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Abstract

Objective To compare local tumor progression (LTP) and overall survival (OS) after image-guided thermal ablation
(IGTA; microwave/radiofrequency ablation) versus stereotactic body radiation therapy (SBRT) in patients with
pulmonary metastases.

Methods A systematic literature review was performed to capture studies that used IGTA or SBRT for patients

with pulmonary metastases and studies that reported one, two, and threeyear LTP/OS were included. Patients with
pulmonary metastases, and a subgroup with metastases from colorectal or renal cell carcinoma, or sarcoma (termed
subgroup) which are considered more radioresistant, were analyzed. Single-arm pooled analyses, univariable, and
multivariable random-effects meta-regressions were conducted to compare LTP and OS between IGTA and SBRT
treated patients.

Results Analyses included 3,264 IGTA and 5,486 SBRT patients. IGTA patients with pulmonary metastases had

higher LTP than SBRT patients at one year, 13% and 9% respectively. At two years, the LTP for IGTA patients was 14%
compared to 16% for SBRT patients. Three-year LTP remained lower for IGTA patients compared to SBRT patients (14%
and 22% respectively). In the subgroup, SBRT patients had higher LTP than IGTA patients across all timepoints. OS was
similar across analyses/subgroups in the single-arm pooled analyses. The multivariable analyses showed that SBRT
was associated with significantly lower OS at one year; however nonsignificant differences were observed at years
two and three.

Conclusions In patients with pulmonary metastases, IGTA had lower LTP than SBRT at later timepoints. In patients
with colorectal, renal cell carcinoma, or sarcoma pulmonary metastases, LTP was similar to overall LTP for IGTA, while it
was higher for SBRT.
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Background

Twenty-five to thirty percent of patients with malignant
tumors will eventually get a pulmonary metastasis, mak-
ing it one of the most frequent sites of tumor metasta-
sis [1, 2]. Common primary tumors that metastasize to
the lung include the breast, lung, colorectal, head/neck,
kidney, skin, gynecological organs, and sarcomas [3, 4].
Survival of patients with pulmonary metastases remains
inadequate with five-year survival rates ranging from 29%
to 94% (dependent upon primary tumor histology) [3].
Systemic chemotherapy is a hallmark of treatment in this
patient population, however, these patients are still con-
sidered incurable [5].

Local treatments can be an option for a subset of
patients with limited metastatic disease. Surgery
(referred to as metastasectomy) can be an effective treat-
ment, however, some patients may not be eligible due
to presence of multiple tumors, tumor location, comor-
bidities, or inadequate pulmonary reserve [6, 7]. Other
non-surgical local treatments such as image-guided ther-
mal ablation (IGTA) (radiofrequency ablation [RFA] and
microwave ablation [MWA]) or stereotactic body radia-
tion therapy (SBRT) are also used in clinical practice [5].
Microwave ablation is performed by inserting an antenna
into tumors, heating the tissue to approximately 100°C
with application of an electromagnetic field that causes
dielectric polarization, resulting in coagulation of neo-
plastic cells and parenchyma, leading to necrosis [8—15].
For RFA, frequencies from 450 to 500 kHz are applied
resulting in resistive heating in the tissue surrounding the
electrode [12, 16]. Stereotactic body radiation therapy is
an external beam radiation therapy that delivers a high
dose of radiation to damage cancer cells in fractionated
doses [17].

Studies comparing non-surgical approaches such as
IGTA and SBRT are lacking, making comprehensive
assessment of these different techniques challenging.
SBRT may have limited efficacy in lung tumors with
relatively radioresistant histologies (e.g., colorectal carci-
noma [CRC], renal cell carcinoma [RCC], and sarcoma)
[18]. Thus, as tumor histology may be an important pre-
dictor of outcomes in patients with pulmonary metas-
tases, exploration of the outcome differences between
SBRT and IGTA in patients with lung tumors from these
specific histologies may be valuable. Moreover, to date
there are no systematic literature reviews (SLRs) and
metaanalyses comparing IGTA to SBRT in the treatment
of patients with pulmonary metastases. The aim of this
study was to compare local tumor progression (LTP) and
overall survival (OS) after IGTA and SBRT in patients

with pulmonary metastases using single-arm pooled
metaanalyses and metaregressions.

Methods

The Preferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA) 2009 guidelines [19] were
followed for this report and did not require institutional
review board approval. The protocol for this SLR was
not prospectively registered but the review followed pre-
defined screening and extraction criteria. The methods
used here were similar to those from previously con-
ducted meta-analyses [20, 21]. The evidence screened for
this systematic literature review and meta-analysis was
based on a larger review in lung cancer where NSCLC
analyses were previously published [21].

Search strategies

MEDLINE®, Embase’, Evidence Based Medicine
Cochrane Central Register of Controlled Trials, and the
Cochrane Database of Systematic Reviews were used to
perform the systematic searches. The original search was
conducted on November 2nd, 2018 with annual updates
until January 16th, 2022 (see Tables 1, 2, 3 and 4 in the
Online Supplement). A medical information special-
ist used controlled vocabulary/keywords (i.e., metasta®,
ablation, SBRT, lung) to develop search strategies that
included English studies published 2005 or later. Another
senior information specialist peer reviewed the search
strategies prior to completing the search using the Peer
Review of Electronic Search Strategies checklist [22].

Study selection

The PICOS (i.e., population, intervention/comparator,
outcomes, study design) criteria for study selection were
developed a priori. Studies that included adult patients
with pulmonary metastases that were treated with IGTA
or SBRT and assessed LTP and OS were included (see
Table 5 in the Online Supplement). To expand the evi-
dence base, comparative, single-arm, and data from
comparative studies that included only one comparator
of interest were included. After the title and abstract of
each record was screened, eligible studies moved to full-
text screening. Duplicate review of each record was per-
formed; discrepancies between reviewers were resolved
by consensus or through adjudication from a third
reviewer.

Data extraction and study quality assessment
Study, patient, and intervention characteristics, and out-
come data were extracted from each study (reported in
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text or digitized from Kaplan—Meier curves using Digi-
tizelt 2.5.3, Braunschweig, Germany). Data that included
patients from the same institution or database with over-
lapping date ranges were not extracted. Local tumor
progression was defined as progression at or adjacent
to the treatment site [20] and was analyzed per tumor
and per patient. If studies did not report both per tumor
and per patient data, conversion between LTP reported
per patient and per tumor (or vice versa) was performed
using the average number of tumors in the study or
subgroup.

A modified version of the methodological index for
non-randomized studies (MINORS) tool was used to
evaluate study quality (see Table 6 of the Online Supple-
ment) [23]. Studies were scored on the description of an
aim, inclusion of consecutive patients, study design, clear
definitions of LTP and OS, unbiased assessment of study
endpoints, length of follow-up, loss to follow-up rate
and prospective calculation of study size. Studies could
receive a score from 0 to 2 for each question. Data were
extracted by a single reviewer and checked for accuracy
by another with discrepancies resolved by consensus, or
through adjudication from a third reviewer. If a study
scored 7 or more on the MINORS tool, it was deemed
as highquality. Use of this definition excluded 30.7% of
the evidence base in a sensitivity analysis of highquality
studies. Study quality assessments were performed to
evaluate the reliability of the meta-analyses and meta-
regression results.

Data synthesis and statistical methods

Single-arm pooled analyses and publication bias

Single-arm pooled analyses were completed with a ran-
dom effects meta-analytic model by combining the
study-specific outcome rates and calculating the 95%
confidence intervals (CIs) with the inverse variance
method [20]. Forest plots were created from the results of
these analyses with the R (version 3.6.1, Vienna, Austria)
meta package. The LFK index was used to assess publi-
cation bias (index range: -1 to +1 indicates no publica-
tion bias) [24] and Egger’s test was used to confirm these
results (P<0.05 statistically significant). Funnel asymme-
try was also assessed in funnel plots created with the R
(version 3.6.1, Vienna, Austria) meta package.

Meta-regressions

Univariable and multivariable random-effects meta-
regressions were conducted to adjust for heterogene-
ity between included studies and to investigate the
potential effects of prognostic factors on outcomes [20].
Meta-regression is recognized as an important statistical
method to explore heterogeneity between studies within
meta-analysis as it provides pooled effect estimates after
adjustment of included covariates [25, 26]. Moreover,
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the use of meta-regression allows the testing of several
covariates simultaneously to understand the extent of
heterogeneity among the included studies [27]. Studies
were weighted by sample size to evaluate the association
between the following studylevel covariates: treatment
(SBRT versus IGTA), proportion male, age, average
tumor number, average tumor size, study design (pro-
spective versus retrospective), geographic region (North
America, Europe, international, Australia, and Asia as the
reference group), and imaging method for LTP assess-
ment (computed tomography [CT] versus CT and/or
fluorodeoxyglucose [FDG]-positron emission tomogra-
phy [PET]/PETCT as the reference group) [20]. Studies
were excluded from the multivariable meta-regressions if
they did not report a covariate of interest. The odds ratios
(ORs) and the 95% CI for the treatment covariate were
plotted on a log scale. If the 95% CI of a covariate’s OR
excluded the null value of 1, the covariate was considered
statistically significant. Meta-regressions were conducted
with the R (version 3.6.1, Vienna, Austria) meta package.

Subgroup analyses

A subgroup of patients with pulmonary metastases from
primary CRC, RCC, or sarcoma were analyzed in single-
arm pooled meta-analyses (termed subgroup). This sub-
group was analyzed separately as outcome differences in
patients with pulmonary metastases have been shown to
be related to tumor histology [28].

Results

Literature search and study characteristics

The systematic search for studies on MWA, RFA, and
SBRT identified 13,316 records which included non-small
cell lung cancer (NSCLC) and patients with pulmonary
metastases. After the removal of duplicate records, 9,338
abstracts were screened with 8,508 excluded (e.g., non-
human, population out of scope; Fig. 1). Eight hundred
thirty studies that included NSCLC and patients with
pulmonary metastases were screened in fulltext and 452
studies were excluded. Ninety two arms (from 88 stud-
ies) were included that enrolled patients with pulmonary
metastases who were treated with IGTA (n=35 study
arms with 3,264 patients) or SBRT (n=57 study arms
with 5,486 patients; Table 1). Due to the PICOS criteria
(i.e., inclusion of patients with pulmonary metastases and
active sites of disease outside the lung), the patients with
pulmonary metastases group analyzed here may include
some stage IV NSCLC patients that were amenable to
local treatment. However, the results of this manuscript
will refer to this group as simply patients with pulmonary
metastases, and additionally will refer to study arms as
studies for brevity. Table 1 presents baseline character-
istics for included studies on patients with pulmonary
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Records excluded
(n=8,508)

Population out of scope (n=2,627)
Treatment out of scope (n=2,428)
No relevant outcomes/outcomes not
reported by treatment (n=376)
Unsuitable study design (n=2,292)
Conference abstracts (n=269)

Sample size <40 patients (n=127)
Full-text unavailable (n=1)

Full-text articles excluded
(n=452)

Population out of scope (n=94)
Treatment out of scope (n=93)

No relevant outcomes (n=105)
Unsuitable study design (n=45)
Conference abstract (n=33)
Overlapping patient populations (n=28)

Sample size <40 patients (n=15)
Full-text unavailable (n=3)
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Fig. 1 PRISMA flow diagram for studies with patients with pulmonary metastases Includes studies with NSCLC and patients with pulmonary metastases.
See Sect. 9.0 of the Online Supplement for a list of included studies with patients with pulmonary metastases. ® Two studies with duplicate patients
combined for the quantitative synthesis. Abbreviations: NSCLC = non-small cell lung cancer; PRISMA = Preferred Reporting Items for Systematic Reviews

metastases. Table 7 of the Online Supplement provides
the type of primary cancer for both study arms.

Local tumor progression analyzed per patient

In point estimates from single-arm pooled analyses, LTP
rates were lower (9% vs. 13%) for SBRT patients at one
year, and lower for IGTA patients at two and three years
(14% vs. 16%, and 14% vs. 22%, respectively) (Fig. 2A).
This trend was similar in the univariable analyses, where
patients treated with IGTA had higher LTP than SBRT
patients at 1-year (P=0.021) and lower LTP at 2 and 3
years (P=0.403 and P=0.031, respectively) (Fig. 2B). In

multivariable metaregressions, SBRT treatment was asso-
ciated with significantly higher LTP compared to IGTA at
two years (Fig. 2B).

Studies with a MINORS score of 7 or greater were
considered high-quality, and 70% of all studies had this
designation (29 IGTA studies and 42 SBRT studies). In
point estimates from single-arm pooled analyses for
studies with MINORS scores of 7 or above, LTP followed
a similar trend to that of the overall pulmonary metas-
tases study group (Fig. 2C). However, the difference
between 1-year LTP point estimates for SBRT and IGTA
was smaller for the high-quality studies (9% and 13%,
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Table 1 Baseline characteristics for included studies

Continuous Variables IGTA (MWA or SBRT (N=57)
RFA) (N=35)
Study Mean Study Mean
Count (SD) Count (SD)
Average age in years 24 63.5(4.5) 40 67.8
(3.5
Gender (% male) 26 5544 44 59.7
(12.6) (11.7)
Average tumor size (cm) 18 1.8(0.8) 20 1.7 (0.3)
Average tumor number 29 19(0.5) 48 1.6 (0.5)
Average % of patients with 35 50.5 57 47.0
primary tumors from CRC, (41.3) (33.5)
RCC or sarcoma
Categorical Variables Study % of Study % of
Count Total Count Total
Design
Retrospective 24 68.6% 49 86.0%
Prospective 1 31.4% 8 14.0%
Region
Asia 13 37.1% 15 26.3%
North America 3 8.6% 7 12.3%
Europe 13 37.1% 28 49.1%
International 3 8.6% 2 3.5%
Australia 3 8.6% 5 8.8%

Abbreviations: CRC=colorectal carcinoma; IGTA=image-guided
thermal ablation; MWA=microwave ablation; RCC=renal cell carcinoma;
RFA=radiofrequency ablation; SBRT=stereotactic body radiation therapy;
SD=standard deviation

respectively for the overall group; 9% and 10%, respec-
tively for high-quality studies). In the subgroup, patients
treated with SBRT had higher LTP than patients treated
with IGTA at all time points (Fig. 2D).

Local tumor progression analyzed per tumor

For patients with pulmonary metastases analyzed per
tumor, results were similar to per patient analysis results:
LTP point estimates were lower for SBRT patients at one
year (8% vs. 12%), and lower for IGTA patients at two and
three years (13% vs. 15%, and 16% vs. 21%, respectively;
Fig. 3A). Results were also similar to the overall analysis
for the subgroup, where patients treated with SBRT had
higher LTP than patients treated with IGTA at all time
points (Fig. 3B).

Overall survival

In single-arm pooled analyses, overall survival rates
were higher for IGTA versus SBRT at one and two years
(87% vs. 84% and 70% vs. 66%, respectively), and equal
for both at 3 years (53%) (Fig. 4A). A similar trend was
observed in univariable metaregressions, where OS was
higher after IGTA for all time points, although the dif-
ference was not significant at any time point (Fig. 4B). In
multivariable analyses, patients treated with SBRT had
significantly lower OS than those treated with IGTA at
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one year; however, there were no significant differences
at later time points (Fig. 4B).

In the sensitivity analysis of high-quality studies, OS
followed a similar trend to that of the overall pulmonary
metastases study group (Fig. 4C), except at the 3-year
timepoint where the point estimate was 1% lower for
IGTA compared to SBRT. In the subgroup, OS was higher
after treatment with IGTA at all time points; differences
between the point estimates for IGTA and SBRT were
comparable to those of the overall pulmonary metastases
group (Fig. 4D).

Publication bias

The LFK index indicated that there was evidence of pub-
lication bias in all SBRT and IGTA analyses except 1-year
LTP and 2-year OS for IGTA studies towards reporting
more favorable outcomes for each treatment considered
separately. These results were generally confirmed with
the Egger’s test, although it was less sensitive at detect-
ing possible publication bias in the IGTA group (see
Sect. 8.0 of the Online Supplement).

Discussion

This systematic review used single-arm pooled analy-
ses and meta-regressions to compare IGTA to SBRT in
patients with pulmonary metastases from any primary
origin and with those from primary CRC, RCC, or sar-
coma. Analyses demonstrated that patients with pul-
monary metastases treated with IGTA had higher OS at
one year and lower LTP at two years compared to those
treated with SBRT. Notably, this trend remained consis-
tent when a subgroup of studies deemed as high qual-
ity were evaluated and when LTP was analyzed as per
patient or per tumor. For LTP, SBRT rates were higher in
the subgroup than the overall analysis, while this differ-
ential effect was not observed for IGTA.

There is some evidence indicating that local control
may provide a survival benefit to oligometastatic patients.
The evidence is most robust for surgical metastasectomy,
as highlighted by the 1997 International Registry of Lung
Metastases in a group of 5,206 patients undergoing pul-
monary resection for oligometastases with primary
tumors of mixed histology [29]. Patients who underwent
complete resection experienced a clear OS advantage ver-
sus those who underwent incomplete resection (5-year
OS of 36% versus 13%, respectively). The value of local
control by metastasectomy is further supported by more
recent observational studies in single-histology oligome-
tastases to the lung patient populations: complete resec-
tion (vs. incomplete resection) in CRC and RCC patients,
was found to be independently associated with improved
survival [30-32]. Newer local treatment options, such as
IGTA and SBRT, show a similar trend, however, there are
fewer studies in this space and they have a smaller sample
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size [33]. In a study of 50 CRC patients with metastases
to the lung treated with MWA, LTPfree survival (LTPES)
was significantly associated with an ablation margin size
of <5 mm (P<0.001; direction not reported); LTP was
only observed for tumors ablated with margins of <5 mm
(LTP rate of 24% in these tumors [6]. Lastly, for SBRT, the
SABR-COMET trial (randomized 99 patients 1:2 to stan-
dard of care [SOC] or SOC + SBRT) highlighted a similar

trend, with lower LTP and higher OS after treatment with
SBRT (local control: 63% [37% LTP] at median-follow-up
[MFU] of 51 months, and 5-year OS: 42.3%) compared to
the control group (local control: 46% [54% LTP] at MFU,
and 5-year OS: 17.7%) [34].

In this analysis, the entire patient cohort received
treatment for pulmonary metastases, and there were
no differences in LTP between IGTA and SBRT at one
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year. This may be because, at earlier time points, SBRT
can cause radiationinduced pulmonary parenchymal
changes and fibrosis, and CT scans can have difficulty
distinguishing between these changes or local recur-
rence [35, 36]. At one year, 31% of SBRT studies used CT
to assess LTP, while 69% of these studies used CT and/
or FDG-PET/PET-CT. SBRT studies using CT alone for
post assessment may underestimate progression due to
radiation induced fibrosis and scarring. However, at two
years, IGTA patients had lower LTP compared to SBRT
patients (P=0.037), with a similar trend seen at three
years (P=0.088). To understand the reason for this dif-
ference, the impact of primary tumor type on two- and
three-year LTP was evaluated. At these time points,
there were approximately 30% more IGTA than SBRT
patients that had pulmonary metastases from primary
CRC, RCC, or sarcoma. Since CRC, RCC, and sarcoma
are considered more radioresistant compared to other
tumor types [18, 28], IGTA may have better efficacy than
SBRT in these patients. To control for this effect, a sen-
sitivity analysis was conducted that controlled for the
proportion of patients within a study that had pulmonary
metastases from primary CRC, RCC, or sarcoma (added
as an additional covariate), and included an interaction

term that evaluated the effects of this additional covari-
ate on treatment (data not reported). These analyses
showcased lower LTP at one year for SBRT compared
to IGTA when no patients had pulmonary metastases
from primary CRC, RCC, or sarcoma (OR=0.077, 95%
CI: 0.008-0.721). Additionally, these analyses supported
the hypothesis that studies with higher proportions
of patients with pulmonary metastases from primary
CRC, RCC, or sarcoma were more likely to adminis-
ter IGTA over SBRT at one and two years (OR=23.45,
95% CI: 1.60-342.41; OR=38.55, 95% CI: 1.50-995.26,
respectively).

Multiple SLRs and meta-analyses have demonstrated
similar results to the current analysis [37]. A study
by Nguyenhuy et al, 2022 analyzed 23 ablation stud-
ies including MWA, RFA, and cryoablation, in patients
with pulmonary metastases [38]. The Nguyenhuy et al.
one-year LTP was 9% (based on 1-year local effective-
ness of 91%), similar to the 1-year LTP from IGTA and
SBRT from this analysis of 13% and 9%, respectively
[38]. However, the Nguyenhuy et al. 1- and 3-year OS
rates (95.6% and 76.4%, respectively) in a subgroup of
oligometastatic patients or those treated with curative
intent, were higher than the current analysis (87% and
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53%, respectively). Unlike the current analysis, Nguyen-
huy et al. only included studies that labelled patients as
oligometastatic or treated with curative intent. Thus, it is
more likely that Nguyenhuy et al. included an oligomet-
astatic patient cohort, while the current analysis likely
has some patients that are not oligometastatic, and thus
may have a decreased life expectancy [39, 40]. For SBRT,
a metaanalysis published in 2022 that included 13 stud-
ies with patients with pulmonary metastases reported
3-year local control (77%, 23% LTP) and 3-year OS (41%)
that was similar to the current analysis (3-year LTP: 22%,
3-year OS: 53%) [41]. In the current analyses, there were
minimal survival differences observed between patients
treated with IGTA versus SBRT.

An SLR and meta-analysis by Cao et al. published in
2019 included 18 SBRT studies that reported outcomes
for patients with pulmonary metastases from CRC pri-
maries [42]. Patients with CRC primaries that metas-
tasized to the lung had slightly higher 1-to-3-year LTP
(19%, 34%, 40%, respectively) than the current analysis
(14%, 25%, and 32%, respectively) [42]. Higher LTP in
this patient subgroup was also demonstrated in Choi
et al.,, 2020 [43]. The Choi et al. meta-analysis included
14 SBRT studies on patients with pulmonary metasta-
ses from CRC primaries [43]. Higher LTP for patients
with pulmonary metastases from CRC primaries when
compared to nonCRC primaries has been shown previ-
ously (hazard ratio, 2.93; 95% CI: 1.93—4.45; P<0.00001)
[42] and may explain the differences seen in LTP rates
between the patient cohort in the literature and in the
subgroup of the current analysis. Lastly, metaanaly-
ses on SBRT patients with pulmonary metastases from
radioresistant histologies [43] and ablation patients with
pulmonary oligometastases from CRC, RCC, or sar-
coma primaries [38] have shown similar survival rates
compared to the current analysis. Therefore, the type of
primary cancer may influence the choice between IGTA
and SBRT therapy for patients with pulmonary oligome-
tastases. Current guidelines may not provide a distinc-
tion in treatment modalities for oligometastases based
on the type of primary cancer. Additional research that
focuses on the differences in LTP between patients with
various primary cancers are warranted to confirm find-
ings reported here, which may influence future treatment
guidelines.

These findings should be interpreted in the context of
the following limitations. First, most studies included
in this SLR were single arm; thus, differences in patient
populations and measurement variations can confound
the comparisons of technologies. The meta-regression
adjusted for study-level covariates (such as age, average
tumor size, and geographical region), however, patient-
level variability could not be controlled for due to lack
of data [44]. Table 1 highlights the average baseline
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characteristics between IGTA and SBRT and shows that
IGTA studies have fewer males (54%), a higher propor-
tion of patients with primary tumors from CRC, RCC, or
sarcoma (39.9%), lower mean age (63.2 years), and higher
average number of tumors (1.83 tumors) compared to
SBRT studies (60% male, 34.2% of patients with primary
tumors from CRC, RCC, or sarcoma, 67.8 years old, and
1.54 average tumors). Additional comparative data from
propensity-score matched comparative observational
studies are warranted to support the present findings.
Secondly, differences between treatment arms were also
seen in the publication bias analyses, which suggested
studies are more likely to report favorable outcomes for
each treatment when considered separately. Publication
bias toward more promising results has been demon-
strated previously. Findings presented here are consistent
with clinical study publishing practices, where studies
that have poor results are less frequently published com-
pared to studies that have promising results [45]. Typi-
cally, publication bias is assessed in SLRs that compare
treatments to identify any bias towards one treatment
over another. However, the publication basis analyses
presented here evaluated the absolute treatment effects
for both IGTA and SBRT separately. Lastly, this SLR did
not include studies with oligometastatic cancer patients
with tumors outside the lung that did not report lung-
specific LTP data. Because of this, several SBRT studies
were excluded from the current analysis. Additionally,
other factors that characterize oligometastatic patients,
such as timing of metastases (i.e., synchronous/meta-
chronous), status of primary disease, and previous/con-
comitant therapies were not documented in most papers
and hence were not part of the inclusion criteria in the
current analysis.

Local tumor progression and OS in patients with pul-
monary metastases treated with SBRT and IGTA were
the focus of this meta-analysis. For implementation of
these treatments in clinical practice, several other criteria
such as safety profile, impact on patient’s health-related
quality of life, convenience, and costs need to be con-
sidered. SBRT is commonly used to treat patients with
pulmonary metastases; however, SBRT can cause com-
plications, requires multiple treatment sessions, and can
decrease pulmonary reserve [46]. Image-guided ther-
mal ablation is an alternative treatment option for the
management of patients with pulmonary metastases.
Image-guided thermal ablation is advantageous to SBRT
because it can be delivered in a single session, has lower
procedural costs, and can be repeated [47]. While IGTA
does not come with the same set of limitations as SBRT,
percutaneous ablation is associated with an increased
pneumothorax rate [48, 49]. Nevertheless, more data to
confirm the results of this analysis and to explore com-
plications, cost, and quality of life are needed. However,
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current data suggests that IGTA may be a viable option
in the treatment of patients with pulmonary metastases.

Conclusion

In conclusion, the results showed that patients treated
with IGTA have similar LTP to SBRT at early time points
and lower LTP at later time points. In the future, larger
highquality comparative studies should be designed to
confirm the findings of this analysis and to assess out-
comes such as complications, resource use, and costs.
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