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Abstract
Background: To investigate the impact of station 3A lymph node dissection (LND)
on overall survival (OS) and disease-free survival (DFS) in completely resected right-
side non-small-cell lung cancer (NSCLC) patients.
Methods: A total of 1661 cases with completely resected right-side NSCLC were
included. Propensity score matching (PSM) was performed to minimize selection bias,
and a logistic regression model was conducted to investigate the risk factors associated
with station 3A lymph node metastasis (LNM). The Kaplan–Meier method and Cox
proportional hazards model were used to evaluate the impact of station 3A LND on
survival.
Results: For the entire cohort, 503 patients (30.3%) underwent station 3A LND. Of
those, 11.3% (57/503) presented station 3A LNM. Univariate and multivariate logistic
analyses showed that station 10 LNM, tumor location, and the number of resected
lymph nodes were independent risk factors associated with station 3A LNM. Before
PSM, patients with station 3A LND had worse 5-year OS (p = 0.002) and DFS
(p = 0.011), and more drainage on postoperative day 1 (p = 0.041) than those with-
out. After PSM, however, station 3A LND was not associated with the 5-year OS
(65.7% vs. 63.6%, p = 0.432) or DFS (57.4% vs. 56.0%, p = 0.437). The multivariate
analysis further confirmed that station 3A LND was not a prognostic factor (OS,
p = 0.361; DFS, p = 0.447).
Conclusions: Station 3A LND could not improve long-term outcomes and it was
unnecessary to dissect station 3A lymph nodes during surgery of right-side NSCLC.
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INTRODUCTION

Anatomical lobectomy combined with mediastinal lymph
node dissection (MLND) has been confirmed as the standard
surgical treatment for early-stage non-small-cell lung cancer

(NSCLC).1–5 It has been widely accepted that MLND could
improve staging accuracy and long-term survival.6–8 How-
ever, the optimal extent of MLND has not yet been well
determined.9–13 According to clinical guidelines, at least three
mediastinal lymph node stations (including station 7) should
be examined, but which station except for station 7 should be
routinely resected has not been well elucidated.3–5

In our previous studies, we demonstrated that the metas-
tasis of station 3A in operatable right-side NSCLC was not
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rare (11.7%),14 even in tumors ≤3 cm (9.6%),15 which indi-
cated that station 3A LND might be helpful to improve
long-term outcomes in these patients. Unfortunately, strong
evidence on this issue is lacking, and station 3A LND is
often neglected by thoracic surgeons in real-world
practice.14–16 It is therefore very important to investigate if
station 3A LND is essential for surgical resection of right-
side NSCLCs.

In this study, we used a large cohort of patients with
right-side NSCLC to investigate the impact of station 3A
LND on accurate staging and long-term survival. The large
number, long-term follow-up, and propensity score
matching (PSM) between groups improve the reliability of
this study.

METHODS

Patient selection

We used a database that included 5346 patients with opera-
ble NSCLC who underwent consecutive pulmonary resec-
tions at Sun Yat-sen University Cancer Center from January
2001 to December 2014, as previously described.14,15,17 The
authenticity of this article has been validated by uploading
the key raw data on the Research Data Deposit (RDD) public
platform (www.researchdata.org.cn), with approval of RDD
number RDDA2021002024 authorized by the Institutional
Review Board of Sun Yat-sen University Cancer Center. The
inclusion criteria were as follows: (i) patients presented with
primary right-side NSCLC; (ii) complete resection was per-
formed based on the International Association for the Study
of Lung Cancer (IASLC) criteria18; and (iii) the tumor path-
ological stage was T1-4N0-2M0. Patients with the following
characteristics were excluded: (i) other concurrent or previ-
ous primary cancers; (ii) preoperative neoadjuvant therapy;
(iii) sublobar resection (including segmentectomy and wedge
resection); and (iv) operative mortality. Operative mortality
was defined as death within 30 days of operation or at any
time after the operation if the patient did not leave the hos-
pital alive.19 Finally, 1661 patients were included in this
study. These patients were further divided into two groups:
patients with station 3A LND (station 3A LND+ group) and
patients without station 3A LND (station 3A LND� group).
The 8th edition of the lung cancer stage classification system
of the American Joint Committee on Cancer was used to res-
tage all of these patients.20

Preoperative evaluations for staging have been
described elsewhere.15,17 All patients underwent preoper-
ative evaluation that included a chest computed tomogra-
phy (CT), brain CT, or magnetic resonance imaging,
abdominal ultrasonography or CT scan, and bone
scan. Positron emission tomography (PET) was not
routinely performed since it is not covered by medical
insurance in mainland China. For those patients who
underwent CT scans or PET scans of mediastinal lymph
nodes that yielded a positive result, an endobronchial

ultrasound biopsy or mediastinoscopic examination was
recommended.15,17

Assessment of MLNM

Mediastinal lymph nodes were grouped into different “sta-
tions” and “zones” (upper zone [stations 2R, 3A, and 4R],
subcarinal [SC] zone [station 7], and lower zone [stations
8 and 9]) based on the IASLC lymph node map.21 The
MLNM rate of a certain station/zone was defined as the
number of patients whose lymph nodes in this station/zone
were involved divided by the number of patients whose
lymph nodes in this station/zone were resected for examina-
tion, as we described previously.14,15,17 The MLNM rates of
each station/zone were calculated and compared between
different lobes. Furthermore, the clinical characteristics asso-
ciated with MLNM were identified to determine which type
of patients were more likely to have N2 disease.

Follow-up

In general, follow-up examinations were recommended every
3 months for the first 2 years, every 6 months for the next
3–5 years, and once a year thereafter. At each follow-up visit, a
physical examination, serum tumor marker test, spiral
contrast-enhanced chest CT scan, and abdominal sonography
were carried out. If the patient had specific symptoms, the
examination was performed as soon as possible for a more
careful assessment.15,17 Abdomen CT scans, bone scans, and
brain magnetic resonance imaging scans were carried out when
clinically indicated. Follow-up information was last updated in
April 2019 or on the date of death. Patients without an event
were censored at the time last known to be alive. The median
time from the date of surgery to the last contact with the
patients was 55 months (range 1–210 months). During the
follow-up period, 42.6% (708/1661) of included patients
occurred death/recurrence and 5.3% (88/1661) of included
patients were lost to follow-up.

PSM analysis

PSM analysis was used to minimize selection bias.22 A logis-
tic regression model that included sex, age, tumor location,
anatomical type, smoking history, comorbidity, surgical
resection, surgical approach, histology, cell differentiation,
adjuvant therapy, complications, pT category, pN category,
and resected lymph node number was used to calculate the
propensity score of each case. Patients from the two groups
(station 3A LND+ group vs. station 3A LND� group) were
matched in a 1:1 ratio according to propensity scores using
a nearest-neighbor approach with caliper restrictions. R ver-
sion 4.0.2 software (Bell Laboratories, https://cran.r-project.
org/bin/windows/base/R-4.0.2-win.exe) was used to perform
the PSM analysis.
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T A B L E 1 General clinicopathological characteristics of patients with and without station 3A LND before and after propensity score matching

Characteristics

Entire cohort (N = 1661)

p

Propensity score matching (N = 988)

p
Without 3A
LND (N = 1158)

With 3A
LND (N = 503)

Without 3A
LND (N = 494)

With 3A
LND (N = 494)

Sex 0.254 0.790

Male 786 (67.9) 327 (65.0) 318 (64.4) 322 (65.2)

Female 372 (32.1) 176 (35.0) 176 (35.6) 172 (34.8)

Age (years) 0.003 0.564

≤60 588 (50.8) 216 (42.9) 233 (45.1) 214 (43.3)

>60 570 (49.2) 287 (57.1) 271 (54.9) 280 (56.7)

Mean � SD 58.9 � 9.8 60.1 � 8.9 0.025a 59.5 � 9.8 60.0 � 8.9 0.844a

Median (min., max.) 59.0 (25, 81) 61.0 (24, 81) 61.0 (25, 79) 60.5 (24, 81)

Pathological stage 0.003 0.719

I 542 (46.8) 208 (41.4) 198 (40.1) 206 (41.7)

II 259 (22.4) 97 (19.3) 107 (21.7) 97 (19.6)

III 357 (30.8) 198 (39.4) 189 (38.3) 191 (38.7)

Pathological T category 0.238 0.726

T1 370 (32.0) 152 (30.2) 155 (31.4) 151 (30.6)

T2 541 (46.7) 228 (45.3) 224 (45.3) 225 (45.5)

T3 175 (15.1) 78 (15.5) 80 (16.2) 74 (15.0)

T4 72 (6.2) 45 (8.9) 35 (7.1) 44 (8.9)

Pathological N category 0.004 0.671

N0 743 (64.2) 287 (57.1) 277 (56.1) 285 (57.7)

N1 139 (12.0) 57 (11.3) 64 (13.0) 55 (11.1)

N2 276 (23.8) 159 (31.6) 153 (31.0) 154 (31.2)

Tumor location 0.021 0.455

RUL 619 (53.5) 259 (51.5) 270 (54.7) 256 (51.8)

RML 126 (10.9) 79 (15.7) 64 (13.0) 77 (15.6)

RLL 413 (35.7) 165 (32.8) 160 (32.4) 161 (32.6)

Anatomical type 0.024 0.927

Central 127 (11.0) 75 (14.9) 69 (14.0) 70 (14.2)

Peripheral 1031 (89.0) 428 (85.1) 425 (86.0) 424 (85.8)

Smoking history 0.528 0.848

Never 549 (47.4) 230 (45.7) 223 (45.1) 226 (45.7)

Current/former 609 (52.6) 273 (54.3) 271 (54.9) 268 (54.3)

Comorbidity 0.981 0.949

No 574 (49.6) 249 (49.5) 243 (49.2) 244 (49.4)

Yes 584 (50.4) 254 (50.5) 251 (50.8) 250 (50.6)

Surgical approach 0.590 0.458

Thoracotomy 851 (73.5) 376 (74.8) 379 (76.7) 369 (74.7)

Thoracoscopic 307 (26.5) 127 (25.2) 115 (23.3) 125 (25.3)

Surgical resection 0.055 0.921

Lobectomy 991 (85.6) 408 (81.1) 398 (80.6) 403 (81.6)

Bilobectomy 136 (11.7) 74 (14.7) 77 (15.6) 73 (14.8)

Pneumonectomy 31 (2.7) 21 (4.2) 19 (3.8) 18 (3.6)

Histology 0.023 0.561

Adenocarcinoma 770 (66.5) 321 (63.8) 303 (61.3) 317 (64.2)

Squamous cell carcinoma 317 (27.4) 132 (26.2) 143 (28.9) 128 (25.9)

Others 71 (6.1) 50 (9.9) 48 (9.7) 49 (9.9)

(Continues)
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Statistical analysis

Continuous variables were compared between groups by the
Mann–Whitney U-test. The Pearson χ2 test was used to
determine significant differences between groups for cate-
gorical variables. Univariate and multivariate logistic regres-
sion models were used to reveal the clinical factors
associated with station 3A LNM. The variates whose p < 0.15
in the univariate logistic regression model were further
included in the multivariate logistic regression model. Over-
all survival (OS) is the time between the date of surgery and
the date of death. Disease-free survival (DFS) is the time
from surgery until recurrence or death from any cause. The
Kaplan–Meier method was used to assess OS and DFS. The
log-rank test was used to compare the differences in OS and
DFS between groups. The Cox proportional hazards regres-
sion model was used to determine independent prognostic
factors impacting OS and DFS. IBM SPSS Statistics (version

25.0, IBM Corp.) was used to conduct all statistical analyses.
Two-sided p < 0.05 was considered statistically significant.

RESULTS

Patient characteristics

A total of 1661 patients were included in this study, and
494 pairs were successfully matched. The clinicopathological
characteristics for both the entire cohort and matched
cohorts are summarized in Table 1. For the entire cohort,
30.3% (503/1661) of patients underwent 3A LND. Patients
with 3A LND were more likely to be older (p = 0.003), have
pathological N2 disease (p = 0.004), have tumors in the
middle lobes (p = 0.021), present other pathological types
than adenocarcinoma or squamous cell carcinoma
(p = 0.023), present central-type NSCLC (p = 0.024), have

T A B L E 1 (Continued)

Characteristics

Entire cohort (N = 1661)

p

Propensity score matching (N = 988)

p
Without 3A
LND (N = 1158)

With 3A
LND (N = 503)

Without 3A
LND (N = 494)

With 3A
LND (N = 494)

Cell differentiation 0.495 0.949

Well 76 (6.6) 34 (6.8) 32 (6.5) 34 (6.9)

Moderate 477 (41.2) 187 (37.2) 191 (38.7) 184 (37.2)

Poor 539 (46.5) 251 (49.9) 238 (48.2) 245 (49.6)

NA 66 (5.7) 31 (6.2) 33 (6.7) 31 (6.3)

Tumor size (cm) 0.164a 0.869a

Mean � SD 3.6 � 2.0 3.8 � 2.1 3.7 � 2.0 3.8 � 2.1

Median (min., max.) 3.0 (0.5, 14.0) 3.0 (0.3, 13.0) 3.0 (0.5, 14.0) 3.0 (0.3, 13.0)

Adjuvant therapy 0.220 0.949

No 657 (56.7) 269 (53.5) 263 (53.2) 262 (53.0)

Yes 501 (43.3) 234 (46.5) 231 (46.8) 232 (47.0)

Complication 0.920 0.533

No 1079 (93.2) 468 (93.0) 457 (92.5) 462 (93.5)

Yes 79 (6.8) 35 (7.0) 37 (7.5) 32 (6.5)

No. of resected TLNs <0.001a 0.688a

Mean � SD 22.3 � 10.0 25.0 � 11.2 24.8 � 10.8 24.7 � 10.9

Median (min, max) 21.0 (4, 84) 23.0 (5, 78) 23.0 (4, 77) 23.0 (5, 78)

No. of resected MLNs <0.001a 0.478a

Mean � SD 15.0 � 7.7 17.7 � 8.5 17.3 � 8.7 17.4 � 8.0

Median (min, max) 14.0 (3, 60) 17.0 (3, 67) 16.0 (3, 55) 16.0 (3, 52)

Drainage of POD1 (ml) 0.041 0.145

Mean � SD 481.3 � 238.4 516.1 � 281.5 484.3 � 231.9 515.9 � 282.7

Median (min, max) 460.0 (0, 2410) 500.0 (0, 2710) 460.0 (0, 1450) 500.0 (0, 2710)

Hospital stays (days) 0.851 0.239

Mean � SD 10.2 � 6.2 12.5 � 29.3 10.7 � 6.8 10.0 � 5.3

Median (min, max) 9.0 (2, 89) 9.0 (1, 379) 9.0 (2, 79) 9.0 (3, 65)

Abbreviations: LND, lymph node dissection; SD, standard deviations; RUL, right upper lobe; RML, right middle lobe; RLL, right lower lobe; NA, not available, TLNs, total lymph
nodes; MLNs, mediastinal lymph nodes; POD1, postoperative day 1.
aMann–Whitney U test.
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more drainage on postoperative day 1 (p = 0.041), and have
more lymph nodes harvested (p < 0.001) (Table 1). Other
clinicopathological characteristics were well balanced
between groups. After PSM, all of the clinicopathological
characteristics were comparable between the 3A LND+

group and the 3A LND� group (Table 1).

Assessment of mediastinal lymph node
metastases

As predicted, station 4R (17.1%, 233/1365; Table 2) lymph
nodes were most likely to metastasize throughout the entire
cohort, but the metastasis rate of station 3A lymph nodes
was also as high as 11.3% (57/503) for the entire cohort. The
most common sites of MLNM for tumors in the right upper

lobe (RUL), right middle lobe (RML), and right lower lobe
(RLL) were station 4R (21.6%, 160/742), station 7 (22.0%,
45/205), and station 7 (23.2%, 134/578) lymph nodes,
respectively (Table 2). RUL and RML tumors were more
likely to have upper zone (station 2R/3A/4R) MLNM than
RLL tumors (p < 0.001; Table 2). RLL tumors were more
likely to have lower zone (station 8/9) MLNM than tumors
in other lobes (p < 0.001; Table 2). It is not surprising that
RML and RLL tumors had a significantly higher rate of sta-
tion 7 MlNM than RUL tumors (p < 0.001; Table 2).

Furthermore, we calculated the single-station MLNM
rate for each station in all patients with N2 disease. As
Supporting Information Table S1, online only) shows, the
incidence of single station 3A LNM was only 3.0% (13/436),
which was much lower than that of station 2R (9.9%,
43/436), station 4R (20.2%, 88/436), and station 7 (22.2%,

T A B L E 2 Occurrence and distribution of MLNM by lymph node stations and zones for the entire cohort stratified by tumor location (N = 1661)

Stations/zones

Lymph node metastatic rate % (involved/resected)

pTotal RUL RML RLL

Station 2R 11.6 (176/1516) 13.2 (108/817) 13.0 (24/184) 8.5 (44/515) 0.028

Station 3A 11.3 (57/503) 12.7 (33/259) 17.7 (14/79) 6.1 (10/165) 0.016

Station 4R 17.1 (233/1365) 21.6 (160/742) 14.6 (25/171) 10.6 (48/452) <0.001

Station 7 (SC zone) 12.5 (208/1661) 3.3 (29/878) 22.0 (45/205) 23.2 (134/578) <0.001

Station 8 3.7 (7/189) 1.2 (1/86) 0 (0/20) 7.2 (6/83) 0.045a

Station 9 4.5 (35/780) 0.8 (3/377) 2.8 (2/72) 9.1 (30/331) <0.001

Upper zone 19.1 (316/1651) 23.8 (208/873) 20.5 (42/205) 11.5 (66/573) <0.001

Lower zone 4.6 (40/877) 1.0 (4/420) 2.3 (2/88) 9.2 (34/369) <0.001

Abbreviations: MLNM, mediastinal lymph node metastasis; RUL, right upper lobe; RML, right middle lobe; RLL, right lower lobe.
aFisher’s exact test.

F I G U R E 1 Survival curves for patients with and without station 3A lymph node dissection (LND) before propensity score matching: (a) overall survival
(OS) and (b) disease-free survival (DFS)
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T A B L E 3 Multivariate Cox regression analyses for prognostic factors before propensity score matching (N = 1661)

Characteristics

OS DFS

HR (95% CI) p HR (95% CI) p

Sex

Male Ref Ref

Female 0.859 (0.664–1.111) 0.247 0.924 (0.737–1.160) 0.497

Age (years)

≤60 Ref Ref

>60 1.369 (1.153–1.625) <0.001 1.190 (1.019–1.389) 0.028

Tumor location

RUL Ref Ref

RML 1.231 (0.939–1.613) 0.133 1.106 (0.865–1.415) 0.422

RLL 1.222 (1.011–1.477) 0.038 1.187 (1.002–1.405) 0.048

Anatomical type

Central Ref Ref

Peripheral 0.785 (0.611–1.010) 0.059 0.852 (0.673–1.079) 0.184

Smoking history

Never Ref Ref

Current/Former 1.314 (1.040–1.659) 0.022 1.336 (1.083–1.648) 0.007

Comorbidity

No Ref Ref

Yes 0.892 (0.754–1.054) 0.180 1.012 (0.870–1.178) 0.877

Surgical resection

Lobectomy Ref Ref

Bilobectomy 0.983 (0.760–1.272) 0.898 1.056 (0.836–1.335) 0.646

Pneumonectomy 0.869 (0.559–1.351) 0.532 0.888 (0.582–1.355) 0.581

Histology

Adenocarcinoma Ref Ref

Squamous cell carcinoma 0.792 (0.643–0.976) 0.028 0.678 (0.558–0.824) <0.001

Others 0.840 (0.601–1.174) 0.308 0.843 (0.622–1.142) 0.270

Cell differentiation

Well Ref Ref

Moderate 1.328 (0.851–2.072) 0.212 1.415 (0.954–2.097) 0.084

Poor 1.817 (1.170–2.820) 0.008 1.608 (1.086–2.381) 0.018

NA 1.384 (0.780–2.457) 0.267 1.349 (0.815–2.231) 0.244

Adjuvant therapy

No Ref Ref

Yes 0.814 (0.677–0.978) 0.028 0.978 (0.830–1.153) 0.793

Pathological T category

T1 Ref Ref

T2 1.419 (1.143–1.761) 0.001 1.351 (1.117–1.634) 0.002

T3 2.072 (1.593–2.694) <0.001 2.012 (1.586–2.552) <0.001

T4 2.078 (1.489–2.899) <0.001 1.904 (1.404–2.583) <0.001

Pathological N category

N0 Ref Ref

N1 1.477 (1.120–1.947) 0.006 1.559 (1.224–1.987) <0.001

N2 2.755 (2.259–3.360) <0.001 2.400 (2.005–2.872) <0.001

Postoperative complications

No Ref Ref

Yes 1.221 (0.908–1.643) 0.187 1.208 (0.918–1.590) 0.177

(Continues)
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97/436) LNM. Moreover, in 57 patients with station 3A
LNM, 44 patients (77.2%) showed multistation MLNM and
only 13 patients (22.8%) did not show MLNM in other
stations.

Risk factors for station 3A LNM

To identify the risk factors influencing station 3A LNM, we
performed univariate and multivariate logistic regression
models. As showed in Supporting Information Table S2
(online only), a univariate logistic model found that tumor
location, surgical approach, station 2R/4R/7/8/9/10 LNM,
the number of examined N2 stations, and the number of
examined N2 lymph nodes were associated with station 3A
LNM. The multivariate logistic model further confirmed
that tumor location (RML: odds ratio [OR] = 6.442, 95%
confidence interval [CI], 1.315–31.569, p = 0.022), station
4R LNM (OR = 33.544, 95% CI, 6.728–167.233, p < 0.001),

station 7 LNM (OR = 8.783, 95% CI, 1.933–39.907,
p = 0.005), and the number of examined N2 lymph nodes
(OR = 0.895, 95% CI, 0.817–0.982, p = 0.019) were all inde-
pendent risk factors associated with station 3A LNM
(Supporting Information Table S2, online only).

Survival comparison

Before PSM, it was surprising that patients with 3A LND
had a significantly worse OS (5-year OS 70.1% vs. 63.1%,
p = 0.002; Figure 1a) and DFS (5-year DFS 61.7% vs. 55.7%,
p = 0.011; Figure 1b) than those without 3A LND. Multivar-
iate analysis suggested that 3A LND was an independent
factor associated with worse OS (hazard ratio [HR] = 1.214,
95% CI, 1.016–1.452, p = 0.033; Table 3) but not DFS
(HR = 1.162, 95% CI, 0.988–1.367, p = 0.070; Table 3).

After PSM, however, the 5-year OS rates (3A LND�

group vs. 3A LND+ group 65.7% vs. 63.6%, p = 0.432;

T A B L E 3 (Continued)

Characteristics

OS DFS

HR (95% CI) p HR (95% CI) p

No. of resected N1 LNs 1.003 (0.985–1.022) 0.732 1.005 (0.988–1.022) 0.555

No. of resected N2 LNs 0.995 (0.985–1.006) 0.361 0.992 (0.982–1.001) 0.093

3A dissection

3A LND� Ref Ref

3A LND+ 1.214 (1.016–1.452) 0.033 1.162 (0.988–1.367) 0.070

Abbreviations: OS, overall survival; DFS, disease-free survival; HR, hazard ratio; CI, confidence interval; Ref, reference; RUL, right upper lobe; RML, right middle lobe; RLL, right
lower lobe; NA, not available; LND, lymph node dissection.

F I G U R E 2 Survival curves for patients with and without station 3A lymph node dissection (LND) after propensity score matching: (a) overall survival
(OS) and (b) disease-free survival (DFS)
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T A B L E 4 Multivariate Cox regression analyses for prognostic factors after propensity score matching (N = 988)

Characteristics

OS DFS

HR (95% CI) p HR (95% CI) p

Sex

Male Ref Ref

Female 0.979 (0.700–1.368) 0.899 0.976 (0.723–1.316) 0.871

Age (years)

≤60 Ref Ref

>60 1.354 (1.090–1.681) 0.006 1.160 (0.952–1.413) 0.141

Tumor location

RUL Ref Ref

RML 1.277 (0.930–1.754) 0.131 1.090 (0.812–1.463) 0.565

RLL 1.310 (1.027–1.671) 0.030 1.225 (0.982–1.527) 0.072

Anatomical type

Central Ref Ref

Peripheral 0.732 (0.541–0.991) 0.043 0.831 (0.624–1.106) 0.204

Smoking history

Never Ref Ref

Current/Former 1.657 (1.211–2.269) 0.002 1.548 (1.166–2.053) 0.002

Comorbidity

No Ref Ref

Yes 0.860 (0.698–1.061) 0.159 1.024 (0.845–1.242) 0.806

Surgical resection

Lobectomy Ref Ref

Bilobectomy 1.013 (0.745–1.376) 0.935 1.089 (0.820–1.447) 0.557

Pneumonectomy 0.840 (0.501–1.408) 0.508 0.871 (0.532–1.426) 0.583

Histology

Adenocarcinoma Ref Ref

Squamous cell carcinoma 0.697 (0.537–0.904) 0.007 0.625 (0.489–0.799) <0.001

Others 0.893 (0.621–1.285) 0.542 0.921 (0.661–1.283) 0.626

Cell differentiation

Well Ref Ref

Moderate 1.329 (0.761–2.323) 0.318 1.517 (0.903–2.549) 0.115

Poor 1.957 (1.128–3.393) 0.017 1.831 (1.094–3.066) 0.021

NA 1.495 (0.741–3.016) 0.261 1.473 (0.774–2.802) 0.238

Adjuvant therapy

No Ref Ref

Yes 0.851 (0.677–1.071) 0.170 0.961 (0.779–1.186) 0.712

Pathological T category

T1 Ref Ref

T2 1.397 (1.070–1.825) 0.014 1.352 (1.064–1.717) 0.014

T3 1.997 (1.441–2.767) <0.001 1.835 (1.358–2.480) <0.001

T4 1.927 (1.292–2.873) 0.001 1.806 (1.249–2.611) 0.002

Pathological N category

N0 Ref Ref

N1 1.268 (0.883–1.820) 0.198 1.551 (1.133–2.124) 0.006

N2 2.474 (1.932–3.168) <0.001 2.430 (1.933–3.054) <0.001

Postoperative complications

No Ref Ref

Yes 1.202 (0.827–1.747) 0.335 1.112 (0.779–1.585) 0.559

(Continues)

YANG ET AL. 2113



Figure 2a) and DFS rates (3A LND� group vs. 3A LND+

group 57.4% vs. 56.0% p = 0.437; Figure 2b) were compara-
ble between the 3A LND+ group and the 3A LND� group.
Multivariate analyses also confirmed that 3A LND had no
impact on OS (HR = 1.093, 95% CI, 0.890–1.341, p = 0.397;
Table 4) or DFS (HR = 1.071, 95% CI, 0.888–1.291,
p = 0.473; Table 4).

To identify which group of patients might benefit from
station 3A LND after PSM, subgroup analyses based on age,
tumor location, anatomical type, smoking history, histology,
cell differentiation, pathological T category, and pathological
N category were further performed. Unfortunately, the sub-
group analyses suggested that station 3A LND had no
impact on either OS or DFS in any subset of the matched
cohort (all p > 0.05; Supporting Information Table S3,
online only).

DISCUSSION

Although anatomical lobectomy combined with MLND has
been widely accepted as the standard surgical treatment for
early-stage NSCLC, there is no uniform standard of the
extent of MLND.3–5 Therefore, the decision to dissect spe-
cific mediastinal lymph nodes in clinical practice is mainly
dependent on individual surgeons’ experience and prefer-
ence.18 In our previous studies, we demonstrated that station
3A LNM occurred in 11.7% (76/648) of right-side NSCLC
patients who underwent complete resection,14 and even in
patients whose tumors were no more than 3 cm, 9.6% of
patients still had station 3A LNM.15 Nevertheless, previous
studies, including ours, suggested that in clinical practice,
only approximately 30% of patients underwent station 3A
LND during surgery.14,16,23 To the best of our knowledge,
only one study retrospectively investigated the prognostic
significance of station 3A LND using data from a single
institution.23 It is therefore important to clarify the clinical
significance of station 3A LND in right-side NSCLC patients
who underwent surgical resection.

In this study, our data suggested that station 3A LNM
occurred in 11.3% of right-side NSCLC patients who under-
went complete resection, which is similar to the findings of

previous studies.14,15,23 The data also showed that in patients
with station 3A LNM, 77.2% had multistation MLNM while
only 22.8% did not have MLNM of other stations. These
findings suggested that the occurrence of station 3A LNM
corresponded to widespread disease. Interestingly, the data
suggested that station 3A LND had no impact on either OS
or DFS in the matched cohorts, and this result was also con-
firmed by the multivariate analyses and subgroup analyses.
One possible explanation for this result is that 3A LNM sug-
gests a widespread disease that requires multimodality ther-
apy, and the role of surgical resection as a local treatment in
these patients was compromised. Moreover, our data
showed that patients with 3A LND had significantly more
drainage on postoperative day 1 than those without 3A
LND and after PSM patients with 3A LND still had an aver-
age of 31.6 ml more drainage than those without. Based on
these findings, we suggest that the dissection of station 3A
lymph nodes itself is not associated with long-term out-
comes and it is unnecessary to dissect station 3A lymph
nodes during the surgery for right-side NSCLC.

The MLNM pattern of right-side NSCLC has also been
assessed by previous studies.16,23,24 Riquet et al. performed a
retrospective study that included 1779 NSCLC patients who
underwent lobectomy combined with MLND.16 Their
results showed that 15.4% (159/1035) of patients with right-
side NSCLC had N2 diseases and 120 patients (11.6%,
120/1035) had single-station LNM. Among the cases of
single-station involvement, only two patients (1.7%) were
diagnosed with station 3A LNM. In contrast, 80 (66.7%)
patients with single-station involvement had station 2R/4R
LNM and 36 (30.0%) patients had single-station 7 LNM,
which was similar to our results. Liu et al. performed retro-
spective research using PSM analysis to investigate the
impact of station 3A LND on long-term survival in patients
with right-side NSCLC.23 They found that the metastasis
rate of station 3A lymph nodes was 15.3% (87/570), and this
value was second only to that of station 4 LNM (17.3%,
287/1660). Our data in this study also demonstrated that
station 3A LNM was not rare (11.3%) but it was more likely
to detect multistation MLNM when station 3A LNM
occurred, indicating the limited value of station 3A LND for
improving long-term survival.

T A B L E 4 (Continued)

Characteristics

OS DFS

HR (95% CI) p HR (95% CI) p

No. of resected N1 LNs 1.005 (0.982–1.028) 0.670 1.007 (0.986–1.028) 0.541

No. of resected N2 LNs 0.989 (0.976–1.002) 0.099 0.988 (0.976–1.000) 0.052

3A dissection

3A LND� Ref Ref

3A LND+ 1.100 (0.896–1.352) 0.361 1.076 (0.892–1.297) 0.447

Abbreviations: OS, overall survival; DFS, disease-free survival; HR, hazard ratio; CI, confidence interval; Ref, reference; RUL, right upper lobe; RML, right middle lobe; RLL, right
lower lobe; NA, not available; LND, lymph node dissection.
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To the best of our knowledge, only one previous study has
focused on the impact of station 3A LND on long-term out-
comes.23 Liu and his colleagues demonstrated that patients
with station 3A LND showed higher DFS (5-year DFS, 52.4%
vs. 37.1%, p = 0.001) and OS (5-year OS, 58.8% vs. 48.7%,
p = 0.007) than those without station 3A LND.23 The results
of their study were not consistent with ours. It is worth noting
that the PSM analysis in Liu et al.’s study did not include the
number of resected lymph nodes in the propensity score
model. While it had already been confirmed that the number
of resected lymph nodes was intensely associated with long-
term outcomes,25,26 excluding the number of resected lymph
nodes as a variable in PSM may cause bias when comparing
the survival prognosis in their study. In our series, the data
showed that the number of resected lymph nodes in the station
3A LND+ group was significantly larger than that in the sta-
tion 3A LND� group (p < 0.001). We therefore believe that
including the number of resected lymph nodes in the propen-
sity score model to balance this variable between groups is very
important. In addition, as Liu et al. admitted in their article,
the follow-up period of their research was relatively short
(median follow-up of 33 months), and further follow-up was
essential to draw a reliable conclusion. In this study, the
median follow-up period was as long as 55 months, which was
much longer than that in their study. We believe that the long
follow-up period and inclusion of the number of resected
nodes as a variable in the PSM model improved the reliability
of the results of this study, and it may also explain the discrep-
ancies between Liu et al.’s study and ours.

Our study also has its limitations. First, this is a single-
center retrospective study and bias may also exist due to the
retrospective nature. For example, patients with station 3A
LND were more likely to have more lymph nodes resected,
but we could not know the exact reason for this. One possi-
ble explanation might be that the surgeons who preferred to
dissect station 3A lymph nodes during surgery were more
likely to perform extensive systematic MLND. Second,
although the PSM method was used to minimize selection
bias, this method could only control confounding factors
that were already identified, but other unknown factors may
impact survival. In short, well-designed prospective clinical
trials are warranted to testify our results.

In conclusion, our results indicated that patients with
station 3A LNM were more likely to have multistation
MLNM and station 3A LND could not improve long-term
outcomes. We therefore propose that station 3A LND was
unnecessary in the surgical treatment of right-side NSCLC.
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