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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 

Keywords  Systematic literature review, Stereotactic body radiation therapy, Microwave ablation, Radiofrequency 
ablation, Meta regression, Meta-analysis, Oligometastases, Radioresistant



Page 3 of 11Laeseke et al. BMC Pulmonary Medicine          (2025) 25:188 

text or digitized from Kaplan–Meier curves using Digi-
tizeIt 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, 

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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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%, 

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. b Two studies with duplicate patients 
combined for the quantitative synthesis. Abbreviations: NSCLC = non-small cell lung cancer; PRISMA = Preferred Reporting Items for Systematic Reviews
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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 

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 

Table 1  Baseline characteristics for included studies
Continuous Variables IGTA (MWA or 

RFA) (N = 35)
SBRT (N = 57)

Study 
Count

Mean 
(SD)

Study 
Count

Mean 
(SD)

Average age in years 24 63.5 (4.5) 40 67.8 
(3.5)

Gender (% male) 26 55.44 
(12.6)

44 59.7 
(11.7)

Average tumor size (cm) 18 1.8 (0.8) 20 1.7 (0.3)
Average tumor number 29 1.9 (0.5) 48 1.6 (0.5)
Average % of patients with 
primary tumors from CRC, 
RCC or sarcoma

35 50.5 
(41.3)

57 47.0 
(33.5)

Categorical Variables Study 
Count

% of 
Total

Study 
Count

% of 
Total

Design
  Retrospective 24 68.6% 49 86.0%
  Prospective 11 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
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size [33]. In a study of 50 CRC patients with metastases 
to the lung treated with MWA, LTPfree survival (LTPFS) 
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 

Fig. 3  LTP analyzed per tumor. A) point estimates from single-arm pooled analyses with 95% CIs and B) point estimates from single-arm pooled analyses 
with 95% CIs for patients with pulmonary metastases from CRC, RCC, or sarcoma Abbreviations: CI = confidence interval; CRC = colorectal carcinoma; 
IGTA = image-guided thermal ablation; LTP = local tumor progression; RCC = renal cell carcinoma; SBRT = stereotactic body radiation therapy

 

Fig. 2  LTP analyzed per patient. A) point estimates from single-arm pooled analyses with 95% CIs, B) multivariable metaregressions, a95% CIs, and univari-
able meta-regression significance, C) point estimates from single-arm pooled analyses with 95% CIs for studies with MINORS score of 7 or above and D) 
point estimates from single-arm pooled analyses with 95% CIs for patients with pulmonary metastases from CRC, RCC, or sarcoma. a Multivariable meta-
regression adjusted for the following covariates: average age, % male, average tumor size and number, study design (retrospective versus prospective), 
geographic region (North America, Europe, international, Australia, and Asia as the reference group), and imaging method for LTP assessment (CT versus 
CT and/or FDG-PET/PETCT). Abbreviations: CI = confidence interval; CRC = colorectal carcinoma; CT = computed tomography; FDG = fluorodeoxyglucose; 
IGTA = image-guided thermal ablation; LTP = local tumor progression; ORs = odds ratios; PET = positron emission tomography; RCC = renal cell carcinoma; 
ref.=reference group; SBRT = stereotactic body radiation therapy
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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 

Fig. 4  Overall survival by patient. A) point estimates from single-arm pooled analyses with 95% CIs, B) multivariable metaregressions,a 95% CIs, and 
univariable meta-regression significance, C) point estimates from single-arm pooled analyses with 95% CIs for studies with MINORS score of 7 or above 
and D) point estimates from single-arm pooled analyses with 95% CIs for patients with pulmonary metastases from CRC, RCC, or sarcoma. a Multivariable 
meta-regression adjusted for the following covariates: average age, % male, average tumor size and number, study design (retrospective versus prospec-
tive), geographic region (North America, Europe, international, Australia, and Asia as the reference group), and imaging method for LTP assessment (CT 
versus CT and/or FDG-PET/PETCT). Abbreviations: CI = confidence interval; CRC = colorectal carcinoma; CT = computed tomography; FDG = fluorode-
oxyglucose; IGTA = image-guided thermal ablation; ORs = odds ratios; OS = overall survival; ref. = reference group; PET = positron emission tomography; 
RCC = renal cell carcinoma; SBRT = stereotactic body radiation therapy
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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 

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.

Abbreviations
CI	� Confidence Interval
CRC	� Colorectal carcinoma
CT	� Computed tomography
FDG	� Fluorodeoxyglucose
IGTA	� Image-guided thermal ablation
LTP	� Local tumor progression
LTPFS	� Local tumor progression-free survival
MFU	� Median follow-up
MINORS	� Methodological index for non-randomized studies
MWA	� Microwave ablation
NSCLC	� Non-small cell lung cancer
OR	� Odds ratio
OS	� Overall survival
PET	� Positron emission tomography
PICOS	� Population, intervention, comparators, outcomes, study design
PRISMA	� Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses
RCC	� Renal cell carcinoma
RFA	� Radiofrequency ablation
SABR	� Stereotactic ablative body radiotherapy
SBRT	� Stereotactic body radiation therapy
SD	� Standard deviation
SLR	� Systematic literature review
SOC	� Standard of care

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​8​9​0​-​0​2​5​-​0​3​5​6​1​-​9.

Supplementary Material 1: Tables 1, 2, 3 and 4: detailed search strategies, 
Table 5: PICOS criteria, Table 6: MINORS criteria, Table 7: primary tumor 
locations, Table 8: univariable analysis for LTP, and 9: univariable analyses 
for OS, Table 10: MINORS score per criterion for each study, Table 11: pub-
lication bias, Table 12: List of Included Studies, Fig. 1: study-level covariates 
associated with LTP or OS, Figs. 2 and 3 LTP and OS plots for publication 
bias.

Acknowledgements
The authors would like to acknowledge Alexandra Hall and Coby Martin for 
their help with the systematic review screening and data extraction and Tim 
Disher for his assistance with the statistical analyses. We acknowledge Joanna 
Bielecki for developing and running the searches for the systematic review. 
This work was funded by Johnson & Johnson.

Author contributions
PL: Conceptualization, Writing– Review & Editing. CN: Conceptualization, 
Writing– Review & Editing. NF: Conceptualization, Methodology, Supervision. 
AN: Validation, Investigation, Data Curation, Writing– Original Draft, Writing– 
Review & Editing, Visualization. GW: Conceptualization, Methodology, Writing– 
Review & Editing, Supervision, Project administration. DW: Software, Validation, 
Formal Analysis, Visualization. AL: Validation, Investigation, Resources, Writing– 
Original Draft, Visualization. IK: Conceptualization, Methodology, Writing– 
Review & Editing, Supervision, Funding acquisition. TA: Conceptualization, 
Writing– Review & Editing. BL: Conceptualization, Writing– Review & Editing. 

SKG: Conceptualization, Writing– Review & Editing. MZ: Conceptualization, 
Methodology, Resources, Writing– Review & Editing, Project administration. PS: 
Conceptualization, Writing– Review & Editing. MP: Conceptualization, Writing– 
Review & Editing.

Funding
Johnson & Johnson funded this research including funding for study design, 
collection, analysis and interpretation of data, article preparation, and 
publication.

Data availability
The data sets used and/or analyzed during the current study are available 
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Clinical trial number
Not applicable.

Competing interests
Paul Laeseke: Receives grants or contracts from HistoSonics, Inc. and Siemens 
Medical, Inc.; Receives consulting fees from: Johnson and Johnson, Inc., 
HistoSonics, Inc., and Elucent Medical, Inc.; Participates on a data safety 
monitoring board or advisory board for Johnson and Johnson, Inc.; Has stock 
or stock options in: McGinley Orthopedic Innovations, LLC, HistoSonics, 
Inc., and Elucent Medical, Inc. Calvin Ng: Receives grants or contracts from: 
Johnson and Johnson, Inc., Medtronic, Inc., Siemens Healthineer, LLC; Receives 
consulting fees from: Johnson and Johnson, Inc., Medtronic, Inc.; Receives 
payment for manuscript writing or speaker events: Johnson and Johnson, Inc.; 
Participates on a data safety monitoring board or advisory board for Johnson 
and Johnson, Inc. Nicole Ferko, Andrada Naghi, George Wright, Di Wang, and 
Alyshia Laidlaw have no competing interests to disclose. Iftekhar Kalsekar, 
Tony Amos, Balaji Laxmanan, Sudip K. Ghosh, and Meijia Zhou have stock 
or stock options and are employees of Johnson and Johnson, Inc. Philippe 
Szapary is an employee of Johnson and Johnson, Inc. Michael Pritchett: 
Receives grants or contracts from: Johnson and Johnson, Inc., Medtronic, Inc., 
Intuitive, Inc., BodyVision, Inc., Biodesix, Inc., Philips; Receives consulting fees 
from: Johnson and Johnson, Inc., Medtronic, Inc., Intuitive, Inc., BodyVision, Inc., 
Biodesix, Inc., Philips, Noah Medical, Inc., AstraZeneca, PLC; Receives payment 
for manuscript writing or speaker events: Johnson and Johnson, Inc., Intuitive, 
Inc., BodyVision, Inc., Biodesix, Inc., AstraZeneca, PLC; Participates on a data 
safety monitoring board or advisory board for AstraZeneca, PLC and Pfizer, Inc.

Author details
1Radiology, University of Wisconsin, 600 Highland Avenue, Madison,  
WI 53792, USA
2Department of Surgery, The Chinese University of Hong Kong, Prince of 
Wales Hospital, Shatin, NT, Hong Kong, China
3EVERSANA, Burlington, ON, Canada
4Lung Cancer Initiative, Johnson & Johnson, New Brunswick, NJ, USA
5Health Economics and Market Access, Johnson & Johnson, Cincinnati, 
OH, USA
6Medical Technology Epidemiology and Real World Data Science, 
Johnson & Johnson, New Brunswick, NJ, USA
7Pulmonary and Critical Care Medicine, FirstHealth Moore Regional 
Hospital, and Pinehurst Medical Clinic, Pinehurst, NC, USA

Received: 29 May 2024 / Accepted: 18 February 2025

https://doi.org/10.1186/s12890-025-03561-9
https://doi.org/10.1186/s12890-025-03561-9


Page 10 of 11Laeseke et al. BMC Pulmonary Medicine          (2025) 25:188 

References
1.	 Davidson RS, Nwogu CE, Brentjens MJ, Anderson TM. The surgical 

management of pulmonary metastasis: current concepts. Surg Oncol. 
2001;10(1–2):35–42.

2.	 Rusch VW. Pulmonary metastasectomy. Current indications. Chest. 
1995;107(6 Suppl):s322–31.

3.	 Jamil A, Kasi A. Lung metastasis. StatPearls. edn. Treasure Island (FL); 2022.
4.	 Caparica R, Mak MP, Rocha CH, Velho PHI, Viana P, Moura MRL, Menezes MR, 

Amato MBP, Feher O. Pulmonary nodules in patients with nonpulmonary 
cancer: not always metastases. J Glob Oncol. 2016;2(3):138–44.

5.	 Binkley MS, Trakul N, Jacobs LR, von Eyben R, Le QT, Maxim PG, Loo BW Jr., 
Shultz DB, Diehn M. Colorectal histology is associated with an increased risk 
of local failure in lung metastases treated with stereotactic ablative radiation 
therapy. Int J Radiat Oncol Biol Phys. 2015;92(5):1044–52.

6.	 Kurilova I, Gonzalez-Aguirre A, Beets-Tan RG, Erinjeri J, Petre EN, Gonen M, 
Bains M, Kemeny NE, Solomon SB, Sofocleous CT. Microwave ablation in 
the management of colorectal Cancer pulmonary metastases. Cardiovasc 
Intervent Radiol. 2018;41(10):1530–44.

7.	 Lung Metastases. [​h​t​t​p​​s​:​/​​/​w​w​w​​.​c​​a​n​c​​e​r​.​​o​r​g​/​​t​r​​e​a​t​​m​e​n​​t​/​u​n​​d​e​​r​s​t​​a​n​d​​i​n​g​-​​y​o​​u​
r​-​​d​i​a​​g​n​o​s​​i​s​​/​a​d​​v​a​n​​c​e​d​-​​c​a​​n​c​e​r​/​l​u​n​g​-​m​e​t​a​s​t​a​s​e​s​.​h​t​m​l​#​:​~​​:​​​​​t​e​x​t​=​T​r​e​a​t​m​e​n​t​%​
2​0​m​a​y​%​2​0​i​n​c​l​u​d​e​%​2​0​c​h​e​m​o​t​h​e​r​a​p​y​%​2 C%20immunotherapy,main%20
cancer%20is%20under%20control.].

8.	 Palussière J, Catena V, Buy X. Percutaneous thermal ablation of lung tumors–
Radiofrequency, microwave and cryotherapy: where are we going? Diagn 
Interv Imaging. 2017;98(9):619–25.

9.	 Wolf FJ, Grand DJ, Machan JT, DiPetrillo TA, Mayo-Smith WW, Dupuy DE. 
Microwave ablation of lung malignancies: effectiveness, CT findings, and 
safety in 50 patients. Radiology. 2008;247(3):871–9.

10.	 Vogl TJ, Naguib NN, Gruber-Rouh T, Koitka K, Lehnert T, Nour-Eldin N-EA. 
Microwave ablation therapy: clinical utility in treatment of pulmonary metas-
tases. Radiology. 2011;261(2):643–51.

11.	 Ahmed M, Solbiati L, Brace CL, Breen DJ, Callstrom MR, Charboneau JW, Chen 
MH, Choi BI, de Baere T, Dodd GD. Image-guided tumor ablation: standard-
ization of terminology and reporting criteria–a 10-year update. Radiology. 
2014;273(1):241–60. 3rd et al.

12.	 Kim C. Understanding the nuances of microwave ablation for more accurate 
post-treatment assessment. Future Oncol. 2018;14(17):1755–64.

13.	 Yang D, Converse MC, Mahvi DM, Webster JG. Measurement and analysis of 
tissue temperature during microwave liver ablation. IEEE Trans Biomed Eng. 
2007;54(1):150–5.

14.	 Liu H, Steinke K. High-powered percutaneous microwave ablation of stage I 
medically inoperable non‐small cell lung cancer: a preliminary study. J Med 
Imaging Radiat Oncol. 2013;57(4):466–74.

15.	 Vogl TJ, Naguib NN, Lehnert T, Nour-Eldin N-EA. Radiofrequency, microwave 
and laser ablation of pulmonary neoplasms: clinical studies and technical 
considerations. Eur J Radiol. 2011;77(2):346–57.

16.	 Poulou LS, Botsa E, Thanou I, Ziakas PD, Thanos L. Percutaneous microwave 
ablation vs radiofrequency ablation in the treatment of hepatocellular carci-
noma. World J Hepatol. 2015;7(8):1054–63.

17.	 Tsang MW. Stereotactic body radiotherapy: current strategies and future 
development. J Thorac Dis. 2016;8(Suppl 6):S517–527.

18.	 Ahmed KA, Scott JG, Arrington JA, Naghavi AO, Grass GD, Perez BA, Caudell JJ, 
Berglund AE, Welsh EA, Eschrich SA, et al. Radiosensitivity of lung metasta-
ses by primary histology and implications for stereotactic body radiation 
therapy using the genomically adjusted radiation dose. J Thorac Oncol. 
2018;13(8):1121–7.

19.	 Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for 
systematic reviews and meta-analyses: the PRISMA statement. BMJ. 
2009;339:b2535.

20.	 McClure T, Lansing A, Ferko N, Wright G, Ghosh SK, Raza S, Kalsekar I, Clarke 
K, Talenfeld A. A comparison of microwave ablation and cryoablation for the 
treatment of renal cell carcinoma: A systematic literature review and Meta-
analysis. Urology. 2023;180:1–8.

21.	 Laeseke P, Ng C, Ferko N, Naghi A, Wright GWJ, Zhang Y, Laidlaw A, Kalsekar I, 
Laxmanan B, Ghosh SK, et al. Stereotactic body radiation therapy and thermal 
ablation for treatment of NSCLC: A systematic literature review and meta-
analysis. Lung Cancer. 2023;182:107259.

22.	 McGowan J, Sampson M, Salzwedel DM, Cogo E, Foerster V, Lefebvre C. PRESS 
peer review of electronic search strategies: 2015 guideline statement. J Clin 
Epidemiol. 2016;75:40–6.

23.	 Slim K, Nini E, Forestier D, Kwiatkowski F, Panis Y, Chipponi J. Methodological 
index for non-randomized studies (minors): development and validation of a 
new instrument. ANZ J Surg. 2003;73(9):712–6.

24.	 Furuya-Kanamori L, Barendregt JJ, Doi SAR. A new improved graphical and 
quantitative method for detecting bias in meta-analysis. Int J Evid Based 
Healthc. 2018;16(4):195–203.

25.	 Ravishankar N, Nair SN. Meta-regression: adjusting covariates during meta-
analysis. Int J Adv Res. 2015;3(2):899–904.

26.	 Xu H, Platt RW, Luo ZC, Wei S, Fraser WD. Exploring heterogeneity in meta-
analyses: needs, resources and challenges. Paediatr Perinat Epidemiol. 
2008;22(Suppl 1):18–28.

27.	 Baker WL, White CM, Cappelleri JC, Kluger J, Coleman CI, Health Outcomes P, 
Economics Collaborative G. Understanding heterogeneity in meta-analysis: 
the role of meta-regression. Int J Clin Pract. 2009;63(10):1426–34.

28.	 Verma N, Laird JH, Moore NS, Park HSM. Radioresistant lung oligometastases: 
impact of histology and dose on local control. In.; 2022.

29.	 Pastorino U, Buyse M, Friedel G, Ginsberg RJ, Girard P, Goldstraw P, Johnston 
M, McCormack P, Pass H, Putnam JB, editors. Jr.: Long-term results of lung 
metastasectomy: prognostic analyses based on 5206 cases. J Thorac Cardio-
vasc Surg 1997, 113(1):37–49.

30.	 Younes RN, Abrao F, Gross J. Pulmonary metastasectomy for colorectal can-
cer: long-term survival and prognostic factors. Int J Surg. 2013;11(3):244–8.

31.	 Okumura T, Boku N, Hishida T, Ohde Y, Sakao Y, Yoshiya K, Higashiyama 
M, Hyodo I, Mori K, Kondo H. Surgical outcome and prognostic stratifica-
tion for pulmonary metastasis from colorectal Cancer. Ann Thorac Surg. 
2017;104(3):979–87.

32.	 Murthy SC, Kim K, Rice TW, Rajeswaran J, Bukowski R, DeCamp MM, Black-
stone EH. Can we predict long-term survival after pulmonary metastasec-
tomy for renal cell carcinoma? Ann Thorac Surg. 2005;79(3):996–1003.

33.	 Lin M, Eiken P, Blackmon S. Image guided thermal ablation in lung cancer 
treatment. J Thorac Dis. 2020;12(11):7039–47.

34.	 Palma DA, Olson R, Harrow S, Gaede S, Louie AV, Haasbeek C, Mulroy L, Lock 
M, Rodrigues GB, Yaremko BP, et al. Stereotactic ablative radiotherapy for the 
comprehensive treatment of oligometastatic cancers: Long-Term results of 
the SABR-COMET phase II randomized trial. J Clin Oncol. 2020;38(25):2830–8.

35.	 Sheikhbahaei S, Mena E, Yanamadala A, Reddy S, Solnes LB, Wachsmann J, 
Subramaniam RM. The value of FDG PET/CT in treatment response assess-
ment, Follow-Up, and surveillance of lung Cancer. AJR Am J Roentgenol. 
2017;208(2):420–33.

36.	 Takeda A, Kunieda E, Fujii H, Yokosuka N, Aoki Y, Oooka Y, Oku Y, Ohashi T, 
Sanuki N, Mizuno T, et al. Evaluation for local failure by 18F-FDG PET/CT in 
comparison with CT findings after stereotactic body radiotherapy (SBRT) for 
localized non-small-cell lung cancer. Lung Cancer. 2013;79(3):248–53.

37.	 Kobiela J, Spychalski P, Marvaso G, Ciardo D, Dell’Acqua V, Kraja F, Blazynska-
Spychalska A, Lachinski AJ, Surgo A, Glynne-Jones R, et al. Ablative stereotac-
tic radiotherapy for oligometastatic colorectal cancer: systematic review. Crit 
Rev Oncol Hematol. 2018;129:91–101.

38.	 Nguyenhuy M, Xu Y, Maingard J, Barnett S, Kok HK, Brooks M, Jhamb A, Asadi 
H, Knight S. A systematic review and Meta-analysis of patient survival and dis-
ease recurrence following percutaneous ablation of pulmonary metastasis. 
Cardiovasc Intervent Radiol. 2022;45(8):1102–13.

39.	 Fong Y, Cohen AM, Fortner JG, Enker WE, Turnbull AD, Coit DG, Marrero AM, 
Prasad M, Blumgart LH, Brennan MF. Liver resection for colorectal metastases. 
J Clin Oncol. 1997;15(3):938–46.

40.	 Timmerman RD, Bizekis CS, Pass HI, Fong Y, Dupuy DE, Dawson LA, Lu D. Local 
surgical, ablative, and radiation treatment of metastases. CA Cancer J Clin. 
2009;59(3):145–70.

41.	 Lee Y, Samarasinghe Y, Samarasinghe N, Patel J, McKechnie T, Finley C, Hanna 
W, Swaminath A. The role of stereotactic body radiation therapy in the man-
agement of pulmonary metastases: a systematic review. Precision Radiation 
Oncol. 2022;6(1):85–95.

42.	 Cao C, Wang D, Tian DH, Wilson-Smith A, Huang J, Rimner A. A systematic 
review and meta-analysis of stereotactic body radiation therapy for colorectal 
pulmonary metastases. J Thorac Dis. 2019;11(12):5187–98.

43.	 Choi HS, Jeong BK, Kang KM, Jeong H, Song JH, Ha IB, Kwon OY. Tumor con-
trol and overall survival after stereotactic body radiotherapy for pulmonary 
oligometastases from colorectal cancer: A Meta-Analysis. Cancer Res Treat. 
2020;52(4):1188–98.

44.	 Meta-Regression. [​h​t​t​p​s​:​​​/​​/​w​w​​w​.​​p​u​b​​l​i​c​h​​e​a​l​​t​​h​​.​c​o​​l​u​m​​b​​i​a​​.​e​​​d​u​/​​r​e​s​​e​a​​r​​c​h​​/​p​o​​p​u​l​a​​t​​i​
o​​n​-​​h​e​​​a​l​t​h​​-​m​e​​t​​h​​o​d​s​​/​m​e​t​a​-​r​e​g​r​e​s​s​i​o​n]

45.	 Nair AS. Publication bias - Importance of studies with negative results! Indian 
J Anaesth. 2019;63(6):505–7.

https://www.cancer.org/treatment/understanding-your-diagnosis/advanced-cancer/lung-metastases.html#:~:
https://www.cancer.org/treatment/understanding-your-diagnosis/advanced-cancer/lung-metastases.html#:~:
https://www.publichealth.columbia.edu/research/population-health-methods/meta-regression
https://www.publichealth.columbia.edu/research/population-health-methods/meta-regression


Page 11 of 11Laeseke et al. BMC Pulmonary Medicine          (2025) 25:188 

46.	 Kessel KA, Grosser RCE, Kraus KM, Hoffmann H, Oechsner M, Combs SE. Ste-
reotactic body radiotherapy (SBRT) in patients with lung metastases - prog-
nostic factors and long-term survival using patient self-reported outcome 
(PRO). BMC Cancer. 2020;20(1):442.

47.	 Sonntag PD, Hinshaw JL, Lubner MG, Brace CL, Lee FT Jr. Thermal ablation of 
lung tumors. Surg Oncol Clin N Am. 2011;20(2):369–87. ix.

48.	 Wu W, Peng J, Gao H, Lin Y, Lin Q, Weng Z. Factors associated with 
pulmonary function changes in patients undergoing microwave abla-
tion for pulmonary Ground-Glass nodules. Technol Cancer Res Treat. 
2022;21:15330338221094429.

49.	 Lee KS, Takaki H, Yarmohammadi H, Srimathveeravalli G, Luchins K, Monette S, 
Nair S, Kishore S, Erinjeri JP. Pleural puncture that excludes the ablation zone 
decreases the risk of pneumothorax after percutaneous microwave ablation 
in Porcine lung. J Vasc Interv Radiol. 2015;26(7):1052–8.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Stereotactic body radiation therapy and thermal ablation for treatment of patients with pulmonary metastases: a systematic literature review and meta-analysis
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Search strategies
	﻿Study selection
	﻿Data extraction and study quality assessment
	﻿Data synthesis and statistical methods
	﻿Single-arm pooled analyses and publication bias
	﻿Meta-regressions
	﻿Subgroup analyses


	﻿Results
	﻿Literature search and study characteristics
	﻿Local tumor progression analyzed per patient
	﻿Local tumor progression analyzed per tumor
	﻿Overall survival
	﻿Publication bias

	﻿Discussion
	﻿Conclusion
	﻿References


