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Abstract. With improvements in detection technology, 
increasing numbers of patients with non‑small cell lung 
cancer (NSCLC) are being diagnosed at an early stage. In 
order to treat the illness with minimal invasion and preserve 
lung function to the greatest possible extent, there has been an 
increasing tendency towards treating early‑stage NSCLC by 
segmentectomy. However, questions remain regarding whether 
patients may benefit from this procedure considering the 
surgical and oncological outcomes. Whether adequate margin 
distance and lymph node dissection may be achieved is one of 
the most important issues associated with this procedure. The 
present study reviews the prognosis of segmentectomy in the 
treatment of stage IA NSCLC.
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1. Introduction

Lung cancer afflicts patients worldwide, accounting for 
11.6% of all cancer cases and 18.4% of cancer‑associated 
mortalities in 2018 (1). For patients with early‑stage non‑small 
cell lung cancer (NSCLC), lobectomy with lymph node 
dissection remains the standard treatment (2). Continuous 
optimization of surgical techniques, chemoradiotherapy, 

gene‑targeting treatment and immunotherapy has contrib‑
uted to an increase in the 5‑year survival rate to 19% (3). 
To preserve pulmonary function, segmentectomy has been 
suggested, but it has served primarily as a second choice 
for patients who cannot tolerate a lobectomy. Recently, 
NSCLC has been increasingly diagnosed at an early stage 
due to the widespread use of computed tomography (4,5). 
A previous study has reported that ~40% of patients who 
underwent surgical treatment were diagnosed at clinical 
stage IA NSCLC, indicating that less tissue could have been 
resected, preserving more lung function (6). Therefore, 
there has been a resurgence in interest in segmentectomy. 
Whether segmentectomy may be an advantageous tool for 
early‑stage NSCLC remains controversial. The present 
study provides an overview of the prognosis of segmentec‑
tomy in treating stage IA NSCLC.

2. Surgical technique

The National Comprehensive Cancer Network (NCCN) 
recommends that, for patients who can tolerate a lobectomy, 
segmentectomy is feasible if the nodule is ≤2 cm in diameter 
and meets one of the following criteria: Adenocarcinoma 
in situ, ground‑glass opacity (GGO) >50% or doubling 
time ≥400 days. Koike et al (7) compared the outcomes of 
179 patients with clinical stage I NSCLC who underwent a 
segmentectomy. After a 4‑year follow‑up, solid tumor size 
was found to be an independent risk factor of recurrence. 
Additionally, 2.5% of patients whose tumor size was <1.5 cm 
developed recurrence and 25% of patients with tumors >1.5 cm 
developed recurrence.

Segmentectomy is more difficult for surgeons to perform 
and requires greater technical competence compared with 
lobectomy. It also requires accurate determination of the 
target segment. Inflating or deflating the segment during 
surgery are conventional methods and widely used (8). 
To achieve deflation, the lung is deflated on the side to be 
operated upon first; then, the target bronchus is tied or 
occluded before resuming ventilation. Multiple methods of 
inflating the segment have been proposed, including using 
a jet ventilator, incubating the target bronchus after resec‑
tion, and using a slip knot for the target segment bronchus 
combined with bilateral ventilation (9,10). Deflation of the 
segment does not require extra preparation and is easier to 
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perform intraoperatively. Inflation can reduce interference in 
the operative view, especially during thoracoscopy, and also 
avoids collateral ventilation occurrence.

Other methods used in identifying intersegmental planes 
include intravenous or intrabronchial indocyanine green injec‑
tion (11), localization method (e.g., hookwire), virtual‑assisted 
lung mapping by bronchoscopic multi‑spot dye‑marking, and 
3D imaging (12,13). These are less commonly used. 

One of the biggest concerns is whether an adequate 
surgical margin can be obtained. Takahashi et al (14) studied 
the prognosis of patients with clinical stage I NSCLC treated 
by sublobar resection and showed that in patients who 
experienced recurrence, the margin distance to tumor size 
ratio was <1. This may be a predictive factor. Patients whose 
margin distance to tumor size was ≤1 exhibited a poor 3‑year 
survival rate of 59.7%. Although segmentectomy is an attrac‑
tive method for early‑stage NSCLC, it may be a risky choice 
if the margin distance or the margin distance to tumor size 
ratio is not ideal. Surgical standards must be established for 
its clinical use. 

Since there is no accepted ideal regarding the size of the 
surgical margin needed to prevent relapse, it has come to be 
widely accepted that 15 mm in a deflated lung or 20 mm in an 
inflated lung is sufficient (15). The NCCN also indicates that 
a parenchymal resection margin of ≥2 cm or ≥ the size of the 
nodule should be obtained.

3. Clinical outcomes

There have been doubts regarding the safety and availability 
of segmentectomy since it involves complex anatomical resec‑
tion, segment localization and intersegment identification (8). 

In theory, segmentectomy could preserve more pulmonary 
tissue and promote the recovery of pulmonary function. Studies 
have shown that the long‑term reduction in lung function 
induced by segmentectomy is less pronounced than that for 
lobectomy. The results are summarized in Table I (16‑20). 
Certain researchers have reported that segmentectomy can 
offer patients a higher tolerance to resection in secondary 

cancer cases (21,22). Compensatory adaptation of the 
remaining pulmonary tissue may be one of the reasons for 
this (23). Ideal anatomical segmentectomy resection is not 
always possible, especially in video‑assisted thoracoscopic 
surgery (VATS). Segmentectomy could cause a more intense 
inflammatory state during an acute inflammatory response, 
whereby local extra surgical stress caused by damage may 
serve a large role (24). 

A number of studies have shown that differences in the 
short‑term clinical outcomes for stage I NSCLC between 
segmentectomy and lobectomy are insignificant. These 
outcomes include operation time, bleeding during surgery, 
duration of postoperative stay and air leakage. The results are 
summarized in Table II (20,25‑28). The duration of hospital 
stay following surgery is significantly shorter in some patients 
with VATS segmentectomy. For patients who can tolerate a 
lobectomy, anatomical segmentectomy resection is associated 
with faster postoperative recovery (29). This might be because 
patients who undergo VATS segmentectomy can achieve lung 
recruitment faster, allowing a shorter recovery before lung 
function returns to optimal levels (30). Ueda et al (31) found 
that patients who underwent segmentectomy were less suscep‑
tible to atrial fibrillation than lobectomy. 

4. Oncological prognosis

Recurrence and survival. Although segmentectomy could 
preserve more pulmonary parenchyma than lobectomy, it 
remains unclear whether the remaining tissue could cause 
long‑term harm to the oncological prognosis, considering the 
potential risk of an inadequate margin and lymph node dissec‑
tion (32). 

One study collected data from patients with T1bN0M0 
NSCLC who underwent segmentectomy or lobectomy (33). 
The 5‑year survival rates for patients who underwent a 
segmentectomy or lobectomy were 87.1 and >87.7%, respec‑
tively. Wen et al (34) retrospectively reviewed 1,018 patients 
with clinical N0 invasive lung adenocarcinoma of >2 cm who 
underwent a segmentectomy or lobectomy. After an average 

Table I. Studies comparing lobectomy and segmentectomy in functional consequences.

   Mean predicted Follow‑up, Mean FEV1
First author, year Procedure Patients, n pre‑operative FEV1 months change, % (Refs.)

Takizawa et al, 1999 Segmentectomy 40 109% 12 ‑6.7 (16)
 Lobectomy 40 105% 12 ‑13.7 
Keenan et al, 2004 Segmentectomy 54 55% 12 ‑5 (17)
 Lobectomy 147 75% 12 ‑10 
Okada et al, 2006 Segmentectomy 168 1.93 l 2 ‑9.4 (18)
 Lobectomy 168 2.32 l 2 ‑16.8 
Hwang et al, 2015 Segmentectomy 94 102% 13 ‑8.9 (19)
 Lobectomy 94 101% 18 ‑11.0 
Echavarria et al, 2016 Segmentectomy 43 76.4% NA ‑8.9 (20)
 Lobectomy 208 85.2% NA ‑20.6 

NA, not available; FEV1, forced expiratory volume in 1 second.
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follow‑up of 42.5 months, there was no significant difference in 
overall survival or recurrence‑free survival between segmen‑
tectomy and lobectomy (P=0.70 and P=0.40, respectively). 
Another study on stage IA and IB NSCLC showed similar 
results, with an overall recurrence rate of 17.6% following a 
segmentectomy and 16.7% following a lobectomy (35). Most 
recurrences were seen in patients with stage IB NSCLC. There 
was no significant difference in recurrence‑free or overall 
survival between segmentectomy and lobectomy.

Previous reports have demonstrated that preserved lung 
parenchyma does not improve prognosis or increase the risk 
of recurrence (18,36). Chan et al (37) compared surgical and 
oncological outcomes between segmentectomy and lobectomy 
in 369 patients with clinical T1cN0M0 NSCLC. The results 
showed no significant differences in short‑term outcomes 
after surgery. Furthermore, no statistically significant differ‑
ence was found in overall survival (hazard ratio (HR), 1.034; 
P=0.764), recurrence‑free survival (HR, 1.168; P=0.1391) or 
time to recurrence (HR, 1.053; P=0.7462). Numerous studies 
on early‑stage NSCLC showed segmentectomy is not inferior 
to lobectomy for oncology prognosis. The results are summa‑
rized in Table III (19,27,38‑40). It has still not been confirmed 
whether segmentectomy is similar to the lobectomy with 
regards to outcomes since no recent studies have covered a 
follow‑up period of >5 years. Long‑term comparisons on prog‑
nosis are required to further understand these two methods. 

Lymph nodes. The goal of segmentectomy for stage IA 
NSCLC is to achieve curative treatment, so adequate lymph 
node dissection becomes essential to ensuring that no meta‑
static lymph nodes are overlooked. As greater numbers of 
dissected lymph nodes are associated with later pathology 
stages (41,42), one of the most important issues is whether the 
removal of enough lymph nodes can be guaranteed during a 
segmentectomy to prevent tumor under staging. 

During the preoperative assessment for clinical staging, 
positron emission tomography (PET)/computed tomography 
(CT) is recommended since it provides a clearer distinc‑
tion between hilar and mediastinal signals (43), but the risk 
of false‑negative lymph nodes in PET/CT‑normal patients 
remains (44). 

Sun et al (45) assessed 200 patients with clinical T1N0M0 
lung adenocarcinoma. For patients with pure GGN, maximum 
standard unit value (SUVmax) <2.5 or maximum tumor diam‑
eter ≤1 cm, there is a low probability of segmental lymph node 
metastasis. Lutfi et al (46) showed that in patients with clinical 
stage IA NSCLC, the risk factors of pathologically‑positive 
N1/2 lymph nodes after segmentectomy were tumor size and 
the number of lymph nodes sampled. Another study analyzed 
the N2 lymph node pathology of 224 patients with clinical 
stage I NSCLC who underwent a mediastinoscopy or surgery, 
which showed that 6.5% of clinical T1 patients and 8.7% of 
clinical T2 patients had positive N2 lymph nodes (47). The 
risk factors included large primary tumor size (4.8% if ≤2 cm, 
6.5% if 2.1‑6 cm and 57.1% if ≥6 cm) and primary tumor 
SUVmax (1.9% if ≤4 and 10.5% if >4). Gao et al (48) also 
found that in patients with clinical stage I NSCLC, 7% were 
N2 pathological‑positive. However, for patients with peripheral 
ground‑glass or semisolid tumors, the N2 pathological‑positive 
rate was <2%. 
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One study showed that, compared with mediastinal 
lymph node dissection, mediastinal lymph node sampling 
has similar effects on survival in patients with early‑stage 
N0 or N1 (less than hilar) NSCLC (49). Another study (50) 
showed data from 8,755 patients with clinical T1N0M0 
NSCLC who experienced pathological N1/N2 metastasis 
after segmentectomy or lobectomy and completed adjuvant 
chemotherapy. Similar median survival times and 5‑year 
overall survival rates were observed between segmentectomy 
and lobectomy for N1 metastasis (58.8 vs. 63.6 months, 
49.7% vs. 52.4%, P=0.11) and N2 metastasis (55.6 vs. 
50.4 months, 48.6% vs. 43.5%, P=0.51), indicating that 
a complete lobectomy may not be necessary for patients 
undergoing segmentectomy for cT1N0M0 NSCLC whereby 
no pathological N1/N2 metastasis is suspected.

These studies imply that, for clinical stage IA NSCLC, 
appropriate N1 and N2 lymph node sampling should be 
sufficient, and that invasive mediastinal lymph node dissection 
may not be necessary. The NCCN also suggests no need 
for invasive mediastinal staging in patients with peripheral 
stage IA (51). According to the European Society of Thoracic 
Surgeons guidelines, at least six nodes should be resected to 
secure appropriate pathological classification (52). However, 
for large tumors with high SUVmax or solid character, lymph 
node dissection should be considered first.

There is consensus that radical tumor resection, as the 
principle treatment, should always be considered first. The 
quality of life of the patient and the chance of tolerating 
a second resection, especially for patients with suspicious 
multiple primary lung cancer, should also be weighed. 
Surgeons should try to preserve as much normal pulmonary 
parenchyma as possible to ensure that these patients can 
tolerate a second resection on the same side. 

5. Conclusion

For patients with stage IA NSCLC, segmentectomy is a 
safe choice and has been widely accepted, showing similar 
outcomes to lobectomy regarding short‑term complications 
and prognosis of oncology. Although the complexity of a 

segmentectomy cannot be ignored, it is safe if performed by 
experienced surgeons. The essential part of segmentectomy 
is securing surgical margins and the dissection of enough 
lymph nodes. Since the majority of studies focused on a 
follow‑up of <5 years, it is necessary to compare long‑term 
prognosis. Comparisons of segmentectomy and other 
treatments that can be offered to patients with stage I lung 
cancer, such as stereotactic ablative body radiotherapy and 
radiofrequency ablation, could be performed for further 
indication. 
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Table III. Studies comparing lobectomy and segmentectomy in oncology prognosis.

First author, year Procedure Clinical stage Patients n Disease‑free survival, % Overall survival, % (Refs.)

Zhong et al, 2012 Segmentectomy IA 39 59.4a 79.9a (27)
 Lobectomy  81 64.2a 81.0a 

Yamashita et al, 2012 Segmentectomy IA 90 81.0a 75.0a (40)
 Lobectomy  124 89.0a 84.0a 

Hwang et al, 2014 Segmentectomy IA, IB 94 87.0b 94.0b (19)
 Lobectomy  94 94.0b 96.0b 

Landreneau et al, 2014 Segmentectomy IA, IB 312 70.0a 71.0a (38)
 Lobectomy  312 54.0a 60.0a 

Tsubokawa et al, 2018 Segmentectomy IA, IB 52 84.1b 94.2b (39)
 lobectomy  44 82.2b 92.0b 

aMedian follow up of 5 years. bMedian follow up of 3 years.
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