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Abstract

Purpose N2 lymph-node metastases occur in approximately 6—17% of the patients with T1-2 non-small cell lung cancer
(NSCLC). However, the clinical characteristics of N2 patients are not fully understood.

Methods This retrospective, multi-center analysis included T1 NSCLC patients receiving surgical resection during a period
from Jan 2nd, 2014 to Dec 27th, 2017. The diagnosis was pathologically verified in all cases. Univariate and multivariate
logistic regression analyses were conducted to analyze the factors that are associated with pN2 lymph-node metastases.
Results A total of 10,885 patients (48.4% men; 84.7% adenocarcinoma) were included in the analysis. The mean age was
59.0+9.9 years. The mean tumor size was 1.8 +0.8 cm. Of the patients, 3260 (29.9%) were smokers or ex-smokers. Lymph-
node metastases were verified in 1808 (16.6%) patients, and 1167 (10.7%) patients had N2 lymph-node metastases. The
multivariate analyses indicated that larger tumor size, lower differentiation, CEA level > 5 ng/mL, vascular invasion (+), and
pleural involvement (+) were associated with higher percentages of N2 lymph-node metastases (p <0.001 for all).
Conclusions This study demonstrated the significant association between N2 lymph-node metastases and tumor size and

differentiation, CEA levels, and status of vascular invasion and pleural involvement.
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Introduction

Lung cancer, mostly non-small cell lung cancer (NSCLC),
is the most common cancer worldwide. It was estimated that
there were 2.1 million new cases and 1.8 million deaths in
2018 according to the latest data showed in GLOBOCAN
2018, which account for 11.6% of all new cancer diagno-
sis and 18.4% of all cancer deaths, respectively (Bray et al.
2018; Zakaria et al. 2017). The recent advancements in
medical and public health awareness have resulted in an
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increased diagnosis of early stage NSCLC. As per the eighth
edition of the tumor, node, and metastasis (TNM) classifica-
tion for NSCLC, early stage T1 NSCLC is defined by tumor
size at <3 cm in the greatest dimension surrounded by lung
or visceral pleura without bronchoscopic evidence of inva-
sion more proximal than the lobar bronchus, and with a rela-
tively better prognosis (Goldstraw et al. 2016), whereas the
risk of metastasis is developed in T1 NSCLC, with different
prognosis among patients. The prevalence of nodal metas-
tases was 21% in Canadian patients with T1 NSCLC, as
reported by Seely JM et al. (1993). In addition, Kim BT et al.
pointed out that lymph-node involvement was observed in
23% of Korean patients with pathological T1 NSCLC (Kim
et al. 2006). In Chinese T1 NSCLC patients, the incidence of
lymph nodal metastasis was reported to be 19% (Kim et al.
2006; Zhang et al. 2017). Notably, 16.8% of the Chinese T1
patients had pathologic N2 lymph-node metastases, which
was approximately 10% higher than that of American and
Italian patients (6.1% and 7%, respectively) (Casiraghi et al.
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2011; Defranchi et al. 2009; Zhang et al. 2012). The 5-year
survival rate in pT1 NO/N1 NSCLC patients was reported to
be 46%, while decreased to 36% in patients with N2 disease
(Defranchi et al. 2009).

Currently, the risk factors for predicting lymph-node
metastasis, especially for N2 disease, in NSCLC patients
remain controversial. Several previous studies reported that
clinical and pathological features, such as age, sex, his-
tologic subtype, tumor size, type of surgery, etc. may not
be associated with N2 lymph-node metastasis in NSCLC
patients (Bertoglio et al. 2018; Casali et al. 2005; Haager
et al. 2018). However, other studies have suggested that
age, smoking history, histologic subtype, tumor size, etc.
had the potential to predict N2 lymph-node metastasis in
NSCLC patients (Chen et al. 2015; Tamura et al. 2016;
Zhang et al. 2012). Thus, further evidence is necessary to
confirm the risk factors for N2 lymph-node metastasis in
NSCLC patients, especially those with T1 stage. The aim
of the current study was to collect real-world evidence on
the clinical characteristics of Chinese T1 NSCLC patients
with N2 lymph-node metastases and to assess risk factors
that could predict N2 lymph-node metastases.

Methods
Patients

This nationwide multi-center observational study included
Chinese patients with pathologically confirmed T1 NSCLC
undergoing surgical resection in ten Class 3A hospitals dur-
ing a period from Jan 2nd, 2014 to Dec 27th, 2017. Patients
receiving chemotherapies, radiotherapies, biotherapies, or
other intervention therapies before surgery were excluded.
Patient diagnosis and surgical procedures followed the clini-
cal practice and physicians’ discretion. Patients were pre-
operatively evaluated and staged according to the routine
protocol, including enhanced chest CT scan, enhanced brain
MRI or CT, abdominal CT or ultrasonography, bone scan-
ning, electronic fiber bronchoscopy, and cardiopulmonary
tests (CSCO 2018). Clinical stage was assessed mainly by
chest CT scan. Whereas, PET-CT was performed on highly
suspicious patients with bulky mediastinal mass (Song et al.
2017; Zheng et al. 2018). Before the study was initiated, the
study designs and hypotheses were reviewed and approved
by the Institutional Ethics Committee and were registered at
www.clinicaltrials.gov (NCT03413956).

Data evaluation
Clinicopathological factors including age, sex, body mass

index (BMI), pathologic type, tumor types, N2 lymph-node
metastases, tumor size, location, differentiation, smoking
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history, serum preoperative carcinoembryonic antigen
(CEA) levels, vascular invasion, number of lymph node dis-
sected and lymph-node stations explored, pleural involve-
ment, and EGFR status were retrospectively collected from
the electronic medical database (LinkDoc, Beijing, China).
The data were used to evaluate the risk factors associated
with N2 lymph-node metastases and to compare the percent-
ages of the patients with N2 lymph-node metastases in the
subpopulations.

Statistical analyses

Continuous variables were presented as mean (SD). Cat-
egorical variables were presented as frequency and percent-
age. Univariate and multivariate logistic regression analyses
were conducted to examine the risk factors associated with
N2 lymph-node metastases. Results were summarized as
odds ratios (ORs) and two-side 95% confidential intervals
(CIs). Independent variables in the multivariate analysis
were selected using a step-wise approach; all variables with
p <0.2 were retained in the final model. All statistical analy-
ses were two-sided and were conducted using SAS version
9.4 (SAS Institute, Cary, NC, USA). Statistical significance
was defined as p <0.05.

Results
Patient characteristics

A total of 10,885 eligible patients were enrolled, 5265
(48.4%) were men. The mean age of the patients was
58.96 +9.91 years. Demographic and baseline characteris-
tics are shown in Table 1. Among the 10,885 patients, 1808
(16.6%) had pathological lymph-node metastases, and 1167
(10.7%) had pathological N2 (pN2) lymph-node metasta-
ses. Overall, 15.2% of the patients were ex-smokers and
15.4% were smokers in the whole population, correspond-
ing to 20.4% and 20.4% in the N2 population, respectively.
Over 40% of patients in the N2 group had baseline CEA
level > 5 ng/mL, whereas only 15.3% in the overall sample.
The number of lymph-node dissected was 12.7+8.0 in the
whole population and 17.0+9.4 in the N2 population. Over-
all, 91.7% and 93.8% of patients had at least three stations of
lymph-node stations explored in the whole population and
N2 population, respectively.

As shown in Table 2, most patients (9216, 84.7%) had
adenocarcinoma. Tumor differentiation was low in 31.0%
and middle in 55.9% of the overall patients, while 60.6% and
37.6% in the N2 population, respectively. Mean tumor size
was 1.8 +0.8 cm in the overall sample and 2.32+0.65 cm
in the N2 population. Most of the tumors were located at the
upper lobe of the lungs (60.1% in the overall sample, 57.2%
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Table 1 Demographic and
clinical characteristics

pT1 NSCLC patients

Total (n=10,885) pN2 positive (n=1167)

Age (years), mean (SD)
Sex, males
Body mass index, mean (SD)
Smoking status
Non-smokers
Ex-smokers
Smokers
Baseline CEA levels
<5ng/mL
>5ng/mL

Number of LN dissected, mean (SD)

Number of LN station dissected
Single station
Two stations
Multiple stations (> 3)

59.0(9.9) 59.8 (9.0)
5265 (48.4%) 642 (55.0%)
23.5(3.1) 235(@3.1)

7363 (69.3%)
1620 (15.2%)

673 (59.3%)
231 (20.4%)

1640 (15.4%) 231 (20.4%)
5560 (84.7%) 427 (59.3%)
1004 (15.3%) 293 (40.7%)
12.7 (8.0) 17.0 (9.4)
318 (2.9%) 12 (1.0%)
584 (5.4%) 25 (2.1%)
9983 (91.7%) 1130 (93.8%)

CEA carcinoembryonic antigen, LN lymph node

Table 2 Tumor characteristics

pT1 NSCLC patients

Total (n=10,885) pN2 positive (n=1167)

Tumor size (cm)

>0and<1cm 2779 (25.5%) 71 (6.1%)

>1and<2cm 4766 (43.8%) 400 (34.3%)

>2and<3 cm 3340 (30.7%) 696 (59.6%)
Pathologic type

Adenocarcinoma 9216 (84.7%) 898 (76.9%)

Squamous cell carci- 1271 (11.7%) 189 (16.2%)

noma

Others 398 (3.7%) 80 (6.9%)
Tumor types

Central type 305 (13.8%) 90 (20.7%)

Peripheral type 1904 (86.2%) 345 (79.3%)
Tumor differentiation

Un-differentiated 4(0.1%) 1(0.2%)

Low 1761 (31.0%) 397 (60.6%)

Middle 3180 (55.9%) 246 (37.6%)

High 742 (13.0%) 11 (1.7%)
Tumor location

Upper lobe 6544 (60.1%) 667 (57.2%)

Middle lobe 820 (7.5%) 85 (7.3%)

Lower lobe 3521 (32.3%) 415 (35.6%)

N2 nodal station

Single station - 619 (53.0%)
325 (27.8%)
223 (19.1%)
141 (12.1%)

420 (36.0%)

Two stations -
Multistations (> 3) -
Vascular invasion (+) 381 (3.5%)
Pleural involvement (+) 2198 (20.2%)

in the N2 population). Vascular invasion was presented in
3.5% of the overall patients and 12.1% of the N2 population.
A total of 2198 (20.2%) patients were documented to have
pleural involvement, while, in the N2 patients, 420 (36.0%)
had pleural involvement.

Univariate analysis of risk factors for N2 lymph-node
metastases

Univariate logistic regression analysis was performed
to identify potential factors that may associate with N2
lymph-node metastases. As shown in Fig. 1, male patients
were more likely to have N2 lymph-node metastasis (OR
1.35,95% CI 1.193-1.523, p <0.001). Patients who were
ex- or current smokers were more often associated with
N2 lymph-node metastasis (OR 1.64, 95% CI 1.447-1.862,
p <0.001). The patients with larger tumor size or lower
differentiated tumor had higher rate of N2 lymph-node
metastases (p <0.001): in the patients with 2 < tumor
size <3 cm, the rate of N2 lymph-node metastases (20.8%)
was higher than that in 0 < tumor size <1 cm group (2.6%)
(OR 10.04,95% CI 7.819-12.891, p <0.001) and 1 < tumor
size <2 cm group (8.4%) (OR 2.87,95% CI12.518-3.279,
p<0.001); 22.5% of the patients with low-differentiated
tumors had N2 lymph-node metastases, whereas 7.7% and
1.5% of the patients with middle- and high-differentiated
tumors had N2 metastasis (middle- vs. low-differentiated:
OR 0.29, 95% CI, 0.243-0.342, p <0.001; high- vs. low-
differentiated: OR 0.05, 95% CI, 0.028-0.095, p <0.001).
The percentage of patients with N2 lymph-node metastases
was higher in patients with CEA level > 5 ng/mL (29.2%)
than those with CEA <5 ng/mL (7.7%) (OR 4.95,95% CI
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Number of Patients with N2 Lymph OR (95% CI) P-Value
Node Metastases (+) (%)
(0 (%) vs m (%))
Univariate Analysis i
Age (years) (%65 vs <=65) 330 (10.7) vs 837 (10.7) || 0.99 (0.869,1.139)  0.9414
Gender (Male vs Female) 642 (12.2) vs 525 (1 9.3) ! Rl 1.35(1.193,1.523)  <.0001
Smoking History (Yes vs No) 462 (14.2) vs 673 ( 9.1) v b 1.64 (1.447,1.862)  <.0001
Pathological Types X <.0001
SCC vs Others 189 (14.9) vs 80 (20.1) ] 0.69 (0.520,0.928)  0.0136
Adenocarcinoma vs Others 898 (1 9.7) vs 80 (20.1) = X 0.43 (0.333,0.554)  <.0001
Adenocarcinoma vs SCC 898 (1 9.7) vs 189 (14.9) n 0.62 (0.522,0.732)  <.0001
Tumor Location (Right vs Left) 672 (10.5) vs 495 (11.0) H—I 0.95 (0.844,1.080)  0.4622
Tumor Location ! 0.0454
Middle vs Upper 85 (10.4) vs 667 (10.2) [ 1.02 (0.803,1.293)  0.8772
Lower vs Upper 415 (11.8) vs 667 (10.2) ! 1.18 (1.034,1.341)  0.0139
Lower vs Middle 415 (11.8) vs 85 (10.4) Saumm| 1.16 (0.903,1.479)  0.2514
Tumor Differentiation X <.0001
Middle vs Low 246 ((7.7) vs 397 (22.5) fm- ! 0.29 (0.243,0.342)  <.0001
High vs Low 11 ( 1.5) vs 397 (22.5) f—a— | 0.05 (0.028,0.095)  <.0001
High vs Middle 11 ( 1.5) vs 246 ( 7.7) f—a—q X 0.18 (0.098,0.330)  <.0001
Tumor Size (Pathological) 1 <.0001
>land<=2cmvs>0and<=lcm 400 ( 8.4) vs 71 ( 2.6) : =] 3.49 (2.702,4.518)  <.0001
>2and<=3cmvs>0and<=lcm 696 (20.8) vs 71 ( 2.6) | l—=—  10.04(7.819,12.891) <.0001
>2 and <=3 cm vs >1 and <=2 cm 696 (20.8) vs 400 ( 8.4) : | 2.87(2.518,3.279)  <.0001
CEA Levels (>=5 ng/ml vs <5 ng/ml) 293 (29.2) vs 427 ( 7.7) ! (aal 4.95(4.187,5.861)  <.0001
Tubular Cancer Thrombus (+ vs -) 141 (37.0) vs 1026 ( 9.8) 1 = 5.42(4.358,6.736)  <.0001
Pleural involvement (+ vs -) 420 (19.1) vs 747 ( 8.6) : aal 2.51(2.208,2.864)  <.0001
1 N .
T T T
0.25 0.5 1 2 4 8 16
<eoeem m Higher - - n Higher ----- >

Fig. 1 Univariate analyses of N2 lymph-node metastases

4.187-5.861, p<0.001), and was also higher in patients
with vascular invasion (+) (37.0%) than those without vas-
cular invasion (—) (9.8%) (OR 5.42,95% CI 4.358-6.736,
p <0.001). Patients with pleural involvement were more
likely to suffer from N2 lymph-node metastases (OR 2.51,
95% CI 2.208-2.864, p <0.001). The univariate analyses
suggested that N2 lymph-node metastases were observably
correlated with male, smoking, larger size tumor, a higher
CEA level, vascular invasion (+), and pleural involvement

(+)-

Multivariate analysis of risk factors for N2
lymph-node metastases

In multivariate analysis, as shown in Table 3, age > 65 years
(OR 0.70, 95% CI 0.545-0.896, p <0.01), lower differen-
tiation (middle vs. low: OR 0.42, 95% CI 0.332-0.532,
p <0.001; high vs. low: OR 0.12, 95% CI 0.058-0.235,
p <0.001; high vs. middle: OR 0.28, 95% CI 0.138-0.557,
p <0.001), larger size tumor (>2 and<3 cm vs.>0
and<1 cm: OR 2.53, 95% CI 1.666-3.829, p<0.01;>2
and<3 cm vs.>1 and<2 cm: OR 2.09, 95% CI
1.632-2.665, p<0.001), a higher CEA level (>5 ng/mL)
(OR 2.31, 95% CI 1.792-2.966, p <0.001), vascular inva-
sion (+) (OR 3.26, 95% CI 1.986-5.353, p<0.001), and
pleural involvement (+) (OR 1.29, 95% CI 1.002-1660,
p <0.05) were independent risk factors for N2 lymph-node
metastases.
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Table 3 Multivariate analyses of the risk factors associated with pN2
lymph-node metastases

ORs 95% Cls p value
Age> 65 (vs <65 years) 0.70  0.545, 0.896 0.0047
Tumor location 0.1240
Middle vs upper 0.81 0.494,1.332 0.4076
Low vs. upper 1.23  0.967, 1.565 0.0918
Low vs. middle 1.52 0911,2.526 0.1096
Degrees of differentiation <0.0001
Middle vs. low 042 0.332,0.532 <0.0001
High vs. low 0.12 0.058,0.235 <0.0001
High vs. middle 0.28 0.138, 0.557 0.0003
Tumor sizes (pathologic) <0.0001
>land<2cmvs.>0and<lcm 1.21 0.792,1.852 0.3772
>2and<3cmvs.>0and<lcm 2.53 1.666,3.829 <0.0001
>2and<3cmvs.>land<2cm 2.09 1.632,2.665 <0.0001
CEA>5 ng/mL (vs. <5 ng/mL) 231 1.792,2.966 <0.0001
Vascular invasion (+ vs. —) 3.26 1.986,5.353 <0.0001
Pleural involvement (4 vs. —) 1.29 1.002, 1.660 0.0483

CEA carcinoembryonic antigen, C/ confidential interval, OR odd ratio

Discussion

Given that most published reports were single-center stud-
ies in NSCLC with lymph-node metastases (especially N2
disease) (Heon et al. 2010; Xiong et al. 2016; Zhang et al.
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2012, 2017), this is the first large-scale Chinese multi-
center retrospective study to show that clinical character-
istics such as age, tumor differentiation, tumor size, CEA
levels, and vascular invasion were risk factors for N2
lymph-node metastasis in T1 NSCLC patients.

Tumor size has been well recognized as a crucial prog-
nostic factor for survival of early NSCLC patients and
was proportional to the prevalence of lymph-node metas-
tases, especially N2 disease (Asamura et al. 1996; Birim
et al. 2005; Port et al. 2003). An early Japanese retrospec-
tive study showed no lymph-node metastasis in lung can-
cer patients with tumor sizes <1.0 cm, 17% lymphatic
metastases in 1.1 cm > tumor sizes <2.0 cm, and 38% in
2.0 cm > tumor sizes < 3.0 cm (Ishida et al. 1990). Lee et al.
also reported that the incidence of N2 lymph-node metas-
tases in American patients with clinical stage I NSCLC
increased from 4.8% in tumor sizes <2.0 cm to 57.1% in
tumor sizes > 6.0 cm (Lee et al. 2007). Others similar results
were also observed in early stage NSCLC (Cho et al. 2014,
Zhang et al. 2012). In consistent with the above reports,
N2 lymph-node metastases in patients with T1 NSCLC
increased greatly from 6.1% (tumor sizes < 1.0 cm) to 59.6%
(2.0 cm > tumor sizes <3.0 cm) in the current study, which
indicated that tumor size may guide significantly for pre-
operative lymph-node staging. It is warranted that patients
with small T1 NSCLC, especially those with less than 1 cm,
should perform the surgical resection with systematic lym-
phadenectomy to ensure radically resect all possible lymph-
node metastases. In addition, we found that the majority of
the patients with N2 lymph-node metastases were current
or ex-smokers, which revealed a close association between
both former and current smoking and N2 disease in patients
with T1 NSCLC. In contrast to our results, Zhang et al. dem-
onstrated a higher rate of non-smokers in patients with N2
lymph-node metastases (Zhang et al. 2012). However, they
only compared N2 status (positive and negative) in non-
smokers without presenting the data of current or ex-smok-
ers. Previous studies showed different prognoses between
patients with single and multiple N2 diseases (Inoue et al.
2004; Lochowski et al. 2018; Qiang et al. 2015). In the study,
53.0% of N2 patients had single N2 station involved, sug-
gesting a potential impact on patient survival (Bertoglio
et al. 2018). Future studies are needed to pay more attention
to the issue of survival data.

Univariate analysis in the current study indicated an asso-
ciation of N2 metastasis with sex, smoking history, tumor size,
differentiation and pathological type, preoperative CEA levels,
and status of vascular invasion and pleural involvement. After
adjusted in a multivariate analysis, age, degrees of differentia-
tion, tumor size, CEA levels, and status of vascular invasion
and pleural involvement were major independent predictive
factors for N2 metastasis. Similar with our findings, Yong-
Kui Zhang and his colleagues reported that positive CEA

levels and tumor sizes> 1.0 cm were remarkably associated
with lymph-node involvement in T1 NSCLC patients (Zhang
et al. 2017). Bao et al. showed that tumor size and CEA level
were predictive factors for lymph-node metastasis in patients
with small size NSCLC (Bao et al. 2014). Deng et al. reported
that tumor differentiation retained independent associations
with outcomes of N2 NSCLC patients in the SEER database
(Deng et al. 2018). In addition, several studies have revealed
that vascular invasion was an independent prognostic factor in
patients with stage I NSCLC (Hamanaka et al. 2015; Okada
et al. 2017; Shimada et al. 2012). A similar result was found in
our study that positive vascular invasion with T1 NSCLC was
more likely to appear N2 lymph-node metastases. In addition,
pleural involvement was found to significantly associate with
lymph-node metastasis in NSCLC patients (Hattori et al. 2012;
Yu et al. 2016). Of note, 41.1% (88) of patients in pN2 patients
had pleural involvement, obviously higher than those in pNO
(19.2%) and in pN1 (32.9%) patients (Yu et al. 2016). The pre-
sent results extend previous observations showing that pleural
involvement was significantly associated with N2 lymph-node
metastases.

Our study has some potential limitations. First, this study
is a retrospective study that is prone to result in some biases,
such as selection bias, incomplete retrieval of medical records,
and missing information for preoperative staging. Second, we
did not collect patient survival due to the follow-up time of T1
NSCLC patients which is too short to show the clinical out-
comes. As a result, the ultimate relevance between risk factors
for N2 lymph-node metastasis and patient survival remains
unknown.

Conclusions

In conclusions, clinical characteristics including sex, smoking
history, tumor size, differential level, CEA levels, and status
of vascular invasion and pleural involvement were associated
with N2 lymph-node metastasis in the Chinese T1 NSCLC
patients, which may offer some clues to preoperative assess-
ment of lymph-node metastasis, especially of N2 lymph-node
metastasis.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflicts of
interests.

References

Asamura H, Nakayama H, Kondo H, Tsuchiya R, Shimosato Y,
Naruke T (1996) Lymph node involvement, recurrence, and
prognosis in resected small, peripheral, non-small-cell lung

@ Springer



2776

Journal of Cancer Research and Clinical Oncology (2019) 145:2771-2777

carcinomas: are these carcinomas candidates for video-assisted
lobectomy? J Thorac Cardiovasc Surg 111:1125-1134

Bao F, Yuan P, Yuan X, Lv X, Wang Z, Hu J (2014) Predictive risk
factors for lymph node metastasis in patients with small size
non-small cell lung cancer. J Thorac Dis 6:1697-1703. https://
doi.org/10.3978/j.issn.2072-1439.2014.11.05

Bertoglio P et al (2018) N2 lung cancer is not all the same: an analy-
sis of different prognostic groups. Interact Cardiovasc Thorac
Surg 27:720-726. https://doi.org/10.1093/icvts/ivy171

Birim O, Kappetein AP, Takkenberg JJ, van Klaveren RJ, Bogers AJ
(2005) Survival after pathological stage IA nonsmall cell lung
cancer: tumor size matters. Ann Thorac Surg 79:1137-1141.
https://doi.org/10.1016/j.athoracsur.2004.09.051

Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A
(2018) Global cancer statistics 2018: GLOBOCAN estimates of
incidence and mortality worldwide for 36 cancers in 185 coun-
tries. CA Cancer J Clin 68:394-424. https://doi.org/10.3322/
caac.21492

Casali C, Stefani A, Natali P, Rossi G, Morandi U (2005) Prognostic
factors in surgically resected N2 non-small cell lung cancer: the
importance of patterns of mediastinal lymph nodes metastases.
Eur J Cardiothorac Surg 28:33-38. https://doi.org/10.1016/j.
ejcts.2005.03.016

Casiraghi M et al (2011) Lymph node involvement in T1 non-small-
cell lung cancer: could glucose uptake and maximal diameter be
predictive criteria? Eur J Cardiothorac Surg 39:e38—e43. https
://doi.org/10.1016/j.ejcts.2010.11.059

Chen KZ, Yang F, Wang X, Jiang GC, Li JF, Wang J (2015) A clini-
cal prediction model for N2 lymph node metastasis in clinical
stage I non-small cell lung cancer. Beijing da Xue Xue Bao Yi
Xue Ban 47:295-301

Cho HJ, Kim SR, Kim HR, Han JO, Kim YH, Kim DK, Park SI
(2014) Modern outcome and risk analysis of surgically resected
occult N2 non-small cell lung cancer. Ann Thorac Surg
97:1920-1925. https://doi.org/10.1016/j.athoracsur.2014.03.004

CSoCO (2018) Guidelines for the diagnosis and treatment of primary
lung cancer [M]. People’ s Medical Publishing House, Beijing

Defranchi SA, Cassivi SD, Nichols FC, Allen MS, Shen KR, Des-
champs C, Wigle DA (2009) N2 disease in T1 non-small
cell lung cancer. Ann Thorac Surg 88:924-928. https://doi.
org/10.1016/j.athoracsur.2009.05.039

Deng W et al (2018) Survival patterns for patients with resected
N2 non-small cell lung cancer and postoperative radio-
therapy: a prognostic scoring model and heat map approach.
J Thorac Oncol 13:1968-1974. https://doi.org/10.1016/j.
jtho.2018.08.2021

Goldstraw P et al (2016) The IASLC Lung cancer staging project:
proposals for revision of the TNM stage groupings in the forth-
coming (eighth) edition of the TNM classification for lung
cancer. J Thorac Oncol 11:39-51. https://doi.org/10.1016/j.
jth0.2015.09.009

Haager B, Wiesemann S, Passlick B, Schmid S (2018) Prognostic value
of lymph node ratio after induction therapy in stage IIIA/N2 non-
small cell lung cancer: a monocentric clinical study. J Thorac Dis
10:3225-3231. https://doi.org/10.21037/jtd.2018.05.138

Hamanaka R et al (2015) Prognostic impact of vascular invasion
and standardization of its evaluation in stage I non-small cell
lung cancer. Diagn Pathol 10:17. https://doi.org/10.1186/s1300
0-015-0249-5

Hattori A et al (2012) Is limited resection appropriate for radiologically
“solid” tumors in small lung cancers? Ann Thorac Surg 94:212—
215. https://doi.org/10.1016/j.athoracsur.2012.03.033

Heon S, Yeap BY, Britt GJ, Costa DB, Rabin MS, Jackman DM,
Johnson BE (2010) Development of central nervous system
metastases in patients with advanced non-small cell lung cancer
and somatic EGFR mutations treated with Gefitinib or Erlotinib.

@ Springer

Clin Cancer Res 16:5873. (An Official Journal of the Ameri-
can Association for Cancer Research)

Inoue M, Sawabata N, Takeda S, Ohta M, Ohno Y, Maeda H (2004)
Results of surgical intervention for p-stage IIIA (N2) non-small
cell lung cancer: acceptable prognosis predicted by complete
resection in patients with single N2 disease with primary tumor
in the upper lobe. J Thorac Cardiovasc Surg 127:1100-1106.
https://doi.org/10.1016/j.jtcvs.2003.09.012

Ishida T, Yano T, Maeda K, Kaneko S, Tateishi M, Sugimachi K
(1990) Strategy for lymphadenectomy in lung cancer three cen-
timeters or less in diameter. Ann Thorac Surg 50:708-713

Kim BT et al (2006) Stage T1 non-small cell lung cancer: preop-
erative mediastinal nodal staging with integrated FDG PET/
CT-a prospective study. Radiology 241:501-509. https://doi.
org/10.1148/radiol.2412051173

Lee PC, Port JL, Korst RJ, Liss Y, Meherally DN, Altorki NK (2007)
Risk factors for occult mediastinal metastases in clinical stage [
non-small cell lung cancer. Ann Thorac Surg 84:177-181. https
://doi.org/10.1016/j.athoracsur.2007.03.081

Lochowski M, Lochowska B, Rebowski M, Brzezinski D, Cieslik-
Wolski B, Kozak J (2018) Five-year survival analysis and prog-
nostic factors in patients operated on for non-small cell lung
cancer with N2 disease. J Thorac Dis 10:3180-3186. https://
doi.org/10.21037/jtd.2018.05.173

Okada S et al (2017) Prognostic value of the frequency of vascu-
lar invasion in stage I non-small cell lung cancer. Gen Thorac
Cardiovasc Surg 65:32-39. https://doi.org/10.1007/s1174
8-016-0720-6

Port JL, Kent MS, Korst RJ, Libby D, Pasmantier M, Altorki NK
(2003) Tumor size predicts survival within stage IA non-small
cell lung cancer. Chest 124:1828-1833

Qiang G et al (2015) Risk factors for recurrence after complete resec-
tion of pathological stage N2 non-small cell lung cancer. Thorac
Cancer 6:166—-171. https://doi.org/10.1111/1759-7714.12159

Seely JM, Mayo JR, Miller RR, Muller NL (1993) T1 lung cancer:
prevalence of mediastinal nodal metastases and diagnostic accu-
racy of CT. Radiology 186:129-132. https://doi.org/10.1148/radio
logy.186.1.8416552

Shimada Y et al (2012) Pathological vascular invasion and tumor dif-
ferentiation predict cancer recurrence in stage IA non-small-cell
lung cancer after complete surgical resection. J Thorac Oncol
7:1263-1270. https://doi.org/10.1097/JTO.0b013e31825ccabe

Song Z, Ye T, Ma L, Xiang J, Chen H (2017) Surgical outcomes of
isolated malignant pulmonary nodules in patients with a history
of breast cancer. Ann Surg Oncol 24:3748-3753

Tamura M, Matsumoto I, Saito D, Yoshida S, Takata M, Takemura H
(2016) Lymph node ratio as a prognostic factor in patients with
pathological N2 non-small cell lung cancer. World J Surg Oncol
14:295. https://doi.org/10.1186/s12957-016-1048-5

Xiong J, Wang R, Sun Y, Chen H (2016) Lymph node metastasis
according to primary tumor location in T1 and T2 stage non-small
cell lung cancer patients. Thorac Cancer 7:304-309. https://doi.
org/10.1111/1759-7714.12328

Yu Y, Jian H, Shen L, Zhu L, Lu S (2016) Lymph node involvement
influenced by lung adenocarcinoma subtypes in tumor size <3
cm disease: A study of 2268 cases. Eur J Surg Oncol J Eur Soc
Surg Oncol Br Assoc Surg Oncol 42:1714-1719. https://doi.
org/10.1016/j.€js0.2016.02.247

Zakaria N, Satar NA, Abu Halim NH, Ngalim SH, Yusoff NM, Lin
J, Yahaya BH (2017) Targeting lung cancer stem cells: research
and clinical impacts. Front Oncol 7:80. https://doi.org/10.3389/
fonc.2017.00080

Zhang Y, Sun Y, Xiang J, Zhang Y, Hu H, Chen H (2012) A prediction
model for N2 disease in T1 non-small cell lung cancer. J Thorac
Cardiovasc Surg 144:1360-1364. https://doi.org/10.1016/j.jtcvs
.2012.06.050


https://doi.org/10.3978/j.issn.2072-1439.2014.11.05
https://doi.org/10.3978/j.issn.2072-1439.2014.11.05
https://doi.org/10.1093/icvts/ivy171
https://doi.org/10.1016/j.athoracsur.2004.09.051
https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21492
https://doi.org/10.1016/j.ejcts.2005.03.016
https://doi.org/10.1016/j.ejcts.2005.03.016
https://doi.org/10.1016/j.ejcts.2010.11.059
https://doi.org/10.1016/j.ejcts.2010.11.059
https://doi.org/10.1016/j.athoracsur.2014.03.004
https://doi.org/10.1016/j.athoracsur.2009.05.039
https://doi.org/10.1016/j.athoracsur.2009.05.039
https://doi.org/10.1016/j.jtho.2018.08.2021
https://doi.org/10.1016/j.jtho.2018.08.2021
https://doi.org/10.1016/j.jtho.2015.09.009
https://doi.org/10.1016/j.jtho.2015.09.009
https://doi.org/10.21037/jtd.2018.05.138
https://doi.org/10.1186/s13000-015-0249-5
https://doi.org/10.1186/s13000-015-0249-5
https://doi.org/10.1016/j.athoracsur.2012.03.033
https://doi.org/10.1016/j.jtcvs.2003.09.012
https://doi.org/10.1148/radiol.2412051173
https://doi.org/10.1148/radiol.2412051173
https://doi.org/10.1016/j.athoracsur.2007.03.081
https://doi.org/10.1016/j.athoracsur.2007.03.081
https://doi.org/10.21037/jtd.2018.05.173
https://doi.org/10.21037/jtd.2018.05.173
https://doi.org/10.1007/s11748-016-0720-6
https://doi.org/10.1007/s11748-016-0720-6
https://doi.org/10.1111/1759-7714.12159
https://doi.org/10.1148/radiology.186.1.8416552
https://doi.org/10.1148/radiology.186.1.8416552
https://doi.org/10.1097/JTO.0b013e31825cca6e
https://doi.org/10.1186/s12957-016-1048-5
https://doi.org/10.1111/1759-7714.12328
https://doi.org/10.1111/1759-7714.12328
https://doi.org/10.1016/j.ejso.2016.02.247
https://doi.org/10.1016/j.ejso.2016.02.247
https://doi.org/10.3389/fonc.2017.00080
https://doi.org/10.3389/fonc.2017.00080
https://doi.org/10.1016/j.jtcvs.2012.06.050
https://doi.org/10.1016/j.jtcvs.2012.06.050

Journal of Cancer Research and Clinical Oncology (2019) 145:2771-2777 2777

Zhang YK, Chai ZD, Tan LL, Wang ZY, Chen ZJ, Le HB, Zhu WY
(2017) Association of lymph node involvement with the prognosis
of pathological T1 invasive non-small cell lung cancer. World
J Surg Oncol 15:64. https://doi.org/10.1186/s12957-017-1098-3

Zheng D, Ye T, Hu H, Zhang Y, Sun Y, Xiang J, Chen H (2018)
Upfront surgery as first-line therapy in selected patients with
stage IIIA non—small cell lung cancer. J Thorac Cardiovasc Surg

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

155:1814-1822

Affiliations

Bing Chen'?3 . Wenijie Xia"%3 - Zhongqiu Wang'? - Heng Zhao* - Xiaofei Li> - Lunxu Liu® - Yang Liu” - Jian Hu®-

Xiangning Fu® - Yin Li'®- Yijun Xu'" - Deruo Liu'2 - Haiying Yang'3 - Lin Xu'%3

Department of Thoracic Surgery, Nanjing Medical
University Affiliated Cancer Hospital, No.42, Baiziting,
Xuanwu District, Nanjing 210009, Jiangsu, China

Department of Thoracic Surgery, Jiangsu Cancer Hospital
and Jiangsu Institute of Cancer Research, Nanjing 210009,
China

Jiangsu Key Laboratory of Molecular and Translational
Cancer Research, Cancer Institute of Jiangsu Province,
Nanjing 210009, China

Department of Thoracic Surgery, Shanghai Chest Hospital,
Shanghai 200030, China

Department of Thoracic Surgery, Tangdu Hospital, Fourth
Military Medical University, Xi’an 710038, China

Department of Thoracic Surgery, West China Hospital,
Sichuan University, Chengdu 610041, China

Department of Thoracic Surgery, Chinese People’s
Liberation Army General Hospital, Beijing 1000853, China

- Feng Jiang'%3

Department of Thoracic Surgery, First Hospital
Affiliated to Medical College of Zhejiang University,
Hangzhou 310000, China

Department of Thoracic Surgery, Tongji Hospital, Tongji
Medical College, Huazhong University of Science
and Technology, Wuhan 430030, China

Department of Thoracic Surgery, Henan Cancer Hospital,
Zhengzhou 450008, China

Department of Thoracic Surgery, Tianjin Chest Hospital,
Tianjin 300051, China

Department of Thoracic Surgery, China-Japan Friendship
Hospital, Beijing 100029, China

Medical Affairs, Linkdoc Technology Co, Ltd,
Beijing 100080, China

@ Springer


https://doi.org/10.1186/s12957-017-1098-3
http://orcid.org/0000-0002-6621-9166

	Risk analyses of N2 lymph-node metastases in patients with T1 non-small cell lung cancer: a multi-center real-world observational study in China
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Patients
	Data evaluation
	Statistical analyses

	Results
	Patient characteristics
	Univariate analysis of risk factors for N2 lymph-node metastases
	Multivariate analysis of risk factors for N2 lymph-node metastases

	Discussion
	Conclusions
	References




