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Abstract
Although lobectomy has been traditionally considered the standard treatment for early stage non-small cell lung 
cancer (NSCLC), lung-sparing resections usually called “sublobar resections” have exponentially increased in their 
use in the age of minimally-invasive surgery. Sublobar resection, especially anatomical segmentectomy, has shown 
comparable oncological outcomes in tumors less than 2 cm in diameter without nodal involvement and distant 
metastasis. On the other hand, more advanced radiation techniques such as stereotactic ablative radiotherapy, have 
shown excellent local control rates in stage I NSCLC, with low rates of post-treatment complications, so not only 
is its role growing in inoperable patients, but also in standard-risk stage I patients. There is a need for multicenter 
randomized trials addressing specifically this issue. This review aims to collect comparative data about the 
outcomes of both treatment strategies in early stage NSCLC.

Keywords: Thoracic surgery, video-assisted, stereotactic radiation therapy, lung neoplasms

INTRODUCTION
Lung cancer is still the leading cause of death by cancer with 1.8 million deaths in 2018[1]. Stage I non-
small cell lung cancer (NSCLC) shows a 5-year overall survival (OS) ranging from 68% to 92% in clinical 
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stage I[2]. Since the Lung Cancer Study Group (LCSG) in 1995, lobectomy became the standard pulmonary 
resection for standard-risk surgical cases[3]. Since then, several comparative studies have shown that 
anatomical sublobar resections (SLR) in selected cases (early stage carcinoma less than 2 cm, in peripheral 
location without nodal involvement, especially when ground-glass appearance or long duplication time 
have been observed) shows similar outcomes to lobectomy in terms of disease-free survival (DFS) and 
OS[4-8], so the role of SLR is growing exponentially from the high-risk and inoperable patients to also 
elective cases without pulmonary or cardiovascular compromise (i.e., intentional SLR). Stereotactic ablative 
radiation therapy (SABR), also known as stereotactic body radiation therapy (SBRT), has also shown a role 
for inoperable stage I NSCLC with acceptable survival outcomes[9-11] and better postoperative morbidity 
profiles. However, there is still a lack of prospective randomized trials comparing specifically SLR with 
SABR, so level 1 evidence is still missing[12]. The aim of this review is to collect and discuss all the evidence 
available regarding this controversial issue.

STEREOTACTIC ABLATIVE RADIATION THERAPY
SABR differentiates from conventional radiotherapy treatments in delivering larger doses of radiation per 
session. A typical SABR course for stage I NSCLC consists of 1 to 5 treatments over a 1 to 2 week time 
period with daily doses of 10 to 34 Gy, while a conventional daily dose of radiation therapy is 2 Gy, which 
is typically given 5 days a week for approximately 6 weeks. 

There are some studies comparing standard radiotherapy and SABR. The SPACE trial randomized 102 
patients to receive SABR 66 Gy (3 fractions, 1 week) or three dimensional conformal radiation therapy 
(3DCRT) 70 Gy (7 weeks). There were no significant differences in terms of OS and progression free 
survival (PFS) between both arms, with a tendency of improved disease control rate in the SABR arm, 
as well as less toxicity and better quality of life[13]. Li et al.[14] conducted a meta-analysis comparing 
conventional radiotherapy to SABR in inoperable stage I NSCLC. They found better OS (HR = 0.66; P < 
0.00001), PFS (HR = 0.34; P < 0.00001), and lung-cancer specific survival (HR = 0.42; P < 0.00001). SABR 
showed lower rate of adverse events in terms of pneumonitis, esophagitis, and dyspnea. A systematic review 
published in 2017 also found SABR to be better in terms of survival and local control compared to other 
techniques of radiotherapy, as well as less toxic[15]. 

One advantage is the shorter treatment duration. The increased doses of radiation also make SABR more 
potent and achieve higher rates of local tumor control in stage I NSCLC[12]. Indeed, prospective studies 
and propensity score comparisons have consistently shown 3-year local control rates of approximately 90% 
with SABR for stage I NSCLC[11,16,17]. Toxicity is low after SABR, with symptomatic radiation pneumonitis 
(grade ≥ 2) - usually consisting of mild fatigue - ranging between 7%-16%[18,19], chest wall toxicity (pain and 
rib fractures), decreased pulmonary function, and less commonly, esophagitis, skin irritation, and brachial 
plexopathy in apical tumors. 

One more potential advantage of SABR compared to surgical treatment is that overall quality of life is 
usually not affected after the treatment. The use of less intense fraction schemes is recommended for more 
central tumors to avoid more severe adverse effects such as hemoptysis, pneumonia, and respiratory failure. 

As SABR induces lung damage and does not resect the tumor, surveillance requires careful imaging 
tests to assess ground-glass opacities, consolidation, and nodular growth in relation to primary site, but 
local control rates at 3 years are about 90%[11,17]. Intralobar failures after therapy are 15%[12] and regional 
recurrence 9.6%[20], with distant recurrence as the most common pattern of recurrence, raising up to 25% of 
treated cases.  
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THE ROLE OF SUBLOBAR RESECTION IN LUNG CANCER
Sublobar resections (SLR) include both non-anatomical wedge resections and anatomical resections of 
segments and subsegments with isolated division of both vascular and bronchial structures (i.e., anatomical 
segmentectomy). These procedures have specially spread within the last decade due to the diffusion and 
development of minimally invasive thoracic procedures, and the concept of “lung-sparing surgery”, which 
means preserving as much lung parenchyma as possible [Figure 1][5,21-24]. 

Main expected benefit of SLR when compared to lobectomy, is the preservation of higher amount of lung 
parenchyma, thus the absolute loss of postoperative lung function should be lower than for lobar and 
supralobar resections. This is why it has been considered an appropriate resection for compromised patients 
who cannot tolerate a standard lobectomy. Most published studies have not addressed the functional 
repercussion, but Charloux et al.[25], in 2017, reported a lower decrease in postoperative forced espiratory 
volume at first second (FEV1) at 12 months in SLR compared to lobectomy (5% vs. 11%, respectively). They 
also reported lower decrease in global pulmonary function in patients with diminished preoperative lung 
function who undergone SLR, and a direct relationship between the number of resected segments and 
functional loss. 

Anatomical segmentectomy has been used in the treatment of several pathologies, mainly benign lesions 
centrally located in the lobe, pulmonary metastasis, and early stage lung cancer[26]. In the Lung Cancer 
Study Group report in 1995, SLR (i.e., anatomical and wedge) showed a higher recurrence and death rate 
in tumors less than 3 cm diameter, so lobectomy was set as the standard surgical treatment for early stage 
lung cancer[3]. Since then, many studies have shown that anatomical SLR have comparable DFS and OS 
than lobectomy for tumors less than 2 cm[4-8,21]. Thus, sublobar anatomical resections have been already 
included in main clinical guidelines (National Comprehensive Cancer Network -NCCN, European Society 
of Medical Oncology -ESMO) as an accepted procedure for early stage adenocarcinoma less than 2 cm, in 
peripheral location without nodal involvement, especially when ground-glass appearance or long duplication 
time have been observed[27,28]. Most published studies are case series or comparative unicentric studies, 
so there is still a real lack of multicenter studies and randomized trials that specifically address these 
issues. Two prospective multicenter randomized trials are ongoing now comparing lobectomy to SLR: the 
Japanese Cooperative Oncological Group (JCOG) 0802 study was launched in Japan in 2009 to evaluate the 
overall survival of patients after segmentectomy and lobectomy for NSCLC[29]. There are 71 centers where 
1,100 individuals will be recruited. A similar study is pending in the USA (Cancer and Leukemia Group B 

Figure 1. A: uniportal video-assisted thoracic surgery (VATS) instrumentation during left anatomical segmentectomy; B: preservation of 
left lower lobe S6 and S8 segments after S9+10 anatomical segmentectomy by uniportal VATS
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-CALGB- 140503) where 692 people are expected to be recruited[30]. These two studies will probably clear 
some of the actual controversy and might set the indications for SLR in early stage NSCLC.

Studies comparing different approaches for sublobar resections have shown a shorter length of chest tube, 
shorter hospital stay, and less postoperative pulmonary complications in video-assisted thoracic surgery 
sublobar anatomical resections when compared to open thoracotomy[26,31-33].

We must differentiate between two groups. The first group includes high-risk patients (FEV1 < 50%, 
diffusion capacity for carbon monoxide -DLCO < 50%) or combination of advanced age, impaired 
pulmonary function, pulmonary hypertension, or decreased left ventricle function[34], where SLR and SABR 
are potential alternative therapeutic options to standard lobectomy. The second group includes elective 
intentional SLR in a specific subset of stage I NSCLC when compared to SABR.

COMPARISON OF SUBLOBAR RESECTION AND SABR IN NSCLC
Sublobar resection and SABR in high-risk or medically inoperable patients
There are very few studies that specifically address the results of sublobar resections compared to SABR 
in high-risk operable or medically inoperable lung cancer patients [Table 1]. When we consider this 
comparison, not only should oncological outcomes in terms of overall survival or loco-regional control 
be addressed, but also postoperative morbidity and mortality, patient’s quality of life during and after 
treatment administration, and ability to deliver therapy (especially for SABR)[41].

There are important factors that make these studies difficult that must be mentioned. First, the definition 
of local recurrence is usually different in surgical series than in SABR studies. Surgical series usually define 
local recurrence as recurrence in the staple line, in the chest wall, in the same lobe, or in the hilar or even 
mediastinal lymph nodes. On the other hand, SABR series define local recurrence only as recurrence in 
the primary tumor site[41]. Second, patient population should be similar in both arms, because most SABR 
series have address only inoperable and high-risk operable patients who can die due to their comorbidities 
before a recurrence appears, while SLR have usually included both standard-risk and high risk operable 
patients. Third, adverse events should be homogenized because the chronological pattern of adverse events 
is different between these two therapeutic alternatives. While adverse events usually occur early in surgical 
patients, adverse events usually appear later in SABR patients. Fourth, in SABR patients, surgical nodal 
staging is usually not performed, especially when dealing with stage I tumors less than 2 cm in diameter[35], 
so lymph node assessment is limited to pretreatment imaging studies (e.g., chest CT and PET scan).

Yendamuri et al.[36], in 2007, retrospectively analyzed 160 clinical stage I NSCLC patients with 
contraindication for lobectomy (68 wedge resection and 92 3D conformal radiation therapy). They found a 
trend to better outcomes with limited resection with OS (P = 0.010) and recurrence-free survival (RFS) (P 
= 0.000) in the univariate analysis; however, that trend was only observed to be significant in the RFS in the 
multivariate analysis (P = 0.002). After a propensity matching score analysis, these differences in OS and 
RFS disappeared between both groups, so they concluded that both treatments were comparable.

In 2013, Mahmood et al.[42] performed a Best Evidence Topic analysis comparing SABR with SLR in clinical 
stage I high-risk NSCLC patients. They only included 3 comparative studies. The first one[37] found higher 
mean survival (4.1 years vs. 2.9 years) in the SLR group, and higher 4-year survival (51.3% vs. 30.1%). The 
second, Grills et al.[38], reported higher rate of local recurrence with wedge resection compared to SABR (20% 
vs. 4%). OS was higher after wedge resection (87% vs. 72%; P = 0.01), but cause-specific survival showed 
no differences (94% vs. 93%; P = 0.53). In the third, Forquer et al.[39] found no differences in 3-year survival 
were found, but they found higher median survival in SLR compared to SABR (55 months vs. 37 months), 
although no differences in cancer specific survival were observed. Dr. Scanagatta[43] commented the 
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Table 1. Summay of comparative studies between SLR and SABR in high-risk or inoperable NSCLC

Author, year, country
study type (level evidence) Groups Results Comments

Yendamuri et al.[36] (2007) 
(USA)
Retrospective observational 
study (level 3)

160 stage I NSCLC 
(contraindication for lobectomy)
- 68 wedge resection
- 92 3D conformal radiation 

therapy

Univariate analysis:
- Better OS (P = 0.010) and 

RFS (P = 0.000) with wedge 
resection

Multivariate analysis:
- Better RFS (P = 0.002)
Propensity score matching
- No differences (OS P = 

0.609; RFS P = 0.701)

In high-risk patients with NSCLC, 
limited resection has
a tendency towards improved 
outcome. 
Propensity
matched analysis did not show a 
clear benefit for a wedge

Forquer et al.[39] (2007) 
(USA)
Retrospective analysis

38 stage I NSCLC:
- 19 SLR
- 19 SBRT

3-year survival:
- SLR
- SBRT (P = NS)
Median survival:
- SLR 55 months
- SBRT 37 months (P = NS)
Cancer-specific deaths:
- SLR 2/10
- SBRT 2/9

SLR and SBRT have similar survival 
results, although a trend towards 
better median survival in SLR

Grills et al.[38] (2010) (USA)
Retrospective observational 
study (level 3)

124 T1-2N0 NSCLC:
- 69 wedge resection
- 58 SBRT

Local recurrence (LR):
- wedge 20%
- SBRT 4% (P = 0.07)
Overall survival:
- Wedge 87%
- SBRT 72% (P = 0.01)
Cancer specific survival (CSS):
- Wedge 94%
- SBRT 93% (P = 0.53)

SBRT and wedge
resection are reasonable treatment 
options for Stage I NSCLC patients 
who are not
suitable for lobectomy. 
Wedge resection has higher LR but 
higher OS.
SBRT and surgery have comparable 
CSS

Puri et al.[37] (2012) (USA)
Retrospective observational 
study (level 3)

114 stage I NSCLC:
- 57 SLR
- 57 SBRT 

Median survival:
- SLR: 4.1 years
- SBRT: 2.9 years
4-year survival:
- SLR: 51.4%
- SBRT: 30.1%
Cost
-SLR $17 629
-SBRT $14 153

SLR is more cost-effective due to 
longer OS

Varlotto et al.[16] (2013) 
(USA)
Retrospective study 
(databases)

317 NSCLC:
- 48 wedge
- 132 lobectomy
- 137 SBRT

5-year OS:
- SLR 86.3%
- SBRT 31.7% (P = 0.003)

Better OS in wedge resection, but 
not significant in the multivariate 
analysis

Matsuo et al.[40] (2014)
(Japan)
Retrospective observational 
study (level 3)

180 stage I NSCLC (high-risk for 
lobectomy):
- 65 SLR
- 115 SBRT

5-year OS 
- SLR 55.6%
- SBRT 40.4% (P = 0.124)

SBRT can be an alternative 
treatment option to SLR in high-
risk patients who  cannot tolerate 
lobectomy because of medical 
comorbidities

Ackerson et al.[9] (2018) 
(USA)
Retrospective observational 
study (level 3)

221 stage I NSCLC:
- 151 SLR (105 wedge and 46 

segmentectomies)
- 70 SBRT

3-year OS
- SLR 63%
- SBRT 35% (P < 0.001)
3-year DFS 
- SLR 42%
- SBRT 29%) (P = 0.004)
Cancer-specific DFS
- SLR 60%
- SBRT 65%
(P = 0.84). 
3-year freedom from LR:
- SLR 90%
- SBRT 85%
(P = 0.71). 
Complications/side effects:
- SLR 23%
- SABR 17%

SBRT and sublobar resection 
provide similar rates of local 
tumor control and overall clinical 
outcomes in stage I NSCLC
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Tamura et al.[35] (2019) 
(Japan)
Retrospective observational 
study (level 3)

247 stage I NSCLC with medical 
comorbidities:
- 141 SLR (41 segmentectomies 

and 100 wedge)
- 106 SBRT

5-year RFS:
- SLR 69.7% 
- SBRT 50.2% (P = 0.036) 
5-year OS
- SLR 75.2%
- SBRT 70.2% (P = 0.40)
Disease-specific survival (DSS)
- SLR 89.5%
- SBRT 76.0% (P = 0.78).
5-year RFS in > 2 cm:
- SLR 69% 
- SBRT 32% (P = 0.042) 
Disease-specific survival (DSS) in 
> 2 cm
- SLR 85.4%
- SBRT 48.5% (P = 0.064).
In < 2 cm: no differences in OS (P 
= 0.81), RFS (P = 0.39), DSS (P = 
0.89)
5-year RFS in outer tumors:
- SLR 72.1% 
- SBRT 42.2% (P = 0.002) 

SLR showed better RFS, with this 
difference significant in tumors > 
2 cm in diameter. SBRT showed 
higher recurrence rate

NSCLC: non-small cell lung cancer; OS: overall survival; RFS: recurrence-free survival; SLR: sublobar resection; SABR: stereotactic 
ablative radiotherapy; SBRT: stereotactic body radiation therapy; DSS: disease-specific survival; CSS: cancer-specific survival; DFS: 
disease-free survival

potential benefit of the CyberKnife technology applied to SABR for these patients because it has a 
synchrony system for the respiratory movements with an accuracy of 2 mm or less, that might decrease 
collateral damage to surrounding parenchyma, as a potential issues for research.

Varlotto et al.[16] reported, in 2013 from cancer databases, 48 SLR and 137 SABR patients with a median 
follow-up of 2.2 years. OS was superior in SLR compared with SABR matched pairs (86.3% and 31.7% 
for SLR and SABR at 5 years, respectively, P = 0.003). However, the multivariate analysis that included 
propensity scores as a covariate showed that the hazard ratio for OS was not significant, so no significant 
differences between both treatments could be drawn.

A retrospective analysis performed by Matsuo et al.[40], in 2014, included patients with clinical stage I 
NSCLC at high-risk for lobectomy who underwent either SABR or SLR. After a propensity matching score 
analysis, there was no statistically significant difference in 5-year OS between both treatments (40.4% vs. 
55.6%; P = 0.124). 

Ackerson et al.[9], in 2018, retrospectively compared 151 SLR (105 wedge and 46 segmentectomies) in 
clinical stage I patients not amenable to lobectomy, with 70 patients treated with SABR (89% deemed 
medically inoperable by surgeons due to severe decrease in pulmonary function or severe cardiovascular 
disease). Radiotherapy patients were older (P = 0.019), had higher Charlson comorbidity index score (P < 
0.001), had lower pulmonary function in terms of FEV1 and DLCO (P = 0.001 and P < 0.001, respectively), 
and larger tumors (P < 0.001), making comparison problematic. OS and DFS were superior in the surgical 
group (3-year OS 63% vs. 35%, P < 0.001; 3-year DFS 42% vs. 29%, P = 0.004), but there were no differences 
in cancer-specific disease-free survival (P = 0.84). After adjusting for imbalances in baseline characteristics 
of both groups, there was no difference in overall survival between surgery and SABR (HR = 1.20; 95%CI: 
0.74-1.95; P = 0.46). 3-year freedom from local recurrence was similar between both treatments (90% vs. 
85%, P = 0.71). In the surgical group, 23% developed postoperative complications, while in the SABR group 
there were complications in 17%.

A retrospective study of Tamura et al.[35], in 2019, compared 106 SABR patients with 141 SLR (100 wedge 
and 41 anatomical segmentectomies) in clinical stage I NSCLC with medical comorbidities (e.g., poor 
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pulmonary function, chronic lung disease, old age, and poor performance status). The 5-year RFS was 
higher in the SLR group (69.7% vs. 50.2%; P = 0.036), but there were no statistically differences in OS (75.2% 
vs. 70.2%; P = 0.40) or in disease-specific survival (89.5% vs. 76.0%; P = 0.78). In tumors larger than 2 cm in 
diameter, RFS and disease-specific survival were higher in the SLR group, while in tumors less than 2 cm 
in diameter there were no differences in OS, RFS, or disease-specific survival. Local recurrence rate was 
higher in the SABR group (P = 0.0082) in tumors located in the outer third of lung parenchyma, while no 
significant difference could be seen in the internal group. Regional recurrence and distant metastasis rate 
showed no differences between both groups. 

None of these studies was randomized, so the evidence is limited, but it seems that in these compromised 
patients, both treatments show similar overall survival, with a trend to better local control in surgical 
patients, especially with tumors larger than 2 cm or in the outer third of the lung.

The SABRTooth trial was a UK multi-center, randomized controlled feasibility study targeting patients 
with peripheral stage I NSCLC considered to be at higher risk of surgical complications. They planned 
to randomize 54 patients 1:1 to SABR or surgery. Between July 2015 and January 2017, 318 patients were 
considered for the study but only 106 assessed as eligible (33.3%), from whom 24 patients (22.6%) were 
randomized to SABR (n = 14) or surgery (n = 10). The main reason for nonparticipation was treatment 
preference with 43 (41%) preferring non-surgical treatment and 19 (18%) preferring surgery. The average 
monthly recruitment rate was 1.7 patients against an initial target of 3. Only 15 patients underwent their 
allocated treatment, 12 SABR and 3 surgery, proving the difficulty of setting a randomized trial in this high-
risk population[44].

Sublobar resection and SABR in operable stage I NSCLC
Despite lobectomy still being the standard treatment for early stage lung cancer[28,45], sublobar resections, 
mainly anatomical segmentectomy, have progressively increased for treating stage I NSCLC less than 2 cm 
without nodal involvement due to similar oncological outcomes in terms of local control and overall 
survival[4-8]. Sometimes, patients refuse surgical treatment due to personal concerns or frightens when 
facing the postoperative risks, so SABR is the most common alternative offered in these situations. It 
has shown optimal local control (92% 5-year local progression-free rate in stage IA, and 73% in stage IB) 
and acceptable 5-year overall survival rates (72% in stage IA, and 63.2% in stage IB[46]). But which are the 
comparative results of these treatments in those stage I patients where SLR can be offered?

A meta-analysis was published in 2017 comparing surgery (i.e., lobectomy and SLR) with SABR in stage I 
NSCLC[47]. No randomized trial was included, but 12 cohort studies, with more than 13,000 patients. SABR 
showed worse outcomes in terms of 3-year survival (RR = 0.78; P = 0.001) and OS (HR = 1.60; P < 0.001), 
but when a subgroup analysis was performed comparing SLR with SABR (4 of 12 studies), there were no 
significant differences in terms of 3-year survival, OS, and 3-year locoregional control. This meta-analysis 
did not distinguish between wedge or anatomical segmentectomy, and also included studies dealing with 
the elderly or high-risk patients, so this heterogeneity highlights the need for careful conclusions.

Chen et al.[48] published another meta-analysis of 16 propensity score studies including more than 19,000 
patients. Results favored SLR compared to SABR (HR = 1.28; 95% CI: 1.06-1.56) in terms of OS, but there 
were no statistical differences in terms of lung cancer specific survival (HR = 1.22; 95% CI: 0.95-1.57). 
There was also no distinction between wedge and anatomical segmentectomy, and the meta-analysis also 
included comparative studies in the elderly or high-risk surgical patients.

Iguchi et al.[49] published a single-center retrospective evaluation of the results of 3 modalities in stage 
I NSCLC (i.e., radiofrequency ablation, SABR, and SLR). SLR has achieved longer survival, but after 
adjustment, only reduce HR of disease progression and death of any cause were observed (P = 0.038).
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A retrospective analysis of 4,069 US veterans by Bryant et al.[50], with 449 SABR and 634 SLR (414 wedge 
and 220 anatomical segmentectomies), found no statistical differences in cancer-specific survival (HR = 1.25; 
95%CI: 0.93-1.68; P = 0.15) or OS (HR = 1.17; 95%CI: 0.90-1.53; P = 0.85) between both treatments, while 
lobectomy was superior to SABR.

A National Cancer Database study was conducted by Wu et al.[51]. After propensity score matching, 9,967 
patients treated by SABR resulted in shorter OS compared to 9,967 SLR patients. Both wedge resection 
and anatomical segmentectomy showed longer OS, whereas segmentectomy patients had longer median 
survival than wedge patients (71.4 years vs. 58.0 years; P < 0.001). In tumors less than 2 cm in diameter, 
SABR had higher hazard of mortality than SLR (P < 0.001).

A meta-analysis by Cao et al.[7], in 2019, compared SABR and surgery in NSCLC. There was no limitation 
to early stage NSCLC, and no subgroup analysis in stage I. In the subgroup analysis of sublobar resections, 
OS was superior in SLR compared to SABR in unmatched patients from 6 studies (OR = 1.54; 95%CI: 1.36-
1.75; P < 0.00001), but there were insufficient matched patients to perform a meta-analysis. All these studies 
are summarized in Table 2.

There is one randomized trial in course, the VALOR trial (NCT02984761), comparing anatomical 
pulmonary resection (lobectomy and segmentectomy) with SABR in stage I biopsy-proven NSCLC. The 
estimated accrual is 670 patients and the primary endpoint is 5-year OS, and the expected completion date 
is 2027.

Guidelines of the American Society of Radiation Oncology[52] do not recommend SABR out of a clinical 
trial in patients with standard operative risk for lobectomy with systematic lymph node dissection. 
But as many recent studies advocate for lung-preserving SLR in early stages, the question that remarks 
unanswered is: In those cases, does SABR constitutes an alternative treatment due to better toxicity profile? 
Or does the advantages of a surgical exploration (e.g., visualization of cavity and other lobes, lymph node 
assessment, and resection of primary lesion) makes SLR the optimal treatment?

Sublobar resection and SABR in nodules detected during lung cancer screening tests
The National Lung Screening Trial (NLST)[53] found that 68% of NSCLC rightly diagnosed by CT were stage 
I[12], and reported a 20% decrease in lung cancer specific mortality (P = 0.004) and 6.7% in overall mortality 
(P = 0.02) compared to the radiography group. Several other lung screening trials have supported these 
results[54]. But not all these newly diagnosed small nodules are malignancies, so it raises the controversy of 
how to deal with these nodules. Surgical resection offers the possibility of assessing hilar and mediastinal 
lymph nodes (20% occult nodal metastasis in clinical stage I[12,55], although lower in screening-detected 
tumors[56]), and also obtains a complete nodule resection for assessing pathological prognostic factors. 
Other potential disadvantages of SABR when compared to surgery are the overtreatment of false positive 
lesions, and the fact that nodules are not resected, so follow-up implies the careful performance and 
analysis of residual scar lesions and their potential growth[55]. 

An issue that makes SABR an attractive alternative in screening detected tumors is the toxicity profile, 
which seems to be less severe for SABR. Also, a mean 30-day mortality of 10% in severe chronic obstructive 
pulmonary disease stage I NSCLC after surgery makes a less toxic algorithm appear as a desirable option[57]. 

For peripheral screen detected early stage NSCLC in patients amenable to surgery, this seems the most 
suitable option because it also offers accurate staging, definitive diagnosis, and pathological prognostic 
factors assessment[55]. In patients at high-risk for surgery or patients who are inoperable, SABR should be 
offered to patients in a shared decision-making process as it provides similar disease control with better 
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Table 2. Summay of comparative studies between SLR and SABR including operable NSCLC

Author, year, country
Study type (level evidence) Groups Results Comments

Deng et al.[47] (2017) 
(China)
Meta-analysis (level 
evidence 1)

13.598 stage I NSCLC three 
strategies (SBRT, SLR, lobectomy)
12 cohort studies (4 studies 
comparative with SLR)
No randomized trial

3 year survival rate:
- SABR worse than SLR (RR = 

0.78; P = 0.001) 
OS: 
- SABR worse than SLR (HR = 

1.60; P < 0.001)
Subgroup analysis (4 of 
12 studies), there were no 
significant differences in terms 
of 3-year survival, OS and 3-year 
locorregional control

SABR shows a local control rate 
comparable to that of lobectomy 
and sublobar resection
In patients not amenable to 
lobectomy, SABR is an alternative 
treatment comparable to sublobar 
resection

Chen et al.[48] (2018) 
(Canada)
Meta-analysis (level 
evidence 1)

19.882 patients 
16 propensity score studies
No randomized trial

OS:
- SABR worse than SLR (HR = 

1.28; 95%CI: 1.06-1.56) 
Lung cancer specific survival: 
- No differences (HR = 1.22; 

95%CI: 0.95-1.57)

Better OS with SLR but the meta-
analysis included studies of 
patients at risk for surgery.
No distinction between wedge and 
segmentectomy

Iguchi et al.[49] (2020) 
(Japan)
Retrospective observational 
study (level 3)

289 patients stage I NSCLC:
- 38 RF ablation
- 58 SBRT
- 193 SLR

5 year overall survival (OS):
- 58.9% RF ablation
- 42% SBRT
- 85.5% SLR
5 year progression free survival 
(PFS):
- 39.9% RF ablation
- 34.9% SBRT
- 75.9% SLR
After propensity score:
5 year overall survival (OS):
- 59.7% RF ablation
- 63.7% SBRT
- 71% SLR
5 year progression free survival 
(PFS):
- 35.9% RF ablation
- 55.7% SBRT
- 61.9% SLR

SLR shows a trend towards longer 
survival, but SBRT can be an 
alternative in stage I NSCLC

Bryant et al.[50] (2018) 
(USA)
Retrospective observational 
study (level 3)

1,083 early stage NSCLC:
- 634 SLR
- 449 SBRT 

Cancer-specific survival (CSS):
- No differences (HR = 1.25; 

95%CI: 0.93-1.68; P = 0.15) 
Overall survival (OS):
- No differences (HR 1.17; 

95%CI: 0.90-1.53; P = 0.85)

Lobectomy improves survival 
comparing to SBRT in early 
stage NSCLC, while there are no 
differences between SLR and SBRT

Wu et al.[51] (2020) (China)
Retrospective study 
(databases)

19.934 NSCLC:
- 9.967 SLR
- 9.967 SBRT

Overall survival (OS):
- SLR 60.4 months
- SBRT 40.5 months (HR = 

1.559; 95%CI: 1.497-1.623; P 
< 0.001)

Median survival:
- Segmentectomy 71.4 months
- Wedge 58.0 months (P < 

0.001)
Tumors ≤ 2 cm:
- SBRT median 45.0 months
- SLR 67.5 months (HR = 1.626; 
95%CI: 1.538-1.720; P < 0.001)

SLR may be associated
with increased survival in patients 
with stage I NSCLC
compared with SBRT
Other variables
such as cardiopulmonary function 
probably play a role in treatment 
selection and may affect survival

Cao et al.[7] (2019) (USA)
Meta-analysis (level 
evidence 1)

23 studies in NSCLC Overall survival:
- higher in SLR than SABR in 

unmatched patients from 6 
studies (OR = 1.54; 95%CI: 
1.36-1.75; P < 0.00001)

Surgery might be superior to SBRT 
in terms of mid- and long-term 
clinical outcomes
SBRT is associated with lower 
perioperative mortality
Improved outcomes after surgery, 
may be attributable at least in 
part to an imbalance of baseline 
characteristics

NSCLC: non-small cell lung cancer; OS: overall survival; RFS: recurrence-free survival; SLR: sublobar resection; SABR: stereotactic 
ablative radiotherapy; SBRT: stereotactic body radiation therapy; DSS: disease-specific survival; CSS: cancer-specific survival
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safety profile, although the evidence is limited by the absence of randomized trials in this specific subset 
of patients. A multidisciplinary assessment in a tumor board with different professionals should guide the 
individual decision-making process.

QUESTIONS THAT REMAIN UNANSWERED
Some important topics should be investigated with emphasis to achieve quality levels of evidence in order 
to set the role of SLR and SABR in NSCLC treatment algorithms:

	Is SLR really an alternative to lobectomy in early stage NSCLC, and if so, which is its exact indications 
(e.g. tumor size, margin to tumor ratio, histological types and subtypes, radiological pattern, nodal 
assessment)?
	What is the role of wedge resection in stage I NSCLC and which patients benefit?
	Is SABR a real alternative to limited resection in patients with stage I NSCLC at high-risk for surgery?
	Should SABR be offered in operable stage I NSCLC now that minimally-invasive surgery and SLR are 

available?
	Regarding the limitations of SABR in nodal staging and the difficulties in surveillance of post-radiation 

lung scars, does patient age play a role in offering SABR during the decision-making process?

CONCLUSION
High-quality multicenter and randomized studies comparing SLR with SABR in NSCLC treatment 
are missing. Retrospective and prospective comparative studies and series, and some meta-analysis or 
propensity score matching studies show that SABR is a potential alternative treatment for in stage I NSCLC 
patients. A trend towards better survival and local control has been found with SLR, but lower adverse 
effects profile makes SABR an attractive alternative, especially when dealing with patients at high-risk or 
inoperable stage I NSCLC, so it should be included in the decision-making process.
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