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Is lobectomy superior to sub‑lobectomy 
in non‑small cell lung cancer with pleural 
invasion? A population‑based competing risk 
analysis
Xue Song1, Yangyang Xie2, Yurou Zhu1 and Yafang Lou1* 

Abstract 

Background:  Pleural invasion (PL) has been regarded as an unfavorable prognostic factor for non-small cell lung 
cancer (NSCLC). But there was no agreement on the optimal surgical extent in NSCLC patients with PL. We aimed to 
compare the survival outcomes of lobectomy and sub-lobectomy in these patients.

Method:  2717 patients were included in the Surveillance, Epidemiology, and End Results (SEER) database and 
divided into the lobectomy and sub-lobectomy groups. The propensity score matching (PSM) and competing risk 
analysis were implemented. Then the predictive nomogram was constructed and validated.

Results:  2230 Patients received lobectomy while the other 487 patients underwent sub-lobectomy. After 1:1 PSM, 
the cumulative incidence of cancer-specific death (CSD) was lower in the lobectomy group compared with the sub-
lobectomy group (1-year: 12% vs. 15%; 3-year: 30% vs. 37%, 5-year: 34% vs. 45%, P = 0.04). According to the subgroup 
analysis, the patients who underwent lobectomy suffered lower CSD in the N0–1 stage, adenocarcinoma, and PL-2 
cohort (p < 0.05). And there was a significant relationship between the sub-lobectomy group and CSD in the multi-
variate competing risks regression analysis (HR, 1.26; 95%CI, 1.02–1.56; P = 0.034). Furthermore, a competing event 
nomogram was constructed to assess the 1-, 3-, and 5-year chances of CSD based on the variables from the multivari-
ate analysis. The 1-, 3-, 5-year area under the receiver operating characteristic curve (AUC) values were 0.720, 0.706, 
and 0.708 in the training cohort, and 0.738, 0.696, 0.680 in the validation cohorts, respectively. And calibration curves 
demonstrated ideal consistency between the predicted and observed probabilities of CSD.

Conclusion:  Lobectomy should be considered the preferred surgery compared to sub-lobectomy for NSCLC patients 
with PL. The proposed nomograms presented great prediction ability for these patients.
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Introduction
Lung cancer is the leading cause of cancer mortality 
among malignant tumors [1]. Among the common sub-
types of lung cancer, non-small cell lung cancer (NSCLC) 
represents approximately 85% of the overall patients 
[2], with a 5-year relative survival rate to be 12–15% [3]. 
Pleural invasion (PL), defined as tumor invasion beyond 
the elastic layer, has been identified as an independent 
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pathological feature associated with more aggressive bio-
logical behavior [4, 5]. Previous studies demonstrated 
that NSCLC patients with PL suffered a higher incidence 
of poor tumor differentiation, mediastinal lymph node 
metastatic spread, postoperative recurrence, and poor 
survival [6–9].

Lobectomy (Lob) and sub-lobectomy (Sub-lob), the 
most commonly adopted surgical methods, are the pre-
ferred treatment for lung cancer [10]. Lob and systematic 
lymph node dissection are the gold standard treatment 
modalities for early-stage NSCLC, which provide more 
aggressive and comprehensive excision. And Sub-lob 
presents superiority in patients with significant comor-
bidities or limited pulmonary function which may be 
technically easier and carry fewer perioperative compli-
cations [11]. As one of the essential elements regarding 
NSCLC staging, PL directly affects the surgical strategies 
and prognosis judgment in lung cancer [12]. However, 
there is no agreement on the optimal surgical extent for 
NSCLC with PL. Wo et  al. [13] and Yu et  al. [14] ana-
lyzed the prognostic value of surgical extent in NSCLC 
patients with PL based on the SEER database, indicating 
that patients who underwent Sub-lob had shorter sur-
vival times than those who underwent Lob. Conversely, 
Moon et  al. [15] investigated the surgical outcomes of 
271 NSCLC patients with PL and revealed that survival 
rate did not differ significantly by surgical extent. Thus, 
controversy still exists regarding the better surgery type 
(Lob or Sub-lob) in these patients.

Hence, this retrospective study aimed to use the Sur-
veillance, Epidemiology, and End Results (SEER) database 
to compare the survival outcomes of Lob and Sub-lob 
in NSCLC patients with PL and construct a predictive 
nomogram.

Materials and methods
Data source and patient selection
Patients were extracted from the SEER 18 regions data-
base [Incidence-SEER Research Plus data, 18 Registries, 
Nov 2000 Sub (2000–2018)] using SEER*Sat software 
(Version 8.3.5). Patients who met the inclusion criteria 
were identified: (1) age over 18 years; (2) patients were 
diagnosed according to the International Classification 
of Disease histology code for Oncology (ICD-0-3) with 
adenocarcinoma (8140-8147, 8255, 8260, 8310,8323, 
8480, 8481, 8490,8550,8572), squamous cell carcinoma 
(8050-8052, 8070-8078), and other pathologies includ-
ing large-cell carcinoma (8012-8014), undifferentiated 
tumors (8020-8022) and carcinomas not otherwise speci-
fied (8010); (3) patients underwent surgical resection 
of lung cancer: Lob and Sub-lob (segmentectomy and 
wedge resection); (4) patients with exact pathologic pleu-
ral invasion status of PL1, PL2 and PL3.

The exclusion criteria were: (1) patients who survived 
less than 1 month; (2) more than one malignancy; (3) 
patients with incomplete demographic, clinic-patholog-
ical, treatment, and follow-up information. Ultimately, 
2717 cases were included in the study. All patients were 
first divided into Lob and Sub-lob cohorts to perform 
competing risk analyses. Then the same population was 
split into training and validation groups to construct 
a predictive nomogram. The detailed patient selection 
workflow is shown in Fig. 1.

Clinicopathological variables
Demographic data (year of diagnosis, age, gender, race, 
marital status), grade, T stage, N stage, metastasis, 
pathology, pleural invasion, primary site, laterality, tumor 
size, radiation, chemotherapy, and prognostic informa-
tion were retrieved from the SEER data repository. The 
NSCLC patients were reclassified according to the 8th 
edition TNM classification based on the 7th edition 
recorded in the SEER database. PL status was obtained 
from the variables of collaborative stage site-specific fac-
tor 2 (2004+) for lung cancer: tumor invasion beyond the 
visceral elastic layer (PL-1); tumor invasion to the visceral 
layer (PL-2); tumor extends to the parietal pleura (PL-
3). PL-0 and unspecified pleural invasion were excluded 
based on the research purpose.

Statistical analysis
Continuous variables were expressed as means and 
standard deviations, and categorical data were summa-
rized as frequency counts and percentages. Differences 
in the baseline clinicopathological variables were tested 
using t-test and chi-square test.

All patients were split into Lob and Sub-lob cohorts in 
the competing risk analyses. OCD (other causes of death) 
was regarded as an event competing with CSD (cancer-
specific death). The endpoints of interest were divided 
into alive, CSD, and OCD. The cumulative incidence 
function (CIF) was used for univariate analyses, then the 
intergroup difference in the CIF was identified by Gray’s 
test. For the multivariate analysis, Fine and Gray’s pro-
portional subdistribution hazard model was further used 
to determine the prognostic factors with the R package 
“cmprsk” [16].

Using a one-to-one nearest-neighbor algorithm, the 
propensity score matching (PSM) method was a novel 
statistical method that could minimize the heterogene-
ity and mimic randomized controlled trials [17]. We used 
standardized difference (SD) to present the change of 
variables before and after PSM. SD ≤0.1 indicated ideal 
balances in the baseline parameters [18].

Then the overall patients were randomly divided into 
a training group (70%, n = 1902) and a validation group 
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(30%, n = 815). The prognostic factors identified in the 
competing risk model were applied to construct a 1-, 3-, 
and 5-year CSD nomogram in the training dataset. The 
detailed process was based on the step-by-step method 
provided by Zhang et  al. [19]. The performance of the 
nomogram was first tested in the training group and sub-
sequently in the validation group by the area under the 
receiver operating characteristic curve (AUC) values and 
calibration curves. 1000 bootstrap resamples were used 
to analyze the expected and observed survival prob-
abilities in the calibration curves. The receiver operating 
characteristic (ROC) curves were also shown to highlight 
the built model’s prediction power and calculate AUC.

All statistical analyses and visualization were based on 
R software (version 4.0.3, The R Foundation for Statisti-
cal Computing, Vienna, Austria; http://​www.r-​proje​ct.​
org). A two-tailed P < 0.05 was indicated to be statistically 
significant.

Results
Clinicopathological characteristics
2717 patients were finally recruited in the SEER data-
base from 2010 to 2015. Of the overall patients, 2230 
(82.08%) and 487 (17.92%) underwent Lob and Sub-lob, 

respectively. There were significant dissimilarities among 
the two cohorts in the characteristics, including age, 
marital status, laterality, T stage, N stage, metastasis, 
tumor size, radiation, and chemotherapy (all p < 0.05). 
The patients underwent Lob tended to present higher 
proportion of married status (60.0% vs. 53.2%), T3 stage 
(33.3% vs. 21.6%), N1 stage (16.5% vs. 4.1%), N2 stage 
(16.6 vs. 12.9%), M0 stage (95.9% vs. 83.8%), chemother-
apy (40.4% vs. 31.8%). The Sub-lob group presented high 
percentage in T2 stage (64.9% vs. 62.2%), T4 stage (13.6% 
vs. 4.6%) and radiotherapy (22.6% vs. 16.9%).

Given unmatched parameters between the two cohorts, 
we performed 1:1 PSM to reduce the influence of poten-
tial confounders. After PSM, SD in most variables was 
less than 0.1, which indicated good balancing perfor-
mance (Fig. S1). Ultimately, 856 patients were separated 
into the Lob group (n = 428) and Sub-lob group (n = 428). 
The baseline characteristics before and after PSM are 
presented in Table 1.

Survival analysis
Cumulative incidence plots were constructed consid-
ering the competing risk factors, presenting signifi-
cantly lower CSD in the Lob group (P < 0.001). And the 

Fig. 1  The workflow of the patient selection process
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Table 1  The descriptive characteristics of NSCLC patients with PL before and after PSM

Characteristics Before PSM P value After PSM P value

All Lobectomy Sub-lobectomy All Lobectomy Sub-lobectomy

N = 2717 N = 2230 N = 487 N = 856 N = 428 N = 428

Year at diagnosis 0.125 0.945

  2010–2012 1273 (46.9%) 1029 (46.1%) 244 (50.1%) 418 (48.8%) 210 (49.1%) 208 (48.6%)

  2013–2015 1444 (53.1%) 1201 (53.9%) 243 (49.9%) 438 (51.2%) 218 (50.9%) 220 (51.4%)

Age 69.0 (14.1) 68.0 (13.8) 72.0 (15.6) < 0.001 71.0 (13.3) 71.0 (16.6) 71.0 (16.1) 0.258

Gender 0.539 0.632

  Female 1380 (50.8%) 1126 (50.5%) 254 (52.2%) 446 (52.1%) 219 (51.2%) 227 (53.0%)

  Male 1337 (49.2%) 1104 (49.5%) 233 (47.8%) 410 (47.9%) 209 (48.8%) 201 (47.0%)

Race 0.914 0.235

  White 2185 (80.4%) 1792 (80.4%) 393 (80.7%) 712 (83.2%) 363 (84.8%) 349 (81.5%)

  Non-White 532 (19.6%) 438 (19.6%) 94 (19.3%) 144 (16.8%) 65 (15.2%) 79 (18.5%)

Marital status 0.006 0.336

  Married 1598 (58.8%) 1339 (60.0%) 259 (53.2%) 473 (55.3%) 244 (57.0%) 229 (53.5%)

  Unmarried 1119 (41.2%) 891 (40.0%) 228 (46.8%) 383 (44.7%) 184 (43.0%) 199 (46.5%)

Grade 0.85 0.841

  I 218 (8.0%) 176 (7.9%) 42 (8.6%) 65 (7.6%) 29 (6.8%) 36 (8.4%)

  II 1349 (49.7%) 1114 (50.0%) 235 (48.3%) 424 (49.5%) 213 (49.8%) 211 (49.3%)

  III 1112 (40.9%) 910 (40.8%) 202 (41.5%) 357 (41.7%) 181 (42.3%) 176 (41.1%)

  IV 38 (1.4%) 30 (1.3%) 8 (1.6%) 10 (1.2%) 5 (1.2%) 5 (1.2%)

T stage < 0.001 0.712

  T2 1702 (62.6%) 1386 (62.2%) 316 (64.9%) 588 (68.7%) 289 (67.5%) 299 (69.9%)

  T3 847 (31.2%) 742 (33.3%) 105 (21.6%) 196 (22.9%) 103 (24.1%) 93 (21.7%)

  T4 168 (6.2%) 102 (4.6%) 66 (13.6%) 72 (8.4%) 36 (8.4%) 36 (8.4%)

N stage < 0.001 0.481

  N0 1883 (69.3%) 1486 (66.6%) 397 (81.5%) 691 (80.7%) 340 (79.4%) 351 (82.0%)

  N1 387 (14.2%) 367 (16.5%) 20 (4.1%) 48 (5.6%) 29 (6.8%) 19 (4.4%)

  N2 433 (15.9%) 370 (16.6%) 63 (12.9%) 110 (12.9%) 55 (12.9%) 55 (12.9%)

  N3 14 (0.5%) 7 (0.3%) 7 (1.4%) 7 (0.8%) 4 (0.9%) 3 (0.7%)

Metastasis < 0.001 0.824

  M0 2547 (93.7%) 2139 (95.9%) 408 (83.8%) 765 (89.4%) 381 (89.0%) 384 (89.7%)

  M1 170 (6.3%) 91 (4.1%) 79 (16.2%) 91 (10.6%) 47 (11.0%) 44 (10.3%)

Pathology 0.915 0.849

  Adenocarcinoma 1978 (72.8%) 1625 (72.9%) 353 (72.5%) 618 (72.2%) 308 (72.0%) 310 (72.4%)

  Others 67 (2.5%) 56 (2.5%) 11 (2.3%) 16 (1.9%) 7 (1.6%) 9 (2.1%)

  Squamous cell carcinoma 672 (24.7%) 549 (24.6%) 123 (25.3%) 222 (25.9%) 113 (26.4%) 109 (25.5%)

Pleural invasion 0.073 0.645

  PL-1 1280 (47.1%) 1073 (48.1%) 207 (42.5%) 389 (45.4%) 201 (47.0%) 188 (43.9%)

  PL-2 1076 (39.6%) 869 (39.0%) 207 (42.5%) 347 (40.5%) 170 (39.7%) 177 (41.4%)

  PL-3 361 (13.3%) 288 (12.9%) 73 (15.0%) 120 (14.0%) 57 (13.3%) 63 (14.7%)

Primary site 0.598 0.846

  Lower lobe 802 (29.5%) 667 (29.9%) 135 (27.7%) 243 (28.4%) 125 (29.2%) 118 (27.6%)

  Others 219 (8.1%) 177 (7.9%) 42 (8.6%) 73 (8.5%) 37 (8.6%) 36 (8.4%)

  Upper lobe 1696 (62.4%) 1386 (62.2%) 310 (63.7%) 540 (63.1%) 266 (62.1%) 274 (64.0%)

Laterality < 0.001 0.632

  Left 1108 (40.8%) 868 (38.9%) 240 (49.3%) 406 (47.4%) 207 (48.4%) 199 (46.5%)

  Right 1609 (59.2%) 1362 (61.1%) 247 (50.7%) 450 (52.6%) 221 (51.6%) 229 (53.5%)

Tumor size 3.0 (1.0) 3.2 (1.1) 2.2 (0.7) < 0.001 2.4 (0.9) 2.5 (0.8) 2.3 (1.1) 0.04
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patients in the Lob group suffered lower 1-, 3-, and 
5-year CIF of CSD than the patients underwent Sub-
lob (1-year: 12% vs. 17%; 3-year: 29% vs. 39%, 5-year: 
39% vs. 47%, P < 0.001) (Table 2). Subsequently, the sub-
groups analysis for T stage, N stage, metastasis, pathol-
ogy, and pleural invasion extent were performed. The 
results showed that the patients who underwent Lob 
suffered lower CSD in the T2–3 stage, N0–1 stage, 
adenocarcinoma, and PL-2 cohort (Fig. S2). In the mul-
tivariable competing risks regression analysis, a signifi-
cant correlation was found between the Sub-lob group 
and CSD (HR, 1.27; 95%CI, 1.08–1.51; p = 0.004).

After 1:1 PSM, significant difference was still found 
for the 1-, 3-, and 5-year CIF of CSD between the two 
groups (1-year: 12% vs. 15%; 3-year: 30% vs. 37%, 5-year: 
34% vs. 45%, P = 0.04) (Table  2). Then the subgroups 
analyses were performed again, indicating that the 
patients who underwent sub-lobar resection suffered 
higher CSD in the N0–1 stage, adenocarcinoma, and 
PL-2 cohort (Fig. 2). There was a significant relationship 
between the Sub-lob group and CSD in the multivariate 
competing risks regression analysis (HR, 1.26; 95%CI, 
1.02–1.56; P = 0.034) (Table  3). And the relationship 
between the Sub-lob group and OCD was not significant 
(HR, 1.37; 95%CI, 0.96–1.95, P = 0.078) (Table S1).

Univariate and multivariate analysis
Then we conducted a second independent analysis. Aim-
ing to construct a prognostic model, we randomly divided 

the overall patients into a training group (70%, n = 1902) 
and a validation group (30%, n = 815). There was no sig-
nificant discrepancy in clinical baselines between the two 
groups (Table S2). Univariate analyses were used to calcu-
late the 1-, 3-, and 5-year CIF values of CSD in the train-
ing cohort. The result revealed that age, gender, grade, T 
stage, N stage, metastasis, pathology, pleural invasion, pri-
mary site, laterality, tumor size, radiation, chemotherapy, 
and surgery were significantly related to CSD. We did not 
incorporate tumor size in further analyses because the 
variable T stage contained tumor size information. Then 
the significant variables (P < 0.1) were further identified by 
the multivariate assessment of the Fine-Gray proportional 
subdistribution hazards model. The multivariate compet-
ing risk analysis indicated that age, gender, grade, T stage, 
N stage, metastasis, pleural invasion, surgery, radiation, 
and chemotherapy were independent predictors affecting 
CSD in NSCLC patients with PL (Table 4).

Constructing and verifying the nomogram
A competing event nomogram was constructed to assess 
the 1-, 3-, and 5-year chances of CSD based on the vari-
ables from the multivariate analysis (Fig.  3). The total 
points were calculated by adding the scores for each 
patient’s prognostic characteristics, which clinicians can 
use to estimate the chance of CSD at different time points 
for specific patients.

Table 1  (continued)

Characteristics Before PSM P value After PSM P value

All Lobectomy Sub-lobectomy All Lobectomy Sub-lobectomy

N = 2717 N = 2230 N = 487 N = 856 N = 428 N = 428

Radiation 0.003 0.675

  None 2231 (82.1%) 1854 (83.1%) 377 (77.4%) 676 (79.0%) 335 (78.3%) 341 (79.7%)

  Radiotherapy 486 (17.9%) 376 (16.9%) 110 (22.6%) 180 (21.0%) 93 (21.7%) 87 (20.3%)

Chemotherapy < 0.001 0.504

  None 1660 (61.1%) 1328 (59.6%) 332 (68.2%) 596 (69.6%) 293 (68.5%) 303 (70.8%)

  Chemotherapy 1057 (38.9%) 902 (40.4%) 155 (31.8%) 260 (30.4%) 135 (31.5%) 125 (29.2%)

Table 2  The cumulative incidence of CSD and OCD in two cohorts before and after PSM

CIF cumulative incidences function

Cancer-specific death (%) P value Other causes death (%) P Value

Before PSM 1-year CIF 3-year CIF 5-year CIF 1-year CIF 3-year CIF 5-year CIF

  Lobectomy 0.12 0.29 0.39 < 0.01 0.03 0.07 0.10 < 0.01

  Sub-lobectomy 0.17 0.39 0.47 0.03 0.11 0.16

After PSM

  Lobectomy 0.12 0.3 0.34 0.04 0.03 0.07 0.11 0.05

  Sub-lobectomy 0.15 0.37 0.45 0.04 0.11 0.17
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The nomogram constructed using the training cohort 
was verified using the validation cohort. The 1-, 3-, 5-year 
AUC values were 0.720, 0.706, and 0.708 in the train-
ing cohort, and 0.738, 0.696, and 0.680 in the validation 
cohorts, respectively, which indicated good discrimi-
nation ability (Fig.  4A and B). We also used calibration 
plots to test the model’s prediction accuracy, which dem-
onstrated relatively good consistency between the pre-
dicted and observed probabilities of CSD in both datasets 
(Fig.  4C and D). The above results illustrated the good 
predictive potential along with the high credibility of our 
nomogram.

Discussion
The study demonstrated that in NSCLC patients diag-
nosed with PL, the cohort who underwent Lob presented 
lower CSD than the Sub-lob cohort. The use of a compet-
ing risk model could effectively eliminate the influence 
of death competition on cancer-specific survival, which 
indicated that these specific patients could obtain better 

survival from Lob. A competing event nomogram was 
constructed to individually predict the 1-, 3-, and 5-year 
chances of CSD among these patients. The model incor-
porating age, gender, grade, T stage, N stage, metastasis, 
pleural invasion, surgery, radiation, and chemotherapy 
presented favorable clinical applicability. To the best of 
our knowledge, this is the first study to compare Lob and 
Sub-lob in NSCLC patients with PL and construct a pre-
dictive nomogram.

PL is closely related to the aggressive biological behav-
ior of pleural effusion, poor tumor differentiation, lymph 
node metastasis, postoperative recurrence, and even a 
dismal prognosis, which can directly affect the surgi-
cal strategies [4, 5]. Nowadays, Lob and Sub-lob are the 
most commonly adopted surgical methods for NSCLC 
[20]. However, there is no agreement regarding the bet-
ter surgery type (Lob or Sub-lob) in NSCLC patients 
with PL. Several previous studies had compared the 
survival outcomes of Lob and Sub-lob in varying extent 
degrees of pleural infiltration. Choi et  al. and Wo et  al. 

Fig. 2  Cumulative incidence curves for the NSCLC patients with PL in overall cases and different subgroups after PSM. Overall patients (A), T2 (B), T3 
(C), T4 (D), N0 (E), N1 (F), N2 (G), M0 (H), M1 (I), adenocarcinoma (J), squamous cell carcinoma (K), PL-1 (L), PL-2 (M) and PL-3 (N) cohorts
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Table 3  The results of the multivariate subdistribution hazards model on CSD before and after PSM

Characteristics Before PSM After PSM

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

Surgery

  Lobectomy Reference Reference

  Sub-lobectomy 1.27 1.08–1.51 0.004 1.26 1.02–1.56 0.034

Age 1.02 1.01–1.03 < 0.001 1.02 1–1.03 0.007

Gender

  Female Reference Reference

  Male 1.16 1.03–1.32 0.016 1.21 0.97–1.5 0.091

Race

  White Reference Reference

  Non-White 0.94 0.81–1.1 0.451 0.86 0.64–1.17 0.350

Marital status

  Married Reference Reference

  Unmarried 1 0.88–1.13 0.992 1.06 0.85–1.32 0.601

Grade

  I Reference Reference

  II 1.43 1.09–1.87 0.011 1.28 0.79–2.07 0.311

  III 1.71 1.3–2.25 < 0.001 1.75 1.08–2.83 0.023

  IV 2.52 1.5–4.26 0.001 3.29 1.32–8.21 0.011

T stage

  T2 Reference Reference

  T3 1.15 0.96–1.39 0.131 1.3 0.9–1.88 0.170

  T4 1.14 0.86–1.5 0.362 1.21 0.78–1.89 0.394

N stage

  N0 Reference Reference

  N1 1.56 1.31–1.87 < 0.001 1.53 0.93–2.51 0.093

  N2 2.07 1.75–2.45 < 0.001 1.85 1.36–2.52 < 0.001

  N3 1.61 0.74–3.5 0.230 3.37 1.99–5.71 < 0.001

Metastasis

  M0 Reference Reference

  M1 2.3 1.79–2.95 < 0.001 2.48 1.71–3.59 < 0.001

Pathology

  Adenocarcinoma Reference Reference

  Others 1.42 0.93–2.15 0.101 1.68 0.75–3.74 0.216

  Squamous cell carcinoma 0.97 0.83–1.13 0.721 1.01 0.78–1.31 0.953

Pleural invasion

  PL-1 Reference Reference

  PL-2 1.11 0.97–1.27 0.140 1.25 0.98–1.6 0.078

  PL-3 1.57 1.28–1.92 < 0.001 1.37 0.91–2.06 0.131

Primary site

  Lower lobe Reference Reference

  Others 1.05 0.82–1.34 0.701 1 0.65–1.54 0.991

  Upper lobe 0.89 0.78–1.02 0.089 1 0.79–1.28 0.988

Laterality

  Left Reference Reference

  Right 0.86 0.76–0.97 0.017 0.87 0.7–1.09 0.233

Tumor size 1.07 1.03–1.11 < 0.001 1.01 0.96–1.06 0.757

Radiation

  None Reference Reference

  Radiotherapy 1.35 1.15–1.58 < 0.001 1.55 1.19–2.03 0.001

Chemotherapy

  None Reference Reference

  Chemotherapy 0.88 0.75–1.02 0.098 0.81 0.6–1.09 0.176

HR Hazard ratio
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Table 4  The cumulative incidences and multivariate subdistribution proportional hazards analysis on CSD

Characteristics Cause-specific death (%) Subdistribution proportional 
hazards model

1-year CIF 3-year CIF 5-year CIF Gray’s test P value HR 95% CI P value

Year at diagnosis 1.31 0.251

  2010–2012 0.13 0.33 0.41

  2013–2015 0.12 0.3 0.41

Age 83.16 0.011 1.02 0.98–1.03 < 0.001

Gender 7.94 0.005

  Female 0.11 0.28 0.37 Reference

  Male 0.14 0.34 0.43 1.18 0.85–1.36 0.031

Race 1.2 0.273

  White 0.13 0.32 0.41

  Non-White 0.12 0.3 0.39

Marital status 0.17 0.681

  Married 0.12 0.31 0.41

  Unmarried 0.13 0.31 0.39

Grade 35.71 < 0.001

  I 0.09 0.23 0.28 Reference

  II 0.09 0.27 0.37 1.37 0.72–1.91 0.062

  III 0.17 0.37 0.46 1.64 0.61–2.3 0.004

  IV 0.27 0.58 0.63 2.63 0.38–4.9 0.002

T stage 108.79 < 0.001

  T2 0.08 0.23 0.32 Reference

  T3 0.19 0.44 0.53 1.31 0.77–1.63 0.021

  T4 0.28 0.5 0.64 1.29 0.78–1.80 0.143

N stage 107.91 < 0.001

  N0 0.1 0.26 0.33 Reference

  N1 0.15 0.37 0.51 1.8 0.55–2.23 < 0.001

  N2 0.21 0.49 0.62 2.48 0.40–3.03 < 0.001

  N3 0.2 0.6 NA 2.03 0.50–5.19 0.141

Metastasis 78.48 < 0.001

  M0 0.11 0.29 0.38 Reference

  M1 0.38 0.63 0.7 2.62 0.38–3.57 < 0.001

Pathology 10.46 0.005

  Adenocarcinoma 0.1 0.28 0.39 Reference

  Others 0.33 0.49 0.51 1.53 0.65–2.48 0.081

  Squamous cell carcinoma 0.17 0.38 0.44 1.02 0.98–1.22 0.872

Pleural invasion 54.91 < 0.001

  PL-1 0.1 0.27 0.34 Reference

  PL-2 0.13 0.31 0.43 1.1 0.91–1.30 0.245

  PL-3 0.21 0.48 0.57 1.57 0.64–2.01 < 0.001

Primary site 7.16 0.028

  Lower lobe 0.13 0.35 0.45 Reference

  Others 0.13 0.3 0.39 1.06 0.94–1.42 0.68

  Upper lobe 0.12 0.29 0.38 0.87 0.65–2.48 0.108

Laterality: 6.72 0.011

  Left 0.14 0.34 0.43 Reference

  Right 0.12 0.29 0.39 0.87 0.73–1.15 0.061

Tumor size 547.18 < 0.001
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demonstrated that among NSCLC patients with visceral 
PL, the cohort that underwent Lob resection presented 
an increased 5-year recurrence-free survival (RFS) rate 
and 5-year overall survival (OS) compared with the Sub-
lob cohort [13, 21]. Likewise, Yu et al. indicated that Sub-
lob presented inferior in contrast with Lob resection in 
long-term survival with visceral PL NSCLC patients 
[14]. Contrary to the studies mentioned above, Moon 
et  al. investigated the surgical outcomes of 271 NSCLC 
patients with PL, indicating that the survival rate did not 
differ considerably depending on the extent of surgery 
[15]. The current study demonstrated that Lob was a 

favorable factor in low CSD before and after PSM com-
pared with those treated with Sub-lob.

Several potential mechanisms may explain the benefit 
of survival outcomes from larger extent radical surgeries. 
Firstly, PL is correlated with a high incidence of lymph 
nodes metastasis [13, 22]. Kudo et  al. discovered that 
the visceral pleura was densely packed with lymphatic 
vessels, with an interconnected network extending over 
the lung surface, The lymphatic vessels penetrated the 
lung parenchyma to connect bronchial lymph vessels 
with drainage to numerous hilar Lymph nodes [23]. Imai 
et al. indicated that lymphatic vessels beneath the pleura 

Table 4  (continued)

Characteristics Cause-specific death (%) Subdistribution proportional 
hazards model

1-year CIF 3-year CIF 5-year CIF Gray’s test P value HR 95% CI P value

Radiation 44.65 < 0.001

  None 0.11 0.28 0.37 Reference

  Radiotherapy 0.19 0.45 0.57 1.28 0.78–1.56 0.013

Chemotherapy 15.67 < 0.001

  None 0.12 0.28 0.37 Reference

  Chemotherapy 0.14 0.37 0.46 0.77 0.65–1.29 0.009

Surgery 4.45 0.036

  Lobectomy 0.12 0.3 0.39 Reference

  Sub-lobectomy 0.16 0.38 0.45 1.24 0.81–1.51 0.035

HR Hazard ratio

Fig. 3  Nomogram based on the competing risk analysis to predict CSD probabilities at 1-, 3- and 5-year
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might flow directly into the mediastinum without going 
through the hilar Lymph nodes, resulting in skip N2 
metastases [24]. Moreover, previous studies illustrated 
that more lymph nodes dissected in surgically resected 
NSCLC could improve the survival rate [25, 26]. Com-
pared with Sub-lob, Lob, which tends to perform more 
comprehensive lymph nodes excision and obtain R0 
resection, is associated with a better prognosis among 
NSCLC patients with PL [13, 22]. Secondly, Sub-lob 
can easily impair the lymph nodes’ integrity and disrupt 
the drainage system, resulting in decreased lymphatic 
fluid release during segmental lymph nodes dissection. 
Finally, regardless of how carefully a Sub-lob of NSCLC 
is performed, the possibility of cancer cells at the sur-
gical margin remains, which is associated with locore-
gional recurrence and a poor prognosis [27, 28].

Interestingly, in the subgroups analyses, only the 
patients in the PL-2 cohort presented significantly dif-
ferent survival outcomes, indicating lower CSD in 
the cases that underwent Lob. In surgically resected 
NSCLC, the poor prognostic impact of PL has 
been clearly outlined. Nevertheless, the prognostic 

significance of the PL depth, especially in PL-1 and PL-2, 
was still under debate. Some [29–33] but not all stud-
ies [34–36] confirmed that resected NSCLC patients 
with PL-2 had a significantly worse prognosis, frequent 
recurrence [31], and pleural dissemination [33] contrast 
with PL-1. A high level of PL was commonly associated 
with increasingly aggressive biological characteristics. 
Kondo et  al. reported that the pleural lavage cytol-
ogy was positive in 13 of 96 (14%) and 15 of 41 (37%) 
patients in the PL-1 and PL-2 groups [37]. However, the 
above studies did not carry out the prognostic outcomes 
of PL depth between different surgical operations. As 
previous research mentioned, Lob could achieve more 
extensive lymphatic clearance and reduce the possibil-
ity of cancer cells remnant. And PL-2 patients tended to 
show the characteristics of local lymph node metastasis 
and recurrence. We supported the view that in NSCLC 
patients, PL depth should be considered in selecting the 
optimal surgery type. Conventional preoperative diag-
nostic methods were limited in diagnosing PL. How-
ever, with the exploration of new technology such as 
circulating tumor cells combined with CT features, and 

Fig. 4  ROC curves at the 1-, 3-, and 5-year points in the training (A) and validation (B) cohort. Calibration curves at the 1-, 3-, and 5-year points in 
the training (C) and validation (D) cohort
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artificial-intelligence CT texture features, a more accu-
rate preoperative judgment of PL may be realized [38, 
39].

This study comprehensively compared the CSD 
of Lob and Sub-lob in the NSCLC patients with PL. 
Meanwhile, a relatively accurate and discriminating 
nomogram was developed and internally validated. 
Based on the competing risk analysis, the model incor-
porated age, gender, grade, T stage, N stage, metastasis, 
pleural invasion, surgery, radiation, and chemotherapy. 
It was reported that age and grade were closely related 
to prognosis in NSCLC [32, 40]. And the model showed 
that patients who underwent Sub-lob were associated 
with an increased risk for CSD. The reasons have been 
discussed in the previous paragraphs. Higher extent of 
PL was also correlated with more CSD probability. It 
was reported that malignant tumor cells have increas-
ingly aggressive and progressive biological character-
istics with the increasing level of PL and contribute to 
adverse outcomes for the patients [32]. The advantage 
of nomogram over standard multivariate regression 
model was providing the individual probability of 1-, 
3-, 5-year CSD instead of a relative risk concept. The 
listed factors can be easily obtained from clinical and 
pathological data. Besides, our nomogram presented 
favorable potential clinical applicability and could con-
tribute to patient counseling, follow-up scheduling, 
and treatment selection.

However, several limitations that existed in the 
current study should raise attention. Firstly, the 
SEER data repository lacked some pivotal factors 
tied to prognosis, including smoking history, comor-
bidities, and genetic records of patients. Secondly, 
as a retrospective analysis, although PSM was used 
to minimize the heterogeneity between the groups, 
selection bias was inevitably brought in. Despite 
these limitations, the large cases could provide novel 
insights into the surgical treatment in PL NSCLC 
patients.

Conclusion
Our findings supported that Lob should be consid-
ered the preferred surgery in contrast with Sub-lob for 
NSCLC patients with PL. A prognostic nomogram was 
constructed and validated to predict the individual-
ized probability of CSD at 1-, 3- and 5-year, which pre-
sented excellent prediction ability for these patients. 
External and prospective validation was required for 
widely applying.
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