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ABSTRACT

Background: This study sought to determine the optimal number of
examined lymph nodes (ELNs) and examined node stations (ENSs) in
patients with radiologically pure-solid non–small cell lung cancer (NSCLC)
who underwent lobectomy and ipsilateral lymphadenectomy by investi-
gating the impact of ELNs and ENSs on accurate staging and long-term
survival. Materials and Methods: Data from 6 institutions in China on
resected clinical stage I–II (cI–II) NSCLCs presenting as pure-solid tumors
were analyzed for the impact of ELNs and ENSs on nodal upstaging, stage
migration, recurrence-free survival (RFS), and overall survival (OS). Corre-
lations between different endpoints and ELNs or ENSs were fitted with a
LOWESS smoother, and the structural break points were determined by
Chow test. Results: Both ELNs and ENSs were identified as indepen-
dent prognostic factors for OS (ENS hazard ratio [HR], 0.690; 95% CI,
0.597–0.797;P,.001; ELNHR, 0.950; 95%CI, 0.917–0.983;P5.004) andRFS
(ENS HR, 0.859; 95% CI, 0.793–0.931; P,.001; ELN HR, 0.960; 95% CI,
0.942–0.962; P,.001), which were also associated with postoperative
nodal upstaging (ENSodds ratio [OR], 1.057; 95%CI, 1.002–1.187;P5.004;
ELNOR, 1.186; 95% CI, 1.148–1.226; P,.001). A greater number of ELNs
and ENSs correlated with a higher accuracy of nodal staging and a lower
probability of stage migration. Cut-point analysis revealed an optimal
cutoff of 18 LNs and 6 node stations for stage cI–II pure-solid NSCLCs, which
were validated in our multi-institutional cohort. Conclusions: Extensive
examination of LNs and node stations seemed crucial to predicting
accurate staging and survival outcomes. A threshold of 18 LNs and 6 node
stations might be considered for evaluating the quality of LN exam-
ination in patients with stage cI–II radiologically pure-solid NSCLCs.

Background
With the introduction of CT screening for lung cancer
and the extensive use of low-dose CT, the detection rate
of early-stage non–small cell lung cancer (NSCLC) has
increased remarkably.1,2 Early-stage NSCLCs can man-
ifest as either subsolid or solid tumors on CT scans.
Notably, lymph node (LN) involvement is much more
frequently observed in radiologically solid tumors than
in subsolid tumors.3–6 It has previously been reported
that lymphadenectomy is unnecessary for lung cancer
presenting as pure ground-glass nodules,6 which un-
derscores the urgent need for a proposal for LN man-
agement of radiologically pure-solid NSCLCs.

In recent years, increasingly more researchers have
been interested in the determination of an optimal
number of examined LNs (ELNs).7–9 Liang et al7 rec-
ommended 16 ELNs as the cut point for evaluating the
quality of LN examination or prognostic stratification
postoperatively in patients with declared node-negative
disease by analyzing the SEER database and a Chinese
multi-institutional registry. Another study using the Na-
tional CancerDatabase found that 8 to 11 nodes should be
examined in patients with stage I NSCLC for accurate
staging and favorable outcomes.8 Similar results were
observed in other studies in which removal of at least 10
nodes was found to be associated with better survival.10,11

Regrettably, neither the radiologic features of the primary
tumors nor the examined node stations (ENSs) could be
detailed in these studies.

For early-stage resectable NSCLCs, N1 and N2 node
resection and mapping should be a routine component
of lung cancer resections, with a minimum of 3 N2 nodes
sampled or a complete LN dissection.12 Currently, ipsi-
lateral systematic lymphadenectomy (SLND) in hilar
and mediastinal stations, with 3 groups of N1 and N2
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nodes examined, respectively, remains the overall
standard.13,14 In addition, the LN map proposed by
the International Association for the Study of Lung
Cancer (IASLC) recommends that$1 nodes should be
sampled from all mediastinal stations, which for
right-sided tumor-bearing lobes are 2R, 4R, 7, 8, and 9
and for the left side are 4L, 5, 6, 7, 8, and 9.15 However,
another point of view based on several studies suggested
that lobe-specific lymph node dissection (LSD) is equiv-
alent to SLND in early-stage NSCLC.14,16,17 Therefore, it
is important to determine the threshold of ELNs and
ENSs for early-stage NSCLC, especially for radiologically
pure-solid NSCLC.

To address these unresolved issues, we performed
analyses of data collected from 6 institutions in China.
By including information on both ELNs and ENSs, we
assessed the relationships between the extent of LN dis-
section and long-term survival and pathologic upstaging.
Advanced statistical methods were applied to determine
optimal thresholds for ELNs and ENSs in patients with
pure-solid clinical stage I–II (cI–II) NSCLC.

Materials and Methods

Patient Selection
This study evaluated patients with pure-solid cT1a–2
bN0–1M0 NSCLCs who underwent R0 pulmonary re-
section at 6 medical centers in China between January
2010 and October 2015 (Shanghai Pulmonary Hospital,
Tongji University School of Medicine, Suzhou Kowloon
Hospital Shanghai JiaotongUniversity School ofMedicine,
Second Affiliated Hospital of SoochowUniversity, Taicang
Affiliated Hospital of Soochow University, Hai’an Hospital
Affiliated to Nantong University, and Zhongda Hospital
Southeast University). PET/CT was performed for clinical
staging as necessary during the study period. Ethical
approval was obtained from the participating institutions
through their respective Institutional Review Boards.
In cases in which individual patient consent was not
identified, the chairperson of the ethics committee
waived the need for patient consent.

In our study, a radiologic pure-solid tumor was de-
fined as a lung tumor that only showed consolidation
without a ground-glass opacity (GGO) component on
thin-section CT.18 The definitions of solid component and
GGO component were in line with those in a previous
study.18 Tumor size was measured as the largest axial
diameter of an area having increased opacification that
completely obscured bronchial and vascular structures
on the lung window setting (level,2500 Hounsfield units
[HU]; width, 1,350 HU). Clinical T, N, and M stages were
diagnosed according to the 8th edition of the TNM
staging system for lung cancer.19 Clinical N1 stage was
defined as having LNs with a short-axis diameter .1 cm

on CT scan or FDG uptake greater than that of sur-
rounding normal structures on PET in stations 10, 11, 12,
and 13.14 There were 4 main exclusion criteria: (1)
multiple NSCLCs, (2) mediastinal LNs with a short-axis
diameter .1 cm on a CT scan or FDG uptake greater
than that of surrounding normal structures on PET, (3)
lesions pathologically diagnosed as adenocarcinoma
in situ, minimally invasive adenocarcinoma, or benign
disease, or (4) need for pneumonectomy, sleeve re-
section, sublobar resection, or bilobectomy. For all
included patients, findings of preoperative CT were
reviewed by the authors (D.C., Y.M., and J.W.). If
disagreement occurred, discussion was held until a
consensus was reached. The postoperative follow-up
lasted until April 2020. In total, 1,205 patients were
included in the study.

Information on Harvested LNs and Nodal Status
LNs were dissected en bloc with adipose tissue as far
as possible, and all harvested LNs were classified
according to the IASLC nodal map.15 With respect to
the handling of N1 LNs, surgeons selectively collected
LNs from stations 10 to 12 during surgery and then
handed over the lung specimen to the pathologists.
Because there was no standardized protocol for intra-
pulmonary LN dissection during the study period, seg-
mental and subsegmental stations 13 and 14, respectively,
were retrieved at the pathologist’s discretion. Both the
number and status of harvested LNs and node stations,
respectively, were collected from each patient. ELNswere
defined as the total number of examined LNs in the
specimens. ENSs were defined as the total number of
examined node stations. A heat map approach was ap-
plied to exhibit the nodal metastasis pattern according
to the tumor locations, which reflected the cumulative
number of patients with positive LNs at each node
station.

Recurrence and Overall Survival as Endpoints
All patients were observed from the date of surgery after
resection. In the first 2 years, follow-up procedures
included chest radiographs; blood tests, including
measurements of tumor markers every 3 months; and
chest CT with or without contrast every 6 months.
Subsequently, chest radiographs were performed every 6
months, and chest CT with or without contrast was
performed every year. Further examinations were per-
formed, including with brain MRI and bone scintigraphy,
when any sign or symptom of tumor recurrence was
detected. Locoregional recurrence was defined as tumor
recurrence in the ipsilateral hemithorax, including the
resection margin; ipsilateral lung; or hilum and medi-
astinal LNs. Distant metastasis was defined as tumor
recurrence in the pleura, contralateral hemithorax,
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or extrathoracic organs. Recurrence-free survival (RFS)
was defined as the time from surgery until local or
distant recurrence. Overall survival (OS) was defined as
the time from surgery until all-cause death.

Statistical Analysis

Multivariable Regression Analyses
Theoretically, ELNs and ENSs are highly correlated with
the number of positive LNs and the status of node sta-
tions, which in turn are highly correlated with N stage. To
address the redundancy andmulticollinearity among the

variables in an overfitting model, we first performed a
least absolute shrinkage and selection operator (LASSO)
regression analysis20 to screen and shrink the data de-
scribed as in our previous studies,21,22 which could
achieve variant reduction and selection through a tuning
parameter (l). Pearson’s chi-square test was used to
compare categorical variables, and an independent
sample t test was used to compare the continuous var-
iables between different groups.

The log-rank test and the Cox proportional hazards
regression model were used to determine the effect of
ELNs and ENSs on survival, which were adjusted for

Table 1. LASSO-Cox Regression Analysis of ELN and ENS for Overall Survival and Recurrence-Free Survival

Characteristic

Overall Survival Recurrence-Free Survival

Sig HR (95% CI) P Valuea Sig HR (95% CI) P Valuea

ENS (as a continuous variable) ,.001 0.690 (0.597–0.797) ,.001 0.859 (0.793–0.931)

ELN (as a continuous variable) .004 0.950 (0.917–0.983) ,.001 0.960 (0.942–0.962)

LNR .038 2.174 (1.008–9.643) .036 2.688 (1.005–6.571)

Smoking history (yes vs no) ,.001 2.043 (1.405–2.970) .007 1.347 (1.083–1.676)

Operated side (left vs right) .088 1.367 (0.955–1.956) .694 1.050 (0.822–1.341)

Tumor location (lower and middle vs upper) .215 .153

Middle lobe vs upper lobe .774 1.110 (0.543–2.270) .061 0.650 (0.414–1.021)

Lower lobe vs upper lobe .093 0.701 (0.463–1.061) .442 0.914 (0.726–1.150)

pT .002 .024

T2 vs T1 ,.001 2.206 (1.470–3.310) .040 1.252 (1.010–1.550)

T3 vs T1 .374 1.932 (0.452–8.250) .212 1.710 (0.737–3.971)

T4 vs T1 .162 4.318 (0.557–33.486) .020 3.975 (1.240–12.743)

pN ,.001 ,.001

N1 vs N0 ,.001 5.265 (3.201–8.659) ,.001 4.141 (3.110–5.513)

N2 vs N0 ,.001 6.224 (3.792–10.217) ,.001 7.865 (6.032–10.255)

pM (M1 vs M0) ,.001 53.357 (11.877–239.709) ,.001 33.192 (8.027–137.242)

Histology (others, LCC, ASC, ADC vs SCC) .376 .034

ADC vs SCC .850 1.050 (0.633–1.743) .003 1.669 (1.184–2.353)

ASC vs SCC .178 1.903 (0.746–4.8520 .032 2.147 (1.069–4.318)

LCC vs SCC .147 1.989 (0.785–5.043) .112 1.871 (0.864–4.053)

Others vs SCC .642 1.420 (0.323–6.240) .734 1.191 (0.434–3.275)

Surgical approach (thoracotomy vs VATS) .075 0.614 (0.359–1.050) .170 0.812 (0.603–1.093)

Age (as a continuous variable) ,.001 0.978 (0.967–0.989)

Grade of differentiation (others, poor, moderate vs well) .372

Moderate vs well .161 0.726 (0.464–1.136)

Poor vs well .542 1.068 (0.864–1.320)

Others vs well .094 1.236 (0.965–1.583)

Adjuvant chemotherapy (yes vs no) .574 1.143 (0.716–1.825)

Adjuvant radiotherapy (yes vs no) .104 1.569 (0.912–2.700) .969 0.993 (0.700–1.409)

Abbreviations: ADC, adenocarcinoma; ASC, adenosquamous carcinoma; ELN, examined lymph node number; ENS, examined node station; HR, hazard ratio; LASSO,
least absolute shrinkage and selection operator; LCC, large cell carcinoma; LNR, lymph node ratio (ratio of metastatic lymph nodes to total number of lymph nodes
examined); p, pathologic; SCC, squamous cell carcinoma; Sig, significance; VATS, video-assisted thoracoscopic surgery.
aInteraction test P value.
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other significant prognostic factors.7 To verify our as-
sumption that more ELNs and ENSs present a greater
opportunity to identify positive LNs, we performed a
logistic regression analysis to detect the predictors as-
sociated with postoperative nodal upstaging. In addition,
stagemigration was assessed by correlating the ELNs and
ENSs and the proportion of each nodal stage category
(node-negative vs node-positive) by using a binary lo-
gistic regression model after adjusting for other potential
confounders associated with examined nodes or nodal
stage before or during surgery.7

Accuracy ofNumber of Involved LNs andNode Stations
Toevaluate the accuracy of involved LNs andnode stations,
we created mathematical models of the numbers of
nodes and stations examined, respectively, by using
hypergeometric distribution and the Bayes theorem
according to previous studies.7,23 In addition, sensitivity
analyses were conducted to evaluate whether the asso-
ciation between ELNs and OS and RFS was affected by
outliers (probably caused by fragmented LNs).8

Fitting of Curves and Determination of Structural
Break Points
The curves of odds ratios (ORs; stage migration) and
hazard ratios (HRs; OS) of each ELN and ENS compared
with one ELN or ENS (as a reference), in addition to the
curves of mean positive number and probability of un-
detected positive LNs, were fitted by using a LOWESS
(locally weighted scatterplot smoothing) smoother with a
bandwidth of 2/3 (default).7 Structural break points were
then determined by Chow test, and the break points were
considered the threshold of clinical impact.7 In addition,
to assess whether the number of LNs needed to optimize
survival was consistent with the number needed to op-
timize accurate nodal staging, we plotted the frequency
of patients with at least one positive LN for each LN
count using locally weighted least-squares smoothing.24

All clinical data are shown as either mean 6 SD or
number (percent). A 2-sided P value,.05 was considered
statistically significant. Statistical analyses were per-
formed using R version 3.5.3 (R Foundation for Statistical
Computing) and SPSS Statistics, version 25.0 (IBM Corp).
The heat map and survival curves were drawn with Prism
7.0 software (GraphPad Software).

Results

Patient Characteristics and Distribution of
ELNs and ENSs
Overall, 1,205 patients with cT1a–2bN0–1M0 NSCLCs
manifesting as radiologically pure-solid tumors who
underwent lobectomy and ipsilateral lymphadenectomy
at 6 medical centers were recruited. Median follow-up

time was 68 months. Baseline characteristics of the pa-
tient cohort are summarized in supplemental eTable 1
(available with this article at JNCCN.org).

The distribution of ELNs and ENSs in our cohort is
shown in supplemental eFigure 1. We used a heat map
to assess whether nodal metastasis was lobe-specific in
pure-solid NSCLCs (supplemental eFigure 2). Our re-
sults revealed that tumor location was not a predictor
of involved zones, which highlighted the importance of
extensive examination of LNs at different positions in
the resected specimens.

Identification of ELNs and ENSs as Prognostic Factors
Based on numerous clinicopathologic variables with
mutual collinearity, both ELNs and ENSs were initially
identified as potential survival-related factors by LASSO
regression analysis (Table 1). Variants included in the
LASSO regression model are listed in supplemental

Table 2. Multivariate Logistic Regression for
Postoperative Nodal Upstaging

Characteristic Sig OR (95% CI)
P

Valuea

ENS (as a continuous variable) .004 1.057 (1.002–1.187)

ELN (as a continuous variable) ,.001 1.186 (1.148–1.226)

Sex (male vs female) .959 0.991 (0.688–1.425)

Smoking history (yes vs no) .345 0.834 (0.573–1.215)

Operated side (left vs right) .001 1.660 (1.229–2.242)

Tumor location .001

Middle lobe vs upper lobe .003 2.614 (1.400–4.881)

Lower lobe vs upper lobe .060 0.733 (0.530–1.014)

pT .003

T2 vs T1 ,.001 1.725 (1.274–2.334)

T3 vs T1 .528 1.597 (0.373–6.837)

T4 vs T1 .125 5.280 (0.631–44.162)

Histology .001

ADC vs SCC .001 2.101 (1.366–3.229)

ASC vs SCC .383 0.603 (0.194–1.879)

LCC vs SCC .012 3.822 (1.338–10.916)

Others vs SCC .351 1.846 (0.509–6.688)

Grade of differentiation .002

Moderate vs well .043 2.287 (1.028–5.091)

Poor vs well .001 4.188 (1.797–9.759)

Others vs well .051 2.534 (0.997–6.439)

Surgical approach (thoracotomy
vs VATS)

.006 1.825 (1.189–2.801)

Abbreviations: ADC, adenocarcinoma; ASC, adenosquamous carcinoma; ELN,
examined lymph node number; ENS, examined node stations; LCC, large cell
carcinoma; LL, lower limit of 95% CI; OR, odds ratio; p, pathologic; SCC,
squamous cell carcinoma; Sig, significance; UL, upper limit of 95% CI; VATS,
video-assisted thoracoscopic surgery.
aInteraction test P value.
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eTable 2. Multivariate Cox analysis was performed to
further confirm ENSs and ELNs as prognostic factors for
both OS (ENS HR, 0.690; 95% CI, 0.597–0.797; P,.001;
ELN HR, 0.950; 95% CI, 0.917–0.983; P5.004) and RFS
(ENS HR, 0.859; 95% CI, 0.793–0.931; P,.001; ELN
HR, 0.960; 95% CI, 0.942–0.962; P,.001), respectively. To
eliminate potential bias from the count of LN fragments,
a sensitivity analysis was performed by limiting ELNs to
,20, and ELN number remained statistically significant
for both OS (HR, 0.935; 95% CI, 0.897–0.974; P5.002) and
RFS (HR, 0.941; 95% CI, 0.925–0.956; P,.001).

Association of ELNs and ENSs With Nodal
Upstaging and Stage Migration
Mean ELNs and ENSs differed significantly within sub-
groups of T staging, N staging, and tumor location in our
cohort (supplemental eFigure 3). Because a number of
confounding factors are associated with occult medias-
tinal LNmetastasis, we established amultivariate logistic
regression model after performing a LASSO regression
analysis. Variants included in the LASSO regression

model are listed in supplemental eTable 3. As shown in
Table 2, both ELNs and ENSs were found to be in-
dependent predictors of postoperative nodal upstaging
(ENS OR, 1.057; 95% CI, 1.002–1.187; P5.004; ELN OR,
1.186; 95% CI, 1.148–1.226; P,.001).

In addition, the patient cohort was also used to
estimate the empirical distributions of the number of
positive LNs; these results were then used to calculate
the probabilities of having more positive nodes than
observed (supplemental eTables 4–7). As expected, a
greater number of harvested LNs and node stations
correlated with a higher accuracy of nodal staging
(supplemental eTables 4 and 5) and a lower probability
of stage migration (supplemental eTables 6 and 7).

Cut Point Analysis for Optimal ELNs and ENSs
Figures 1 and 2 exhibit the fitting curves and corre-
sponding structural break points for HRs of OS and RFS
in radiologically pure-solid NSCLCs. Our data reveal that
the cut points of ELNs and ENSs for OS and RFS are
almost in agreement.
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Figure 1. LOWESS smoother-fitting curves of (A, B) OS and (C, D) determination of structural break points using the Chow test. The fitting
bandwidth was 2/3. OS was estimated by using the Cox proportional hazards regression model after LASSO regression analysis.
Abbreviations: ELN, examined lymph node; ENS, examined node station; LASSO, least absolute shrinkage and selection operator; LOWESS, locally weighted
scatterplot smoothing; OS, overall survival.
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To determine the cut points of ELNs and ENSs for
stage migration, we plotted the fitting curves and cor-
responding structural break points for the OR of stage
migration (Figure 3). As shown in Figure 3C, D, the prob-
ability of stage migration reaches a cut point at 18 ELNs
and 7 ENSs. We also plotted the probability of finding at
least one positive LN by the ELNs and ENSs, respectively,
using locally weighted least squares smoothing (supple-
mental eFigure 4). The probability of finding a positive LN
reaches a cut point at 6 ENSs and 15 harvested LNs, re-
spectively (supplemental eFigure 4). The structural break
points of the estimated probabilities of having positive
nodes or stations in patients with node-negative disease
were also determined (supplemental eFigure 5).

Because OS is the most important issue, we selected
the structural break point of OS as the cut point.
Therefore, we used cutoff values of 18 LNs and 6 stations
as the optimal ELNs and ENSs for patients with radio-
logically pure-solid NSCLCs.

The cut point was then validated in our multicenter
cohort. Survival analysis revealed that all-causemortality

of patients was significantly reduced with at least 18 LNs
or 6 node stations (supplemental eFigure 6A, B). Similar
results were also observed in patients with declared
node-negative disease (supplemental eFigure 6C, D).

Discussion
The heterogeneity in examined stations and the number
of LNs counted at each station could be due to a series of
factors, including surgeon skills and preferences,13 in-
dividual variations among patients’ LN maps, locations
of LNs, radiologic features of the lesions, and perfor-
mance of en bloc resection. For NSCLC, the current
NCCN Clinical Practice Guidelines in Oncology (NCCN
Guidelines)12 have not provided a recommended mini-
mum number of harvested nodes, which might be be-
cause of the fragile structure of the LN capsule and the
surrounding sheath.13 Meanwhile, the NCCN Guidelines
recommend that patients should have a minimum of 3
N2 stations sampled,12 although no direct supporting
evidence was available. Notably, LSD has increasingly
been performed in recent years, in which the following
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Figure 2. LOWESS smoother-fitting curves of (A, B) RFS and (C, D) determination of structural break points using the Chow test. The fitting
bandwidth was 2/3. RFS was estimated by using the Cox proportional hazards regression model after LASSO regression analysis.
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stations were dissected routinely: 2R and 4R for right
upper-lobe tumors; 4L, 5, and 6 for left upper-lobe tumors;
and 7, 8, and 9 for lower-lobe tumors on both sides.25

Moreover, the noninferiority of LSD compared with
SLND was confirmed by a randomized phase III trial
(JCOG1413) in 2018.25 The extensive use of LSD14,16,17,25

may support the minimum of 3 N2 stations examined
in early-stage NSCLCs. However, these studies14,16,17,25

detailed neither the proportion of the included pa-
tients with NSCLCs manifesting as GGOs nor the
number of harvested LNs. Therefore, the optimal
number of examined stations and of LNs for radio-
logically pure-solid NSCLCs that indicate a higher risk
of LN metastasis and a larger invasive size remains
undetermined.26

Our study included a number of clinicopathologic
characteristics, especially cN, pN, and LN status at
each station. Interestingly, our initial findings revealed
that involved LNs could be detected beyond the lobe-
specific zone of the primary tumor location (supplemental
eFigure 2), which was similar to the observed results in

other studies.27–29 The nodal metastasis patterns shown
by the heat map (supplemental eFigure 2) also high-
lighted the irreplaceable role of SLND for operable
pure-solid NSCLCs. By using LASSO regression anal-
ysis and multivariate logistic regression analysis, we
identified both ELNs and ENSs as independent prog-
nostic factors for OS and RFS. In addition, the stage
migration analyses suggested that a larger number of
ELNs and ENSs was associated with a higher pro-
portion of more-advanced N-stage cases in the entire
population (supplemental eTables 4–7). As illustrated, a
more extensive examination of LNs and stations can
reduce the risk of undetected positive LNs and involved
stations (supplemental eTables 4–7), whichmay result in
a more thorough elimination of remnants and proper
delivery of adjuvant therapy to improve long-term survival.7

Moreover, we identified an optimal cutoff of 18 LNs and
6 node stations for cT1a–2bN0–1M0 pure-solid NSCLC
(Figures 1–3). Interestingly, the optimal number of har-
vested LNs according to Liang et al7 was similar to that of
our study. Another study concerning complete hilar and
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Figure 3. LOWESS smoother-fitting curves of (A, B) stage migration and (C, D) determination of structural break points using the
Chow test. The fitting bandwidth was 2/3. Stage migration was estimated by using the Cox proportional hazards regression model after
LASSO regression analysis.
Abbreviations: ELN, examined lymph node; ENS, examined node station; LASSO, least absolute shrinkage and selection operator; LOWESS, locally weighted
scatterplot smoothing.
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mediastinal lymphadenectomy claimed that themean (SD)
total number of harvested LNs was 17.4 (7.3),30 which also
supported the cut point we found. Therefore, the threshold
of ELNs might be considered as the reference index for
defining inadequate LN sampling.

Our study is the largest one on lymphadenectomy in
pure-solid NSCLCs using multi-institutional, real-world
datasets with robust statistics. We sought to emphasize 2
major points. First, both ELNs and ENSs are associated
with clinical outcomes and accurate staging in patients
with pure-solid NSCLC receiving lobectomy and ipsi-
lateral lymphadenectomy; therefore, a more extensive
lymphadenectomy should be performed in patients
with pure-solid NSCLC in case of occult LN metastasis.
Second, surgeons and pathologists should establish
criteria for evaluating the completeness of intraoperative
LN management for pure-solid NSCLC.

We acknowledge some limitations of our study.
First, the retrospective nature of our multicenter study
might lead to selection and performance bias. Second,
because fragmentation of nodal tissues was inevitable
during the removal of LNs, unavoidable overestimation of
ELNs probably had an interference effect on our analysis,
even though the sensitivity analysis was used to mitigate
the bias. To be specific, some of the patients in our cohort
had $20 LNs examined, which is uncommon in a stan-
dard resection for cN0–1 NSCLC.

Conclusions
Both ELNs and ENSs are associated with accurate stag-
ing and survival outcomes in radiologically pure-solid
NSCLC. A threshold of 18 LNs and 6 stations might be
considered for evaluating the quality of LN examination
in patients with radiologically pure-solid clinical stage
I–II NSCLC.
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eTable 7. Probability of Having M+1 or More Positive Node Stations Given the Observation of M Stations
With Positive Nodes in S-Examined Node Stations

No. of Node Stations Examined (S)

No. of Positive Nodes Observed

0 1 2 3 4 5 6

1 44.55% 49.55%

2 43.21% 47.52% 55.72%

3 42.02% 43.52% 52.42% 87.42%

4 40.85% 39.42% 47.89% 80.42% 100.00%

5 39.02% 36.21% 42.42% 72.79% 100.00% 100.00%

6 37.69% 33.15% 39.75% 63.28% 100.00% 100.00% 100.00%

7 36.14% 29.24% 35.47% 55.28% 95.01% 100.00% 100.00%

8 34.95% 26.72% 29.54% 41.32% 87.21% 92.10% 100.00%

9 33.54% 22.78% 23.45% 30.27% 79.14% 83.10% 100.00%

10 32.01% 19.12% 20.01% 14.22% 56.78% 67.20% 79.70%

11 30.87% 15.47% 12.23% 3.21% 32.17% 48.70% 68.20%

12 26.85% 8.12% 2.12% 0.00% 13.13% 24.70% 41.23%

13 22.89% 0.00% 0.00% 0.00% 0.00% 9.20% 18.57%
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