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Background: The purpose of this study was to review recent research related to the analgesic effect of ablation
therapy combined with cementoplasty, as well as to identify the duration of analgesic effect and risk for cement
leaks.

Methods: A systematic literature search using PubMed, Web of Science, and annual meeting proceedings of the
oncology society and other organizations were conducted.

Results: Twelve retrospective studies met the inclusion criteria. Four of the studies included in the review as-
sessed the changes immediately after treatment. Five studies were subjected to analyses of analgesic effect of
combined percutaneous thermal ablation and Cementoplasty at 24 weeks after treatment. Incidences of leakage
of bone cement during surgery were detected in 4 out of 12 studies. The change of mean pain scores at 1 days, at
1 week, and at 4 weeks, 12 weeks, and 24 weeks after treatment were —3.90 (95% CI: —4.80 to —3.00), —4.55
(95% CI: —5.46 to —3.64), —4.78 (95% CI: —5.70 to —3.86), —5.16 (95% CI: —6.39 to —3.92), and —5.91
(95% CL: —6.63 to —5.19). The relative risk of cement leakage was 0.10 (95% CI: —6.63 to —5.19).
Conclusions: Our systematic review suggested that thermal ablation combined with cementoplasty could be a

safe and effective intervention for the management of bone metastases-induced pain.

1. Background

Bone is a common metastatic site amongst cancer patients with
metastatic disease [1-3], with spine, ribs, and pelvis being the most
common sites for such metastases [4]. It is estimated that approxi-
mately 26% to 45% of patients with advanced prostate, breast, lung,
and thyroid cancer will develop bone metastasis [5-8]. As the number
of patients being diagnosed with cancer rises, the incidence of bone
metastases increases as well [9-11]. Extensive pain, distressing and
insomnia caused by pathological bone fractures and spinal cord com-
pression in patients with bone metastases are major factors which fur-
ther deteriorate the quality of their life [3]. Hence, palliative care is of
great importance.

Previous studies have shown that potential interventions to alleviate
bone pain are radiotherapy and cementoplasty, as well as administra-
tion of opioids and/or bisphosphonates. However, none of these

methods can be used for extended periods of time.

Materials science and interventional medical technological revolu-
tions have recently entered the clinics. The development of thermal
ablation methods, including radiofrequency ablation, cryoablation and
microwave ablation, provided clinicians with new treatment methods
for patients with metastatic lesions in bones. Thermal ablation in
combination with cementoplasty has also emerged as a novel inter-
vention. Studies assessing the safety and efficacy of the ladder are
largely based on a few prospective clinical trials, small retrospective
studies, or even case reports. To date, no extensive and systematic re-
view exists to assess relevant clinical outcomes. This article provides a
systematic review of the literature related to pain management in pa-
tients with bone metastases.
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Fig. 1. Flow chart.

2. Material and methods

This systematic review was conducted as per Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.

2.1. Search strategy

Using PubMed and Web of Science databases we searched for
published literature in English between January 2013 and March 2019.
Research was performed using the following keywords and subject
headings: thermal ablation, radiofrequency ablation (RFA), microwave
ablation (MWA), cryoablation, cementoplasty, percutaneous cemento-
plasty, bone metastases, percutaneous osteoplasty, and pain manage-
ment. Abstracts were reviewed for relevance and all the potentially
relevant articles were reviewed for inclusion. In addition, conference
articles, abstracts, and posters from major oncology society and orga-
nization meetings from 2013 to 2018 were reviewed (by two re-
searchers). We also reviewed annual meeting proceedings that took
place between 2013 and 2018 from the following oncology societies
and organizations: European Society for Medical Oncology (ESMO),
American Society of Clinical Oncology (ASCO), Chinese Society of
Clinical Oncology (CSCO) and American Association for Cancer
Research (AACR). Additionally, reference lists were manually searched

for relevant publications. Any duplicate results from these searches
were removed.

2.2. Criteria for study selection

Inclusion criteria: 1. All research hypotheses and methods were si-
milar; 2. Patients were diagnosed with cancer bone pain; 3. Study
specified the precise number of sample size; 4. Study provided complete
pain data for analysis.

Exclusion criteria: We excluded review articles, repeated studies,
non-clinical studies, letters, clinical studies without primary efficacy
data, trial that did not involve combination treatment, and studies in
patients without cancer-induced bone pain.

Two investigators independently reviewed titles and abstracts for
eligibility. If either deemed a study potentially eligible, two in-
vestigators did full-text review independently, with any disagreements
resolved by consensus.

2.3. Study quality assessment

Two reviewers assessed independently the quality of the original
studies, and supplementary materials by using the criteria listed in
Table 2. The adequacy of 8 aspects was assessed: clarity of study aim,
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consecutiveness of patients, prospective data collection, appropriate
endpoints, unbiased assessment, long-term follow-up, low loss to
follow-up, and assessment criteria for bone metastases-induced pain
(NRS or VAS). Each aspect was assigned an assessment index associated
with the risk of bias classified as yes, no, or unclear. We evaluated the
quality of studies quantitatively by using the quality scale.

2.4. Data extraction

All data were extracted from the text or calculated using available
information by both researchers independently. Descriptive statistics,
forest plot and trend chart were used to visualize our findings.
OriginPro 2018 (64-bit) was used to analyze the raw data retrieved
from Elizabeth's study. Statistical analysis was performed by SPSS
software (version 19) and Stata SE (15.1).

The following formula from Cochrane Handbook 5.0.2 (16.1.3.2)
was used to calculate the mean + SD change in pain before and after
comprehensive treatment:

SDE’ Change = \/SDIZE,base]ine + SDIZE,ﬁna](Z*Corr*SDE,baseline*SDE, ﬁnal)

Corr = 0.5

3. Results
3.1. Eligible studies

The flowchart summarizing the study selection process is shown in
Fig. 1. We identified 2232 studies in the initial screening, and after
evaluating abstracts and full texts, 20 publications were selected for
full-text assessment. Eventually, 12 studies [12-23] were included in
this systematic review (Fig. 2).

3.2. Study characteristics

329 cases of patients were included in the analysis. The baseline
characteristics of the 12 studies are shown in Table 1. 54.4% of patients
(179/329) were males, and the age of them ranged between 18 and 86
years. The spine was the most common site of bone metastasis, followed
by pelvis and femur.

3.3. Quality assessment

Since the characteristics of interventional therapy were similar to
those of non-randomized surgical studies, we evaluated the quality of
the 12 selected studies using the methodological index for non-rando-
mized studies (MINORS), and the results of the assessment are shown in
Table 2.

3.4. Pain management

In order to assess the effects on pain management, we calculated the
change in pain at day 1, post-operation, as well as after 1, 4, 12, and 24
weeks.

The changes in pain at day 1 post-treatment and after 1, 4, 12, and
24 weeks were —3.90 (95% CI: —4.80 to —3.00), —4.55 (95%
CL:—5.46 to —3.64), —4.78 (95% CI: —5.70 to —3.86), —5.16 (95%
CI: —6.39 to —3.92), and —5.91 (95% CI: —6.63 to —5.19) respec-
tively.

Our analysis showed that the 12 values were very high (89.6%,
93.5%, 94.7%, 96.6%, and 90.3%), suggesting that the data from the
original studies are highly heterogeneous. Due to the high hetero-
geneity, we used a random-effects model to further describe qualita-
tively the data. Despite the high heterogeneity in the data, the P-value
for these results is less than 0.01, indicating statistical significance of
these data. A formal meta-analysis was not feasible due to the
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heterogeneity in patient cohorts and primary endpoints among different
studies.

Six of the studies analyzed also reported the analgesic drugs-in-
duced changes in pain, however, due to the fact that details of the
studies were not uniform, these effects could not be analyzed.

3.5. Safety

The safety results are summarized in Fig 3. Importantly, 4 studies
reported cement leaks and 15 cement leak events occurred in 131
treatments in 94 patients (Fig. 4).

3.6. Changing trends

Pain change was a main point of interest, as these treatments have a
potential use for pain management. Our analysis indicated a profound
trend of decreasing levels of pain after treatment. Pain score showed a
slight increase 24 weeks after treatment, yet pain levels were still much
reduced compared to pre-treatment levels. The pain progress upon
combined treatment can be also seen in the tendency chart shown in
Fig. 5. Again, this analysis again indicated a profound decrease in pain
levels after intervention, suggesting a clear benefit of the treatment in
patients with bone metastases.

4. Discussion

To our knowledge, there are only very few systematic literature
reviews assessing the analgesic effect of thermal ablation techniques
combined with cementoplasty for bone metastasis pain management.
The findings of this study suggested a significant decrease in pain scores
after receiving combination therapy, and that these analgesic effect
could last as long as 24 weeks after intervention or longer.

Severe pain is a common factor impacting negatively the quality of
life of patients with bone metastases. Evidence suggested that bone
invasion by malignant cells, as well as the subsequent release of pro-
inflammatory cytokines, were the most important factors causing pain.
This is mainly mediated by nerve stimulation, periosteal stretching,
pathologic fractures, invisible microfractures, and compression of ad-
jacent nerves and soft tissues [24, 25]. The vast majority of patients
reported that the extensive pain had tremendous negative effects and
further deteriorated their quality of life. Their mental wellbeing and
sleep patterns, as well as their ability for physical activities, work, and
social interaction were impacted [26, 27]. As was pointed out in the
introduction of this paper, the primary goal of palliative care is to
improve quality of life, as well as to reduce the risk of subsequent
fractures.

It is now well established by several studies that thermal ablation is
a safe option for cancer patients. Among thermal ablation methods,
RFA, MWA and cryoablation are the most widely used ones [22, 28].
Studies suggested that it is effective for hepatocellular carcinoma and
thoracic cancer [29-31], and that it is becoming a very attractive option
for palliative care for patients with bone metastasis [25, 32, 33].
Thermal ablation not only had burn cancer structure and nerves but
also resulted in reduced levels of interleukins, colony-stimulating fac-
tors, and TNF-a, which are considered to be a main cause of metastasis-
induced bone pain [34-36]. This is why NSAIDs drugs could also be
used for mild pain in cancer patients with bone metastases [37].
Thermal ablation was also used as a means to eliminate cancer cells,
inhibit or delay cancer cell invasion and delay the progression of me-
tastatic lesions. However, the treatment of metastatic cancer with
thermal ablation could not improve bone stability. On the contrary, it
has been suggested that it has the potential to weakened bone structure
and inclined to fracture [38, 39].

The results showed a significant decrease in pain levels after com-
bination therapy with percutaneous thermal ablation and cemento-
plasty. Nevertheless, the possible interference with analgesic drugs
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Fig. 2. Analysis of analgesic effect - forest plot. Analysis of changes in postoperative pain scores after 1 day, 1 week, 4 weeks, 12 weeks and 24 weeks of intervention.

could not be ruled out. Among all studies reviewed, only two patients
were reported to be in need for higher doses of drugs for pain man-
agement, and many patients were already able to manage pain without
analgesic drugs or other non-opioid palliative care. Pain induced by
bone metastases has a considerable impact on the patients’ quality of
life and labor capacity, and it seriously affects patients’ sleep patterns
and quality, appetite, and general mental health. Combination therapy
may alleviate cancer pain by affecting the cancer cells of the lesion and
peripheral nerves. On the other hand, combination therapy may be
reduced to the use of opioids and the level of AQA. Combination
therapy is a very attractive palliative care method, especially in coun-
tries where strict opioids control legislation apply. Standardized an-
algesic treatment is an important part of clinical practice for cancer
patients, as it is very effective in pain management and therefore in

improving patients’ quality of life and behavior.

Regarding the safety of this intervention, only four studies reported
risk of cement leakage. However, this needs to be interpreted with
caution. The results here appear to support the assumption that the risk
is low and acceptable and few seriously adverse reactions and deaths
due to cement leakage. Bone cement is a common intervention used for
bone injuries, fractures and bone cancer [40-42]. In a study conducted
by Weill [43] showed that there were 75% of patients who still have
reduced pain levels even three months after cementoplasty. Previous
research has established that the analgesic mechanism of cementoplasty
is presumptively based on the stabilization of intangible microfractures.
Moreover, the heating effect of the cement can lead to damage in ad-
jacent nerves and cancer lesions [44, 45]. Fractures could reduce the
quality of life and increased hospitalization time and nursing cost.
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Table 1

Characteristics of the eligible studies.

Journal of Bone Oncology 19 (2019) 100266

Author Year Country No. of No. of Age (mean) Gender Tumor location Treatment method Pre-procedure mean
patients tumor Male Female pain score
Elizabeth 2016 Canada 26 39 69.5 15 11 pelvis/ spine RAF+ cementoplasty 8.4 (VAS)
Fares 2018 Egypt 30 30 48.6 18 12 pelvis/femur/humerus /radius RFA+ cementoplasty 7.2 (VAS)
Hoffmann 2008 Germany 22 28 64 15 7 spine/sacrum/pelvis / femur/tibia =~ RFA+ cementoplasty 8.5 (VAS)
Ma 2017 USA 45 75 63.6 18 27 upper extremity/ shoulder/ cryoablation/ MWA/RFA+ 7.5 (NRS)
humerus / ribs / spine / pelvis / soft cementoplasty
tissues
Madaelil 2016 USA 6 6 57.5 3 3 spine RFA+ cementoplasty 7.5 (NRS)
Pusceddu 2015 Italy 35 37 64 16 19 spine /femur/ pelvis MWA + cementoplasty 6.8 (VAS)
Tian 2014 China 38 54 52.6 20 18 Ilium/acetabulum/femur/ischium/  RAF+ cementoplasty 7.1 (VAS)
tibia
Tyler 2017 Canada 48 - 77.5 36 12 pelvis cryoablation + 7.9 (NRS)
cementoplasty
Wallace 2015 USA 11 - 57.4 7 pelvis RFA+ cementoplasty 7.0 (NRS)
Wei 2015 China 26 33 69.4 15 11 Ilium/acetabulum/femur/ischium/ MWA+ cementoplasty 7.4 (VAS)
tibia/ clavicle/ sacrum
Zhao 2018 China 16 34 67.3 4 12 scapula/ sacrum/ spine RFA+ cementoplasty 8.7 (VAS)
Zheng 2014 China 26 38 59.3 12 14 spine RFA+ cementoplasty 7.7 (VAS)

RFA = radiofrequency ablation; MWA = microwave ablation; VAS = Visual Analogue Scale/Score; NRS = numerical rating scale;- = not clear.

Table 2

The methodological quality of eligible trials (MINORS).
Study A B C D E F G H Total
Elizabeth 2 2 2 2 0 0 2 2 12
Fares 2 2 2 2 0 1 2 2 13
Hoffmann 2 2 2 2 0 1 2 2 13
Ma 2 2 2 2 0 1 2 2 13
Madaelil 2 2 2 2 0 1 2 2 13
Pusceddu 2 2 2 2 0 2 2 2 14
Tian 2 2 2 2 0 2 2 2 14
Tyler 2 2 2 1 0 0 2 2 11
Wallace 2 2 2 1 0 1 2 2 12
Wei 2 2 2 2 0 2 2 2 14
Zhao 2 2 2 2 0 2 2 2 14
Zheng 2 2 2 2 0 2 2 2 14

A. A clearly stated aim: the question addressed should be precise and relevant in
the light of available literature; B. Inclusion of consecutive patients: all patients
potentially fit for inclusion (satisfying the criteria for inclusion) have been in-
cluded in the study during the study period (no exclusion or details about the
reasons for exclusion); C. Prospective collection of data: data were collected ac-
cording to a protocol established before the beginning of the study; D. Endpoints
appropriate to the aim of the study: unambiguous explanation of the criteria used
to evaluate the main outcome which should be in accordance with the question
addressed by the study. Also, the endpoints should be assessed on an intention-
to-treat basis; E. Unbiased assessment of the study endpoint: blind evaluation of
objective endpoints and double-blind evaluation of subjective endpoints.
Otherwise the reasons for not blinding should be stated; F. Follow-up period
appropriate to the aim of the study: the follow-up should be sufficiently long to
allow the assessment of the main endpoint and possible adverse events; G. Loss
to follow up less than 5%: all patients should be included in the follow up.
Otherwise, the proportion lost to follow up should not exceed the proportion
experiencing the major endpoint; H. Prospective calculation of the study size:
information about the size of detectable difference of interest with a calculation
of 95% confidence interval, according to the expected incidence of the outcome
event, and information about the level for statistical significance and estimates
of power when comparing the outcomes.

Cement can strengthened the bone structure to prevent the risk of
fracture and ensure the mobility capability for the patient [46]. In
contrast, despite that analgesic drugs and thermal ablation have an-
algesic effects, they cannot prevent pathological bone fractures. Frac-
tures of femur and spine may cause paralysis, and patients may lose
their mobility [47]. Even though cement has several beneficial effects,
it also entails some risks. Cement leakage is a common phenomenon
during cementoplasty. In the majority of patients who had received
therapy small cement emboli in their bodies could be found, even if

these emboli do not cause clinical manifestations [48]. The only way to
identify such small circulating cement emboli is whole-body imaging
examination, which is difficult and increased the cost of treatment.
There are observed difference in the risk between the heart and pul-
monary in some study was significant. Despite the fact that the risk of
intracardiac cement embolism is small (3.9%) and symptomatic com-
plications are rare (0.3%) [49], the incidence of cement lung embolism
is significantly higher, ranging from 2.1% to 75% [50-52]. In one
survey, small cement emboli were found in approximately 10% of the
patients, as identified by chest CT examination [53]. Fortunately, it is
believed that most small cement pulmonary embolisms do not cause
serious harm to the patients [53]. In spinal bone metastases, cement
leaks into a variety of anatomical compartments including pre-vertebral
soft tissue (6% —52.5%) have been reported. In addition, cement could
also leak into the intervertebral disc, prevertebral veins, spinal canal,
and epidural veins [54]. Cement entering the venous system and the
spinal canal is the major potential risk [55,56]. In other parts of the
body the leakage of the adhesive material entails less risks to damage
the nerve, albeit it is more likely to enter the circulatory system, as
embolization of the inferior vena cava or pulmonary artery. This may
lead to the sudden death of the patient. Unexpected adhesive particles
may compress the surrounding blood vessels, which can cause nerve
damage and insufficient blood supply to the vertebral body. Clinicians
can reduce the risk of cement leakage through strict patient selection
criteria, radiographic guidance and individualized treatment strategies.
The danger of cement emboli does not depend solely on its size and
shape, as small emboli can also have serious consequences. Our analysis
showed that the risk of leakage in combination therapy is significantly
lower (only 10%). There are two possible reasons for this phenomenon:
1. Only four studies were analyzed and the results were highly skewed.
2. Blood vessels were destroyed by ablation and edema zone appeared
in the surrounding tissues, which may have reduced the probability of
cement embolus escape. At the same time, due to the damage of local
nerves cause by thermal ablation, the cooperation of the patient during
the injection of cement may also have been a reason for lower cement
leakage.

Overall, combining thermal ablation and cementoplasty appears to
be an attractive therapeutic intervention to manage pain. Thermal ab-
lation is associated with an increased risk of fracture [57]. As a binder
that can be hardened and shaped quickly, bone cement can be used to
fill the ablated area after thermal ablation, it could enhance ablation
efficacy and reduce the risk of subsequent fractures [58,59]. Notwith-
standing RFA, MWA or cryoablation alone can relieve pain almost
immediately, they cannot strengthen the bone damage caused by cancer
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Fig. 3. Analysis of cement leakage risk.The analysis of the treatment of 131 lesions in 94 patients with bone metastases. There are some cement leaks in the

combination therapy, but the incidence is very low and acceptable.

cell infiltration [14]. Cementoplasty, however, has the ability to sta-
bilize bone microfractures, strengthened the bone lesion, and gain a
"windfall": binder destroyed the surrounding nerves. Thermal ablation
prior to cementoplasty damaged the cancer lesions. Due to tumor tissue
being obliterated and the density of surrounding was change; cement
could spread more easily in lesions. For these reasons, the combination
of both therapies may have a synergistic effect. Our analysis revealed
that the pain index was still far below the pain levels before treatment,
even 24 weeks post-intervention. Moreover, we found several inter-
esting reports [14,60,61] suggesting that injection of cement was more
fluently after thermal ablation, and it displays statistically significant
lower rates of leaks. Taking into consideration these results, it can be
concluded that the combination of thermal ablation and cementoplasty
is a safe and effective way to manage cancer-related pain [58,62].
Considering the long-lasting analgesic effect and lower risk of serious
complications, percutaneous thermal ablation combined with ce-
mentoplasty is an attractive means of palliative care.

5. Limitations

There are some limitations to this study. Firstly, the inclusion of
retrospective studies without a control group, which limited access to
the clinical data and responses of patients, such as the requirements for
analgesic drug, mobility change, and quality of life change. Another
limitation is the disparate patient group. The patients included in our
study had different primary lesions, as well as bony metastasis lesions.
The third limitation of our study was the long-term follow-up. Only
very few patients had a follow-up assessment 24 weeks post-treatment
and there was no follow-up assessment of pain after that.

Another serious weakness of this study is the lack of analysis of post-
operative quality of life. Only two studies have assessed the quality of
life of the patients, and they only one provided EORTC QLQ-C30
(European Organization for Research and Treatment of Cancer Quality
of Life Questionnaire) scores. Analgesic effects and fracture prevention
exert significant effects on patients' quality of life. The lack of in-
formation has therefore undermined the value of this study. We expect
more studies in the future to evaluate patients' quality of life.

Although several reports indicate significant improvements in pain
management, larger long-term prospective studies and control experi-
ments are necessary to demonstrate the benefits of the combination of
the thermal ablation and cementoplasty.

6. Conclusions
Percutaneous thermal ablation combined with cementoplasty is a

safe and effective potential palliative intervention for cancer patients
with bone metastases.
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: Mild pain = doesn't disrupt sleep; Severe pain= completely interferes with sleep. (b)

VAS: Mild pain= not disrupt sleep; Severe pain= disrupts sleep and appetite.Pain: 0 to 3 = mild pain, 4 to 6 = moderate pain, and 7 to 10 = severe pain.
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