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Purpose

In pulmonary oligometastases from colorectal cancer (POM-CRC), the primarily recom-
mended local therapy is metastasectomy. Stereotactic body radiotherapy (SBRT) is another
local therapy modality that is considered as an alternative option in patients who cannot
undergo surgery. The purpose of this meta-analysis is to demonstrate the effects of SBRT
on POM-CRC by integrating the relevant studies.

Materials and Methods

The authors explored MEDLINE, EMBASE, Cochrane Library, Web of Science, and SCOPUS,
and selected studies including patients treated with SBRT for POM-CRC and availability of
local control (LC) or overall survival (OS) rate. In this meta-analysis, the effect of SBRT was
presented in the form of the LC and OS rates for 1, 2, 3, and 5 years after SBRT as pooled
estimates, and the frequency of pulmonary toxicity of grade 3 or higher after SBRT (PTG3-
SBRT).

Results

Fourteen full texts among the searched 4,984 studies were the objects of this meta-analy-
sis. The overall number of POM-CRC patients was 495 as per the integration of 14 studies.
The pooled estimate LC rate at 1, 2, 3, and 5 years after SBRT was 81.0%, 71.5%, 56.0%,
and 61.8%, and the OS rate was 86.9%, 70.1%, 57.9%, and 43.0%, respectively. The LC
and OS rates gradually declined until 3 years after SBRT in a similar pattern. Among the 14
studies, only two studies reported PTG3-SBRT as 2.2% and 10.8%, respectively.

Conclusion
For POM-CRC, SBRT is an ablative therapy with a benefit on LC and OS rates and less ad-
verse effects on the lung.
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Introduction

The limited number of metastatic tumors occurring at res-
tricted sites are termed as oligometastases (OM). OM is an
intermediate state of tumors, between widespread and local-
ized, and implies the applicability of local therapy [1]. Unfor-
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tunately, colorectal cancer (CRC) recurs in more than half of
patients even after definitive radical surgery [2,3]. In such
patients, CRC recurs frequently in the form of OM in the liver
and lung [4,5]. In patients with pulmonary OM from CRC
(POM-CRC), metastasectomy along with systemic therapy
leads to improvement in survival outcomes [6-10]. National

| https://www.e-crtorg |

€9 This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



Hoon Sik Choi, Effects of SBRT for Pulmonary Oligometastases

Comprehensive Cancer Network (NCCN) and European
Society for Medical Oncology (ESMO) groups also recom-
mend metastasectomy as an ablative therapy for POM-CRC
[11-13].

Patients with metastatic cancer often refuse surgery or are
medically or surgically inoperable. Stereotactic body radio-
therapy (SBRT) can be an alternative ablative option for
metastasectomy because it allows precise irradiation to lesions
and minimal radiation exposure to surrounding normal tis-
sues. The NCCN and ESMO groups also recommend SBRT
as an alternative treatment modality for OM patients who are
incapable of undergoing surgery. To present the effects of
SBRT for POM-CRC, several studies with various publication
types including original study, systematic review, and meta-
analysis have been published [14,15]. Although previous
studies have shown excellent tumor control ability of SBRT,
physicians still do not have a clear reason to choose SBRT
over surgery for POM-CRC patients. To directly or indirectly
compare the treatment effect of surgery and SBRT, it is impor-
tant to investigate the overall survival (OS) after SBRT in
detail based on every year and to grasp the association bet-
ween local control (LC) and OS rate.

This meta-analysis aimed to investigate the LC and OS
rates of POM-CRC patients after SBRT serially at yearly time
points and to investigate the relationship between them. The
other goal was to investigate the frequency of pulmonary tox-
icity of grade 3 or higher after SBRT (PTG3-SBRT).

Materials and Methods

1. Search strategy

A meta-analysis was performed in compliance with ‘the
Preferred Reporting Items for Systematic Review and Meta-
Analysis (PRISMA)’ guidelines [16]. The protocol of this
meta-analysis has been submitted to The International pro-
spective register of systematic reviews (PROSPERO) (CRD-
42020164111) [17].

To establish a strategy to find all studies that could be the
subject of this meta-analysis as a study that applied SBRT as
a local therapy to patients with POM-CRC and observed its
outcome, appropriate search terms were selected. The words
and phrases chosen were lung, pulmonary, metastasis, recur-
rence, colorectal, colon, sigmoid, rectal, cancer, carcinoma,
tumor, neoplasm, radiosurgery, stereotactic body radiothera-
py, stereotactic radiotherapy, stereotactic ablative radiothera-
py, stereotactic radiosurgery, SBRT, stereotactic radiotherapy,
and stereotactic ablative radiotherapy. While performing for
relevant studies, the publication date chosen was from data-
base inception to September 3, 2019. MEDLINE, EMBASE,
Cochrane Library, Web of Science, and SCOPUS were the
online databases used. Other bibliographies, such as refer-
ence lists and gray literature were also examined. There was

no limitation with regard to publication date or language.
EndNote X9.2 was the software used to handle the searched
studies [18].

2. Study selection

For this meta-analysis, the following inclusion criteria
were set: original researches, studies having information
about CRC as primary cancer and pulmonary metastasis as
OM, and studies providing information on at least one of LC
and OS rates. The studies that included patients with concur-
rent uncontrolled extrathoracic metastasis when performing
SBRT were excluded because it can significantly affect sur-
vival. If there were multiple reports from an institution and
it seemed that the patient samplings included the same pati-
ents, only one study was left by applying the following pri-
ority principle: single topic, more sampling of patients, and
more up-to-date study.

The searched data was sent to EndNote X9.2. Immediately
after the sending, the automatic check function of EndNote
removed duplicated studies. After removing the duplicated
studies, the initial screening process of the searched data
was embarked. In the initial screening process, the studies
with irrelevant subjects were removed using titles and abs-
tracts. The studies filtered in the initial screening process
entered into the second selection process. In this course, the
researchers reviewed the full texts of the screened studies
carefully and selected studies that suited the purpose of this
meta-analysis. In this process, four reviewers (H.S. Choi, B.K.
Jeong, LB. Ha, and K.M. Kang) worked independently. For
the disagreements that occurred between the four review-
ers, the authors reappraised the studies through discussion
or consultation with other authors (H. Jeong and J.H. Song).

3. Data synthesis and analysis

Information extracted from the selected studies was gen-
eral data (authors, publication years, study design, and OM
definition), patient details (sample number, age, sex, tumor
size, and follow-up duration), treatment profiles (SBRT dose,
fractionation, and presence of concurrent chemotherapy) and
outcome (LC rate, OS rate, and PTG3-SBRT).

For this meta-analysis, we used R ver. 3.5.3 (The R Founda-
tion for Statistical Computing, Vienna, Austria) [19]. LC and
OS rates were extracted as effect sizes to calculate pooled esti-
mates at the time points of 1 year, 2 years, 3 years, and 5 years
after SBRT for patients with POM-CRC. The selected studies
were conducted on similar patients treated with standardized
modalities and provided LC rate, OS rate, or both. Thus, we
used a fixed-effects model for the meta-analysis as a predeter-
mined way on the viewpoint that heterogeneity did not seem
clinically significant among the studies. The studies included
in this meta-analysis adopted one of the Common Termi-
nology Criteria for Adverse Events (CTCAE) and Radiation
Therapy Oncology Group (RTOG) scale to evaluate pulmo-
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Studies identified from the database keywords and
bibliographies of relevant studies (n=4,984):
MEDLINE (n=359), EMBASE (n=1,580),
Cochrane Library (n=36), Web of Science (n=423),
SCOPUS (n=2,575), Hand searching (n=11)

Exclude duplicate studies (n=821) |

v

‘ Studies remaining after excluding duplicates (n=4,163) ‘

B

Exclusion according to selection criteria (n=4,087) |

v

‘ Remaining studies (n=76), full text review ‘

v

Excluded (n=62)

- Not enough information for primary cancer and
metastatic sites (n=42)

- No outcome data (n=8)

- No stereotactic-body radiotherapy (n=6)

- Including active extra-thoracic metastasis (n=5)

- No information of sample number (n=1)

v

Finally selected studies (n=14)

Fig. 1. Flow map for identification of relevant studies.

nary toxicity. The frequency of PTG3-SBRT was reviewed.

A forest plot for each meta-analysis was generated to dis-
play the findings. For visual evaluation of heterogeneity, the
forest plots were used. Cochrane’s Q and I were calculated
for each analysis as statistical methods for measuring the het-
erogeneity. When the p-value of Cochran’s Q was less than 0.1
or the I> was more than 50%, heterogeneity was considered
significant among the studies.

Eventually, 14 studies were selected in this meta-analysis.
The authors, however, should perform different meta-anal-
yses with recombination of the studies. The recombination
was according to the types of outcomes and the time points
of observation. As the number of studies incorporated in each
meta-analysis was less than 10, evaluation of the publication
bias was inappropriate in this review.

4. Quality assessment of literature

The Newcastle-Ottawa-Scale (NOS) is a checklist for asses-
sing the quality of literature in meta-analyses for non-rand-
omized studies [20]. In this meta-analysis, the cohort version
NOS was used for quality assessment of the literature. When
evaluating each of the finally selected studies as the NOS,
two authors (H.S. Choi, O.Y. Kwon) independently evaluat-
ed and formed a consensus. The NOS for cohort studies con-
sists of nine items grouped into three dimensions: selection,
comparability, and outcome. It uses a star system that assess-
es each item and gives one star if the study has the highest
quality for that. The only item of comparability can have two
stars as an exception. Therefore, the number of stars that each
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study can have in the evaluation by the NOS ranges between
0-9. The NOS scores 7-9 refer to high-quality and 4-6 refer to
medium quality.

Results

1. Identification of relevant studies

Using the initially set search strategy, we collected 4,984
studies that could be the probable subject of research: 359
from MEDLINE, 1,580 from EMBASE, 36 from Cochrane
Library, 423 from Web of Science, 2,575 from SCOPUS, and
11 from hand searching. Immediately after the collection, we
excluded 821 duplicate studies. Through the initial screen-
ing process with the remaining 4,163 studies, 4,087 studies
were eliminated from the data. Through the secondary selec-
tion process with the full texts of the remaining 76 studies, 62
studies were excluded for the following reasons: not enough
information for being aware of primary cancer and metastat-
ic sites (n=42), no outcome data (n=8), no SBRT (n=6), includ-
ing active extrathoracic metastasis (n=5), and no information
about the sample number (n=1). Finally, 14 studies encom-
passing 495 patients with POM-CRC who underwent SBRT
entered in this meta-analysis [21-34]. The process for study
inclusion is presented in Fig. 1.

2. Features of the included studies
As shown in Table 1, 14 studies were selected for this meta-
analysis. The publication year of the studies was between
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Study Event Sample 1-Year local control Proportion (95% CI) Weight (%)
Design=prospective
Carvajal 2015 12 13 0.923 (0.640-0.998) 0.9
Comito 2014 70 82 —a— 0.854 (0.758-0.922) 10.1
Navarria 2014 68 76 —a— 0.895 (0.803-0.953) 7.1
Overall (fixed) 171 —— 0.875(0.816-0.917) 18.1
Heterogeneity: 1’=0%, x?=0.88 (p=0.64)
Design=Retrospective
Dell’Aequa 2019 80 102 —— 0.784 (0.692-0.860) 17.1
Kinj 2017 42 53 —_— 0.792 (0.659-0.892) 8.6
Binkley 2015 57 77 — 0.740 (0.628-0.834) 14.6
Jung 2015 44 50 —_— 0.880 (0.757-0.955) 5.2
Takeda 2011 174 217 —- 0.802 (0.743-0.853) 34.1
Kim 2009 10 13 0.769 (0.462-0.950) 2.3
Overall (fixed) 512 - 0.792 (0.755-0.826) 81.9
Heterogeneity: 1=0%, x?=3.72 (p=0.59)
Overall (fixed) 683 ; . . - . 0.810(0.778-0.838) 100
07 08 09

Heterogeneity: 1’=21.1%, x=10.13 (p=0.26) 05 06
Residual heterogeneity: %=0%, x?=4.59 (p=0.71)

Fig. 2. Pooled estimates of local control rate at 1 year after stereotactic body radiotherapy [24-27,30-34]. CI, confidence interval.

Study Event Sample 1-Year overall survival Proportion (95% CI) Weight (%)
Design=prospective
Carvajal 2015 12 13 0.923 (0.640-0.998) 23
Comito 2014 71 82 —u— 0.866 (0.773-0.931) 233
Overall (fixed) 95 ———— 0.872 (0.788-0.926) 255
Heterogeneity: 1>=0%, x=0.32 (p=0.57)
Design=Retrospective
Jingu 2017 82 93 —— 0.882 (0.798-0.939) 237
Kinj 2017 44 53 L 0.830(0.702-0.919) 18.3
Agolli 2016 36 44 L 0.818(0.673-0.918) 16.0
Filippi 2015 35 40 i 0.875(0.732-0.958) 10.7
Jung 2015 48 50 —a— 0.960 (0.863-0.995) 47
Kim 2009 13 13 1.000 (0.753-1.000) 1.2
Overall (fixed) 293 ———— 0.868 (0.822-0.904) 745
Heterogeneity: 1=15.9%, x=5.95 (p=0.31)
Overall (fixed) 388 —— 0.869 (0.830-0.900) 100

Heterogeneity: 1=0%, x=6.28 (p=0.51)
Residual heterogeneity: ’=4.3%, x=6.27 (p=0.39)

065 07 075 08 085 09 095 10

Fig. 3. Pooled estimates of overall survival rate at 1 year after stereotactic body radiotherapy [21,25,26,28-31,34]. CI, confidence interval.

2009 and 2019. The design was retrospective in 11 studies
and prospective in the other three studies. Six of 14 studies
reported whether chemotherapy was concurrently given,
during the SBRT period: a study [27] allowed concurrent
chemotherapy in the study design; and the other five stud-
ies [22,26,28,33,34] excluded these patients from the analy-
sis. OM was defined based on the number of lesions in 11 of

14 studies. The maximum allowable number of pulmonary
lesions as OM in each study ranged from 1 to 5; the median
was four. The median value of metastatic tumor size from
five studies ranged from 1.0 to 2.1 cm; the median was 1.6
cm. The median prescription doses of SBRT collected from
eight studies were converted based on a biologically effective
dose with an alpha/beta ratio of 10 (BED10). The median of
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BED10 was 105.6 Gy and ranged from 93.6 to 180 Gy. For the
finally selected 14 studies, the sample number varied from
12 to 93 and the median was 34.5. The median age of patie-
nts from eight studies ranged from 54 to 70 years, and the
median of the medians was 68.5 years. The median percent-
age of females was 35.5% (13.3%-66.0%) among the seven
studies, which provided sex distribution. The median follow-
up duration in eight studies ranged from 9.2 to 42.8 months,
and the median was 28.5 months.

The effect sizes of LC and OS rate at 1, 2, 3, and 5 years after
SBRT were extracted from each primary study and shown
in Table 2. The median rate of LC, at 1, 2, 3, and 5 years was
80.0% (74.5%-92.3%, n=9), 74.0% (52.7%-92.3%, n=9), 66.0%
(40.0%-75.0%, n=9), and 66.0% (56.2%-70.0%, n=3), respec-
tively. The median rate of OS at 1, 2, 3, and 5 years was
88.4% (82.8%-100.0%, n=8), 73.0% (61.3%-92.3%, n=9), 59.3%
(50.0%-66.7%, n=10), and 39.0% (34.0%-58.3%, n=5), respec-
tively. All the finally selected studies provided information
on the frequency of PTG3-SBRT. As criteria for evaluating the
toxicity of SBRT, the CTCAE was applied in 12 studies (ver.
2.0 for one, ver. 3.0 for five, and ver. 4.0 for six) and the RTOG
in one study. The remaining study did not provide informa-
tion about the criteria. There were two of 14 studies that pro-
vided information about PTG3-SBRT. In a study using the
CTCAE as an evaluation tool, PTG3-SBRT occurred in 2.2%
of patients [29]. Another study, which evaluated the toxicity
based on RTOG, reported PTG3-SBRT as a dense radiograph-
ic appearance in 10.8% of patients, but all the patients were
asymptomatic [28].

3. Pooled estimates

The pooled estimates of the LC and the OS rate at 1, 2,
3, and 5 years after SBRT are shown in Table 3. Nine stud-
ies reported the LC rate at 1 year after SBRT, with a pooled
estimate of 81.0% (95% confidence interval [CI], 77.8 to 83.8);
for this, I* was 21.1%, and Q-value was 10.13 (p=0.26). The
estimate was 87.5% (95% CI, 81.6 to 91.7) in three prospective
studies and 79.2% (95% CI, 75.5 to 82.6) in six retrospective
studies in the subgroup analysis performed according to the
study designs. The Q-value was 5.54 between the subgroups
(p=0.019) and 4.59 within the subgroups (p=0.71) (Fig. 2).
Combination of nine studies revealed the pooled estimate
of the LC rate at 2 years after SBRT as 71.5% (95% CI, 67.9
to 74.8), I* was 37.9%, and Q-value was 12.88 (p=0.12). The
pooled estimate was 77.0% (95% CI, 67.3 to 84.5) for two pro-
spective studies and 70.7% (95% CI, 66.8 to 74.3) for seven
retrospective studies in the subgroup analysis. Q was 1.53
(p=0.22) between the groups and 11.35 (p=0.12) within the
groups. The pooled estimate at 3 years after SBRT was 56.0%
(95% CI, 52.2 to 59.8) when collecting LC rates at 3 years
after SBRT from 9 studies. I> was 84.8% and Q-value was 52.72
(p <0.01) for this analysis. One of the nine studies was a pro-
spective study and eight were retrospective. While collecting
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Fig. 4. Local control and overall survival at 1, 2, 3, and 5 years
after stereotactic body radiotherapy with trend lines.

three retrospective studies reporting LC at 5 years after SBRT,
the pooled estimate, I?, and Q-value were 61.8% (95% CI, 54.6
to 68.6), 34.8%, and 3.07 (p=0.22), respectively.

Eight out of 14 studies reported OS rate at 1 year after
SBRT, and the pooled estimate, I2, and Q-value were 86.9%
(95% CI, 83.0 to 90.0), 0.0%, and 6.28 (p=0.51), respectively
(Fig. 3). In the subgroup analysis for the study design, the
pooled estimate was 87.2% (95% CI, 78.8 to 92.6) for two pro-
spective studies out of the eight studies and 86.8% (95% CI,
82.2 to 90.4) for the other six retrospective ones. Q was 0.01
(p=0.92), between the subgroups and 6.27 (p=0.39) within the
subgroups (Fig. 3). Nine studies reported OS rate at 2 years
after SBRT. The pooled estimate was 70.1% (95% CI, 65.7
to 74.2), I* was 14.1%, and Q-value was 9.32 (p=0.32). The
pooled estimate was 73.4% (95% CI, 66.1 to 79.6) for the three
prospective studies out of the nine studies and 68.3% (95%
Cl, 62.7 to 73.4) for the other six retrospective ones. Q-value
was 1.27 (p=0.26) between the subgroups and 8.04 (p=0.33)
within the subgroups. Ten studies provided afforded OS rate
at 3 years after SBRT. The pooled estimate was 57.9% (95% ClI,
53.5 to 62.2), I* was 0.0%, and Q-value was 4.46 (p=0.88). For
the subgroup analysis, the pooled estimate was 59.9% (95%
CI, 49.8 to 69.3) for the two prospective studies out of the 10
studies and 57.4% (95% CI, 52.5 to 62.2) for the other eight
retrospective studies. Q-value was 0.19 (p=0.66) between the
subgroups and was 4.27 (p=0.81) within the subgroups. The
pooled OS rate was 43.0% (95% CI, 37.2 to 49.0) at 5 years
after SBRT, and I was 46.4, and Q-value was 7.46 (p=0.11) as
per the five retrospective studies.

A line graph showing the serial rates of LC and OS was
created to observe the relation between them (Fig. 4). The
trend line of LC showed a gradual decrease pattern until
three years after the SBRT and no further decrease at five
years after SBRT. Meanwhile, that of OS showed a continu-
ous decrease until five years after SBRT. Both the trend lines
showed very similar changes up to 3 years after SBRT.
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4. Study quality assessment

A star for the item ‘selection of the non-exposed cohort’
and ‘comparability” for all studies while assessing the qual-
ity of primary studies could not be provided in this meta-
analysis through NOS due to the absence of controls in all
the studies. In six studies, the follow-up period was less than
2 years and it was judged that the periods were not suffi-
cient for observing the outcome and toxicity. A star could not
be given for six studies for the item ‘length of outcome” in
NOS. As a result, six out of 14 studies subjected to this meta-
analysis received five stars in the NOS evaluation, and the
remaining eight studies received six stars. Therefore, all sub-
jects of this meta-analysis had medium quality. The results of
the assessment are provided in S1 Table.

Discussion

A meta-analysis was conducted by collecting 14 studies
that reported the effect of SBRT for POM-CRC. Overall, 495
patients were included in the study. The average number of
metastatic lung lesions was 1.4 per patient, and the median
prescription dose of SBRT for the POM-CRC was 105.6 Gy of
BEDI10. The primary goal of this meta-analysis was to com-
bine LC and OS rates over time after SBRT for POM-CRC.
The investigated time points were 1 year, 2 years, 3 years,
and 5 years after SBRT. For each time points, the LC rate was
81.0%, 71.5%, 56.0%, and 61.8%, respectively, and the OS rate
was 86.9%, 70.1%, 57.9%, and 43.0%, respectively. A gradual
decrease in the LC and OS rates was observed with a similar
pattern from 1 year to 3 years after SBRT. However, after 3
years, only the OS rate decreased and no change was obser-
ved in the LC rate. Only two studies reported PTG3-SBRT
with a frequency of 2.2% and 10.8%, respectively.

NCCN and ESMO groups prefer metastasectomy as an
ablative therapy for POM-CRC and consider SBRT as anoth-
er option when surgery is not possible. Several retrospective
studies have reported the effect of pulmonary metastasec-
tomy in POM-CRC patients with a 5-year OS rate of 32.4%-
43% [7-10]. A meta-analysis involving 25 retrospective stud-
ies reported the effects of lung metastasectomy in POM-CRC
patients with OS rate as a range value and the 5-year OS rate
as 27%-68% [6]. A randomized clinical trial demonstrated
the effect of metastasectomy for POM-CRC, the research-
ers compared the outcome of patients between a group with
metastasectomy plus chemotherapy, and chemotherapy only
as controls. At five years after treatment, the estimated sur-
vival rate was 38% and 29% for the metastasectomy group
and controls, respectively [35]. As the study was terminated
prematurely with only 65 participants due to recruiting diffi-
culty, the data has weak evidence. Nonetheless, the informa-
tion helps to assess the meaning of the present meta-analysis.
The present meta-analysis revealed that the 5-year survival

rate was 43% among the POM-CRC patients treated with
SBRT. Although most of the primary studies included in this
meta-analysis included the patients whose conditions were
too poor to endure the operation in their cohort, the effects of
SBRT for POM-CRC seemed comparable to metastasectomy
effects demonstrated by previous studies. The information
provided by the present meta-analysis suggests a new per-
spective that the SBRT can be a valuable option as a primary
treatment of POM-CRC.

Despite comparable treatment outcomes, there are several
obstacles for selecting SBRT as the first choice of ablative
therapy for POM-CRC. Compared to other primary cancers,
the presence of numerous hypoxic cells may make POM-CRC
more radioresistant [36]. Clinical studies on SBRT in POM-
CRC or POM from other primary cancers reported that the
former had a lower LC rate after SBRT than the latter [33,37].
Nevertheless, it has become increasingly evident that higher
radiation doses can surpass CRC radioresistance. A few stud-
ies have shown a significant benefit of the SBRT dose more
than 100 Gy or 120 Gy (BED10) for the LC rate of POM-CRC
[24,25,29]. Another study also found a dose-dependent effect
of SBRT with BED10 more than 120 Gy for the OM that
occurred in the liver, lymph nodes, and lung [23].

It is not clear if the LC derived by SBRT improves the sur-
vival rate in the POM-CRC patients [38]. Theoretically, SBRT,
a local therapy method similar to surgery, can improve sur-
vival. The information provided by this meta-analysis pro-
vides a cue to get a solution to this issue. From yearly out-
come information to the third year after SBRT, the sequential
changes in the LC and OS rates are similar. Accordingly, up
to 3 years after SBRT, the LC derived from SBRT in POM-
CRC patients is hypothesized to have an association with
the OS. Conversely, after 3 years, survival may be inhibited
by other factors such as extrapulmonary metastases or the
patient’s general condition than the POM control, so addi-
tional survival improvement could be obtained through
appropriate systemic therapy with supportive care.

Lung lesions move concordantly with the breath of the
patients. Therefore, when physicians use radiotherapy as
a treatment modality of POM-CRC, there is a concern that
it is difficult to irradiate the correct location on the lesion.
However, advances in the SBRT technique have put forward
more effective and less toxic treatment by delivering high
radiation dose to the targets and stiff dose gradient between
normal tissues. Our meta-analysis also showed that SBRT is
a less toxic and safe treatment option.

A previously reported systematic review gathered studies
that investigated the effect of SBRT on POM-CRC without
providing pooled estimates through meta-analysis [14]. Two
previously reported meta-analyses investigated the effects
of SBRT on POM-CRC. One of them presented pooled esti-
mates as the odds ratio of local failure [39]. The other meta-
analysis reported the LC, OS, and progression-free survival
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rates after SBRT for POM-CRC [15]. Compared to informa-
tion provided by the previous studies, our meta-analysis has
an additional strength. For consistent and comprehensive
integration, the studies whose cohort included the patients
having active metastatic lesions outside the lung were exclu-
ded. The pooled estimates of the LC and OS rates obtained
through the integration of the present meta-analysis may
make the outcome information of POM-CRC treated with
SBRT clearer.

The compositions were identical among the 14 studies
chosen for the present meta-analysis. The primary studies
enrolled in the present meta-analysis seemed not to vary in
their characteristics. First, from the time we selected the stud-
ies, the inclusion criteria were set to recruit studies with pos-
sible homogeneity. All the primary studies had data for the
POM-CRC patients without metastatic lesions when treated
with SBRT. In particular, the authors selected only the stud-
ies that used the standardized SBRT with breath correction
without concurrent chemotherapy and only the studies that
reported LC and OS as outcomes. After collecting the stud-
ies, it was also possible to discover that there was homoge-
neity somewhat, among the studies. The average age of the
patients included in each study was similar. Eight studies
were available to obtain information on average age, with
a distribution of age 54-70. In six of these studies, the mean
age of the patient group was 65 or older. The design of the
study also showed a low degree of heterogeneity among the
included studies. Of the 14 subjects, 11 had a retrospective
design, and only three had a prospective design. The qual-
ity assessment of the literature evaluated by the NOS also
revealed low heterogeneity. The NOS scores of all the 14
research studies were 5-6 points, which was the medium
quality. So, the authors presumed that the clinical heteroge-
neity was low and chose the fixed-effects model as a preset
mode for the statistical method. The choice seemed appropri-
ate, as the heterogeneity was also weak in terms of statistical

figures and forest plots. Just at three years after SBRT, the
LC rate showed substantial heterogeneity with an I? value of
88%. Nevertheless, it seemed to be a statistical coincidence
because the heterogeneities of other meta-analyses, includ-
ing the same studies, were low.

The present review has a limitation that most of the stud-
ies included in the meta-analysis were retrospective. Another
limitation is that all the included studies lacked proper con-
trols. Since studies comparing the SBRT treatment group
with the surgical treatment group or chemotherapy only
group were not in the finally selected studies, it was diffi-
cult to demonstrate whether SBRT improved outcomes sta-
tistically. Such limitations may have originated in a clinical
environment that is difficult for researchers to overcome. It
would be challenging to envision randomized controlled
studies, given the cancer patient’s right to choose the treat-
ment. Despite such difficulties, more reliable information
could be obtained if additional prospective studies emerge
added later, and scholars gather and meta-analyze them.

In conclusion, we demonstrated that SBRT has been useful
for the treatment of POM-CRC throughout this meta-analy-
sis. This review demonstrates the relationship between LC
and OS rates and the probable presence of a similar trend
of gradual decrement up to 3 years after SBRT. Besides, this
review shows that SBRT-related pulmonary toxicity might
be acceptable for the treatment of POM-CRC. It is suggested
that SBRT in POM-CRC could be an effective and safe abla-
tive therapy and option for metastasectomy.
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