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Aim: The aim of the study is to understand the impact of lymph node dissection (LND) on overall survival
(OS) and cancer-specific survival (CSS) in elderly patients with early-stage non-small cell lung cancer
(NSCLC), and to find the best characteristics of the beneficiary population. Materials & methods: Based on
the Surveillance, Epidemiology, and End Results (SEER) database, the effect of LND on OS and CSS in elderly
patients with early-stage NSCLC was analyzed using a retrospective method. Multivariate Cox regression
model was employed to determine the factors influencing OS and CSS in elderly patients with early-stage
NSCLC. Kaplan–Meier and sequential landmark analyses were conducted to estimate and compare the
survival curves and median follow-up time of patients. Results: The study included 27,540 participants.
The age distribution of patients who underwent LND was mostly 65–74 years old (61.8%). 83.2% received
chemotherapy concurrently, and 9.0% received radiotherapy. A total of 10,240 patients were successfully
matched after propensity score matching. Elderly patients with early-stage NSCLC who received LND
(OSmedian: 60 vs 23; CSSmedian: 136 vs 32) had significantly improved OS and CSS, with consistent results
from sequential landmark analysis of long-term survivors. The results of subgroup analyses displayed that
factors such as gender, age, marital status, grade and tumor size affected the prognosis of elderly patients
with early-stage NSCLC who received LND. Conclusion: The OS and CSS in patients with early-stage elderly
NSCLC who underwent LND at different time points after diagnosis were significantly improved.

Plain language summary
What is this article about? In this paper, early-stage non-small cell lung cancer patients were analyzed to
explore the prognosis of patients after lymph node dissection (LND) and the factors that influence it.
What were the results? There is a positive impact on overall survival and cancer-specific survival from LND
in non-small cell lung cancer patients at various time points after diagnosis, and specific patient subgroups
may benefit more from LND.
What do the results mean? Proper selection of LND candidates based on patient characteristics can help
improve quality of life and reduce mortality.

First draft submitted: 20 March 2025; Accepted for publication: 24 October 2025; Published online:
9 December 2025

Keywords: elderly patients • lymph node dissection • non-small-cell lung cancer • propensity score matching

In recent years, the global burden of lung cancer has continued to increase. According to 2022 global cancer statistics,
lung cancer accounted for 2.48 million new cases worldwide, representing 12.4% of all malignancies and ranking as
the leading cause of cancer-related deaths [1]. Non-small cell lung cancer (NSCLC), the predominant pathological
subtype accounting for approximately 85% of all lung cancer cases, has emerged as a major public health challenge
in cancer prevention and control [2]. Notably, NSCLC incidence shows a pronounced age concentration, with the
highest prevalence occurring between 60 and 70 years old and a relatively low proportion of patients under 50. As
global population aging accelerates, the number of elderly NSCLC patients is projected to continue rising, making
personalized treatment strategies for older patients particularly urgent [3].
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In clinical practice, significant differences exist between elderly and younger NSCLC patients in terms of
treatment response and prognosis. Some studies have revealed differences in postoperative complications and
mortality between older and younger lung cancer patients, with a higher recurrence rate in older patients. Particularly
in advanced cases with distant metastasis, treatment outcomes and prognosis are significantly poorer [4–6]. However,
with increased awareness of medical screening and diagnostic techniques, the detection rate of early-stage (operable)
lung cancer has increased from 25% to approximately 63%, and continues to show an upward trend [7,8], creating
favorable conditions for implementing curative treatment. The treatment of early-stage cancers can significantly
improve patient survival. Against this backdrop, developing scientifically sound and effective surgical strategies for
early-stage NSCLC patients-particularly the elderly-has become a key focus of current clinical research.

Currently, treatment options for early-stage NSCLC include surgery, radiotherapy, chemotherapy and laser
ablation [9]. Surgical resection provides optimal local control and offers a survival advantage over chemotherapy and
radiotherapy alone for suitable surgical candidates [10]. Lymph node dissection (LND) is a commonly performed
surgical procedure aimed at removing the extent of lymph node metastasis in the region surrounding the tumor [11].
However, the actual benefits and risks of LND remain somewhat controversial and require further investigation.
Yang et al. suggested that LND could potentially benefit non-small cell patients with lung cancer [12], while a single-
center retrospective study by Wu et al. did not report a significant survival advantage associated with LND, but rather
suggested a potential increase in the risk of surgical complications and mortality [13]. Demographic characteristics
and clinicopathological documents of patients with early-stage lung cancer showed significant differences, resulting
in varying prognoses for patients with different characteristics [14]. Therefore, identifying the subgroup of patients
who truly benefit holds significant clinical importance.

The characteristics of the elderly NSCLC population most likely to benefit from LND and the factors that
may influence the postoperative outcome of LND remain unclear. Therefore, this study utilized the Surveillance,
Epidemiology, and End Results (SEER) database to investigate the impact of LND on overall survival (OS) and
cancer-specific survival (CSS) in early-stage NSCLC patients over 65 years old. It further analyzes potential factors
affecting postoperative outcomes to identify the optimal beneficiary population, thereby providing evidence-based
medical support for individualized surgical strategies in this cohort.

Materials & methods
Patient selection & study design
The clinical database ‘SEER program’ collects cancer incidence, prevalence and survival data from the US Cancer
Registry, covering approximately 28% of the US population from 18 states and representing all regions of the
country [15]. This study was a retrospective cohort analysis. In this population-based study, the elderly NSCLC
patient data were downloaded from the SEER*Stat Database: Incidence – SEER Research Data, 17 Registries, Nov
2023 Sub (2000–2021). SEER*Stat version 8.4.4 (https://seer.cancer.gov/data-sof tware/) was used to obtain the
patient information.

Elderly patients diagnosed with primary early-stage NSCLC between 2010 and 2017 were selected as study
subjects. The follow-up period commenced from the date of NSCLC diagnosis and concluded upon death or
capping at 31 December 2021, whichever occurred first. Data from patients who were alive, lost to follow-up or
died from other causes at the final follow-up were treated as censored data (coded as 0 in the status variable). The
specific inclusion criteria were as follows: year of diagnosis was 2010–2017; ≥65 years old; stage I–II; only one
primary tumor; diagnosed with NSCLC; diagnostic criteria were microscopic pathological examination. Exclusion
criteria: the source of cases was autopsy and death certificate; survival time <1 month; unknown information about
demographic characteristics (marital status, race); unknown clinical information (stage, tumor node metastasis
stage [staging according to the seventh edition of the American Joint Committee on Cancer (seventh AJCC)],
tumor size and grade); and unknown treatment (LND, chemotherapy and radiotherapy). We excluded metastasis
in contralateral mediastinal, contralateral hilar, ipsilateral or contralateral scalene or supraclavicular lymph node(s)
(N3) cases because of the small number, which may make the match fail. Figure 1 displayed the inclusion process
for our participants.

Definition of variables
The following histologic codes were used to define NSCLC [16]: 8010, 8012:8014, 8020:8022, 8050:8052,
8070:8078, 8140:8147, 8255, 8260, 8310, 8323, 8480, 8481, 8490, 8550, 8572.
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SEER years of diagnosed 2010–2017
one primary NSCLC (n = 177,269)

65 years old one primary only NSCLC
(n = 30,087)

Patients meeting study criteria (27,540)

LND patients
(n = 15,823)

Non-LND patients
(n = 11,717)

Patients included in study after

propensity score matching (1:1) (n = 10,240)

LND patients
(n = 5120)

Non-LND patients
(n = 5120)

Included:
≥ 65 years old
ACJJ = I–II
Pathological diagnostic confirmation
Only one tumor

Excluded:
Autopsy and Death certificate (n = 30)
Survival month <1 (n = 662)
Unknow Marital status (n = 1186)
Unknow race (n = 72)
Unknow TNM stage (n = 25)
Unknow tumor size (n = 519)
Unknow surgery of lymph node (n = 48)
N3 (n = 5)

Figure 1. Patient selection process based on inclusion and exclusion criteria.
AJCC: American Joint Committee on Cancer; LND: Lymph node dissection; NSCLC: Non-small cell lung cancer; SEER:
Surveillance, Epidemiology, and End Results.

OS was defined as the length of time between cancer diagnosis and death of any cause. CSS was defined as the
length of time between cancer diagnosis and death due to NSCLC.

Marital status was categorized as other and married. Based on median and quartiles 2.6 (1.8, 4.0), the variable
of tumor size was classified into four groups: <1.8, 1.8–2.5, 2.6–4 and 4.1+ cm.

Data analyses
Frequencies and percentages were employed to describe categorical data. Intergroup comparisons were conducted
using the chi-square test or Fisher’s exact test. For LND usage differences, propensity score matching (PSM) was
employed to achieve 1:1 matching via a logistic regression model. The PSM utilized the nearest neighbor matching
method with a caliper value of 0.05. The matching variables included: age, gender, race, marital status, tumor size,
the extent of the primary tumor (T), lymph node (N) involvement, grade, radiation and chemotherapy.

Univariate analysis was performed using unadjusted Cox regression. Multivariate Cox regression model was
utilized to explore the factors influencing the prognosis of elderly patients with early-stage NSCLC, and the
variable inclusion method was stepwise regression backward. Given the multiple hypothesis testing performed, we
also applied Holm’s method to correct the p-values for multiple factors. Propensity scores were incorporated into
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pre-matching Cox regression models for sensitivity analysis. Survival curves and median follow-up time of patients
were estimated and compared using Kaplan–Meier analysis.

Because the treatment time of LND was unknown, the time of enrolment was different. We performed sequential
landmark analysis of the effect of LND on patient OS and CSS for patients surviving ≥ 1 or ≥2 years after
diagnosis, to eliminate the treatment time bias [17,18]. Subgroup analysis was performed on some differing variables
after matching.

All statistical analyses in this study were conducted using R software (4.4.1), with statistical significance set at
p < 0.05.

Results
Baseline characteristics
According to the inclusion and exclusion criteria, this study encompassed 27,540 elderly patients with early-stage
NSCLC, with 71.1% in stage I and 28.9% in stage II. The age distribution of patients was mostly concentrated
between 65 and 84 years old, with fewer patients aged 85 years or older (8.7%). Racial distribution was primarily
white (84.3%). There was little difference in the percentage of males and females, with 51.6% males and 48.4%
females. For tumor characteristics, there were more patients with T1 (47.5%), T2 (40.2%), N0 (89.6%), grade II
(36.9%) and grade III (27.9%). Most patients underwent chemotherapy (83.0%), while 31.7% received radiother-
apy and 57.5% had LND. Among LND recipients, 61.8% were aged 65–74 years, 83.2% of the patients received
concurrent chemotherapy and 9.0% underwent radiotherapy (Table 1).

Propensity score matching
Analysis of 10 variables revealed statistically significant differences (p < 0.05) between the LND and non-LND
groups, except for gender and chemotherapy. All variables were matched using PSM to control for confounding
factors, and a total of 10,240 patients were finally successfully matched between the two groups. Before matching, the
LND group showed higher covariate scores than the non-LND group. After matching, the scores of the two groups
were more evenly distributed, with some variables showing p > 0.05. The variables remaining differences between
the two groups would be analyzed by stratification in subsequent analyses (Table 1 & Figure 2). Additionally, we
calculated Nagelkerke’s R2 to assess the performance of the logistic regression model used to derive propensity
scores. The pre-matching propensity score model demonstrated good explanatory power (Nagelkerke’s R2 = 0.501),
indicating significant baseline imbalance between the LND and non-LND groups. Following PSM, the explanatory
power for the same covariates decreased substantially (Nagelkerke’s R2 = 0.045), indicating that the matching
procedure successfully balanced measurable covariates between the two groups, with treatment assignment in the
matched cohort approximating random distribution. This demonstrates that PSM was highly successful.

Independent prognostic factors in elderly patients with early-stage NSCLC
In univariate analyses, the 11 variables involving demographic characteristics, tumor clinicopathology and treatment
were all associated with OS and CSS in elderly patients with early-stage NSCLC. These variables were subsequently
included in multivariate COX regression analyses. Ultimately, all 11 variables included were found to be independent
factors affecting OS and CSS in elderly early-stage NSCLC (Tables 2 & 3). After PSM, LND demonstrated a
significant positive impact on both OS and CSS (HROS: 0.44, 95% CI: 0.42–0.46; HRcss: 0.40, 95% CI: 0.38–
0.43, all adjusted p Holm <0.001). With increasing T and N stage as well as higher grade, the HR of OS and
CSS gradually increased, indicating poorer survival outcomes. Sensitivity analysis results indicate that undergoing
LND was also significantly associated with OS and CSS (HROS: 0.41, 95% CI: 0.39–0.43; HRcss: 0.36, 95% CI:
0.34–0.38, all adjusted p Holm <0.001) (Table 4), validating the robustness of our findings.

Impact of LND on survival in elderly patients with early-stage NSCLC
Kaplan–Meier analysis revealed that the median OS was 60 months in the LND group and 23 months in the Non-
LND group; the 5-year and 10-year OS rates were 49.5% and 27.1% in the LND group, respectively, compared
with 23.8% and 8.7% in the Non-LND group (p < 0.001) (Figure 3A). Median CSS was 136 months in the LND
group and 32 months in the Non-LND group. The 5-year and 10-year CSS rates were 63.2% and 51.1% in the
LND group, versus 37.4% and 27.0% in the Non-LND group, respectively (p < 0.001) (Figure 3B).

10.57264/cer-2025-0038 J. Comp. Eff. Res. (2025) e250038
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Table 1. Patients’ characteristic information before and after propensity score matching in lymph node
dissection and nonlymph node dissection groups.
Variables Before PSM After PSM

Total
n (%)

Non-LND
n (%)

LND
n (%)

p-value Total
n (%)

Non-LND
n (%)

LND
n (%)

p-value

All patients 27,540 11,717 15823 10,240 5120 5120

Age (years)

65–74 14,433 (52.4) 4655 (39.7) 9778 (61.8) �0.001 5201 (50.8) 2506 (48.9) 2695 (52.6) �0.001

75–84 10,709 (38.9) 5211 (44.5) 5498 (34.7) 4081 (39.9) 2155 (42.1) 1926 (37.6)

85+ 2398 (8.7) 1851 (15.8) 547 (3.5) 958 (9.4) 459 (9.0) 499 (9.7)

Gender

Male 13,317 (48.4) 5685 (48.5) 7632 (48.2) 0.648 4930 (48.1) 2555 (49.9) 2375 (46.4) �0.001

Female 14,223 (51.6) 6032 (51.5) 8191 (51.8) 5310 (51.9) 2565 (50.1) 2745 (53.6)

Race

White 23,220 (84.3) 9783 (83.5) 13437 (84.9) �0.001 8185 (79.9) 4308 (84.1) 3877 (75.7) �0.001

Black 2173 (7.9) 1117 (9.5) 1056 (6.7) 1053 (10.3) 443 (8.7) 610 (11.9)

Other 2147 (7.8) 817 (7.0) 1330 (8.4) 1002 (9.8) 369 (7.2) 633 (12.4)

Marital status

Married 14,502 (52.7) 5355 (45.7) 9147 (57.8) �0.001 5079 (49.6) 2539 (49.6) 2540 (49.6) 1.000

Other 13,038 (47.3) 6362 (54.3) 6676 (42.2) 5161 (50.4) 2581 (50.4) 2580 (50.4)

Chemotherapy

None/unknown 22,858 (83.0) 9694 (82.7) 13164 (83.2) 0.322 7853 (76.7) 4057 (79.2) 3796 (74.1) �0.001

Yes 4682 (17.0) 2023 (17.3) 2659 (16.8) 2387 (23.3) 1063 (20.8) 1324 (25.9)

Radiation

None/unknown 18,807 (68.3) 4409 (37.6) 14398 (91.0) �0.001 7457 (72.8) 3747 (73.2) 3710 (72.5) 0.424

Yes 8733 (31.7) 7308 (62.4) 1425 (9.0) 2783 (27.2) 1373 (26.8) 1410 (27.5)

Tumor size(cm)

�1.8 6148 (22.3) 2359 (20.1) 3789 (23.9) �0.001 2185 (21.3) 1081 (21.1) 1104 (21.6) 0.036

1.8–2.5 7310 (26.5) 2795 (23.9) 4515 (28.5) 2289 (22.4) 1205 (23.5) 1084 (21.2)

2.6–4.0 7802 (28.3) 3449 (29.4) 4353 (27.5) 2867 (28.0) 1418 (27.7) 1449 (28.3)

4.1+ 6280 (22.8) 3114 (26.6) 3166 (20.0) 2899 (28.3) 1416 (27.7) 1483 (29.0)

N

N0 24,666 (89.6) 10,756 (91.8) 13,910 (87.9) �0.001 8909 (87.0) 4564 (89.1) 4345 (84.9) �0.001

N1 2825 (10.3) 953 (8.1) 1872 (11.8) 1305 (12.7) 551 (10.8) 754 (14.7)

N2 49 (0.2) 8 (0.1) 41 (0.3) 26 (0.3) 5 (0.1) 21 (0.4)

T

T1 13,085 (47.5) 5540 (47.3) 7545 (47.7) �0.001 4054 (39.6) 2215 (43.3) 1839 (35.9) �0.001

T2 11,076 (40.2) 4384 (37.4) 6692 (42.3) 4477 (43.7) 2077 (40.6) 2400 (46.9)

T3 3353 (12.2) 1772 (15.1) 1581 (10.0) 1697 (16.6) 821 (16.0) 876 (17.1)

T4 26 (0.1) 21 (0.2) 5 (0.0) 12 (0.1) 7 (0.1) 5 (0.1)

Grade

Grade I 3445 (12.5) 1041 (8.9) 2404 (15.2) �0.001 1076 (10.5) 561 (11.0) 515 (10.1) �0.001

Grade II 10,157 (36.9) 2913 (24.9) 7244 (45.8) 3394 (33.1) 1728 (33.8) 1666 (32.5)

Grade III 7689 (27.9) 2932 (25.0) 4757 (30.1) 3195 (31.2) 1523 (29.7) 1672 (32.7)

Grade IV 242 (0.9) 74 (0.6) 168 (1.1) 152 (1.5) 46 (0.9) 106 (2.1)

Unknown 6007 (21.8) 4757 (40.6) 1250 (7.9) 2423 (23.7) 1262 (24.6) 1161 (22.7)

LND: Lymph node dissection; PSM: Propensity score matching.

Comparison of survival curves among subgroups between LND & non-LND
Due to the statistically significant variables in the results of Cox multivariate analysis and the unbalanced distribution
of certain variables between LND and non-LND groups in the matched dataset, subgroup analyses were performed
on the matched 10,240 patients. Notably, in all subgroup analyses, LND patients consistently demonstrated better

10.57264/cer-2025-0038
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Unmatched treated units

Matched treated units

Matched control units

Unmatched control units

0.0 0.2 0.4 0.6 0.8 1.0

Propensity score

Distribution of propensity scores

Figure 2. Propensity score matching for lymph node dissection and nonlymph node dissection groups.

OS and CSS than non-LND patients. There was a decreasing trend in OS and CSS median survival as the degree
of tumor-related features increased in the T, N, grade, and tumor size variables (p < 0.001, see Supplementary
Figures 1–7). LND improved OS and CSS across all age groups compared with non-LND. However, the degree of
improvement decreased with increasing age (Figure 4A & B). OS and CSS median survival were higher in patients
receiving chemotherapy combined with LND than those receiving chemotherapy alone (Figure 5A & B).

Landmark analysis
To eliminate external time bias, we performed a landmark analysis of elderly patients who survived 1 years and
2 years after diagnosis of early-stage NSCLC. The beneficial effect of receiving LND remained in long-term
survivors of ≥1 or ≥2 years, and patients in the LND group had significantly higher OS and CS than those in the
Non-LND group (Figure 6A & B).

Discussion
In this study, we investigated the factors influencing the prognosis of elderly patients with early-stage NSCLC and
further analyzed which characteristics favoured the acceptance of LND. We identified 11 independent predictors
associated with the prognosis of elderly patients with early-stage NSCLC, including demographic characteris-
tics (age, gender, race, marital status), tumor characteristics (tumor size, N-stage, T-stage, grade) and treatment
(chemotherapy, radiation, LND), similar to the results of Yu [14].

For patients with early-stage NSCLC, OS and CSS were best in the surgical treatment alone group, with similar
results found in most subgroup analyses, and the same results can be obtained in older patients with early-stage
NSCLC [9,19]. As LND is a frequently employed surgical method to potentially remove the primary tumor, its
impact on elderly early-stage NSCLC patients warranted investigation. The results of this study revealed improved
OS and CSS in elderly early-stage NSCLC patients who underwent LND, corroborating the results of Deng and
Zhao et al. [11,20]. In this analysis, the 5-year OS survival rate was 49.5% and the 5-year CSS survival rate was
63.2% in patients treated with LND, indicating a longer life expectancy compared with those who did not receive
LND.

To focus on the differences of OS and CSS between ≥1 and ≥2 year survivors, landmark analysis was used to
exclude the bias of treatment time (Figure 4). Notably, at both time points, our data suggest that LND (compared
with non-LND) improved OS and CSS in long-term survivors, which is a novel finding. Thus, there is a benefit in
OS and CSS for LND in early-stage elderly NSCLC patients at different time points after diagnosis.

10.57264/cer-2025-0038 J. Comp. Eff. Res. (2025) e250038
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Table 4. The results of sensitivity analysis.
Variables OS CSS

HR (95%CI) Original p-value Adjusted p-Holm HR (95%CI) Original p-value Adjusted p-Holm

Age

65–74 years Reference Reference

75–84 years 1.14 (1.09–1.18) �0.001 �0.001 1.02 (0.97–1.07) 0.496 0.660

≥85 years 1.10 (1.01–1.19) 0.030 0.060 0.88 (0.79–0.98) 0.022 0.108

Sex

Male Reference Reference

Female 0.73 (0.71–0.75) �0.001 �0.001 0.77 (0.74–0.80) �0.001 �0.001

Race

White Reference Reference

Black 0.86 (0.81–0.91) �0.001 �0.001 0.83 (0.78–0.90) �0.001 �0.001

Other 0.74 (0.70–0.79) �0.001 �0.001 0.80 (0.74–0.86) �0.001 �0.001

Marital status

Married Reference Reference

Other 1.07 (1.04–1.11) �0.001 �0.001 1.02 (0.98–1.07) 0.325 0.660

Chemotherapy

None/unknown Reference Reference

Yes 0.89 (0.85–0.93) �0.001 �0.001 1.04 (0.98–1.10) 0.201 0.660

Radiation

None/unknown Reference Reference

Yes 0.44 (0.39–0.51) �0.001 �0.001 0.31 (0.26–0.36) �0.001 �0.001

Tumor size(cm)

�1.8 Reference Reference

1.8–2.5 1.38 (1.32–1.45) �0.001 �0.001 1.55 (1.45–1.66) �0.001 �0.001

2.6–4.0 1.46 (1.38–1.53) �0.001 �0.001 1.71 (1.59–1.83) �0.001 �0.001

�4.0 1.75 (1.65–1.86) �0.001 �0.001 2.15 (1.99–2.33) �0.001 �0.001

N

N0 Reference Reference

N1 1.71 (1.63–1.81) �0.001 �0.001 2.07 (1.95–2.21) �0.001 �0.001

N2 1.64 (1.12–2.40) 0.011 0.044 2.16 (1.41–3.29) �0.001 0.003

T

T1 Reference Reference

T2 1.24 (1.19–1.30) �0.001 �0.001 1.42 (1.34–1.51) �0.001 �0.001

T3 1.63 (1.55–1.72) �0.001 �0.001 2.06 (1.93–2.20) �0.001 �0.001

T4 1.36 (0.87–2.11) 0.173 0.173 1.89 (1.20–2.98) 0.006 0.037

Grade

Grade I Reference Reference

Grade II 1.57 (1.48–1.66) �0.001 �0.001 1.65 (1.53–1.79) �0.001 �0.001

Grade III 1.68 (1.58–1.78) �0.001 �0.001 1.81 (1.67–1.96) �0.001 �0.001

Grade IV 1.78 (1.52–2.09) �0.001 �0.001 1.97 (1.61–2.40) �0.001 �0.001

Unknown 1.11 (1.02–1.21) 0.019 0.057 1.09 (0.97–1.22) 0.165 0.660

LND

No Reference Reference

Yes 0.41 (0.39–0.43) �0.001 �0.001 0.36 (0.34–0.38) �0.001 �0.001

Propensity score 0.19 (0.15–0.25) �0.001 �0.001 0.12 (0.09–0.17) �0.001 �0.001

CSS: Cancer-specific survival; CI: Confidence interval; HR: Hazard ratio; LND: Lymph node dissection; OS: Overall survival.
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Figure 3. Kaplan–Meier survival curves. (A) OS
and (B) CSS in LND and non-LND groups.
CSS: Cancer-specific survival; LND: Lymph node
dissection; OS: Overall survival.

In addition, factors such as age, chemotherapy and grade have a significant impact on LND. They also have an
impact on the prognosis of patients. Subgroup analyses showed that the LND group demonstrated a significant
survival advantage across patient demographic characteristics and clinical information (age, grade, chemotherapy,
gender, race, stage, tumor size). Age is typically associated with the prognosis of patients, and the results of this
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study indicated that patients aged 85 years or older had the poorest OS and CSS (HROS: 1.74, 95% CI: 1.60–1.88;
HRcss: 1.49, 95% CI: 1.35–1.65). This may be attributed to declining nutritional status, further reduction in
physiological reserves, more complex underlying diseases and decreased treatment tolerance. Furthermore, elderly
patients are prone to immune senescence, enabling tumors to bypass immune surveillance. Consequently, primary
tumors in elderly NSCLC patients tend to be more aggressive at the time of initial diagnosis [21]. Research indicates
that surgical removal is associated with long-term survival outcomes in a significant proportion of patients with
early-stage lung cancer in their eighties and beyond [3]. As populations age, cancer burden increases among the
elderly [22], so clinical management for elderly patients with early-stage NSCLC should be further improved.
Tumor stage and grade in the LND group influenced prognosis, probably because poorly differentiated tumors
are considered to be more aggressive, leading to a higher risk of local recurrence and metastasis, which negatively
impacts patient survival outcomes [23]. Moreover, subgroup analysis showed that chemotherapy combined with
surgery also improved survival outcomes compared with chemotherapy alone, aligning with previous findings [16].
Therefore, these factors should be thoroughly considered when determining treatment to ensure patients receive
optimal treatment.

Our findings indicate that LND can benefit elderly patients with early-stage NSCLC, with certain subgroups
potentially benefiting more. However, this study has limitations. First, as a retrospective study, there is some
selection bias. Second, the SEER database lacks some important information, such as data on inclusion criteria of
the population, the type and duration of surgery and other comorbidities. Third, the database was unable to obtain
information on some influencing factors, such as smoking history and lifestyle. Although some statistical methods
were used to control for suspected confounding variables, the inherent limitations of retrospective studies could
not be eliminated. Therefore, prospective studies are necessary to validate these results.

Conclusion
The prognosis of OS and CSS in elderly patients with early-stage NSCLC is affected by age, gender, race, marital
status, tumor size, N-stage, T-stage, grade and treatments, including chemotherapy, radiation and LND. LND may
be beneficial for elderly patients with early-stage NSCLC. There is a positive impact on OS and CSS from LND
in early-stage elderly NSCLC patients at various time points after diagnosis, and specific patient subgroups may
benefit more from LND.

Summary points

• Non-small cell lung cancer (NSCLC) is the main type of lung cancer.
• Demographic characteristics and clinicopathological documents of patients with early-stage lung cancer were

significant differences.
• Different characteristics may result in varying prognoses for patients.
• Using early-stage elderly NSCLC patients as participants.
• Exploring the impact of lymph node dissection (LND) on patients’ prognosis.
• Propensity scores matching controls confounding factors.
• LND improves the prognosis of early-stage elderly NSCLC patients.
• Gender, age, marital status, grade and tumor size affected the prognosis of elderly patients with early-stage

NSCLC who received LND.

Supplementary data

To view the supplementary data that accompany this paper please visit the journal website at: https://becarispublishing.com/doi/

epdf/10.57264/cer-2025-0038

Author contributions

Dong-chu Zhang was responsible for study conception and design; Dong-chu Zhang and Jiang-shun Yang were responsible for

acquisition of data; Dong-chu Zhang and Cun-qing Zheng were responsible for data analysis and drafting and revision of the

manuscript.

Financial disclosure

This work was supported by the following grant: Wenzhou Basic Scientific Research Program (no.: Y2020578).

10.57264/cer-2025-0038 J. Comp. Eff. Res. (2025) e250038

https://becarispublishing.com/doi/epdf/10.57264/cer-2025-0038


Impact of LND on OS & CSS in elderly patients with NSCLC Research Article

Competing interests disclosure

The authors have no competing interests or relevant affiliations with any organization or entity with the subject matter or materials

discussed in the manuscript. This includes employment, consultancies, honoraria, stock ownership or options, expert testimony,

grants or patents received or pending, or royalties.

Writing disclosure

No funded writing assistance was utilized in the production of this manuscript.

Ethical conduct of research

The Ethics Committee of WenZhou Seventh People’s Hospital deemed that this research is based on open-source data, so the need

for ethics approval was waived. Our study complies with the Declaration of Helsinki.

Data availability statement

The data to support the findings of this study are available in corresponding publications as given in the article.

Open access

This work is licensed under the Creative Commons Attribution 4.0 License. To view a copy of this license, visit https://creativeco

mmons.org/licenses/by/4.0/

References
1. Bray F, Laversanne M, Sung H et al. Global cancer statistics 2022: GLOBOCAN estimates of incidence and mortality worldwide for 36

cancers in 185 countries. CA Cancer J. Clin. 74(3), 229–263 (2024).

2. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2022. CA Cancer J. Clin. 72(1), 7–33 (2022).

3. Ganti AK, Shostrom V, Alorabi M et al. Early stage non-small-cell lung cancer in octogenarian and older patients: a SEER database
analysis. Clin. Lung Cancer 17(4), 285–291 (2016).

4. Sharpnack MF, Ranbaduge N, Srivastava A et al. Proteogenomic analysis of surgically resected lung adenocarcinoma. J. Thorac. Oncol.
13(10), 1519–1529 (2018).

5. Liu HC, Huang WC, Wu CL, Huang JT, Chen CH, Chen YJ. Surgery for elderly lung cancer. Ann. Thorac. Cardiovasc. Surg. 19(6),
416–422 (2013).

6. Thai AA, Solomon BJ, Sequist LV, Gainor JF, Heist RS. Lung cancer. Lancet 398(10299), 535–554 (2021).

7. Jemal A, Siegel R, Ward E et al. Cancer statistics, 2008. CA Cancer J. Clin. 58(2), 71–96 (2008).

8. Phua CK, Sim WY, Sen Tee K et al. Evaluation of pulmonary nodules in Asian population. J. Thorac. Dis. 8(5), 950–957 (2016).

9. Wu B, Zhang X, Feng N et al. Treatment strategies for stage IA non-small cell lung cancer: a SEER-based population study. PLoS ONE
19(4), e0298470 (2024).

10. Goldstraw P, Mannam GC, Kaplan DK, Michail P. Surgical management of non-small-cell lung cancer with ipsilateral mediastinal node
metastasis (N2 disease). J. Thorac. Cardiovasc. Surg. 107(1), 19–27; discussion 27–28 (1994).

11. Zhao Z, Gao Y, Tan F, Xue Q, Gao S, He J. Impact of lymph node dissection on cancer-specific survival in non-small cell lung cancer
patients: a SEER database analysis. Transl. Lung Cancer Res. 13(4), 821–838 (2024).

12. Yang MZ, Tan ZH, Li JB et al. Impact of the number of harvested lymph nodes on long-term survival in node-negative non-small-cell
lung cancer: based on clinical stage but not pathological stage. Clin. Lung Cancer 24(6), e226–e235 (2023).

13. Wo Y, Li H, Zhang Y et al. The impact of station 4L lymph node dissection on short-term and long-term outcomes in non-small cell
lung cancer. Lung Cancer 170, 141–147 (2022).

14. Yu G, Liu X, Li Y et al. The nomograms for predicting overall and cancer-specific survival in elderly patients with early-stage lung cancer:
a population-based study using SEER database. Front. Public Health 10, 946299 (2022).

15. Doll KM, Rademaker A, Sosa JA. Practical guide to surgical data sets: Surveillance, Epidemiology, and End Results (SEER) Database.
JAMA Surg. 153(6), 588–589 (2018).

16. Ge T, Hu SQ, Ning J et al. Identifying optimal surgical approach among T1N2-3M0 non-small cell lung cancer patients: a
population-based analysis. Transl. Lung Cancer Res. 13(4), 901–929 (2024).

17. Cao BY, Zhang LT, Wu CC, Wang J, Yang L. Survival benefits of radiotherapy in locally advanced unresectable and metastatic
pancreatic cancer: a single-institution cohort and SEER database analysis. Front. Oncol. 14, 1473251 (2024).

18. Krauze AV, Megan M, Theresa CZ et al. The addition of valproic acid to concurrent radiation therapy and temozolomide improves
patient outcome: a correlative analysis of RTOG 0525, SEER and a Phase II NCI trial. Cancer Stud. Ther. 5(1), doi:
10.31038/cst.2020511 (2020).

19. Guo M, Li B, Yu Y et al. Delineating the pattern of treatment for elderly locally advanced NSCLC and predicting outcomes by a
validated model: a SEER based analysis. Cancer Med. 8(5), 2587–2598 (2019).

10.57264/cer-2025-0038

https://creativecommons.org/licenses/by/4.0/


Research Article Zhang, Yang & Zheng

20. Deng HY, Li D, Qiu XM, Zhu DX, Tang X, Zhou Q. Dissection of 4L lymph node for left-sided non-small cell lung cancer: a
meta-analysis. ANZ J. Surg. 91(11), E696–E702 (2021).

21. Berben L, Floris G, Kenis C et al. Age-related remodelling of the blood immunological portrait and the local tumor immune response in
patients with luminal breast cancer. Clin. Transl. Immunol. 9(10), e1184 (2020).

22. Carioli G, Malvezzi M, Bertuccio P et al. Cancer mortality in the elderly in 11 countries worldwide, 1970–2015. Ann. Oncol. 30(8),
1344–1355 (2019).

23. Tong Y, Cui Y, Jiang L, Pi Y, Gong Y, Zhao D. Clinical characteristics, prognostic factor and a novel dynamic prediction model for
overall survival of elderly patients with chondrosarcoma: a population-based study. Front. Public Health 10, 901680 (2022).

10.57264/cer-2025-0038 J. Comp. Eff. Res. (2025) e250038



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PPG Indesign CS4_5_5.5'] [Based on 'PPG Indesign CS3 PDF Export'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 600
        /LineArtTextResolution 2400
        /PresetName (Pureprint flattener)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.835590
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


