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Background and Aim

Bone metastases cause pain and disability in advanced prostate, breast, and lung cancers.
Traditional treatments may not work for all patients. Minimally invasive procedures such
as cryoablation (CA) and radiofrequency ablation (RFA) have emerged as good options.
This review aims to evaluate and summarize the effectiveness and safety of CA and RFA
separately in managing painful bone metastases.

Methods

We performed a comprehensive search of Ovid Medline, Google Scholar, Web of Science,
CENTRAL, and ClinicalTrials.gov covering studies published between January 2000 and
January 2025. The search included English-language cohorts. or randomized trials of
adults (>18 years) with bone metastases treated using RFA or CA. Outcomes such as pain
levels, tumor recurrence, and adverse events were collected from each study. To assess
the quality and reliability of the studies, we used the Cochrane Risk of Bias 2 (RoB 2) tool
for randomized trials and the ROBINS-I tool for nonrandomized studies. We performed
separate single-arm meta-analyses for RFA and for CA and integrated findings from the
small number of direct comparative studies using a narrative synthesis.

We performed separate single-arm meta-analyses for RFA and for CA and integrated
findings from the small number of direct comparative cohort studies using a narrative
synthesis.

Results

A total of 30 studies involving 1121 patients were included in the qualitative synthesis,
and 24 were included in the meta-analysis. Separate single-arm meta-analyses revealed
that both radiofrequency ablation (RFA) and cryoablation (CA) significantly reduced pain
at all follow-up timepoints. RFA had the greatest pain reduction at 6 months (SMD:
-3.50; 95% CI: —4.42, —2.27), whereas CA had a greater effect at 24 hours (SMD: -2.43;
95% CI: —3.84, —1.02) but ,a smaller effect at 6 months (SMD: -2.14; 95% CI: —3.43,
-0.85). Both were safe, with mostly mild adverse events. The reported tumor control
outcomes have been inconsistent, limiting conclusions in this area.

Conclusion

On separate analyses, CA appeared to produce larger short-term effect sizes (greater early
pain reduction) while RFA had larger medium/long-term effect sizes in the available
studies. Because direct comparative data are sparse and heterogeneous, these
observations do not establish superiority of one modality over the other. Both techniques
demonstrated favorable safety profiles across included studies. Ablation combined with
external beam radiation therapy (EBRT) was superior to either modality alone.
Standardized measures and more comparative studies are needed to guide treatment.
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INTRODUCTION

Bone metastasis is a prevalent and serious complication in
primary malignancies, especially those originating from the
prostate, lung, kidney, breast, or thyroid. It is estimated
that up to 85% of patients who die from breast, prostate, or
lung cancer have bone metastases at the time of death.l:2
These metastases can lead to significant complications, in-
cluding pain, fractures, limited mobility, and decreased in-
dependence, severely impacting quality of life. Persistent
pain associated with bone metastasis can also contribute to
mental health issues such as depression and anxiety.!

The incidence of bone metastases in cancer patients ex-
ceeds 60%, particularly in those with solid tumors such as
breast, prostate, and lung cancers.?3 Bone lesions may lead
to severe complications such as fractures, spinal compres-
sion, malignant hypercalcemia, and chronic pain that is
resistant to medical therapy.# Treatment for bone metas-
tases is primarily palliative and involves localized therapies
such as interventional analgesia, radiation therapy (RT),
and surgery, as well as systemic treatments such as
chemotherapy, hormone therapy, immunotherapy, radio-
pharmaceuticals, and bisphosphonates. Pain relief often
necessitates the use of opioids and anti-inflammatory
drugs.! Managing pain in patients with metastatic cancer is
a complex clinical issue that frequently requires a multidis-
ciplinary approach, including oncologists, surgeons, inter-
ventional radiologists, pain management specialists, and
radiation oncologists.>

In recent years, minimally invasive interventional on-
cology techniques such as percutaneous imaging-guided
cryoablation (CA) and radiofrequency ablation (RFA) have
emerged as promising treatment options for metastatic
bone disease.’> These techniques provide localized tumor
control and effective pain management for patients with
bone metastases who are either unresponsive to or ineligi-
ble for conventional therapies.®

Radiofrequency ablation and cryoablation are among the
most frequently utilized and studied ablative methods,
demonstrating similar effective clinical outcomes in both
palliative and curative contexts.” RFA relies on high-fre-
quency alternating electrical currents to generate heat,
causing coagulative necrosis and tumor destruction.® In
contrast, cryoablation utilizes extreme cold to induce tu-
mor cell death through ice formation, necrosis, apoptosis,
and vascular stasis.8 Both techniques have been shown to
provide substantial pain relief, improve mobility, and en-
hance quality of life in patients with bone metastases.48

The purpose of this review is to evaluate and summarize
evidence on the effectiveness, safety profiles, and clinical
outcomes of cryoablation and radiofrequency ablation for
painful bone metastases. Where data permitted, we per-
formed separate single-arm meta-analyses for each modal-
ity and narratively summarized findings from the limited
number of studies that directly compared the two tech-
niques.

METHODS

1. LITERATURE SEARCH STRATEGY

This systematic review was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines.? The study protocol
was registered with PROSPERO (Registration No.
CRD42024573550).

A comprehensive electronic search was conducted in
Ovid MEDLINE, Web of Science, Cochrane Central Register
of Controlled Trials (CENTRAL), and Google Scholar. Addi-
tionally, ClinicalTrials.gov was searched for relevant ongo-
ing or unpublished trials. The reference lists of all included
studies and related systematic reviews were manually
screened to identify any additional eligible studies. The
search covered literature published between January 2000
and June 2025.

The search strategy was independently developed by two
reviewers (A.A. and Y.M.) using the PICOS framework!0 and
approved by the full review team. Although a consistent set
of core concepts was used, targeting radiofrequency abla-
tion, cryoablation, and bone metastases, each database em-
ployed a tailored version of the strategy to account for dif-
ferences in indexing systems, controlled vocabulary (e.g.,
MeSH), and syntax requirements.

The full, reproducible search strategies for each data-
base, including applied filters (e.g., date range, language,
human studies), are provided in Supplementary files.

2. INCLUSION AND EXCLUSION CRITERIA

This review included studies published in English between
January 2000 and January 2025 that examined adult pa-
tients (>18 years old) with bone metastases treated with ei-
ther RFA alone, CA alone, or a direct comparison between
the two techniques. Eligible studies were required to report
outcomes relevant to the clinical question. Only random-
ized controlled trials (RCTs) and retrospective prospective
cohort studies, single arm studies were included. Studies
were excluded if they were published outside the specified
date range, focused on paediatric patients (<18 years old),
reported primary bone tumors rather than metastatic le-
sions, or did not involve RFA or CA as a treatment modality.
Additionally, case reports, abstracts, conference proceed-
ings, editorials, animal studies, and narrative reviews were
excluded. Studies published in languages other than Eng-
lish, as well as duplicate studies identified during screen-
ing, were removed from the review.

3. SELECTION OF ARTICLES AND DATA EXTRACTION

For deduplication, all the records that came from the pri-
mary search were imported into EndNote 20 (CA, USA).
Rayyan (MA, USA) was then used to screen the duplicated
results. Based on abstracts and titles, four authors (M.A.,
M.A., F.A,, and S.A.) . At each stage of screening, at least
two authors independently evaluated the publications for
relevance. The same reviewers then independently assessed
the full texts of retained studies to determine eligibility.
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Discrepancies were resolved through discussion and con-
sensus, and if unresolved, a fifth reviewer (Alageel) was
consulted .Data extracted from the included studies cov-
ered several domains. Study characteristics included first
author, year of publication, study design, and reported time
points for outcome assessment. Patient and intervention
characteristics included sample size, mean age, sex, pri-
mary tumor site, metastatic site, tumor size, tumor com-
position, type of ablation intervention, and whether both
interventions were applied. The predefined primary out-
come was pain relief after intervention. Secondary out-
comes were adverse events following ablation, as well as tu-
mor progression and recurrence.

4. RISK OF BIAS

The bias risk of the included nonrandomized studies was
assessed using the Risk Of Bias In Non-randomized Studies
of Interventions (ROBINS-I) tool, which evaluates seven
domains of bias: confounding, selection of participants,
classification of interventions, deviations from intended in-
terventions, missing data, measurement of outcomes, and
selection of the reported result. Two independent reviewers
(M.A. and M.A.) assessed each study, and any disagree-
ments were resolved by consensus with a third reviewer (Al-
najres). Based on ROBINS-I guidance, studies were catego-
rized as having low, moderate, or serious.!! For randomized
controlled trials (RCTs), the Cochrane Collaboration’s risk
of bias 2 (RoB 2) tool was used to evaluate bias across five
key domains: bias from the randomization process, devia-
tions from intended interventions, missing outcome data,
outcome measurement, and selection of reported results.!2
The risk of bias was independently assessed by the two pre-
viously mentioned reviewers, and any discrepancies were
resolved in consultation with the third reviewer. The over-
all risk of bias for each study was classified as low, high, or
unclear based on the assessment of these domains.

5. DATA SYNTHESIS AND STATISTICAL ANALYSIS

Meta-analyses were performed using Review Manager 5.4
software (RevMan). Separate single-arm meta-analyses
were conducted for the RFA and CA cohorts using the stan-
dardized mean difference (SMD) from baseline as the sum-
mary effect measure.

A pooled head-to-head meta-analysis was not performed
because the number of direct comparative studies was small
(n = 5), and substantial heterogeneity in study designs,
baseline characteristics, and outcome measures precluded
a credible statistical comparison.

As a result, these comparative studies were excluded
from the quantitative synthesis and were instead analyzed
using a narrative synthesis approach to qualitatively con-
textualize the results of the single-arm analyses.

The standardized mean difference (SMD) accounts for
differences in scale and variance and was used to aggregate
within-group changes in pain intensity across heteroge-
neous single-arm studies. The calculations of the SMD and
corresponding 95% confidence intervals (CIs) were based

Figure 1: Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
flow diagram showing an overview of the study selection process.
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on the available means and standard deviations at each fol-
low-up interval.

Meta-analyses were performed at five predefined time-
points: 24 hours, 1 week, 1 month, 3 months, and 6 months
posttreatment. The results were synthesized and visualized
via forest plots, which illustrated the effect sizes of indi-
vidual studies alongside the overall pooled estimate derived
from a random-effects model, with corresponding 95% con-
fidence intervals (CIs). The plots also indicate the relative
weight assigned to each study and report the overall p-
value to assess the statistical significance of the pooled ef-
fect. Heterogeneity was quantified via the I? statistic, with
values exceeding 75% interpreted as indicative of substan-
tial heterogeneity. Additionally, Tau? was reported to es-
timate the between-study variance in absolute terms,
whereas the chi-square (x?) test was employed to evaluate
whether the observed differences in effect sizes across sub-
groups were statistically significant. Funnel plots were used
to assess the potential for publication bias by visually iden-
tifying asymmetry suggestive of selective reporting.

RESULTS

1. LITERATURE SEARCH RESULTS

Among the 1,326 studies identified across the four data-
bases, after duplicate removal, 986 titles and abstracts were
screened. Of these, 837 articles were excluded based on eli-
gibility criteria. The remaining 149 articles underwent full-
text screening, resulting in the exclusion of 119 studies. Ul-
timately, 30 studies were included, all of which were part
of the qualitative synthesis (systematic review), while 25
of them were included in the quantitative synthesis (meta-
analysis). The study selection process is detailed in the
PRISMA flow diagram (Figure 1).
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2. STUDY CHARACTERISTICS AND RISK OF BIAS

Among the 30 included studies, five were comparative co-
hort studies evaluating radiofrequency ablation (RFA) ver-
sus cryoablation (CA) for pain palliation in patients with
bone metastases. Twelve studies assessed RFA alone, and
thirteen focused only on CA. The studies were published
between 2000 and 2025 and collectively included 1,121 pa-
tients. Geographically, the distribution of studies was as
follows: twelve were conducted in the United States, six in
Italy, four in France, four in China, and one each in Ger-
many, Egypt, Switzerland, and Japan. In terms of study de-
sign, 17 were retrospective, 12 were prospective, and one
was a randomized controlled trial (Table 1). Risk of bias
was assessed using the Risk Of Bias In Non-randomized
Studies of Interventions (ROBINS-I) tool for nonrandom-
ized studies!! and the Cochrane risk of bias tool for ran-
domized trials.!2 The overall risk of bias varied across stud-
ies, with some rated as having low, moderate, or serious risk
of bias (Table 2). The randomized controlled trial was as-
sessed to have an overall high risk of bias (Table 3).

3. NARRATIVE SYNTHESIS OF COMPARATIVE COHORT
STUDIES

3.1. STUDY CHARACTERISTICS

Five comparative cohort studies reported direct compar-
isons between RFA and CA; because of small numbers, vari-
able baseline characteristics, and methodological hetero-
geneity, these studies are synthesized narratively below
rather than pooled quantitatively. These studies included
both prospective3” and retrospective>738,39 designs, all of
which utilized percutaneous ablation techniques under CT
or fluoroscopic guidance. The patient populations were
heterogeneous with respect to sex and primary tumor ori-
gin, which most included breast, prostate, renal, and lung
cancers. The treated lesion sites varied and included the
spine, pelvis, sacrum, and long bones. Ablation was per-
formed via either monopolar or bipolar energy systems at
standard temperature thresholds. In several studies, ce-
ment augmentation was additionally employed to provide
structural stabilization (Table 4).

3.2. PAIN OUTCOMES

Two comparative cohort studies, Masala et al.3’ and
Thacker et al.,> provided directly comparable outcome data
across multiple timepoints. At baseline, pain scores were
similar between the treatment groups, suggesting compa-
rability of initial clinical status. Early follow-up at 24 hours
and 1 week revealed greater absolute pain reduction in CA-
treated patients, with Masala et al.3” reporting a steeper
decline in pain scores at 24 hours and Thacker et al.’ sug-
gesting potentially greater pain relief with CA at 1 week
(VAS 3.5 +2.91 vs 5.0 = 2.04). However, this early advantage
diminished by 1 month, where pain relief was comparable
between the groups (Masala: 2.7 + 0.8 for RFA vs 2.7 £ 0.9
for CA) and was sustained through 3 and 6 months, with
minimal intergroup differences.

While both studies offer consistent narrative evidence
suggesting faster initial relief with CA, the small number of
studies, concerns over baseline imbalance, instrumentation
heterogeneity, and differing pain subscales precluded for-
mal meta-analysis and definitive conclusions. These data
were therefore integrated narratively and included as sup-
portive context for the single-arm meta-analysis that forms
the core quantitative synthesis.

3.3. TUMOR CONTROL AND SAFETY

Tumor control outcomes were inconsistently reported
across the included studies. Among RFA studies, Gevargez
et al.1> reported a mean time to progression of 730 * 54
days, with 28 of 33 treated lesions showing no evidence
of progression, suggesting the potential for local disease
stabilization in select cases. Cazzato et al.3® noted that
43% of lesions treated with curative-intent RFA progressed,
whereas 0% of those treated palliatively progressed, high-
lighting the influence of treatment intent on oncologic out-
comes. However, many studies do not provide imaging-con-
firmed local control data or standard follow-up intervals,
limiting comparative interpretation.

Cryoablation studies offered slightly more consistent
oncologic follow-up. Yang et al.3! and Arrigoni et al.30 re-
ported stable disease in most patients at 3—6 months, but
without formal progression analysis. Gallusser et al.l re-
ported good early local control, although data beyond 6
months were sparse.

In terms of safety, both ablation modalities demon-
strated a favorable profile. Transient adverse events are
common but generally self-limiting. Among RFA-treated
patients, complications include mild radiculopathy,3” mi-
nor contralateral limb numbness, !5 and, rarely, second-de-
gree burns.2324 BelfioreG et al.22 reported no major events.

Similarly, cryoablation-related complications are rare.
The most frequently observed symptoms were mild post-
procedural pain or nerve irritation, as reported by Tomasian
et al.3% and Wallace et al.34 Only one case of osteomyelitis
was reported by Callstrom et al.,27 and no serious perma-
nent neurological deficits were documented.

Overall, both modalities appear safe and well tolerated,
with transient side effects that are resolved without long-
term impact. The reporting of adverse events and local con-
trol remains inconsistent, underscoring the need for future
standardized outcome definitions and follow-up intervals
(Table 5).

4. SINGLE-ARM ANALYSIS FOR RADIOFREQUENCY
ABLATION

4.1. STUDY CHARACTERISTICS

Twelve studies have assessed the efficacy of RFA for pain
palliation in patients with bone metastases. Among these,
five were retrospective,!3-17 six were prospective,18:19,21-24
and one was a randomized controlled trial.20 Patient pop-
ulations varied in terms of sex and primary tumor type.
Most lesions were treated in the spine, particularly the tho-
racic and lumbar vertebrae. A range of pain assessment
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Table 1. Characteristics of studies used RFA or CA.

Study ID Study design Type of Number of Mean
procedure patients (Male/ age t
(RFA/CA/ Female) (SD)
Both)
Taylor J. us Retrospective RFA 21 (13M/9F) 61.8 NRS
Greenwood, study
201513
Longpo Zheng, China Retrospective 26 (12M/14F) 59.31
201414 study
Athour Gevargez, Germany Retrospective RFA 41 (25M/16F) 62.7 VAS
200715 study
Roberto L France Retrospective RFA 11 (5M/6F) 61.5 VAS
Cazzato, 201816 study
Wei Zhao, 201817 China Retrospective RFA 16 (4M/12F) 66.8 VAS
cohort
Dawood Sayed, us Prospective study 30 (19M/11F) 62.9
201918
Sandeep Bagla, us Multicenter RFA 50 (26M/24F) 61 NPRS
201619 prospective
clinical series
Sherry, 202020 23 (8M/15F) 55.78
+
(7.34)
Noboru Tanigawa, Japan Multicenter phase RFA 33 (27M/6F) 61+ VAS
201821 I/11 single-arm trial (14.5)
BelfioreG, 200822 Prospective study 12 (7M/5F) 65+
(6)
Matthew P. Goetz, us Single-arm RFA 43 (28M/15F) 64+ BPI-
200423 prospective study (15) fs
MatthewR, uUs Single-arm paired RFA 12 (8M/4F) 65+ BPI-
200224 study (5) fs
Jack W. Jennings, France Multicenter CA 66 (35M/31F) 60.8 + BPI-
202125 prospective single- (14.3) fs
arm study
Fengiang Li, Prospective study 28 (15M/13F)
201426
Matthew R. us Single-arm CA 61 (39M/22F) 61+ BPI-
Callstrom, 201327 multicenter clinical (14) fs
trial
Salvatore Masala, Italy Single center CA 20 (12M/8F) 65+ VAS
201028 prospective study (7)
Matthew R. us Prospective study CA 14 (8M/6F) 54+ BPI-
Callstrom, 200629 (16) fs
Francesco Retrospective 28 (13M/15F)
Arrigoni, 202230 study
Yumei Yang, China Retrospective CA 26 (15M/11F) 67 VAS
202031 study (6.75)
Nicolas Gallusser, Switzerland Retrospective
20191 study
TatumA.McArthur, us Retrospective CA 16 (7M/9F) 523+ VAS
201732 single center study (12)
Alessandro Motta, Italy Retrospective CA 11 (5M/6F) 53+ VAS
201733 study (7.25)
Adam N. Wallace, us Retrospective CA 56 (27M/29F) 53.9 NPRS
201634 study
ATomasian, us Retrospective CA 14 (5M/9F) 53 NRS
201635 study
Ryan M.Hegg, us Retrospective CA 12 (5M/7F) 57+ NRS
201436 study (10.5)
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Risk Of Bias In Non-randomized Studies of Interventions (ROBINS-I) (n = 29)

Inem Study dosign o o2 0a D4 D5 D& or Ovarall
Masala 8, 2011 Ratrospectva Low Low Low Low Modarate Low Low Low
FRoberto L cazzato, 2020 Fetrospectie Low Low Low Low Moderat Low Low Low
Piarre de marini , 2020 Retrospecte Low Low Low Low Low Low Low Low
LUIGI ZUGARD, 2016 Retrospectve Low Low Low Low Low Low Low Low
Taylor J, 2015 Fetrospecte Low Moderale Moderate Low Low Low Low Low
Paul G, Thacker, 2011 Ratrospective Low Low Low Moderate Moderate Moderate Low Moderate
Longpo Zheny, 2014 Rt oSpecing Low Low Low Low Maoderate Low Low Low
Athour Gevargez, 2007 IRetrospective Low Low Low Low Low Low Low Low
Roberto L Cazzalo, 2018 Retrospective Low Moderale Low Low Low Moderale Low Low
Wel Zhao, 2018 Retrospective Low Low Low Low Low Low Low Low
Dawood Sayed, 2019 Prospoctive Low Low Low Low Low Low Low Low
Sandeep Bagla, 2016 Prospectve  Moderate Low Low Low Low Low Serious  Moderale
Hoboru Tanigawa, 2018 Prospoctve Low Low Low Moderate Low Moderate Low Moderate
BeltioreG. 2008 Prospective Low Moderale Moderate Moderate  Moderale Low Low Serious
Matthew P. Goatz, 2004 Prospective Low Moderate Low Low Moderate Low Low Moderate
Matthew R, 2002 Prospective Low Moderale  Moderate Low Serious  Moderate Low Serious
Jack W. Jennings, 2021 Prospective Low Moderale Low Low Moderate Low Serious  Serious
Fangiang Li, 2014 Prospectve  Moderale  Moderale Low Low Low Low Low Low
Matthew R, Callstro, 2013 Prospecive Low Low Low Low Low Moderate Low Low
Salvatore Masala, 2010 Prospective  Moderate Low Low Moderate  Moderate Low Low Moderate
Matthew A. Callsirom, 2008  Prospactive Low Low Low Low " Low Low Low
Francesco Asrigoni, 2022 FRetrospectve  Moderale Low Low Moderate Low Low Low Moderate
Yumel Yang, 2020 Ratrospactve Low Low Low Low Low Low Low Low
Nicolas Gallusser, 2019 Retrospectve Low Moderate Low Low Low Low Low Low
TatumA McArthur, 2017 Rotrospective Low Moderatle  Moderate Low Modarate Low Moderate  Serious
Abessandro Motta, 2017 Ratrospecte Low Moderale Low Low Moderate Low Low Moderate
Adam N. Wallace, 2016 Fetrospect Low Moderale Low Low Low Low Low Low
ATomasian, 2016 Ratrospectve Low Low Moderate Low Low Low Low Low
Ryan M.Hegg, 2014 Retrospectyve Low Low Low Low Moderate  Moderate Low Moderate
Domains:

D1 Bias due o confounding
132: Bius in the selection of panicipants
D3: Bias in the classification of inferventions

D4: Bias due 1o deviations from intended interventions DS: Bias due 1o missing data

Dé: Bias in measurement of outcomes
D7: Bias in the selection of the reported result

Table 2. Risk Of Bias In Non-randomized Studies of Interventions (ROBINS-I).

tools have been utilized across studies, including the visual
analog scale (VAS), brief pain inventory functional subscale
(BPI-FS), and numeric rating scale (NRS/NPRS). The base-
line pain scores were consistently high, typically between

Orthopedic Reviews

7.5 and 8.5, highlighting the substantial pain burden expe-
rienced by patients prior to RFA treatment. Following inter-
vention, a progressive and substantial decline in pain was
observed at all subsequent time points (Table 6).
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Cochrane risk-of-bias tool for randomized trials (n=1)

Risk of bias domains

Item D1 D2

Study Sherry, 2020 Low Low

D1: Bias arising from the Randomization
Process.

D2: Bias due to deviation from the Intended
Intervention.

D3: Bias due to Missing outcome

data.

D4: Bias in measurement of the outcome.

D5: Bias in the selection of the reported result.

Table 3. Cochrane risk of bias tool for randomized trials.

4.2. QUANTITATIVE SYNTHESIS OF PAIN OUTCOMES

Masala et al.37 reported a rapid decrease from 8.6 * 1.23
at baseline to 2.7 £ 0.8 in one month and 1.9 # 0.8 in six
months. Zhao et al.17 also demonstrated consistent reduc-
tions: the baseline VAS score of 8.5 * 1.5 decreased to 4.7
* 1.1 at one week, 5.1 = 1.2 at one month, and further de-
clined to 4.3 £ 1.3 and 3.9 * 1.2 at 3 and 6 months, respec-
tively. Earlier studies, such as those of Goetz et al.23 and
Matthew R.,%4 reported similar trends in worst pain (WP)
and average pain (AP) scores, with marked improvement
maintained over time. The incorporation of new studies
added greater resolution across all time intervals. Green-
wood et al.13 and Zheng et al.17 reported robust early pain
reduction data, with the former reporting a reduction from
8.0%2.3t04.3+3.1at24hand to 2.9 3.3 at 1 month. Sim-
ilarly, Sayed et al.18 reported that pain improved from 5.9
+ 2.5 to 2.6 = 2.0 at 1 month. Safety profiles remained fa-
vorable. Gevargez et al.!5 reported mild contralateral limb
numbness, whereas Goetz et al.23 and Matthew R. et al.24
reported isolated second-degree burns. No serious compli-
cations were reported in most of the newer studies, con-
firming the procedure’s minimal risk.

A meta-analysis of standardized within-group changes
from baseline was conducted for studies reporting pain
scores at 24 hours, 1 week, 1 month, 3 months, and 6
months postintervention (Figure 2A). At 24 hours, the
pooled standardized mean difference (SMD) was —1.14 (95%
CI -1.98-0.30) based on five studies, with high heterogene-
ity (I% = 84.5%, 12 = 0.9369). By 1 week, the effect size in-
creased (SMD = -1.91; 95% CI -2.59 to —1.23), reflecting
a sharper early decline in pain. This effect continued at 1
month, with a pooled SMD of -2.41 (95% CI -3.07 to —1.76)
across 12 studies, and at 3 months, with an SMD of -3.17

Low

D3 D4 D5 Overall Risk

High Low High

(95% CI -3.99 to -2.35) across 10 studies. The greatest
magnitude of pain relief was observed at 6 months, where
the pooled effect size was -3.50 (95% CI -4.72 to -2.27),
on the basis of six studies. Heterogeneity remained consis-
tently high across all timepoints (I2 > 85%), although the
direction and magnitude of effects were broadly consistent.
Tests for subgroup differences by lesion site showed no sta-
tistically significant effect modification at 1 week (p = 0.44),
1 month (p = 0.12), or 3 months (p = 0.93).

The overall random-effects model across all studies
demonstrated a large pooled effect (SMD = -2.48; 95% CI
-2.87 to -2.08), with a wide prediction interval (-5.37 to
0.42), indicating substantial between-study variability but
robust evidence of treatment benefit (Figure 1A). These
findings provide compelling support for the analgesic effect
of RFA, particularly in the medium-term period following
intervention.

Figure 2B presents the funnel plot used to assess publi-
cation bias across the included RFA studies. Visual inspec-
tion suggests mild asymmetry, with a slight leftward skew
toward smaller studies reporting stronger effects. However,
the overall distribution remained broadly symmetrical, with
larger studies clustering around the mean estimate, indi-
cating no substantial evidence of small-study effects.

5. SINGLE-ARM ANALYSIS FOR CRYOABLATION
5.1. STUDY CHARACTERISTICS

Thirteen studies investigated the use of CA for pain relief in
patients with bone metastases. Of these, five were prospec-
tive studies,25-29 whereas the remaining eight were ret-
rospective.1,7,30,31,33-36 Cryoablation has shown consistent
analgesic benefits across studies, with most patients pre-
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Table 4. Characteristics of the studies directly comparing RFA and CA

Number
of
patients
(Male/
Female)

Study ID

Country Study design

Masala S, Italy Retrospective RFA:15
201137 non- (am/
randomized 11F)
study CA:15
(9M/6F)

Roberto L
cazzato,
202038

France Single center

retrospective

Primary tumor site

RFA:76.6 RFA: Breast (n=7), Prostate
+(7.7) (n=3), Lung (n=3),

CA:76.2 Colon(n=2) CA: Breast
+(7.5) (n=5), Prostate (n=3),

Lung(n=2), Myeloma(n=2),
Liver(n=1), Gastric(n=1),
Colon(n=1)

Breast (n=8), Lung (n=4),
Colorectal (n=4),

Metastatic site

Lumbar
vertebrae
(n=12), Dorsal
column (n=10),
Sacrum (n=>5),
llium (n=4),
Femur (n=3),
Tibia (n=2),
Sternum(n=1)

Sacrum (n=23)

study

Pierre de France Retrospective RFA:53
marini, propensity (28M/
20207 study 25F)

CA:221
(122Mm/
99F)

LUIGI
ZUGARO,
201637

Retrospective
propensity
study

Paul G. uUs Retrospective RFA:22
Thacker, review (13M/
2011° 9F)
CA:36
(22M/
14F)

Kidney(n=2), Others(n=>5)

RFA:62 + N/A
(11)
CA:61.5

£(12.3)

RFA:66 +
(2.75)
CA:67.5
+(1.55)

RFA: Breast(n=14),
Lung(n=7), Colorectal(n=4),
Renal(n=3), Prostate (n=2).
CA: Breast(n=9), Lung(n=7),
Colorectal(n=2),Renal(n=4),

Prostate(n=3)

RFA:65.5 RFA: Colorectal (n=10),
+(16) Renal Cell(n=3), Non-Small

CA:60 Cell Lung Cancer(n=2), and
(14.5) Others (n=7) CA:

Colorectal (n=6), renal
(n=7), lung (n=5), others
(n=18)

Spine(n=103),
Pelvis(n=155),
Long
bones(n=10),
Others(n=99)

RFA: Pelvis
(n=10), Sacrum
(n=6), Rib (n=2),
Vertebrae (n=3),
Humerus (n=2),

Femur (n=2).

CA: Pelvis (n=8),
Sacrum (n=7),
Rib (n=2),
Vertebrae (n=4),
Humerus (n=2),
Femur(n=2)

RFA: Chest wall
(n=5), head
(n=0),extremity
(n=2),pelvis
(n=10), spine
(n=5) CA: Chest
wall (n=8),head
(n=1), extremity
(n=3), pelvis
(n=21), spine
(n=3)

senting with moderate to severe baseline pain and report-
ing significant pain reduction following treatment. The
pain assessment methods used included the VAS, BPI-FS,
and NRS, with several studies differentiating between pain
experienced during weight-bearing activities and that expe-
rienced at rest.

5.2. QUANTITATIVE SYNTHESIS OF PAIN OUTCOMES

Yang et al.3! reported a decrease in the VAS score from 7.1
+1.1to 1.8 * 1.3 at 6 months. Masala et al.37 reported that
pain decreased from 7.9 # 1.0 to 2.6 * 1.5 at one week, 2.7 *
0.9 at one month, and 2.1 + 0.8 at 6 months. Wallace et al.34
provided multi time point data with 8.0 + 1.9 at baseline,
which decreased to 6.0 +2.0at 24 h, 4.0+ 1.5at 1w, 2.0+
1.0 at 1 m, and 0.5 0.3 at 6 m. Tomasian et al.3% and Motta
et al.33 reported pain reduction of 5-7 points across simi-

lar timelines. Most studies reported minimal or no compli-
cations. Hegg et al.3¢ and McArthur et al.32 noted transient
pain flare-ups or minor nerve irritation, with no serious ad-
verse events.

For CA, the SMD at 24 hours was -2.43 (95% CI
-3.84----1.02) on the basis of five studies, with consider-
able heterogeneity (I = 92.3%, T2 = 2.3187). The pooled
estimate at 1 week was -1.16 (95% CI -2.04 to -0.28),
whereas at 1 month, the pooled SMD was -2.05 (95% CI
-3.22 to -0.87), both reflecting robust pain reduction with
high between-study variability (I* > 86%) (Figure 3A).

Sustained and substantial effects were also observed at
later follow-ups. At 3 months, the pooled SMD was —2.55
(95% CI -3.46 to —1.65) across 11 studies (I%2 = 88.5%, T2
= 2.5080), whereas at 6 months, pain reduction remained
large (SMD = -2.14; 95% CI -3.43 to -0.85), with hetero-
geneity reaching 1% = 92.7%.
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Table 5. Complications and Disease Progression Across the included studies

Study ID Type of Complications Disease Progression and Recurrence
procedure
(RFA/CA/
Both)
Mild radiculopathy after RFA treatment
(n=1)
Roberto L cazzato, Both RFA: Post operative pain (n=1), Brachial N/A
202038 plexus syndrome (n=1).

CA: Heal hypoesthesia (n=1), Partial S1
motor deficit (n=1), Gluteal anesthesia and
bladder disfunction (n=1).

Pierre de marini, RFA: Septic shock due to an infection of the N/A
20207 RFA site (n=1). CA: Fracture(n=4), Tumor
seeding (n=1), Infection(n=1) , Arterial
bleeding (n=1), Hypotension(n=1)

LUIGI ZUGARO, Both Transient nerve injuries (RFAn=1) (CAn= CA: 12% of patients experienced recurrence.
201639 1) RFA: 8% of patients experienced recurrence.

Paul G. Thacker, RFA: Minimal damage to liver capsule
2011° (n=1).
CA: Temporary S1 vertebra dysesthesia
(n=1), Thermal injury (n=1)

Taylor J. RFA Post-procedural radicular pain (n=1) At 3 months, 12 out of 13 patients had stable treated
Greenwood, disease, and all 10 patients assessed at 6 months
201513 maintained stability.
ajor adverse events were reported The mean follow-up duration was 8.4
no recurrence reported during this p
Athour Gevargez, RFA Pain and numbness in their contralateral Mean time to progression: 730 + 54 days; 28/33 patients
200715 lower limbs (n=2), Unilateral free of tumor progression, while 5 patients showed local
monoradiculopathy (n=1), Paresthesia tumor progression.
(n=1)
Roberto L PMMA leakage into para-vertebral soft Imaging follow-up in 6/11 (54.5%) patients, Local disease
Cazzato, 201816 tissues (n=1), was stable in 4 cases and Progression in 2 cases
Sepsis and death in end stage lung cancer
patient (n=1)
Wei Zhao, 201817 RFA Cement leakage and pain (n=1) Patients are followed up after 12 months of ablation, with
no reported cases of tumor recurrence
Dawood Sayed, RFA No major adverse events were reported N/A
201918
Sandeep Bagla, RFA Pain outside the target vertebrae (n = 3), N/A
201617 Ruptured disk
(n = 1), Neuropathic pain (n = 1), Syncope (n
=1)
Sherry, 202020 Neuritis (n=4), Numberness (n=-2),
Dysesthesia (n=1)
Noboru Tanigawa, RFA Pain (n=1), Hypotension (n=1), First degree N/A
201821 burn (n=1), Death due to progression of

hepatocellular carcinoma (n=1)

BelfioreG, 200822 RFA No major adverse events were reported N/A

Matthew P. Goetz, RFA Second degree burn (n=1), Transient bowel N/A
200423 and bladder incontinence (n=1), Fracture of

acetabulum (n=1)
Matthew R, RFA Second degree burn (n=1) N/A

200224

Jack W. Jennings, CA Fourth-degree burn and amputation (n=1), N/A
202125 Abdominal pain (n=1), Hematoma (n=1),

Other mild side effects (n=14)

Fengiang Li, Fever (n=15), Muscle pain (n=3),
201426 Hypercalcemia (n=2), Pathological fracture
(n=5)
Matthew R. CA Osteomyelitis (n=1) N/A
Callstrom, 201327
Salvatore Masala, CA Post-procedure pain (n=7) N/A
201028
Matthew R. CA No major adverse events were reported N/A

Callstrom, 200627

Francesco Bleeding at the site of cryoablation (n=1) Local Tumor Control Outcomes in Follow-up Period
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Study ID Complications

Type of
procedure
(RFA/CA/

Both)

Arrigoni, 202230

Disease Progression and Recurrence

(Mean: 22.4): 10/11 (91%) showed no progression.

Yumei Yang, CA

202031 nerve compression (n =1)

Nicolas Gallusser, Pathologic fracture (n=1)

20191

Fracture (n =1), Skin frostbite (n =1), Sciatic

N/A

6/16 (37%) had local disease progression.

TatumA.McArthur, CA
201732

Neuropraxia (n=1)

Alessandro Motta,
201733

Mean time to progression: 5.9 months

Follow-up Period (Mean: 436 days):
1/16 (6.2%) showed disease progression at ablation site

Transient post-operative unilateral lower
extremity radiculopathy and weakness

(GE))]

Adam N. Wallace, CA

201634 (n=1)

ATomasian,

201633

and weakness (n=2)

Hemothorax (n=2) Transient foot drop

Unilateral lower extremity radiculopathy

The overall radiographic local tumor control rate at 3
months: 90% (37/41), at 6 months was 86% (32 of 37)
and at 12 months: 79% (26/33). Local progression was
documented in 12% of cases within 1 year

Follow-up Period: Median 10 months.
Local Tumor Control Rates: 30/31 (96.7%) achieved

Ryan M.Hegg, CA
201436

Soft tissue infection (n=1)

complete local tumor control.

Primary Tumor Control: 60% (3/5 patients).
After Repeat Cryoablation: 80% (4/5 patients). With a
median follow-up of 8.4 months

The overall random-effects pooled estimate revealed a
strong analgesic effect (SMD = -2.08; 95% CI -2.57 to
-1.60), and the prediction interval (-5.29 to 1.12) sug-
gested that, despite variability, most individual settings
still demonstrated benefit (Figure 2A). These findings in-
dicate that CA consistently reduces pain intensity across a
range of follow-up durations and study populations. These
findings support the conclusion that CA produces signifi-
cant and sustained improvements in pain scores over time,
although the effect sizes were generally smaller than those
observed with RFA.

Figure 3B shows the funnel plot of effect sizes for CA
studies. While the plot was broadly symmetrical, some left-
sided skew was observed, particularly among smaller stud-
ies reporting stronger treatment effects. Larger studies
clustered near the pooled mean, indicating a limited risk of
small-study bias and a reasonable overall distribution.

DISCUSSION

Bone metastasis is the most common form of metastatic
disease, affecting about two out of every three cancer pa-
tients.40 In the U.S, approximately 350,000 individuals die
annually with bone metastases.*! The most frequent pri-
mary tumors associated with skeletal spread are breast,
prostate, and lung cancers*!42 Spinal vertebrae are most
commonly affected, particularly the mid-thoracic region
(T4-T7).43

Pain is the most frequent and debilitating symptom, of-
ten leading to reduced mobility and diminished quality of
life.4445  Traditional management includes EBRT,
chemotherapy, surgery, hormonal agents, bisphospho-
nates, and newer immunotherapies*® Despite this, a signif-
icant proportion of patients experience suboptimal pain re-
lief or relapse after initial response.47:43

Minimally invasive, image-guided interventions have
emerged as alternatives for patients unsuitable for conven-
tional treatments. These include radiofrequency ablation
(RFA), cryoablation (CA), microwave ablation (MWA), and
magnetic resonance-guided focused ultrasound (MRgFUS),
offering targeted therapy for painful skeletal metastases.22
23,25

This study compares the effectiveness of RFA and CA in
treating bone metastasis, focusing on pain relief, local tu-
mor control, and complication profiles.

RFA is typically used for smaller osteolytic lesions due to
better conductivity. It is fast but less effective in sclerotic
tumors and often requires deep sedation. CA, in contrast,
is suited for larger sclerotic lesions, is less affected by bone
density, allows real-time ice ball visualization, and is gen-
erally better tolerated due to its anesthetic properties.4?

To our knowledge, this is the first systematic review
and meta-analysis that compare cryoablation and radiofre-
quency ablation for the treatment of painful bone metas-
tases. While previous literature has evaluated each modal-
ity individually, no prior work has synthesized and analyzed
outcomes between the two techniques in a unified, head-
to-head framework. This comparison is critical for clini-
cians choosing between thermal ablation options for pallia-
tive care, especially when balancing pain relief, safety, and
tumor control.

Existing systematic reviews have addressed RFA in iso-
lation, focusing on its efficacy in pain reduction and func-
tional outcomes, but without exploring other ablation
modalities (Murali et al., 2021).6 Cryoablation has also been
studied in meta-analyses, with results showing significant
and durable pain relief across various time points (Torabi
et al., 2025) [[8], as well as favorable safety outcomes and
procedural considerations in spinal applications (Fallahi et
al., 2025) [[50]. One broader review included multiple abla-
tion methods (RFA, CA, MWA, MRgFUS), but analyzed each

Orthopedic Reviews 10
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Table 6. Characteristics of Tumors and Metastatic Sites.

Type of
procedure
(RFA/CA/

Study ID

Primary tumor site

Both)

Masala S, 201137 BOTH
Roberto L cazzato, BOTH
202038
Pierre de marini, BOTH
20207
LUIGI ZUGARO, BOTH
201637
Paul G. Thacker, BOTH
20115
Taylor J.
Greenwood, RFA
201513

Longpo Zheng,

201414

Athour Gevargez,

200715 RFA

Roberto L
Cazzato, 201816

Wei Zhao, 201817 RFA

Dawood Sayed,

201918

RFA: Breast (n=7), Prostate (n=3), Lung (n=3),
Colon(n=2) CA: Breast (n=5), Prostate (n=3),
Lung(n=2), Myeloma(n=2), Liver(n=1),
Gastric(n=1), Colon(n=1)

Breast (n=8), Lung (n=4), Colorectal (n=4),
Kidney(n=2), Others(n=>5)

N/A

RFA: Breast(n=14), Lung(n=7),
Colorectal(n=4), Renal(n=3), Prostate (n=2).
CA: Breast(n=9), Lung(n=7),
Colorectal(n=2),Renal(n=4), Prostate(n=3)

RFA: Colorectal (n=10), Renal Cell(n=3), Non-

Small Cell Lung Cancer(n=2), and Others (n=7).

CA: Colorectal (n=6), renal (n=7), lung (n=5),
others (n=18)

Non-small cell lung cancer(n=8), Renal cell
carcinoma (n=5), Breast cancer(n=3), Rectal
cancer (n=2), Bladder(n=1), Angiosarcoma
(n=1), Melanoma (n=1)

Prostate cancer (n=5), Breast cancer (n=6),
Lung cancer (n=3), Sacrum cancer (n=2),
Kidney cancer (n=2), Lymphoma (n=2),
Esophageal cancer (n=1), Adenocarcinoma
(n=1), Liver cancer (n=2), Mesenchymal cancer
(n=1), Thyroid cancer (n=1)

Osteosarcoma (n=1), Leiomyosarcoma (n=1),
Breast cancer (n=8), Multiple myeloma (n=6),
Cancers of the gastrointestinal tract (n=5),
Prostate cancer (n=5), Kidney cancer (n=4),
Thyroid cancer (n=4), Malignant melanoma
(n=3), Cervical cancer (n=2), Urinary bladder
cancer (n=1), Pancreatic cancer (n=1)

Lung (n=4), Breast (n=2), Hepatocellular
carcinoma (n=2), Chondrosarcoma (n=1),
Bladder (n=1), Colorectal (n=1)

Lung cancer (n=9), Hepatic carcinoma (n=3),
Breast cancers (n=2), Rectal carcinoma (n=1),
Malignant lymphoma (n=1)

Renal cancer (n=6), Breast cancer (n=6), Lung
cancer (n=5), Bladder cancer (n=2), Melanoma
(n=2), Hepatic cancer (n=2), Adenocarcinoma
(n=1), Multiple myeloma (n=1), Maxillary sinus
cancer (n=1), Prostate cancer (n=1), Thyroid

Orthopedic Reviews

Metastatic site EE
type
Lumbar vertebrae 37 Lytic
(n=12), Dorsal column
(n=10), Sacrum (n=>5),
llium (n=4), Femur
(n=3), Tibia (n=2),
Sternum(n=1)
Sacrum (n=23) 21 Lytic
2 Mixed
Spine(n=103), Lytic
Pelvis(n=155), Long RFA: 45
bones(n=10), CA: 194
Others(n=99) Sclerotic
RFA: 0
CA: 67
Mixed
RFA: 21
CA: 40
RFA: Pelvis (n=10), 50 Lytic
Sacrum (n=6), Rib
(n=2), Vertebrae
(n=3), Humerus (n=2),
Femur (n=2).
CA: Pelvis (n=8),
Sacrum (n=7), Rib
(n=2), Vertebrae
(n=4), Humerus (n=2),
Femur(n=2)
RFA: Chest wall (n=5), RFA: 22
head (n=0),extremity Lytic
(n=2),pelvis (n=10), CA: 36
spine (n=5). Lytic
CA: Chest wall
(n=8),head (n=1),
extremity (n=3),
pelvis (n=21), spine
(n=3)
Thoracic vertebrae N/A

(n=15) Lumbar
vertebrae (n=21)

Thoracic vertebrae
(n=11), Lumbar
verterbae (n=24),
Sacral vertebrae

Thoracic and Lumbar N/A
verterbrae (n=39)

Lumbar verterbrae
(n=8), Thoracic
verterbrae (n=2),
Sacral verterbrae
(n=1)

Thoracic vertebrae
(n=19), Lumbar
vertebrae (n=9),
Sacral vertebrae
(n=2), Scapula (n=1),
Sternum and rib (n=1)

7 Lytic
4 Mlxed

34 Lytic

Thoracic vertebra (n =
13), Lumbar vertebra
(n=21),

RFA:
219+
(0.54) cm
CA:2.78
+(1.38)
cm

3.8+
(1.9) cm

RFA: 4.5
+(2.2)
cm
CA:3+
(1.5)cm

RFA: 4 +
(0.25)cm
CA:4+
(0.65) cm

RFA: 5+
(4.5)cm
CA:44+
(2.7)cm

N/A

N/A

N/A
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Sandeep Bagla,
201617

Sherry, 202020

Noboru Tanigawa,
201821

BelfioreG, 200822

Matthew P. Goetz,
200423

Matthew R,
200224

Jack W. Jennings,
202125

Fengiang Li,
201426

Matthew R.
Callstrom, 201327

Salvatore Masala,
201028

Matthew R.
Callstrom, 200629

Francesco

Arrigoni, 202230
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RFA

RFA

RFA

CA

CA

CA

cancer (n=1), Metastatic colon cancer (n=1)

Kidney (n=11), Breast (n=10), Lung (n=9), Liver
(n=3), Bladder (n=2), Others (n=15)

Breast (n=12), Colon (n=1), Endometrial (n=1),
Lung (n=1), Non-Hodgkin lymphoma (n=1),
Multiple Myeloma (n=1), Ovaries (n=1),
Prostate (n=3), Unknown (n=1)

Hepatocellular (n=9), Renal (n=5), Lung (n=5),
Colorectal (n=6), Cholangiocellular (n=3),
Cervical (n=1), Tongue (n=1), Breast (n=1),
Bladder (n=1),

Unknown (n=1)

Colorectal (n=4), Breast (n=3), Hepatocellular
(n=2), Renal (n=2), Lung (n=1)

Colorectal (n=10), Renal (n=9), Lung (n=4),
Sarcoma (n=3), Others (n=17)

Colorectal (n=4), Renal (n=4), Small cell lung
carcinoma (n=1), Melanoma (n=1),
Endometrial (n=1), Transitional cell carcinoma
of the bladder (n=1)

Lung (n=19), Breast (n=9), Kidney (n=8),
Colorectal (n=5), Prostate (n=4), Sarcoma
(n=3), Thyroid (n=3), Stomach (n=2),

Non-small cell lung cancer (n=9), Breast cancer
(n=8), Renal cell cancer (n=3), Prostate
adenocarcinoma (n=3), Colorectal carcinoma
(n=2), Hepatocellular carcinoma (n=1),
Nasopharyngeal carcinoma (n=1), Gastric
adenocarcinoma (n=1),

Lung (n=16), Renal (n=10), Colorectal (n=7),
Melanoma (n=4), Prostate (n=4), Squamous
cell (non-lung) (n=3), Transitional cell (n=2),
Paraganglioma (n=2), Breast (n=2), Others
(n=1each),

Lung (n=5), Breast (n=4), Kidney (n=3),
Colorectal (n=2), Prostate (n=1), Ovary (n=1),
Unknown (n=4)

Renal cell carcinoma (n=3), Rectal carcinoma
(n=2), Paraganglioma (n=2), Non-small cell
lung carcinoma (n=1), Squamous cell
carcinoma (n=1), Ovarian carcinoma (n=1),
Medullary thyroid carcinoma (n=1), Adrenal
cortical carcinoma (n=1), Melanoma (n=1),
Desmoid tumor (n=1).

Breast (n=7), Kidney (n=8), Colorectal cancer
(n=5),

Head and neck (n=2), Lung (n=2), Bladder
(n=2),

Orthopedic Reviews

Lumbar vertebrae
(n=39), Thoarcic
verterbae (n=30)

Thoracic vertebrae
(n=26)

llium (n=9), Rib (n=8),
Sacrum (n=6), Scapula
(n=3), Sternum (n=2),
Ischium (n=2), Pelvis
(n=1), Humerus (n=1),
Pubis (n=1),

Femur (n=3), llium
(n=2), Sacrum (n=2),
Humerus (n=2),
Vertebra (n=1),
Scapula (n=1), Rib
(n=1)

Pelvis (n=12), Sacrum
(n=12), Rib (n=6),
Vertebrae (n=4),
Others (n=9)

Ilium (n=4), Ribs
(n=3), Sacrum (n=2),
Pubic symphysis
(n=1), Vertebrae
(n=1), Tibia (n=1),
Talus (n=1)

Rib (n=16), llium
(n=13), Pelvis (n=8),
Ribs (n=4),
Acetabulum (n=3),
Sacrum (n=3), Scapula
(n=3), Ischium (n=3),
Sternum (n=3),
Humerus (n=2),
Femur (n=1), Vertebra
(n=1)

Thoracic vertebra
(n=5), Lumbar
vertebra (n=5),
Sacrum (n=3), Clavicle
(n=3), Scapula (n=1),
Chest wall (n=7),
llium (n=1),
Acetabulum (n=2),
Rib (n=14),

Ribs (n=33), lliac/
ischium/pubic bones
(n=20), Scapula/
clavicle/sternum
(n=7), Sacrum (n=5),
Extremity (n=2),
Vertebrae (n=1),
Mastoid (n=1)

llium (n=7), Vertebrae
(n=6), Sacrum (n=4),
Femur (n=2), Rib
(n=1)

Clavicle (n=2), llium
(n=2), Rib (n=7),
Lamina (n=1),
Acetabulum (n=2),
Chest wall (n=4),
Scapula (n=1), Sacrum
(n=2), Femur (n=1)

Sacro lliac (n=14),
Spine (n=5), Rib (n=2),
Acetabulum (n=4),
Sternum (n=1), Femur

N/A N/A

28 Lytic Long
3 diameter:
Sclerotic 6.1+
2 Mixed (3.1)cm
Short
diameter:
28+
(1.7)cm

13 Lytic

41 Lytic 6.3+
2 Mlxed (4.15) cm

13 Lytic

48 Lytic 57+
6 (3.2)cm
Sclerotic
11
Mixed

23 Lytic
12
Sclerotic
6 Mixed

N/A

48+
(2.4)cm

11 Lytic
2
Sclerotic
7 Mixed
22 Lytic 4+£(2.3)
cm
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Yumei Yang,
202031

Nicolas Gallusser,
20191

TatumA.McArthur,
201732

Alessandro Motta,
201733

Adam N. Wallace,
201634
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CA

CA

CA

1), Sarcoma (n=1)

Lung (n = 8), colorectal (n = 6), breast (n = 6),
liver (n = 4), esophageal (n = 1), stomach (n = 1)

Breast (n=2), Tonsillar squamous cell (n=1),
Lung (n=3), Sarcoma (n=2), Renal (n=3),
Melanoma (n=1), Rectal (n=1), Hepatocellular
(n=2), Cutaneous squamous cell carcinoma
(n=1)
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Prostate (n=1), Kidney (n=1), Bladder (n=1),
Ovarian (n=2)

Non-small cell lung cancer (n=24), Sarcoma
(n=19),

Papillary thyroid (n=12), Breast
adenocarcinoma (n=9), Renal cell carcinoma
(n=6), Malignant peripheral nerve sheath
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hemangioendothelioma (n=6), Gastrointestinal
adenocarcinoma (n=5), Pancreatic
adenocarcinoma (n=3), Hemangiopericytoma
(n=1), Head and neck squamous cell carcinoma
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Ischiopubic (n=1)

Rib (n = 24), pelvis (n
=10), vertebrae (n =
2)

Vertebrae (n=2),
Femur (n=5), llium
(n=3), Rib (n=3),
Sacrum (n=5)

Rib (n=1), llium (n=7),
Acetabulum (n=3),
Calcaneus (n=1),
Sternum (n=1),
Vertebrae (n=2),
Sacrum (n=1)

Sacrum (n=6), Lumbar
vertebrae (n=3),
Thoracic vertebrae

36 Lytic

N/A

Scapula (n=5), 50 Lytic
Humerus (n=2), Ribs 6
(n=11), Sternum Sclerotic
(n=1), Clavicle (n=1), 20
Spine (n=9), Sacrum Mixed

(n=7), Coccyx (n=2),
Pelvis (n=42), Tibia
(n=1), Calcaneus
(n=1),

Soft tissues (n=10)

43+
(1.9)cm

4+(1.6)
cm

N/A

(n=1)

Lung cancer (n=4), Colorectal carcinoma (n=3),
2), Follicular thyroid
carcinoma (n=2), Head and neck squamous cell
carcinoma (n=1), Pancreatic adenocarcinoma
(n=1), Epithelioid hemangioendothelioma

Breast cance

ATomasian,

201633

(n=1)

Ryan M.Hegg,

201436 CA

(n=3), Ampullary (n=1

Breast (n=7), Lung (n=3), Thyroid (n=1), Renal

Vertebral body: 22 Lytic
Lumbar spine (n=8) 9
Thoracic spine (n=4), Sclerotic
Pedicle: Lumbar spin

(n=3), Thoracic spine

(n=2), Lamina:

Lumbar spine (n=2),

Thoracic spine (n=2)

Sternum (n=15) N/A 3.8+
(1.33)cm

separately without comparing their outcomes.# By bring-
ing both cryoablation and radiofrequency ablation into di-
rect comparison, our study fills a notable gap in the current
evidence base and provides a more practical, evidence in-
formed foundation for clinical decision making.

EBRT VERSUS THERMAL ABLATION

In a retrospective study by Di Staso et al. (2015), patients
with single painful bone metastases were treated with ei-
ther EBRT alone, CA alone, or a combination of CA followed
by EBRT. The results showed that patients who received
CA—especially in combination with EBRT—achieved sub-
stantially better pain relief by 12 weeks compared to those
treated with EBRT alone.50

Although studies directly comparing EBRT and RFA are
limited, the available evidence suggests that combining
RFA with EBRT offers superior pain outcomes compared
with EBRT alone. In a separate retrospective analysis by Di
Staso et al. (2010), a complete pain response at 12 weeks
was observed in 53.3% (8/15) of patients treated with the
combined RFA and EBRT protocol, compared with only
16.6% (5/30) in the EBRT-only group. Furthermore, the
overall pain response rate was significantly greater in the

combined therapy group (93.3%) than in the EBRT-alone
group.5!

These findings highlight the potential additive benefit of
incorporating ablative therapies with conventional radio-
therapy for enhanced pain control in patients with bone
metastasis.

EFFECT OF THERMAL ABLATION ON SHORT-TERM PAIN

Two comparative studies have assessed pain outcomes
within 24 hours post-procedure,>37 alongside three studies
evaluating RFA,17:22.23 and three evaluating CA.31:33.34 Col-
lectively, the data demonstrate that CA yields a signifi-
cantly greater immediate reduction in pain at 24 hours
compared to RFA. While both analyses indicate a strong
treatment effect, cryoablation appears to provide a more
rapid onset of analgesia.

This early superiority is likely due to cryoablation’s dis-
tinct mechanism of action. The freezing temperatures dis-
rupt local nerve conduction, which not only blunts no-
ciceptive signaling during the procedure but also reduces
post-ablation pain more effectively than the thermal injury
produced by RFA [[53,54].

Similarly, a recent meta-analysis by Fallahi et al. focused
on spinal metastasis ablations demonstrated a notable and
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Figure 2A. Forest plot in pain scores from baseline to 24 hours, 1 week, 1 month, 3 months, and 6 months post

o |
o
N
e o0 Somo©
co &%
oi® ° °
- °
5 < | o ° °
o ° ° °
° °
< L °
° L4 °
c
8 ° ° o®
7]
@ °e o‘§
o
°
°
(<]
L4 )
o | o®
o
®e
o
o
T T T T
-6 -5 -4 -3 -2 -1 0

Standardized Mean Difference

Figure 2B. presents the funnel plot used to assess
publication bias across the included RFA studies

rapid reduction in pain scores by the first day following
cryoablation. This early pain relief was attributed to
cryoablation’s ability to directly affect periosteal and os-
seous nerve fibers through localized freezing, leading to the
disruption of nociceptive pathways shortly after treatment
[[50]. In a comparative study by Thacker et al., patients
treated with CA required significantly less opioid analgesia
within the 24-hour periprocedural period. Specifically, CA
was associated with a mean decrease of 24 morphine equiv-
alent doses, whereas RFA was linked to a mean increase
of 22 doses. Additionally, CA was associated with a shorter
postprocedural hospital stay compared to RFA.5

These findings support the hypothesis that cryotherapy
may provide more effective and better-tolerated immediate
pain relief in patients with bone metastasis, although fur-
ther high-quality comparative studies are needed to con-
firm these observations.

EFFECT OF THERMAL ABLATION ON LONG-TERM PAIN

One comparative study assessed pain outcomes at 3 months
post procedure,3” supported by nine additional studies
evaluating RFA1417-24 and ten evaluating CA.1:2527-34 Col-
lectively, the data suggests that RFA may provide superior
long-term pain relief compared to CA at the 3-month pe-
riod. Radiofrequency ablation (RFA) achieves long-term
pain relief by inducing coagulative necrosis of sensory
nerves, which disrupts pain transmission and delays nerve
regeneration.52 Additionally, RFA stimulates immune ac-
tivation through the release of damage-associated molec-
ular patterns (DAMPs) such as HSP70 and HMGBI, facili-
tating the clearance of damaged tissue and helping resolve

inflammatory pain.>3 Furthermore, RFA reduces tumor bur-
den, eliminates cytokine-producing cells (e.g., TNF-q,
IL-6), inhibits osteoclast activity, and decreases local acid-
ity, these changes promote structural stability and reduc-
tion in nociceptor sensitization.24

This trend was maintained at 6 months post-procedure.
The same comparative study, in addition to five studies
evaluating RFA1417.21-23 3nq five evaluating CA,25:27:29,31,
34 consistently demonstrated greater pain reduction in the
RFA group. These findings point toward a possible long-
term analgesic advantage of RFA over CA in the context of
bone metastases. The sustained efficacy observed with RFA
may reflect differences in thermal dynamics, lesion cover-
age, or post-ablation tissue response compared to cryoab-
lation. However, notable heterogeneity was observed across
studies, possibly due to differences in methodology, lesion
type, pain assessment tools, or the generally high risk of
bias in the available evidence. To address this, we per-
formed a subgroup analysis stratified by lesion site, but this
showed no statistically significant effect modification at 1
week (p = 0.44), 1 month (p = 0.12), or 3 months (p = 0.93).
Moreover, only one study to date has directly compared
RFA and CA in a head-to-head analysis, reporting a signif-
icant difference in long-term pain outcomes between the
two modalities.3” This highlights a significant gap in the
literature, as high-quality comparative data remains lim-
ited.

TECHNICAL ADVANCES: STEERABLE RFA AND
CEMENTOPLASTY

Steerable bipolar RFA probes, combined with high-viscosity
cementoplasty, are emerging as a safe and effective option
for treating difficult-to-access extraspinal bone metastases.
Their articulating tips allow broader ablation zones through
a single access point, minimizing trauma in complex or
load-bearing areas.

In a retrospective study by Pusceddu et al., this approach
led to immediate pain relief, with VAS scores dropping to 0
in 53% of patients within one week, and improved mobil-
ity in 94% by one month. No major complications were re-
ported.>* These findings align with Faiella

et al., who reported significant and sustained VAS re-
duction using traditional RFA with cementoplasty.55 To-
gether, these results support the use of steerable RFA as
a minimally invasive solution for effective tumor control
and rapid functional recovery in anatomically challenging
metastases.

LOCAL TUMOR CONTROL

Out of 30 studies in our review, 12 reported on local tumor
progression after ablative treatment for bone metastasis. In
a comparative study by Zugaro et al., patients were evenly
divided into RFA and CA groups. By 12 weeks, both modal-

Orthopedic Reviews 15


https://orthopedicreviews.openmedicalpublishing.org/article/150315-radiofrequency-ablation-and-cryoablation-in-treating-painful-bone-metastasis-a-comprehensive-systematic-review-and-separate-single-arm-meta-analysis/attachment/322087.png

Radiofrequency Ablation and Cryoablation in Treating Painful Bone Metastasis: A Comprehensive Systema...

Standardised Mean

Study Difference SMD 95%-Cl Weight
Timepoint = 24h

Motta et al., 2017 —— -4.85 [-6.64,-3.07] 1.9%
Yang et al., 2020 - -3.44 [-4.31;-2.56] 2.3%
Masala et al., 2011 —i— -261 [-361,-1.80) 23%
Thacker et al., 2011 - -1.13 [[1.77,049] 24%
Wallace et al., 2016 i 076 [-1.15;-0.38) 2.5%
Overall Random Effects Model e -2.43 [-3.84; -1.02] 11.4%

Heterogensity: I° = 82.3%, +* = 2.3187, p < O.Dﬂm

Timepoint = 1w i
Hegg et al., 2014 —i— -3.20 [-4.46;-193] 2.2%

Masala et al., 2011 —— -3.71 [4.94;-2.48] 22%

Wallace et al., 2016 . -1.24 [-165,-0.83] 25%
Jennings et al. 2021WP : i -0.65 [-1.00;-0.30] 2.5%
Calstrom &t al., 2013WP | -0.56 [-0.82;-0.20] 2.5%
Calstrom et al., 2013AP ! -0.38 [-0.74;-0.02] 25%

Calstrom et al., 2006WP 0.18 [0.93; 0.56] 24%
Calstrom et al., 2006AP 0.14 [-0.88; 0.60] 24%
Overall Random Effects Model -1.16 [-2.04; -0.28] 19.1%
Heterogeneity: I* = 86.6%, +* = 1.4716, p < 0,000

Timepoint = 1m _

Motta et al., 2017 —;— 462 [-6.34,-291] 1.9%
Yang et al., 2020 - -3.83 [4.77,-2.89] 2.3%
Masala et al., 2011 - g -5.62 [-7.30;-3.94] 1.9%

Wallace et al., 2016

Jennings et al. 2021WP
Calstrom et al., 2013WP
Calstrom et al., 2013AP
Calstrom et al., 2006WP
Calstrom et al., 2006AP

Overall Random Effects Model .
Heterogeneity: I* = 90.2%, <% = 3.0256, p < 0.0001

098 [-1.37,-0.59] 25%
092 [-1.28;-056] 2.5%
0.85 [-1.22;-048] 25%
087 [-124;-049] 25%
03 [-183;-0.24] 24%
0.88 [-166;-0.10] 2.4%
-2.05 [-3.22; -0.87] 20.9%

—

Timepoint = 3m i

Motta et al., 2017 E i -595 [-8.06;-385] 1.7%
Arrigoni et al., 2021 . -1.63 [-2.24;-102] 24%
Gallusser et al., 2019 —_— 206 [-2.93;-1.18) 2.3%
Masala et al., 2010 —.— -3.28 [4.25;-230] 23%
McArthur et al., 201TAP —— 483 [-6.29, -341] 21%
Yang et al., 2020 - -3.78 [-4.71,-285] 2.3%

Masala et al., 2011 E— i 6.00 [-7.77;4.22) 1.9%
Wallace et al., 2016 - 157 [-2.00;-1.15] 25%
Jennings et al. 2021WP = -1.23 [-1.60;-086] 2.5%
Calstrom et al.,, 2013WP ] -1.24 [-163,-0.85] 2.5%
Calstrom et al., 2013AP . 125 [-164;-0.86] 25%
Calstrom et al., 2006WP — -1.28 [-2.10;-0.46] 2.4%
Calstrom et al., 2006AP . = 126 [-2.08;-0.44] 24%
Overall Random Effects Model e -2.55 [-3.48; -1.65] 29.8%
Heterogeneity: I° = 88,5%, 1° = 2.5080, p < 0,000

Timepoint = 6m

Yang et al., 2020 —— -4.34 [-5.36;-3.31] 2.3%
Masala et al., 2011 — 644 [-8.33; 456)] 1.8%
Wallace et al., 2016 5 = -0.24 [-0.62; 0.13] 25%

Jennings et al. 2021WP
Calstrom et al., 2013WP
Calstrom et al.. 2013AP

-1.27 [-1.64,-089] 25%
148 [-1.88;-108] 25%
-147 [-1.87;-1.07] 25%
Calstrom et al., 2006WP 173 [-262,-084) 23%
Calstrom et al., 2006AP 112 [-1.93;-0.32] 24%
Overall Random Effects Model =SRER -2.14 [-3.43; -0.85] 18.8%
Heterogeneity: I° = 92.7%, © = 3.2698, p < 00001

;#i-

Overall Random Effects Model - -2.08 [-2.57; -1.60] 100.0%
Prediction interval [-5.29; 1.12]
Heterogeneity: I° = 90.5%, « = 2.4606, p < 00001 A '

Test for subgroup differences: 13 =534, di£ 4 (p202592) 2 4

Orthopedic Reviews


https://orthopedicreviews.openmedicalpublishing.org/article/150315-radiofrequency-ablation-and-cryoablation-in-treating-painful-bone-metastasis-a-comprehensive-systematic-review-and-separate-single-arm-meta-analysis/attachment/322088.png

Radiofrequency Ablation and Cryoablation in Treating Painful Bone Metastasis: A Comprehensive Systema...

Figure 3A. Forest plot in pain scores from baseline to 24 hours, 1 week, 1 month, 3 months, and 6 months post
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Figure 3B. shows the funnel plot of effect sizes for CA
studies.

ities showed recurrence in a small portion of patients, with
RFA showing slightly lower recurrence.

Five studies evaluated RFA outcomes!3-17; two of them
reported complete absence of recurrence within the first
year of follow-up. Gevargez et al. demonstrated durable tu-
mor control over an extended observation period, with the
majority of patients maintaining local stability and only a
few experiencing disease progression. These results sug-
gest that RFA can offer sustained tumor control in selected
cases, though outcomes may vary based on treatment in-
tent—curative versus palliative.

Six studies assessed CA,1:30,32,34-36 with findings de-
pending on patient selection and follow-up duration. For
instance, McArthur et al. reported minimal progression in
their patient cohort during the observed period, while Wal-
lace et al. showed a relatively high rate of local tumor con-
trol one year after treatment, although some progression
still occurred.

A systematic review by Murali et al. evaluating RFA in
patients with bone metastases found recurrence to occur in
a minority of cases, across varied follow-up durations rang-
ing from months to several years.®

In comparison, a systematic review of CA in spinal
metastasis demonstrated local control rates spanning a
wide range from 60-100%, depending on follow-up
methodology and clinical context [57]. Fallahi et al.'s meta-
analysis also reported favorable 70% local tumor control
outcomes for CA-treated patients over intermediate follow-
up periods.>®

Overall, these findings suggest that both RFA and CA are
capable of achieving meaningful local tumor control. How-
ever, inconsistencies in patient populations, follow-up in-

tervals, and outcome definitions emphasize the need for
standardized, long-term comparative studies.

COMPLICATIONS

As demonstrated across the included studies, both RFA and
CA are minimally invasive procedures performed under im-
age guidance with either local anesthesia or conscious se-
dation, making them feasible and well tolerated even in
patients with advanced disease. According to the studies
included in this review, complications were generally mild
and self-limiting. For RFA, reported adverse events include
mild radiculopathy (Masala et al., 2011),37 minor contralat-
eral limb numbness (Gevargez, 2007),!> and isolated sec-
ond-degree burns (Goetz et al.,, 200423; Matthew R,
200224). Similarly, cryoablation was well tolerated, with
studies such as Tomasian et al. (2018),35 Wallace et al.
(2016),3% and McArthur et al. (2018)32 reporting only mild
postprocedural pain or nerve irritation. Only one case of
osteomyelitis has been reported (Callstrom et al., 2013),27
and no permanent neurological injuries were observed in
either group, confirming the overall safety and low compli-
cation rates of both techniques (Zhao et al., 2018!7; Sayed
et al., 202118). This favorable safety profile reinforces their
suitability in oncology patients with limited treatment op-
tions, especially those in whom conventional surgery or
systemic therapies may be contraindicated.

ROLE OF NAVIGATION SYSTEMS AND
NEUROPROTECTION

Advanced navigation tools like SIRIO are becoming increas-
ingly important in spinal tumor ablation, where protecting
nearby nerves is critical. SIRIO offers real-time 3D guid-
ance, helping clinicians place needles with greater preci-
sion while reducing both radiation exposure and procedure
time. In one study, procedures using SIRIO had signifi-
cantly lower radiation doses (307.4 vs. 460.3 mGycm) and
were much quicker (13.5 vs. 32.3 minutes). This precision
also improved neuroprotection and led to better pain con-
trol at three months. Both SIRIO and non-SIRIO techniques
were safe, but the added accuracy and efficiency make nav-
igation systems especially valuable for treating fragile pa-
tients and complex spinal lesions.5”

LIMITATIONS AND FUTURE DIRECTIONS

This review is limited by methodological heterogeneity,
particularly in pain assessment tools, follow-up durations,
and the use of adjunctive therapies such as cementoplasty,
which confound the pain-relieving outcomes of RFA and
CA. An additional limitation is that most pooled quantita-
tive results were produced from separate single-arm meta-
analyses of RFA and CA study sets rather than pooled head-
to-head comparisons. Consequently, differences in pooled
effect sizes between RFA and CA may reflect between-study
differences (patient selection, baseline pain, adjunct ther-
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apies, outcome measurement, follow-up) rather than true
modality superiority.

The lack of randomized controlled trials and direct com-
parative studies restricts the strength of conclusions re-
garding the relative efficacy of these modalities. Future
studies should include standardized pain scores (e.g., VAS,
NRS, and BPI) recorded at defined intervals (e.g., 24 hours,
1 month, and 3 months), as well as consistent reporting of
tumor control and complication rates.

Expanding access to image-guided ablation should be a
priority in palliative care, especially for patients ineligible
for conventional treatments. This requires institutional in-
vestment in ablation technologies and the training of inter-
ventional radiologists to ensure appropriate and timely de-
livery of these minimally invasive therapies.

CONCLUSION

Bone metastasis remains a common and serious compli-
cation of primary malignancies and poses a major clinical
challenge because of its high prevalence and significant im-
pact on patient quality of life. While external beam radia-
tion therapy (EBRT) continues to serve as the standard for
pain palliation and local control, its efficacy is limited be-
cause patients report minimal relief and continue to expe-
rience pain. Minimally invasive, image-guided thermal ab-
lation techniques—namely, radiofrequency ablation (RFA)
and cryoablation (CA), have emerged as promising conven-
tional alternative therapies.

This study revealed that both radiofrequency ablation
(RFA) and cryoablation (CA) significantly reduce pain in
patients with bone metastases. On separate pooled analy-
ses, cryoablation appeared to show larger early effect sizes,
greater short-term pain reduction, less opioid use, and
shorter hospital stays, while radiofrequency ablation
tended to show larger medium-term effect sizes and more
consistent long-term control. Because these pooled results
come from different sets of studies, they should not be in-
terpreted as evidence of superiority of one modality over
the other.

Moreover, combining thermal ablation with EBRT results
in greater pain reduction than either modality alone. How-
ever, the lack of randomized comparative trials limits de-
finitive conclusions regarding the relative efficacy of these
treatments. Future research should prioritize standardized
pain assessment tools and long-term outcome studies to
better inform clinical decision-making and improve patient
care.

LIST OF ABBREVIATIONS

CA: Cryoblation

RFA: radiofrequency ablation

EBRT: External beam radiation therapy

MWA': Microwave Ablation

MRgFUS: magnetic resonance-guided focused ultra-
sound

RT: Radiation Therapy
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