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Purpose
To investigate the prognostic impact of 4L lymph node (LN) dissection in left lung cancer and to
analyze the relative risk factors for 4L LN metastasis.
Patients and Methods
anirty-ninymph
tients underwent 4L LN dissection (4L
D+
group); the other 518 patients did not receive 4L LN
dissection (4LD2 group). Propensity score weighting was applied to reduce the effects of observed
confounding between the two groups. Study end points were disease-free survival (DFS) and overall
survival (OS).

Results
The metastasis rate of station 4L was 20.9%, which was signiﬁcantly higher than those of station 7
(14.0%; P = .048) and station 9 (9.8%; P , .001). Station 4L metastasis was associated with most
other LN station metastases in univariate analysis, but only station 10 LN metastasis was an independent risk factor for 4L LN metastasis (odds ratio, 0.253; 95% CI, 0.109 to 0.588; P = .001) in
multivariate logistic analysis. The 4LD+ group had a signiﬁcantly better survival than the 4LD2 group
(5-year DFS, 54.8% v 42.7%; P = .0376; 5-year OS, 58.9% v 47.2%; P = .0200). After allowing
potential confounders in multivariate survival analysis, dissection of 4L LN retained its independent
favorable effect on DFS (hazard ratio, 1.502; 95% CI, 1.159 to 1.947; P = .002) and OS (hazard ratio,
1.585; 95% CI, 1.222 to 2.057; P = .001). Propensity score weighting further conﬁrmed that the 4LD+
group had a more favorable DFS (P = .0014) and OS (P , .001) than the 4LD2 group.
Conclusion
Station 4L LN involvement is not rare in left lung cancer, and dissection of the 4L LN station seems to
be associated with a more favorable prognosis as compared with those who did not undergo this
dissection.
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Lymph node (LN) metastasis is a major and
common metastatic pathway in lung cancer, with
the metastasis rate of 30% to 40%.1 Mediastinal
LN dissection is a crucial component for accurate
LN staging, having important prognostic and
therapeutic implications for patients with non–
small-cell lung cancer (NSCLC).2,3 The standard
treatment procedure for resectable NSCLC involves lobectomy with systemic mediastinal LN
dissection. However, the degree to which the
mediastinal LNs should be exposed and the extent
of their excision is still under debate.4-6 Current

surgical practice is partly dependent on the experience of the surgeon. Station 4L LN dissection
for left lung cancer is more difﬁcult than that for
right lung cancer because of anatomic limitations
caused by the aortic arch, left recurrent laryngeal
nerve, and thoracic duct. Therefore, superior mediastinal LN metastasis of left lung cancer is rarely
studied.7 The International Association for the
Study of Lung Cancer (IASLC) suggests that systematic nodal dissection involves the minimal excision of at least three mediastinal nodal stations,
including the subcarinal node, without requirement
for 4L LNs in patients with left-sided tumors.8 Thus,
we carried out this research to evaluate the clinical
signiﬁcance of 4L LN dissection.
© 2018 by American Society of Clinical Oncology
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Table 1. Patients’ Baseline Data Before and After Propensity Score Weighting
Entire Cohort
4LD2 Group

Characteristic
Sex
Male
Female
Age, years
, 65
$ 65
Smoking history
Yes
No
Tumor location
Left upper lobe
Left inferior lobe
Tumor area
Central
Peripheral
Tumor size, cm (mean 6 SD)
pT stage
T1
T1a
T1b
T1c
T2
T2a
T2b
T3
T4
Histology
ADC
SQ
SCC
Others
Adenocarcinoma subtype
AIS/MIA
Lepidic predominant
Acinar predominant
Papillary predominant
Micropapillary predominant
Solid predominant
pTNM stage
I
IA1
IA2
IA3
IB
II
IIA
IIB
III
IIIA
IIIB
pN stage
N0
N1
N2

Propensity Score Weighting*
4LD+ Group

P

4LD2 Group

4LD+ Group

284 (68.4)
131 (31.6)

94 (70.1)
40 (29.9)

258 (62.2)
157 (37.8)

83 (61.9)
51 (38.1)

272 (65.5)
143 (34.5)

91 (67.9)
43 (32.1)

232 (55.9)
183 (44.1)

75 (56.0)
59 (44.0)

123 (29.6)
292 (70.4)
4.30 6 2.3

39 (29.1)
95 (70.9)
4.26 6 2.2

.870
354 (68.3)
164 (31.7)

96 (69.1)
43 (30.9)

327 (63.1)
191 (36.9)

85 (61.2)
54 (38.8)

343 (66.2)
175 (33.8)

94 (67.6)
45 (32.4)

288 (55.6)
230 (44.4)

87 (62.6)
52 (37.4)

.709

.669

.962

.865

.615

.139

.989

.845
158 (30.5)
360 (69.5)
4.15 6 2.2

45 (32.4)
94 (67.6)
4.62 6 2.3

210
12
67
131
206
126
80
64
38

(40.5)
(2.3)
(12.9)
(25.3)
(39.8)
(24.3)
(15.5)
(12.4)
(7.3)

44
2
15
27
56
30
26
22
17

(31.7)
(1.5)
(10.8)
(19.4)
(40.3)
(21.6)
(18.7)
(15.8)
(12.2)

204
228
16
70

(39.4)
(44.0)
(3.1)
(13.5)

49
68
3
19

(35.2)
(48.9)
(2.2)
(13.7)

12
43
80
28
12
29

(2.3)
(8.3)
(15.5)
(5.4)
(2.3)
(5.6)

3
9
19
4
5
9

(2.1)
(6.5)
(13.6)
(2.9)
(3.6)
(6.5)

194
11
48
68
67
137
46
91
187
151
36

(37.5)
(2.1)
(9.3)
(13.2)
(12.9)
(26.4)
(8.9)
(17.5)
(36.1)
(29.2)
(6.9)

37
2
13
10
12
29
14
15
73
57
16

(26.6)
(1.4)
(9.4)
(7.2)
(8.6)
(20.9)
(10.1)
(10.8)
(52.5)
(41.0)
(11.5)

.028
.094

.906

153
8
49
96
169
103
66
59
34

(36.9)
(1.9)
(11.8)
(23.2)
(40.7)
(24.8)
(15.9)
(14.2)
(8.2)

53
3
20
30
52
28
24
17
13

(39.3)
(2.2)
(14.9)
(22.2)
(38.5)
(20.7)
(17.8)
(12.6)
(9.6)

165
178
14
58

(39.8)
(42.9)
(3.4)
(14.0)

52
61
4
17

(38.8)
(45.5)
(3.0)
(12.7)

12
36
63
19
10
25

(2.9)
(8.7)
(15.2)
(4.6)
(2.4)
(6.0)

3
9
20
4
5
11

(2.2)
(6.7)
(14.9)
(3.0)
(3.8)
(8.2)

142
8
36
44
54
112
42
70
161
128
33

(34.2)
(1.9)
(8.7)
(10.6)
(13.0)
(27.0)
(10.1)
(16.9)
(38.8)
(30.8)
(7.9)

51
3
18
14
16
27
13
14
56
44
12

(38.1)
(2.2)
(13.5)
(10.5)
(11.9)
(20.1)
(9.7)
(10.4)
(41.8)
(32.8)
(9.0)

.705

.670

.002

.283

.034
67 (48.2)
14 (10.1)
58 (41.7)

.846
.869

.950

.751

291 (56.2)
72 (13.9)
155 (29.9)

P

.788
228 (54.9)
52 (12.5)
135 (32.5)

77 (57.0)
14 (10.4)
44 (32.6)

NOTE. Data presented as No. (%) unless otherwise noted.
Abbreviations: 4LD+ group, patients who underwent 4L lymph node dissection; 4LD2 group, patients who did not receive 4L lymph node dissection; AIS, adenocarcinoma in situ; ADC, adenocarcinoma; MIA, minimally invasive adenocarcinoma; SCC, small cell carcinoma; SQ, squamous cell carcinoma.
*Number of valid cases is different from the total count in the cross-tabulation table because the cell counts have been rounded. Patients with a missing value were
excluded from inverse probability of treatment weighting analysis.

a different weight, from 0.58 to 2.21. If the weighting coefﬁcient is 1.5, it
will be considered as 1.5 people. The IPTW uses the weight to construct
a virtual standard population, which often results in the number of valid
cases being different from the total count in the cross-tabulation table
because the cell counts have been rounded (Table 1). However, there will
jco.org

not be much difference before and after weighting, and the overall proportion is still 100% of the patients in the propensity score weighting
(PSW) analysis. In addition, the patients (108) who were lost to follow-up
with a missing value were excluded from IPTW analysis. Propensity scores
for all patients were calculated by using a multiple logistic regression14 with
© 2018 by American Society of Clinical Oncology

Downloaded from ascopubs.org by Tianjin Medical University on August 28, 2018 from 218.069.008.126
Copyright © 2018 American Society of Clinical Oncology. All rights reserved.

3

the following covariates: age, sex, pathological T (pT) stage, smoking
history, pathological N (pN) stage, histology, tumor location, tumor area,
and pathological tumor-node-metastasis (pTNM) stage.

Statistical Analysis
All statistical analyses were performed using the SAS 9.4 software
(SAS Institute, Cary, NC). x2 test was used for categorical variables, and
t test was used for continuous variables. Multivariate analysis was performed using a logistic regression model to evaluate the relation between
station 4L metastasis and risk factors. Survival was estimated by the
Kaplan-Meier method and compared using the log-rank test. Multivariate
Cox proportional hazards regression analysis was used to calculate the
hazard ratio (HR) and 95% CI. In all analyses, two-tailed P , .05 was
considered statistically signiﬁcant.

RESULT

Baseline Data Before and After Weighting
Table 1 shows the baseline data of all of the patients (n = 657)
and of the PSW patients. A total of 139 (21.2%) and 518 (78.8%)
patients were assigned to the 4LD+ group and 4LD2 group, respectively. Before weighting, difference were observed in terms of
pTNM stage (P = .002), pN stage (P = .034), and tumor size (P =
.028); after weighting, the results were similar between the two
groups (P . .05; Table 1).
Distribution of LN Involvement
Figure 2 summarizes the frequency of node involvement per
station in left lung cancer. Of the 139 patients with 4L LN dissection, 29 (20.9%) had 4L involvement. The metastasis rate of
station 4L (20.9%) was signiﬁcantly higher than those of station 7
(14.0%; P = .048) and station 9 LNs (9.8%; P , .001), but no

signiﬁcant difference was observed among other node stations
(P . .05; Fig 2).

Risk Factor Analysis for 4L Lymphatic Metastasis
As shown in Table 2, the 4L LN metastasis was signiﬁcantly
correlated with all other stations (station 5, P , .001; station 6,
P , .001; station 7, P = .005; station 9, P = .019; station 10, P ,
.001; station 11, P = .006), except station 8 (P = 0.660); sex, age,
smoking history, pT stage, tumor size, adenocarcinoma subtype,
tumor location, and tumor area were shown to have no signiﬁcant
correlation with station 4L metastasis. Those statistically signiﬁcant
factors were further analyzed by multivariate logistic analysis, and
the result revealed that station 10 metastasis was independently
associated with 4L LN metastasis (OR, 0.253; 95% CI, 0.109 to
0.588; P = .001).
Patient Survival Before and After Weighting
At completion of the study, 335 patients died and 179 patients
had recurrence or metastasis at follow-up. Seventy patients died and
34 patients had recurrence or metastasis in the 4LD+ group. Two
hundred sixty-ﬁve patients died and 145 patients had recurrence or
metastasis in the 4LD2 group. The 5-year DFS rates were 54.8% in
the 4LD+ group and 42.7% in the 4LD2 group (median, 71.6 v
39.4 months). The 5-year OS rates in the two groups were 58.9% and
47.2%, respectively (median, 86.0 v 50.1 months). The log-rank test
showed that the 4LD+ group had a signiﬁcantly superior survival
compared with the 4LD2 group (DFS, P = .0376; OS, P = .0200; Figs
3A and 3C). After PSW, the DFS and OS were signiﬁcantly higher in
the 4LD+ group compared with the 4LD2 group (P = .0014 and P ,
.001, respectively; Figs 3B and 3D).
Analysis of Survival Factors
Several variables, such as status of 4L LN dissection, tumor
location, pT stage, histology, and pN stage, were all signiﬁcant
factors for DFS by univariate analysis (P = .038, P = .038, P , .001,
P , .001, and P , .001, respectively), and status of 4L LN dissection, tumor area, pT stage, histology, and pN stage were all
signiﬁcant factors for OS (P = .020, P = .030, P = .002, P , .001,
and P , .001, respectively) by univariate analysis (Table 3).
Additional multivariate analysis showed that status of 4L LN
dissection was an independent factor for DFS (HR, 1.502; 95% CI,
1.159 to 1.947; P = .002) and OS (HR, 1.585; 95% CI, 1.222 to
2.057; P = .001), together with pT stage, histology, and pN stage
(Table 3).

DISCUSSION

The presence of tumor cell metastases is one of the most important
adverse factors for prognosis in lung cancer. Considering the key
role of LNs in lung cancer metastasis, thorough removal of LNs is
of great importance.

Table 2. Univariate and Multivariate Analysis of Correlation Between Clinicopathological Factors and Station 4L Metastasis
Univariate Analysis
Station 4L Metastasis
No. (%)
Variable
No.
Sex
Male

Multivariate Analysis

No.

Positive

Negative

139

29

110

P

OR

95% CI

P

.069
96

16 (16.7)

80 (83.3)

removal of at least stations 4L, 5, and 6 LNs for left-sided tumors.16
The current studies usually focus on multiple stations of LNs and
summarize station 4L as the superior mediastinal LNs.17,18 To date,
there is no study involving the comparison of short- and longoutcomes of 4L nodal dissection. One explanation may be the
complex anatomy of station 4L: adjacent to the aortic arch, left
recurrent laryngeal nerve, and thoracic duct. These anatomic
limitations make 4L dissection more difﬁcult and increase the risk
of surgery.19 Therefore, some thoracic surgeons do not remove 4L
LNs during the operation of left-sided tumors, which leads to the
lack of a large sample of clinical data about the dissection of station
4L and its impact on prognosis. We therefore retrospectively
reviewed the clinical signiﬁcance of removing 4L LNs.
In our study, from a total of 657 patients with left lung cancer,
we observed that the frequent metastatic sites of mediastinal LNs

involved station 4L and 5. This ﬁnding was in line with some
previous studies.20,21 Univariate analysis revealed that 4L LN metastasis was signiﬁcantly correlated with most other stations, but only
station 10 metastasis was an independent risk factor for 4L LN
metastasis by multivariate analysis. This may be explained by the fact
that there is a transition zone between station 4L and station 10 at the
tracheobronchial angle. Shimada et al22 reported that left upper lobe
tumors had more of a predilection for involvement of superior
mediastinal LNs than lower lobe tumors in patients with NSCLC. In
our study, we found that the metastasis of station 4L was more likely
to occur in the left upper lobe, but there was no statistical signiﬁcance. This may be due to the small sample size. Therefore, large
prospective studies are still needed for additional research.
The results of our study revealed that the 5-year DFS and OS
were signiﬁcantly higher in the 4LD+ group than in the 4LD2

group. Under multivariate analysis, 4L LN dissection proved to be
one of the independent predictors of favorable DFS and OS. The
reason may be that 4L LN dissection helps to remove localized LN
metastasis and undetected micrometastases and reduce the incidence of local recurrence, which could result in better local
tumor control.16,23,24 Japanese scholars Sakao et al 25 and Kuroda

et al 26 also found that dissection of 4L LNs was important for the
prognosis of patients with left lung cancer. To eliminate selection
bias, our study pioneers the use of the PSW method to compare the
prognostic impact of pulmonary resection for left lung cancer
between the 4LD+ group and the 4LD2 group. After weighting, the
4LD+ group still had a signiﬁcantly higher survival rate than the

4LD2 group. In addition, Watanabe et al27 pointed out that the
5-year survival rate of patients with left lung cancer with N2 disease
was worse than that of patients with right-sided lesions, which may
be due to insufﬁcient LN dissection caused by anatomic restrictions. On the basis of these ﬁndings, we believe 4L LN dissection may be important. Additional prospective evaluation of the
role of dissection is warranted to conﬁrm these ﬁndings.
With the development of the technique of video-assisted
thoracic surgery, surgical ﬁeld visualization is also constantly
improving. Some anatomic regions, such as the left paratracheal
LNs (4L), which are difﬁcult to expose by routine surgery, now can
be clearly identiﬁed and resected by a thoracoscopic approach
because of the magniﬁcation of the surgical ﬁeld. Previous studies
have demonstrated that it was feasible to dissect 4L LNs avoiding
left recurrent laryngeal nerve injury.28-31 In addition, it was reported that removal of LNs in station 4L could be achieved in 100%
of patients by video-assisted mediastinal lymphadenectomy.32
Today, many types of devices are available to make the complete
and extensive dissection of LNs easier.
Our study has several limitations. First, our research is
a single-center retrospective study, although PSW was used to
balance the variables that may inﬂuence the outcomes between the
groups. Second, the number of patients with 4L LN dissection is
small, which may raise the possibility of selection bias. Third, the
number of patients lost to follow-up is large. Although there was
no statistically signiﬁcant difference between the patients who lost
contact after surgery (108) and the patients who had complete

follow-up information (549) on the basis of the relevant covariances, there are still differences in loss to follow-up between the
4LD+ and 4LD2 groups. The patients lost to follow-up in the 4LD2
group were more likely to have a smoking history and more
comorbidities and were older than those in the 4LD+ group.
Consequently, long-term effects remain to be fully conﬁrmed and
should be studied further with a larger sample size and a multicenter randomized clinical trial.
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