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Background: Surgery remains the best option for treating early-stage non-small cell lung cancer (NSCLC), 
and lymph node dissection (LND) is an important step in this approach. However, the extent of LND in 
the general age population, especially in young patients, is controversial. This retrospective study aimed 
to investigate the correlation between systematic lymph node dissection (SLND) and prognosis in young  
(≤40 years) patients with stage IA NSCLC.
Methods: Clinicopathological data of 191 patients aged ≤40 years who underwent surgical pulmonary 
resection for stage IA NSCLC between January 2010 and December 2016 were retrospectively collected. 
Of the patients, 104 received SLND (SLND group), while the other 87 patients underwent sampling or no 
LND (non-SLND group). The disease-free survival (DFS) and overall survival (OS) curves of the patients 
from each group were plotted using the Kaplan-Meier method, and the correlations of the patients’ clinical 
factors with prognosis were also analyzed.
Results: The median follow-up period was 55 months. During follow-up, 7 patients died, and recurrence 
or metastasis was detected in 16 patients. Kaplan-Meier analysis revealed no difference in DFS (P=0.132) 
between the SLND and non-SLND group, but a significant difference was found between the groups in OS 
(P=0.022). Additionally, there was no statistically pronounced difference in OS or DFS between male and 
female patients. Multivariate survival analysis showed that the type of SLND, as well as tumor size, is an 
independent prognostic factor for DFS (HR, 3.530; 95% CI, 1.120–11.119; P=0.031) and OS (HR, 13.076; 
95% CI, 1.209–141.443; P=0.034).
Conclusions: For young (age ≤40) stage IA NSCLC patients with pathological invasive adenocarcinoma, 
intraoperative SLND can improve the DFS and OS. Further studies are needed to verify the most optimal 
degree of LND in young patients.

Keywords: Early-stage non-small cell lung cancer (early-stage NSCLC); lymph node dissection; young patients; 

prognosis

Submitted Jan 11, 2021. Accepted for publication Feb 10, 2021.

doi: 10.21037/jtd-21-190

View this article at: http://dx.doi.org/10.21037/jtd-21-190

1204

 
^ ORCID: 0000-0002-1865-0592.

https://crossmark.crossref.org/dialog/?doi=10.21037/jtd-21-190


1197Journal of Thoracic Disease, Vol 13, No 2 February 2021

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2021;13(2):1196-1204 | http://dx.doi.org/10.21037/jtd-21-190

Introduction

For more than a decade, lung cancer has had the highest 
global morbidity and mortality rates of any malignancy (1). 
With the increasing application of lung cancer screening 
and improvement of screening techniques, a larger number 
of young lung cancer patients are being diagnosed and 
treated at an early stage (2,3). A diagnosis of lung cancer can 
have a massive impact on young people and their families. 
Not only are young people expected to have a long time 
left to live, but they often make a significant contribution 
to the economy and play important roles in caring for their 
families (4). Therefore, improving the survival time of 
young lung cancer patients is crucial.

With the widespread use of CT screening in recent 
years, the proportion of young lung cancer patients given a 
diagnosis at an early stage has risen significantly, and in most 
cases, the postoperative pathology is non-small cell lung 
cancer (NSCLC) (5,6). Surgery is the best treatment option 
for early-stage NSCLC, and includes lymph node dissection 
(LND) as an important step (7,8). However, the extent of 
lymph node clearance remains controversial. Previous studies 
have shown that accurate lymph node staging is an important 
prognostic factor in patients undergoing surgery (9).  
It is generally accepted that systematic lymph node 
dissection (SLND) during surgery not only provides more 
accurate lymph node pathological staging than sampling 
or no LND, but it can also eradicate involved or occult 
metastatic lymph nodes, thus significantly improving the 
prognosis of the patient (10,11). However, an influential 
randomized clinical trial demonstrated that compared with 
systematic lymph node sampling, extensive SLND failed to 
improve the disease-free survival (DFS) or overall survival 
(OS) of NSCLC patients without mediastinal or hilar 
lymph node involvement (12). Furthermore, the standard 
management of lymph nodes recommended by the National 
Comprehensive Cancer Network (NCCN) guidelines does 
not specifically distinguish between mediastinal LND or 
systematic lymph node sampling during lobectomy, nor is 
the age range for treatment specified (13).

Therefore, the current study aimed to investigate 
the correlation between SLND and prognosis in young  
(≤40 years) patients with stage IA NSCLC.

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jtd-21-190).

Methods

Study design and patients

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the institutional ethics board of Shanghai Chest 
Hospital [No. KS(Y)1744], and individual consent for this 
retrospective analysis was waived. The clinicopathological 
data of 2,303 patients aged ≤40 years who, between January 
2010 and December 2016, underwent lobectomy or 
sublobectomy with curative intent for stage IA NSCLC 
in Shanghai Chest Hospital, China, were retrospectively 
analyzed (Figure 1).

The inclusion criteria included: (I) aged ≤40 years; (II) 
NSCLC of pathologic stage IA (pT1N0M0); and (III) 
histologic type was invasive adenocarcinoma. Patients 
meeting any of the following criteria were excluded from 
the study: (I) received adjuvant therapy before or after 
surgery; (II) multiple primary pulmonary tumors; (III) 
incomplete medical records or follow-up data; (IV) a history 
of other malignant tumors.

By conducting a search of the medical record database of 
our institution, we collected and classified the data from the 
clinical records of all eligible patients, including sex, age, 
circulating tumor markers, operative procedure, surgical 
technique, lesion site, adenocarcinoma subtype, type of 
LND (SLND or non-SLND). For uniform tumor staging, 
we converted tumor stage defined by the 6th or 7th edition 
TNM classifications to the appropriate American Joint 
Committee on Cancer (AJCC) 8th edition stage (14).

Patients were followed up to 26 May, 2020, or the date 
of death, mainly by telephone or home visit. The primary 
endpoint was OS, which was calculated as the time interval 
from the date of surgery until the date of death from a lung 
cancer-related cause or 26 May, 2020. DFS served as the 
secondary endpoint and was defined as the time interval 
from the date of surgery to the date of first relapse. Both 
DFS and OS were calculated in months.

The  preopera t i ve  c i r cu l a tory  tumor  marker s 
carcinoembryonic antigen (CEA) and cytokeratin 19 
fragment antigen (CYFRA21-1), which are associated with 
lung adenocarcinoma, are routinely tested in our hospital 
before surgery. We divided the patients’ test results into 
3 categories: absence of test, exceeding the standard, 
and normal. Operative procedures included lobectomy 
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and sublobectomy (segmentectomy or wedge resection). 
Surgical techniques include video-assisted thoracoscopic 
surgery (VATS) and thoracotomy, with the Da Vinci robot-
assisted thoracoscopic surgery (RATS) included within the 
scope of VATS.

Subtypes of adenocarcinoma were classified according 
to the World Health Organization’s 2004 classification and 
the latest International Association for the Study of Lung 
Cancer (IASLC)/American Thoracic Society/European 
Respiratory Society (15). The dominant subtypes were 
classified as the more dangerous subtypes, reported in 
previous studies to have high rates of recurrence (including 
solid, papillary, and micropapillary adenocarcinomas), and 
other subtypes (such as acinar, lepidic, large-cell secretory, 
and fetal adenocarcinomas) (16,17). According to the 
definition of systematic nodal dissection recommended by 
the European Society of Thoracic Surgeons (ESTS), at 
least 3 mediastinal lymph node stations, always including 
station 7 (subcarinal area), station (hilar lymph nodes) 10 
and 11(interlobular lymph nodes), should be systematically 
dissected (18).

Statistical analysis

The included patients were divided into the SLND group 
and the non-SLND group according to whether SLND 
was performed or not. SPSS (Chicago, IL, USA; version 
22.0) was used for data analysis. The Chi-squared test was 
used to test the distribution differences among groups. The 
Kaplan-Meier method was used to estimate the influence of 
various factors on DFS and OS, and the log-rank method 
was employed to test the results. Factors with P<0.1 and 
those clinically considered to have an impact on prognosis 
were included in the Cox regression model for multivariate 
survival analysis. P≤0.05 indicated statistical significance.

Results

Patient characteristics

A total of 191 patients who met the criteria were finally 
included in the analysis. Of them, 104 patients (54.4%) 
received SLND, while the remaining 87 patients (45.6%) 
underwent sampling or no LND. No statistically significant 

Figure 1 Study inclusion flowchart. MIA, minimally invasive adenocarcinoma; AIS, adenocarcinoma in situ; NSCLC, non-small cell lung 
cancer; SLND, systematic lymph node dissection.
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differences were found between the SLND group and the 
non- SLND group in relation to sex, age, circulating tumor 
markers, surgical technique, dominant adenocarcinoma 
subtype, or tumor site (Table 1). The patients in our cohort 

had a median age of 36 years, and 13% (n=25) of patients 
were aged ≤30 years, with the youngest being 11 years 
old. Females accounted for a larger proportion (69.9%) of 
the included patients. Of the 133 patients who underwent 

Table 1 Patient clinicopathological characteristics

Characteristic
Type of lymph node dissection

P
SLND, n=104 (78.8%) Non-SLND, n=87 (21.2%) Total, N=191

Sex, No. (%) 0.895

Male 32 (55.2) 26 (44.8) 58 (30.4)

Female 72 (54.1) 61 (49.9) 133 (69.6)

Age (y), No. (%) 0.487

≤30 12 (48.0) 13 (52.0) 25 (13.1)

>30 92 (55.4) 74 (44.6) 166 (86.9)

Tumor marker level, No. (%) 0.480

No test 23 (47.9) 25 (52.1) 48 (25.1)

Elevated 9 (64.3) 5 (35.7) 14 (7.3)

Normal 72 (55.8) 57 (44.2) 129 (67.5)

pT stage, No. (%) 0.016

T1a 28 (42.4) 38 (52.7) 66 (34.6)

T1b 56 (57.1) 42 (42.9) 98 (51.3)

T1c 20 (74.1) 7 (25.9) 27 (14.1)

Surgical technique, No. (%) 0.728

VATS 7 (50.0) 7 (50.0) 14 (7.3)

Thoracotomy 97 (54.8) 80 (45.2) 177 (92.7)

Operative procedure, No. (%) <0.01

Lobectomy 101 (65.6) 53 (34.4) 154 (80.6)

Sublobectomy 3 (8.1) 34 (91.9) 37 (19.4)

Predominant subtype, No. (%) 0.910

Papillary/micropapillary/solid 63 (54.8) 52 (45.2) 115 (60.2)

Other 41 (53.9) 35 (46.1) 76 (39.8)

Tumor location, No. (%) 0.520

LUL 20 (47.6) 22 (52.4) 42 (22.0)

LLL 24 (66.7) 12 (33.3) 36 (18.8)

RUL 28 (52.8) 25 (47.2) 53 (27.7)

RML 12 (57.1) 9 (42.9) 21 (11.0)

RLL 20 (51.3) 19 (48.7) 39 (20.4)

SLND, systematic lymph node dissection; VATS, video-assisted thoracoscopic surgery; LUL, left upper lobe; LLL, left lower lobe; RUL, 
right upper lobe; RML, right middle lobe; RLL, right lower lobe.
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preoperative detection of circulating tumor markers, 
only 14 patients (9.79%) showed elevated marker levels; 
therefore, in more than 90% of these cases, preoperative 
circulatory tumor markers did not reflect the occurrence of 
early NSCLC. In terms of surgical technique, more than 
90% of patients underwent VATS.

Furthermore, among these young patients with stage 
IA non-small cell lung adenocarcinoma, lesions were 
most frequently found in the right upper lobe (27.7%) 
and occurred least often in the right middle lobe (11.0%). 
Acinar adenocarcinoma was the predominant histologic 
subtype (44.5%), and the majority of patients in the entire 
cohort (80.6%) underwent lobectomy. Patients who had 
lobectomy (n=154) were more likely to receive SLND than 
those who had sublobectomy (P<0.01), with only 3 (2 cases 
of segmental resection and 1 case of wedge resection) of 
the 37 patients who had sublobectomy receiving SLND. 

Furthermore, the median size of the overall tumors was 
13mm, and SLND was more likely to be performed in 
patients with a lager tumor (P=0.016).

Survival analysis

The median follow-up period was 55 months. During 
follow-up, 7 patients died and 16 patients developed 
recurrence or metastasis. The Kaplan-Meier analysis 
revealed no difference in DFS (P=0.132) between the 
SLND and non-SLND groups (Figure 2), but a significant 
difference was found between the groups in OS (P=0.022) 
(Figure 3). The 5-year OS rate of the SLND group was 
superior to that of the non-SLND group (98.1% vs. 
93.8%). In terms of different tumor diameters, a significant 
difference was found in DFS but not in OS (P=0.005 
and P=0.074, respectively). Additionally, no statistically 
pronounced differences were found in OS or DFS 
in relation to sex, circulating tumor markers, surgical 
technique, operative procedure, dominant pathological 
type, or tumor site (Table 2, K-M). The multivariate survival 
analysis showed that type of SLND, along with tumor 
size, was an independent prognostic factor for both DFS 
(HR, 3.530; 95% CI, 1.120–11.119; P=0.031) and OS (HR, 
13.076; 95% CI, 1.209–141.443; P=0.034) (Table 3, Cox).

Discussion

This study analyzed the data of 191 patients aged ≤40 years 
with stage IA NSCLC whose pathological pattern was 
invasive adenocarcinoma. The results showed that patients 
who underwent SLND had a better prognosis than those 
who did not. However, there was no significant difference 
in prognosis between sublobectomy and lobectomy.

The NCCN guidelines do not strictly specify the 
treatment of stage IA NSCLC according to age, and 
lobectomy with SLND is currently the preferred radical 
treatment for NSCLC patients with this disease stage (8,13). 
To date, many studies have been conducted to explore the 
most suitable surgical options in the general population. 
Some researchers have reported that while sublobectomy 
does not yield inferior OS to lobectomy in patients with 
stage IA NSCLC, the recurrence rate is relatively high (19).  
Similar to the conclusion drawn by Gu et al., the results of 
this study suggest that for younger patients, the prognosis 
of sublobectomy is no worse than that of lobectomy (20). 
Moreover, previous studies have shown that sublobectomy 
compared to lobectomy can preserve more lung function 

Figure 2 Kaplan-Meier curves of disease-free survival estimates 
for patients with different types of lymph node dissection. SLND, 
systematic lymph node dissection.

Figure 3 Kaplan-Meier curves of overall survival estimates for 
patients with different types of lymph node dissection. SLND, 
systematic lymph node dissection.
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and lead to fewer complications, which is particularly 
important to preserving the quality of life of young 
patients after surgery. Therefore, our results suggest that 
sublobectomy may be a better choice than lobectomy for 
younger patients with stage IA NSCLC.

A number of studies have explored the application of 
LND in thoracic surgeries. A large prospective study showed 
no difference between SLND, sampling, and SLND in the 
prognosis of early NSCLC (21). Furthermore, Gonfiotti 
et al. found that postoperative complications incidence 
among patients who underwent SLND were no more 
significant than those among non-dissection patients (22).  
However, numerous studies have shown that SLND 

leads to lower rates of local recurrence in the general 
population (23-25), and another study found that SLND 
had survival benefit for patients with early NSCLC in 
teaching hospitals (but not in non-teaching hospitals) (26).  
Mokhles et al. reported that SLND was associated with 
more complications than sampling or no dissection (27).  
Although the results of studies so far have been inconsistent, 
the current NCCN guidelines recommend treatment 
according to the pN stage (13). Accurate lymph node 
staging is of guiding significance for postoperative adjuvant 
therapy (28,29). Additionally, several recent studies have 
suggested that the higher the number of lymph nodes 
removed, the better the prognosis (30-32).

Table 2 Univariable analysis of overall and disease-free survival in 191 patients with pIA NSCLC

Characteristic
DFS OS

χ2 P χ2 P

Sex 0.000 0.989 0.440 0.507

Age (y) 2.529 0.112 7.484 0.006

Tumor marker level 1.966 0.374 1.210 0.546

pT stage, No. (%) 10.540 0.005 5.217 0.074

Surgical technique 0.408 0.523 0.174 0.677

Operative procedure 0.004 0.951 0.747 0.387

Predominant subtype 3.580 0.058 2.695 0.101

Tumor location 1.920 0.750 1.143 0.887

Type of LND 2.266 0.132 5.238 0.022

NSCLC, non-small cell lung cancer; LND, lymph node dissection; OS, overall survival; DFS, disease-free survival.

Table 3 Multivariable Cox regression analysis of overall and disease-free survival in 191 patients with pIA NSCLC

Characteristic
DFS OS

HR 95% CI P HR 95% CI P

Sex 1.568 0.514–4.781 0.429 0.729 0.139–3.826 0.708

Age (y) 0.450 0.134–1,519 0.198 0.223 0.029–1.741 0.152

Surgical technique 0.456 0.081–2.572 0.373 0.482 0.034–6.921 0.591

Tumor marker level 1.357 0.510–3.613 0.541 12.541 0.455–14.196 0.288

Operative procedure 0.751 0.171–3.308 0.705 1.067 0.106–10.782 0.956

Tumor location 1.008 0.910–1.118 0.875 0.933 0.788–3.054 0.421

pT stage, No. (%) 4.849 1.836–12.808 0.001 4.278 1.063–17.215 0.041

Predominant subtype 0.571 0.194–1.686 0.311 0.489 0.078–3.054 0.444

Type of LND 3.530 0.031 13.076 0.034

NSCLC, non-small cell lung cancer; LND, lymph node dissection; OS, overall survival; DFS, disease-free survival; HR, hazard ratio.
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A conclusion has yet to be reached on the best type of 
LND for the general NSCLC population, not to mention 
young patients. The data from this age-specific study 
suggested that among young patients with stage IA, those 
who underwent SLND had a better prognosis than those 
who did not. This observation differs from Gu’s conclusion 
that the effect of SLND on prognosis is consistent with 
that of sampling (20). The underlying reason for this 
inconsistency may be that the 2 studies used different 
patient populations, different definitions of SLND, and 
different age cut-offs for young people.

During the collection of the data in this study, pN0 
patients had been strictly screened to exclude the influence 
caused by N stage on prognosis. Other than N stage, we 
considered a number of possible reasons for the difference 
in prognosis between SLND and non-SLND patients. First, 
in undissected lymph nodes, metastases may potentially 
occur, resulting in a poor prognosis. Second, SLND may 
remove micrometastases, although this may not be shown 
by positive pathological results. Third, SLND may prevent 
the occurrence of skip metastasis. These possibilities and 
other potential causes need to be explored with more studies 
and larger samples; however, whatever the reasons, our 
findings suggest the importance of intraoperative SLND.

Current studies on young patients with NSCLC show 
that the incidence is higher in women than in men and that 
the most common histologic type is adenocarcinoma (6,33). 
Our study also showed that young women were more 
than twice as likely as men to have NSCLC. Furthermore, 
our study also showed that the effect of circulating tumor 
markers on prognosis was not significant in young patients, 
nor did the prognosis differ significantly according to the 
pathological subtype. At the same time, the study confirmed 
that T stage has an important effect on the prognosis of 
young patients, while the prognosis of VATS is no worse 
than that of thoracotomy.

Limitations

Our study has several limitations that should be discussed. 
First, the existence of selection bias cannot be avoided in 
single-center and retrospective studies. Also, due to the 
special population and the inclusion criteria, the sample 
size of this study was extremely small; therefore, our results 
need to be verified in a study with a larger sample size. 
Due to the limitations of medical record data, we did not 
collect data in enough multiple dimensions, which may have 
limited the analysis of patient survival.

Furthermore, our results reported a prognostic advantage 
of SLND over no SLND, and the multivariate Cox survival 
analysis showed that the prognosis with sublobectomy was 
no worse than that with lobectomy. However, the sample 
size was not sufficient for subgroup analysis to confirm 
survival differences between lobectomy and sublobectomy in 
patients with SLND. Therefore, we still cannot recommend 
sublobectomy with LND as the optimal surgical procedure 
for young stage IA NSCLC patients aged ≤40 years.

Conclusions

Among young (aged ≤40 years) stage IA NSCLC patients 
with pathological invasive adenocarcinoma, SLND was 
associated with a better prognosis than no SLND, which 
suggests that thorough SLND should be performed in 
young patients with invasive adenocarcinoma indicated 
by intraoperative frozen or preoperative puncture 
biopsy pathology. Given the nature of this single-center 
retrospective study, further prospective multicenter studies 
are needed to confirm our conclusions.
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