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Background and Objective: The recent two randomized controlled trials (RCTs) (JCOG0802/
WJOG4607L and CALBG/Alliance 140503) have definitively removed the belief that segmentectomy is the 
surgical treatment of patients not able to tolerate lobectomy, but some arguments remained without a clear 
answer such as the adequacy of the minimally invasive approach, the effectiveness in the treatment of cIA  
(<2 cm) non-small cell lung cancer (NSCLC) and also the long-term functional impact of segmentectomy. 
The purpose of this narrative review is to clarify the role of sublobar resection by presenting the most 
important scientific papers on this topic, focusing on the minimally-invasive approach.
Methods: PubMed, Embase and Scopus were searched for “lung segmentectomy”, “minimally-invasive 
lung segmentectomy”, “Video Assisted Thoracic Surgery (VATS) segmentectomy”, and “Robot Assisted 
Thoracic Surgery (RATS) segmentectomy” in January 2023.
Key Content and Findings: Four RCT studies, five systematic reviews and meta-analyses, one 
prospective and 12 retrospective studies published from 1995 to 2023 that compared the oncological and 
functional outcomes of lobectomy and segmentectomy were included. Seven retrospective papers compared 
the results of minimally-invasive simple or complex segmentectomy. The two recent large RCT (JCOG0802/
WJOG4607L and CALBG/Alliance 140503) demonstrate the non-inferiority of segmentectomy on the 
overall survival (OS) and disease-free survival (DFS) and partial functional advantage 6 months after surgery. 
The oncological adequacy of segmentectomy was demonstrated also by several retrospective studies in which 
the functional impact of segmentectomy was more evident. The retrospective studies on simple and complex 
segmentectomy showed that these procedures are feasible, associated with an increased risk of post-operative 
prolonged air leak, but complex segmentectomy considered oncologically sound option for clinical stage IA 
NSCLC.
Conclusions: Segmentectomy could become the standard surgical approach for small and peripheral 
clinical IA NSCLC guaranteeing adequate oncological outcomes and a more preserved lung function.
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Introduction

Lung tumors are one of the leading causes of death in the 
world, and the number of cases is increasing worldwide (1). 
It is generally accepted (2) that surgical resection of early-
stage lung cancer is curative and lobectomy with systematic 
nodal dissection has long been considered the best option 
and mainstay for early-stage non-small cell lung cancer 
(NSCLC). The first randomized controlled trial (RCT) 
comparing oncologic outcomes between lobectomy and 
sublobar resection, including segmentectomy and wedge 
resection, was started in 1982, the accrual concluded in 1988 
and the results were published in 1995 by the Lung Cancer 
Study Group (LCSG) (3). The study stated that lobectomy 
was superior to limited pulmonary resections in terms of 
both overall survival (OS) and recurrence rate; furthermore, 
compared to lobectomy, sublobar resection did not result in 
better perioperative and postoperative outcomes (morbidity, 
mortality, and pulmonary function). Consequently, sublobar 
resection was a compromise surgery reserved only for 
patients with impaired pulmonary function who could not 
tolerate lobectomy. 

However, with recent technological advances in 
radiological imaging and the advent of computed 
tomography (CT) low-dose screening programs, the 
diagnosis of early-stage lung cancer and ground glass 
opacity (GGO) has improved significantly (4). Therefore, 
many physicians wondered whether it was more appropriate 
to perform segmentectomy rather than lobectomy in 
patients with small peripheral lung cancer at an early 
stage. In the last 20 years, several studies have emphasized 
the feasibility and oncologic appropriateness of sublobar 
resection for stage I lung cancer and demonstrated its 
equivalence to lobectomy (5-8).

The turning point regarding the exact role of limited 
pulmonary resections came recently with the publication of 
two RCTs (JCOG0802/WJOG4607L and CALBG/Alliance 
140503) that definitively confirmed and demonstrated 
the noninferiority of sublobar resection compared with 
lobectomy in terms of OS (9,10). 

The  JCOG0802/WJOG4607L was  a  Japanese 
multicenter (70 institutions), phase III, randomized, 
controlled trial designed to demonstrate noninferiority of 
segmentectomy versus lobectomy for treatment clinical 
stage IA small-sized (≤2 cm; consolidation-to-tumor 
ratio >0.5) peripheral NSCLC, regardless of the patient’s 
respiratory function and other clinical factors. This study 
led to two main conclusions: first, segmentectomy is 

superior than lobectomy in terms of OS, and secondly, 
patients at stage IA who are operated with curative intent 
(whether lobectomy or segmentectomy) can expect a 5-years 
survival rate of 90% or more. 

Also,  the recent ly  publ i shed CALGB/All iance 
140503 was a multicenter (83 institutions), randomized 
noninferiority trial that enrolled 697 patients with cT1a  
(2 cm) N0 NSCLC without hilar and mediastinal lymph 
node metastases. Participants were randomly assigned to the 
sublobar resection arm (segmentectomy or wedge resection 
at the surgeon’s discretion) or lobectomy arm. Analysis of 
the results showed that OS and 5-year disease-free survival 
(DFS) were comparable between sublobar resection and 
lobectomy. Data from these two studies suggest that 
sublobar resections should be the standard treatment for 
patients with early-stage NSCLC (cT1aN0 peripheral, 
<2 cm) without nodal metastases. In addition, sublobar 
resections could also provide an important advantage in 
terms of preserving postoperative lung function (11). 

From a technical point of view, sublobar resections 
include both wedge resection and segmentectomy, but the 
surgical difficulties differ considerably: wedge resection 
involves nonanatomic excision of the lung parenchyma 
where the tumor is located, whereas segmentectomy 
involves anatomic excision of the lung segment after 
isolation, suturing, and incision of veins, bronchi, and 
segmental arteries.

The segmentectomy in turn, in accordance with 
Handa and colleagues, can be divided into simple and 
complex segmentectomy (12). The authors define a simple 
segmentectomy as a segmental resection which requires a 
single linear dissection of the intersegmental plane as the 
right and left S6 segments, lingula segment or left upper 
division. Instead, complex segmentectomy requires the 
creation of two or more intersegmental planes and the 
surgical procedure is objectively more complicated; the 
resection of the left S1+S2, the right S3, right S2 or the 
single pyramidal segments could be considered as complex 
segmentectomy. Furthermore, the minimally-invasive 
approach [both thoracoscopic—video-assisted thoracic 
surgery (VATS) or robot-assisted thoracic surgery (RATS)] 
is nowadays widely accepted for lung resection for cancer (2)  
and it could be considered absolutely more complex 
than thoracotomy almost during the creation of the 
intersegmental plane due to the limits of the rib cage and 
the lack of three-dimension.

To date, sublobar resection should be the standard 
surgical treatment for early-stage NSCLC IA, but 
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lobectomy remains the surgical technique preferred by 
many surgeons, as anatomical segmentectomy is still a 
major technical challenge, especially with the minimally-
invasive approach.

The aim of this narrative review is to summarize the 
current literature on sublobar resection and its role in 
lung cancer surgery evaluating postoperative outcomes 
and OS compared with lobectomy. We present this 
article in accordance with the Narrative Review reporting 
checklist (available at https://vats.amegroups.com/article/
view/10.21037/vats-23-45/rc).

Methods

PubMed, Embase and Scopus were searched for “lung 
segmentectomy”, “minimally-invasive lung segmentectomy”, 
“VATS segmentectomy”, and “RATS segmentectomy” 
in January 2023 as shown in the search strategy table 
(Table 1). This research was focused on original papers 
about segmentectomy, minimally invasive segmentectomy 
(systematic reviews and papers about hybrid procedures 
were excluded) and the comparison between lobectomy 
sublobar resection in the English language. Articles were 
independently screened by authors (S.B. and A.S.) for type 
and year of publication, first author, number of patients 
involved, pre-operative and post-operative characteristics, 
post-operative complications and oncological outcomes. 
Characteristics for all included studies on the comparison 
between lobar and sublobar resection are summarized in 
Table 2 (3,6-10,13-28). Four RCT studies, five systematic 
reviews and meta-analyses, one prospective and 12 
retrospective studies published from 1995 to 2023 were 
included. 

Table 3 (12,29-34) depicted the selected published papers 
(all retrospective and single center) on minimally invasive 
segmentectomy. No formal statistical procedures (meta-
analysis) were performed. 

Adoption of minimally-invasive segmentectomy

In the last twenty years, with the improvement of technologies 
and the development of new devices, the use of minimally 
invasive surgery, VATS and RATS, have increased significantly 
and have thus fully entered the surgical routine (2). However, 
sublobar resection, especially anatomical segmentectomy, is 
still largely performed in open surgery (lateral or postero-
lateral thoracotomy) because of the technical difficulties in 
handling the intersegmental planes and segmental hilum. 
Effectively, the large part of segmentectomy performed 
in the JCOG0802/WJOG4607L RCT were conducted 
with a hybrid technique, whereas in the CALGB/Alliance 
140503 RCT a more consistent rate of minimally invasive 
sublobar resection was reported (81%), but we need to 
consider the large adoption rate of wedge resection in 
this RCT. Furthermore, the multi-institutional analysis 
of the ESTS database confirmed that minimally invasive  
segmentectomy (35) was performed in a third of patients 
(31.9%) in the period 2007–2018.

VATS has shown comparable oncological outcomes to 
thoracotomy, but is associated with less postoperative pain 
and a shorter hospital stay (36). The studies published 
to date show no differences between VATS lobectomy 
and VATS segmentectomy in terms of operative time, 
hospital stay, postoperative complications, and duration 
of chest drainage (16,22,23,37). Recently, the RCT 
VIOLET study (38) compared the post-operative results 

Table 1 The search strategy summary

Items Specification

Date of search January 2023

Databases and other sources searched PubMed, Embase, Scopus 

Search terms used Lung segmentectomy, minimally-invasive lung segmentectomy, VATS segmentectomy, 
RATS segmentectomy

Timeframe 1995 to 2023

Inclusion criteria Meta-analysis, retrospective and prospective studies, systematic reviews and randomized 
controlled trials in English language were included

Selection process The selection was conducted by S.B. and A.S. independently

VATS, video-assisted thoracic surgery; RATS, robot-assisted thoracic surgery.

https://vats.amegroups.com/article/view/10.21037/vats-23-45/rc
https://vats.amegroups.com/article/view/10.21037/vats-23-45/rc
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Table 2 Clinical studies comparing sublobar resection and lobar resection in lung surgery 

Authors Country Type Period No. patients
Wedge 
resection

NSCLC stage Conclusion

Ginsberg et al. 
1995, (3)

USA RCT 1982–1988 247 Yes T1N0 (≤3 cm) Lobectomy superior vs. 
segmentectomy

Harada et al. 
2005, (13)

Japan Retrospective  
(propensity score 
matching)

2005 83 No cT1N0M0  
(≤2 cm)

Segmentectomy superior vs. 
lobectomy

Nakamura  
et al. 2005, (14)

Japan Meta-analysis 1970–2004 14 studies 
analyzed

Yes IA/IB Sublobar resection noninferior 
vs. lobectomy

Okada et al. 
2006, (15)

Japan Retrospective 1992–2001 313 Yes T1aN0 (≤2 cm) Sublobar resection noninferior 
vs. lobectomy

Kilic et al. 
2009, (8)

USA Retrospective 2002–2007 184 No I Sublobar resection noninferior 
vs. lobectomy

Shapiro et al. 
2009, (16)

USA Retrospective 2002–2008 144 No I Segmentectomy noninferior vs. 
lobectomy

Whitson et al. 
2011, (17)

USA Retrospective 1998–2007 14,473 No I Lobectomy superior vs. 
segmentectomy

Fan et al.  
2012, (18)

China Meta-analysis 1990–2010 24 studies 
analyzed

Yes I (≤2 cm) Segmentectomy noninferior vs. 
lobectomy; wedge resection 
inferior vs. lobectomy

Yendamuri  
et al. 2013, (19)

USA Retrospective 1988–2008 8,797 Yes I (≤2 cm) Lobectomy superior vs. 
sublobar resection

Altorki et al. 
2014, (20)

USA Retrospective 1993–2001 347 Yes I Sublobar resection noninferior 
vs. lobectomy

Tsutani et al. 
2014, (7)

Japan Prospective 2005–2010 610 Yes IA (GGO 
dominant)

Sublobar resection noninferior 
vs. lobectomy

Zhang et al. 
2015, (21)

China Meta-analysis 1980–2014 21,926 Yes I Lobectomy superior vs. 
segmentectomy

Hwang et al. 
2015, (22)

South 
Korea

Retrospective 
(propensity score 
matching)

2005–2013 1,149 No T1aN0 (≤2 cm) Segmentectomy noninferior vs. 
lobectomy

Gu et al.  
2017, (6)

USA Retrospective 
(propensity score 
matching)

2004–2013 188 Yes IA Sublobar resection noninferior 
vs. lobectomy

Song et al. 
2018, (23)

Japan Retrospective 
(propensity score 
matching)

2007–2016 163 No IA Segmentectomy noninferior vs. 
lobectomy

Stamatis et al. 
2019, (24)

Germany RCT 2013–2016 108 No I (≤2 cm) Segmentectomy superior 
vs. lobectomy in terms of 
postoperative outcomes and 
quality of life

Ijsseldijk et al. 
2020, (25)

Netherlands Meta-analysis/
systematic review

2000–2018 28 studies 
analyzed

Yes T1aN0 Sublobar resection noninferior 
vs. lobectomy

Table 2 (continued)
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Table 2 (continued)

Authors Country Type Period No. patients
Wedge 
resection

NSCLC stage Conclusion

Wen et al. 
2020, (26)

China Retrospective 
(propensity score 
matching)

2008–2018 1,108 No I (≤2 cm) Segmentectomy noninferior vs. 
lobectomy

Yu et al.  
2021, (27)

China Retrospective 1998–2016 9,580 No IA (size of 
21–30 mm)

Segmentectomy superior 
vs. lobectomy in terms of 
postoperative outcomes and 
quality of life

Saji et al.  
2022, (9)

Japan RCT 2009–2014 1,106 No IA (≤2 cm; 
CTR >0.5)

Segmentectomy superior vs. 
lobectomy

Xu et al.  
2022, (28)

China Meta-analysis 1999–2018 14 studies 
analyzed

No I Segmentectomy superior 
vs. lobectomy in terms of 
postoperative outcomes and 
quality of life

Altorki et al. 
2023, (10)

USA RCT 2007–2017 697 Yes T1aN0 (≤2 cm) Sublobar resection noninferior 
vs. lobectomy

NSCLC, non-small cell lung cancer; RCT, randomized controlled trial; GGO, ground glass opacity; CTR, consolidation-to-tumor ratio.

Table 3 Clinical retrospective studies reporting and comparing simple and complex minimally-invasive segmentectomy

Authors Country Type Period N. patients NSCLC stage Surgical approach

Handa et al. 2019, (12) Japan Retrospective 2007–2017 209 I Hybrid VATS/RATS

Bédat et al. 2019, (29) Switzerland Retrospective 2014–2018 232 Primary and 
metastatic tumor

VATS

Okubo et al. 2021, (30) Japan Retrospective 2012–2018 538 I (nodule ≤3 cm) VATS

Handa et al. 2021, ( 31) Japan Retrospective 2007–2018 580 I Hybrid VATS/VATS/RATS/
open

Ohtaki et al. 2022, (32) Japan Retrospective 2010–2021 118 Primary and 
metastatic tumor

VATS/open

Zhou et al. 2022, (33) USA Retrospective 2004–2019 222 Primary and 
metastatic tumor

VATS/RATS/open

Bongiolatti et al. 2023, (34) Italy Retrospective 2015–2020 163 IA VATS

NSCLC, non-small cell lung cancer; VATS, video-assisted thoracic surgery; RATS, robot-assisted thoracic surgery.

of lobectomy preformed with the minimally invasive 
thoracoscopic approach with thoracotomy and the authors 
demonstrated comparable post-operative results in terms 
of mortality, post-operative complications and severe 
adverse events, length of stay, number of dissected lymph 
nodes, rate of complete resection, percentage of adjuvant 
therapy delivered and 1-year OS and DFS. Thoracoscopic 
lobectomy was associated with less post-operative pain and 
the authors stated that the advantages of minimally-invasive 

surgery “extended after discharge, with superior physical 
function, continued less pain, fewer serious adverse events (SAEs) 
and hospital readmissions, and improved general quality of life”.

Several studies have confirmed the feasibility and 
safety of RATS in the treatment of NSCLC (2). However, 
these studies are often monocentric, with small samples. 
Therefore, the equivalence between the two techniques, 
the advantages and disadvantages in the treatment of 
lung cancer are not yet clear. In a recent meta-analysis, 
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perioperative outcomes were compared between VATS 
and RATS in the treatment of NSCLC (39). The analysis 
included 18 studies with a total of 60,349 patients (RATS 
=8,726 and VATS =51,623) and found no significant 
differences in perioperative outcomes between VATS and 
RATS. The authors argue that the two surgical techniques 
are equivalent.

Surgical classification of segmentectomies

Anatomical lung segmentectomy is frequently still 
performed by thoracotomy or with a hybrid approach (9,12) 
and also the surgical-technical difficulties in performing 
segmentectomy minimally-invasively are depending on 
the segment to be resected and then Handa proposed a 
classification differentiating segmentectomy into simple 
and complex (12). Complex segmentectomy refers to a 
surgical procedure that requires the creation of multiple 
segmental planes and is technically more difficult. Simple 
segmentectomies are parenchymal resections that require 
the creation of only one intersegmental plane including 
the removal of the basal pyramid (right and left), the 
apical segment of the lower lobes (S6), lingula, and tri-
segmentectomy of the left upper lobe. Few studies have 
been performed comparing the oncological outcomes of 
simple and complex segmentectomy (32-39). A recent expert 
consensus (40) between European Society of Thoracic 
Surgeons (ESTS) members suggested to distinguish 
segmentectomy into single (removal of a single segment) 
and multiple (removal of more than one segment) almost 
because this classification have a functional implication.

Post-operative outcomes of segmentectomy

Several studies investigated perioperative outcomes after 
sublobar resection and compared them with those of 
lobectomy. Already in 2005, Harada and coworkers (13) 
compared the degree postoperative functional loss of 
segmentectomy with lobectomy. They analyzed forced 
vital capacity (FVC), forced expiratory volume in 1 second 
(FEV1), and anaerobic threshold measured preoperatively 
at 2 and 6 months after surgery in 45 patients undergoing 
lobectomy and 38 patients undergoing intentional 
segmentectomy for NSCLC. The postoperative loss 
of function was directly related to the amount of lung 
parenchyma removed, and segmentectomy showed better 
functional preservation than lobectomy even 6 months after 

surgery.
A prospective, randomized phase III trial was recently 

published by Stamatis et al. (24) that evaluated perioperative 
complications and quality of life in patients undergoing 
segmentectomy for early-stage IA NSCLC (<2 cm). One 
hundred and eight patients were enrolled and randomly 
assigned to segmentectomy (n=54) or lobectomy (n=54). 
The 90-day mortality was the same in both groups, 0%. 
Perioperative complications were slightly lower after 
segmentectomy than after lobectomy, but did not reach 
statistical significance. However, patients who have 
undergone lobectomy, at an interval of 12 years after 
surgery, have significant worsening of physical health 
(P<0.001), cognitive functioning (P=0.025), pulmonary 
function such as dyspnea (P<0.001) and fatigue (P=0.003). 
Instead, patients undergoing segmentectomy recover from 
dyspnea faster than the lobectomy group (P=0.016 after  
12 months) and had a better quality of life.

Functional impact of segmentectomy

A recent meta-analysis (28) examined postoperative lung 
function in patients with NSCLC after lobectomy or 
segmentectomy. In this analysis 14 studies were included 
and clinical outcomes [ΔFEV1, ΔFVC, ΔFEV1/FVC, Δ 
diffusing capacity of the lung for carbon monoxide (DLCO)] 
were analyzed. The results showed that patients in the 
segmentectomy group had better pulmonary function with 
a smaller decrease in FEV1, FVC, FVC%, FEV1/FVC and 
DLCO compared with the lobectomy group.

Preservation of respiratory function, measured as FEV1, 
by sublobar resection was also reported in JCOG0802 
and CALGB 140503 trials. These studies reported that 
the reduction of FEV1 to 6 and 12 months was greater in 
patients who underwent lobectomy (9,10).

Is prolonged air leak (PAL) a real issue after 
segmentectomy?

Several (9,12,41,42) authors reported that parenchymal-
sparing resection is associated with PAL, an important 
postoperative complication that can slow the recovery, 
increase hospital stay, chest tube duration, costs and could 
also postpone adjuvant treatments if needed.

The JCOG0802 study reported a significantly higher 
rate of PAL in the segmentectomy group compared with 
lobectomy group (6.5% vs. 3.4%, P=0.004) and the authors 
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considered this percentage acceptable especially for the 
presence of complex segmentectomies in which the risk of 
PAL is higher (9). Gonzalez et al. (41) reported a prevalence 
of air leak of 14.1% in patients treated with segmentectomy 
for NSCLC. The retrospective cohort study conducted by 
Gooseman and colleagues (42) also yielded similar results, 
with PAL occurring in 19% of patients. According to some 
authors, the increased rate of PAL in segmentectomies 
is due to the more use of electrocautery to complete the 
pulmonary fissure and the intersegmental plane (9) and in 
order to minimize postoperative air leakage, some authors 
suggest that the intersegmental plane should therefore 
constructed with a stapler device or apply an absorbable 
mesh on the new plane (43).

Post-operative results of simple and complex 
segmentectomies

Bongiolatti et al. (34) in their retrospective analysis 
evaluated the postoperative results after simple and 
complex segmentectomies performed with minimally 
invasive techniques. The data of 123 patients (n=65 simple 
segmentectomy and n=58 complex segmentectomy) 
operated for lung cancer with VATS were analyzed and 
no difference was found between segmentectomy types in 
5-year OS and DFS. According to the authors, minimally 
invasive surgery to perform segmentectomies, both simple 
and complex, is an appropriate option for patients with 
early-stage lung cancer (stage IA, 2 cm).

Another large retrospective study published in 2021 by 
Okubo and coworkers (30) compared the perioperative 
outcomes of 538 patients after simple (n=287) and complex 
(n=251) segmentectomy. The results showed that complex 
segmentectomy provides good surgical and postoperative 
results and is not inferior to simple segmentectomy, 
moreover patients who undergo complex segmentectomy 
have a shorter hospital stay and less persistent air leak.  
Table 4 depicted the post-operative results of complex and 
simple minimally-invasive segmentectomy.

The more crit ical  aspect of minimally-invasive 
complex segmentectomy is the feasibility of a lower 
lobe single segmentectomy (excluding apical segments) 
for small tumoral lesion because several issues could 
raise: first of all, the small lesion is hard to identify and 
frequently not palpable and then the precise construction 
of an oncologically safe intersegmental plane could be 
challenging. Moreover, the creation of two or more 
intersegmental plane in thoracoscopy could be a strenuous 

and demanding procedure exposing also to a theoretically 
increased risk of surgical complications such as a post-
operative PAL and a consequent longer length of stay. 
At the last, the segmental branches of the pulmonary 
artery and vein are small and delicate and this frailty 
could determine intraoperative injuries during dissection 
that lead to more extensive resection. Considering these 
issues, VATS multiple segmentectomies of the lower lobes 
could be considered easier, safer and oncologically more 
adequate due to wider margins and also these resections 
showed a functional advantage in comparison with VATS  
lobectomy (11). 

Although further clinical studies are needed, minimally 
invasive surgery to perform both simple and complex 
segmentectomies appears to be a feasible, safe, and 
satisfactory procedure. To date, no studies have reported 
the post-operative or oncological results of RATS complex 
segmentectomies.

Several techniques are available to construct the 
intersegmental plane (44), but the indocyanine-green 
administration with near-infrared fluorescence seem reliable, 
accurate and time saving despite the higher costs of the 
instrumentation (45). The indocyanine-green administration 
could be more accurate than inflation techniques especially 
in the construction of complex intersegmental plane of 
the upper lobes during segmentectomy in emphysematous 
lungs, but more research are need to clarify the role of the 
florescence in this field.

Oncological outcomes of segmentectomy

The LCSG (3) was the first prospective, multi-institutional 
RCT comparing oncologic outcomes between lobectomy 
and limited resection (segmentectomy or wedge resection) 
for early-stage NSCLC (T1N0). Two hundreds and 
forty-seven patients were enrolled in this study, of whom 
122 underwent sublobar resection, while 125 received 
lobectomy. The study failed to demonstrate the oncologic 
equivalence between lobectomy and sublobar resection; 
patients who received limited resection had a 75% increased 
recurrence rate, in addition, sublobar resection was 
associated with a 30% increase in the overall mortality rate. 
However, several limitations affected the study by Ginsberg 
and colleagues, including the inclusion of tumors up to  
3 cm in diameter, a large number of wedge resections in the 
limited resection group (32.8%), and also the nonroutine 
use of CT in the preoperative evaluation and postoperative 
follow-up (46).
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From that RCT, lobectomy was defined as the standard 
treatment for resectable early-stage NSCLC, leading to 
the assumption that lobectomy was associated with a higher 
survival rate and a lower recurrence rate. Subsequent 
studies have further supported the LCSG data and 
confirmed the inferiority of sublobar resection in terms 
of oncological outcomes; Whitson et al. concluded after 
database Surveillance Epidemiology and End Results (1998 
to 2007) analysis that lobectomy offered greater benefits 
than segmentectomy in terms of 5-year OS (P<0.0001) and 
5-year cancer-specific survival (P=0.0053) (17).

A recent meta-analysis examined the survival difference 
after lobectomy, segmentectomy, and wedge resection in 
stage I NSCLC; 42 studies published between 1980 and 
2014 for a total of 21,926 patients were considered (21). This 
analysis showed that lobectomy was superior to sublobar 
resection with a combined hazard ratio (HR) of 1.530 (95% 
confidence interval: 1.402–1.671, P<0.001).

Despite the results of these studies, in recent years 
many authors have tried to prove the feasibility and non-
inferiority of sublobar resection of lung cancer.

In 2006, a non-randomized study by Okada et al. (15) 
compared sublobar resection (segmentectomy and wedge 
resection) with lobectomy for the treatment of peripheral 
cT1N0M0 NSCLC of 2 cm or less.  Patients who 
underwent segmentectomy or wedge resection had OS and 
DFS of 85.9% and 83.4%, respectively, compared with 
89.6% and 89.1% in the lobectomy group. The multivariate 
analysis confirmed these results showing that the prognosis 
of sublobar resection was not worse than that of lobectomy. 
Finally, the study concluded that limited resection should be 
considered a viable alternative to lobectomy because DFS 
and OS were comparable. 

In their systematic review and meta-analysis, Ijsseldijk 
et al. (25) compared oncological outcomes between 
parenchymal-sparing resection (segmentectomy and wedge 
resection) and standard lobectomy for T1a NSCLC. 
The authors identified 11,195 articles, of which 28 were 
included in the analysis; the results of this study show that 
segmentectomy and wedge resection have equivalent 5-year 
OS and DFS as lobectomy.

The same results demonstrating the oncologic equivalence 
of sublobar resection and lobectomy have also been reported 
by other authors (47).

In a large retrospective analysis, Landreneau et al. (47) 
performed propensity score matching of 1,192 patients 
who had undergone lobectomy (n=800) or segmentectomy 
(n=392) for early-stage lung cancer (T1 <3 cm in diameter). 

The primary end point of this analysis was to compare 
segmentectomy with lobectomy by evaluating clinical 
outcomes (DFS and OS); no statistically significant 
differences in 5-year survival and recurrent disease rates 
were observed between the two groups. OS was 54% 
for segmentectomy and 60% for lobectomy (P=0.258) 
and freedom from recurrence were also 70% and 71%, 
respectively (P=0.467); The 30-day and 90-day mortality 
rates were also comparable between the two groups. 

Similar oncological results were also reported by 
Altorki et al. The authors analyzed the International Early 
Lung Cancer Action Program (I-ELCAP) database and 
identified 347 patients with clinical stage IA NSCLC 
(cT1N0M0) who underwent sublobar resection (n=53) and 
lobectomy (n=294), and no differences in survival rates were 
observed (20). Despite an increasing number of articles 
(14,18,19,26) suggesting the usefulness and validity of 
sublobar resection for peripheral stage I NSCLC, resection 
of even the smallest lung carcinoma is still considered by 
many surgeons as a compromise option to be considered 
only for physiologically compromised patients who are not 
candidates for lobectomy (27). 

Recently, however, the results of two large RCTs 
comparing lobectomy with sublobar resection have been 
published: JCOG0802/WJOG4607L (9) and CALGB/
ALLIANCE 140503 (10). The results of these two studies 
definitely demonstrated the fundamental role of sublobar 
resection in clinical stage IA NSCLC.

Unlike the LCSG, the JCOG0802/WJOG4607L study 
showed that 5-year OS is better in the segmentectomy 
(94.3%) group than in the lobectomy group (91.1%) 
and 5-year recurrence-free survival was 88% and 87.9%, 
respectively. However, it is important to note that 
locoregional recurrences were greater in patients who 
underwent segmentectomy (11%) than in those who 
underwent lobectomy (5%). Based on these results, the 
authors recommend performing anatomic segmentectomy 
in patients with small peripheral NSCLC (early clinical 
stage IA) and also argue that segmentectomy should be the 
standard surgical treatment in these patients.

The CALGB/ALLIANCE 140503 RCT was published 
in 2023 and the results were similar to those JCOG0802: 
the authors showed a 5-year OS of 80.3% after sub-
lobar resection and 78.9% after lobectomy; the 5-year 
DFS was 63.6% and 64.1%, respectively. The recent 
RCTs JCOG0802 and CALGB 140503 data showed 
unambiguously that patients undergoing sublobar resection 
have comparable OS to patients undergoing lobectomy. 
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For these reasons, sublobar resection is likely to become 
the standard treatment for peripheral and small early-stage 
NSCLC.

Conclusions

The two large RCTs (JCOG0802 and CALGB 140503) 
definitively demonstrated the non-inferiority of sublobar 
resection in the treatment of early-stage lung cancer (IA, <2 cm, 
peripheral). On this basis, parenchymal-sparing surgery 
should be considered the standard treatment for patients 
with early-stage lung cancer, regardless of respiratory 
function and concomitant diseases. Controversies in the 
application of segmentectomy could arise in the use of this 
procedure for cT1c, IA3 NSCLC, for completely solid 
nodules, for more aggressive adenocarcinoma subtypes and 
an argument of debate is if the segmentectomy is adequate 
in the presence of spread through air spaces (STAS) (48-52).

In conclusion, it is very likely that in the near future, 
with the increasing use of lung cancer screening programs, 
the detection of small peripheral nodules will increase and 
sublobar resection will take a leading position and become 
the surgical strategy of first choice.

Acknowledgments

Funding: None.

Footnote

Reporting Checklist: The authors have completed the 
Narrative Review reporting checklist. Available at https://
vats.amegroups.com/article/view/10.21037/vats-23-45/rc

Peer Review File: Available at https://vats.amegroups.com/
article/view/10.21037/vats-23-45/prf

Conflicts of Interest: All authors have completed the 
ICMJE uniform disclosure form (available at https://vats.
amegroups.com/article/view/10.21037/vats-23-45/coif). 
S.B. serves as an unpaid editorial board member of Video-
Assisted Thoracic Surgery from April 2022 to March 2024. 
The other authors have no conflicts of interest to declare.

Ethical Statement: The authors are accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 
the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1.	 Thandra KC, Barsouk A, Saginala K, et al. Epidemiology 
of lung cancer. Contemp Oncol (Pozn) 2021;25:45-52.

2.	 Ettinger DS, Wood DE, Aisner DL, et al. NCCN 
Guidelines® Insights: Non-Small Cell Lung 
Cancer, Version 2.2023. J Natl Compr Canc Netw 
2023;21:340-50.

3.	 Ginsberg RJ, Rubinstein LV. Randomized trial of 
lobectomy versus limited resection for T1 N0 non-small 
cell lung cancer. Lung Cancer Study Group. Ann Thorac 
Surg 1995;60:615-22; discussion 622-3.

4.	 Goya T, Asamura H, Yoshimura H, et al. Prognosis of 6644 
resected non-small cell lung cancers in Japan: a Japanese 
lung cancer registry study. Lung Cancer 2005;50:227-34.

5.	 Sakamoto T, Yamashita C, Okada M. Efficacy of initial 
controlled perfusion pressure for ischemia-reperfusion 
injury in a 24-hour preserved lung. Ann Thorac 
Cardiovasc Surg 1999;5:21-6.

6.	 Gu C, Wang R, Pan X, et al. Sublobar resection versus 
lobectomy in patients aged ≤35 years with stage IA non-
small cell lung cancer: a SEER database analysis. J Cancer 
Res Clin Oncol 2017;143:2375-82.

7.	 Tsutani Y, Miyata Y, Nakayama H, et al. Appropriate 
sublobar resection choice for ground glass opacity-
dominant clinical stage IA lung adenocarcinoma: wedge 
resection or segmentectomy. Chest 2014;145:66-71.

8.	 Kilic A, Schuchert MJ, Pettiford BL, et al. Anatomic 
segmentectomy for stage I non-small cell lung cancer in 
the elderly. Ann Thorac Surg 2009;87:1662-6; discussion 
1667-8.

9.	 Saji H, Okada M, Tsuboi M, et al. Segmentectomy versus 
lobectomy in small-sized peripheral non-small-cell lung 
cancer (JCOG0802/WJOG4607L): a multicentre, open-
label, phase 3, randomised, controlled, non-inferiority 
trial. Lancet 2022;399:1607-17.

10.	 Altorki N, Wang X, Kozono D, et al. Lobar or Sublobar 
Resection for Peripheral Stage IA Non-Small-Cell Lung 

https://vats.amegroups.com/article/view/10.21037/vats-23-45/rc
https://vats.amegroups.com/article/view/10.21037/vats-23-45/rc
https://vats.amegroups.com/article/view/10.21037/vats-23-45/prf
https://vats.amegroups.com/article/view/10.21037/vats-23-45/prf
https://vats.amegroups.com/article/view/10.21037/vats-23-45/coif
https://vats.amegroups.com/article/view/10.21037/vats-23-45/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/


Video-Assisted Thoracic Surgery, 2023 Page 11 of 12

© Video-Assisted Thoracic Surgery. All rights reserved. Video-assist Thorac Surg 2023;8:41 | https://dx.doi.org/10.21037/vats-23-45

Cancer. N Engl J Med 2023;388:489-98.
11.	 Bongiolatti S, Salvicchi A, Mugnaini G, et al. Does 

thoracoscopic basal pyramid segmentectomy really offer 
functional advantages in comparison with thoracoscopic 
lower lobectomy? Interdiscip Cardiovasc Thorac Surg 
2023;36:ivad018.

12.	 Handa Y, Tsutani Y, Mimae T, et al. Surgical Outcomes 
of Complex Versus Simple Segmentectomy for Stage 
I Non-Small Cell Lung Cancer. Ann Thorac Surg 
2019;107:1032-9.

13.	 Harada H, Okada M, Sakamoto T, et al. Functional 
advantage after radical segmentectomy versus lobectomy 
for lung cancer. Ann Thorac Surg 2005;80:2041-5.

14.	 Nakamura H, Kawasaki N, Taguchi M, et al. Survival 
following lobectomy vs limited resection for stage I lung 
cancer: a meta-analysis. Br J Cancer 2005;92:1033-7.

15.	 Okada M, Koike T, Higashiyama M, et al. Radical 
sublobar resection for small-sized non-small cell lung 
cancer: a multicenter study. J Thorac Cardiovasc Surg 
2006;132:769-75.

16.	 Shapiro M, Weiser TS, Wisnivesky JP, et al. Thoracoscopic 
segmentectomy compares favorably with thoracoscopic 
lobectomy for patients with small stage I lung cancer. J 
Thorac Cardiovasc Surg 2009;137:1388-93.

17.	 Whitson BA, Groth SS, Andrade RS, et al. Survival after 
lobectomy versus segmentectomy for stage I non-small cell 
lung cancer: a population-based analysis. Ann Thorac Surg 
2011;92:1943-50.

18.	 Fan J, Wang L, Jiang GN, et al. Sublobectomy versus 
lobectomy for stage I non-small-cell lung cancer, a 
meta-analysis of published studies. Ann Surg Oncol 
2012;19:661-8.

19.	 Yendamuri S, Sharma R, Demmy M, et al. Temporal trends 
in outcomes following sublobar and lobar resections for 
small (≤ 2 cm) non-small cell lung cancers--a Surveillance 
Epidemiology End Results database analysis. J Surg Res 
2013;183:27-32.

20.	 Altorki NK, Yip R, Hanaoka T, et al. Sublobar resection is 
equivalent to lobectomy for clinical stage 1A lung cancer 
in solid nodules. J Thorac Cardiovasc Surg 2014;147:754-
62; Discussion 762-4.

21.	 Zhang Y, Sun Y, Wang R, et al. Meta-analysis of 
lobectomy, segmentectomy, and wedge resection 
for stage I non-small cell lung cancer. J Surg Oncol 
2015;111:334-40.

22.	 Hwang Y, Kang CH, Kim HS, et al. Comparison 
of thoracoscopic segmentectomy and thoracoscopic 
lobectomy on the patients with non-small cell lung cancer: 

a propensity score matching study. Eur J Cardiothorac 
Surg 2015;48:273-8.

23.	 Song CY, Sakai T, Kimura D, et al. Comparison of 
perioperative and oncological outcomes between video-
assisted segmentectomy and lobectomy for patients with 
clinical stage IA non-small cell lung cancer: a propensity 
score matching study. J Thorac Dis 2018;10:4891-901.

24.	 Stamatis G, Leschber G, Schwarz B, et al. Perioperative 
course and quality of life in a prospective randomized 
multicenter phase III trial, comparing standard lobectomy 
versus anatomical segmentectomy in patients with non-
small cell lung cancer up to 2 cm, stage IA (7th edition of 
TNM staging system). Lung Cancer 2019;138:19-26.

25.	 Ijsseldijk MA, Shoni M, Siegert C, et al. Oncological 
Outcomes of Lobar Resection, Segmentectomy, and 
Wedge Resection for T1a Non-Small-Cell Lung 
Carcinoma: A Systematic Review and Meta-Analysis. 
Semin Thorac Cardiovasc Surg 2020;32:582-90.

26.	 Wen Z, Zhao Y, Fu F, et al. Comparison of outcomes 
following segmentectomy or lobectomy for patients with 
clinical N0 invasive lung adenocarcinoma of 2 cm or less 
in diameter. J Cancer Res Clin Oncol 2020;146:1603-13.

27.	 Yu X, Zhang R, Zhang M, et al. Segmental resection is 
associated with decreased survival in patients with stage IA 
non-small cell lung cancer with a tumor size of 21-30 mm. 
Transl Lung Cancer Res 2021;10:900-13.

28.	 Xu Y, Qin Y, Ma D, et al. The impact of segmentectomy 
versus lobectomy on pulmonary function in patients with 
non-small-cell lung cancer: a meta-analysis. J Cardiothorac 
Surg 2022;17:107.

29.	 Bédat B, Abdelnour-Berchtold E, Krueger T, et al. 
Impact of complex segmentectomies by video-assisted 
thoracic surgery on peri-operative outcomes. J Thorac Dis 
2019;11:4109-18.

30.	 Okubo Y, Yoshida Y, Yotsukura M, et al. Complex 
segmentectomy is not a complex procedure relative 
to simple segmentectomy. Eur J Cardiothorac Surg 
2021;61:100-7.

31.	 Handa Y, Tsutani Y, Mimae T, et al. Postoperative 
Pulmonary Function After Complex Segmentectomy. Ann 
Surg Oncol 2021;28:8347-55.

32.	 Ohtaki Y, Yajima T, Nagashima T, et al. Complex vs. 
simple segmentectomy: comparing surgical outcomes 
in the left upper division. Gen Thorac Cardiovasc Surg 
2022;70:962-70.

33.	 Zhou N, Corsini EM, Antonoff MB, et al. Robotic 
Surgery and Anatomic Segmentectomy: An Analysis of 
Trends, Patient Selection, and Outcomes. Ann Thorac 



Video-Assisted Thoracic Surgery, 2023Page 12 of 12

© Video-Assisted Thoracic Surgery. All rights reserved. Video-assist Thorac Surg 2023;8:41 | https://dx.doi.org/10.21037/vats-23-45

Surg 2022;113:975-83.
34.	 Bongiolatti S, Salvicchi A, Indino R, et al. Post-operative 

and early oncological results of simple and complex full 
thoracoscopic segmentectomies for non-small-cell lung 
cancer. Asian Cardiovasc Thorac Ann 2023;31:123-32.

35.	 Tosi D, Nosotti M, Bonitta G, et al. Anatomical 
segmentectomy versus pulmonary lobectomy for stage 
I non-small-cell lung cancer: patients selection and 
outcomes from the European Society of Thoracic 
Surgeons database analysis. Interact Cardiovasc Thorac 
Surg 2021;32:546-51.

36.	 Kneuertz PJ, Cheufou DH, D'Souza DM, et al. 
Propensity-score adjusted comparison of pathologic nodal 
upstaging by robotic, video-assisted thoracoscopic, and 
open lobectomy for non-small cell lung cancer. J Thorac 
Cardiovasc Surg 2019;158:1457-1466.e2.

37.	 Bédat B, Abdelnour-Berchtold E, Krueger T, et al. 
Clinical outcome and risk factors for complications 
after pulmonary segmentectomy by video-assisted 
thoracoscopic surgery: results of an initial experience. J 
Thorac Dis 2018;10:5023-9.

38.	 Lim E, Batchelor TJP, Dunning J, et al. Video-Assisted 
Thoracoscopic or Open Lobectomy in Early-Stage Lung 
Cancer. NEJM Evid 2022. doi: 10.1056/EVIDoa2100016.

39.	 Mao J, Tang Z, Mi Y, et al. Robotic and video-assisted 
lobectomy/segmentectomy for non-small cell lung cancer 
have similar perioperative outcomes: a systematic review 
and meta-analysis. Transl Cancer Res 2021;10:3883-93.

40.	 Brunelli A, Decaluwe H, Gonzalez M, et al. 
European Society of Thoracic Surgeons expert 
consensus recommendations on technical standards 
of segmentectomy for primary lung cancer. Eur J 
Cardiothorac Surg 2023;63:ezad224.

41.	 Gonzalez M, Karenovics W, Bédat B, et al. Performance of 
prolonged air leak scoring systems in patients undergoing 
video-assisted thoracoscopic surgery segmentectomy. Eur 
J Cardiothorac Surg 2022;62:ezac100.

42.	 Gooseman MR, Brunelli A, Chaudhuri N, et al. Prolonged 
air leak after segmentectomy: incidence and risk factors. J 
Thorac Dis 2023;15:858-65.

43.	 Yoshimoto K, Nomori H, Mori T, et al. Comparison of 
postoperative pulmonary function and air leakage between 
pleural closure vs. mesh-cover for intersegmental plane in 
segmentectomy. J Cardiothorac Surg 2011;6:61.

44.	 Andolfi M, Potenza R, Seguin-Givelet A, et al. 
Identification of the intersegmental plane during 

thoracoscopic segmentectomy: state of the art. Interact 
Cardiovasc Thorac Surg 2020;30:329-36.

45.	 Pischik VG, Kovalenko A. The role of indocyanine green 
fluorescence for intersegmental plane identification during 
video-assisted thoracoscopic surgery segmentectomies. J 
Thorac Dis 2018;10:S3704-11.

46.	 Villamizar N, Swanson SJ. Lobectomy vs. segmentectomy 
for NSCLC (T<2 cm). Ann Cardiothorac Surg 
2014;3:160-6.

47.	 Landreneau RJ, Normolle DP, Christie NA, et al. 
Recurrence and survival outcomes after anatomic 
segmentectomy versus lobectomy for clinical stage I non-
small-cell lung cancer: a propensity-matched analysis. J 
Clin Oncol 2014;32:2449-55.

48.	 Kadota K, Kushida Y, Kagawa S, et al. Limited Resection 
Is Associated With a Higher Risk of Locoregional 
Recurrence than Lobectomy in Stage I Lung 
Adenocarcinoma With Tumor Spread Through Air 
Spaces. Am J Surg Pathol 2019;43:1033-41.

49.	 Kadota K, Nitadori JI, Sima CS, et al. Tumor Spread 
through Air Spaces is an Important Pattern of Invasion 
and Impacts the Frequency and Location of Recurrences 
after Limited Resection for Small Stage I Lung 
Adenocarcinomas. J Thorac Oncol 2015;10:806-14.

50.	 Eguchi T, Kameda K, Lu S, et al. Lobectomy Is Associated 
with Better Outcomes than Sublobar Resection in 
Spread through Air Spaces (STAS)-Positive T1 Lung 
Adenocarcinoma: A Propensity Score-Matched Analysis. J 
Thorac Oncol 2019;14:87-98.

51.	 Ren Y, Xie H, Dai C, et al. Prognostic Impact of Tumor 
Spread Through Air Spaces in Sublobar Resection for 
1A Lung Adenocarcinoma Patients. Ann Surg Oncol 
2019;26:1901-8.

52.	 Ikeda T, Kadota K, Go T, et al. Segmentectomy Provides 
Comparable Outcomes to Lobectomy for Stage IA Non-
small Cell Lung Cancer with Spread through Air Spaces. 
Semin Thorac Cardiovasc Surg 2023;35:156-63.

doi: 10.21037/vats-23-45
Cite this article as: Salvicchi A, Voltolini L, Mugnaini G, 
Tombelli S, Gatteschi L, Bongiolatti S. Post-operative and 
oncological outcomes of minimally-invasive simple and complex 
segmentectomy: a narrative review. Video-assist Thorac Surg 
2023;8:41. 


