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Age-different extent of resection
for clinical IA non-small cell lung
cancer: analysis of nodal metastasis
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& Qinghua Zhou*

Whether age has any impact on the risk of lymph node (LN) metastasis in patients with early-stage
non-small cell lung cancer (NSCLC) remains controversial. Therefore, we aimed to objectively compare
the risk of LN metastasis between elderly and young patients so as to justify for age-different extent

of surgical resection for treating these patients. We retrospectively collected clinical data of patients
undergoing lobectomy or segmentectomy with systematic hilar and mediastinal LN dissection for
clinical stage IA peripheral NSCLC from January 2015 to December 2018. Both multivariate logistic
regression analysis and propensity score-matched (PSM) analysis were applied to compare the risk

of LN metastasis between elderly (>>65 years old) and young (<65 years old) patients. We finally
included a total of 590 patients for analysis (142 elderly patients and 448 young patients). In the
analysis of unmatched cohorts, young patients tended to have higher rates of hilar/intrapulmonary

LN (13.4%VS 9.2%) and mediastinal LN metastasis (10.5% VS 6.3%) than elderly patients. In the
multivariate analysis, age was found to be an independent predictor of both hilar/intrapulmonary (Odds
ratio(OR) =2.065, 95%confidence interval(Cl): 1.049-4.064, P =0.036) and mediastinal (OR =2.400,
95%Cl: 1.083-5.316, P =0.031) LN metastasis. Moreover, in the analysis of well-matched cohorts
generated by PSM analysis, young patients had significantly higher rates of hilar/intrapulmonary
(18.8%VS 9.4%, P =0.039) and mediastinal LN metastasis (17.1%VS 6.0%, P =0.008) than elderly
patients. Therefore, age remains to be an independent predictor of LN metastasis in early-stage NSCLC
and age-different extent of surgical resection may be justified for these patients.

Lung cancer has become the leading cause of cancer and cancer-related death worldwide'.There are two major
types of lung cancer, namely small cell lung cancer(SCLC) and non-small cell lung cancer(NSCLC), of which
NSCLC accounted for about 85%2. With the advancement of computed tomography (CT), more and more
early-stage NSCLCs are being found**. For the management of early-stage NSCLC, anatomic lung resection with
systematic lymph node (LN) dissection (SLND) or sampling is recommended as the preferred option in the
National Comprehensive Cancer Network guideline®. However, the extent of lung resection and lymphadenec-
tomy for treating early-stage NSCLC depends largely on the characteristics of tumors such as tumor size, status of
LN metastasis, histology as well as ground glass consistency® and the patient’s physiological conditions.

It is reported that the age at diagnosis for majority of early-stage NSCLC patients falls into the range from 65
to 79 years old” and the number of elderly patients continues to increase with the aging population. Moreover,
significant difference of baseline characteristics between elderly and young lung cancer patients was observed®.
However, current guideline still recommends the same surgical strategies for elderly and young patients except
for elder patients with age-related or other co-morbidities which may lead to high risk of perioperative morbidity
and mortality, of whom less extensive resection is suggested®. Hence, we are wondering whether there is evidence
justifying age-different extent of surgical resection between elderly and young patients with early-stage NSCLC.
As we know, from surgical perspectives, the optimal extent of surgical resection for early-stage NSCLC depends
largely on the risk of intrapulmonary and mediastinal LN metastasis’. Therefore, it is of great value to compare
the risk of LN metastasis between elderly and young patients with early-stage NSCLC so as to provide evidence
justifying for age-different extent of surgical resection for elderly and young NSCLC patients. Previous studies
comparing the risk of LN metastasis between elderly and young patients have reported different results due to
significant patient selection bias'®!!. Therefore, in this study, we aimed to draw an objective conclusion regarding
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the different risk of LN metastasis (both intrapulmonary/hilar and mediastinal LNs) between elderly and young
patients by conducting both multivariate logistic regression analysis and propensity score-matched (PSM) analy-
sis, so as to provide evidence for justifying age-different extent of surgical resection for elderly and young patients
with early-stage NSCLC.

Methods and Materials

Patients. This was a retrospective study analyzing clinical and pathological data of patients receiving lobec-
tomy or segmentectomy with SLND in our center between January 2015 and December 2018. In our center, the
standard procedures of SLND were performed in accordance with The European Society of Thoracic Surgeons
guideline'? In our center, contrast-enhanced chest and upper abdominal CT, brain magnetic resonance imaging,
bone scanning, and cardiopulmonary tests were routinely carried out for preoperative assessment of lung can-
cer patients'®. Positive LN metastasis was defined as LN with a short-axis diameter >1 cm on transverse chest
CT scan. Routinely, in our center, we would not perform invasive preoperative staging for resectable lung can-
cer patients. We set the following inclusion criteria for patient inclusion: 1) patients should undergo upfront
lobectomy or segmentectomy with SLND without any preoperative therapy; 2) patients should be preopera-
tively evaluated with clinical stage IA disease without positive LNs on preoperative CT scan(T1NOMO, tumor size
<3cm); 3) patients should have peripherally located lung cancer(defined as tumors in the outer one third of the
hemithorax)'4; 4) patients should be pathologically diagnosed as primary NSCLC. The exclusion criteria were
also as follow: 1) patients who received preoperative chemoradiotherapy; 2) patients who were confirmed with
synchronous multiple primary NSCLC or SCLC or secondary lung cancer.; 3) patients who had centrally located
NSCLG; 4) patients who were intraoperatively found to have pleural metastasis. Our work was approved by the
Ethics Committee of West China Hospital, Sichuan University. Because this study was a retrospective study and
patients were analyzed anonymously in the study, the Ethic Committee of our hospital (West China Hospital,
Sichuan University) waived the need for consent. Moreover, this study was carried out in accordance with the
Declaration of Helsinki.

In this study, we analyzed the data of age, gender, radiographic features, pathologic findings, and LN metas-
tasis status. The risk of LN metastasis was analyzed by age and patients were subgrouped into elderly group (>65
years old) and young group (<65 years old) according to their age at diagnosis. Radiographic features included
tumor location, tumor consistency (solid/part-solid/ground glass), and tumor size. Pathologic findings consisted
of tumor histology and differentiation as well as the status of visceral pleural invasion(VPI). Patients in the study
were staged based on the eighth edition of TNM staging system for NSCLC and LNs were further subgouped into
N1(hilar/intrapulmonary LNs) and N2 LN stations(mediastinal LNs)">.

Statistical analysis. All statistical analyses were conducted by using the IBM SPSS software (version 22.0;
IBM Corp., Armonk, NY, USA). We presented continuous data as mean =+ standard deviation and categorical
data as number with percentage. Chi-squared test or Fisher’s exact test was used to compare categorical data
between groups while independent-sample Student’s t-test or the Mann-Whitney non-parametric U-test was
applied for comparing continuous data. We applied multivariate logistic regression analysis to explore potential
predictors of LN metastasis (both intrapulmonary/hilar and medisatinal LNs) for these patients, which was based
on our discretion by adding all clinically relevant variables. Moreover, we further performed PSM analysis using
the PSMATCHING 3.04 and R-2.15.1-win software as previously described® to further validate our results based
on well-matched cohorts. The following covariates were used for matching: gender, tumor size, histology, tumor
differentiation and consistency. Moreover, we used the nearest neighbor method to match elderly and young
patients at a ratio of 1:1 with a caliper width of 0.01. Here, the statistical significance was set as a two-sided P-value
of <0.05.

Results

Baseline characteristics of the patients included in the study. In total, 590 patients met our inclu-
sion criteria and were enrolled in the study. The baseline characteristics of these patients are listed in Table 1. The
mean age was 58.1 £ 10.9 years old and 56.6% of the patients were female. The mean tumor size was 1.90 £ 0.67 cm
and majority of the tumors were pure solid nodules (66.3%) and located in bilateral upper lobes (63.7%). Most
of the tumors were pathologically diagnosed as adenocarcinoma (89.5%) with the majority of them being lepidic
(32.4%) and acinar (32.7%) predominant invasive adenocarcinoma and about half of the tumors were moderately
differentiated (49.5%). Fifteen patients were confirmed as carcinoma in situ, 42 patients as minimally invasive
adenocarcinoma, 56 patients as Tla disease, 163 patients as T1b disease, 152 patients as T1c disease, and 162
patients were upstaged as T2a disease due to VPI (27.5%). The mean number of total dissected LN was 12.3+5.8
and it was 4.1 £3.2 for N1 LNs and 8.2+ 4.1 for N2 LNs. As for LN metastasis, 14.1% of the patients were con-
firmed to have positive LNs with a N1 LN metastasis rate of 12.4% and N2 LN metastasis rate of 9.5%.

Comparison of baseline characteristics and LN metastasis rate between elderly and young
patients. The lymph node metastasis status of different age groups was presented in Fig. 1. All patients were
further subgrouped into elderly group (>65 years old) and young group(<65 years old) by age and there were
142 elderly patients and 448 young patients. The baseline characteristics and LN metastasis rate of the two groups
were listed and compared in Table 1. The mean age for elderly and young patients were 71.1 +4.6 and 54.1 +9.0,
respectively (P < 0.001). There were significantly more female patients (P = 0.005) and more ground-glass opacity
(P=0.009) as well as more adenocarcinoma (P =0.008) in the young group than in the elderly group. Moreover,
the mean size of the tumor in the elderly group was significantly larger than in the young group (P=0.002) and
significantly more poorly differentiated tumors were observed in the elderly group (P=0.031). Elderly patients
had significantly higher T stages than young patients (P =0.010). However, there was no significant difference of
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Unmatched cohort Matched cohort
Elderly group
Total Young group(<65 | (>65 years Young group(<65 | Elderly group (>65
Characteristics (N=590) years old, N=448) | old, N=142) Pvalue |yearsold, N=117) |yearsold, N=117) | P value
Age (Mean =+ SD,years) 58.1+£10.9 54.1+£9.0 71.1+4.6 <0.001 54.6+8.3 71.1£4.6 <0.001
Gender 0.005 0.695
Male 256(43.3%) 180(40.2%) 76(41.7%) 56(47.9%) 59(50.4%)
Female 334(56.6%) 268(59.8%) 66(46.5%) 61(52.1%) 58(49.6%)
Tumor consistency 0.009 0.617
Pure ground glass 85(14.4%) 75(16.7%) 10(7.0%) 10(8.5%) 10(8.5%)
Part-solid 114(19.3%) | 80(17.9%) 34(23.9%) 21(17.9%) 27(23.1%)
Pure solid 391(66.3%) 293(65.40%) 98(69.0%) 86(73.5%) 80(68.4%)
Histology 0.008 0.729
Adenocarcinoma 528(89.5%) 409(91.3%) 119(83.8%) 98(83.8%) 98(83.8%)
Lepidic group* 191(32.4%) | 150(33.5%) 41(28.9%) 31(26.5%) 35(29.9%)
Acinar predominant IA 193(32.7%) 147(32.8%) 46(32.4%) 37(31.6%) 35(29.9%)
Papillary predominant IA 22(3.7%) 15(3.3%) 7(4.9%) 4(3.4%) 6(5.1%)
Micropapillary predominant IA | 87(14.7%) 73(16.3%) 14(9.9%) 21(17.9%) 12(10.3%)
Solid predominant IA 35(5.9%) 24(5.4%) 11(7.7%) 5(4.3%) 10(8.5%)
Squamous cell carcinoma 47(8.0%) 27(6.0%) 20(14.1%) 14(12.0%) 16(13.7%)
Others 15(2.5%) 12(2.7%) 3(2.1%) 5(4.3%) 3(2.6%)
Tumor location 0.305 0.985
Right upper lobe 220(37.3%) 162(36.2%) 58(40.8%) 45(38.5%) 46(39.3%)
Right middle lobe 48(8.1%) 37(8.3%) 11(7.7%) 10(8.5%) 8(6.8%)
Right lower lobe 84(14.2%) 66(14.7%) 18(12.7%) 16(13.7%) 15(12.8%)
Left upper lobe 156(26.4%) 126(28.1%) 30(21.1%) 27(23.1%) 27(23.1%)
Left lower lobe 82(13.9%) 57(12.7%) 25(17.6%) 19(16.2%) 21(17.9)
Tumor size (Mean =+ SD, cm) 1.90+0.67 1.854+0.69 2.04+0.59 0.002 2.02+0.64 2.00£0.59 0.842
Tumor differentiation 0.031 0.614
Gl 131(22.2%) 100(22.3%) 31(21.8%) 21(17.9%) 27(23.1%)
G2 292(49.5%) | 233(52.0%) 59(41.5%) 51(43.6%) 49(41.9%)
G3 167(28.3%) 115(25.7%) 52(36.6%) 45(38.5%) 41(38.5%)
pT stage 0.010 0.244
Tis 15(2.5%) 14(3.1%) 1(0.7%) 5(4.3%) 1(0.9%)
T1lmi 42(7.1%) 37(8.3%) 5(3.5%) 6(5.1%) 4(3.4%)
Tla 56(9.5%) 50(11.2%) 6(4.2%) 7(6.0%) 6(5.1%)
T1b 163(27.6%) 115(25.7%) 48(33.8%) 27(23.1%) 41(35.0%)
Tlc 152(25.8%) | 110(24.6%) 42(29.6%) 33(28.2%) 31(26.5%)
T2a 162(27.5%) 122(27.2%) 40(28.2%) 39(33.3%) 34(29.1%)
PN stage 0.285 0.025
NO 507(85.9%) 382(85.3%) 125(88.0%) 90(76.9%) 104(88.9%)
N1 27(4.6%) 19(4.2%) 8(5.6%) 7(6.0%) 6(5.1%)
N2 56(9.5%) 47(10.5%) 9(6.3%) 20(17.1%) 7(6.0%)
Visceral pleural invasion 0.827 0.480
Yes 162(27.5%) 122(27.2%) 40(28.2%) 39(33.3%) 34(29.1%)
No 428(72.5%) 326(72.8%) 102(71.8%) 78(66.7%) 83(70.9%)
Total dissected LN number 123458 | 121457 129459 0.146 127457 125458 0.776
(Mean +SD)
Eﬁ;arl]ilﬁisrldb;?t(ﬁilal;nrgg)w 41432 41431 40435 0721 | 45433 39432 0.119
Eﬁilb‘i‘ﬁ;f[;i zescll)i";“i“al IN" Tgota1 8.0+4.1 89443 002 | 82+39 8.6+43 0.399
LN metastasis rate 83(14.1%) | 66(14.7%) 17(12.0%) 0.410 27(23.1%) 13(11.5%) 0.015
N1 LN metastasis rate 72(12.4%) 60(13.4%) 13(9.2%) 0.181 22(18.8%) 11(9.4%) 0.039
N2 LN metastasis rate 56(9.5%) 47(10.5%) 9(6.3%) 0.141 20(17.1%) 7(6.0%) 0.008

Table 1. Baseline characteristics of these clinical TINOMO peripheral non-small cell lung cancer

patients stratified by age. Note: SD = standard deviation; invasive adenocarcinoma. *Lepidic group
contains adenocarcinoma in sity, minimally invasive adenocarcinoma and lepidic predominant invasive
adenocarcinoma.
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Figure 1. The median number of dissected lymph node and lymph node metastasis rate subgrouped by age: (A)

tumor lobe location and VPI status between the two groups. Moreover, there was also no significant difference
of number of total dissected LNs. As for LN metastasis, there was no significantly different LN metastasis rate
between the two groups but young patients tended to have a higher rate of N1 (13.4% VS 9.2%, P =0.181) and N2
(10.5% VS 6.3%, P=0.141) LN metastasis than elderly patients.

A multivariate regression analysis was conducted to identify potential risk factor of LN metastasis (both for
N1 and N2 LNs) in clinical IA NSCLC patients by entering relevant factors into multivariate analyzing model
(Table 2). For the risk of LN metastasis, tumor consistency (P = 0.002), tumor size (P =0.047), and tumor dif-
ferentiation (P < 0.001) were found to be independent predictors. However, for the risk of N1 LN metastasis,
age (OR=2.065, 95%CI: 1.049-4.064, P=0.036), tumor consistency (P =0.001), histology (P =0.033), and
tumor differentiation (P < 0.001) were found to be independent predictors. For the risk of N2 LN metastasis,
age (OR=2.400, 95%CI: 1.083-5.316, P =0.031), tumor consistency (P =0.044), and tumor differentiation
(P <0.001) were also found to be independent predictors.

Comparison of LN metastasis rate between elderly and young patients in the matched
cohorts. In order to actually compare the risk of LN metastasis between elderly and young patients, we con-
ducted a PSM analysis to generate well-matched pairs by matching following unbalanced covariates: gender,
tumor size, histology, tumor differentiation, and tumor consistency. Finally, we obtained a total of 117 pairs of
well-matched patients for analysis. The baseline characteristics and LN metastasis rate of the two groups were
listed and compared in Table 1. There were no significant difference of gender, tumor consistency, histology,
tumor lobe location, tumor size, tumor differentiation, VPI status, and number of total dissected LNs (both N1
and N2 LNs) between the two well-matched groups. However, young patients were found to have a significantly
higher rate of LN metastasis than elderly patients (23.1% VS 11.5%, P =0.015). Moreover, there was significantly
higher rate of N1 (18.8% VS 9.4%, P=0.015) and N2 (17.1% VS 6.0%, P =0.015) LN metastasis in the young
patients than in the elderly patients.

Comment. The status of LN metastasis remains to be an important factor determining the extent of lung
resection and lymphadenectomy in the surgical management of early-stage NSCLC. However, the impact of
age on the risk of LN metastasis remains controversial among previous literatures!®!>'”. Therefore, we con-
ducted this retrospective study aiming to figure out the actual impact of age on LN metastasis of early-stage
NSCLC so as to provide objective evidence justifying for age-different extent of surgical resection for them. In
this study, we compared the rate of LN metastasis between elderly (>65 years old) and young (<65 years old)
patients by including a total of 590 patients with clinical IA peripheral NSCLC. In the analysis of unmatched
cohorts, we found that young patients tended to have a higher rate of N1 (P =0.181) and N2 (P =0.141)
LN metastasis than elderly patients. However, significant patient bias such as gender, tumor size, histology,
tumor differentiation, and tumor consistency was observed. Therefore, during multivariate regression anal-
ysis adjusting for above potential factors, age was found to be an independent predictor of N1 (OR = 2.065,
95%CI: 1.049-4.064, P=0.036) and N2 (OR = 2.400, 95%CI: 1.083-5.316, P=10.031) LN metastasis in
patients with clinical IA peripheral NSCLC. Moreover, in the analysis of well-matched cohorts by PSM anal-
ysis, we further confirmed that young patients had a significantly higher risk of LN metastasis (both N1 and
N2 LNs) than elderly patients.

Our findings agreed with the majority of previous studies concluding that young age was an independent
predictor of LN metastasis in NSCLC!7-?!. However, some of the previous studies also showed that age did not sig-
nificantly influence the risk of LN metastasis in NSCLC!**?, Possible reason for the discrepancy were the patient
inclusion criteria, analytical methods, and sample size. For example, some studies only focused on clinical stage
I NSCLC!?22 while others focused on resectable NSCLC (clinical stage I-I11I)*. Moreover, some studies calcu-
lated age as categorical data'’~?! while others analyzed age as continuous data'’. Nearly all these previous studies
finding no correlation between age and LN metastasis had a relatively limited sample size (<300 cases)'*>%.
Therefore, it is reasonable that previous studies have drawn different conclusions about the comparison of LN
metastasis between elderly and young patients.

Since there is no study directly comparing the risk of LN metastasis between elderly and young NSCLC
patients available yet, we conducted such study for the first time by applying both multivariate regression
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Odds | 95% Confidence
Characteristics Ratio | Interval P value
LN metastasis
Age (young VS elderly) 1.691 0.910-3.142 0.097
Gender (male VS female) 0.730 0.423-1.259 0.257
;{)‘ﬁj’;gﬁ;;i‘ﬁi?’gﬁg;‘:f solid VSpart- | 4 505 | 1.713-11.850 0.002
E;;t:é‘éif)grd;ﬁzﬁra C)i“"ma Vs 0764 | 0.372-1.564 0.463
Tumor size (cm) 1.603 1.007-2.551 0.047
Tumor differentiation (G3 VS G1/G2) 3.860 2.243-6.643 <0.001
Visceral pleural invasion (yes VS no) 1.529 0.899-2.601 0.117
N1 LN metastasis
Age (young VS elderly) 2.065 1.049-4.064 0.036
Gender (male VS female) 0.770 0.435-1.362 0.369
Z;ﬁ;’;:f;‘:g‘ﬁﬁ‘é”gggf solid VS part- | 11 574 | 2.644-48.069 0.001
Hskoy decacnona VS o Jocoms | oos
Tumor size (cm) 1.283 0.790-2.083 0.313
Tumor differentiation (G3 VS G1/G2) 2.779 1.587-4.867 <0.001
Visceral pleural invasion (yes VS no) 1.615 0.923-2.825 0.093
N2 LN metastasis
Age (young VS elderly) 2.400 1.083-5.316 0.031
Gender (male VS female) 0.612 0.320-1.170 0.137
Z;ﬁ‘;;jf;;ﬁﬁﬁzygﬁg;r)e solid VSpart- |3 108 | 1,033-9.349 0.044
Hhoy decrcnona VS 1 asssson o
Tumor size (cm) 1.516 0.867-2.652 0.145
Tumor differentiation (G3 VS G1/G2) 6.250 3.172-12.314 <0.001
Visceral pleural invasion (yes VS no) 1.738 0.935-3.232 0.080

Table 2. Multivariate regression analysis for risk factors of lymph node metastasis among clinical stage IA
(cTINOMO) peripheral non-small cell lung cancer patients. Note: LN =lymph node.

analysis and PSM analysis. Both multivariate regression analysis and PSM analysis confirmed that young age
was significantly correlated with LN metastasis (both N1 and N2 LNs), which provided objective evidence
that young age was an independent predictor of LN metastasis in clinical IA NSCLC. Previously, young age
was also confirmed to be an independent risk factor of brain metastasis in NSCLC patients?*! and young
patients were found to have a significantly higher rate of hematogenous dissemination of lung cancer cells
during surgery®® and worse outcome of distant metastasis dynamics?® than elderly patients, indicating that
lung cancer in young patients may exhibited more malignant and higher aggressive features than that in
elderly patients. Moreover, previous experimental studies also found that age-related alterations of the extra-
cellular matrix may lead to the less invasive behavior of lung cancer in aged animal models?. As a result,
considering the significant different risk of LN metastasis and metastatic behavior between elderly and
young patient, age-different extent of surgical resection may be indicated for early-stage NSCLC patients.
Previous evidence from retrospective studies showed that in elderly patients with early-stage NSCLC,
sublobar resection may yield equivalent long-term outcomes to lobectomy?®. Even though more elderly
patients received sublobar resection, they may yield similar cancer-specific survival to young counterparts®.
Moreover, in young patients with early-stage NSCLC, lobectomy was found to confer better survival than
sublobar resection®. Taken together, we think that it may seem justifiable to provide compromised limited
lung resection and lymphadenectomy to elderly patients with early-stage NSCLC especially for those with
chronologic comorbidities whereas for young counterparts standard lung resection and lymphadenectomy
should always be anticipated. However, one should be cautious when deciding limited lung resection and
lymphadenectomy for elderly patients since they still have the chance of nodal upstaging despite of a very
low rate.

Our study had several limitations. First, our study was a retrospective analysis and the retrospective study
design could limit our analytical power. Second, the conclusions were drawn only based on LN metastasis rate
not on survival analysis. Moreover, positron emission tomography (PET)/CT was not commonly applied in
our study and it is unclear how our data and results would apply to cohorts staged with PET/CT. Finally, the
exact extent of limited lung resection and lymphadenectomy for elderly patients needs to be further estab-
lished. Therefore, further prospective well-designed studies with survival analysis are warranted to confirm
our conclusions.
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Conclusions

In this study, we objectively compared the risk of LN metastasis (both N1 and N2 LNs) between elderly and young
patients with clinical stage IA peripheral NSCLC. Young patients were found to have a significantly higher risk of
LN metastasis than elderly counterparts in both multivariate regression analysis and PSM analysis after adjust-
ing for confounding factors. Therefore, young age was an independent predictor of LN metastasis in early-stage
NSCLC and age-different extent of surgical resection may be indicated for treating these patients.

Received: 8 January 2020; Accepted: 19 May 2020;
Published online: 12 June 2020

References

1.

2.

3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Bray, . et al. Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185
countries. CA: a cancer J. clinicians 68, 394-424, https://doi.org/10.3322/caac.21492 (2018).

Gadgeel, S. M., Ramalingam, S. S. & Kalemkerian, G. P. Treatment of lung cancer. Radiol. Clin. North. Am. 50, 961-974, https://doi.
org/10.1016/j.rc1.2012.06.003 (2012).

Aberle, D. R. et al. Reduced lung-cancer mortality with low-dose computed tomographic screening. N. Engl. J. Med. 365, 395-409,
https://doi.org/10.1056/NEJMoal102873 (2011).

. Walter, J. E. et al. New Subsolid Pulmonary Nodules in Lung Cancer Screening: The NELSON Trial. J. Thorac. oncology: Off. Publ.

Int. Assoc. Study Lung Cancer 13, 1410-1414, https://doi.org/10.1016/}.jtho.2018.05.006 (2018).

. Howington, J. A., Blum, M. G., Chang, A. C,, Balekian, A. A. & Murthy, S. C. Treatment of stage I and II non-small cell lung cancer:

Diagnosis and management of lung cancer, 3rd ed: American College of Chest Physicians evidence-based clinical practice
guidelines. Chest 143, €2785-e313S, https://doi.org/10.1378/chest.12-2359 (2013).

. Deng, H.Y. et al. Lung Adenocarcinoma has a Higher Risk of Lymph Node Metastasis than Squamous Cell Carcinoma: A Propensity

Score-Matched Analysis. World J. Surg. 43, 955-962, https://doi.org/10.1007/s00268-018-4848-7 (2019).

. Ahmed, Z., Kujtan, L., Kennedy, K. E, Davis, J. R. & Subramanian, J. Disparities in the Management of Patients With Stage I Small

Cell Lung Carcinoma (SCLC): A Surveillance, Epidemiology and End Results (SEER) Analysis. Clin. lung cancer 18, e315-e325,
https://doi.org/10.1016/j.cllc.2017.03.003 (2017).

. Jiang, W. et al. Comparisons of multiple characteristics between young and old lung cancer patients. Chin. Med. J. 125, 72-80 (2012).
. Deng, H. Y. et al. Surgical choice for cIA non-small cell lung cancer: view from regional lymph node metastasis. The Annals of

thoracic surgery 109, 1079-1085, https://doi.org/10.1016/j.athoracsur.2019.10.056 (2020).

Zhang, Y. et al. A prediction model for N2 disease in T1 non-small cell lung cancer. The. J. Thorac. cardiovascular Surg. 144,
1360-1364, https://doi.org/10.1016/j.jtcvs.2012.06.050 (2012).

Zhang, Y. et al. Predictive factors of lymph node status in small peripheral non-small cell lung cancers: tumor histology is more
reliable. Ann. surgical Oncol. 20, 1949-1954, https://doi.org/10.1245/510434-012-2829-x (2013).

Lardinois, D. et al. ESTS guidelines for intraoperative lymph node staging in non-small cell lung cancer. Eur. J. cardio-thoracic
surgery: Off. J. Eur. Assoc. Cardio-thoracic Surg. 30, 787-792, https://doi.org/10.1016/j.ejcts.2006.08.008 (2006).

Deng, H. Y. et al. Lobe-Specific Lymph Node Dissection for Clinical Early-Stage (cIA) Peripheral Non-small Cell Lung Cancer
Patients: What and How? Annals of surgical oncology 27, 472-480, https://doi.org/10.1245/s10434-019-07926-3 (2020).

Casal, R. F. et al. What Exactly Is a Centrally Located Lung Tumor? Results of an Online Survey. Annals of the American Thoracic.
Society 14, 118-123, https://doi.org/10.1513/AnnalsATS.201607-568BC (2017).

Goldstraw, P. et al. The IASLC Lung Cancer Staging Project: Proposals for Revision of the TNM Stage Groupings in the Forthcoming
(Eighth) Edition of the TNM Classification for Lung Cancer. Journal of thoracic oncology: official publication of the International
Association for the Study of Lung Cancer 11, 39-51, https://doi.org/10.1016/j.jth0.2015.09.009 (2016).

Deng, H. Y. et al. Oesophageal adenocarcinoma has a higher risk of lymph node metastasis than squamous cell carcinoma: a
propensity score-matched study. Eur. J. cardio-thoracic surgery: Off. ]. Eur. Assoc. Cardio-thoracic Surg. 52, 958-962, https://doi.
org/10.1093/ejcts/ezx222 (2017).

Koike, T., Koike, T., Yamato, Y., Yoshiya, K. & Toyabe, S. Predictive risk factors for mediastinal lymph node metastasis in clinical
stage IA non-small-cell lung cancer patients. J. Thorac. oncology: Off. Publ. Int. Assoc. Study Lung Cancer 7, 1246-1251, https://doi.
org/10.1097/JT0O.0b013e31825871de (2012).

Huang, L., Li, W,, Zhao, L., Li, B. & Chai, Y. Risk factors of lymph node metastasis in lung squamous cell carcinoma of 3 cm or less
in diameter. Medicine 96, €7563, https://doi.org/10.1097/md.0000000000007563 (2017).

Haruki, T. et al. Clinicopathological Characteristics of Lung Adenocarcinoma with Unexpected Lymph Node Metastasis. Annals of
thoracic and cardiovascular surgery: official journal of the Association of Thoracic and Cardiovascular Surgeons of Asia 23,
181-187, https://doi.org/10.5761/atcs.0a.16-00309 (2017).

Xia, W. et al. Young age increases risk for lymph node positivity but decreases risk for non-small cell lung cancer death. Cancer
Manag. Res. 10, 41-48, https://doi.org/10.2147/cmar.s152017 (2018).

Chen, B. et al. Lymph node metastasis in Chinese patients with clinical T1 non-small cell lung cancer: A multicenter real-world
observational study. Thorac. cancer 10, 533-542, https://doi.org/10.1111/1759-7714.12970 (2019).

Li, X. et al. Predictive value of primary fluorine-18 fluorodeoxyglucose standard uptake value for a better choice of systematic nodal
dissection or sampling in clinical stage ia non-small-cell lung cancer. Clin. lung cancer 14, 568-573, https://doi.org/10.1016/j.
cllc.2013.02.002 (2013).

Sakao, Y., Nakazono, T., Sakuragi, T., Natsuaki, M. & Itoh, T. Predictive factors for survival in surgically resected clinical IA
peripheral adenocarcinoma of the lung. The Annals of thoracic surgery 77, 1157-1161; discussion 1161-1152, https://doi.
org/10.1016/j.athoracsur.2003.09.055 (2004).

Hubbs, J. L. et al. Factors associated with the development of brain metastases: analysis of 975 patients with early stage nonsmall cell
lung cancer. Cancer 116, 5038-5046, https://doi.org/10.1002/cncr.25254 (2010).

Dong, Q. et al. Hematogenous dissemination of lung cancer cells during surgery: quantitative detection by flow cytometry and
prognostic significance. Lung cancer 37, 293-301 (2002).

Kelsey, C. R. et al. Metastasis dynamics for non-small-cell lung cancer: effect of patient and tumor-related factors. Clin. lung cancer
14, 425-432, https://doi.org/10.1016/j.cllc.2013.01.002 (2013).

Bartling, B., Desole, M., Rohrbach, S., Silber, R. E. & Simm, A. Age-associated changes of extracellular matrix collagen impair lung cancer
cell migration. FASEB journal: Off. Publ. Federation Am. Societies Exp. Biol. 23, 1510-1520, https://doi.org/10.1096/1].08-122648 (2009).
Dong, S. et al. Survival after lobectomy versus sub-lobar resection in elderly with stage INSCLC: a meta-analysis. BMC Surg. 19, 38,
https://doi.org/10.1186/s12893-019-0500-1 (2019).

Baldvinsson, K. et al. Resection rate and operability of elderly patients with non-small cell lung cancer: Nationwide study from 1991
to 2014. Interactive cardiovascular and thoracic surgery 24, 733-739, https://doi.org/10.1093/icvts/ivw415 (2017).

Mery, C. M. et al. Similar long-term survival of elderly patients with non-small cell lung cancer treated with lobectomy or wedge
resection within the surveillance, epidemiology, and end results database. Chest 128, 237-245, https://doi.org/10.1378/
chest.128.1.237 (2005).

SCIENTIFIC REPORTS |

(2020) 10:9587 | https://doi.org/10.1038/s41598-020-66509-5


https://doi.org/10.1038/s41598-020-66509-5
https://doi.org/10.3322/caac.21492
https://doi.org/10.1016/j.rcl.2012.06.003
https://doi.org/10.1016/j.rcl.2012.06.003
https://doi.org/10.1056/NEJMoa1102873
https://doi.org/10.1016/j.jtho.2018.05.006
https://doi.org/10.1378/chest.12-2359
https://doi.org/10.1007/s00268-018-4848-7
https://doi.org/10.1016/j.cllc.2017.03.003
https://doi.org/10.1016/j.athoracsur.2019.10.056
https://doi.org/10.1016/j.jtcvs.2012.06.050
https://doi.org/10.1245/s10434-012-2829-x
https://doi.org/10.1016/j.ejcts.2006.08.008
https://doi.org/10.1245/s10434-019-07926-3
https://doi.org/10.1513/AnnalsATS.201607-568BC
https://doi.org/10.1016/j.jtho.2015.09.009
https://doi.org/10.1093/ejcts/ezx222
https://doi.org/10.1093/ejcts/ezx222
https://doi.org/10.1097/JTO.0b013e31825871de
https://doi.org/10.1097/JTO.0b013e31825871de
https://doi.org/10.1097/md.0000000000007563
https://doi.org/10.5761/atcs.oa.16-00309
https://doi.org/10.2147/cmar.s152017
https://doi.org/10.1111/1759-7714.12970
https://doi.org/10.1016/j.cllc.2013.02.002
https://doi.org/10.1016/j.cllc.2013.02.002
https://doi.org/10.1016/j.athoracsur.2003.09.055
https://doi.org/10.1016/j.athoracsur.2003.09.055
https://doi.org/10.1002/cncr.25254
https://doi.org/10.1016/j.cllc.2013.01.002
https://doi.org/10.1096/fj.08-122648
https://doi.org/10.1186/s12893-019-0500-1
https://doi.org/10.1093/icvts/ivw415
https://doi.org/10.1378/chest.128.1.237
https://doi.org/10.1378/chest.128.1.237

www.nature.com/scientificreports/

Author contributions

Han-Yu Deng, Jie Zhou, Ru-Lan Wang, and Rui Jiang collected and analyzed the data and drafted the manuscript.
Han-Yu Deng and Qinghua Zhou designed the study. Xiao-Ming Qiu, Da-Xing Zhu, and Xiao-Jun Tang, and
Qinghua Zhou revised the manuscript. All authors read and approved the final manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to Q.Z.

Reprints and permissions information is available at www.nature.com/reprints.

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

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2020

SCIENTIFICREPORTS|  (2020) 10:9587 | https://doi.org/10.1038/s41598-020-66509-5


https://doi.org/10.1038/s41598-020-66509-5
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Age-different extent of resection for clinical IA non-small cell lung cancer: analysis of nodal metastasis

	Methods and Materials

	Patients. 
	Statistical analysis. 

	Results

	Baseline characteristics of the patients included in the study. 
	Comparison of baseline characteristics and LN metastasis rate between elderly and young patients. 
	Comparison of LN metastasis rate between elderly and young patients in the matched cohorts. 
	Comment. 

	Conclusions

	﻿Figure 1 The median number of dissected lymph node and lymph node metastasis rate subgrouped by age: (A) N1 lymph node and (B) N2 lymph node.
	Table 1 Baseline characteristics of these clinical T1N0M0 peripheral non-small cell lung cancer patients stratified by age.
	Table 2 Multivariate regression analysis for risk factors of lymph node metastasis among clinical stage IA (cT1N0M0) peripheral non-small cell lung cancer patients.




