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Background: The current National Comprehensive Cancer Network (NCCN) guidelines for non-small
cell lung cancer (NSCLC) recommend that surgeons sample is not clear. We aimed to define a minimal
number of examined lymph nodes for removal or sampling for optimized nodal staging recommendation,
with a focus on T _;NM, patients.

Methods: A total of 55,101 consecutive patients were selected, including 52,099 patients with US
Surveillance, Epidemiology, and End Results (SEER) data and 3,002 patients in a Chinese multicenter
database from 11 thoracic referral centers, who underwent complete resection plus lymph node dissection or
sampling for stage T, ;N,M, NSCLC. Propensity score-matching analysis was performed with R software,
and a cut-off value was calculated using X-tile software. Survival was evaluated using the Kaplan-Meier
method and Cox proportional hazard models.

Results: Five-year survival rates with respect to total examined lymph nodes numbers (examined lymph
nodes <10 vs. examined lymph nodes >10) were 69% and 64% (group A), 66% and 63% (group B), 62% and
58% (group C), 81% and 75% (group D). There were significant differences between examined lymph nodes
<10 and examined lymph nodes >10 in each group (P<0.001).

Conclusions: A minimum of 10 examined lymph nodes would significantly improve T, ;N,M, NSCLC
prognosis and patients’ survival rates if implemented as a minimum standard for lymphadenectomy.

Therefore, we recommended a minimum of 10 examined lymph nodes for T'_;N,M, patients.

Keywords: Non-small cell lung cancer (NSCLC); examined lymph node (ELN); minimal number; nodal staging;
cohort study
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Introduction

Lung cancer remains the most significant solid malignancy
with high cancer-related mortality (1). For early-stage
non-small cell lung cancer (NSCLC), radical resection
plus lymph node dissection or sampling of high quality is
the current standard of care. However, the 5-year overall
survival (OS) after surgery is only between 50% and 60% (2),
and locoregional recurrence and/or distant metastasis
account for the majority of failures. Accurate prognosis and
prediction therefore rely on adequate staging information.
Lymph node staging is one of the most important factors
determining the prognosis of resected NSCLC and is a
multi-step strategy that depends on tumor factors including
size, location related to the hilum and the lobe involved,
and radiologic suspicion for nodal disease. Pathologic
lymph node (pN) assessment is more accurate than clinical
assessment (3), and the thoroughness of pN examination
affects the prognostic value (4,5). Lung cancer patients with
mediastinal lymph node involvement (N2) or hilar lymph
node involvement (N1) may be frequently misdiagnosed as
node-negative (NO) since pathological examination factors
are variable, such as inadequate sampling of the hilar lymph
nodes or intrapulmonary lymph nodes after radical surgery.
For some cancers, National Comprehensive Cancer
Network (NCCN) guidelines recommend the minimal
number of examined lymph nodes (ELNs) for removal or
sampling for adequate nodal staging; for example, gastric
cancer (6) diagnoses require examination of at least 15 or
greater ELNs and colon cancer (7) guidelines call for a
minimum of 12 ELNs for the examination to accurately
establish N stage. However, the current NCCN guidelines
for NSCLC recommend that surgeons sample only the
lymph node stations and states that one or more nodes
should be sampled from all mediastinal stations (4L, 5, 6, 7,
8, and 9 for left-side; 2R, 4R, 7, 8, and 9 for right-side) (8).
Several previous studies have also shown a correlation
between the number of ELNs and long-term survival (9-15).
Liang et al. recommended 16 ELNSs as the cut-off point
for evaluating the quality of lymph node examination or
prognostic stratification for patients with declared node-
negative resected NSCLC (16). However, our research
found that the above criteria could not be supported by
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a larger sample and too many patients in these studies.
Apparently, the ELN count remains controversial.

Based on the Surveillance, Epidemiology, and End
Results (SEER) database and a large cohort from the China
multi-center retrospective database, the study was designed
to provide an in-depth understanding into the optimal
number of ELNs and for NSCLC diseases. Our study was
divided into two parts. In this part, the largest number of
patients for a study of this nature were recruited to analyze
the number of ELNs and discover any potential correlations
with long-term survival. And we would discuss the location
of the lymph node in the part II. We present the following
study in accordance with the STROBE reporting checklist
(available at http://dx.doi.org/10.21037/tlcr-20-1024).

Methods

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
was approved by committee board of 11 participating
institutions and individual consent for this retrospective
analysis was waived (NO. 2019—0810)

Patients

SEER database: NSCLC cases were obtained from the
National Cancer Institute SEER program data, including
group A (2010/01/01-2013/10/31) staged with the 7"
edition of the TNM classification; group B (2004/01/01-
2009/12/31) staged with the 6™ edition of the TNM
classification and group C (1988/01/01-2003/12/31) staged
with the 3™ edition of the TNM classification. It’s hard to
migrate them into the 8" edition of the TNM classification
because of the incomplete pathological information such as
tumor extension in SEER database. Group A was deemed as
the modeling group to calculate the cut-off values of ELNs
while group B and group C were deemed as validation
groups. All patients were uniformly reviewed and staged
according to the seventh edition of the TNM classification.

Chinese multi-institutional retrospective database
(group D): a multi-institutional registry of consecutively
collected data on patients with NSCLC who underwent
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surgical resection between January 1999 and October 2013
at the departments of thoracic surgery of 11 institutions in
China (Sun Yat-sen University Cancer Center, Guangzhou;
Zhejiang Cancer Hospital, Hangzhou; Affiliated Hospital
of Qingdao University, Shandong Province; Affiliated
Tumor Hospital of Guangxi Medical University, Nanning;
Fujian Cancer Hospital, Fujian Medical University,
Fuzhou; the Second Affiliated Hospital of Medical College,
Xi’an Jiaotong University, Shanxi Province; Taizhou First
People’s Hospital, Zhejiang Province; Third People’s
Hospital of Nantong City, Jiangsu Province; Ningbo
First Hospital, Ningbo Hospital of Zhejiang University,
Zhejiang Province; Affiliated Jiangyin Hospital of Southeast
University, Jiangsu Province; the Second Hospital of Jilin
University, Jilin Province) was used for the analyses (original
data are provided in Supplementary appendix). Group D
was the validation group with all the data included. Ethical
approval was obtained from participating institutions
through their respective institutional review boards. In cases
in which individual patient’s consent was not identified,
the chairperson of the ethics committee waived the need
for patient consent. These patients were staged using the
8" edition of the TNM classification. The lymph nodes
included those dissected during surgical resection and those
re-sampled by the surgeon after surgery. The final lymph
nodes number was determined by the pathologist.

Inclusion and exclusion criteria

Eligible patients in this study: (I) were diagnosed with
NSCLC histologically and pathological staged of
T, 3NeM, according to the NCCN TNM classification;
(IT) underwent complete (RO) resection plus lymph node
dissection or sampling, and had at least one lymph node
that was harvested and examined; (III) had at least 5 years
of follow-up. Exclusion criteria included: (I) a history of
prior synchronous or metachronous malignancies; (II) pre-
surgery chemotherapy, radiation, target therapy, and any
other anti-tumor therapy; (III) positive resection margins
and palliative surgery: sublobectomy, segmentectomy, or

wedge-shaped lobectomy; (IV) mortality within 30 days.

Calculation of cut-off value for ELNs

For this study, X-tile plots were created by dividing ELNs
data into low and high populations, with all possible
divisions of ELNs data assessed. A variety of standard
statistical tests were applied to calculate associations of
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each division, including the log-rank survival test and
means tests for between ELNs associations. A graphical
illustration of the data was presented in a right-triangular
grid with each point (pixel) representing the data from a
given set of divisions. All the possible “high” populations
were presented in the vertical axis with the size increasing
from top to bottom. Conversely, all the possible “low”
populations were presented in the horizontal axis with the
size increasing from left to right. Results from a single cut-
off point which divided the data into high or low subsets
were presented along the hypotenuse. Survival curves could
be generated when the user moved the cursor over any cut-
off point. Alternatively, automatic selection of the highest
%" value could also present the optimal division of data. To
assess statistical significance, a standard log-rank test was
applied with P values obtained from a lookup table (17)
and the cut-off point derived from a training set to parse a
separate validation set.

Survival analysis was performed after propensity score
matching (PSM) analysis in order to adjust potential biases
by selecting statistical difference variables in the propensity
model. The selected variables in the propensity model
included age, gender, T-staging, histological type, race,
marital status, and histological grade. In this study, lymph
node dissection followed the protocol as illustrated by Liang
et al. (16).

Follow-up

OS was the only outcome variable considered in our study.
Follow-up information of SEER could be obtained directly
from a database, and information from 11 institutions in
China were completed by staff of hospitals using telephone
correspondence. All patients were followed and death or
arrival of follow-up period were considered as the ending
point. The final follow-up date was October 31, 2018.

Statistical analysis

Categorical variables were presented as frequency (%),
and continuous variables as median (interquartile range).
Population characteristics were compared using the
Pearson’s chi-square test for categorical variables and
the independent 7-test (or Mann-Whitney U-test) for
continuous variables. The PSM analysis was performed
using R software (TIBCO, Silicon Valley, CA, USA). The
cut-off value was calculated by X-tile software version 3.6.1
(Yale University, New Haven, CT, USA) (17). Survival
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data were calculated using the Kaplan-Meier method and
compared using a log-rank test. Univariate and multivariate
survival analyses were conducted using the Cox proportional
hazards regression method. The Kaplan-Meier method and
log-rank tests were used to estimate OS, and hazard ratios
(HRs) were calculated using the multivariate Cox regression
analysis. All statistical analyses described above were
performed with SPSS software (version 24.0 SPSS Inc.,
Chicago, IL, USA). A two-sided level of significance with a

P value of less than 0.05 was used for all tests.

Results
Baseline condition of selected patients

The number of selected patients in this study were 12,423
(group A), 18,154 (group B), 21,522 (group C), and 3,002
(group D). Patients’ deaths for group A, B, C, and D were
3,338 cases (26.9%), 9,684 cases (53.3%), 17,469 cases
(81.2%) and 721 cases (24.0%), respectively. The median
follow-up periods were 40 months (group A), 78 months
(group B), 81 months (group C), and 65.9 months (group D)
(Figure 1, Figures S1-S4 and Table 1).

The dominating ages of patients in groups A, B, and C
were >65 years, with proportions of 62.9%, 62.2%, and
59.7%, respectively. Group D was dominated by patients
<65 years, with a proportion of 66.2%. With insignificant
gender differences, the proportion of males in groups A, B,
and C were 52.4%, 51.2%, and 46.0%, respectively. Group
D was predominately males with a proportion of 63.0%.
The dominating stages of all four groups were T1 and
T2. For group A, the proportions of T1, T2, and T3 were
47.5%, 39.3%, and 13.2%, respectively. For group B, the
proportions of T'1, T2, and T3 were 48.7%, 46.1%, and
5.1%, respectively. For group C, the proportions of T1,
T2, and T3 were 43.9%, 50.1%, and 6.0%, respectively.
For group D, the proportions of T1, T2, and T3 were
40.5%, 48.5% and 11.1%, respectively. The dominating
histological type of all four groups was adenocarcinoma with
proportions of 61.1% (group A), 57.4% (group B), 55.1%
(group C), and 64.3% (group D). The dominating race of
groups A, B, and C was white with proportions of 82.8%,
85.6% and 85.1%, respectively. The proportions of married
patients for groups A, B, and C were 56.3%, 59.4%, and
62.2%, respectively. For oncological classification, groups A
and B were dominated by medium and high differentiation
with proportions of 62.5% and 56.1%, while group C had
37.6% unclear differentiation (Table S1).
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Lymph node excision

For group A, 12,423 patients underwent 125,799 lymph
node excisions, with a median of 8 (interquartile range 8).
For group B, 18,154 patients underwent 161,854 excisions,
with a median of 7 (interquartile range 8). For group
C, 21,522 patients underwent 165,896 excisions, with a
median of 6 (interquartile range 7). The location of lymph
node in seer database was unclear. For group D, 3,002
patients underwent 50,849 excisions, with a median of 15
(interquartile range 12) (Figure S5).

Demarcation of minimum quantity of lymph nodes

Group A was selected as the exploration group given that
it was the most current data and follow-up over 5 years.
X-tile software was used to determine that 10 was the most
meaningful node. Internationally >6 ELNs was generally
recommended. Therefore, this study only focused on a cut-
off rate >6, testified with method of exhaustion (7uble 1).
According to Table 1, when 10 was the dividing line, the two
groups had the most significant differences including the
maximum chi-square value, relative risk (RR) value, and the
minimum P values.

Baseline comparisons on ELNs >10 & ELNs <10 (pre-PSM
& post-PSM)

For accurate results, ELNs >10 and ELNs <10 were
analyzed as baselines for each group. For group B, gender
(P=0.012), T-staging (P<0.001), histological type (P<0.001),
race (P<0.001), and histological grade (P<0.001) expressed
a maldistribution between the two groups. For group C,
age (P=0.034), gender (P<0.001), T-staging (P<0.001),
histological type (P<0.001), race (P<0.001), marital status
(P<0.001), and histological grade (P<0.001) expressed a
maldistribution between the two groups. For group D,
age (P=0.016), gender (P=0.045), T-staging (P<0.001), and
histological type (P<0.001) expressed a maldistribution
between the two groups. The maldistribution of influence
factors between two groups could potentially affect the
results (Table S2). For uneven baselines, PSM was applied
for data processing to exclude confounding factors. To
guarantee the largest sample size on even baselines, our
study used different caliper values and matching for data of
different groups.

For group B data, PSM model used 1:1 matching with
0.02 calipers. Altogether 6,348 matched successfully. After
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Table 1 Analysis of the cut-off value for ELNs

Zhu et al. ELN standards for NSCLC

Cut-off value for ELNs Chi-square score Relative risk P value
<6 vs. =6 7.68 1.10 0.005
<7 vs. =7 5.63 1.08 0.018
<8vs. =8 7.45 1.10 0.007
<9vs. 29 7.00 1.10 0.008
<10vs. =10 9.63 1.1 0.002
<11 vs. 211 3.45 1.08 0.065
<12vs. =12 1.77 1.06 0.180
<13 vs. 213 2.46 1.07 0.114
<14 vs. 214 1.06 1.06 0.294
<15 vs. =15 0.41 1.05 0.527
<16 vs. =16 0.01 1.03 1.000
<17 vs. 217 0.01 1.03 1.000

ELNs, examined lymph nodes.

matching, the age (P=0.143), gender (P=0.915), T-staging
(P=0.738), histological type (P=0.787), race (P=0.838),
marital status (P=0.765), and histological grade (P=0.538)
expressed no statistical differences between two groups
(Table S3).

For group C data, PSM model used 2:1 matching with
0.005 calipers. Altogether 5,874 matched successfully. After
matching, the age (P=0.149), gender (P=0.389), T-staging
(P=0.265), histological type (P=0.090), race (P=0.224),
marital status (P=0.670), and histological grade (P=0.729)
expressed no statistical differences between two groups
(Table S3).

For group D data, PSM model used 1:2 matching with
0.02 calipers. Altogether 665 matched successfully. After
matching, the age (P=0.870), gender (P=0.538), T-staging
(P=0.740), and histological type (P=0.880) expressed no
statistical differences between two groups (Table S3).

Post-PSM verification

For group B, baselines were even between two groups with
both accruing 6,348 matched cases after PSM. Kaplan-
Meier result indicated that 10 ELNs was the factor affecting
prognosis (P<0.001). See Figure 2 for survivorship curves for
T1, T2, T3, and whole group. Patients with >10 ELNs had
better estimated median survival time (100 vs. 89 months,
P<0.001), 3-year survival rates (78% vs. 75%, P=0.001),
5-year survival rates (66% wvs. 63%, P<0.001) than patients
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with <10 ELNs (Figure 3). Cox regression indicated that
ELNSs cut-off point 10 was independent prognostic factor
(HR, 0.871; 95% CI, 0.831-0.914; P<0.001) (Table S4).

For group C, baselines were even between two groups
with 11,748 and 5,874 matched cases after PSM. Kaplan-
Meier result indicated that 10 ELNs was the factor affecting
prognosis (P<0.001). See Figure 2 for survivorship curves for
T1, T2, T3, and whole group. Patients with >10 ELNs had
better estimated median survival time (89 vs. 79 months,
P<0.001), 3-year survival rates (74% vs. 71%, P<0.001),
S-year survival rates (62% vs. 58%, P<0.001) than patients
with <10 ELNs (Figure 3). Cox regression indicated that
ELNs cut-off point at 10 was independent prognostic factor
(HR, 0.888; 95% CI, 0.858-0.920; P<0.001) (Table S4).

For group D, baselines were even between two groups
with 665 and 1,330 matched cases after PSM. Kaplan-Meier
result indicated that 10 ELNs was the factor affecting
prognosis (P<0.001). See Figure 2 for survivorship curves
for T'1, T2, T3, and whole group. Patients with >10 ELNs
had better S-year survival rates (81% wvs. 75%, P=0.002)
than patients with <10 ELNs (Figure 3). Cox regression
indicated that 10 ELNs was independent prognostic factor
(HR, 0.693; 95% CI, 0.579-0.830; P<0.001) (Table S4).

Discussion

Adequate intra-operative lymphadenectomy was a
fundamental component of lung cancer surgery. ELNs
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Figure 2 Kaplan-Meier survival curves of overall survival was stratified by T'1, T2, and T3 in patients with ELNs <10 and ELNs >10.
ELNSs, examined lymph nodes.
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Figure 3 Kaplan-Meier survival curves of overall survival among Patients With ELNs <10 and ELNs >10. (A) Kaplan-Meier survival curves

of overall survival among patients with ELNs <10 and ELNs >10 in group A; (B) Kaplan-Meier survival curves of overall survival among

patients with ELNs <10 and ELNs >10 in group B; (C) Kaplan-Meier survival curves of overall survival among patients with ELNs <10

and ELNs >10 in group C; (D) Kaplan-Meier survival curves of overall survival among patients with ELNs <10 and ELNs >10 in group D.

ELNs, examined lymph nodes.

informed the thoroughness of clearance, which helped
judging prognosis and accurate staging while providing
guidance for adjuvant treatment and surveillance programs
following treatment. Our results confirmed that 10 was
the adequate lymph node cut-off number for dissection,
while prognosis would not be improved with ELNs >10.
At present, the research of lymph nodes was mainly divided
into the location of lymph nodes and the number of lymph
nodes. The former had relatively large number of studies,
and its importance had been widely recognized. The
latter was gaining attention with some studies supporting
the importance of it (12,14,18,19). Many guidelines
recommended the number of minimum lymph nodes,

© Translational Lung Cancer Research. All rights reserved.

but their recommended number varied greatly, which was
likely to cause confusion in clinical practice. This is why we
focused on the number of lymph nodes first rather than the
location.

NCCN and International Association for the Study
of Lung Cancer (IASLC) recommended a minimum of 6
ELNs in surgery for accurate staging, including 3 from
the N1 station and 3 from the N2 station lymph nodes
(20,21). The European Society of Thoracic Surgery
(ESTS) recommended a minimum of 6 pulmonary hilar
or mediastinal lymph nodes (22). The Chinese Fournal of
Oncology (2018 edition) recommended a minimum of 12
mediastinal and pulmonary lymph nodes, sampling or
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excising (23). The results of multiple studies revealed that
the number of ELNs was correlated with long-term survival
rate after curative surgery (9-15). The research of Liang ez a/.
included 38,806 cases from the SEER database and 5,706
cases from Chinese multicenter database and recommended
a minimum of 16 ELNs for NSCLC (16). However, the
results of our study showed a minimum of 10 ELNs for
T, 3NoM, patients is optimal. The differences in results
could be related to the different staging, staging criteria,
and years of the selected cases. Dr. Liang’s modeling data
was SEER T ,NyM, patients from 2001 to 2008 (TNM
staging from 6th edition), while our study used SEER
T 3sN¢M, patients from 2010/01/01 to 2013/10/31 (TNM
staging from 7th edition). Compared with 6th edition, the
7th edition changed multiple criteria (such as tumor sizes)
which could affect the results. Dr. Liang used T4 data with
late staging patients who could already have experienced
severe spread and lymphatic metastasis, therefore additional
ELN sampling was recommended. Our study reflected
the meaning of ELNs in early stages of NSCLC surgery
with more recent data representing the current status. We
also used 16 as cut-off point in our modeling data and the
results showed no difference in prognosis (P=1, RR =1.03)
(Table 1). Therefore, we considered the minimum of 10
ELNs to have a wider practical application. This result
also corresponded with the recommendations of American
College of Surgeons Commission on Cancer (CoC) (24) and
approximated the suggestions of Samayoa et 4l. (25) [98,970
cases from the National Cancer Data Base (NCDB) in
2016). These similar outcomes from studies using different
databases (NCDB and SEER) enhanced the reliability
of our results. We have also included data from Chinese
multicenter database to include an Asian population, which
was low in proportion in both SEER and NCDB. For this,
we considered our study to be more complete and represent
more universal results. Finally, our patients had early
staging and lymph nodes that were negative, which would
help guide the early lung cancer treatment.

Our study is the largest retrospective study of stage
T, 3NyM, patients known. The results of our study
demonstrated that ELNs number in early NSCLC
treatment was correlated with prognosis, and recommended
a minimum of 10 ELNs for optimum patient outcome.
Several possible theoretical bases have been considered
for this conclusion: (I) patients would have higher risk
of recurrence with inadequate ELNs which might not
cover the metastasized lymph nodes. (II) With inadequate
ELNs, N1 and N2 patients could be misdiagnosed as
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NO who would not receive chemotherapy and stricter
surveillance programs following treatment, resulting in
worse prognosis. However, the 3 SEER groups in this
study all had qualification rates below 50% when 10 ELNs
was used as a minimum standard. At the same time, only
2 in 11 Chinese centers had qualification rates over 80%.
The research of Smeltzer er /. demonstrated that 60%
of the intrapulmonary lymph nodes were discarded in
lobectomy specimens without examination (26). If surgeons
or pathologists can examine the discarded lymph nodes, it
is easy to raise the ELNs to 10 or more. We believe that if
all the cases could reach the 10 ELN resection standard,
patients’ 5-year survival rate could be greatly improved.

Some people have noted that additional resection of
ELNs could increase the difficulty of surgery and increase
potential risk of complications, which might have a negative
influence on prognosis. According to the ACOSOG-Z0030
study, systematic lymph node sampling would only prolong
surgical time and increase the amount of bleeding, not
increase postoperative hospital stays, survival rates, and
postoperative complications (27). Therefore, we consider
that additional ELNs would not worsen patients’ prognosis
and allow for thorough clearance and better staging.

There were several limitations inherent in any study
design that involves nonrandomized observational data
(including biases and potential confounding variables).
Firstly, the caliper value of many groups in this trial was
too small, resulting in an overmatch problem. Secondly, the
alternative biological hypothesis of the outcome differences
in resected node-negative NSCLCs was not tested. Thirdly,
part of the lymph nodes were broken because of the fusion
or intraoperative and postoperative operations, which
led to inaccurate counting of lymph nodes. Therefore,
a multi-center prospective randomized controlled trial
is expected in the future to minimize these limitations.
Thirdly, the selected SEER cases failed to cover all states
in the US, which may lead to bias and should be analyzed
in combination with cases from other data bases. Lastly,
our study only focused on the number of lymph node with
exclusion of the location of lymph node which could be
more important. We would like to analyze the location in
the future in part IT.

Our study discovered that ELNs number was correlated
with prognosis and patients’ survival rates, demonstrating
the most significant differences when 10 ELNs was used
as the minimum standard. Therefore, we recommended a
minimum of 10 ELNs for T, ;NyM, patients for optimum
survival benefit.
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21673 patients in SEER
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12423 patients 30 days postoperatively
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Figure S1 Diagram of group A selection steps. SEER,
Surveillance, Epidemiology, and End Results.
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Figure S3 Diagram of group C selection steps. SEER,
Surveillance, Epidemiology, and End Results.
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Figure S2 Diagram of group B selection steps. SEER,
Surveillance, Epidemiology, and End Results.
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Table S1 Patient characteristics of the entire study

Characteristic Group ﬁ ((23/:)12,423), Group I; ((r;/:)18,1 54), Group E ((r:/:)§1 ,522), Group’\IlD((c;;aS,OOZ),
ELNs, median [IQR] 8[8] 71[8] 6 [7] 15[12]
Age

<65 years 4,603 (37.1) 6,870 (37.8) 8,676 (40.3) 1,988 (66.2)

>65 years 7,820 (62.9) 11,284 (62.2) 12,846 (59.7) 1,014 (33.8)
Sex

Male 5,911 (47.6) 8,857 (48.8) 11,632 (54.0) 1,892 (63.0)

Female 6,512 (52.4) 9,297 (51.2) 9,890 (46.0) 1,110 (37.0)
T stage

T1 5,895 (47.5) 8,847 (48.7) 9,449 (43.9) 1,215 (40.5)

T2 4,885 (39.3) 8,376 (46.1) 10,790 (50.1) 1,455 (48.5)

T3 1,643 (13.2) 931 (5.1) 1,283 (6.0) 332 (11.1)
Histology

SCC 3,280 (26.4) 5,061 (27.9) 6,318 (29.4) 837 (27.9)

AC 7,587 (61.1) 10,414 (57.4) 11,868 (55.1) 1,983 (66.1)

ASC 311 (2.5) 461 (2.5) 630 (2.9) 88 (2.9)

Other® 1,245 (10) 2,218 (12.2) 2,706 (12.6) 94 (3.1)
Race

White 10,292 (82.8) 15,550 (85.6) 18,318 (85.1) NA®

Black 1,131 (9.1) 1,422 (7.8) 1,822 (8.5) NA®

Other 959 (7.7) 1,156 (6.4) 1,368 (6.4) NA®

Unknown® 41 (0.3) 26 (0.1) 14 (0.1) NA®
Marital

Married 4,852 (39.1) 6,927 (38.2) 7,593 (35.3) NA®

Other® 6,998 (56.3) 10,782 (59.4) 13,385 (62.2) NA®

Unknown 573 (4.6) 445 (2.5) 544 (2.5) NA®
Grade

land Il 7,769 (62.5) 11,900 (56.1) 2,455 (11.4) NA®

llland IV 4,093 (33.0) 6,779 (37.4) 7,730 (35.9) NA®

Unknown 561 (4.5) 1,185 (6.5) 8,097 (37.6) NA®

2 percentages might not add up to 100% due to approximation; °, non-small cell not further defined; °, includes American Indian, Chinese,
Japanese and other specified types of races; ¢, race, marriage, and grade are not included in Chinese multi-institutional registry; °,
includes single (never married), separated, divorced, widowed and unmarried or domestic partner. ELNs, examined lymph nodes; IQR,
interquartile; SCC, squamous cell carcinoma; AC, adenocarcinoma; ASC, adenosquamous carcinoma; NA, not available.
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Table S2 Patient characteristics (before PSM)

Group B, N (%)? Group C, N (%)? Group D, N (%)*
Characteristic ELNs <10  ELNs=10 b value ELNs <10  ELNs=10 b value ELNs <10  ELNs=>10
(n=11,806)  (n=6,348) (n=15,648)  (n=5,874) (n=665) (n=2,337)

Age 0.324 0.034

<65 years 4,437 (37.6) 2,433 (38.3) 6,240 (39.9) 2,436 (41.5) 414 (62.3) 1,574 (67.4)

265 years 7,369 (62.4) 3,915 (61.7) 9,408 (60.1) 3,438 (58.5) 251 (37.6) 763 (32.6)
Sex 0.012 0.000

Male 5,679 (48.1) 3,178 (50.1) 8,304 (53.1) 3,328 (56.7) 397 (59.7) 1,495 (64.0)

Female 6,127 (51.9) 3,170 (49.9) 7,344 (46.9) 2,546 (43.3) 268 (40.3) 842 (36.0)
T stage 0.000 0.000

T 6,017 (51.0) 2,830 (44.6) 7,135 (45.6) 2,314 (39.4) 326 (49.0) 889 (38.0)

T2 5,239 (44.4) 3,137 (49.4) 7,661 (49.0) 3,129 (53.3) 271(40.8) 1,184 (50.7)

T3 550 (4.7) 381 (6.0) 852 (5.4) 431 (7.3) 68 (10.2) 264 (11.3)
Histology 0.000 0.000

scc 3,130 (26.5) 1,931 (30.4) 4,369 (27.9) 1,949 (33.2) 147 (22.1) 690 (29.5)

AC 6,937 (58.8) 3,477 (54.8) 8,832 (56.4) 3,036 (51.7) 470 (70.7) 1,513 (64.7)

SAC 306 (2.6) 155 (2.4) 455 (2.9) 175 (3.0) 24 (3.6) 64 (2.7)

Other® 1,433 (12.1) 785 (12.4) 1,092 (12.7) 714 (12.2) 24 (3.6) 70 (3.0)
Race 0.000 0.000

White 1(2;3;)4 5,536 (87.2) 1(2;12.2)5 5,113 (87) NA® NA®

Black 987 (8.4) 435 (6.9) 1,375(8.8) 447 (7.6) NA° NA°

Other 784 (6.6) 372 (5.9) 1,056 6.7) 312 (5.3) NA° NA°

Unknown® 21(0.2) 5 (0.1) 12 (0.1) 2(0) NA° NA°
Marital 0.108 0.000

Married 4,546 (38.5) 2,381 (37.5) 5,640 (36.0) 1,953 (33.2) NA° NA°

Other® 6,956 (58.9) 3,826 (60.3) 9,626 (61.5) 3,759 (64.0) NA° NA°

Unknown 304 (2.6) 141 (2.2) 382 (2.4) 162 (2.8) NA° NA°
Grade 0.000 0.000

land Il 6,745 (57.1) 3,445 (54.3) 7,416 (47.4) 2,769 (47.1) NA NA°

Il and IV 4,281 (36.3) 2,498 (39.4) 6,588 (42.1) 2,617 (44.6) NA° NA°

Unknown 780 (6.6) 405 (6.4) 1,644 (10.5) 488 (8.3) NA° NA°

2 percentages might not add up to 100% due to approximation; °, non-small cell not further defined; °, includes American Indian, Chinese,
Japanese and other specified types of races; ¢, race, marriage, and grade are not included in Chinese multi-institutional registry; °,
includes single (never married), separated, divorced, widowed and unmarried or domestic partner. ELNs, examined lymph nodes; SCC,
squamous cell carcinoma; AC, adenocarcinoma; ASC, adenosquamous carcinoma; NA, not available.
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Table S3 Patient characteristics (after PSM)

Group B, N (%)? Group C, N (%)? Group D, N (%)*
Characteristic ELNs <10  ELNs=10 b value ELNs <10  ELNs=10 b value ELNs <10 ELNs =10
(n=6,348) (n=6,348) (n=11,748)  (n=5,874) (n=665) (n=1,330)

Age 0.143 0.149

<65 years 2,353 (37.1) 2,433 (38.3) 4,739 (40.3) 2,436 (41.5) 414 (62.3) 823 (61.9)

>65 years 3,995 (62.9) 3,915 (61.7) 7,009 (59.7) 3,438 (58.5) 251 (37.7) 507 (38.1)
Sex 0.915 0.389

Male 3,172 (50.0) 3,178 (50.1) 6,736 (57.3) 3,328 (56.7) 397 (59.7) 813 (61.1)

Female 3,176 (50.0) 3,170 (49.9) 5,012 (42.7) 2,546 (43.3) 268 (40.3) 517 (38.9)
T stage 0.738 0.265

T1 2,847 (44.8) 2,830 (44.6) 4,714 (40.1) 2,314 (39.4) 326 (49.0) 649 (48.8)

T2 3,158 (49.7) 3,137 (49.4) 6,244 (53.1) 3,129 (53.3) 271 (40.8) 558 (42.0)

T3 343 (5.4) 381 (6.0) 790 (6.7) 431(7.3) 68 (10.2) 123 (9.2)
Histology 0.787 0.090

scc 1,926 (30.3) 1,931 (30.4) 3,741 (31.8) 1,949 (33.2) 147 (22.1) 297 (22.3)

AC 3,511 (55.3) 3,477 (54.8) 6,302 (53.6) 3,036 (51.7) 470 (70.7) 940 (70.7)

SAC 140 (2.2) 155 (2.4) 317 (2.7) 175 (3.0) 24 (3.6) 40 (3.0)

Other® 771 (12.1)  785(12.4) 1,388 (11.8) 714 (12.2) 24 (3.6) 53 (4.0)
Race 0.838 0.224

White 5,569 (87.7) 5,536 (87.2) 10,243 5,113 (87) NA? NA?

87.2)

Black 422 (6.6) 435 (6.9) 905 (7.7) 447 (7.6) NA® NA®

Other® 352 (5.5) 372 (5.9) 600 (5.1) 312 (5.3) NA® NA®

Unknown 5(0.1) 5(0.1) 0 (0) 2 (0) NA® NA®
Marital 0.765 0.670

Married 2,370 (37.3) 2,381 (37.5) 3,835(32.6) 1,953 (33.2) NA® NA®

Other® 3,848 (60.6) 3,826 (60.3) 7,598 (64.7) 3,759 (64.0) NA® NA®

Unknown 130 (2.0) 141 (2.2) 315 (2.7) 162 (2.8) NA® NA®
Grade 0.538 0.729

land Il 3,468 (54.6) 3,445 (54.3) 5,607 (47.7) 2,769 (47.1) NA® NA°

Il and IV 2,505 (39.5) 2,498 (39.4) 5,161 (43.9) 2,617 (44.6) NA® NA®

Unknown 375 (5.9) 405 (6.4) 980 (8.3) 488 (8.3) NA® NA®

? percentages might not add up to 100% due to approximation; °, non-small cell not further defined; °, Includes American Indian, Chinese,
Japanese and other specified types of races; ¢, race, marriage, and grade are not included in Chinese multi-institutional registry; °,
includes single (never married), separated, divorced, widowed and unmarried or domestic partner. ELNs, examined lymph nodes; IQR,
interquartile; SCC, squamous cell carcinoma; AC, adenocarcinoma; ASC, adenosquamous carcinoma; NA, not available.
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Table S4 Cox proportional hazard multivariable analysis results for entire study

Group B, N (%)? Group C, N (%)? Group D, N (%)*
Characteristic ELNs <10  ELNs=10 b value ELNs <10  ELNs=10 b value ELNs <10  ELNs =10
(n=11,806)  (n=6,348) (n=15,648)  (n=5,874) (n=665) (n=2,337)

Age 0.324 0.034

<65 years 4,437 (37.6) 2,433 (38.3) 6,240 (39.9) 2,436 (41.5) 414 (62.3) 1,574 (67.4)

65 years 7,369 (62.4) 3,915 (61.7) 9,408 (60.1) 3,438 (58.5) 251 (37.6) 763 (32.6)
Sex 0.012 0.000

Male 5,679 (48.1) 3,178 (50.1) 8,304 (53.1) 3,328 (56.7) 397 (59.7) 1,495 (64.0)

Female 6,127 (51.9) 3,170 (49.9) 7,344 (46.9) 2,546 (43.3) 268 (40.3) 842 (36.0)
T stage 0.000 0.000

T 6,017 (51.0) 2,830 (44.6) 7,135 (45.6) 2,314 (39.4) 326 (49.0) 889 (38.0)

T2 5,239 (44.4) 3,137 (49.4) 7,661 (49.0) 3,129 (53.3) 271(40.8) 1,184 (50.7)

T3 550 (4.7) 381 (6.0) 852 (5.4) 431 (7.3) 68 (10.2) 264 (11.3)
Histology 0.000 0.000

scc 3,130 (26.5) 1,931 (30.4) 4,369 (27.9) 1,949 (33.2) 147 (22.1) 690 (29.5)

AC 6,937 (58.8) 3,477 (54.8) 8,832 (56.4) 3,036 (51.7) 470 (70.7) 1,513 (64.7)

SAC 306 (2.6) 155 (2.4) 455 (2.9) 175 (3.0) 24 (3.6) 64 (2.7)

Other® 1,433 (12.1) 785 (12.4) 1,092 (12.7) 714 (12.2) 24 (3.6) 70 (3.0)
Race 0.000 0.000

White 10,014 5,536 (87.2) 13,205 5,113 (87.0) NA¢ NA¢

(84.8) (84.4)

Black 987 (8.4) 435 (6.9) 1,375(8.8) 447 (7.6) NA® NA®

Other 784 (6.6) 372 (5.9) 1,056 6.7) 312 (5.3) NA NA

Unknown® 21(0.2) 5 (0.1) 12 (0.1) 2(0) NA® NA
Marital 0.108 0.000

Married 4,546 (38.5) 2,381 (37.5) 5,640 (36.0) 1,953 (33.2) NAC NAC

Other® 6,956 (58.9) 3,826 (60.3) 9,626 (61.5) 3,759 (64) NA NA

Unknown 304 (2.6) 141 (2.2) 382 (2.4) 162 (2.8) NA NA
Grade 0.000 0.000

land Il 6,745 (57.1) 3,445 (54.3) 7,416 (47.4) 2,769 (47.1) NAC NAC

Il and IV 4,281 (36.3) 2,498 (39.4) 6,588 (42.1) 2,617 (44.6) NA NA

Unknown 780 (6.6) 405 (6.4) 1,644 (10.5) 488 (8.3) NA NA

2 percentages might not add up to 100% due to approximation; °, non-small cell not further defined; °, includes American Indian, Chinese,
Japanese and other specified types of races; ¢, race, marriage, and grade are not included in Chinese multi-institutional registry; °,
includes single (never married), separated, divorced, widowed and unmarried or domestic partner. HR, hazard ratio; ELNs, examined
lymph nodes; SCC, squamous cell carcinoma; AC, adenocarcinoma; ASC, adenosquamous carcinoma; NA, not available.
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