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A B S T R A C T

Background: Few research has explored the risk of distant metastasis dynamically changes with
age in non-small cell lung cancer patients. The objective of this study was to explore the risk
factors of developing distant metastasis with changing age.
Methods: This retrospective cohort study was based on a large population of patients with non-
small cell lung cancer from the SEER database. Logistic regression was applied to identify risk
factors for distant metastasis. The clinicopathological features were compared between the young
group (≤50 years old) and the old group (>50 years old). Dose-response analyses were conducted
to explore risk of distant metastasis changes with age.
Results: A total of 18,711 patients were studied in this study. According to the univariate and
multivariate logistic regression analyses, ten factors were found to be risk factors for distant
metastasis. Young patients have a greater incidence of each pattern of metastasis. However, the
survival time of younger patients was longer. Dose-response analyses indicated that the risks of
pleural or pericardial metastasis and overall distant metastasis gradually decreased with age at
younger ages, but they intend to increase at older ages.
Conclusions: Age, sex, ethnicity, histology, T category, N category, differentiation grade, primary
site of the tumor, ipsilateral metastases are factors associated with distant metastasis in NSCLC
patients. Young patients have a greater risk of distant metastasis. The distant metastasis may
decrease with the increasing age in patients younger than 70 years, but increase with the climb of
age for patients older than 70 years.
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1. Introduction

Lung cancer is the leading cause of cancer deaths globally, and the number of new cases continues to increase annually [1–3]. A
significant proportion of patients diagnosed with NSCLC, representing about 85% of lung cancer [4]. Distant Metastasis (DM) occurs in
the advanced stage of NSCLC, which indicates increased treatment difficulty and poor prognosis [5]. These included contralateral
tumor nodules, pleural or pericardial invasion, and distant lymph node or organ metastasis [6]. The occurrence of DM often indicates
fewer chance to receive radical operation, and fewer opportunities to benefit from systematic therapy [7–9]. Compared with patients
with no metastasis, NSCLC patients with DM have worse 5-year survival rate [10]. Therefore, early detection of metastasis in NSCLC
patients is essential for reasonable medical decision making and prognostic prediction in clinical practice.

A previous epidemiological study indicated that the incidence of NSCLC peaks between ages of 60 and 70, with patients under the
age of 50 comprising less than 15 % of cases [11]. Some researchers demonstrated discrepant clinicopathological features and
prognoses between young and old patients with NSCLC (12). The race, sex, histology, and survival status of younger NSCLC patients
differ from older patients [13,14]. Although previous researchers found that younger patients were more likely to develop regional
lymph node or distant metastasis [12,15–17], no research has further explored the risk of DM with age dynamics in NSCLC patients.

To enhance comprehension of the relationship between the attributes and metastatic patterns of NSCLC patients across different
age demographics, we conducted this population-based study to ascertain risk factors associated with DM and investigate the pattern
by which the risk of DM fluctuates with age in NSCLC patients.

2. Methods

2.1. Study population

This retrospective cohort study was based on a large population of NSCLC patients from the Surveillance, Epidemiology, and End
Results (SEER) database. The SEER database is an authoritative source that collects patient information from 18 cancer registries [18].
In this study, data on patients with non-small cell lung cancer (NSCLC) were obtained from 2010 to 2015 using the SEER Program
software (version 8.3.9, http://seer.cancer.gov/seerstat/software/). The username is 14238-Nov2020.

Inclusion criteria for this study were as follows: (i) Patients were required to be at least 18 years of age and diagnosed between 2010
and 2015. (ii) NSCLC was the only primary tumor at diagnosis. (iii) The diagnosis was confirmed by pathological tests. (iv) The follow-
up duration was required to be at least one month. The exclusion criteria included: (i) Patient information was unavailable. (ii) Paired
tumor sites were absent (insufficient data were available to determine whether the paired lesion was separate from the primary lung
cancer or metastatic foci). This study was conducted in accordance with the STROBE reporting checklist.

2.2. Data processing

The extracted clinicopathological information included patient ID, sex, age, ethnicity, marriage, primary tumor location, histo-
logical type, pathological grade, T category, N category and M category according to the 7th edition American Joint Cancer Committee
(7th AJCC Staging), tumor size, ipsilateral metastasis, pleural or pericardial metastasis, distant lymph node metastasis, distant organ
metastases (i.e., brain metastasis, liver metastasis, bone metastasis), single DM, multiple DM, overall DM and survival months.

The following histologic codes were used to define NSCLC: 8010, 8012, 8013, 8014, 8015, 8020, 8021, 8022, 8031, 8032, 8046,
8050–8052, 8070–8078, 8140–8147, 8250–8255, 8260, 8310, 8323, 8430, 8480, 8481, 8482, 8490, 8560, and 8570–8575. For in-
formation extraction, patients were divided into young group (aged ≤50 years) and old group (aged >50 years), as a previous study
indicated that the cut-off age for young and old lung cancer patients was 50 years [19]. Patients were treated as unmarried if they were
divorced, separated, single (never married), widowed or had a domestic partner. Tumor size was divided into three groups (≤5 cm,
5–7 cm,>7 cm). Ipsilateral metastasis indicated separate metastatic tumor nodules in the same or/and different lobes of the ipsilateral
lung. Single DM, multiple DM and overall DM were identified according to “CS METS AT DX (2004–2015)” in the SEER database.

2.3. Statistical analysis

In selecting the risk factors for overall DM, age was treated as a categorical variable (≤50 years old vs. >50 years old), while age
was treated as a continuous variable in the dose‒response analyses to determine the dynamic trend in the risk of DM.

To ascertain the risk factors associated with overall DM, logistic regression was employed. The variables that demonstrated sta-
tistical significance in the univariate logistic regression were selected to construct the multivariate logistic regression model using the
stepwise forward selection method. The variables identified as statistically significant in the multivariate logistic regression analysis
were found to be risk factors for overall DM. A series of pre-specified subgroup analyses was performed with the objective of deter-
mining whether the association between age categorization and the incidence of DM was modified by sex, ethnicity, tumor histology,
tumor size, and nodal status. To assess the robustness of the results, sensitivity analyses were conducted by excluding patients at
extreme ages (in the range of age <1 % or >99 %), excluding patients whose primary site was unclear, and excluding patients with
extreme tumor sizes (in the range of tumor size <1 % or >99 %).

Dose‒response analyses were conducted to investigate the associations between age and the occurrence of pleural or pericardial
invasion, distant lymph node metastasis, distant organ metastasis (bone, brain, and liver, as recorded in the SEER database), single
metastasis, multiple metastases, and overall DM. We constructed unadjusted logistic models with the variable as a restricted cubic
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spline with four knots at the 5th, 35th, 65th, and 95th percentiles, with the median value of age (68 years old) serving as the reference
level. The Wald test was employed to ascertain the correlation between continuous age and the risk estimates. In the tables, the mean
value of survival time is presented with the standard deviation (SD) in parentheses [20,21]. K‒M analysis with the log-rank test was
used to evaluate the differences between two groups. Categorical data are expressed as numbers and percentages and were analyzed by
the chi-square test. A two-tailed p value less than 0.05 was considered significant. The statistical analyses were conducted using SPSS
25.0 and R 3.6.1 software.

3. Results

3.1. Patient characteristics

A total of 41,938 patients with non-small cell lung cancer (NSCLC) were included in the study, with data extracted from the SEER
database. After excluding patients whomet the exclusion criteria, a total of 18,711 patients were included in this study, 12,522 of them
were divided into the non-DM group, the rest 6,189 patients experienced DMwere divided into DM group by contrast. The flow chart of
patient screening is shown in Fig. 1.

Approximately 95 % of patients were late-stage NSCLC, while the remaining 5 % were early-stage. Among the patients, 9,855
(52.67 %) were male, and 8,856 (47.33 %) were female. Ethnicity was predominantly Caucasian (78.43 %), other ethnic groups like
Asians, Latinos were included. Approximately 54.28 % of patients were married, the rest was unmarried. More than half primary
tumors (58.52 %) were located in the left site. Meanwhile, the upper lobe was the most common primary site (59.11 %), followed by
the lower lobe (29.98 %). About histological types, Lung Adenocarcinoma (LUAD) was the most common histological type (58.45 %),
Lung Squamous Cell Carcinoma (LUSC) accounted for 32.3%, and undifferentiated types accounted for the minimum proportion, rated
2.19 %. A total of 20.20 % patients developed ipsilateral metastasis. A greater proportion of the cohort (68.53 %) was comprised of
patients with tumors ≤5 cm in size than patients with tumors larger than 5 cm. The mean overall survival (OS) was 41.79 months.
Table 1 presents a summary of the T and N categories of the patients. Significant differences were observed between the DM and non-
DM groups with respect to age, sex, ethnicity, primary site of the tumor, histological type, tumor differentiation grade, T category, N
category, tumor size, ipsilateral metastasis, and survival months. However, no significant differences were observed between the two
groups with regard to marital status or laterality of the tumor.

3.2. Risk factors associated with DM

The univariate analysis revealed that ten variables exhibited significant differences between the two groups. In the multivariate
analysis, all ten variables (age, sex, ethnicity, primary site of the tumor, histological type, tumor differentiation grade, T category, N
category, tumor size, and ipsilateral metastasis) were found to be significantly related to DM. Patients who developed DM at an earlier
age, males, and those of African descent exhibited an increased risk. Moreover, in comparison to LUAD and other histological types,

Fig. 1. Flow diagram of the selected cases.
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LUSC is unlikely to be associated with the development of DM. In general, the risk of developing DM increases with increasing tumor
differentiation grade, T category, N category, and tumor size. The presence of different tumor sites also indicated different risks.
Patients with ipsilateral metastasis exhibited a significantly elevated risk of developing DM compared to those who did not develop
ipsilateral metastasis (Table 2).

3.3. Young patients had greater risk of DM

The study population was divided into two groups: those NSCLC patients with young age (≤50 years old) and old age (>50 years
old). The clinicopathological characteristics of the two groups were then compared. The young group comprised 936 patients (5.0 %),
while the old group consisted of 17,775 patients (95.0 %). In addition to marital status and tumor laterality, significant differences
were found in sex, ethnicity, primary site of the tumor, histological type, tumor differentiation grade, T category, N category, tumor
size, and ipsilateral metastasis between the two groups. The young patients population exhibited a greater proportion of female pa-
tients (50.85 % vs 47.14 %, p < 0.001). Poorly differentiated and undifferentiated tumors in young patients were more than old

Table 1
The clinicopathological features in NSCLC patients between DM and Non-DM groups.

Overall (n = 18,711) Non-DM(n = 12,522) DM(n = 6,189) p

Age group(n,%) <0.001
Early onset 936 (5.00 %) 526 (4.2 %) 410 (6.62 %)
Late onset 17775 (95.00 %) 11996 (95.8 %) 5779 (93.38 %)
Gender(n,%) <0.001
Male 9855 (52.67 %) 6400 (51.11 %) 3455 (55.82 %)
Female 8856 (47.33 %) 6122 (48.89 %) 2734 (44.18 %)
Ethnicity(n,%) <0.001
Black 2181 (11.66 %) 1324 (10.57 %) 857 (13.85 %)
White 14675 (78.43 %) 10000 (79.86 %) 4675 (75.54 %)
Other 1855 (9.91 %) 1198 (9.57 %) 657 (10.62 %)
Marital status(n,%) 0.87
Married 10156 (54.28 %) 6802 (54.32 %) 3354 (54.19 %)
Unmarried 8555 (45.72 %) 5720 (45.68 %) 2835 (45.81 %)
Laterality(n,%) 0.19
Left 10949 (58.52 %) 7369 (58.85 %) 3580 (57.84 %)
Right 7762 (41.48 %) 5153 (41.15 %) 2609 (42.16 %)
Primary site(n,%) <0.001
Main bronchus 463 (2.47 %) 220 (1.76 %) 243 (3.93 %)
Upper lobe 11060 (59.11 %) 7514 (60.01 %) 3546 (57.3 %)
Middle lobe 866 (4.63 %) 587 (4.69 %) 279 (4.51 %)
Lower lobe 5609 (29.98 %) 3841 (30.67 %) 1768 (28.57 %)
Overlapping lesion 209 (1.12 %) 144 (1.15 %) 65 (1.05 %)
Lung, NOS 504 (2.69 %) 216 (1.72 %) 288 (4.65 %)
Differentiation(n,%) <0.001
Well differentiated 2027 (10.83 %) 1692 (13.51 %) 335 (5.41 %)
Moderately differentiated 6991 (37.36 %) 5254 (41.96 %) 1737 (28.07 %)
Poorly differentiated 9283 (49.61 %) 5362 (42.82 %) 3921 (63.35 %)
Undifferentiated 410 (2.19 %) 214 (1.71 %) 196 (3.17 %)
Histology(n,%) <0.001
SCC 6044 (32.3 %) 4413 (35.24 %) 1631 (26.35 %)
ADC 10936 (58.45 %) 7280 (58.14 %) 3656 (59.07 %)
Others 1731 (9.25 %) 829 (6.62 %) 902 (14.57 %)
T stage(n,%) <0.001
T0 4 (0.02 %) 1 (0.01 %) 3 (0.05 %)
T1 4920 (26.29 %) 4363 (34.84 %) 557 (9 %)
T2 6335 (33.86 %) 4681 (37.38 %) 1654 (26.72 %)
T3 3884 (20.76 %) 2158 (17.23 %) 1726 (27.89 %)
T4 3568 (19.07 %) 1319 (10.53 %) 2249 (36.34 %)
N stage(n,%) <0.001
N0 9513 (50.84 %) 7987 (63.78 %) 1526 (24.66 %)
N1 1955 (10.45 %) 1432 (11.44 %) 523 (8.45 %)
N2 5436 (29.05 %) 2570 (20.52 %) 2866 (46.31 %)
N3 1807 (9.66 %) 533 (4.26 %) 1274 (20.58 %)
Ipsilateral metastasis(n,%) <0.001
Yes 3780 (20.20 %) 1316 (10.51 %) 2464 (39.81 %)
No 14931 (79.80 %) 11206 (89.49 %) 3725 (60.19 %)
Tumor size(cm) <0.001
<5 12823 (68.53 %) 9434 (75.34 %) 3389 (54.76 %)
5~7 3168 (16.93 %) 1765 (14.1 %) 1403 (22.67 %)
>7 2720 (14.54 %) 1323 (10.57 %) 1397 (22.57 %)
Survival time(months) 41.79 (0.32) 55.35 (0.40) 14.24 (0.30) <0.001

Note: ADC,adenocarcinoma; SCC,squamous cell carcinoma.
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patients (55.02 % vs 51.64 % p < 0.001). For young patients diagnosed with LUSC, which is associated with a lower risk of DM, was
found to be lower than that of old group. Similarly, young patients had a higher incidence of worse T category (both size and invasion
of adjacent structure), N category. In contrast, patients in young group exhibited a higher prevalence of ipsilateral metastasis, single
metastasis, multiple metastases, and overall distant metastasis. The same results were observed for pleural or pericardial metastasis,
distant lymph node metastasis, and distant organ metastasis. In the NSCLC patients included in the study, the highest incidence of DM
occurred in the pleura or pericardium, while bone was the organ with the highest incidence of DM, followed by the brain and liver.
However, the incidence of brain metastasis was the highest in young patients, while the incidence of pleural or pericardial metastasis
was the highest in old patients. Despite the greater risk of DM, the survival time of young patients was longer than that of old patients.
The details are presented in Table 3.

In subgroup analysis, the association between categorical age and overall DM in NSCLC patients was stratified. In patients with SCC
and ADC, younger age still indicated a greater risk of DM, while the effect was not statistically significant for other types of tumors.
Furthermore, the association between tumor onset age and DM risk was not significant in patients with large tumors (>7 cm).
Nevertheless, the association between age and DM status was not found to be modified by sex, ethnicity, or lymph node status (Fig. 2).

Table 2
The univariate and multivariate logistic regression for analyzing the risk factors of DM.

Univariate logistic regression Multivariate logistic regression

OR (95%CI) OR (95%CI)

Age group
Early-onset (Reference) (Reference)
Late-onset 0.62 (0.54–0.71)* 0.84 (0.72–0.99)*
Gender
Male (Reference) (Reference)
Female 0.83 (0.78–0.88)* 0.91 (0.84–0.98)*
Ethnicity
Black (Reference) (Reference)
White 0.72 (0.66–0.79)* 0.83 (0.74–0.93)*
Others 0.85 (0.75–0.96)* 0.86 (0.74–1.005)
Marital status
Married (Reference)
Unmarried 1.01 (0.95–1.07)
Laterality
Left (Reference)
Right 1.04 (0.98–1.11)
Histology
SCC (Reference) (Reference)
ADC 1.36 (1.27–1.46)* 1.79 (1.65–1.95)*
Others 2.94 (2.64–3.29)* 2.37 (2.08–2.71)*
Differentiation
Well differentiated (Reference) (Reference)
Moderately differentiated 1.7 (1.47–1.90)* 1.36 (1.17–1.58)*
Poorly differentiated 3.7 (3.27–4.19)* 2.11 (1.82–2.44)*
Undifferentiated 4.6 (3.69–5.80)* 2.25 (1.71–2.96)*
Primary site
Main bronchus (Reference) (Reference)
Upper lobe 0.43 (0.35–0.51)* 0.75 (0.60–0.93)*
Middle lobe 0.43 (0.34–0.54)* 0.77 (0.59–1.02)
Lower lobe 0.42 (0.34–0.50)* 0.83 (0.66–1.04)
Overlapping lesion of lung 0.41 (0.29–0.57)* 0.52 (0.35–0.78)*
Lung, NOS 1.21 (0.94–1.56) 1.11 (0.82–1.49)
Tumor size(cm)
<5 (Reference) (Reference)
5-7 2.21 (2.04–2.40)* 1.31 (1.18–1.44)*
>7 2.94 (2.70–3.20)* 1.47 (1.30–1.67)*
T stage
T0/T1 (Reference) (Reference)
T2 2.75 (2.48–3.06)* 1.89 (1.69–2.13)*
T3 6.23 (5.60–6.95)* 1.98 (1.71–2.31)*
T4 13.29 (11.90–14.86)* 3.14 (2.69–3.67)*
N stage
N0 (Reference) (Reference)
N1 1.91 (1.70–2.10)* 1.39 (1.23–1.57)*
N2 5.84 (5.41–6.30)* 3.53 (3.24–3.84)*
N3 12.51 (11.16–14.00)* 6.94 (6.12–7.87)*
Ipsilateral metastases
No (Reference) (Reference)
Yes 5.63 (5.22–6.08)* 2.99 (2.66–3.36)*

Note: ADC,adenocarcinoma; SCC,squamous cell carcinoma.
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A sensitivity analysis was conducted to assess the impact of excluding patients at extreme ages (n = 437), patients whose primary
site was unclear (n = 534), and patients with extreme tumor sizes (n = 448) on the initial association between age and DM risk. The
results demonstrated that these exclusions did not substantially alter the direction or magnitude of this association. (Table 4).

3.4. Dose‒response analyses

To investigate the dynamic trend in the occurrence of DM with age, we conducted dose-response analyses. Nonlinear associations
between age and pleural or pericardial metastasis (p for nonlinear <0.001) (Fig. 3h)), brain metastasis (p for nonlinear = 0.03)
(Fig. 3f)), single metastasis (p for nonlinear<0.001) (Fig. 3b)), multiple metastases (p for nonlinear = 0.02) (Fig. 3c)), and overall DM

Table 3
The clinicopathological features and metastatic patterns in NSCLC patients between early-onset and late-onset groups.

Early-onset (n = 936) Late-onset (n = 17,775) p

Gender(n,%) <0.001
Male 460 (49.15 %) 9395 (52.86 %)
Female 476 (50.85 %) 8380 (47.14 %)
Ethnicity(n,%) <0.001
Black 161 (17.2 %) 2020 (11.36 %)
White 647 (69.12 %) 14028 (78.92 %)
Other 128 (13.68 %) 1727 (9.72 %)
Marital status(n,%) 0.42
Married 496 (52.99 %) 9660 (54.35 %)
Unmarried 440 (47.01 %) 8115 (45.65 %)
Laterality(n,%) 0.47
Left 537 (57.37 %) 10412 (58.58 %)
Right 399 (42.63 %) 7363 (41.42 %)
Primary site(n,%) <0.001
Main bronchus 44 (4.7 %) 419 (2.36 %)
Upper lobe 545 (58.23 %) 10515 (59.16 %)
Middle lobe 42 (4.49 %) 824 (4.64 %)
Lower lobe 262 (27.99 %) 5347 (30.08 %)
Overlapping lesion 13 (1.39 %) 196 (1.1 %)
Lung, NOS 30 (3.21 %) 474 (2.67 %)
Differentiation(n,%) <0.001
Well differentiated 92 (9.83 %) 1935 (10.89 %)
Moderately differentiated 329 (35.15 %) 6662 (37.48 %)
Poorly differentiated 481 (51.39 %) 8802 (49.52 %)
Undifferentiated 34 (3.63 %) 376 (2.12 %)
Histology(n,%) <0.001
SCC 165 (17.63 %) 5879 (33.07 %)
ADC 660 (70.51 %) 10276 (57.81 %)
Others 111 (11.86 %) 1620 (9.11 %)
T stage(n,%) <0.001
T0 0 (0 %) 4 (0.02 %)
T1 200 (21.37 %) 4720 (26.55 %)
T2 275 (29.38 %) 6060 (34.09 %)
T3 237 (25.32 %) 3647 (20.52 %)
T4 224 (23.93 %) 3344 (18.81 %)
N stage(n,%) <0.001
N0 362 (38.68 %) 9151 (51.48 %)
N1 102 (10.9 %) 1853 (10.42 %)
N2 328 (35.04 %) 5108 (28.74 %)
N3 144 (15.38 %) 1663 (9.36 %)
Tumor size(cm) <0.001
<5 595 (63.57 %) 12228 (68.79 %)
5~7 163 (17.41 %) 3005 (16.91 %)
>7 178 (19.02 %) 2542 (14.3 %)
Ipsilateral metastasis(n,%) 234 (25 %) 3546 (19.95 %) <0.001
Pleural or pericardial metastasis(n,%) 144 (15.38 %) 2306 (12.97 %) 0.033
Distant lymph node metastasis(n,%) 57 (6.09 %) 607 (3.41 %) <0.001
Dsitant organ metastases(n,%)
Brain 174 (18.59 %) 1686 (9.49 %) <0.001
Liver 67 (7.16 %) 817 (4.6 %) <0.001
Bone 152 (16.24 %) 2083 (11.72 %) <0.001
Single metastasis(n,%) 276 (29.49 %) 3973 (22.35 %) <0.001
Multiple metastases(n,%) 134 (14.32 %) 1806 (10.16 %) <0.001
Overall distant metastasis(n,%) 410 (43.8 %) 5779 (32.51 %) <0.001
Survival time(months) 50.16 (1.49) 41.34 (0.32) <0.001

Note: ADC,adenocarcinoma; SCC,squamous cell carcinoma.
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(p for nonlinear <0.001) were identified (Fig. 3a)). However, a linear association was found between age and distant lymph node
metastasis (p for nonlinear = 0.27) (Fig. 3d)), liver metastasis (p for nonlinear = 0.37) (Fig. 3g)), and bone metastasis (p for nonlinear
= 0.87) (Fig. 3e)). The risk of distant lymph node metastasis and distant organ metastasis (i.e., bone metastasis, brain metastasis, and
liver metastasis) decreased with increasing age. In contrast, the risk of pleural or pericardial metastasis, single metastasis, multiple
metastases, and overall distant metastasis gradually decreased with age at younger ages, but there was a slight trend that they
increased at older ages. Specifically, the risk of pleural or pericardial metastasis exhibited a "U"-shaped pattern with age.

4. Discussion

This retrospective cohort study with large population investigated the risk factors associated with DM and the relationship between
continuous age and risk of different patterns of DM in NSCLC patients. Our study found that young age, male, and black race patients
exhibited a higher risk of developing DM. We also found that patients with SCC had a lower DM risk than those with LUAD or other
histological types. Worse T and N category, as well as poorer pathological grade was closely related to the risk of DM, which had been
proved by previous studies [22–24]. Moreover, the primary site of the tumor is also associated with the development of DM, tumors
located in the main bronchus are more likely to develop DM. Furthermore, our study found it possible that patients may have already
developed multiple latent metastases if intrapulmonary ipsilateral metastases occurred. Subgroup analyses indicated that the risk of
DM was not significantly greater in young patients than in old patients with large tumors (>7 cm) or histological type excluding LUSC
and LUAD. The reason could be that a tumor size often indicates advanced stage with higher incidence of metastasis [25]. Future
research should be conducted to explore the relationship between age and DM in patients with other types of histology.

A definitive correlation exists between the incidence of lung cancer and age [26]. Population-based statistics indicate that the
incidence of lung cancer is relatively low in younger age groups, with a notable increase observed after the age of 50, often exceeding a

Fig. 2. Subgroup analyses evaluating the association of tumor onset age (young vs old) with DMmodified by gender, ethnicity, histology, tumor size
and node status.

Table 4
Sensitivity analyses to assess the robustness of the association between tumor onset age (early-onset v.s. late-onset) and DM risk.

Excluding cases OR (95%CI)

Primary analysis 0 0.62 (0.54,0.71)
Excluding patients at extreme age 437 0.61 (0.52,0.70)
Excluding patients with extreme tumor size 448 0.61 (0.53,0.70)
Excluding patients whose primary site was unclear 504 0.62 (0.55,0.72)
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fivefold to tenfold increase, a decline may be observed at the extremely advanced ages (e.g., over 85 years), and epidemiological
studies conducted on larger populations, such as those in the United States and China, also demonstrate this phenomenon [3,27].
Therefore, it can be posited that patients diagnosed with lung cancer under age of 50 will exhibit distinctive characteristics when
compared to other age groups. Young NSCLC patients are underrepresented with considerable heterogeneity in clinicopathologic
characteristic compared with old patients [28]. Several studies have indicated that younger age had greater risk of lymph node or
distant metastasis when diagnosed initially [15,16,29]. Our study partially indicates these differences, like more LUAD proportion,
poorer pathological grading andmore prone to developing DM. Metastases to relatively rare sites and organs were not fully recorded in
the SEER database and we could not describe the detailed status. We still found that young patients had a greater incidence of each type
of metastasis, including pleural or pericardial metastasis, distant lymph node metastasis, distant organ metastasis and overall distant
metastasis. However, the survival time of young patients was longer than that of old patients. This may be attributed to differences in
the genotypes targeted and the effects of treatments between early- and old patients, physical condition and treatment intention are
considered as well [19,30].

Although this study indicated that young NSCLC patients (≤50 years) have a greater risk of DM than late-onset patients (>50
years), interestingly, the dose‒response analyses suggest that DM risk changes nonlinearly. The overall risk of DM decreases with age
before 70 years old but increases with age older than that. The risk of distant lymph node metastasis and distant organ metastases (i.e.,
bone metastasis, brain metastasis and liver metastasis) decreased with increasing age, while the risks of pleural or pericardial
metastasis, single metastasis, multiple metastases and overall DM decreased at younger ages, but they tended to increase at older ages,
which had not been reported in previous studies. Specifically, the risk of pleural or pericardial metastasis significantly increases after
the seventh decade, and thus, the risk changes with age in a U-shaped manner. In clinical practice, it is necessary to comprehensively
evaluate whether a patient has DM before surgery because of the unsatisfactory effect of surgery on patients with DM. This study
suggested that although old patients were generally at lower risk of developing DM, the decision still should be drawn with caution
when considering surgery.

The following strengths should be noted in this study. First, this study is based on a large population. Second, this is the first study
exploring the factors related to the development of DM in NSCLC patients and evaluating how the risk of DM dynamically changes with
age using dose‒response analysis. Because DM is closely related to quality of life and survival probability, earlier risk evaluation can
help clinicians identify patients at greater risk of DM and provide a faster reference for active medical decision making. Moreover, the
sensitivity analysis indicated that age plays an excellent and robust role in the risk stratification of DM risk for NSCLC patients.

Our study also has limitations: First, the study is a retrospective study based on public database, the real-world large scale pro-
spective studies may be required to explore risk factors for DM risk by including more parameters in the future. Second, Caucasian
ethnicity dominates the cohort, while there is considerable heterogeneity in lung cancer between racial groups [31,32], which may
produce research bias. Third, driven gene mutation is not fully explored, although a few researchers found ALK refusion may be risk
factor of NSCLC recurrence [33], but the relationship between DM and driven genes has not been investigated systematically. More
studies are needed to reveal their correlation in the future.

Fig. 3. Dose-response relationship between age (continuous) and risk of a) overall DM(p for nonlinear<0.001), b) single metastasis (p for non-
linear<0.001), c) multiple metastases (p for nonlinear = 0.02), d) distant lymph node metastasis (p for nonlinear = 0.27), e) bone metastasis (p for
nonlinear = 0.87), f) brain metastasis (p for nonlinear = 0.03), g) liver metastasis (p for nonlinear = 0.37), h) pleural or pericardial metastasis (p for
nonlinear<0.001).
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5. Conclusions

This retrospective cohort study suggested that age, sex, ethnicity, histology, T category, N category, differentiation grade, primary
site of the tumor, and ipsilateral metastases are factors associated with DM in NSCLC patients. Young NSCLC patients (≤50 years) have
a greater risk of DM than old patients (>50 years). Dose‒response analysis revealed that the risk of DM may decrease with increasing
age in patients under 70 years old, but there is a trend toward a slight increase with increasing age in patients older than seven decades.
Large prospective studies may be required to explore risk factors for DM risk by including more parameters in the future.
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