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Background: There is considerable variation in the staging of lymph nodes (LNs) as part of tumor, node,
metastasis (INM) staging of non-small cell lung cancer (NSCLC). A new dissection and pathological
examination standard for hilar and intrapulmonary LNs needs to be established for patients with early-stage
T1-3NOMO NSCLC.

Methods: This study involved 3,002 patients with T1-3NOMO0 NSCLC who underwent radical lobectomy
or total pneumonectomy in the thoracic departments of 11 Chinese institutions between January 1999 and
October 2013. The Cox model was applied for univariate and multivariate analyses in the examination of
station 10, 11 LN and station 12, 13, 14 LN. A hilar and intrapulmonary standard (HI standard) was then
established based on univariate and multiple-factor analyses conducted using the Cox model.

Results: Among the 3,002 patients enrolled in the study, 2,609 underwent at least one examination of
station 10, 11 LN (A1), while 393 did not undergo examination of station 10, 11 LN (A0). The A0 and Al
groups had 5-year survival rates of 76% and 80%, respectively (P=0.018). Further, 1,764 patients underwent
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at least one examination of station 12, 13, 14 LN (B1), while 1,238 patients did not (B0). The B0 and Bl
groups had 5-year survival rates of 77% and 82%, respectively (P=0.008). In total, 1,269 patients attained the
HI standard (C1), and 1,733 did not (C0). The CO and CI1 groups had 5-year survival rates of 77% and 83 %,

respectively (P<0.001).

Conclusions: The HI standard can improve both the prognosis and survival rates of patients with

T1-3NOMO NSCLC. This will provide important guidance for pulmonary LN dissection and pathological

examination in NSCLC cases.

Keywords: Non-small cell lung cancer (NSCLC); lymph node dissection (LN dissection); early stage; pathological

examination standard
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Introduction

Precise staging forms the foundation of effective treatment
in non-small cell lung cancer (NSCLC) (1,2). Among the
various cancer staging systems, the tumor, node, metastasis
(TNM) classification is widely considered optimal for
differentiating the prognosis of patients with NSCLC (3).
However, in TNM staging, there is considerable variation
in the staging of lymph nodes (LNs), or N staging.
Research has shown that for N staging, pathological staging
is more accurate than clinical staging; however, pathological
staging is dependent on intraoperative LN dissection and
postoperative pathological verification (4).

International standards including those of the National
Comprehensive Cancer Network (NCCN) (5), European
Society of Thoracic Surgeons (ESTS) (6,7), Chinese
Medical Association (CMA) (8), and American College
of Surgeons Commission on Cancer (COC) (9) differ
regarding the optimal number of examined LNs (ELNs).
Samayoa et al.’s retrospective study revealed that the
overall survival (OS) of patients with early NSCLC could
be significantly improved with at least 10 ELNs (10), and
our previous study arrived at the same conclusion (11).
Therefore, a minimum of 10 ELNs served as the basis for
the hilar and intrapulmonary LNs quantitative standard (HI
standard) in the current study.

The location of ELNs can also influence the precision
of pathologic LN (pN) staging (12-14). Multiple studies
have reported that the precision of pN staging was
significantly affected when LNs at the N1 station, especially
intrapulmonary LNs, were not examined (15-17), which
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further impacted patients’ prognosis (18-20). However, the
current surgery recommendations only specify the sampling
standard of mediastinal LNs, with no specific regulation
for ELNs at N1; in particular, there is no acknowledged
standard for the examination of intrapulmonary LNs. The
NCCN guidelines recommend that 3 N1 LNs should
be examined (5), whereas those of ESTS only mention
the dissection of hilar LNs (6,7). The 2018 edition of the
CMA clinical guidelines for lung cancer suggested at least
12 ELNs in the mediastinum and lung, but included no
further regulation on N1 LNs (8). Similarly, the COC
recommendations did not include the examination of N1
LNs (9). However, the Association of Directors of Anatomic
and Surgical Pathology suggested that all pulmonary LNs
should be dissected and examined (21). Based on these
controversial recommendations, it therefore remains
unclear, how many and which N1 LNs should be examined.
Therefore, the aim of this Chinese multicenter is to
identify the optimal number and location of ELNS, and the
association of ELNs on the prognosis of patients with T1-
3NOMO NSCLC. The study of LN location was separated
into two sections: the first focused on station 10 and 11
LNs (the hilar/interlobar zone) and the second on station
12, 13, and 14 LNs (the peripheral zone) (22). Based on
the above, we first established a standard for LN dissection
and pathological examination (HI standard) in NSCLC,
which recommends a minimum of 10 ELNs, including at
least one LN from either station 10 or 11 and one LN each
from station 12, 13, or 14, each. We present the following
article in accordance with the STROBE reporting checklist
(available at https://dx.doi.org/10.21037/tlcr-21-959).
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Methods
Patients and ethics statement

The data for this study was obtained from a Chinese multi-
institutional retrospective database. This included a registry
of continuously collected data of patients with NSCLC who
underwent surgical resection in the thoracic departments
of 11 institutions in China (Sun Yat-sen University Cancer
Center; Zhejiang Cancer Hospital; Affiliated Hospital of
Qingdao University; Affiliated Tumor Hospital of Guangxi
Medical University; Fujian Cancer Hospital, Fujian Medical
University; The Second Affiliated Hospital of Medical
College, Xi’an Jiaotong University; Taizhou First People’s
Hospital; Third People’s Hospital of Nantong City; Ningbo
First Hospital, Ningbo Hospital of Zhejiang University;
Aftfiliated Jiangyin Hospital of Southeast University; the
Second Hospital of Jilin University) between January 1999
and October 2013.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). Ethical
approval was obtained from the institutional review board
of Sun Yat-sen University Cancer Center (No. YB2018-
11). Individual consent for this study was waived by the
ethics committee. All patients were staged with reference to
the 8" edition of the TNM classification. LNs were either
dissected during surgical resection or re-sampled by the
surgeon following the operation. The final number of LNs
was determined by the pathologist.

Inclusion and exclusion criteria

The inclusion criteria for patients in this study included:
(I) diagnosed with NSCLC and histologically and
pathologically staged as T1-3NOMO according to the
NCCN TNM classification; (II) underwent complete (RO)
resection plus LN dissection or sampling with at least one
LN that was harvested and examined; (III) followed up for a
minimum of 5 years. The exclusion criteria were as follows:
(I) patients with a history of synchronous or metachronous
malignancy; (II) patients who had positive resection
margins or who underwent palliative surgery including
sublobectomy, segmentectomy, or wedge-shaped lobectomy;
(IIT) patients who received chemotherapy, radiation, target
therapy, or any other antitumor therapy before surgery; and
(IV) patients who died within 30 days post-surgery.
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The standard definition

HI standard: recommend at least 10 ELNs (11), including
at least one station 10, 11 LN and one station 12, 13,
14 LN.

Follow-up

OS was the endpoint of this study. OS was calculated from
the date of the operation until the patient’s death or the end
of the follow-up period. Follow-up was conducted by staff
from the hospitals’ follow-up sections or by trained medical
staff via telephone. The final follow-up date was October
31, 2018. All patients were followed-up.

Statistical analysis

Categorical variables were presented as frequency (%), and
continuous variables as median [interquartile range (IQR)].
The Pearson’s chi-square test was used for categorical
variables to compare population characteristics, and the
independent #-test (or Mann-Whitney U-test) was used
for continuous variables. Survival was estimated using the
Kaplan-Meier method, and any survival differences were
evaluated by stratified log-rank test. Multivariable analyses
using the Cox proportional-hazards model were performed
to estimate the simultaneous effects of prognostic factors on
survival. The Kaplan-Meier method and log-rank tests were
used to estimate OS. SPSS software (version 24.0 SPSS
Inc., Chicago, IL, USA) was used for all statistical analyses.
A two-sided level of significance was applied, with a P value
of less than 0.05 indicating statistical significance.

Results
Baseline condition of the study participants

A total of 3,002 patients were selected for this study
(Figure 1 for the selection process), among whom 721
patients died (24.0%), with the median follow-up being
65.9 months. Most patients were aged <65 years (66.2%)
and male (63.0%). The majority of patients were staged as
T1 or T2, with T'1, T2, and T3 cases accounting for 40.5%,
48.5%, and 11.1% of the study population, respectively.
Comprising 66.1% of cases, adenocarcinoma (AC) was
the main histological type of NSCLC in this study, while
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Figure 1 Flowchart of the study cohort selection process.
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squamous cell carcinoma (SCC), adenosquamous carcinoma
(ASC), and other histological types accounted for, 27.9%,
2.9%, and 3.1%, respectively (see Table I).

LN dissection

The 3,002 patients in this study underwent 50,849 LN
dissections in total, with the average number of ELNs being
16.9+9.85 and the median number of ELNSs being 15 (IQR,
10-12). The condition of station 10, 11 and station 12, 13,
14 were examined further. For station 10, 11 LN dissection,
2,087 patients (69.52%) underwent dissection of station
10 LN with an average number of 2.3 patients. Section
11 dissections included 1,919 patients (63.92%), with an
average number of 1.8. Overall, 2,609 patients (86.81%)
underwent one dissection of station 10, 11 LN. Regarding
station 12, 13, 14 LN dissection, 1,461 patients (48.67%)
underwent dissection of station 12 LN with an average
number of 1.5, 993 patients (33.08%) underwent dissection
of station 13 LN with an average number of 1.1, and 71
patients (2.37%) underwent dissection of station 14 LN
with 119 LNs dissected. Overall, 1,764 patients (58.76%)
underwent dissection of station 12, 13, 14. (See Figure S1
and Table S1).

Dissection of station 10, 11 LN

Based on the examination of station 10, 11 LN, cases in this
study (n=3,002) were divided into an unexamined group
[AO group, n=393 (13.09%)] and an examined group with at
least one examination of either station [Al group, n=2,609
(89.91%)]. Confounding was addressed and adjusted for
with regard to the following baseline information of the two
groups: age (P=0.10), sex (P=0.795), T stage (P=0.314), and
histological type (P=0.702), which displayed no statistical
differences between the two groups (Table I).

Kaplan-Meier survival analysis suggested that the
examined group had a superior 5-year OS rate to the
unexamined group (80% wvs. 76%, P=0.018). Furthermore,
the subgroup analysis of different T stages showed that
examination of station 10,11 LN was only meaningful for
T1 stage (P=0.012). Although variance in the curve was
observed the T2 subgroup, statistical significance was not
reached (P=0.244). No statistical significance was found in
respect to the T3 subgroup (P=0.491) (Figure 2).

Univariate Cox analysis revealed that T stage, age, sex,
and histological type were prognostic factors (Table 2).
These factors were subsequently included in multivariate
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Cox analysis, and the results showed that examining at least
one station 10, 11 LN was an independent prognostic factor
(HR, 0.758; 95% CI: 0.622-0.925; P=0.006) (Tible 3).

Dissection of station 12-14 LN

Based on the examination of station 12, 13, and 14 LN, the
3,002 cases in this study were divided into an unexamined
group (BO group) and an examined group with at least one
examination of either station (Bl group). There were 1,238
(41.24%) and 1,764 (58.76%) in the BO and B1 groups,
respectively. For accuracy, the baseline information of the
two groups was analyzed. The B0 and B1 groups displayed
no statistical difference in age (P=0.824), sex (P=0.367), or
histological type (P=0.076); however, T stage (P=0.032)
showed maldistribution between the two groups (Table I).

Kaplan-Meier survival analysis suggested that the Bl
group had a higher 5-year OS rate than the BO group (82%
vs. 77%, P=0.008). Further subgroup analysis of different
T stages showed that examination of station 12, 13, 14 LN
was only meaningful for patients with T1 stage NSCLC
(P=0.015). Although variance in the curve was observed in
the T2 (P=0.207) and T3 (P=0.396) subgroups, statistical
significance was not observed (Figure 2).

Univariate Cox analysis showed that T stage, age,
sex, and histological type were also prognostic factors
(Table 2). Subsequently, a multivariate Cox analysis
including these factors was conducted, and the results
showed that examining at least one station 12, 13, 14 was an
independent prognostic factor (HR, 0.836; 95% CI: 0.722-
0.968; P=0.017) (Table 3).

Influence of the HI standard on survival

Based on the HI standard, the 3,002 cases in this study
were divided into two groups: an unmatched group, which
did not meet the HI standard (CO group), and a matched
group (C1 group), which met the HI standard. There
were 1,733 (57.73%) and 1,269 (42.27%) cases in the CO
and C1 groups, respectively. For accuracy, the baseline
information of the two groups was analyzed. The CO and
C1 groups showed no statistically significant difference in
age (P=0.551), sex (P=0.658), or histological type (P=0.076),
however, T stage (P=0.002) showed maldistribution
between the two groups (Zable I).

Kaplan-Meier survival analysis suggested that the C1
group had a better 5-year survival rate than the CO group
(83% wvs. 77%, P<0.001). Subgroup analysis of different T
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stages showed that the T'1 (P=0.005), T2 (P=0.039), and T3
(P=0.029) subgroups all demonstrated statistical variances
(Figure 2).

The univariate Cox analysis showed that T stage,
age, sex, and histological type were prognostic factors
(1able 2). Multivariate Cox analysis including these factors
was subsequently performed, and the results showed that
HI standard was an independent prognostic factor (HR,
0.750; 95% CI: 0.644-0.875; P<0.001) (Tible 3).

Discussion

Sufficient intraoperative LN dissection is the foundation of
surgery in NSCLC, aiding precise staging and prognostic
prediction. Additionally, this provides guidance for
postoperative adjuvant therapy and follow-up. Previous
studies have revealed the importance of ELN number and
N1 LN examination (23-25). However, current surgical
guidelines mostly focus on mediastinal LNs, affording
less attention to N1 LNs, especially intrapulmonary LNs.
Moreover, the lack of a universal standard for LN dissection
has led to confusion about radical excision among clinical
surgeons, especially those in primary hospitals.

In this study, the dissection rates of station 10 and 11
LNs were 69.52% and 63.92%, respectively. When judged
by at least one dissection of station 10, 11 LN, the general
matching rate of the 11 centers was 86.9%, with that of
10 centers being over 80%. Allen ez 4l.’s research showed
similar results, with approximately 20% of patients not
undergoing hilar or intrapulmonary LN dissection (12).
Moreover, in this study, the average number of station10,
11 LN dissected was 4.1, which is similar to the results of
Ramirez et 4/. (15). The dissection rates of station 12, 13,
and 14 LNs among the patients in this study were 48.67%,
33.08%, and 2.37%, respectively. When judged by at least
one dissection of station 12, 13 and 14 LNs, the general
matching rate of the 11 centers was only 58.8%), with the
rate being below 30% for more than half of the centers. The
dissection rate of station 10, 11 LN was significantly higher
than that of stations 12, 13 and 14. This could be the result
of specific regulations for hilar LNs by multiple guidelines,
including NCCN, and unregulated station 12, 13, 14 LNs
were easily ignored. Smeltzer et 4l.’s study reported that
a second dissection revealed unexamined LNs in 90% of
lung samples, with 12% of NO patients having metastasis
in abandoned LNs (19). Wang et 4l.’s study showed that
almost 61% (n=435) of patients who did not undergo
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intrapulmonary LN examination had a significantly worse
OS than those who did (P=0.027) (18), which indicates that
the dissection and examination of LNs at station 12, 13, 14
could reduce false negative LNs and improve diagnostic
precision.

The results of this study indicates that the examination
of station 10, 11 or station 12, 13, 14 LN is associated
with increased patient survival rates. However, in further
subgroup analysis, we found that this benefit only had
statistical significance in T'1 patients, and although variance
was observed in the Kaplan-Meier survival curves of T2 and
T3 patients, statistical significance not reached. Similarly,
data from Asamura et 4l. (26) showed that the 5-year survival
rates of patients with TINOMO and TIN1IMO0 NSCLC
were 85% and 61%, respectively, and that the survival
differences between patients with NO status and N1 status
were more significant in the T1 group than in the T2 and
T3 groups. Therefore, N status is more important to the
prognosis of T'1 patients than to that of T2 and T3 patients,
which may explain why examination of only station 10, 11
or only station 12, 13, 14 LNs failed to display statistical
significance. In addition, we found that the HI standard
showed statistically significant survival rates in not only T1
patients, but also T2 and T3 patients, which indicates that
the combination of LN number and location has superior
OS to observing these factors individually.

Our study is the largest retrospective study to focus
on the association of both the number and location of
ELNSs with T1-3NOMO0O NSCLC patient survival. We first
established a HI standard for early NSCLC based on a
minimum of 10 ELNSs, including at least one station 10,
11 LN and one station 12, 13, 14 LN. Inadequate ELNs
could potentially result in residual metastasized LNs, which
might result increase the risk of recurrence. Unexamined
and metastasized N1 LNs could potentially be missed,
meaning the patient would not receive chemotherapy or
strict surveillance programs following treatment, resulting
in a worse prognosis. According to the above discussion,
many N1 LNs did not undergo further dissection and
examination, which suggests that stringent requirements on
N1 LN dissection would not increase the surgical difficulty
or the risk of complications. In clinical practice, further
dissection of N1 LNs only takes about 10 minutes but
contributes to better staging and prognosis. Therefore, it is
crucial that more attention is given to not only the number
but also the location of ELNS.

There are certain limitations to this study as a result of
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the retrospective design. Firstly, LN counting might be
imprecise or vary in clinical practice. For instance, during
surgery, multiple LNs could be dissected together due
to adhesion and ultimately be counted as a single LN.
On the other hand, during surgery, one LN might also
be divided into many fragments and counted as multiple
LNs. However, these factors had little impact on our
study. Although the adhesion and fragmentation of LNs
are commonly seen in patients with advanced disease, this
study focused mainly on T1-3NOMO NSCLC; and a more-
rare form of the disease. Furthermore, the collected data
were all obtained from real-world practices, which suggests
that the results are close to the real-world situation with a
large sample size. Our next multicenter and multinational
prospective study will further evaluate the efficacy of the HI
standard.

The updated HI standard provides important guidance
for pulmonary LN dissection and pathological examination
in patients with T1-3NOMO NSCLC. For such patients,
a minimum of 10 ELNs, including at least one LN from
station 10, 11 and one LN from station 12, 13, 14, is
recommended in order to obtain the optimal survival
benefit.
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