT may offer better local tumor control and quicker, longer-lasting pain relief than RT alone,
though it is linked to mild, temporary side effects. Despite promising findings, the limited number of
studies and data make the overall quality of evidence very low. More research is needed to confirm
the benefits and risks of this combined treatment.

Abstract: This study systematically reviews the efficacy and safety of combining transarterial embolization
(TAE) with radiotherapy (RT) for managing bone metastases (BM), assessing clinical response (CR), and
local control (LC). A literature search using PubMed, Scopus, Web of Science, Medline Plus, and the
Cochrane Library identified three relevant studies with 74 patients and 103 BM. One study included local
chemotherapy infusion with TAE. All studies reported CR rates, though one used skeletal-related events
as a surrogate, while only one study provided LC rates. Adverse events were noted across all studies. A
quantitative analysis of CR rates showed a relative risk (RR) of 0.15 (confidence interval (CI): 0.03-0.69)
favoring TAE plus RT over RT alone, while no significant differences were observed between TAE plus RT
and TAE alone (RR: 0.91; CI: 0.51-1.63). The combined TAE and RT approach demonstrated effectiveness
in local tumor control and produced faster, longer-lasting pain relief than RT alone, although TAE was
associated with a mild, transient increase in side effects. While TAE plus RT shows potential benefit and
acceptable toxicity, the current evidence is of low quality.
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1. Introduction

Bone metastases (BM) are the most common malignant skeletal lesions [1,2]. Up to
65% of BM originate from breast tumors in woman and from prostate tumors in men;
the remaining 35% of BM cases arise from kidney, thyroid, and lung cancers [1]. In total,
69% of BM occur in the vertebrae, followed by pelvic bones, long bones, and the skull [3].
BM significantly influence patients’ quality of life due to pain, pathological fractures, and
compression of nearby structures such as nerves. Pain is the most common skeletal-related
event (SRE) and may be the first symptom in approximately 20% of patients [4]. Current
treatment modalities to manage pain and prevent fractures are medical therapy, surgery,
and radiotherapy (RT); the latter considered the best evidence-based non-interventional
treatment for BM-related pain, even though some neoplasms (renal tumor or melanoma)
are radio-resistant [5]. Pain relief usually starts 1-2 weeks after treatment initiation, and is
observed in less than 60% of patients, with recurrent symptoms in up to 50% of cases [5].
Additionally, retreatment is not recommended if the maximal radiation dose has already
been delivered and no immediate bone consolidation is provided [5]. However, RT re-
mains the most common treatment for BM [2,6]. In this setting, interventional radiology
procedures may play an important and complementary role to manage BM [2-7]. Thermal
ablation is an effective tool that can be performed with curative or palliative intent [8-10].
Furthermore, some studies proposed a combined approach using RT and percutaneous
treatments showing better results in terms of pain relief and local control when compared
to a single treatment modality, without a significant increase in morbidity [8-10]. Minimally
invasive procedures, such as balloon kyphoplasty or percutaneous vertebroplasty, may
be beneficial in patients who have vertebral metastases without neurological compromise
but with persistent pain [11]. Transarterial embolization (TAE) is another tool in the hands
of the interventional radiologist which can be applied in the case of hypervascular BM to
reduce pain and achieve bone consolidation. A large series of patients who underwent em-
bolization of BM reported >50% and 97% pain relief and analgesic consumption reduction,
respectively [12,13]. Embolization and radiotherapy are both effective therapeutic tools for
managing pain and controlling disease in the context of BM. However, their combined use
is not common.

The present systematic review was performed to assess the efficacy and the safety
of the combined treatment of TAE plus RT compared to TAE and RT used alone, for the
treatment of painful BM in terms of clinical response (CR), local disease control (LC), and
adverse events (AE).

2. Materials and Methods
2.1. Development of Clinical Question

The clinical question was developed based on the P.I.C.O. framework: population
(P), intervention (I), comparison (C), and outcomes (O). The clinical question was for (P)
in painful BM, is TAE plus RT (I) superior when compared with RT or TAE alone (C), in
relation to the outcomes (O) of benefit and harm?

2.2. Search Strategy and Evidence Selection

This systematic review was conducted in accordance with the PRISMA guidelines [14].
The protocol is registered with INPLASY, INPLASY2024110073.

We performed a comprehensive literature search using PubMed, Scopus, WebOf-
Science, Medline Plus, and the Cochrane Library to identify full-text articles evaluating
the efficacy and safety of TAE plus RT compared to TAE or RT alone in BM. The website
ClinicalTrials.gov was searched for ongoing or recently completed trials, and PROSPERO
was searched for ongoing or recently completed systematic reviews. Further research
was manually conducted through a reference check from the selected articles. The stud-
ies were identified using the following medical subject headings (MeSH) and keywords:
“embolization”, “radiotherapy”, and “bone metastases”. The search strategy was (“em-
bolization” [MESH] OR “chemoembolization” [All fields]) AND (“radiotherapy” [MESH])
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OR “radiotherapy” [All fields]) AND (“bones” [MESH]) OR “osseous” [All fields]) AND
(“metastases” [MESH]) OR “metastases” [All fields]). The search was restricted to papers
published in English. Articles were selected for a full-text review based on title and abstract.
We analyzed only clinical studies reporting on patients with BM who underwent TAE and
RT, alone and/or as combined therapy. Conference papers, surveys, letters, editorials, book
chapters, case reports, and reviews were excluded. A time restriction (1990-2024) of the
publication was considered. Studies were identified through a search process performed
by three independent reviewers (MR, AV, and PC), and uncertainty regarding eligibility
was resolved by a multidisciplinary committee (VL, AP, and BF). Eligible citations were
retrieved for a full-text review. Outcomes of benefit and harm were defined. The multidisci-
plinary committee coordinated the project and performed the final independent check and
the definitive approval of the review (AV, MR, CM, DDL, EG, LT, and RI). The GRADEpro
Guideline Development Tool (GDT) (McMaster University, 2015) was used to create a
Summary of Findings table in the Cochrane systematic reviews. The quality assessment
showed high clinical and methodological heterogeneity and risks of bias in the included
studies; therefore, meta-analysis outcomes were not reported, and quantitative analysis
was possible only on CR rates.

2.3. Identification of Outcomes

Among outcomes of benefit, CR rates were based on the patient’s subjective pain score:
complete pain relief (CpR) defined as complete freedom from pain without analgesics;
partial pain relief (PpR) defined as reduced pain but still requiring analgesics; no pain
relief (NpR). LC rates were based on imaging evaluation, defining a complete response
as a >50% decrease in tumor size, a partial response as a <50% decrease in tumor size, a
stable response was defined as no change in tumor size, whereas progressive disease was
defined as an increase in tumor size. The identified outcome of harm included local and
systemic AE.

2.4. Quality of Evidence Evaluation

Certainty of evidence for all selected outcomes was performed according to the
GRADE approach, considering study limitations, imprecision, indirectness, inconsistency,
and publication biases. The certainty level starts at a higher pre-specified level for random-
ized controlled trials, but levels of certainty can be downgraded if limitations in one of the
above-mentioned domains are detected. Evidence was classified as having high, moderate,
low, and very low levels of certainty.

2.5. Benefit/Harm Balance and Clinical Recommendation

Based on the summary of evidence, the following judgments on the benefit-to-risk
ratio between intervention and comparison were stated: favorable, uncertain/favorable,
uncertain, uncertain/unfavorable, and unfavorable (both for intervention and comparison).
The strength of the recommendation is considered as strong positive, conditional positive,
uncertain, conditional negative, or strong negative.

3. Results
3.1. Search Strategy Results and Details of the Identified Relevant Studies

In total, 64 potentially relevant studies were identified through the database searches
after duplicates and title removal. These articles were screened at title and abstract level,
and 56 of them were excluded. During the full-text evaluation of the remaining 8 papers,
3 were excluded due to the lack of a comparison between TAE and RT groups, whereas
2 were excluded due to the lack of a combined therapeutic group (TAE plus RT). Three
original manuscripts were eventually selected for analysis (Figure 1).
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Figure 1. Study selection process.

3.2. Studies Characteristics

The systematic review of the three studies was performed on 74 patients (19 female,
median age 62.9 years (range 36-82 years), with a total of 103 BM included. In all the
studies, patients presented single and multiple bony metastases [15-17]. Study design
characteristics, CR rates, follow-up, and LC and AE rates were recorded (Table 1). Median
follow-up ranged between 0.5 and 103 months (median: 6 months) [15-17]. BM were from
hepatocellular carcinoma (HCC), renal cell carcinoma (RCC), and differentiated thyroid
cancer [15-17]. Local chemotherapy drug infusion was performed in addition to TAE in
one study [16]. Gel-sponge particles, polyvinyl alcohol (PVA) particles, microspheres, and
coils were the embolic agents used to achieve target arterial embolization [15-17].

Table 1. Study design characteristics, CR, follow-up, LC and AE.

Onset of

. o ° Median Technical - N .
Author Study Primary Therapy N N Follow-Up Success CR (%) Imhal.Pam CRat the Maxlmun}’ LOC AE (%)
Tumor Patients Lesions o Relief Follow-up Reported (%) (%)
(Months) (%)
(Days)
Uemura et al. .
001) [15] retrospective HCC RT + TAE “ 16 60566) 26/28 (93) 15/16 (94) 4.8 at 6 month 12/15 (80) N/A 38/63 (60)
TAE - 9 ) 8/9(89) 4.7 at 6 month 2/8 (25) N/A 21/63 (33)
RT 9 N/A 8/9 (89) 15 at 6 month 1/8 (12) N/A 4/63(7)
Heianna et al. . 9/11
retrospective RCC RT + TACE 9 11 9(2-29) N/A 11/11 (100) N/A at 24 month (100) 4/9 (44)
(2019) [16] (82)
RT 16 17 10 (1-38) N/A 8/17 (47) N/A at 24 month (42) %;)5 2/16 (13)
Eustatia-Rutten - Thyroid
etal. (2003) [17] retrospective -y cinoma RT+TAE 16 2 (2-103) 41/41(100  10/2062) N/7A N/A N/A 2/41(5)
TAE 15 6/9 (60) N/A N/A N/A

Abbreviations: RT: radiotherapy; TAE: transarterial embolization; TACE: transarterial chemoembolization; CR:
clinical response; LC: local control; AE: adverse events; HCC: hepatocellular carcinoma; RCC: renal cell carcinoma,
N/A: not applicable.

In all the studies, patients presented single and multiple bony metastases.

3.3. Studies Description

Uemura et al. investigated the treatment of BM from HCC [15]. The authors evaluated
pain relief and pain recurrence in 33 patients (34 BM) presenting with osseous pain. BM
were divided into three treatment groups: RT alone (group A, n =9), TAE plus RT (group B,
n = 16), and TAE alone (group C, n = 9). In the cases of combined therapies, RT sessions
were commenced 1-6 days after TAE. Each treatment was effective, achieving an initial CR
of 89%, 94%, and 89% in group A (0% CpR, 89% PpR; 8/9 cases), group B (13% CpR, 81%
PpR; 15/16 cases), and group C (22% CpR, 67% PpR; 8/9 cases), respectively. TAE provided
more prompt pain relief (p < 0.01), with a mean time interval between the beginning
of each treatment and the onset of initial pain relief of 15, 4.8, and 4.7 days for group
A, B, and C, respectively. Mean follow-up was 182 days, with a range of 16-1977 days.
The combined therapy of TAE plus RT provided a higher rate of permanent pain relief
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(p < 0.05); pain recurrence after initial pain relief was 20% for the combined group (group
B), whereas it was 88% and 75% for groups A and C, respectively. Therefore, regarding the
patients with CR, the persistent pain relief at maximum median follow-up (6 months) was
12% (1/8 cases), 80% (12/15), and 25% (2/8) for groups A, B, and C, respectively. Three
BM underwent two consecutive TAE sessions at 10-17 days interval, for a total of 28 TAE
performed with gel-sponge particles, PVA particles, and coils; of these, 26 (93%) determined
a complete interruption of blood supply or a significant decrease in tumor vascularity at
post-procedural angiography, without complications [15]. Heianna et al. published a
retrospective study describing the therapeutic results in 25 patients with RCC (28 BM) [16].
The authors added a chemotherapy drug infusion to TAE to improve its efficacy. One
group of patients received RT (16 patients, 17 BM), while the other received combined
treatment (9 patients, 11 BM), with TAE performed after completion of RT session. Cisplatin
(in patients with good renal function) and carboplatin (in patients with impaired renal
function) were used as a local chemotherapy drug. Embolizing microparticles determined
the disappearance of tumor contrast enhancement at post-procedural angiography. No
patients received any systemic chemotherapy or bone-modifying agent during treatment.
In terms of outcome, the authors considered the skeleton-related events (SRE), defined as
local pain, pathological fractures, spinal cord compression, and need of bone surgery. None
of the patients in the combined group suffered from SRE, while 53% of lesions in the RT
monotherapy group presented with SRE. The 2-years SRE-free rates in the monotherapy
and combination therapy groups were 42% and 100%, respectively (p = 0.009). Two patients
in the monotherapy group died before completing the LC evaluation. LC rates were worse
for RT alone than combined therapy (33% and 82%, respectively; p = 0.009), whereas median
tumor reduction rates were -2% and 18%, respectively (p = 0.014). Although pre-treatment
median tumor size in the combined therapy group was significantly larger than that in the
monotherapy group (p = 0.005), LC and tumor reduction rates of combined therapy were
significantly higher than those of RT alone [16]. The retrospective study of Eustatia-Rutten
etal. evaluated the long-term effects of embolization in 16 patients with symptomatic BM of
differentiated thyroid carcinoma [17]. All patients were treated by thyroidectomy followed
by radioiodine ablation therapy. A total of 41 embolization procedures were performed,
using PVA particles; additional therapies (radioiodine, RT, and/or surgery) were associated
with 26 TAE; more specifically, RT of BM was performed before embolization in 6 patients
(8 TAE), and after embolization in 6 patients (7 TAE). Technical success was obtained in all
41 TAE. Successful embolization was defined as an improvement in clinical symptoms for
at least 1 month without tumor progression at radiological examination (CT or MRI); this
definition, therefore, includes both CR and LC. No success rate differences were observed
between TAE procedures that were or were not preceded or followed by RT (62% and 60%,
respectively, p = 0.923), even though the success duration was highly variable. Overall
median efficacy duration was 11 months (range 1-84), significantly differing between TAE
with and without RT: 15.5 versus 7 months, respectively (p = 0.192) [17].

3.4. Outcomes of Benefit

In terms of CR, overall quantitative analysis using the inverse variance-weighted
average method showed a RR of 0.15 (CI: 0.03-0.69) in favor of combined therapy compared
to RT alone. On the contrary, the same quantitative analysis demonstrated no significant
difference between the combined therapy and TAE alone (RR 0.91; CI: 0.51-1.63) in terms
of CR.

LC was reported only by Heianna et al., with worse rates for RT alone than TAE plus
RT (33% and 82%, respectively; p = 0.009) [16]. In the study by Eustatia-Rutten et al., LC
was assimilated in the CR definition and, therefore, is difficult to extrapolate [17]. The
Summary of Findings table for outcomes of benefit is reported in Table 2. The certainty of
evidence was judged as “very low” for each outcome of benefit for the following reasons:
indirectness for differences in outcome measures (surrogate outcomes), imprecision for
sample size, and selection bias [15-17].
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Table 2. Summary of Findings table for outcomes of benefit.

Certainty Assessment Ne of Patients Effect
g:u(:if- Study Risk of Bias  Inconsistency Indirectness Imprecision Other Con- TAE/TACE + TAE or RT Relative Absolute Cortainty
ies Design y p siderations RT Alone (95% CI) (95% CI)

CR (Uemura A, Eur Radiol. 2001) (follow up: median 6 months; evaluated with: events; primary tumor site: HCC)

CR (CpR + PpR) 94% in TAE + RT group vs. 89% in the TAE alone
group vs. 89% in RT alone group.
1 Observational Serious @ Not serious Not serious Serious ¢ None TAE + RT group vs. RT alone group: RR 0.53 (0.04-7.44) - Very low
TAE + RT group vs. TAE alone group: RR 0.53 (0.04-7.44)
6-months CR (CpR + PpR) 80% in TAE + RT group vs. 25% in the
TAE alone group vs. 12% in RT alone group (p < 0.05)
The earliest onset of initial CR after treatment was 4.8 days
for TAE + RT group vs. 4.7 days for TAE alone group vs. 15 days for
RT alone group (p < 0.01)

SRE (Heianna J, Eur Radiol. 2020) (median follow up: 9 months in TACE + RT group, 10 months in RT group; evaluated with: event; primary tumor site: RCC)

SRE-free rate 100% in the TACE + RT group vs. 47% in the RT
alone group

. . . b . )
1 Observational Serious @ Not serious Serious Serious ¢ None TACE + RT group vs. RT alone group: RR 0.08 (0.01-0.52) Very low
2 years SRE-free rate 100% in the TACE + RT group vs. 42% in RT
alone group (p = 0.009)
LC (Heianna J, Eur Radiol. 2020) (median follow up: 9 months in TACE + RT group, 10 months in RT group; evaluated with: event; primary tumor site: RCC)
o/ o/ s
1 Observational ~ Serious ? Not serious ~ Not serious Serious ¢ None LC82% in the TACE + RT group vs. 33% in RT alone group - Very low

(p = 0.009)
CR (Eustatia-Rutten CF, ] Clin Endocrinol Metab. 2003) (follow up: range 2-103 months; evaluated with: event; primary tumor site: thyroid)

CR 62% in TAE + RT group vs. 60% in TAE alone group (p = 0.923)

1 Observational Serious 2 Not serious Serious P Serious ¢ None TAE + RT group vs. TAE alone group: RR 0.94 (0.52-1.70) - Very low
The median duration of CR was 15.5 months in TAE+RT vs. 7

months in TAE alone group (p = 0.192)

Abbreviations: RT: radiotherapy; TAE: transarterial embolization; TACE: transarterial chemoembolization; CR: Clinical response; CpR: complete pain relief; PpR: Partial pain relief;
LC: local control; SRE: Skeleton related events; HCC: hepatocellular carcinoma; RCC: renal cell carcinoma. CI: Confidence interval. a. Selection bias. b. Surrogate outcome.
c¢. Small population.
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3.5. Outcomes of Harm

All three studies reported data on toxicity (Table 1). Uemura et al. reported that
the overall number of complications spread across the three group; 7% (4/63) in the RT
group, 60% (38/63) in the TAE plus RT group, and 33% (21/63) in the TAE group [15].
The most common complication was post-embolization syndrome (pain and fever) in
the two groups in which TAE was performed. Heianna et al. described AE in the TAE
group only [16]. Although intra-arterial chemotherapy agents are selectively released
at the tumor site, which reduces the AE associated with systemic toxicity, leukopenia
(grade 3) and thrombocytopenia were each observed in two patients (13%) for the RT
group whereas in the TACE plus RT group, leukopenia (grade 3) and thrombocytopenia
were described in three patients and one patient (44%), respectively. However, in all
these patients, hematotoxicity decreased without intervention. In the study published
by Eustatia-Rutten et al., AE were observed in two cases after embolization (5%); one
developed a post-embolization syndrome and in one other patient, a contrast reaction
occurred [17].

Concerning the AE, the quality assessment showed high clinical and methodological
heterogeneity making quantitative synthesis inappropriate. The certainty of evidence was
considered as “very low” for each outcome of harm for the following reasons: indirectness
for differences in outcome measures (surrogate outcomes), imprecision for sample size,
and selection bias [15-17].

3.6. Evidence to Decision Framework

In the BM setting, the proposed intervention (TAE/TACE plus RT) has proven effective
in local tumor control and improving pain relief, as being faster and more durable compared
to RT alone, whereas the combined therapy did not demonstrate significant results against
embolization therapy alone. Moreover, TAE/TACE was associated with a higher incidence
of side effects, but these were mild and transient.

3.7. Benefit/Harm Balance and Final Recommendation

The strength of the recommendation was low. Hence, the final recommendation
was “In patients with BM metastases, the combination of TAE/TACE plus RT should be
evaluated on an individual basis through discussion by a multidisciplinary team”.

4. Discussion

Pain is a subjective experience, and its intensity cannot be predicted by the tumor
type, size, and number of metastases or bone involvement. Cancer-induced bone pain
is multifactorial and involves several mechanisms as it is the result of various interac-
tions between tumor cells, bone cells, activated inflammatory cells, and bone-innervating
neurons. It includes inflammatory and neuropathic processes, which are modified at the
level of peripheral tissues and nerves, as well as at higher levels of the nervous system
(the spinal cord and brain) [1,18,19]. Therefore, these observations warrant an individu-
alized approach to each patient’s painful BM and its management should be multimodal
(pharmacological and non-pharmacological), including causal anticancer and symptomatic
analgesic treatment [20]. RT and TAE are casual treatment of the pain as they reduce the
tumor mass, perfusion, and local tissue infiltration [1]. Previous studies indicated that RT
may destroy arterioles and inhibit capillary growth in the inner parts of tumors whereas
larger tumor-feeding arteries remain intact. Therefore, tumor regrowth, after RT, starts
from the outermost regions of the tumor, where vascularity is greatest, suggesting that a
complete recovery of tumor vascularity and regrowth of arterioles is expected to begin soon
after treatment is stopped [16,21-23]. Embolization occluded larger tumor-feeding vessels
(>0.5 mm in diameter) resulting in an immediate reduction in tumor vascularity, which
results in the prompt decompression of the periosteum supplied by abundant nerves and a
reduction in tumor bulk. However, oxygen deprivation after embolization is a major stim-
ulus for tumor-induced neovascularization and tumor relapse although irradiation may
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prevent this effect [23,24]. From a pathophysiological point of view, RT and embolization
have different targets and it is expected that they could have an additive and long-lasting
clinical outcome due to the synergistic effect of destruction of arterioles and the occlusion
of larger feeding arteries. In our systematic review, we highlighted that TAE plus RT were
superior to RT alone in achieving pain relief and, in the study with concomitant local
infusion of chemotherapy agent, the combined therapy was significantly superior to RT
alone [16]. TACE plus RT has also demonstrated a significantly superior objective response
probably explained because embolization of hypervascular bone lesions slows blood flow
down, delaying clearance of the infused anti-cancer agents, and increasing the duration
of exposure to the anti-cancer agent allowing a further additional effect [25]. Thus, local
chemotherapy infusion reveals an advantage because of a combined ischemic and cytotoxic
effect [26].

The most evident, superior effect of TACE compared to TAE could have also been
justified by the used embolic agent. In fact, Heianna et al. used microspheres, which offer
several advantages over gelatin sponge and PVA particles, leading to a more complete and
deeper vascular occlusion [16]. Gelatin sponge is conventionally regarded as a temporary
embolic agent; it produces thrombus formation due to a necrotizing arteritis and foreign
body reaction, but these inflammatory changes persist for approximately up to 45 days.
Although not biodegradable, and thus, considered a permanent embolization material,
PVA particles also provide angiogenesis-mediated recanalization of embolized vessels
within the organized thrombus, resulting in thrombus resorption. PVA particles have
a high coefficient of friction and can aggregate, leading to proximal rather than distal
embolization, as well as using coils [27]. In this latter scenario, and particularly without RT
association, the undamaged inner parts of the tumors can induce vessel recruitment and
tumor recurrence, with a mechanism that is similar to an arteriovenous malformation’s
nidus managed with proximal feeding artery embolization only [28]. To date, liquid agents,
such as N-butyl cyanoacrylate, are more useful, as they allow fast, permanent occlusion,
and deep penetration within the tumor [24].

In line with the aforementioned biological effects and anatomical targets, this systemic
review has shown that the therapeutic effects of embolization (alone or in combined
therapy) appeared more rapidly based on the reduction in tumor vascularity that helps
prompt decompression on the periosteum containing the nerves and, in combination with
RT, provided a higher rate of permanent pain relief due to the synergic effect that prevent
rapid relapse.

The technical success of embolization, defined as occlusion of all tumor-feeding artery
with 80% or greater elimination of the tumor pathologic contrast enhancement visible on
conventional angiography compared with the initial diagnostic angiogram, was reported
in two studies with an overall success rate of 97% (range 93-100%) [12,15,17].

A combination of TAE/TACE plus RT was found to have a tolerable toxicity profile.
Pain and fever are part of the so-called post-embolization syndrome, which is the most
common complication of TAE, even if temporary; this explain the higher complication
rate reported in the embolization groups [15-17]. Ischemic pain at the embolization site,
paresthesia, skin breakdown, and sub-cutaneous necrosis are other common AE after
bone embolization; however, these AE were not reported in the included studies [12]. In
the study that performed TACE, there was no grade >4 blood toxicity [16]. However,
grade-3 leukopenia and thrombocytopenia occurred and, even though no patient required
intervention, the potential for serious chemo toxicity should always be considered when
administering anticancer agents, and their indication should be carefully accounted.

All included studies were performed retrospectively, rendering them prone to multiple
types of bias. Limitations of our systematic review include the small number of studies and
patients enrolled with heterogeneity of demographic characteristics, primary tumor site
and etiology of BM, RT dose delivered, previous treatment, timing of additional therapy,
and techniques of embolotherapy. The follow-up period was short both for outcomes of
benefit and harm, although a longer follow-up is unlikely as patients with BM have a short
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life expectancy due to their underlying disease. Of the three included studies, only one
reported the LC and, regarding the pain relief, the same study extrapolated it from SRE [16].
Furthermore, the study by Heianna et al. investigated the outcome of benefit regarding the
hypervascular RT-resistant metastatic RCC, with a good clinical and objective response [16].
Although the same authors published another retrospective study in which TACE and RT
alone were compared in different BM (gastrointestinal, urogenital, head and neck, sarcoma,
lung, breast, thymus) and showing high pain relief rates after embolization than RT (92%
versus 57%, respectively; p = 0.006), more durable pain relief (51% versus 30% at 6 months
follow-up, respectively; p = 0.08), and faster pain relief (92% of patients experienced pain
relief the day after), we believe that new research is needed to investigate the effective
role of the combined approach in the setting of BM in which RT alone has a clear and
well-defined therapeutic role [26]. This systematic review has shown, prior to any clinical
outcomes, that there is a lack of robust data to extrapolate recommendations with high
levels of evidence in this field. However, in daily clinical practice, these patients need to be
treated. Therefore, our paper, in the absence of randomized clinical trials or prospective
studies, allows us to state that, due to the lack of strong evidence, each patient should be
discussed in a multidisciplinary meeting with the involvement of radiation oncologists
and interventional radiologists, who can jointly assess the current best possible approach
for these patients with bone metastases: combined radiotherapy and endovascular treat-
ment. Our hope is also that this paper, by highlighting the absence of scientific robust
data, will encourage the scientific community to plan studies with designs specifically
aimed at answering the many unresolved questions, possibly through data sharing across
different centers.

5. Conclusions

The lack of high-quality evidence and the aforementioned biases hinder an accurate
definition of the effective role of embolization plus RT in this setting. Despite these limita-
tions, the current systematic review provides an orientation and suggests that combined
therapy with TAE and RT is an interesting treatment for BM. TACE/TAE plus RT results
in better CR and LC compared with RT alone. Embolization demonstrates more rapid
pain relief and, in combined therapy, a higher rate of permanent pain relief compared
to RT alone.

Author Contributions: Studies were identified through a search process performed by three inde-
pendent reviewers (A.V., P.C. and M.R.), and uncertainty regarding eligibility was resolved by a
multidisciplinary committee (V.L., A.P. and B.F.). The multidisciplinary committee coordinated the
project and performed the final independent check and the definitive approval of the review (A.V.,
MR, CM, D.DL, E.G, LT. and R.L). All authors have read and agreed to the published version of
this manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Zajaczkowska, R.; Kocot-Kepska, M.; Leppert, W.; Wordliczek, J. Bone Pain in Cancer Patients: Mechanisms and Current
Treat-ment. Int. . Mol. Sci. 2019, 20, 6047. [CrossRef] [PubMed]

2. Cazzato, R.L.; Arrigoni, F; Boatta, E.; Bruno, F.; Chiang, ].B.; Garnon, ].; Zugaro, L.; Giordano, A.V.; Carducci, S.; Varrassi, M.;
et al. Percutaneous management of bone metastases: State of the art, interventional strategies and joint position statement of the
Italian College of MSK Radiology (ICOMSKR) and the Italian College of Interventional Radiology (ICIR). La Radiol. Medica 2018,
124, 34-49. [CrossRef]

3.  Coleman, R.E. Clinical Features of Metastatic Bone Disease and Risk of Skeletal Morbidity. Clin. Cancer Res. 2006, 12, 62435-6249s.

[CrossRef] [PubMed]


https://doi.org/10.3390/ijms20236047
https://www.ncbi.nlm.nih.gov/pubmed/31801267
https://doi.org/10.1007/s11547-018-0938-8
https://doi.org/10.1158/1078-0432.CCR-06-0931
https://www.ncbi.nlm.nih.gov/pubmed/17062708

Cancers 2024, 16, 4183 10 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Figura, N.; Smith, J.; Yu, H. Mechanisms of, and Adjuvants for, Bone Pain. Hematol. Oncol. Clin. N. Am. 2018, 32, 447-458.
[CrossRef]

WHO. Guidelines for the Pharmacological and Radiotherapeutic Management of Cancer Pain in Adults and Adolescents; World Health
Organization: Geneva, Switzerland, 2018; ISBN 978-92-4-155039-0.

Coleman, R.; Hadji, P.; Body, J.-J.; Santini, D.; Chow, E.; Terpos, E.; Oudard, S.; Bruland, &.; Flamen, P.; Kurth, A.; et al. Bone
health in cancer: ESMO Clinical Practice Guidelines. Ann. Oncol. 2020, 31, 1650-1663. [CrossRef] [PubMed]

Gangi, A.; Tsoumakidou, G.; Buy, X.; Quoix, E. Quality Improvement Guidelines for Bone Tumour Management. Cardiovasc.
Interv. Radiol. 2010, 33, 706-713. [CrossRef] [PubMed]

Di Staso, M.; Gravina, G.L.; Zugaro, L.; Bonfili, P.; Gregori, L.; Franzese, P.; Marampon, E,; Vittorini, F.; Moro, R.; Tombolini, V.;
et al. Treatment of Solitary Painful Osseous Metastases with Radiotherapy, Cryoablation or Combined Therapy: Propensity
Matching Analysis in 175 Patients. PLoS ONE 2015, 10, e0129021. [CrossRef] [PubMed]

Di Staso, M.; Zugaro, L.; Gravina, G.L.; Bonfili, P.; Marampon, F,; Di Nicola, L.; Conchiglia, A.; Ventura, L.; Franzese, P.; Gallucci,
M.; et al. A feasibility study of percutaneous Radiofrequency Ablation followed by Radio-therapy in the management of painful
osteolytic bone metastases. Eur. Radiol. 2011, 21, 2004-2010. [CrossRef] [PubMed]

Di Staso, M.; Zugaro, L.; Gravina, G.L.; Bonfili, P, Marampon, F; Di Nicola, L.; Conchiglia, A.; Franzese, P.; Gallucci, M.;
Masciocchi, C.; et al. Can radiotherapy be combined with radiofrequency ablation in the management of symptomatic osteolytic
skeletal metastasis? Clin. Oncol. 2011, 23, 65-66. [CrossRef]

Kyriakou, C.; Molloy, S.; Vrionis, E; Alberico, R.; Bastian, L.; Zonder, J.A.; Giralt, S.; Raje, N.; Kyle, R.A.; Roodman, D.G.D;
et al. The role of cement augmentation with percutaneous vertebroplasty and balloon kyphoplasty for the treatment of vertebral
compression fractures in multiple myeloma: A consensus statement from the International Myeloma Working Group (IMWG).
Blood Cancer J. 2019, 9, 27. [CrossRef]

Rossi, G.; Mavrogenis, A.F; Rimondji, E.; Braccaioli, L.; Calabro, T.; Ruggieri, P. Selective Embolization with N-butyl Cyanoacrylate
for Metastatic Bone Disease. J. Vasc. Interv. Radiol. 2011, 22, 462—470. [CrossRef] [PubMed]

Tsukamoto, S.; Kido, A.; Tanaka, Y.; Facchini, G.; Peta, G.; Rossi, G.; Mavrogenis, A.F. Current Overview of Treatment for
Metastatic Bone Disease. Curr. Oncol. 2021, 28, 3347-3372. [CrossRef]

Liberati, A.; Altman, D.G,; Tetzlaff, ].; Mulrow, C.; Getzsche, P.C.; Ioannidis, J.P.; Clarke, M.; Devereaux, P]J.; Kleijnen, J.; Moher, D.
The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate health care interventions:
Explanation and elaboration. Ann. Intern. Med. 2009, 151, 65-94. [CrossRef]

Uemura, A.; Fujimoto, H.; Yasuda, S.; Osaka, I.; Goto, N.; Shinozaki, M.; Ito, H. Transcatheter arterial embolization for bone
metastases from hepatocellular carci-noma. Eur. Radiol. 2001, 11, 1457-1462. [CrossRef]

Heianna, J.; Makino, W.; Ariga, T.; Ishikawa, K.; Kusada, T.; Maemoto, H.; Toguchi, M.; Ito, J.; Goya, M.; Miyazato, M.; et al.
Concomitant radiotherapy and transarterial chemoembolization reduce skeletal-related events related to bone metastases from
renal cell carcinoma. Eur. Radiol. 2019, 30, 1525-1533. [CrossRef] [PubMed]

Eustatia-Rutten, C.EA.; Romijn, J.A.; Guijt, M.].; Vielvoye, G.J.; Berg, R.v.D.; Corssmit, E.P.M.; Pereira, A.M.; Smit, ] W.A. Outcome
of Palliative Embolization of Bone Metastases in Differentiated Thyroid Carcinoma. J. Clin. Endocrinol. Metab. 2003, 88, 3184-3189.
[CrossRef] [PubMed]

Yoneda, T.; Hiasa, M.; Nagata, Y.; Okui, T.; White, EA. Acidic microenvironment and bone pain in cancer-colonized bone. BoneKEy
Rep. 2015, 4, 690. [CrossRef] [PubMed]

Zheng, Y.; Zhou, H.; Dunstan, C.R.; Sutherland, R.L.; Seibel, M.]. The role of the bone microenvironment in skeletal metastasis. J.
Bone Oncol. 2013, 2, 47-57. [CrossRef]

Lutz, S.; Balboni, T.; Jones, J.; Lo, S.; Petit, J.; Rich, S.E.; Wong, R.; Hahn, C. Palliative radiation therapy for bone metastases:
Update of an ASTRO Evidence-Based Guideline. Pract. Radiat. Oncol. 2016, 7, 4-12. [CrossRef]

Yamaura, H.; Yamada, K.; Matsuzawa, T. Radiation Effect on the Proliferating Capillaries in Rat Transparent Chambers. Int. ].
Radiat. Biol. 1976, 30, 179-187. [CrossRef]

Yamaura, H.; Matsuzawa, T. Tumor regrowth after irradiation; an experimental approach. Int. J. Radiat. Biol. Relat. Stud. Phys.
Chem. Med. 1979, 35, 201-219. [CrossRef] [PubMed]

Facchini, G.; Di Tullio, P.; Battaglia, M.; Bartalena, T.; Tetta, C.; Errani, C.; Mavrogenis, A.F.; Rossi, G. Palliative embolization for
metastases of the spine. Eur. J. Orthop. Surg. Traumatol. 2015, 26, 247-252. [CrossRef] [PubMed]

Pazionis, T.].; Papanastassiou, I.D.; Maybody, M.; Healey, ].H. Embolization of hypervascular bone metastases reduces intraoper-
ative blood loss: A case-control study. Clin. Orthop. Relat. Res. 2014, 472, 3179-3187. [CrossRef]

Coldwell, D.M,; Stokes, K.R.; Yakes, W.F. Embolotherapy: Agents, clinical applications, and techniques. Radiographics 1994, 14,
623-643. [CrossRef]

Heianna, J.; Makino, W.; Toguchi, M.; Iraha, T.; Ishikawa, K.; Kusada, T.; Maemoto, H.; Takehara, S.; Ariga, T.; Murayama, S.
Transarterial Chemoembolization for the Palliation of Painful Bone Metastases Re-fractory to First-Line Radiotherapy. J. Vasc.
Interv. Radiol. 2021, 32, 384-392. [CrossRef] [PubMed]


https://doi.org/10.1016/j.hoc.2018.01.006
https://doi.org/10.1016/j.annonc.2020.07.019
https://www.ncbi.nlm.nih.gov/pubmed/32801018
https://doi.org/10.1007/s00270-009-9738-9
https://www.ncbi.nlm.nih.gov/pubmed/20151138
https://doi.org/10.1371/journal.pone.0129021
https://www.ncbi.nlm.nih.gov/pubmed/26103516
https://doi.org/10.1007/s00330-011-2133-3
https://www.ncbi.nlm.nih.gov/pubmed/21533865
https://doi.org/10.1016/j.clon.2010.11.002
https://doi.org/10.1038/s41408-019-0187-7
https://doi.org/10.1016/j.jvir.2010.12.023
https://www.ncbi.nlm.nih.gov/pubmed/21367617
https://doi.org/10.3390/curroncol28050290
https://doi.org/10.7326/0003-4819-151-4-200908180-00136
https://doi.org/10.1007/s003300000792
https://doi.org/10.1007/s00330-019-06454-8
https://www.ncbi.nlm.nih.gov/pubmed/31728686
https://doi.org/10.1210/jc.2003-030231
https://www.ncbi.nlm.nih.gov/pubmed/12843163
https://doi.org/10.1038/bonekey.2015.58
https://www.ncbi.nlm.nih.gov/pubmed/25987988
https://doi.org/10.1016/j.jbo.2012.11.002
https://doi.org/10.1016/j.prro.2016.08.001
https://doi.org/10.1080/09553007614550931
https://doi.org/10.1080/09553007914550241
https://www.ncbi.nlm.nih.gov/pubmed/222702
https://doi.org/10.1007/s00590-015-1726-y
https://www.ncbi.nlm.nih.gov/pubmed/26667933
https://doi.org/10.1007/s11999-014-3734-3
https://doi.org/10.1148/radiographics.14.3.8066276
https://doi.org/10.1016/j.jvir.2020.10.031
https://www.ncbi.nlm.nih.gov/pubmed/33323324

Cancers 2024, 16, 4183 11 of 11

27. Sheth, R.A,; Sabir, S.; Krishnamurthy, S.; Avery, RK.; Zhang, Y.S.; Khademhosseini, A.; Oklu, R. Endovascular Embolization by
Transcatheter Delivery of Particles: Past, Present, and Future. J. Funct. Biomater. 2017, 8, 12. [CrossRef] [PubMed]

28. Khurana, A.; Hangge, PT.; Albadawi, H.; Knuttinen, M.-G.; Alzubaidi, S.J.; Naidu, S.G.; Kriegshauser, J.S.; Oklu, R.; Chong, B.W.
The Use of Transarterial Approaches in Peripheral Arteriovenous Malformations (AVMs). J. Clin. Med. 2018, 7, 109. [CrossRef]
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/jfb8020012
https://www.ncbi.nlm.nih.gov/pubmed/28368345
https://doi.org/10.3390/jcm7050109
https://www.ncbi.nlm.nih.gov/pubmed/29747435

	Introduction 
	Materials and Methods 
	Development of Clinical Question 
	Search Strategy and Evidence Selection 
	Identification of Outcomes 
	Quality of Evidence Evaluation 
	Benefit/Harm Balance and Clinical Recommendation 

	Results 
	Search Strategy Results and Details of the Identified Relevant Studies 
	Studies Characteristics 
	Studies Description 
	Outcomes of Benefit 
	Outcomes of Harm 
	Evidence to Decision Framework 
	Benefit/Harm Balance and Final Recommendation 

	Discussion 
	Conclusions 
	References

