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Abstract. - OBJECTIVE: Approximately 50%
of cancer patients develop bone metastases in
their natural disease history. The management
of metastatic bone disease requires a multidis-
ciplinary approach.

Both radiofrequency ablation (RFA) and radi-
ation therapy (RT) were safe and effective in the
management of painful metastases, even if they
rely on totally different action mechanisms. A
synergistic combination of RT and RFA seems
to result in a better pain control.

A systematic review was performed to de-
scribe the feasibility and effectiveness of the
association between RFA and RT in the treat-
ment of metastatic bone pain in oligo-metastat-
ic patients, evaluating its role in alleviating bone
pain, reducing the risk of fractures, and conse-
quently ensuring a better quality of life.

MATERIALS AND METHODS: A systemat-
ic database search was conducted according
to Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) guidelines.
This systematic review included studies that re-
ported populations meeting the following inclu-
sion criteria: (I) confirmed bone metastases in
adult patients; (ll) active bone metastases pain;
(lll) patients treated with combined RFA-RT; (1V)
Original studies.

RESULTS: Three papers that evaluated the
combined treatment with doses ranging from
moderately hypofractionated three-dimensional
conformal RT (3D-CRT) and stereotactic body ra-
diation therapy (SBRT) schedules were selected.

CONCLUSIONS: The RFA-RT combined strat-
egy appears to be promising in terms of efficien-
cy and safety with adequate pain control and
quality of life improvement. Positive effects on
time to local failure and overall survival increase
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were also observed. Further prospective studies
are needed to better delineate RFA-RT treatment
benefits.
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Introduction

Approximately 50% of cancer patients develop
bone metastases during the course of their disease.
Breast and prostate cancer represent the most com-
mon primary site of disease, with an incidence of
up to 70-90%'2, thyroid, lung, and kidney cancer,
accounting for only 30-40% of patients who devel-
op secondary bone lesions’. Melanomas, sarcomas,
hepatocellular and uterine carcinomas are also
characterized by definite osteotropism®.

The spine is the most common site of bone me-
tastases (40%), followed by pelvic bones, ribs, and
proximal femurs; bone pain in these sites should
always suggest bone involvement™®.

Secondary bone lesions often result in severe
bone destruction, hypercalcemia, and refractory
bone pain. According to the “seed and soil” hy-
pothesis, the interactions between tumor cells
and bone microenvironment are the basis of bone
metastases onset. Tumor cells express various cell
adhesion molecules, chemokine, and cell surface
receptors that enable them to bind to the bone ma-
trix elements, establishing tumor-induced bone
destruction mechanisms’.
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Bone resorption can indeed provide nutrients
to cancer cells that release osteoclastogenic fac-
tors, such as parathyroid hormone-related protein
(PTHrP), that further contribute to bone destruc-
tion and local cancer growth, increasing inflamma-
tory response both at local and systemic level*'°.

Metastatic bone disease progression may rap-
idly induce inveterate drug-resistant pain, create
bone weakening microfractures, and eventually
leads to pathologic fractures, reducing patients’
mobility, heavily interfering with their daily ac-
tivity, and worsening their quality of life.

Due to this complex biological background
and diversified clinical onsets, the management
of metastatic bone disease requires a multidisci-
plinary approach'.

First-line therapies of bone pain include anal-
gesics and systemic therapies, like osteoclastic
inhibitors (Bisphosphonates and Denosumab).
Excisional surgery is another choice and includes:
resection with prosthesis in the case of patholog-
ical fractures or lesions at risk of metaphyseal
fracture, especially in long bones such as humer-
us and femur; osteosynthesis and cementoplasty
are considered for osteolytic metastases involv-
ing appendicular skeleton and spine, aiming to
improve mechanical stability. Cementoplasty is
generally contraindicated for asymptomatic
vertebral fractures in stable patients or in case of
spinal compression. Simple osteosynthesis is pre-
ferred in patients with poor life expectancy'*".

Minimally invasive techniques have recently
been introduced to achieve quick pain control,
with minor complications'®. Several mechanisms
contribute in reaching analgesia, such as physical
nerve destruction, tumor volume debulking, and
inhibition of osteoclastogenic cytokines.

The most commonly used minimally inva-
sive therapies currently are: radiofrequency ab-
lation (RFA), microwave ablation, MRI-guided
focused ultrasound surgery, embolization, alco-
holization, and electrochemotherapy'™8,

Besides surgical techniques, radiation therapy
(RT) historically represents the standard of care
for refractory metastatic bone pain. It may suc-
cessfully be used also in the post-operative set-
ting to promote healing and pain relief, to improve
functional status, and to treat residual metastatic
disease to reduce the risk of subsequent fractures
or fixation complications'”*.

Thanks to its recent technological advances
(e.g., stereotactic radiation therapy, SRT), it cur-
rently represents a valid alternative and non-in-
vasive approach in both oligometastatic and oli-
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goprogressive settings, defining new paradigms
of prognostic stratification in advanced cancer
patients and leading to innovative treatments with
curative intent'>?, On the other hand, RFA consists
of the introduction of a thermal probe into the bone
harboring the metastasis and obtains pain control
through cancer cells necrosis induction.

Even if RT and RFA rely on totally different ac-
tion mechanisms, both showed to be safe and effec-
tive in the management of painful metastases®®**’.

RFA operates through thermal energy transfer,
whose cytotoxicity results less effective in the
peripherical areas of the tumor®®. In contrast, RT
strongly depends on oxygen for cytotoxicity in-
duction and is thought to be less efficient in erad-
icating centrally located tumor cells that dwell in
a hypoxic environment®.

It is hypothesized that the combination of RT and
RT may act in a synergistic way achieving better
pain control and compensating for the shortcomings
of each individual modality. Despite the biologi-
cal background and the interesting clinical results
shown, the role of this combined strategy is not
clearly defined, and published evidence is scarce.

We performed a systematic review to describe
the feasibility and effectiveness of combining RFA
and RT in the treatment of pain from bone metasta-
ses in oligo-metastatic patients. We also evaluated
its role in alleviating bone pain and reducing the risk
of fracture, thus ensuring a better quality of life.

Materials and Methods

A systematic database search was conducted
using definite keywords, according to Preferred
Reporting Items for Systematic Reviews and Me-
ta-Analyses (PRISMA) guidelines.

The main search was performed on Excerpta
Medica Database (EMBASE); PubMed and Science
Direct databases taking into account papers from
the earliest known references to April 30™, 2020.

This systematic review included studies re-
porting on patient populations with the following
inclusion criteria: (I) confirmed bone metastases
in adult patients; (I1) active bone metastases pain;
(IIT) patients treated with combined RFA-RT;
(IV) original studies.

Articles providing outcomes from other treat-
ments, different from combined RFA-RT, or pre-
senting results in plurimetastatic patients, were
not considered for the analysis.

Only papers published in English were consid-
ered for this study. After the initial search, titles
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Table I. Selected studies details.

RT details

Main findings among patients with
RFA-RT treatment.

The nominal
prescribed dose was
20 Gy delivered in
5 fractions of 4 Gy

RFA-RT is safe and more effective than RT
alone
Complete pain response 16.6% (5/30)
with RT and 53.3% (8/15) with RFA-RT
(»=0.027)

12 weeks-overall response rate 59.9% (18
patients) for RT and 93.3% (14 patients) for
RFA-RT (p=0.048).

The majority of
patients received 30
Gy in 10 fractions
(12/22). Other
treatment regimens
included SBRT
(6/22), 20 Gy in

5 fractions (1/22),
and 8 Gy in a single
fraction (1/22). Two
treatment regimens
were unknown

Decreased mean worst pain scores from 8.0
pre-procedure to 4.3 (p<0.02) at 1 week and
2.9 (p<0.0003) at 4 weeks post-treatment.
Local tumor control rates 92% (12/13) and
100% (10/10) at 3- and 6-month follow-up
(despite systemic metastatic progression)

Author Study n/N | Treatment

(year) design

Di Staso et al’! | Observational, | 45/45 | RFA-RT
retrospective, (15) vs. RT
historical alone (30).
controlled

Greenwood Observational, | 21/21 | RFA-RT (21

et al*? retrospective, patients)
historical
controlled

Prezzano et al*® | Observational, | 26/26 | RFA-RT
retrospective, (11) vs. RFA
controlled alone (15).

Eleven lesions
treated with
3D-CRT received a
median dose of 30
Gy in 3 Gy daily
fractions and 1
patient received a
single fraction of

8 Gy. Two patients
underwent SBRT at
28 days post-RFA,
both receiving 35
Gy in 5 fractions

No significant difference in pain scores
between groups (p=0.96).

Combined RFA-RT treatment showed
a significant benefit both in time to LF
(p=.002) and in OS (p=0.0045)

RFA: Radiofrequency ablation; (RF9 Radiation therapy; SBRT: stereotactic body radiation therapy; 3D-CRT: Three-dimensional

conformal radiotherapy; OS: overall survival

and abstracts were reviewed in order to avoid du-
plications and ensure paper’s adequacy. Papers
meeting the inclusion criteria were finally re-
trieved for full-text examination.

Study characteristics (first author, year of pub-
lication, number of patients, bone metastases, and
RFA-RT regimens) and reported outcomes (bone
pain relief, time to local failure (LF), overall sur-
vival (OS)) data were extracted from all the in-

cluded articles. Discrepancies were discussed
among the research team to reach a consensus.
Results
The search strategy followed the Preferred Re-

porting Items for Systematic Reviews and Me-
ta-Analyses (PRISMA) guidelines (Figure 1)*.
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The electronic literature search yielded 1665
publications. After the first screening on the basis
of title and abstract, 1646 articles were excluded
as they were limited to RFA or RT and focused on
the comparison between the 2 techniques.

A total of 19 papers was finally selected. Out of
these, 16 were further excluded after further anal-
ysis, as five were focused on liver lesions, four on
lung lesions, one on myeloma, one on animal tumor
model, one on the synergy of radioimmunotherapy
and RFA, one on Brachytherapy + RFA, one on
pediatric patients and two were case reports.

The remaining three articles were further re-
viewed on the basis of the above-described inclu-
sion criteria®,

A total of 92 patients treated with RFA-RT
combined strategy was reported in the three el-
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igible studies. The time interval between the two
procedures is well-defined in these papers.

In the study by Di Staso et al’', RFA was fol-
lowed by RT after 6 days. On the other hand, ra-
diotherapy was performed within 4 weeks of the
RFA in the study conducted by Greenwood et al*>.

Finally, in the study by Prezzano et al*’, RT
was performed 28 days after RFA (median inter-
val), and one lesion was treated with RT delivered
one day prior to RFA.

Two studies evaluated the safety and efficacy
of combined RFA and RT, in comparison with RT
and RFA alone, on 45 and 26 patients, respective-
ly. Di Staso et al*' showed that combined thera-
py was well tolerated and more effective for pain
relief than RT alone, observing complete pain
regression in 16.6% (5/30) of the subjects treated

Excluded after reviewing
abstract
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s Not relevant for
treatment combined

* Non English-Language
papers

Exluded from further analysis reviewing

paper
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4 on lung lesions
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Figure 1. Systematic PRISMA search strategy.
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with RT alone and in 53.3% (8/15) of those treated
with RFA-RT, respectively (p=0.027). A positive
trend for the combined approach in the overall re-
sponse rate at 12 weeks has been observed, with a
59.9% (18 patients) for RT compared to 93.3% (14
patients) for RFA-RT (p=0.048).

The second study showed no significant dif-
ferences in pain relief between RFA-RT (10 pa-
tients for 11 lesions) and RFA (17 patients for 17
lesions) alone group (p=0.96)%. Although this
trial did not demonstrate differences in pain
control entity between the groups, it showed an
interesting result both in time to LF (p=0.02)
and OS (p= 0.0045), in favor of the combined
modality (RFA-RT)*.

Lastly, Greenwood et al** evaluated treatment
safety and efficacy only in patients undergoing
RFA followed by RT, showing significant pain
reduction (from 8.0 pre-procedure to 2.9, using
VAS score) (p<0.0003) four weeks after the treat-
ment. Moreover, it was also shown that the local
combined therapy achieved local tumor control
rates of 100% (10/10) at 6-months follow-up, de-
spite systemic metastatic progression.

All the analyzed studies used variable radiation
treatment protocols and included both moderate-
ly hypofractionated three-dimensional conformal
RT (3D-CRT) and stereotactic body radiation
therapy (SBRT) schedules.

In the study by Di Staso et al’!, the nominal
prescribed dose was 20 Gy delivered in 5 frac-
tions of 4 Gy.

In the study of Greenwood et al*, the majority
of patients received 30 Gy in 10 fractions (12/22).

Other treatment regimens included SBRT
(6/22), 20 Gy in 5 fractions (1/22), and 8 Gy in
a single fraction (1/22). Two treatment regimens
were not indicated*.

On the other hand, eleven lesions were treated
with 3D conformal radiotherapy (3D-CRT) re-
ceiving a median dose of 30 Gy in 10 fractions,
and one patient received a single fraction of 8 Gy
in the study by Prezzano et al**. Two patients un-
derwent SBRT 28 days after the RFA procedure,
both receiving 35 Gy in 5 fractions.

Only one study assessed combined treatment’s
efficacy in extravertebral bone metastases, while
vertebral metastases, either single or multiple,
were considered in the others.

All the studies provided a follow-up from six
up to eight months with a medical examination
that included the administration of the visual ana-
log scale (VAS) questionnaire. Table I summariz-
es studies characteristics in detail.

Discussion

The benefits of RFA and RT combined treat-
ment for bone metastases pain relief are reported
in this mini-systematic review.

Despite the scarce data from the literature de-
scribing the use of this combined strategy, we
found encouraging evidence about the synergic
effect of the RFA-RT approach in significantly
reducing bone pain and fracture risk, overall im-
proving patients’ quality of life. Furthermore, this
therapeutic strategy appears to be associated with
improvements in time to LF and OS increase in
patients affected by painful bone metastases.

A series of three retrospective studies evalu-
ating RFA-RT combined treatment on small pa-
tients” samples were selected for this review.

All the reported studies confirmed a significant
decrease in bone pain, often up to its complete
resolution. Two of the studies did also show an
improvement in time to LF***, and one of them
in OS*.

All the selected studies disclosed promising re-
sults obtained using sequential RT after RFA, as a
combined strategy.

Interestingly, Bornemann et al** evaluated the
alternative sequence of RT followed by radiofre-
quency-kyphoplasty (RFK) and vice versa in 86
myeloma patients presenting vertebral compres-
sion fractures (VCF). This study was not included
in this review as not focused on bone metastases
and dealing with a different mini-invasive surgical
technique but showed that both groups achieved
comparable outcomes. The total RT delivered
dose was in a range of 3-30 Gy, and intensifica-
tion of an additional 15 Gy was performed when
considered clinically indicated. After six months
of follow-up, both VAS evaluation and kyphosis
angle were more favorable in the group treated
with RT, although with a significant increase of
cement extrusion and additional fractures. Both
treatment sequences (RT/RFK and RFK/RT) led
to comparable results in vertebral height resto-
ration, pain reduction, and improvement of func-
tional impairment. Therefore, the study suggests
that RT should be delivered before RFK in order
to minimize the risks of the aforementioned com-
plications.

Despite the promising results, all the reported
studies present significant limitations: the radia-
tion treatment schedules (i.e., total dose and frac-
tionation) and the delivery technology were vari-
able and included both conventional 3D-CRT and
SBRT, which disclose different safety and efficacy
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profiles; unknown or random distribution of pri-
mary tumor histology; different anatomic site and
number of targets. Furthermore, since the large
majority of treated sites were in the axial skeleton,
the feasibility and impact of these techniques on
non-spinal metastases remain unexplored.

Short-term follow-up is another limitation of
the analyzed studies: oligometastatic patients
could indeed present longer life expectancy than
the large majority of patients undergoing usual
palliative radiotherapy courses, and short fol-
low-up times (up to eight months in only one
of the considered studies) may conceal the real
benefits in terms of pain relief secondary to the
combined treatment approach, compared to those
provided by any single treatment strategy.

In the era of precision medicine, systemic dis-
ease is well controlled, and metastatic patients
could have a longer life expectancy. In this frame,
assuring patients the best quality of life becomes
a healthcare priority™®.

The treatment of choice for each patient must
take into account the expected overall prognosis
and care intent, optimizing therapy timing and
delivery schedules.

The capability to predict these outcomes could
be of great interest for the clinicians to choose the
most appropriate locoregional control strategy for
bone lesions in the general setting of oligometa-
static disease presentation.

Multiple factors may be useful in predicting
pain response in bone metastases, including the
primary tumor site, age, performance status, and
use of opioid analgesics. Therefore, the use of a
multimodality approach is reasonable in predict-
ing improved pain control relying on variables
originating from different domains and usually
not linked together (i.e., disease biology, surgical
techniques, radiation therapy technology)*®3’.

Conclusions

Shortly, RFA combined treatment represents a
new interesting approach for spinal bone metasta-
ses patients, despite the scarce data to date avail-
able in the literature.

The RFA-RT combined strategy resulted to be
promising in terms of efficiency and safety with
good pain control and improvement in the quality
of life, with a positive effect on time to LF and OS
increase.

Further prospective studies are needed to bet-
ter delineate RFA-RT treatment benefits, its opti-
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mal technical profile (i.e., radiotherapy dose and
fractionation), and its impact on oligometastatic
patient’s overall quality of life.
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