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Introduction

The lung is the second most common site for metastases 
from colorectal cancer [1]. Surgical metastasectomy is the 
preferred option when complete resection is feasible, and 
multiple studies have demonstrated promising survival out-
comes for selected patients [2]. The increasing prevalence 
of metastasectomy has been driven by high-volume institu-
tions, where patients experience low postoperative morbid-
ity and mortality rates during inpatient care [3]. Stereotactic 
ablative radiotherapy (SABR) was initially introduced for 
medically inoperable patients or those who declined surgical 
resection [4]. SABR is a non-invasive technique that admin-
isters a high dose per fraction, typically in 1-5 sessions, using 
highly conformal beams to ablate the tumor while minimiz-
ing toxic effects to surrounding organs. The use of SABR for 
oligometastatic disease (OMD) has significantly increased, 
particularly in centers where surgeons routinely perform 

metastectomies at their institutions [5]. 
In patients with colorectal cancer and lung metastases, 

the PulMiCC trial was the first randomized clinical trial that 
compared surgical metastasectomy with continued active 
monitoring [6]. The trial was halted early due to poor and 
declining recruitment, and the small number of study par-
ticipants precluded a conclusive analysis. Contrarily, the 
SABR-COMET trial, a landmark study, showed that SABR 
improves overall survival (OS) in patients with OMD from 
various histologies and metastatic sites [7], prompting fur-
ther research, including histology-specific and phase 3 trials 
[8]. Since the publication of the SABR-COMET trial results, 
establishing clinical equipoise has become challenging, 
which complicates the initiation of similar randomized trials 
like the PulMiCC trial, particularly in metastatic colorectal 
cancer (mCRC) where local therapy for liver metastases is 
already well established [9].

Despite the lack of level I evidence, one of the clinically 
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relevant questions in managing lung metastases from mCRC 
in clinics extends beyond the choice of whether to apply local 
therapy; it crucially involves selecting the optimal local ther-
apy modality. To date, no completed randomized trials are 
comparing different local therapy modalities for pulmonary 
metastases, which leaves a significant gap in evidence-based 
guidance for treating physicians. Thus, this study aims to 
compare the effectiveness of SABR versus surgical metasta-
sectomy in terms of local control, oncologic outcomes, and 
treatment-related toxicity.

Materials and Methods

1. Study patients 
Consecutive patients with mCRC treated either with SABR 

or surgical resection for pulmonary metastases between 
2010 and 2017 were included in this retrospective analy-
sis (n=435). Patients who were lost to follow-up before 6 
months were excluded from the analysis (n=21), while those 
who died within 6 months were included. Also, those who 
received radiation dose less than 100 Gy in biologically effec-
tive dose (BED) were excluded (n=10). Totally, 404 patients 
were included for analysis.

In our institution, patients diagnosed with lung metastases 
were recommended to be monitored with chest computed 
tomography (CT) and abdomen-pelvic CT scans, along with 
tumor marker tests every three months. SABR or metasta-
sectomy for pulmonary metastasis was considered in multi-
disciplinary discussions. The institutional treatment policy, 
including the major considerations and indications for SABR 

and surgery for lung metastases from colorectal cancer, is 
summarized in Table 1. When newly diagnosed lung metas-
tases were few in number and surgically resectable, discus-
sions primarily revolved around upfront surgical resection. 
Surgical resection was recommended based on the Thom-
ford criteria [10]. In cases where the metastases were deemed 
unresectable, upfront systemic therapy was initiated. Upon 
a favorable response, with the metastases remaining few, 
the possibility of surgery or SABR was reconsidered. This 
approach was similarly applied to recurrent lung metastases. 
Further details on the multidisciplinary approach have been 
extensively discussed in previous publications [11]. The tim-
ing of each treatment is shown in Fig. 1. While the number 
of procedures in the surgery group fluctuated slightly, there 
was an overall modest increase during the study period. In 
contrast, the SABR group showed a clear upward trend, par-
ticularly after 2015.

2. Stereotactic ablative radiotherapy 
Lung metastases were treated using either volumetric 

modulated arc therapy or CyberKnife with real-time tumor 
tracking. A four-dimensional computed tomography simula-
tion was conducted to define the internal target volume (ITV), 
which incorporated additional 5 mm margins to account for 
set-up uncertainties, thereby establishing the planning target 
volume (PTV). In cases where CyberKnife (Accuray Inc.) was 
used, fiducial placement was followed by the direct setting 
of the PTV margin of 5 mm from the gross tumor volume 
without defining an ITV. To manage respiratory motion, vac-
uum vac-lock systems or body compressors were employed. 
A full-body vac-lock was utilized for immobilization. Dur-
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Table 1.  Institutional treatment considerations for surgery and SABR in lung metastases from colorectal cancer

Factor	 Surgery (metastasectomy)	 SABR

Patient fitness	 Good performance status with good 	 Can be used in patients who refuse surgery, are 
	   pulmonary function	   inoperable, elderly, or have high comorbidities
Disease extent	 Primarily for patients with a limited number of 	 Often used when slightly more extensive lung 
	   lung metastases (e.g., 1-2) and no evidence of 	   metastases are present (e.g., 2-3) or even when
	   metastases in other organs	   extrapulmonary metastases coexist
Tumor location	 Preferred for peripheral lung lesions amenable 	 Can treat both central and peripheral lung lesions, 
	   to limited surgical resection (wedge resection)	   though special consideration is required for
		    central tumors due to higher toxicity risks
Disease timing	 Preferred for metachronous lung metastases	 More likely used for synchronous metastases
Treatment goal	 Curative intent	 With the intent to achieve either curative outcomes 
		    or to prolong disease control in conjunction 
		    with systemic therapy
Patient preference	 Patients willing to undergo invasive procedure	 Patients preferring non-invasive treatment
Other consideration	 Provides definitive pathological confirmation 	 Cannot confirm pathology, so the risk of treating 
	   of malignancy	   non-malignancy always exists

SABR, stereotactic ablative radiotherapy. 
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ing the study period, the dose fraction schedule was used 
at the physician’s discretion, with the most commonly used 
schemes being 50 Gy in 5 fractions, 48 Gy in 4 fractions, and 
45 Gy in 3 fractions. The mean BED for the SABR group was 
112±11 Gy. 

3. Endpoint 
This study aims to compare the baseline characteristics of 

patients receiving SABR and metastasectomy to determine 
when each treatment modality is predominantly used and 
to compare local control outcomes post-treatment. Local 
recurrence was defined as progressing lesions either adja-

Byung Min Lee, SABR vs. Surgery for Colorectal Lung Metastases

Fig. 1.  Timing of local treatment for each patient group. SABR, stereotactic ablative radiotherapy.
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Table 2.  Baseline characteristics (n=528 lesions in 404 patients)

Variable
	 Surgery	 SABR	

p-value
	 (n=367 lesions in 334 patients)	 (n=161 lesions in 70 patients)

Age (yr)a)	 59.6±11.7	 61.5±12.2	 0.258
Sex			 
    Male	 221 (60.2)	 82 (50.9)	 0.047
    Female	 146 (39.8)	 79 (49.1)	
CCI			 
    < 2	 203 (55.3)	 72 (44.7)	 0.025
    ≥ 2	 164 (44.7)	 89 (55.3)	
Diagnosis-to-treatment interval (mo)	 1.8 (0.6-9.0)	 14.2 (8.6-32.9)	 < 0.001
Tumor size (cm)a)	 1.5 (1.0-2.5)	 1.5 (1.0-4.7)	 0.003
Tumor size (cm)a)	 2.2±1.8	 2.8±2.3	 0.003
No. of pulmonary metastasisa)	 1 (1-2)	 3 (1-5)	 < 0.001
Presence of mediastinal lymph node metastasesa)			 
    Yes	 14 (3.8)	 23 (14.3)	 < 0.001
    No	 353 (96.2)	 138 (85.7)	
Presence of extrapulmonary metastasesa)			 
    Yes	 63 (17.2)	 39 (24.2)	 0.059
    No	 304 (82.8)	 122 (75.8)	
CEA level (ng/mL)a)	 3.33 (1.66-7.99)	 2.92 (2.09-9.06)	 0.716
Bevacizumab-containing chemotherapy 			 
    Yes	 171 (46.6)	 99 (61.5)	 0.002
    No	 196 (53.4)	 62 (38.5)	
Cetuximab-containing chemotherapy 			 
    Yes	 58 (15.8)	 51 (31.7)	 < 0.001
    No	 309 (84.2)	 110 (68.3)	
Values are presented as mean±SD, number (%), or median (IQR). CCI, Charlson comorbidity index; CEA, carcinoembryonic antigen; IQR, 
interquartile range; SABR, stereotactic ablative radiotherapy; SD, standard deviation. a)At the time of local treatment.
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cent to the staple line or within the irradiated volume, based 
on longitudinal evaluation of CT images. Local control, the 
primary study endpoint, was defined as the duration from 
SABR or surgery administration date to the recurrence near 
the treatment site, last follow-up, or death. Secondary study 
endpoints include progression-free survival (PFS) and OS 
as well as toxicity profiles. PFS was calculated from the date 
of SABR or surgery administration to disease progression, 
last follow-up, or death. In contrast, OS was calculated from 
the date of SABR or surgery administration to last follow-
up or death, respectively. Treatment-related toxicities were 
assessed and graded using Common Terminology Criteria 
for Adverse Events 5.0. Radiation-related toxicity was col-
lected until the last follow-up after SABR, whereas for sur-

gery, morbidity and mortality were assessed within 1 month 
post-surgery. 

4. Statistical analysis 
Recurrence and survival curves were generated using 

the Kaplan-Meier method. Multivariate analyses for local 
control, PFS, and OS were conducted using Cox regression 
analysis. The Charlson Comorbidity Index (CCI) was calcu-
lated based on predefined comorbid conditions to assess the 
overall health status of patients [12]. Statistical significance 
was defined as p < 0.05. All statistical analyses used SPSS ver. 
25.0.0 (IBM Corp.).

Results

1. Baseline characteristics at the time of local therapy 
The baseline characteristics across the two groups were 

compared in Table 2. In the surgery group (367 lesions in 334 
patients), all patients had wedge resection with R0 resection. 
Patients who underwent surgery had significantly shorter 
diagnosis-to-treatment intervals, smaller tumor sizes, more 
solitary lesions, and less presence of mediastinal lymph 
nodes. In the SABR group (161 lesions in 70 patients), patients 
had significantly longer diagnosis-to-treatment intervals, 
more history of using chemotherapy regimens with beva-
cizumab or cetuximab, larger tumor sizes, multiple lesions, 
and a higher incidence of mediastinal lymph node metastasis 
compared to those who underwent surgery.

Cancer Res Treat. 2025;57(4):1135-1143

Fig. 2.  Kaplan-Meier curve comparing surgery and stereotactic 
ablative radiotherapy (SABR) for local control. 
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Table 3.  Univariate and multivariate Cox regression analyses for local control (n=528, per-lesion analysis)

Variable
	                      Univariate analysis	                  Multivariate analysisa)

	 HR (95% CI)	 p-value	 HR (95% CI)	 p-value

Age (as continuous)	 0.99 (0.97-1.02)	 0.562	 -	 -
Sex (female vs. male)	 1.74 (1.01-2.99)	 0.046	 -	 -
CCI (2 vs. 0-1)	 0.83 (0.48-1.43)	 0.493	 -	 -
Diagnosis-to-treatment interval (> 9 vs. ≤ 9 mo)	 1.33 (0.76-2.33)	 0.317	 -	 -
Presence of mediastinal lymph node metastasis (yes vs. no)	 2.15 (0.66-6.99)	 0.201	 -	 -
No. of pulmonary metastasis (as continuous)	 1.12 (0.98-1.29)	 0.102	 -	 -
No. of extrapulmonary metastasis (as continuous)	 1.23 (1.13-1.34)	 < 0.001	 1.21 (1.11-1.32)	 < 0.001
CEA level (as continuous)	 1.00 (1.00-1.00)	 0.527	 -	 -
Bevacizumab-containing chemotherapy (yes vs. no)	 2.05 (1.16-3.64)	 0.014	 1.83 (1.02-3.28)	 0.043
Cetuximab-containing chemotherapy (yes vs. no)	 1.35 (0.72 -2.53)	 0.347	 -	 -
Tumor size (as continuous)	 1.15 (0.99-1.32)	 0.061	 -	 -
Group (SABR vs. surgery)	 0.66 (0.36-1.21)	 0.177	 -	 -
Variables without p-values were included in the initial model but were excluded from the final model. CCI, Charlson comorbidity index; 
CEA, carcinoembryonic antigen; CI, confidence interval; HR, hazard ratio; SABR, stereotactic ablative radiotherapy. a)All variables were 
initially included in the model, and results were derived using the backward elimination method.



VOLUME 57 NUMBER 4 OCTOBER 2025     1139

2. Local control
The median follow-up time was 31.7 months (interquar-

tile range [IQR], 15.3 to 49.7 months). The median follow-up 
period for SABR group was 23.7 months (IQR, 13.2 to 36.9 
months), while the surgery group was 40.8 month (IQR, 27.7 
to 59.5 months) (p < 0.001). Patients who underwent surgery 
had 1- and 3-year local control rates of 97.1% and 88.6%, 
respectively, which were not significantly different from 
patients treated with SABR, who had 1- and 3-year local con-
trol rates of 95.7% and 86.7%, respectively (p=0.174) (Fig. 2). 
These differences between two groups remained non-signifi-
cant in multivariate analyses (Table 3). Additionally, the pres-
ence of extrapulmonary metastases and patients with KRAS 
or NRAS mutation who received bevacizumab-containing 
chemotherapy also had poorer local control outcomes. 

The management of cases of local failure is shown in S1 
Table. Treatment of local failure differed between groups. In 
the surgery group, recurrence was more often confined to the 
lungs, leading to repeated surgery alongside systemic thera-
py, with 36.8% of patients undergoing re-operation for local 
failure. Conversely, in the SABR group, disease progression 
frequently involved extrapulmonary sites, and most patients 
(60.0%) received systemic therapy alone without additional 
local treatment in cases of local failure.

Treatments for mediastinal lymph node metastases were 
also analyzed (S2 Table). In the surgery group, 12 out of 14 
patients underwent surgical resection of the mediastinal 
lymph nodes. In contrast, in the SABR group, most patients 
showed a response to systemic therapy, and mediastinal 
lymph nodes were not typically treated with radiother-
apy (RT). Only three out of 23 patients in the SABR group 

received RT targeting the mediastinal lymph nodes.

3. Systemic treatment
The analysis on systemic treatment was also conducted (S3 

Table). We analyzed at which cycle of systemic treatment the 
local treatment was administered and identified the specific 
regimens that were used. When comparing the two groups, 
surgery and SABR, local treatment was most frequently 
administered during the 2nd cycle of chemotherapy in both 
groups. The next most common timing for local treatment 
was during the 1st cycle of chemotherapy. When analyzing 
the systemic treatment regimens applied, the most common-
ly used regimen in the surgery group was FOLFOX (folinic 
acid, fluorouracil, and oxaliplatin; n=86, 25.7%), followed 
by FOLFIRI (folinic acid, fluorouracil, and irinotecan; n=58, 
17.4%) and A-FOLFOX (Avastin-FOLFOX; n=57, 17.1%), 
respectively. In the SABR group, xeloda (n=21, 30.0%) was 
the most frequently used regimen, followed by A-FOLFIRI 
(Avastin-FOLFIRI; n=12, 17.1%). When examining whether 
systemic treatment was administered alongside local ther-
apy, the majority of patients in the surgery group received 
systemic treatment (n=256, 76.6%), whereas in the SABR 
group, more than half of the patients did not undergo sys-
temic treatment (n=40, 57.1%). Additionally, approximate-
ly half of the patients (n=157, 47.0%) in the surgery group 
changed their regimen after local treatment due to disease 
progression, whereas in the SABR group, 80% of the patients 
did not change their regimen. Repeated local treatment was 
performed in cases of progressive disease in more than half 
of the patients in both groups.

Byung Min Lee, SABR vs. Surgery for Colorectal Lung Metastases

Table 4.  Multivariate Cox regression analyses for progression-free survival and overall survival (n=404, per-patient analysis)a)

Variable
	                    Progression-free survival	                   Overall survival

	 HR (95% CI)	 p-value	 HR (95% CI)	 p-value

Age 	 -	 -	 1.01 (0.99-1.04)	 0.210
Sex (female vs. male)	 -	 -	 -	 -
CCI (2 vs. 0-1)	 -	 -	 1.94 (1.19-3.16)	 0.008
Diagnosis-to-treatment interval (> 9 vs. ≤ 9 months)	 1.28 (0.96-1.69)	 0.088	 1.00 (0.64-1.55)	 0.999
Presence of mediastinal lymph node metastasis (yes vs. no)	 2.38 (1.39-4.06)	 0.002	   8.90 (4.74-16.73)	 < 0.001
No. of pulmonary metastasis (as continuous)	 1.11 (1.01-1.22)	 0.034	 1.05 (0.95-1.18)	 0.335
No. of extrapulmonary metastasis (as continuous)	 1.21 (1.12-1.31)	 < 0.001	 1.16 (1.04-1.30)	 0.007
CEA level (as continuous)	 -	 -	 1.00 (1.00-1.00)	 0.400
Bevacizumab-containing chemotherapy (yes vs. no)	 1.18 (0.92-1.53)	 0.200	 -	 -
Cetuximab-containing chemotherapy (yes vs. no)	 1.61 (1.19-2.19)	 0.002	 1.63 (1.04-2.55)	 0.034
Group (surgery vs. SABR)	 0.69 (0.48-0.98)	 0.037	 0.39 (0.24-0.63)	 < 0.001

Variables without p-values were included in the initial model but were excluded from the final model. CCI, Charlson comorbidity index; 
CEA, carcinoembryonic antigen; CI, confidence interval; HR, hazard ratio; SABR, stereotactic ablative radiotherapy. a)All variables were 
initially included in the model, and results were derived using the backward elimination method.
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4. Toxicity
Among 334 patients who underwent surgery, 27 patients 

(8.1%) experienced postoperative complications that requi-
red a hospital stay of more than 10 days. However, all 
patients recovered well, and there were no mortality cases. 
Additionally, among 70 patients who received SABR, three 
patients (4.2%) developed symptomatic radiation pneumo-
nitis greater than grade 2. Among these, one patient experi-
enced grade 3 and another grade 4 toxicity (n=2, 2.8%). The 
patient with grade 4 pneumonitis had received lung SABR 
for seven lesions. No other grade 3 RT-related toxicities were 
identified. 

5. PFS and OS
The 1-year PFS was 71.1% for the surgery group, 40.8% 

for the SABR group. The 3-year OS was 45.3% for the sur-
gery group, 27.9% for the SABR group. Prognostic factors for 
PFS and OS are listed in Table 4. The presence of mediasti-
nal lymph node metastases, an increased number of pulmo-
nary and extrapulmonary metastases, cetuximab-containing 
chemotherapy and treatment group were independent prog-
nostic factors for PFS. For OS, the independent prognostic 
factors were CCI, the presence of mediastinal lymph node 
metastases, and an increased number of extrapulmonary 
metastases, cetuximab-containing chemotherapy and treat-
ment group.

6. Local therapy for subsequent pulmonary metastases 
Among patients who developed new lesions in different 

locations after the initial local therapy for pulmonary metas-
tases, 36.7% underwent another session of local treatments 
(surgery, SABR) for the subsequent lesions. Specifically, after 
surgery, 37.1% of patients required another round of local 
therapy for pulmonary metastases, with 12.6% undergoing 
more than two sessions and 2.1% undergoing more than 
three sessions. Similarly, following SABR, 31.4% of patients 
received another round of local therapy, with 12.9% having 
more than two sessions and 7.1% undergoing more than 
three sessions.

Discussion

In addressing the role of local therapies for pulmonary 
metastatic disease, one of the highly relevant questions is 
identifying the most suitable local modality for treating these 
patients [13]. In this single, large institutional, retrospective 
comparative study involving 404 patients with 528 pulmo-
nary metastases, we evaluated the treatment outcomes of 
surgery and SABR as local therapies. Our study demon-
strated that SABR was able to achieve excellent local control 

comparable to surgery, with both groups showing well-tol-
erated treatments, and low morbidity rates without mortal-
ity. A unique aspect of our study is the differentiation based 
on treatment intent in RT, specifically whether an ablative 
dose was administered, akin to the distinction between R0 
and R1/2 resection in surgery. In cases with multiple lesions 
or when the treatment intent was to extend the efficacy of 
systemic therapy for the oligoprogression concept [14], dose-
reduced, non-ablative doses (typically a BED less than 100 
Gy, such as 30 Gy in 5 fractions or 24 Gy in 3 fractions) can 
be utilized (S4 Table). As expected, high-dose palliative RT 
exhibited significantly lower local control rates than the sur-
gery and SABR groups (S5 Fig.).

Our findings regarding local control are in line with the 
evidence that higher SABR doses, typically with a BED ≥ 100 
Gy, result in significantly better local control rates for lung 
metastases compared to lower doses [15,16]. Guckenberger 
et al. [17] found that the dose-response curve for local control 
plateaus around a BED of 100 Gy. This aspect has not been 
generally properly accounted for in comparative studies 
between surgery and SABR, leading to the biased conclusion 
that SABR is inferior to surgery in terms of local control [18].

Another important finding of our study is the significant 
differences in baseline characteristics selecting RT and sur-
gery for local therapy. Surgery was frequently used upfront 
when lung metastases were first diagnosed, particularly 
when the metastases were small, solitary, and without other 
site metastases. This preference for surgery can be explained 
by its known advantages over SABR, such as providing a 
definitive pathological assessment, the potential for com-
plete tumor removal, and eliminating the need for extensive 
radiologic surveillance [19,20]. Meanwhile, RT was often 
administered after upfront chemotherapy, typically around 
one year later, and was preferred for larger tumors, multi-
ple lesions, or when patients had mediastinal lymph node 
metastases or extrapulmonary disease burden, reflecting 
the higher risk of disease progression after local therapy as 
shown in decreased PFS and OS compared to surgery. Fur-
thermore, patients might often be exhausted from previous 
treatments, such as multiple surgeries or prolonged chemo-
therapy, and are likely to be inclined towards the minimally 
invasive nature and shorter recovery time of RT compared 
to surgery. 

If a patient is considered a good candidate for local thera-
py via multidisciplinary discussion, selecting the best local 
therapy with the maximized therapeutic index is often not 
straightforward and involves a significant degree of subjec-
tive judgment. For SABR, the proximity of critical organs at 
risk (e.g., trachea, main bronchus, heart, esophagus, stom-
ach) is a primary consideration, as this can compromise dose 
coverage planning [21]. In terms of toxicity, the respiratory 

Cancer Res Treat. 2025;57(4):1135-1143
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motion is more significant in the lower lobe than in the upper 
lobe [22], potentially increasing the irradiated volume, and 
the availability of respiratory control techniques to reduce the 
irradiated volume (e.g., gating or tracking) can be a key con-
sideration, especially treating multiple lesions. For surgery, 
several key factors are generally considered to ensure the 
best possible outcomes, including palpability, localization, 
extent of resection, general health, and pulmonary function 
[13]. Although unavailable at our institution, interventional 
radiology treatments such as microwave ablation and radiof-
requency ablation are also known to control lesions effective-
ly, depending on their location and size [23]. In this context, 
although there is no widely accepted treatment algorithm, 
the multidisciplinary approach remains paramount for treat-
ment selection, especially with the active involvement of all 
local therapy stakeholders to compare the risk/benefit ratio 
of different modalities [24]. Our findings could provide valu-
able insights into clinical decision-making in these cases.

Our finding that many patients received subsequent local 
therapy for recurrent pulmonary metastases has important 
implications. In well-known oligometastases trials, this fig-
ure is around 10%-20% [7,25], and it is expected to be high-
er in cases of mCRC. Since, unlike the liver, the lung lacks 
regenerative capacity and has limited pulmonary reserve, it 
is crucial to prioritize preserving pulmonary reserve, consid-
ering that these patients may require multiple treatments.

Our study has several inherent limitations due to its ret-
rospective nature. As shown in the baseline characteristics, 
selection bias exists between the treatment groups. Despite 
adjusting for several important factors, significant differ-
ences by treatment groups in PFS and OS remain. However, 
the possibility that more favorable tumors were treated with 
SABR is low; instead, there is a selection bias towards treat-
ing more unfavorable tumors with SABR. The difference 
in follow-up duration between the treatment groups, with 
a shorter median follow-up for the SABR group, may limit 
the ability to fully assess long-term outcomes, highlighting 
the need for extended follow-up in future studies. Consid-
ering these points, the finding that SABR provides equally 
excellent local control and low overall toxicity compared to 
surgery is unlikely to change. The fact that our institution is 
a large-volume single center with experienced surgeons and 
radiation oncologists can also introduce selection bias, and 
caution is needed when generalizing these results to low- to 
intermediate-volume centers. Institutional experience has 
also been recently suggested to influence SABR’s local control 
outcomes [26], similar to the relationship between volume of 
experience and surgical outcomes [27]. Since systemic thera-
py was administered heterogeneously and RT timing varied, 
elucidating potential interactions between systemic therapy 
and local control/toxicity to identify the pure component 

of local therapy was not feasible. Local progression was not 
pathologically confirmed, but additional positron emission 
tomography–CT results and monitoring through more than 
two serial follow-ups were used to determine disease pro-
gression. Considering SABR is generally less effective for 
larger tumors, the small number of patients with large tumor 
sizes in this study, due to the 3-month short-term image fol-
low-up and early referral, must be taken into account, and 
thus the results should not be extrapolated to lesions with 
larger tumor sizes. Our study cannot address whether local 
therapy confers a survival benefit, or which patients are best 
suited for local therapy. 

In conclusion, we found SABR can achieve excellent local 
control outcomes similar to surgery. Given the practical dif-
ficulty of conducting randomized trials comparing these two 
modalities for lung metastases, our findings provide impor-
tant clinical implications. Since patients may require multiple 
treatments, a patient-centered approach is essential, aiming 
to preserve lung reserve and minimize morbidity risk while 
achieving local control. Continued multidisciplinary collabo-
ration within all available local therapy modalities is needed 
to determine the best local modalities for different situa-
tions and locations, understanding the pros and cons of each 
treatment. With successful collaboration, a hybrid approach, 
which is not uncommon in the management of liver tumors, 
could also be investigated for multiple lung lesions [28].
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