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Introduction

The diagnosis of early-stage non-small cell lung cancer 
(NSCLC) has dramatically increased during the past 
ears, thanks to the widely use of low-dose computed 
tomography (CT). Patients with clinical stage IA lung 
cancer constituted as high as 36% of all patients in the 

database maintained by the International Association for 
the Study of Lung Cancer (IASLC) to inform the eighth 
edition TNM classification (1). Lobectomy combined 
with systematic lymph node (LN) dissection or sampling 
currently is the treatment of choice for patients with 
NSCLC. However, increasing evidence has emerged 
from institutional case series and national registry to 
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support the equivalency in the long-term survival between 
segmentectomy and lobectomy for small-sized early-
stage NSCLC (2-6). Segmentectomy is chosen for the 
well-selected patients, for its advantage of preserving 
lung parenchyma, pulmonary function and a chance of 
future resections for secondary primary lung cancer (7). 
An investigation on the intrapulmonary tumor spread 
pattern showed that metastasis outside the tumor-bearing 
segment was rarely observed in small-sized NSCLC (8). 
Segmentectomy can remove the intrapulmonary lymphatic 
drainage along with the pulmonary segment, leading to the 
advantage of more extensive lymphadenectomy over wedge 
resection, another surgical type of sublobar resection.

Lymphatic metastasis is the major route of dissemination 
for NSCLC and can occur in the early phage of NSCLC (9).  
For pat ients  undergoing lobectomy for NSCLC, 
accumulating data have demonstrated that a greater number 
of harvested LNs is associated with improved survival 
(10,11). Normally, only patients with node-negative disease 
in preoperative clinical staging are deemed to be suitable 
candidates for segmentectomy. It remains unknown whether 
lymphadenectomy is necessary for early-stage NSCLC 
patients undergoing segmentectomy. The current National 
Comprehensive Cancer Network (NCCN) Clinical 
Practice Guidelines recommends that the appropriate LN 
stations should be sampled for patients undergoing sublobar 
resection, unless not technically feasible (12). Nevertheless, 
there is still a lack of direct evidence demonstrating the 
clinical significance of lymphadenectomy for patients 
undergoing segmentectomy.

Our center, Shanghai Chest Hospital, in which a total 
of 10,562 major thoracic operations were performed in the 
calendar year of 2016, is one of the largest thoracic surgery 
centers worldwide (13). The ultra-high volume provides 
a great opportunity to maintain a large cohort of patients 
undergoing segmentectomy for clinical research. Herein, 
we retrospectively collected the clinicopathologic and 
surgical data of 259 patients undergoing segmentectomy 
and performed survival analyses, to investigate whether 
appropriate lymphadenectomy could provide survival 
benefits in the context of segmentectomy.

Methods

Study population

From July 2011 to December 2014, 638 patients undergoing 
segmentectomy for lung tumors at Shanghai Chest Hospital 

were retrospectively analyzed. Patients’ demographic 
and clinical data, disease extent, treatment and follow-up 
information were collected. Patients diagnosed with history 
of malignancies (including metastatic tumors in lung), small 
cell lung cancer and distant metastases were ineligible for 
the analysis. We also excluded those who received induction 
treatments prior to resection, and who were lost to follow-
up after operation. Atypical adenomatous hyperplasia 
(AAH), adenocarcinoma in situ (AIS) and minimally 
invasive adenocarcinoma (MIA) are considered to be free 
from LN metastasis (14), so patients with these lesions were 
excluded in our study. The present study was approved by 
the institutional review board.

The preoperative work-up was conducted in accordance 
with the institutional protocols to confirm whether the 
patient was clinically fit for operation. Briefly, patients 
received bronchoscopic examination, pulmonary function 
test, chest and upper abdominal CT scanning, and brain 
magnetic resonance imaging (MRI, preferred) or CT 
scanning. Positron emission tomography (PET)-CT 
scanning and nuclear medicine bone scan were applied 
when clinically indicated.

The resected lung specimens and LNs were fixed in 10% 
formalin and then embedded in paraffin. Subsequently, the 
hematoxylin and eosin (HE)-stained sections were evaluated 
microscopically by experienced pulmonary pathologists. 
The comprehensive histological subtyping system was 
used to semi-quantitatively record the components of each 
histological pattern (lepidic, acinar, papillary, micropapillary, 
solid and mucinous) in 5% increment for adenocarcinomas, 
and the predominant pattern was defined as the most 
dominant pattern. When the status of visceral pleural 
invasion (VPI) couldn’t be determined in HE-stained slides, 
Elastica-Masson staining was applied. All patients were 
re-staged using the eighth edition of the American Joint 
Committee on Cancer/Union for International Cancer 
Control TNM classification for lung cancer (1).

Statistical analyses

The categorical and continuous variables between two 
groups were compared by χ2-test and independent sample 
t-test as appropriate. The primary endpoint was recurrence-
free survival (RFS), to reduce bias introduced by factors, 
such as post-recurrence treatment. RFS as defined as the 
interval between the date of operation and the date of any 
disease recurrence, death or the last follow-up. Overall 
survival (OS) was defined as the interval between the date 
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of operation and the date of death from any cause or the 
last follow-up. Survival curves were depicted by Kaplan-
Meier method, and compared by log-rank test among 
groups. Multivariable Cox proportional hazards regression 
model was applied to identify the independent predictors 
for survival. The statistical analyses were conducted using 
the SPSS Statistics (version 22; IBM, NY, USA). All the 
tests were two-sided, and the level of significance was set at 
P<0.05.

Results

A total of 259 patients undergoing segmentectomy for 
NSCLC were eligible for our analysis. The patients’ 
selection process was shown in Figure 1. Table 1 displayed the 
demographic and clinicopathologic characteristics of these 
patients. There were more elder patients (55.2%) and more 
female patients (60.2%). The tumor size was 1.7±0.8 cm  
in average diameter (range, 0.5–6.0 cm), and 35.5% of 
the tumors invaded visceral pleural. T1a, T1b, T1c and 
≥T2 were observed in 47 (18.1%), 97 (37.5%), 22 (8.5%) 
and 93 (35.9%) patients, respectively; positive LNs were 
observed in 14 (5.4%) patients. The majority of patients 
were adenocarcinoma (245/259, 94.6%), among which 196 
patients were acinar or papillary predominant.

To investigate the prognostic impact of the number 
of harvested LN, we performed an exploratory survival 
analysis, using 3, 6 and 9 as the cut-offs to divide the entire 
population into four subgroups. Figure 2 showed that the 
RFS curves of patients with harvested LN ≥9 and 6–8 were 
close to each other, and superior than those of patients with 
harvested LN ≤2 and 3–5, although statistical significance 

was not achieved among these four groups (log-rank 
P=0.14). Therefore, we chose 6 harvested LN as the cut-
off value for further analysis, stratifying the population as 
harvested LN ≥6 and <6 groups.

The distributions of the clinicopathologic characteristics 
between these two groups were summarized in Table 2. 
The frequency of positive nodes was 9.4% (12/128) among 
patients who had 6 harvested LN or more, compared with 
1.5% (2/131) among those who had less than 6 harvested 
LN (P=0.005). Patients with harvested LN ≥6 all sampled 
at least three LN stations, while 66.4% (87/131) of patients 
with less than 6 harvested LN sampled at least three LN 

Figure 1 Flow diagram of patient selection. NSCLC, non-small 
cell lung cancer; SCLC, small cell lung cancer.

Patients undergoing segmentectomy for lung 
tumors from Jul 2011 to Dec 2014 (n=638)

History of malignancies (n=17)
SCLC (n=3)

Distant metastases (n=8)
Induction treatment (n=4)
Unavailable follow-up (n=95)

Patients eligible for analysis (n=259)

Patients with primary NSCLC (n=618)

Table 1 Clinicopathologic characteristics of all patients 

Characteristics Value (%)

Age, years

<60 116 (44.8)

≥60 143 (55.2)

Gender

Female 156 (60.2)

Male 103 (39.8)

Tumor size (mean ± SD, cm) 1.7±0.8

Visceral pleural invasion

Absent 167 (64.5)

Present 92 (35.5)

T stage

1a 47 (18.1)

1b 97 (37.5)

1c 22 (8.5)

≥2 93 (35.9)

Nodal status

Negative 245 (94.6)

Positive 14 (5.4)

Histology

Adenocarcinoma 245 (94.6)

Lepidic predominant 40 (15.4)

Acinar/papillary predominant 196 (75.7)

Solid/IMA predominant 9 (3.5)

Non-adenocarcinoma 14 (5.4)

SD, standard deviation; IMA, invasive mucious adenocarcinoma. 
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stations (P<0.001). Two groups had similar distributions 
of age, gender, tumor size, VPI, pT stage and histological 
subtypes (all P>0.05).

We further used Kaplan-Meier method to compare 
the long-term survival of two groups. The 3-year RFS of 
patients with harvested LN ≥6 (90.2%) was significantly 
higher than that of patients with harvested LN <6 (73.7%, 
log-rank P=0.038, Figure 3A). The multivariable Cox 
regression analysis was adjusted for age, gender, tumor 
size, VPI, pT stage, nodal status, histological subtypes 
and number of sampled LN station, and the results were 
listed in Table 3. Harvested LN ≥6 was an independent 
predictor of improved RFS [hazard ratio (HR) =0.35; 95% 
confidence interval (CI): 0.14–0.90; P=0.029]. The 3-year 
OS of patients with harvested LN ≥6 was 90.7%, similar 
to that of patients with harvested LN <6 (91.0%, log-
rank P=0.15, Figure 3B). Number of harvested LN was not 
associated with OS on multivariable Cox analysis adjusted 
for covariates (HR =0.57; 95% CI: 0.17–1.88; P=0.36).

There was no significant difference in RFS (log-rank 
P=0.34, Figure 3C) or OS (log-rank P=0.92, Figure 3D) 
between sampled LN station ≥3 and <3. The number of 
sampled LN stations wasn’t an independent predictor 
for RFS (HR =0.85; 95% CI: 0.26–2.78; P=0.79) or OS  
(HR =0.73; 95% CI: 0.14–3.91; P=0.71) on multivariable 
Cox analysis.

Discussions

The latest WHO classification of lung tumors was released 

Figure 2 Exploratory analysis of the impact of harvested LN 
number, using 3, 6 and 9 as cut-offs, on RFS among NSCLC 
patients undergoing segmentectomy. LN, lymph node; NSCLC, 
non-small cell lung cancer; RFS, recurrence-free survival.
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Table 2 Clinicopathologic characteristics stratified by the numbers 
of harvested LNs

Characteristics
No. of harvested LNs

P
<6, n (%) ≥6, n (%)

Number 131 128

Age, years 0.16

<60 53 (40.5) 63 (49.2)

≥60 78 (59.5) 65 (50.8)

Gender 0.82

Female 78 (59.5) 78 (60.9)

Male 53 (40.5) 50 (39.1)

Tumor size, cm 0.31

0.1–1.0 29 (22.1) 29 (22.7)

1.1–2.0 79 (60.3) 67 (52.3)

2.1–3.0 20 (15.3) 24 (18.8)

>3.0 3 (2.3) 8 (6.2)

Mean ± SD 1.6±0.8 1.8±0.9 0.19

Visceral pleural invasion 0.70

Absent 83 (63.4) 84 (65.6)

Present 48 (36.6) 44 (34.4)

T stage

1a 22 (16.8) 25 (19.5) 0.69

1b 52 (39.7) 45 (35.2)

1c 9 (6.9) 13 (10.2)

≥2 48 (36.6) 45 (35.2)

Nodal status 0.005

Negative 159 (98.5) 116 (90.6)

Positive 2 (1.5) 12 (9.4)

Histology 0.61

Adenocarcinoma 123 (93.9) 122 (95.3)

Lepidic predominant 21 (16.0) 19 (14.8)

Acinar/papillary predominant 95 (72.5) 101 (78.9)

Solid/IMA predominant 7 (5.3) 2 (1.6)

Non-adenocarcinoma 8 (6.1) 6 (4.7)

LN stations <0.001

<3 44 (33.6) 0 (0.0)

≥3 87 (66.4) 128 (100.0)

SD, standard deviation; IMA, invasive mucious adenocarcinoma; 
LN, lymph node.
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Figure 3 RFS and OS of NSCLC patients undergoing segmentectomy according to number of harvested LN (<6, ≥6) (A,B) and sampled 
LN stations (<3, ≥3) (C,D). LN, lymph node; OS, overall survival; NSCLC, non-small cell lung cancer; RFS, recurrence-free survival.

Table 3 Multivariable Cox regression analysis of independent predictors for RFS among patients undergoing segmentectomy

Parameters HR 95% CI P

No. of harvested LNs

<6 1 – –

≥6 0.35 0.14–0.90 0.029

Tumor size 

0.1–1.0 1 – –

1.1–2.0 2.62 0.32–21.27 0.37

2.1–3.0 10.21 1.10–95.25 0.041

>3.0 37.42 3.73–376.0 0.002

Histology

Lepidic predominant 1 – –

Acinar/papillary predominant 0.77 0.09–6.64 0.81

Solid/IMA predominant 6.06 0.54–68.49 0.15

Non-adenocarcinoma 12.13 1.42–103.25 0.022

IMA, invasive mucious adenocarcinoma; HR, hazard ratio; CI, confidence interval; LN, lymph node; RFS, recurrence-free survival.
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in 2015, and adopted the concept of AIS and MIA, which 
are deemed to be free from regional LN metastasis (14) 
and have 100% or near 100% disease-free survival after 
complete resection (15). Our previous study showed that 
intraoperative frozen section could diagnose AIS/MIA with 
high accuracy, so these patients are suitable candidates for 
sublobar resection with the assistance of frozen section (7).  
Radiologically pure solid tumors represent invasive 
pathologic features, and the long-term survival for patients 
with clinical stage IA lung cancer in solid nodules after 
sublobar resection and lobectomy are demonstrated to 
be comparable (6,16). A surveillance, epidemiology and 
end results (SEER) database analysis excluded former 
bronchioalveolar carcinomas, which could potentially 
be AIS, MIA, or invasive adenocarcinomas with lepidic 
components, and showed that segmentectomy led to similar 
survival for patient with invasive adenocarcinomas to 
lobectomy (17). Collectively, increasing evidence confirmed 
that segmentectomy could offer equivalent long-term 
survival for small-sized NSCLC with aggressive biological 
behaviors. 

For some cancers, such as breast cancer and colorectal 
cancer, the association between the greater number of 
harvested LN and favorable survival has been established; 
thus, minimal number of dissected LNs is recommended 
for accurate staging (18,19). Although the current NCCN 
guidelines for NSCLC don’t recommend the minimal 
number of harvests LN, Dr. Liang et al. analyzed the US 
SEER data and a Chinese multi-institutional registry and 
found that a greater number of harvested LN was associated 
with more-accurate node staging and better long-term 
survival. Nevertheless, the appropriate extent of LN 
dissection of segmentectomy hasn’t been well established for 
the evidence is scarce. An advantage of segmentectomy over 
wedge resection is the more extensive LN dissection during 
the anatomic procedure (20). Around 10% of patients with 
cT1N0M0 NSCLC could develop LN metastasis (21,22). 
Even in primary tumors of 1 cm or smaller in diameter, N2 
disease occurred in 3.8% of them (22). In the present cohort 
of patients undergoing either intentional or compromised 
segmentectomy, the LN metastasis rate was 5.4% (14/259), 
excluding those receiving completion lobectomies. 

For  pat ients  undergoing  segmentectomy who 
was pathologically confirmed to be node positive in 
postoperative permanent sections, completion lobectomy 
is considered to be required, but this may become quite 
difficult due to severe adhesion (23). Dr. Nomori and 

his colleagues (24) reported a case series of patients with 
cT1N0M0 NSCLC who were diagnosed with unanticipated 
pN1–2 disease after radical segmentectomy with extensive 
hilar and mediastinal LN dissection. Although two of five 
patients died during follow-up, the first recurrence sites of 
them were not local. This indicated that intrapulmonary 
and meditational LN dissection may play a role in the local 
control for patients undergoing segmentectomy. 

We postulated that lymphadenectomy could help to 
reduce disease recurrence after segmentectomy for the 
selected patients with early-stage NSCLC. Therefore, we 
analyzed the data of a large cohort of patients receiving 
segmentectomy in our center and found that patients whose 
harvested LN numbers were ≥6 had significantly superior 
RFS. Multivariable Cox analysis showed that harvested 
LN ≥6 could reduce the risk of disease recurrence by 71%  
(HR =0.29). 

These findings provide clinical evidence to support the 
recommendations of NCCN to sample appropriate LN 
stations when performing segmentectomy for patients with 
early-stage NSCLC. The reason of the survival benefit 
could be that more harvested LNs means a smaller chance 
of undiscovered false node-negative status and malignance 
remnants. In patients with pathologically confirmed 
T1a–2aN0M0 lung adenocarcinoma (stage I, 7th edition), 
LN micro-metastasis was identified in 15% of them by 
immunohistochemical staining for cytokeratin (AE1/
AE3). Moreover, Patients with LN micro-metastasis had 
significantly inferior survival compared with those without 
micro-metastasis (25). Surgeon should obey the NCCN 
guidelines to sample the LN stations during segmentectomy 
even though the patients were clinical node-negative.

There are several limitations that should be taken into 
consideration. The retrospective design of the present study 
may introduce surgical and selection bias. Additionally, 
the analysis was based on a cohort of single institution 
with ultra-high volume and surgical expertise, limiting its 
generalization. 

Conclusions

To the best of our knowledge, the study is currently 
the first to investigate the prognostic significance of 
lymphadenectomy for NSCLC patients undergoing 
segmentectomy. Our study revealed that a greater number 
of harvested LN was independently associated with 
improved RFS for NSCLC in the setting of segmentectomy.
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