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Abstract
This study aimed to identify the prognostic value of lymph node metastasis in patients with non-small cell lung cancer 
(NSCLC) and distant organ metastasis. A total of 42,613 NSCLC patients with distant metastasis from the surveillance, 
epidemiology, and end results database between 2010 and 2013 were included for analysis. The proportion of N0 stage in 
M1a patients was significantly higher than that in M1b patients, 34.0% and 22.7% respectively (P < 0.001). Compared with 
N0 patients, patients had higher odds of experiencing multiorgan metastases (MOM) if they had higher N stage at diagnoses 
(P < 0.001). The Kaplan–Meier curves suggested both M1a and M1b groups patients at stage N0 had better survival than 
those at higher N stage (P < 0.001). Further analysis indicated that better survival was observed in N0 stage compared with 
N2 or N3 stage if patients had bone metastasis, brain metastasis, or MOM (P < 0.001, P < 0.001, and P = 0.002, respectively), 
but there was no significant difference in survival among each N stage patients with liver metastasis only. Cox regression 
analysis showed that compared with N0 patients, higher hazard for disease-specific mortality was observed for patients with 
higher N stage. Among NSCLC patients with distant organ metastasis, lymph node metastasis was associated with higher 
odds of experiencing MOM and a worse prognosis in terms of longer survival except patients with liver metastasis. Better 
understandings of the role of lymphatic metastasis in M1 NSCLC could help clinicians with better management of the disease.
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Abbreviations
AD  Adenocarcinoma
AJCC  American Joint Committee on Cancer
HRs  Hazard ratios
IASLC  International Association for the Study of Lung 

Cancer
IQR  Interquartile range
MOM  Multiorgan metastases
NSCLC  Non-small cell lung cancer
ORs  Odds ratios
SEER  Surveillance, epidemiology and end results
SQCC  Squamous cell carcinoma
TNM  Tumor, node, and metastasis

Introduction

Lung cancer is the second most common cancer among both 
males and females. The American Cancer Society estimated 
that 116,990 men and 105,510 women developed new lung 
and bronchus cancers in 2017, with 84,590 men and 71,280 
women dying from them [1]. The estimated numbers of new 
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cases and deaths were comparable to those in 2014 [2]. In 
addition, Bray et al. have reported that lung cancer was the 
leading cause of cancer mortality for women in 17 countries 
and for men in 94 countries [3]. Non-small cell lung cancer 
(NSCLC) and small cell lung cancer are the two major his-
tological variants that account for 90% of lung cancers, with 
the major variants of NSCLC being adenocarcinoma (AD) 
and squamous cell carcinoma (SQCC). Lung cancer patients 
have a low 5-year survival rate [4] and approximately 40% of 
new NSCLC cases have distant metastases at diagnosis [5].

The eighth edition of the lung cancer staging system 
developed by the International Association for the Study 
of Lung Cancer (IASLC) has significant revisions regard-
ing distant metastasis, while the lymph node (N) descrip-
tors remained unchanged [6]. The 8th edition defines M1a 
as intrathoracic metastases, M1b as a single extra-thoracic 
metastasis, and M1c as multiple extra-thoracic metastases. 
For patients with distant metastasis, tumor, node, and metas-
tasis (TNM) stage is determined only by M stage. IVA stage 
includes any T, any N, M1a and M1b; IVB stage includes 
any T, any N, and M1c. Previous studies have also demon-
strated that multiorgan metastasis predict inferior survival 
in M1 NSCLC [7, 8]. It has been revealed that lymph node 
metastasis might have prognostic value in M1a NSCLC [9], 
and N2 disease is associated with poor survival in oligo-
metastatic NSCLC [10], but the impact of N status on the 
outcome of NSCLC patients with specific organ metasta-
sis, especially multiorgan metastases (MOM) remains to be 
determined. Identifying factors with prognostic value may 
contribute to management of disease [11], thus determin-
ing effective predictors of survival especially in late stage 
NSCLC is of great importance.

In the present study, we aimed to investigate the rela-
tionship between lymph node metastasis and distant organ 
metastasis and how N stage affects the outcome of M1 dis-
ease in NSCLC patients using surveillance, epidemiology, 
and end results (SEER) database.

Methods

Patients and clinicopathologic data

This retrospective study assessed (1) the association of N 
stage with distant metastases and (2) the prognostic value 
of N stage among patients with M1 NSCLC. Data for a large 
number of NSCLC patients were obtained from the SEER 
database, which was launched in 1973 by the National Can-
cer Institute and consists of 18 population-based cancer reg-
istries, covering approximately 28% of the total population 
of the United States.

The present study included NSCLC patients with M1 dis-
ease who were diagnosed between 2010 and 2013 and had 

complete information. We initially identified 90,817 cases 
of lung cancer, 20,576 cases with two or more primary sites, 
6918 with incomplete information on organs metastases, 55 
cases with no information on survival, 17,845 cases with 
small cell lung cancer, and 2810 patients with incomplete N 
stage and histological information. Thus, a total of 42,613 
NSCLC patients were eligible analyses, with 26,457 AD 
cases and 8637 SQCC cases. All patients had distant metas-
tasis at diagnosis and complete information regarding N 
stage. TNM stage information in the present SEER data-
base was based on the 7th TNM staging system. N stage 
is defined as follows: N0 stage as no regional lymph node 
metastasis, N1 stage as metastasis in the ipsilateral peri-
bronchial and/or ipsilateral hilar lymph nodes and intrapul-
monary nodes, including involvement by direct extension, 
N2 stage as metastasis in the ipsilateral mediastinal and/
or subcarinal lymph node(s), and N3 stage as metastasis in 
the contralateral mediastinal, contralateral hilar, ipsilateral, 
contralateral scalene, or supraclavicular lymph node(s). M1 
is classified as two stages, M1a: presence of a malignant 
pleural or pericardial effusion, pleural dissemination, or 
pericardial disease, and metastasis in opposite lung; M1b: 
extrathoracic metastases. Multiorgan metastases refers to 
patients with two or more metastatic organs among lung, 
liver, brain and bone as previously described [7]. The end-
point of the present study was lung cancer specific survival, 
which was defined as the interval from diagnosis until death 
due to lung cancer or until the last follow-up.

Statistical analyses

Patient characteristics were statistically described. Pearson’s 
Chi square test was used to detect differences for categori-
cal variables. Differences in NSCLC-specific survival time 
were compared among patients of different N stage using 
Kaplan–Meier analysis and the log-rank test. Cox regres-
sion analysis was used to investigate the predictors of sur-
vival, and binary logistic regression analysis was performed 
to calculate the odds ratios (ORs) of experiencing various 
organ metastases. Differences were considered statistically 
significant at two-tailed p-values of less than 0.05. All analy-
ses were performed using IBM SPSS software (version18.0; 
IBM Corp., Armonk, NY).

Results

Patient characteristics

Table 1 shows the clinical characteristics of total popula-
tions and subtypes, respectively. A total of 42,613 NSCLC 
patients (23,642 male and 18,971 female) were analyzed. 
The histological type AD had 26,475 cases and SQCC had 
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8637 cases. The median age for the overall population was 
67 years [interquartile range (IQR): 59–76 years] and the 
median follow-up time was 4 months (IQR 1–10 months). 
There were 25.9% (11,057 cases) patients diagnosed at N0 
stage, 8.1% (3443 cases) at N1 stage, 46.0% for N2 stage 

(19,609 cases), and 20.0% for N3 stage (8504 cases). The 
primary tumors were more common on the right side (54.9% 
overall, with 28.4% on the right upper lobe) and less com-
mon on the left side (39.1% overall) (Table 2).

Table 1  Characteristics of overall and NSCLC subtypes with distant metastasis (SEER database 2010–2013, n = 42,613)

Cancer type NSCLC AD SQCC Pa

Sample size 42,613 26,475 8637

Characteristics N % N % N %

Age
 ≤ 45 917 2.1 685 2.6 83 1.0 < 0.001
 46–54 5103 12.0 3497 13.2 695 8.0
 55–64 11,249 26.4 7170 27.1 2032 23.5
 65–74 13,450 31.6 8040 30.4 3020 35
 ≥ 75 11,894 27.9 7083 26.7 2807 32.5

Gender
 Male 23,642 55.5 13,654 51.6 5611 65.0 < 0.001
 Female 18,971 44.5 12,821 48.4 3026 35.0

Race
 White 33,035 77.5 20,157 76.1 6937 80.3 < 0.001
 Black 5769 13.5 3524 13.3 1199 13.9
 Others 3728 8.8 2736 10.3 489 5.7
 Unknown 81 0.2 58 0.2 12 0.1

Tumor size
 ≤1 cm 658 1.5 471 1.8 90 1.0 < 0.001
 > 1 cm, ≤ 2 cm 3491 8.2 2531 9.6 398 4.6
 > 2 cm, ≤ 3 cm 5494 12.9 3780 14.3 784 9.1
 > 3 cm, ≤ 4 cm 5392 12.7 3513 13.3 957 11.1
 > 4 cm, ≤ 5 cm 4760 11.2 2872 10.8 1043 12.1
 > 5 cm, ≤ 7 cm 6736 15.8 3748 14.2 1755 20.3
 > 7 cm 5925 13.9 2759 10.4 1940 22.5
 Unknown 10,157 23.8 6801 25.7 1670 19.3

N stage
 N0 11,057 25.9 7111 26.9 2081 24.1 < 0.001
 N1 3443 8.1 2040 7.7 772 8.9
 N2 19,609 46.0 11,944 45.1 4118 47.7
 N3 8504 20.0 5380 20.3 1666 19.3

Metastatic site
 Bone 7087 16.6 4479 16.9 1416 16.4 < 0.001
 Brain 5285 12.4 3380 12.7 768 8.9
 Liver 1859 4.4 922 3.5 527 6.1
 Lungs 6228 14.6 3706 14.0 1670 19.3
 MOM 11,523 27.1 7704 29.1 1756 20.3
 Others 10,631 24.9 6284 23.7 2500 28.9

NSCLC non-small cell lung cancer, AD adenocarcinoma, SQCC squamous cell carcinoma, MOM multiorgan metastases, Others other organ 
metastasis but without bone, brain, liver and lung metastasis
a Comparison among AD and SQCC
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Table 2  The location of NSCLC and its common subtypes (SEER database 2010–2013, n = 42,613)

NSCLC non-small cell lung cancer, AD adenocarcinoma, SQCC squamous cell carcinoma, RUL right upper level, RML right middle level, RLL 
right low level, LUL left upper level, LLL left low level, NOS no other information

Location NSCLC AD SQCC

N % N % N %

Right
 RUL 12,102 28.4 7542 28.5 2355 27.3
 RML 1841 4.3 1192 4.5 322 3.7
 RLL 6080 14.3 3633 13.7 1409 16.3
 Overlapping 337 0.8 203 0.8 65 0.8
 NOS 3041 7.1 2077 7.8 431 5.0
 Overall 23,401 54.9 14,647 55.3 4582 53.1

Left
 LUL 9622 22.6 5765 21.8 2204 25.5
 LLL 4963 11.6 2972 11.2 1152 13.3
 Overlapping 151 0.4 91 0.3 35 0.4
 NOS 1925 4.5 1283 4.8 281 3.3
 Overall 16,661 39.1 10,111 38.2 3672 42.5

Bilateral, single 
primary

993 2.3 667 2.5 166 1.9

Paired site, but no 
information con-
cerning laterality

1388 3.3 937 3.5 185 2.1

Only one side—
side unspecified

170 0.4 113 0.4 32 0.4

Table 3  Association between N stage and M stage among M1 NSCLC and its subtypes (SEER database 2010–2013, n = 42,613)

NSCLC non-small cell lung cancer, SEER surveillance, epidemiology, and end results, AD adenocarcinoma, SQCC squamous cell carcinoma, 
NOS no other information
a Comparison among M1a, M1b and M1NOS
b Comparison between M1a and M1b

M1a M1b M1NOS Pa Pb

N % N % N %

NSCLC 12,161 29,806 646 < 0.001 < 0.001
 N0 4129 34.0 6756 22.7 172 26.6 < 0.001 < 0.001
 N1 829 6.8 2527 8.5 87 13.5 < 0.001 < 0.001
 N2 5274 43.4 14,038 47.1 297 46.0 < 0.001 < 0.001
 N3 1929 15.9 6485 21.8 90 13.9 < 0.001 < 0.001

AD 7421 18,671 383 < 0.001 < 0.001
 N0 2732 36.8 4276 22.9 103 26.9 < 0.001 < 0.001
 N1 486 6.5 1507 8.1 47 12.3 < 0.001 < 0.001
 N2 3079 41.5 8689 46.5 176 46.0 < 0.001 < 0.001
 N3 1124 15.1 4199 22.5 57 14.9 < 0.001 < 0.001

SQCC 2974 5523 140 < 0.001 < 0.001
 N0 839 28.2 1214 22.0 28 20.0 < 0.001 < 0.001
 N1 232 7.8 518 9.4 22 15.7 0.001 0.014
 N2 1381 46.4 2669 48.3 68 48.6 0.245 0.096
 N3 522 17.6 1122 20.3 22 15.7 0.005 0.002
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Association between N stage and M stage in M1 
NSCLC patients

Table 3 shows that in NSCLC patients, the proportion of 
N0 in M1a was significantly higher than that in M1b, 34.0% 
and 22.7% respectively (P < 0.001). Interestingly, the pro-
portions of patients with N1, N2 and N3 were all lower 
in M1a NSCLC patients than that in M1b (P < 0.001). In 
the subgroup analysis, similar results were obtained in AD 

patients, with N0 rate as high as 36.8% in M1a disease. 
While in SQCC patients, N0 rate was also higher in M1a 
group although the difference between M1a and M1b was 
relatively smaller compared with AD patients, and the N2 
proportion between M1a and M1b group failed to reach sta-
tistical difference.

Association between N stage and MOM

The proportion of patients diagnosed at stage N0, N1, N2, 
and N3 who developed MOM was 18.7%, 25.0%, 29.3%, 
and 33.6%, respectively (Table 4). Compared with the N0 
group, the odds of having MOM were higher for patients 
diagnosed at stage N1 (OR 1.45 [1.33–1.59], P < 0.001), 
N2 (OR 1.80 [1.70–1.90], P < 0.001), and N3 (OR 2.19 
[2.06–2.34], P < 0.001). After adjusting for age, sex, and 
tumor size, the ORs remained significant in N1 group (OR 
1.30 [1.17–1.44]), N2 group (OR 1.70 [1.59–1.81]), and 
N3 group (OR 1.96 [1.81–2.11]) (all P < 0.001). Similar 
results were observed in the AD and SQCC subgroups 
(Table 4).

Association between N stage and disease‑specific 
survival

The effects of N stage on disease-specific survival among 
overall NSCLC patients and two histological subtypes 
are shown in Figs. 1, 2 and 3. Survival decreased with 

Table 4  Association between 
N stage and MOM (SEER 
database years of 2010–2013)

NSCLC non-small cell lung cancer, AD adenocarcinoma, SQCC squamous cell carcinoma, MOM multi-
organ metastases, OR odds ratio, CI confidence intervals
a Adjusted for age, gender and tumor size; n/N refers to rate of MOM in each group

Stage by 
cancer type

MOM Unadjusted Adjusteda

N/N (%) OR (95% CI) P OR (95% CI) P

NSCLC
 N0 2069/11,057 (18.7) Ref Ref Ref Ref
 N1 862/3443 (25.0) 1.45 (1.33–1.59) < 0.001 1.30 (1.17–1.44) < 0.001
 N2 5738/19,609 (29.3) 1.80 (1.70–1.90) < 0.001 1.70 (1.59–1.81) < 0.001
 N3 2854/8504 (33.6) 2.19 (2.06–2.34) < 0.001 1.96 (1.81–2.11) < 0.001

AD
 N0 1424/7111 (20.0) Ref Ref Ref Ref
 N1 539/2040 (26.4) 1.43 (1.28–1.61) < 0.001 1.29 (1.13–1.47) < 0.001
 N2 3765/11,944 (31.5) 1.84 (1.72–1.97) < 0.001 1.74 (1.61–1.89) < 0.001
 N3 1976/5380 (36.7) 2.32 (2.14–2.51) < 0.001 2.04 (1.85–2.24) < 0.001

SQCC
 N0 281/2081 (13.5) Ref Ref Ref Ref
 N1 141/772 (18.3) 1.43 (1.15–1.79) 0.002 1.22 (0.96–1.57) 0.108
 N2 935/4118 (22.7) 1.88 (1.63–2.18) < 0.001 1.68 (1.44–1.98) < 0.001
 N3 399/1666 (23.9) 2.02 (1.70–2.39) < 0.001 1.73(1.43–2.09) < 0.001

N0

N1

N2

N3

Log Rank P<0.001

Time (months)
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va

l

N0 vs. N1  P=0.000
N0 vs. N2  P=0.000
N0 vs. N3  P=0.000
N1 vs. N2  P=0.000
N1 vs. N3  P=0.000
N2 vs. N3  P=0.511

Fig. 1  Kaplan–Meier analysis of disease specific survival according 
to N stage in non-small cell lung cancer
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increasing N stage (P < 0.001), with the best survival 
observed in the N0 group, intermediate survival observed 
in N1 group, and similarly poor survival observed in both 
N2 and N3 groups (N3 vs. N2, P = 0.511) (Fig. 1). Similar 
results were observed when conducting analyses in AD 
and SQCC subgroups (Fig. 2).

Further analysis showed that in M1a patients, N0 
stage was associated with better outcome compared with 
higher N stage, with 1- and 3-year survival rates as high 
as 42.3% and 19.3%, respectively (P < 0.001) (Table 5) 
(Fig. 3a). Similar results were obtained in M1b disease 
(Table 5) (Fig. 3b). M1a patients had better survival than 
M1b patients, but the difference between N3M1a and 
N0M1b was not significant (P = 0.574) (Table 5). In the 
subgroup analysis for the M1b group, better survival was 
observed in N0 stage compared with N2 or N3 stage if 

patients had bone metastasis only, brain metastasis only, or 
MOM (P < 0.001, P < 0.001, and P = 0.002, respectively), 
but there was no significant difference in survival among 
each N stage patients with liver metastasis only (Fig. 4).

Cox regression analysis was performed to investigate 
the effect of N stage on disease-specific mortality risk of 
M1 NSCLC patients. Compared with patients diagnosed at 
N0 stage, patients diagnosed at N1 stage had higher hazard 
for crude mortality (HR 1.12 [1.07–1.17], P < 0.001) and 
for age, sex, M stage, and tumor size adjusted mortality 
(HR 1.13 [1.07–1.19], P < 0.001). For crude mortality, 
higher hazards were also observed for patients diagnosed 
at N2 stage (HR 1.23 [1.20–1.27], P < 0.001) and N3 stage 
(HR 1.23 [1.19–1.27], P < 0.001). Furthermore, for age, 
sex, M stage, and tumor size adjusted mortality, N2 group 
(HR 1.26 [1.22–1.30], P < 0.001) and N3 group (HR 1.29 
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N2 vs. N3  P=0.203
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Fig. 2  Kaplan–Meier analysis of disease specific survival according to N stage in a adenocarcinoma and b squamous carcinoma
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Fig. 3  Kaplan–Meier analysis of disease specific survival according to N stage in a M1a and b M1b non-small cell lung cancer
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[1.23–1.34], P < 0.001) had higher hazards compared to 
N0 group. Similar results were observed for the AD and 
SQCC subgroups (Table 6).

Discussion

In the newly developed 8th edition American Joint Commit-
tee on Cancer (AJCC) TNM staging manual for NSCLC, 
T descriptor and M descriptor were both revised, while 
N descriptors remained unchanged. Lymph node involve-
ment is an important demarcation criterion for the staging 
of M0 patients, whereas stage IV is classified as IVA and 
IVB only based on the M stage, without concern of N sta-
tus. It is well accepted that lymph node metastasis is a key 
predictor of outcome in M0 NSCLC [12], but few studies 
have focused on whether N status plays an important role in 
M1 patients [9, 10]. This study evaluated the relationships 
between lymph node metastasis and distant metastasis in 
NSCLC patients and further identified the prognostic value 
of N stage in M1 patients.

Our primary finding is that patients with M1a (intra-
thoracic metastasis) NSCLC trends to have lower N stage 
compared with M1b (distant metastasis) patients, as N1, N2, 
and N3 rates in M1b were all significantly higher than those 
in M1a (Table 3). We observed that nearly 34% of M1a and 
22.7% of M1b patients had no lymph node involvement in 
our study, which could be explained by that blood vessel 
dissemination is responsible for distant metastasis of cancer 
[13]. Nevertheless, we observed that lymph node metastasis 
is associated with higher risk of MOM in NSCLC patients. 
It has been a subject of considerable debate whether cancer 
cells in lymph nodes can seed distant organs. It is possible 
that primary tumors may remain noninvasive until somehow 
triggered to metastasize via both lymphatics and blood ves-
sels simultaneously [14]. As lymph nodes are often the first 
site of metastasis, it is also possible that lymphatics serve as 
part of pathway contributing to the subsequent dissemination 
to distant organs [15]. Experimental evidence has demon-
strated that inhibiting lymphatic dissemination could be a 
promising method for preventing distant metastases [16–18]. 
The exact mechanism of how lymphatic spread leads to sys-
tematic metastasis remains unclear, most likely through the 
left lymphatic duct (thoracic duct) or the right lymphatic 
duct and subsequently into the subclavian veins [14]. Recent 
studies revealed that lymph node metastases can disseminate 
by invading lymph node blood vessels rather than by transit-
ing through efferent lymphatic vessels in a mouse model, but 
whether this form of tumor cell spreading occurs in cancer 
patients remains to be determined [19, 20]. Our findings 
also shed light on the important role of lymphatic route in 
distant metastasis.Ta
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Lymph node status is a powerful prognostic predictor as 
many studies have demonstrated that lymphatic metastasis 
is an independent prognostic factor for NSCLC [21, 22]. 
Lymphatic metastasis after surgical resection of NSCLC 
has been shown to be the most important determinant of 
long-term outcome [21], and even lymphatic micrometasta-
sis could predict poor prognosis [23]. In the present study, 
earlier N stage was associated with better disease-specific 
survival, based on the result of Kaplan–Meier analysis 
that N0 patients had the best survival while N2 and N3 
was associated with worse survival. Analyses of the cur-
rent N descriptors at clinical and pathological staging in 
the IASLC database showed that they clearly separate lung 
cancers of significantly different prognosis [6]. In this cohort 
of patients, the 3-year survival rates were significantly lower 
than AJCC guidelines estimates due to the research design 
that our study only included patients with M1 disease at 
diagnosis. Despite the difference and limitation, our findings 
did highlight a similar trend to AJCC guidelines’ estimates, 
that the survival was best for patients diagnosed at N0 stage 
and poorest at N2 or N3 stage. Similar trends were noticed in 

the sub-group analysis of M1a and M1b disease. In addition, 
our results showed that although M1a disease was associated 
with better survival compared with M1b, N3M1a had equal 
survival as N0M1b. To exclude the impact of other prognos-
tic factors, Cox regression analysis was employed to confirm 
the effect of N status in NSCLC and its two pathological 
subtypes AD and SQCC, showing that increasing N status 
was associated with higher risk of mortality after adjusted 
for age, sex, tumor size and M stage. These findings provide 
evidence for the prognostic value of lymph node metastasis 
in M1 NSCLC, and may be relevant for the next version of 
TNM staging system.

Interestingly, in the subgroup analysis we found that the 
effect of lymph node metastasis was significantly attenu-
ated in liver metastasis only group, which might be related 
to the strong negative effect of liver metastasis as previ-
ous studies have reported [8, 24, 25]. The exact mechanism 
why liver metastasis is associated with poorer survival is 
still not clear. More research will be necessary to study the 
molecular mechanisms of liver metastasis in lung cancer in 
order to devise effective treatment strategies. In the bone 
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metastasis only group, brain metastasis only group, and 
MOM group, the best survival was observed in N0 patients, 
and N2–3 was associated with worse survival, while the dif-
ference between N0 and N1 group did not reach statistical 
significance. Although bone metastasis, brain metastasis, 
and MOM were associated with poor survival, our results 
showed that lymph node metastasis still had prognostic value 
and should be considered in the management of disease.

This study has several limitations. Firstly, metastases 
were identified based on the 7th edition of the AJCC guide-
lines, which did not provide information on the number of 
metastasis in the metastatic organ. Secondly, metastasis 
information was only available for the four common met-
astatic organs (lung, bone, brain, and liver) starting from 
2010. This limited the data and population that could be 
included and omitted the influence of patients with metas-
tases to other organs. In addition, the SEER database did 
not provide details regarding the methods used to determine 
N stage, and information such as comorbidities, treatment 
details, and gene mutations were also not available, which 
prevented us from further stratification analysis. Therefore, 
more research will be needed to confirm our findings.

Conclusion

In conclusion, these results reveal lymph node metastasis 
is associated with higher risk of MOM in M1 NSCLC. Our 
study also provides evidence that lymph node status has 
important prognostic value in patients with M1 NSCLC and 
may help guide the next TNM staging system. Knowledge of 
these findings may be helpful when making precise prognos-
tic evaluation and treatment decisions for NSCLC patients.

Acknowledgements We would like to thank all the staff of National 
Cancer Institute for their effort to the SEER program.

Author Contributions Conception and design: J.Y., G.J., and P.Z.; 
Acquisition, statistical analysis or interpretation of the data: All 
authors; Drafting of the manuscript: J.Y., A.P., and B.W.; All authors 
reviewed and approved the final version of the manuscript.

Funding This work was supported by National Natural Science Foun-
dation of China No. 81600052 (J. Y.) and the Fundamental Research 
Funds for the Central Universities No. 22120180022 (J. Y.).

Compliance with ethical standards 

Conflicts of interest The authors disclose no potential conflicts of in-
terest related to this study.

Ethical approval Our study was approved by the ethical commit-
tee board of Shanghai Pulmonary Hospital and complied with 1964 

Table 6  Association between 
N stage and cancer-specific 
mortality among M1 
NSCLC and its subtypes 
(SEER database 2010–2013, 
n = 42,613)

NSCLC non-small cell lung cancer, SEER surveillance, epidemiology, and end results, HR hazard ratio, CI 
confidence intervals, AD adenocarcinoma, SQCC squamous cell carcinoma
a Adjusted for age, gender and tumor size and M stage; n/N refers to rate of mortality in each group

Stage by cancer type Mortality Unadjusted Adjusteda

N/N (%) HR (95% CI) P HR (95% CI) P

NSCLC
 N0 7470/11,057 (67.6) Ref Ref Ref Ref
 N1 2469/3443 (71.7) 1.12 (1.07–1.17) < 0.001 1.13 (1.07–1.19) < 0.001
 N2 14,477/19,609 (73.8) 1.23 (1.20–1.27) < 0.001 1.26 (1.22–1.30) < 0.001
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 N1 1391/2040 (68.2) 1.09 (1.03–1.16) 0.006 1.12 (1.04–1.20) 0.003
 N2 8428/11,944 (70.6) 1.21 (1.17–1.25) < 0.001 1.25 (1.20–1.31) < 0.001
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 Overall 18,298/26,475 (69.1)

SQCC
 N0 1485/2081 (71.4) Ref Ref Ref Ref
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