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Abstract
Background  It remains unclear about the predictors and survival impact of station 4L metastasis in left-sided non-small 
cell lung cancer (NSCLC). This study aims to investigate these issues to explore the significance of station 4L lymph-node 
dissection (LND).
Methods  We retrospectively enrolled 405 patients with station 4L LND, and divided them into the positive station 4L metas-
tasis group and the negative station 4L metastasis group. The logistic regression was performed to identify the predictors of 
station 4L metastasis. The survival outcomes including disease-free survival (DFS) and overall survival (OS) were analyzed 
in pN2 patients to explore the prognostic effect of station 4L metastasis.
Results  There were 48 (11.9%) patients in the positive station 4L metastasis group and 357 (88.1%) patients in the nega-
tive station 4L metastasis group. Station 5 metastasis (P = 0.008, OR 7.578, 95% CI 1.710–33.589), station 10 metastasis 
(P = 0.004, OR 7.133, 95% CI 1.904–26.717), and cN2 (P = 0.010, OR 5.062, 95% CI 1.473–17.392) were independent risk 
factors of station 4L metastasis. In pN2 patients, the positive station 4L metastasis group had inferior DFS (P = 0.019) and 
OS (P = 0.006) compared with the negative station 4L metastasis group, and station 4L metastasis was the independent risk 
factor for poor prognosis.
Conclusion  It is of great necessity to perform station 4L LND in left NSCLC, because station 4L metastasis is not rare and 
has an unfavorable prognosis.
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Introduction

Lung cancer continues to be one of the most common malig-
nant tumors and causes most cancer-related deaths world-
wide (Siegel et al. 2018; Bray et al. 2018), although much 
progress has been made in prevention and screening recently 
(Johnson et al. 2014). Non-small cell lung cancer (NSCLC) 
is the most frequent subtype of lung cancer, and surgery 
is still the major treatment method for resectable NSCLC 
(Reck et al. 2013). Lymph-node dissection (LND) is an 
important component in surgical procedure due to its crucial 
role in accurate staging and prognostic implication (Johnson 
et al. 2014; Watanabe and Asamura 2009). However, the 

extent of LND has remained debatable. Systematic medi-
astinal LND is recommended from the oncological point of 
view (Howington et al. 2013), while mediastinal lymph-node 
sampling has been proven to show similar survival outcome 
with complete lymphadenectomy in patients with N0 or N1 
(less than hilar) NSCLC (Darling et al. 2011). Selective 
LND has also been controversial in spite of the concept of 
lobe-specific lymphatic drainage (Adachi et al. 2017; Han 
and Chen 2017; Liang et al. 2018).

In current clinical practice, the extent of LND has partly 
depended on the experience of thoracic surgeons. Because 
of the anatomic limitation caused by aortic arch, left recur-
rent laryngeal nerve, and thoracic duct, station 4L LND 
has been neglected by some surgeons. It is undeniable that 
omitting station 4L LND could reduce the risk of injury 
of the aortic arch, thoracic duct, and left recurrent laryn-
geal nerve (Sayar et al. 2016; Liang et al. 2018). How-
ever, it is seemed to be necessary to perform station 4L 
LND because of the relatively common involvement of 
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this station lymph nodes (Liang et al. 2018). Therefore, 
this study aims to investigate the predictive factors of sta-
tion 4L metastasis and its effect on survival outcomes to 
explore the necessity of station 4L LND in left NSCLC.

Methods

Patients’ selection

We retrospectively reviewed the records of all patients 
who underwent left NSCLC surgery in our department 
from January 2013 to August 2018. Patients undergoing 
pulmonary resection with station 4L LND were regarded 
as the candidates to be enrolled. The following patients 
were excluded: (1) patients with distant metastasis, (2) 
patients who underwent neoadjuvant therapy, and (3) 
patients with the previous or concurrent other malignant 
tumors. Finally, a total of 405 patients were enrolled and 
their clinicopathological characteristics were collected 
from the hospital electronic medical records system. All 
patients included in the study were restaged according to 
the 8th edition of the American Joint Committee on Can-
cer (AJCC) lung cancer staging classification (Rami-Porta 
et al. 2017). The study protocol was approved by the Insti-
tutional Review Board of the First Affiliated Hospital of 
Zhejiang University, School of Medicine.

Lymph‑node assessment

The preoperative evaluation of lymph nodes mainly 
depended on high-resolution computed tomography (CT) 
or contrast-enhanced CT. The lymph node was considered 
to be positive when its shortest axis was longer than 1 cm 
on CT scan. Positron-emission tomography (PET) scan 
was not routinely performed in the early stage NSCLC, 
and endobronchial ultrasound-guided transbronchial nee-
dle aspiration (EBUS-TBNA) was only performed in the 
patients who were highly suspected as N2 disease. Lymph-
node stations were classified according to the International 
Association for the Study of Lung Cancer (IASLC) lymph-
node map (Rusch et al. 2009). Mediastinal and hilar lymph 
nodes were systematically removed, while station 11 and 
station 12 LND were omitted in some early stage patients 
who underwent wedge resection. Station 13 and station 14 
lymph nodes were not routinely labeled, because, some-
times, they were resected with pulmonary specimens. 
Resected lymph nodes were evaluated pathologically by 
at least two experienced pathologists.

Follow‑up

The routine examinations after surgery were requested every 
3 months for the first year and every 6 months after that for 
5 years. After 5 years, the patients were still recommended to 
take annual examinations. The examinations included blood 
tumor markers testing, chest CT scan, abdominal ultrasound, 
and head magnetic resonance imaging (MRI). Bone scan 
was performed on the basis of bone pain. The follow-up 
information was collected by telephone or obtained from 
the hospital outpatient clinic records. The last follow-up 
time was December 2018. Disease-free survival (DFS) was 
defined as the time interval from the date of surgery to the 
first event (recurrence, metastasis, or NSCLC related death) 
or last follow-up. Overall survival (OS) was defined as the 
time interval between the date of surgery and the date of 
death or last follow-up. Both DFS and OS were calculated 
in months.

Statistical analysis

The enrolled patients were divided into the positive station 
4L metastasis group and the negative station 4L metastasis 
group. The measurement data and numeration data of two 
groups were statistically analyzed with t test and Chi-square 
test, respectively. If there were clinicopathological charac-
teristics showing significant differences between two groups, 
multivariate analysis was performed for those characteristics 
by the binary logistic regression to identify the factors pre-
dicting station 4L metastasis. To investigate the prognostic 
effect of station 4L metastasis, survival outcomes were com-
pared between pN2 patients with station 4L metastasis and 
those without station 4L metastasis by the Kaplan–Meier 
method and the log-rank test. Univariate and multivariate 
Cox regression analyses were performed to identify the 
independent survival factors among the different metastatic 
lymph-node stations. All the above analysis was conducted 
by the SPSS software (version 24.0, IBM SPSS Inc. United 
States). Statistical significance was set at P value < 0.05 (all 
P values presented were two-sided).

Results

Clinicopathological characteristics

A total of 48 (11.9%) and 357 (88.1%) patients were assigned 
to the positive station 4L metastasis group and the nega-
tive station 4L metastasis group, respectively. The clinical 
and pathological characteristics of two groups are shown in 
Tables 1 and 2. Statistical differences were observed in terms 
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of CT characteristics (P = 0.004), cN stage (P < 0.001), cell 
differentiation (P < 0.001), tumor size (P = 0.047), visceral 
pleural invasion (P = 0.028), and lymphovascular invasion 
(P < 0.001) between two groups. It was notable that station 
4L metastasis was significantly correlated with all the other 
stations (station 5, P < 0.001; station 6, P < 0.001; station 7, 
P < 0.001; station 8, P = 0.007; station 9, P = 0.011; station 
10, P < 0.001; station 11, P < 0.001; station 12, P < 0.001).

Risk factors of station 4L metastasis

Multivariate logistic analysis was further performed for 
those significantly different characteristics to identify the 

Table 1   Clinical characteristics of patients with or without station 4L 
metastasis

Values are N (percentage) unless otherwise specified
CEA carcinoembryonic antigen, LUL left upper lobe, LLL left lower 
lobe, GGO ground-glass opacity

Variables Station 4L metastasis P value

Positive (N = 48) Negative (N = 357)

Sex 0.739
 Male 35 (72.9%) 252 (70.6%)
 Female 13 (27.1%) 105 (29.4%)

Age, years 0.537
 Median (range) 59.5 (43–75) 62 (32–81)

Smoking history 29 (60.4%) 212 (59.4%) 0.891
Hypertension 11 (22.9%) 88 (24.6%) 0.793
Diabetes 1 (2.1%) 23 (6.4%) 0.381
Tuberculosis 0 (0.0%) 6 (1.7%) 0.217
CEA level, ng/mL 0.835
 Median (range) 4.6 (1.1–84.4) 2.9 (0.5–448.9)

Tumor location 0.246
 LUL 35 (72.9%) 230 (64.4%)
 LLL 13 (27.1%) 127 (35.6%)

CT characteristics 0.004
 GGO 1 (2.1%) 42 (11.8%)
 Partially solid 1 (2.1%) 49 (13.7%)
 Solid 46 (95.8%) 266 (74.5%)

cT stage 0.119
 T1a 1 (2.1%) 25 (7.0%)
 T1b 5 (10.4%) 87 (24.4%)
 T1c 12 (25.0%) 66 (18.5%)
 T2a 10 (20.8%) 78 (21.8%)
 T2b 10 (20.8%) 49 (13.7%)
 T3 5 (10.4%) 35 (9.8%)
 T4 5 (10.4%) 17 (4.8%)

cN stage < 0.001
 N0 13 (27.1%) 261 (73.1%)
 N1 4 (8.3%) 31 (8.7%)
 N2 31 (64.6%) 65 (18.2%)

Table 2   Pathological characteristics of patients with or without sta-
tion 4L metastasis

Values are N (percentage) unless otherwise specified
SCC squamous cell carcinoma
a Tumor size was defined as the maximum diameter of the pathologi-
cal specimens
b Station 11 lymph nodes were removed in 32 and 218 patients in two 
groups, respectively
c Station 12 lymph nodes were removed in 43 and 317 patients in two 
groups, respectively

Variables Station 4L metastasis P value

Positive (N = 48) Negative (N = 357)

Anatomical type 0.936
 Central 21 (43.8%) 154 (43.1%)
 Peripheral 27 (56.3%) 203 (56.9%)

Histology 0.517
 Adenocarcinoma 26 (54.2%) 188 (52.7%)
 SCC 18 (37.5%) 152 (42.6%)
 Others 4 (8.3%) 17 (4.8%)

Cell differentiation < 0.001
 Well 0 (0.0%) 24 (6.7%)
 Moderate 7 (14.6%) 144 (40.3%)
 Poor 40 (83.3%) 170 (47.6%)
 Unknown 1 (2.1%) 19 (5.3%)

pT stage 0.236
 T1a 0 (0.0%) 26 (7.3%)
 T1b 5 (10.4%) 71 (19.9%)
 T1c 9 (18.8%) 55 (15.4%)
 T2a 15 (31.3%) 106 (29.7%)
 T2b 7 (14.6%) 40 (11.2%)
 T3 8 (16.7%) 38 (10.6%)
 T4 4 (8.3%) 21 (5.9%)

Tumor sizea, cm 0.047
 Median (range) 3.5 (1.5–11.0) 3.0 (0.3–13.0)

Visceral pleural 
invasion

18 (37.5%) 82 (23.0%) 0.028

Lymphovascular 
invasion

12 (25.0%) 19 (5.3%) < 0.001

Station 5 metastasis 27 (56.3%) 21 (5.9%) < 0.001
Station 6 metastasis 18 (37.5%) 8 (2.2%) < 0.001
Station 7 metastasis 11 (22.9%) 18 (5.0%) < 0.001
Station 8 metastasis 4 (8.3%) 4 (1.1%) 0.007
Station 9 metastasis 4 (8.3%) 5 (1.4%) 0.011
Station 10 metas-

tasis
20 (41.7%) 28 (7.8%) < 0.001

Station 11 
metastasisb

12/32 (37.5%) 21/218 (9.6%) < 0.001

Station 12 
metastasisc

32/43 (74.4%) 90/317 (28.4%) < 0.001
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risk factors of station 4L metastasis. As shown in Table 3, 
CT characteristics, cell differentiation, tumor size, visceral 
pleural invasion, lymphovascular invasion, station 6 metas-
tasis, station 7 metastasis, station 8 metastasis, station 9 
metastasis, station 11 metastasis, and station 12 metastasis 
were not statistically associated with station 4L metastasis. 
The results revealed that cN2 (P = 0.010, OR 5.062, 95% CI 
1.473–17.392), station 5 metastasis (P = 0.008, OR 7.578, 
95% CI 1.710–33.589), and station 10 metastasis (P = 0.004, 
OR 7.133, 95% CI 1.904–26.717) were independent risk fac-
tors of station 4L metastasis.

Survival outcomes

A total of 92 patients with pN2 disease were included in 
survival analysis, with 48 (52.2%) assigned to the posi-
tive station 4L metastasis group (4LM+ group) and 44 
(47.8%) assigned to the negative station 4L metastasis 
group (4LM− group). Six patients were lost to contact after 
surgery and the follow-up information was collected in 
86 patients. The median follow-up time was 21 months 
(range 1–69 months). The baseline data were comparable 

Table 3   Multivariate analysis of correlation between risk factors and 
station 4L metastasis

OR odds ratio, CI confidence interval, GGO ground-glass opacity

Variables P value OR 95% CI

CT characteristics
 GGO – 1 –
 Partially solid 0.127 0.020 0.000–3.062
 Solid 0.213 0.174 0.011–2.726

cN stage
 N0 – 1 –
 N1 0.903 1.122 0.177–7.109
 N2 0.010 5.062 1.473–17.392

Cell differentiation
 Well 0.999 0.000 –
 Moderate – 1 –
 Poor 0.353 1.938 0.480–7.823
 Unknown 0.530 0.247 0.003–19.312

Tumor size 0.730 0.951 0.716–1.264
Visceral pleural invasion 0.549 1.485 0.407–5.414
Lymphovascular invasion 0.839 1.172 0.254–5.407
Station 5 metastasis 0.008 7.578 1.710–33.589
Station 6 metastasis 0.518 1.766 0.314–9.930
Station 7 metastasis 0.683 1.442 0.249–8.344
Station 8 metastasis 0.466 2.716 0.185–39.857
Station 9 metastasis 0.340 4.296 0.215–86.035
Station 10 metastasis 0.004 7.133 1.904–26.717
Station 11 metastasis 0.321 2.271 0.450–11.455
Station 12 metastasis 0.262 2.211 0.553–8.841

Table 4   Baseline data of pN2 patients with or without station 4L 
metastasis

Values are N (percentage) unless otherwise specified
LUL left upper lobe, LLL left lower lobe, VATS video-assisted thora-
coscopic surgery, SCC squamous cell carcinoma

Variables Station 4L metastasis P value

Positive (N = 48) Negative (N = 44)

Sex 0.618
 Male 35 (72.9%) 14 (31.8%)
 Female 13 (27.1%) 30 (68.2%)

Age, years 0.520
 Median (range) 59.5 (43–75) 59.5 (45–76)

Smoking history 29 (60.4%) 24 (54.5%) 0.569
Tumor location 0.105
 LUL 35 (72.9%) 25 (56.8%)
 LLL 13 (27.1%) 19 (43.2%)

Surgical approach 0.148
 Thoracotomy 39 (81.3%) 30 (68.2%)
 VATS 9 (18.8%) 14 (31.8%)

Surgical procedure 0.542
 Lobectomy 31 (64.6%) 33 (75.0%)
 Sleeve lobectomy 7 (14.6%) 5 (11.4%)
 Pneumonectomy 10 (20.8%) 6 (13.6%)

Anatomical type 0.869
 Central 21 (43.8%) 20 (45.5%)
 Peripheral 27 (56.3%) 24 (54.5%)

Histology 0.763
 Adenocarcinoma 26 (54.2%) 25 (56.8%)
 SCC 18 (37.5%) 17 (38.6%)
 Others 4 (8.3%) 2 (4.5%)

Cell differentiation 0.754
 Moderate 7 (14.6%) 9 (20.5%)
 Poor 40 (83.3%) 34 (77.3%)
 Unknown 1 (2.1%) 1 (2.3%)

Tumor sizea, cm 0.397
 Median (range) 3.5 (1.5–11.0) 3.5 (0.8–10.0)

pT stage 0.588
 T1a 0 (0.0%) 1 (2.3%)
 T1b 5 (10.4%) 5 (11.4%)
 T1c 9 (18.8%) 5 (11.4%)
 T2a 15 (31.3%) 20 (45.5%)
 T2b 7 (14.6%) 4 (9.1%)
 T3 8 (16.7%) 7 (15.9%)
 T4 4 (8.3%) 2 (4.5%)

pTNM stage 0.604
 IIIA 36 (75.0%) 35 (79.5%)
 IIIB 12 (25.0%) 9 (20.5%)

Adjuvant therapy 46 (95.8%) 36 (81.8%) 0.068
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between two groups (Table 4). The median DFS was 17 
months (95% CI 6.458–27.542) and 37 months (95% CI 
16.549–57.451) in the 4LM+ group and the 4LM− group, 
respectively. The median OS was 28 months (95% CI 
16.971–39.029) and 54 months (95% CI 25.602–82.398) 
in the 4LM+ group and the 4LM− group, respectively. The 
log-rank test showed that the 4LM+ group had inferior 
DFS (P = 0.019) and OS (P = 0.006) compared with the 
4LM− group (Fig. 1).

Univariate Cox regression analysis showed that station 
4L metastasis was the significant factor for DFS (P = 0.023; 
Table 5) and OS (P = 0.009; Table 6). Additional multi-
variate Cox regression analysis further proved that station 
4L metastasis was the independent risk factor for DFS 

(P = 0.006, HR = 2.737, 95% CI 1.344–5.577; Table 5) and 
OS (P = 0.004, HR = 4.030, 95% CI 1.568–10.359; Table 6).

Discussion

Lymph-node metastasis which is a major metastatic path-
way of NSCLC leads to poor prognosis (Takenaka et al. 
2013). Accurate lymph-node stage not only contributes to 
make postoperative therapeutic strategies, but also helps 
to predict prognosis, so complete LND is of great impor-
tance (Whitson et al. 2007). However, the extent of LND 
has still been controversial. The IASLC recommended that 
systematic LND should involve at least three mediastinal 

Fig. 1   Kaplan–Meier curves for a disease-free survival (DFS) and b overall survival in the 4LM+ and 4LM− groups. 4LM+ group, positive station 
4L metastasis group; 4LM− group, negative station 4L metastasis group

Table 5   Cox regression analysis 
of lymph-node stations in DFS

DFS disease-free survival, HR hazard ratio, CI confidence interval

Lymph-node station Univariate analysis Multivariate analysis

P value HR 95% CI P value HR 95% CI

Station 4 metastasis 0.023 1.949 1.096–3.465 0.006 2.737 1.344–5.577
Station 5 metastasis 0.193 1.450 0.828–2.539 0.065 2.123 0.955–4.720
Station 6 metastasis 0.740 1.111 0.597–2.066 0.154 0.538 0.230–1.260
Station 7 metastasis 0.760 1.096 0.607–1.979 0.060 2.208 0.968–5.033
Station 8 metastasis 0.435 1.408 0.597–3.323 0.248 1.818 0.659–5.017
Station 9 metastasis 0.623 1.224 0.547–2.743 0.874 1.083 0.405–2.893
Station 10 metastasis 0.495 1.232 0.677–2.241 0.204 1.563 0.785–3.111
Station 11 metastasis 0.467 0.778 0.396–1.531 0.168 0.574 0.261–1.263
Station 12 metastasis 0.875 1.049 0.574–1.917 0.906 1.040 0.538–2.013
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lymph-node stations including the subcarinal station, with-
out requirement for station 4L LND in left lung cancer 
(Rami-Porta et al. 2005). Station 4L lymph nodes were 
also not requested to be removed in the guideline of the 
European Society for Medical Oncology (ESMO) which 
suggested surgical evaluation of a minimum of three 
mediastinal lymph-node stations including the subcarinal 
station (Postmus et al. 2017). Although station 4L LND 
was not required in some guidelines, some studies indi-
cated the clinical significance of station 4L LND in spite 
of its technical challenges and possible complications. 
Liang et al. (2018) reported that station 4L lymph nodes 
were commonly involved as metastases in the left upper 
lobe (12.0%) and left lower lobe (11.2%) by retrospec-
tively analyzing 4511 resected NSCLC cases. Japanese 
researchers indicated that station 4L LND might has a 
beneficial effect on prognosis in left lung cancer (Sakao 
et al. 2006; Kuroda et al. 2015). Wang et al. (2018) sug-
gested that patients undergoing station 4L LND seemed 
to have a significantly higher survival rate than those who 
did not undergo this dissection and found that station 10 
metastasis was an independent risk factor for station 4L 
metastasis.

On the basis of previous studies, it has still been unclear 
about the preoperative predictors and prognostic implica-
tion of station 4L metastasis. In this study, from a total of 
405 patients with station 4L LND, we observed that the 
incidence of station 4L metastasis was not rare (11.9%), 
which was high enough to warrant attention. To identify 
the predictors of station 4L metastasis, we compared the 
clinical and pathological factors between the positive 
station 4L metastasis group and the negative station 4L 
metastasis group, and performed multivariable analysis 
for those statistically different factors. The results revealed 
that station 4L metastasis was not only associated with 
station 10 metastasis, but also correlated with cN2 and 
station 5 metastasis. These findings implied that the status 
of station 4L lymph nodes should be assessed adequately 

in left NSCLC, especially in those with cN2, station 5 
metastasis, and station 10 metastasis.

The location of N2 was reported to have a prognostic 
impact in NSCLC (Clement-Duchene et al. 2018), and our 
study further analyzed the prognosis of station 4L metastasis 
in pN2 patients. We found that the 4LM− group had favorable 
DFS and OS compared with the 4LM+ group. Station 4L 
metastasis was further proven to be an independent predic-
tive factor of poor prognosis by Cox regression analysis. In 
addition, Feng et al. (2014) and Billiet et al. (2016) reported 
that station 4L was one of the most common recurrent sites 
after surgery by analyzing the patterns of locoregional 
relapses in patients with N2 disease. One of the reason-
able explanations might be the complex anatomy of station 
4L which led to incomplete resection of station 4L lymph 
nodes. However, with the rapid development of minimal 
invasive techniques, some complex anatomic regions could 
be exposed easily and identified clearly under the thoraco-
scope. There were several studies in recent years reporting 
the clinical feasibility and safety of station 4L LND (Yoo 
et al. 2011; Kim et al. 2016; Nagashima 2016). According 
to these findings, we believe that it is of great necessity to 
perform station 4L LND in left NSCLC.

Our study has some limitations. First, this is a single-
center retrospective research that inevitably has the selec-
tion bias. Second, the number of patients with pN2 is small, 
which may influence the outcomes between the groups. 
Consequently, the results in this study remain to be further 
confirmed by a multi-center randomized clinical trial.
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