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favorable factor for resected NSCLC patients
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Abstract 

Background  This study was to compare the clinical presentations and survivals between the non-small cell lung 
cancer (NSCLC) patients with occult lymph node metastasis (OLNM) and those with evident lymph node metastasis 
(ELNM). We also intended to analyze the predictive factors for OLNM.

Methods  Kaplan–Meier method with log-rank test was used to compare survivals between groups. Propensity score 
matching (PSM) was used to reduce bias. The least absolute shrinkage and selection operator (LASSO)-penalized Cox 
multivariable analysis was used to identify the prognostic factors. Random forest was used to determine the predic‑
tive factors for OLNM.

Results  A total of 2,067 eligible cases (N0: 1,497 cases; occult N1: 165 cases; evident N1: 54 cases; occult N2: 243 
cases; evident N2: 108 cases) were included. The rate of OLNM was 21.4%. Patients with OLNM were tend to be 
female, non-smoker, adenocarcinoma and had smaller-sized tumors when compared with the patients with ELNM. 
Survival curves showed that the survivals of the patients with OLNM were similar to those of the patients with ELNM 
both before and after PSM. Multivariable Cox analysis suggested that positive lymph nodes (PLN) was the only prog‑
nostic factor for the patients with OLNM. Random forest showed that clinical tumor size was an important predictive 
factor for OLNM.

Conclusions  OLNM was not rare. OLNM was not a favorable sign for resected NSCLC patients with lymph node 
metastasis. PLN determined the survivals of the patients with OLNM. Clinical tumor size was a strong predictive factor 
for OLNM.
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Background
Non-small cell lung cancer (NSCLC) is a leading contrib-
utor to cancer-related mortality worldwide [1–3]. Over 
half of NSCLC patients are diagnosed with advanced 

diseases, and the 5-year survival rates are dismal. In 
recent year, occult lymph node metastasis (OLNM), 
defined as that lymph node metastasis is not detected 
under clinical evaluations but unexpectedly identified in 
pathology, has been an active field of research [4–15].

To date, it is evident that the survivals of the patients 
with OLNM are inferior to those of the patients without 
lymph node metastasis [7, 13, 15]. However, controver-
sies exist regrading on the prognostic value of OLNM 
in NSCLC patients with lymph node metastasis. Several 
clinical series reported a survival benefit associated with 
OLNM when compared with the evident lymph node 
metastasis (ELNM) [7, 16]. Yet, there are conflicting data 
drawing a negative conclusion, revealing that OLNM 
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has little impact on the survivals of the patients [14, 17]. 
In addition, the number of studies evaluating the clini-
cal presentations and predictive factors for OLNM are 
modest.

Against this background, this study focused on the 
resected NSCLC patients with OLNM from a large 
Chinese cohort. The main object was to systematically 
characterize and evaluate the survival outcomes of this 
category of patients. The second object was to explore 
the predictive factor for OLNM. We anticipated that our 
study might provide a more comprehensive understand-
ing of this population.

Methods
Study design and patient enrollment
Between 1999 and 2018, a series of 7,931 consecutive 
resected patients were evaluated from our center. The 
well-managed dataset used in this study was reported 
before [18]. The included criteria mandated that: (1) 
confirmed as NSCLC; (2) received surgery and systemic 
lymphadenectomy. Patients were excluded when meet-
ing the following criteria: (1) sublobar resection; (2) N3 
category; (3) M1 category; (4) positive surgical margin; 
(5) adenocarcinoma in  situ; (6) received neoadjuvant 
therapy; (7) previous or concurrent other cancers; (8) 
age < 18  years old; (9) unavailable clinicopathological or 
survival information.

The eligible patients were categorized into five groups: 
N0 group, occult N1 group, evident N1 group, occult N2 
group and evident N2 group according to the results of 
clinical and pathological results of nodal status.

Ethic
This study was approved by The Ethics Committee of 
Peking University People’s Hospital (the approved num-
ber: 2020 PHB 421–02). The Ethics Committee of Peking 
University People’s Hospital waived off the informed con-
sent due to the retrospective nature.

Nodal status evaluations
In routine, chest and abdomen computed tomography 
(CT) and brain magnetic resonance imaging (MRI) were 
performed to determine the clinical tumor-node-metas-
tasis (TNM) stage. Positron emission tomography (PET) 
imaging was not mandatory in our center because it is 
expensive and has not been covered by medical insur-
ance in mainland China. In general, lymph node with 
short axis diameter >  = 1  cm in the CT scan or with 
maximal standardized uptake value >  = 2.5 in the PET 
was consider malignant. Once the patients were suspi-
cious of clinical N2 category, invasive nodal evaluation 
modalities such as endobronchial ultrasonography trans-
bronchial needle aspiration or mediastinoscopy were 

recommended but not mandatory. After surgery, the 
formalin-fixed paraffin-embedded tissue sections of har-
vested lymph nodes with hematoxylin and eosin staining 
were reviewed by one junior and one senior pathologist 
of the Department of Pathology in the Peking University 
People’s Hospital.

Treatments
The surgical approach and surgical extent were dis-
cussed and decided at a multidisciplinary team meeting. 
All included patients underwent lobectomy or pneu-
monectomy and systemic lymph nodes dissection. Sys-
temic lymph nodes dissection was defined as mediastinal 
lymph node dissection of at least three stations, and sta-
tion 7 (the subcarinal lymph node) must be dissected. 
Regarding N1 station lymph nodes, the station 10, 11 and 
12 were dissected intraoperatively, and the station 13 and 
14 were dissected by pathologists from the excised speci-
men, but this procedure was not mandatory. In addition, 
at least 6 lymph nodes were harvested. Adjuvant thera-
pies were performed according to the National Compre-
hensive Cancer Network (NCCN) guidelines [19], usually 
four cycles of platinum-based doublet chemotherapies 
were administered to the stage IIA-IIIB NSCLC patients 
in this period.

Follow‑up
Follow-up information was mainly obtained through 
telephone calls and hospital visits. In general, postop-
erative follow-up was performed every three months for 
the first two years, every six months for the next three to 
five years and annually thereafter [18]. Physical examina-
tions, tumor markers and chest CT scan were regularly 
performed at scheduled intervals during follow-up visits. 
When clinically indicated, brain MRI and bone scans or 
PET scan were performed.

Data collection
The clinicopathologic information and treatment data 
were extracted from the electronic medical record sys-
tem, which included age, sex, smoking status, family 
tumor history, body mass index (BMI), comorbidity, 
staging methods, tumor location, clinical tumor size, 
clinical tumor (T) category, clinical nodal (N) cate-
gory, forced expiratory volume in 1  second (FEV1%), 
diffusion capacity for carbon monoxide (DLCO%), the 
American Society of Anesthesiologists (ASA) physical 
status grade, surgical approach, surgical extent, histol-
ogy, visceral pleural invasion (VPI), lymphovascular 
invasion (LVI), examined lymph nodes (ELN), posi-
tive lymph nodes (PLN), pathologic tumor size, path-
ologic T category, pathologic N category, pathologic 
tumor-node-metastasis (TNM) stage, postoperative 
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complications, adjuvant therapy and hospital stay. The 
8th edition of the TNM staging manual was used in 
this study [20]. Complete data analysis was carried out 
in this study. The endpoints of this study were over-
all survival (OS) and disease-free survival (DFS). OS 
was calculated from the date of surgery to the date of 
death or the last known contact. DFS was calculated 
from the date of surgery to the date of first recurrence 
or death. The follow-up information was updated in 
October 2021.

Statistically analysis
All statistical analyses were conducted via the R ver-
sion 4.1.1 (The R Foundation for Statistical Comput-
ing, Vienna, Austria; http://​www.r-​proje​ct.​org) and the 
IBM SPSS Statistics (version 25.0, IBM Corp, Armonk, 
NY, USA). The Shapiro–Wilk test was used to analyze 
the normal distribution of the continuous variables, and 
non-normally distributed continuous variables were pre-
sented as median (range). The Mann–Whitney U test 
was used to compare the non-normally distributed vari-
ables. Categorical variables were presented as percent-
ages and were compared using Pearson Chi-square test 
or Fisher’s exact test. OS and DFS were analyzed by the 
Kaplan–Meier method with log–rank test. A one to one 
propensity score matching (PSM) was used to reduce the 
bias caused by the baseline confounders in the occult N1 
& evident N1 pair and the occult N2 & evident N2 pair 
using the R package “MatchIt” [21]. Propensity scores 
were calculated based on age, sex, comorbidity, surgical 
approach, surgical extent, histology, pathologic T cat-
egory, LVI, VPI, complications and adjuvant therapy. The 
nearest-neighbor matching method with a caliper dis-
tance of 0.1 was used in the PSM. A least absolute shrink-
age and selection operator (LASSO) method was used 
to select and minimize prognostic variables using the R 
package “glmnet” [22]. Variables entered into the LASSO 
model included age, sex, smoking, family tumor history, 
comorbidity, BMI, FEV1%, DLCO%, ASA grade, surgi-
cal approach, surgical extent, tumor location, histology, 
VPI, LVI, ELN, PLN, pathologic T category, pathologic 
N category, complications and adjuvant therapy. The 
LASSO-selected variables were further entered into a 
forward stepwise multivariable Cox analysis to determine 
the final results. Random forest was used to determine 
the predictive factors for OLNM using the R package 
“randomForest”. The Variables entered into the random 
forest included age, sex, smoking, family tumor history, 
comorbidity, BMI, FEV1%, DLCO%, ASA grade, surgical 
approach, surgical extent, clinical tumor size, evaluation 
of nodal status and tumor location. Two-sided P < 0.05 
was considered statistically significant.

Results
Baseline characteristics
A total of 2,067 eligible cases were included in this study. 
The clinicopathological information are presented in 
Table 1. The median age was 61 years (range from 22 to 
86 years), and over half of cases were male (58.6%). There 
were 1,497 cases, 165 cases, 54 cases, 243 cases and 108 
cases in the N0, occult N1, evident N1, occult N2 and 
evident N2 group, respectively. Considering the patients 
with N1 category, there were more females (34.5% 
vs. 16.7%, P = 0.013), non-smokers (43.0% vs. 25.9%, 
P = 0.025) and smaller-sized tumors (P = 0.022) in the 
occult N1 group when compared with those in the evi-
dent N1 group. In addition, more patients in the evident 
N1 group underwent PET (35.2% vs. 19.4%, P = 0.009) 
and open surgery (38.9% vs. 24.8%, P = 0.047). Regard-
ing the patients with N2 category, there were more young 
patients (60 years vs. 63 years, P = 0.018), females (35.8% 
vs. 20.4%, P = 0.004) and non-smokers (50.6% vs. 30.6%, 
P < 0.001) in the occult N2 group when compared with 
those in the evident N2 group. More patients were suf-
fered from preoperative comorbidities in the evident N2 
group (65.7% vs. 53.1%, P = 0.027). The clinical tumor 
sizes of the patients with occult N2 metastasis were 
smaller than those of the patients with evident N2 metas-
tasis (30  mm vs. 35  mm, P = 0.002). Adenocarcinoma 
(ADC) occurred in a sizable fraction of patients with 
occult N2 metastasis (75.3% vs. 54.6%, P < 0.001). Patients 
in the evident N2 group had more tumors with advanced 
T categories (P = 0.031). After PSM, the variables in the 
occult N1 & evident N1 pair and the occult N2 & evident 
N2 pair were all balanced well (Table S1).

Survival analysis
Kaplan–Meier curves showed that the survivals of 
the patients with N0 category were superior to that of 
patients with lymph node metastasis (5-year OS rate: 
89.1% vs. 54.0%, P < 0.001; 5-year DFS rate: 85.0% vs. 
41.1%, P < 0.001; Fig. 1). In subgroup analyses, the surviv-
als of the patients with occult N1 metastasis were similar 
to those of patients with evident N1 metastasis (5-year 
OS rate: 64.2% vs. 56.9%, P = 0.392; 5-year DFS rate: 
52.2% vs. 50.3%, P = 0.524; Fig. 1). Regarding the patients 
with N2 category, the OS between the occult and the evi-
dent group was comparable (5-year OS rate: 51.6% vs. 
40.6%, P = 0.206; Fig.  1A). The DFS of the patients with 
occult N2 metastasis was marginally better than that of 
the patients with evident N2 metastasis (5-year DFS rate: 
38.7% vs. 23.4%, P = 0.054; Fig. 1B).

After PSM, there were 54 and 108 pairs of patients in 
the occult N1 & evident N1 and the occult N2 & evi-
dent N2 group, respectively. Regarding the patients 
with N1 category, the survival curves showed that these 
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Table 1  Patient characteristics

Characteristic N0
(N = 1,497)

Occult N1
(N = 165)

Evident N1
(N = 54)

P Occult N2
(N = 243)

Evident N2
(N = 108)

P

Age, years 0.234a 0.018a

  Median (range) 61 (22–86) 60 (35–81) 63 (45–77) 60 (34–86) 63 (40–81)

Sex 0.013 0.004

  Male 817 (54.6) 108 (65.5) 45 (83.3) 156 (64.2) 86 (79.6)

  Female 680 (45.4) 57 (34.5) 9 (16.7) 87 (35.8) 22 (20.4)

Smoking 0.025  < 0.001

  Non-smoker 934 (62.4) 71 (43.0) 14 (25.9) 123 (50.6) 33 (30.6)

  Smoker 563 (37.6) 94 (57.0) 40 (74.1) 120 (49.4) 75 (69.4)

Family tumor history 0.194b 0.822

  Without 1,330 (88.8) 153 (92.7) 53 (98.1) 228 (93.8) 102 (94.4)

  With 167 (11.2) 12 (7.3) 1 (1.9) 15 (6.2) 6 (5.6)

BMI 0.967a 0.372a

  Median (range) 24.1 (14.3–44.7) 24.4 (16.9–34.6) 24.0 (17.5–33.6) 23.6 (15.4–33.6) 24.2 (17.9–33.3)

Comorbidity 0.322 0.027

  Without 655 (43.8) 80 (48.5) 22 (40.7) 114 (46.9) 37 (34.3)

  with 842 (56.2) 85 (51.5) 32 (59.3) 129 (53.1) 71 (65.7)

Tumor location 0.952b 0.122

  RUL 565 (37.7) 57 (34.5) 20 (37.0) 67 (27.6) 39 (36.1)

  RML 113 (7.5) 4 (2.4) 2 (3.7) 13 (5.3) 1 (0.9)

  RLL 282 (18.8) 41 (24.8) 13 (24.1) 56 (23.0) 25 (23.1)

  LUL 316 (21.1) 40 (24.2) 13 (24.1) 63 (25.9) 30 (27.8)

  LLL 221 (14.8) 23 (13.9) 6 (11.1) 44 (18.1) 13 (12.0)

Clinical T category 0.031b 0.050

  1a 185 (12.4) 2 (1.2) 1 (1.9) 7 (2.9) 1 (0.9)

  1b 620 (41.4) 43 (26.1) 5 (9.3) 52 (21.4) 16 (14.8)

  1c 364 (24.3) 46 (27.9) 18 (33.3) 78 (32.1) 31 (28.7)

  2a 168 (11.2) 31 (18.8) 10 (18.5) 46 (18.9) 17 (15.7)

  2b 71 (4.7) 25 (15.2) 6 (11.1) 28 (11.5) 14 (13.0)

  3 54 (3.6) 12 (7.3) 10 (18.5) 23 (9.5) 18 (16.7)

  4 35 (2.3) 6 (3.6) 4 (7.4) 9 (3.7) 11 (10.2)

Clinical tumor size, mm 0.022a 0.002a

  Continue 24 (4–125) 30 (10–130) 34 (8–84) 30 (8–130) 35 (10–104)

Evaluation of nodal status 0.009b 0.122

  CT 1,153 (77.0) 132 (80.0) 33 (61.1) 193 (79.4) 80 (74.1)

  PET-CT 334 (22.3) 32 (19.4) 19 (35.2) 47 (19.3) 23 (21.3)

  Invasive modalities 10 (0.7) 1 (0.6) 2 (3.7) 3 (1.2) 5 (4.6)

FEV1% 0.007a 0.608a

  Median (range) 96.6 (21.1–173.0) 92.8 (46.9–150.0) 84.3 (35.0–125.3) 91.3 (29.4–162.0) 91.4 (51.0–144.4)

DLCO% 0.091a 0.762a

  Median (range) 87.7 (27.6–147.5) 88.9 (42.7–129.2) 85.1 (11.6–139.1) 84.9 (42.5–160.8) 83.4 (51.1–131.9)

ASA grade 0.220b 0.577

  1 296 (19.8) 17 (10.3) 10 (18.5) 50 (20.6) 27 (25.0)

  2 1,146 (76.6) 136 (82.4) 39 (72.2) 188 (77.4) 78 (72.2)

  3 55 (4.5) 12 (7.3) 5 (9.3) 5 (2.1) 3 (2.8)

Surgical approach 0.047 0.191

  VATS 1,376 (91.9) 124 (75.2) 33 (61.1) 189 (77.8) 77 (71.3)

  Open 121 (8.1) 41 (24.8) 21 (38.9) 54 (22.2) 31 (28.7)
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two groups of patients still had similar survival rates 
(5-year OS rate: 64.8% vs. 56.9%, P = 0.913, Fig.  2A; 
5-year DFS rate: 50.6% vs. 50.3%, P = 0.980, Fig.  2B). 
Similar results were also observed in the occult N2 & 
evident N2 matched cohort (5-year OS rate: 52.0% vs. 
40.6%, P = 0.435, Fig.  2C; 5-year DFS rate: 36.5% vs. 
23.4%, P = 0.178, Fig. 2D).

LASSO‑penalized multivariable Cox analysis
Considering the entire cohort, LASSO model selected 
eight potential prognostic factors, including age, smok-
ing, DLCO%, surgical approach, histology, pathologic 
T category, pathologic N category and PLN, for OS 
(Figure S1A-B). Accordingly, six potential prognostic 
factors, including age, smoking, DLCO%, pathologic T 

BMI body mass index, RUL right upper lobe, RML right middle lobe, RLL right low lobe, LUL left upper lobe, LLL left low lobe, FEV1 forced expiratory volume in 1 second, 
DLCO diffusion capacity for carbon monoxide, ASA American society of Anesthesiologists, VATS video-assisted thoracoscopic surgery, ADC adenocarcinoma, SCC 
squamous cell carcinoma, VPI visceral pleural invasion, LVI lymphvascular invasion, ELN examined lymph nodes, PLN positive lymph nodes, CT computed tomography, 
PET positron emission tomography
a Mann–Whitney U test
b Fisher’s exact test

Table 1  (continued)

Characteristic N0
(N = 1,497)

Occult N1
(N = 165)

Evident N1
(N = 54)

P Occult N2
(N = 243)

Evident N2
(N = 108)

P

Surgical extent 0.332 0.698

  Lobectomy 1,480 (98.9) 151 (91.5) 47 (87.0) 222 (91.4) 100 (92.6)

  Pneumonectomy 17 (1.1) 14 (8.5) 7 (13.0) 21 (8.6) 8 (7.4)

Histology 0.004  < 0.001

  ADC 1,212 (81.0) 89 (53.9) 15 (27.8) 183 (75.3) 59 (54.6)

  SCC 236 (15.8) 66 (40.0) 33 (61.1) 51 (21.0) 39 (36.1)

  Other 49 (3.3) 10 (6.1) 6 (11.1) 9 (3.7) 10 (9.3)

VPI 0.561 0.885

  Negative 1,138 (76.0) 111 (67.3) 34 (63.0) 146 (60.1) 64 (59.3)

  Positive 359 (24.0) 54 (32.7) 20 (37.0) 97 (39.9) 44 (40.7)

LVI 0.863 0.065

  Negative 1,334 (89.1) 103 (62.4) 33 (61.1) 145 (59.7) 53 (49.1)

  Positive 163 (10.9) 62 (37.6) 21 (38.9) 98 (40.3) 55 (50.9)

ELN 0.664a 0.106a

  Median (range) 16 (6–62) 19 (6–66) 21 (7–47) 17 (6–61) 18 (7–56)

PLN 0.814a 0.239a

  Median (range) 0 (0–0) 1 (1–8) 1 (1–9) 4 (1–29) 4 (1–26)

Pathologic tumor size, mm 0.022a 0.010a

  Continue 22 (1–125) 30 (2–105) 30 (8–90) 30 (6–130) 30 (10–100)

Pathologic T category 0.023b 0.031b

  1a 182 (12.2) 0 (0.0) 1 (1.9) 2 (0.8) 1 (0.9)

  1b 425 (28.4) 25 (15.2) 1 (1.9) 36 (14.8) 6 (5.6)

  1c 244 (16.3) 30 (18.2) 10 (18.5) 37 (15.2) 16 (14.8)

  2a 451 (30.1) 52 (31.5) 19 (35.2) 93 (38.3) 38 (35.2)

  2b 71 (4.7) 27 (16.4) 6 (11.1) 22 (9.1) 14 (13.0)

  3 93 (6.2) 20 (12.1) 10 (18.5) 39 (16.0) 17 (15.7)

  4 31 (2.1) 11 (6.7) 7 (13.0) 14 (5.8) 16 (14.8)

Postoperative complication 0.161b 0.158

  Without 1,425 (95.2) 162 (98.2) 51 (94.4) 225 (92.6) 95 (88.0)

  With 72 (4.8) 3 (1.8) 3 (5.6) 18 (7.4) 13 (12.0)

Adjuvant therapy 0.323 0.560

  No 1,189 (79.4) 38 (23.0) 9 (16.7) 41 (16.9) 21 (19.4)

  Yes 308 (20.6) 127 (77.0) 45 (83.3) 202 (83.1) 87 (80.6)

Hospital stay, day 0.027a 0.497

  Median (range) 14 (4–58) 14 (6–75) 16 (7–53) 15 (3–38) 15 (2–45)
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Fig. 1  Survivals comparisons among different N categories. A OS: N0 vs. occult N1 vs. evident N1 vs. occult N2 vs. evident N2 and (B) DFS: N0 vs. 
occult N1 vs. evident N1 vs. occult N2 vs. evident N2. N, node; OS, overall survival; DFS, disease-free survival; N, node

Fig. 2  Survivals comparisons between nodal positive patients with and without OLNM after PSM. A OS: occult N1 vs. evident N1; (B) DFS: occult N1 
vs. evident N1; (C) OS: occult N2 vs. evident N2 and (D) DFS: occult N2 vs. evident N2. PSM, propensity score matching; N, node; OS, overall survival; 
DFS, disease-free survival; OLNM, occult lymph node metastasis
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category, pathologic N category and PLN, were selected 
for DFS (Figure S1C-D). Multivariable Cox analysis fur-
ther confirmed that age (P < 0.001), smoking (P = 0.001), 
DLCO% (P < 0.001), surgical approach (P = 0.012), his-
tology (P = 0.034), pathologic T category (P < 0.001), 
pathologic N category (P < 0.001) and PLN (P < 0.001) 
were independent prognostic factors for OS (Table 
S2). Age (P < 0.001), smoking (P = 0.001), DLCO% 
(P < 0.001), pathologic T category (P < 0.001), patho-
logic N category (P < 0.001) and PLN (P < 0.001) were 
proven as the independent prognostic factors for DFS 
(Table S2).

Regarding the patients with OLNM, LASSO model 
showed that two prognostic factors, including age and 
PLN, were selected for OS (Fig.  3A, B), and only PLN 
were selected for DFS (Fig.  3C, D). In further analy-
ses, multivariable Cox analysis confirmed that age 
(P < 0.001) and PLN (P < 0.001) were independent prog-
nostic factors for OS, and PLN (P < 0.001) was an inde-
pendent prognostic factor for DFS (Table 2).

Random forest
Fourteen pre-incision factors, including age, sex, smok-
ing, family tumor history, comorbidity, BMI, FEV1%, 
DLCO%, ASA grade, surgical approach, surgical extent, 
clinical tumor size, evaluation of nodal status and tumor 
location, were included in the random forest. The results 
suggested that clinical tumor size (P < 0.01) was the 
strongest predictor, followed by surgical extent (P < 0.01), 
age (P < 0.05) and evaluation of nodus status (P < 0.05) 
(Fig. 4).

Discussion
Our comprehensive analysis of the patient with OLNM 
demonstrated that the rate of OLNM was not rare 
(21.4%). Patients with OLNM were tend to be female, 
non-smoker, ADC and had smaller-sized tumors when 
compared with the patients with ELNM. Survival curves 
showed that irrespective of whether it was before or 
after PSM analyses, the survivals of the patients with 
OLNM were similar to those of the patients with ELNM. 

Fig. 3  Prognostic factors selection for OS (A and B) and DFS (C and D) of the patients with occult lymph node metastasis using the LASSO 
regression model. LASSO coefficient profiles of 21 included factors against the log (Lambda) sequence for OS (A) and DFS (C). Tuning parameter 
(Lambda) selection in the LASSO model used 10-fold cross-validation via minimum criteria (OS: B; DFSS: D). LASSO, least absolute shrinkage 
and selection operator; OS, overall survival; DFS, disease-free survival
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LASSO-penalized multivariable Cox analysis suggested 
that pathologic N category (N0 vs. occult N1 vs. evident 
N1 vs. occult N2 vs. evident N2) was a prognostic fac-
tor for both OS and DFS in the entire cohort. Only PLN 
was proven as the prognostic factor for the patients with 
OLNM. At last, random forest showed that clinical tumor 
size, surgical extent, age and evaluation of nodal status 
were the predictive factors for OLNM. Our study pro-
vided comprehensive knowledge of NSCLC patients with 
OLNM and possess a certain clinical reference value.

In forerunning clinical series, Gwozdz et  al. [15] and 
Beyaz et  al. [11] reported the frequency of OLNM as 
18.9% and 23.1%, which were similar with our results. In 
other studies however, the authors reported that the rate 
of OLNM was about 10% [5, 7, 9]. A reason postulated to 
account for the difference was that in our cohort, a sub-
stantial of patients underwent CT scan rather than PET 
or invasive tools to determine the clinical TNM stage 
(1591/2067, 77%). It is evidenced that the diagnostic 
accuracy rate of CT scan is not satisfied [23, 24]. There-
fore, high false-negative rate might occur in our cohort. 
In line with previous studies [7, 8, 25], we demonstrated 
that patients with OLNM were tend to be female, ADC 
and had smaller-sized tumors. But the results conflicted 
with Gwozdz et al.’s study [15], where the authors dem-
onstrated that the incidence of OLNM was not affected 
by sex, histology and size. In addition, we firstly reported 
that non-smokers were inclined to have OLNM when 
compared with the smokers. A possible explanation for 
this was that there were higher percentage of squamous 
cell carcinomas (SCCs) in the smoker subgroup (354/425, 
83.3%). It is known that SCC is unlikely to metastasize to 
lymph nodes when compared with ADC.

Previous studies supported the notion that the surviv-
als of the patients with OLNM were superior to those 
of the patients with ELNM because the former group 
usually had lower tumor burden [7, 16, 26]. There also 
have been contrasting reports [14, 17, 24], where the 
authors argued that whereas clinical underestimation of 

N category may lead to undertreatment. However, these 
studies were all suffered from the bias caused by the 
imbalanced covariates between groups. Our study added 
to the existing body of evidence on the topic that the sur-
vivals of these two groups of patients were comparable. 
To our best knowledge, this is the first study which com-
pared the survival differences between these two groups 
using the PSM method. Therefore, our results were more 
reliable. Herein, we proposed that patients with OLNM 
should receive the standard treatments and follow-up 
strategy just like the patients with ELNM.

It is curious to observe that PLN was the only prognos-
tic factor for the patients with OLNM. To date, although 
tumor burden has not been adopted in the current TNM 
staging system [20], ample evidences supported that 
tumor burden is a strong prognostic factor for resected 
NSCLC patients [27–30]. From our perspectives, PLN 
was a powerful prognostic factor which might over-
shadow several conventional prognostic factors such as 
tumor size, N category and VPI in the patients with posi-
tive lymph nodes.

The results of random forest suggested that clini-
cal tumor size was the strongest predictive factor for 
OLNM, which was confirmed by the previous studies 
[5, 9]. In the study by Haque et  al., the authors directly 
demonstrated that as the tumor size increases every cen-
timeter, the rate of OLNM increases 10–14% [5]. How-
ever, conventional analytic method (logistic regression) 
was used in their study. As is well known that machine 
learning algorithms such as random forest specifically 
suited to figure out associations between data beyond 
the one-dimensional statistical methods currently used. 
Thus, our results might be more persuasive. Our finding 
was important for clinical practice. It is known that sev-
eral novel treatments such as stereotactic ablative body 
radiotherapy are potential alternatives to surgical resec-
tion for early-stage NSCLC [31]. However, the premise 
is that the candidate must be nodal negative. Therefore, 
when encountered large-sized tumors without lymph 

Table 2  LASSO-penalized multivariable Cox analysis of the patients with occult lymph node metastasis

OS overall survival, DFS disease-free survival, PLN positive lymph nodes
a Age and PLN were included in the multivariable Cox analysis of OS
b Only PLN was included in the multivariable Cox analysis of DFS

Characteristic OSa DFSb

HR 95% CI P HR 95% CI P

Age  < 0.001

Continue 1.091 1.059–1.124

PLN  < 0.001  < 0.001

Continue 1.033 1.018–1.048 1.089 1.060–1.120
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Fig. 4  Random forest for selecting the predictive factors of OLNM. A the mean decrease accuracy and the mean decrease Gini of each included 
variables. In general, the greater the indices, the more important the variables and (B) the mean decrease accuracy determined the statistically 
significant variables, ** means P < 0.01, * means P < 0.05. OLNM, occult lymph node metastasis; FEV1, forced expiratory volume in 1 second; DLCO, 
diffusion capacity for carbon monoxide; BMI, body mass index; ASA, American society of Anesthesiologists; ns, non-significant
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node involvement, clinicians should be vigilant of the risk 
of OLNM, and more accurate staging modalities are war-
ranted to exclude lymph node metastasis.

Our study had some limitations. First, only a small por-
tion of patients underwent PET or invasive staging tools 
(23.1%). Therefore, high false-negative rate of clinical N 
category might occur in our cohort. In developing coun-
tries, preoperative staging by PET or invasive tools is 
still not common. We hoped patients’ data with definite 
N category could be applied to validate our conclusion. 
We optimistically foresaw that with the development 
of economy and medical technologies, the number of 
patients with OLNM would de decreased. Second, our 
study included patients from a time period from 1999 
to 2018, which is long time span. There have been huge 
strides in the development of preoperative evaluation 
tools and treatment modalities. Therefore, patients in the 
late period might receive more standard and powerful 
evaluations and therapies, which could contribute to bias. 
Third, the variables included in the random forest model 
were not enough. Further efforts on more detailed infor-
mation collection such as imaging features and tumor 
markers are encouraged to improve the performance 
of the predictive model. Third, although the number of 
cases included in this study was larger than those of most 
previous studies, only a small number of patients could 
be gathered for some subgroups. Therefore, multicenter 
studies with high quality databases could validate our 
results. At last, this is a retrospective single-center study, 
although PSM were performed, the inherent bias was 
inevitable.

However, notable strengths of this study included that 
the rigor and efficient statistical methodologies (LASSO 
model, PSM method and random forest model) used in 
the study made our results more reliable. The sample size 
was large, and therefore, our results had certain clinical 
reference value. In addition, the included patients were 
treated by a standardized surgical protocol at single 
institution which could reduce bias. At last, the dataset 
that we used is well-managed, which includes well-anno-
tated clinicopathologic data and complete follow-up 
information.

Conclusions
OLNM was not rare. OLNM was not a favorable sign for 
NSCLC patients with lymph node metastasis. PLN deter-
mined the survivals of the patients with OLNM. Clinical 
tumor size was a strong predictive factor for OLNM.
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