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A B S T R A C T   

Background: Primary tumor resection is associated with survival benefits in patients with meta-
static lung adenocarcinoma (mLUAD). However, there are no established methods to determine 
which individuals would benefit from surgery. Therefore, we developed a model to predict the 
patients who are likely to benefit from surgery in terms of survival. 
Methods: Data on patients with mLUAD were extracted from the Surveillance, Epidemiology, and 
End Results (SEER) database. Depending on whether surgery was performed on the primary 
tumor, patients were categorized into two groups: cancer-directed surgery (CDS) and no-cancer- 
directed surgery (No-CDS). Propensity Score Matching (PSM) was utilized to address bias between 
the CDS and No-CDS groups. The prognostic impact of CDS was assessed using Kaplan-Meier 
analysis and Cox proportional hazard models. Subsequently, we constructed a nomogram to 
predict the potential for surgical benefits based on multivariable logistic regression analysis using 
preoperative factors. 
Results: A total of 89,039 eligible patients were identified, including 6.4% (5705) who underwent 
surgery. Following PSM, the CDS group demonstrated a significantly longer median overall 
survival (mOS) compared with the No-CDS group (23 [21–25] vs. 7 [7–8] months; P < 0.001). 
The nomogram showed robust performance in both the training and validation sets (area under 
the curve [AUC]: 0.698 and 0.717, respectively), and the calibration curves exhibited high 
consistency. The nomogram proved clinically valuable according to decision curve analysis 
(DCA). According to this nomogram, surgical patients were categorized into two groups: no- 
benefit candidates and benefit candidates groups. Compared with the no-benefit candidate 
group, the benefit candidate group was associated with longer survival (mOS: 25 vs. 6 months, P 
< 0.001). Furthermore, no difference in survival was observed between the no-benefit candidates 
and the no-surgery groups (mOS: 6 vs. 7 months, P = 0.9). 
Conclusions: A practical nomogram was developed to identify optimal CDS candidates among 
patients with mLUAD.   
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1. Introduction 

Lung cancer is globally recognized as one of the most severe malignant tumors because of its high morbidity and mortality rates [1]. 
Among its various pathological subtypes, lung adenocarcinoma (LUAD) stands out as the most prevalent. Typically, surgical resection 
is the primary treatment option for patients diagnosed in the early stages. However, most patients are diagnosed at advanced stages 
due to the mild early symptoms that are difficult to detect [2]. As the disease progresses to an advanced stage, chemotherapy, radi-
ation, molecular targeted therapy, and immunotherapy become the primary treatment options. Despite a steady improvement in the 
survival rate of patients with metastatic lung adenocarcinoma (mLUAD) with the emergence of immunotherapy and molecular tar-
geted therapies, the 5-year relative survival rate for patients with mLUAD is only approximately 20% [3], posing a serious threat to 
people’s lives and health. Therefore, further improvement in the survival rate of these patients is urgently required. 

In the past, the goal of treating patients with mLUAD was primarily centered on disease control rather than achieving a radical cure. 
Consequently, resection at the primary tumor site is not considered standard therapy for these patients [4]. Previous studies have 
shown that although the frequency of surgical treatment for advanced non-small cell lung cancer (NSCLC) is decreasing, the survival of 
surgical patients is on the rise [5]. Additionally, recent prospective and retrospective studies have indicated that carefully selected 
patients with mLUAD may benefit from surgery [6–15]. However, these studies are limited by their small sample sizes. Owing to 
significant variations in clinicopathological characteristics among these patients, only certain subpopulations with mLUAD benefit 
from cancer-directed surgery (CDS) [16]. To date, definitive criteria for accurately predicting which patients with mLUAD are likely to 
benefit from CDS remain elusive. Additionally, performing a phase III clinical trial proves challenging due to the high heterogeneity 
and poor prognosis associated with mLUAD. Therefore, this study aimed to develop a predictive model for identifying individuals with 
mLUAD who may benefit from CDS using a robust and statistically powerful sample from the Surveillance, Epidemiology, and End 
Results (SEER) database. To achieve this goal, we extracted extensive data from the SEER database, designed an individualized 
nomogram, and developed a web-based version. This comprehensive approach will assist physicians in easily identifying candidates 
for mLUAD who can benefit from CDS prior to surgery. 

2. Materials and methods 

2.1. Patient selection from the SEER database 

The SEER database, managed by the National Cancer Institute, comprises 18 population-based cancer registries, covering almost 28 
percent of the United States population. We selected patients from the incidence - SEER 18 Regs study database based on documents 
submitted in November 2020, utilizing SEER*Stat software version 8.4.0 (Seer. Cancer-gov/Seers TAT). Tumor, node, metastasis 
(TNM) stage was reclassified according to the eighth edition of the American Joint Committee on Cancer. Inclusion criteria for patients 
were as follows: (a) pathology identified as stage IV (2004–2015), (b) histopathological classification and coding of tumors (ICD-O-3): 
8140–8141,8143–8146,8230,8250–8255,8260,8310,8323,8480,8481,8490,8550,8570,8571,8572,8574, (c) having data on the 
following inclusion variables: baseline demographic information (age, sex, race, marital status, survival state, and month of survival), 
tumor features (anatomical site, laterality, differentiation grade, T stage, N stage, CS tumor size [2004–2015], CS lymph nodes 
[2004–2015], CS extension [2004–2015], CS mets at dx [2004–2015]), and chemotherapy. Exclusion criteria were as follows: (a) 
diagnosis not being confirmed microscopically; (b) non-surgery due to other reasons (e.g., the patient died before the recommended 
surgery, patient or guardian refused surgery); and (c) having missing information. 

2.2. Comparison of survival between the CDS and No-CDS groups after propensity score matching (PSM) 

Based on whether surgery was performed on the primary tumor, the patients were categorized into two groups: CDS and No-CDS. 
PSM effectively addressed confounding biases between the two groups. Caliper matching was used to set the PSM criteria. Following 
PSM, chi-square tests were used to determine the significance of differences. Kaplan–Meier (K–M) analysis and log-rank tests were used 
to compare the overall survival (OS) of the two groups. 

2.3. Development and validation of a predictive nomogram model 

A nomogram is a statistical technique that calculates the likelihood of clinical occurrence by weighting each factor [17]. Numerous 
clinical studies have proven that nomograms combined with numerous factors achieve superior prognostic predictions compared to 
traditional score tables [18–20]. Consequently, it has been proposed as a substitute or even a new standard [21]. 

We selected the CDS group to build and verify a predictive model. To optimize data utilization for validation, we randomly 
allocated 70% of the patients to the training group and 30% to the validation cohort. We defined patients with mLUAD who underwent 
primary tumor surgery and lived longer than the median OS (mOS) of the No-CDS group as benefitting from surgery. Following this 
definition, patients in the CDS group were divided into two groups: surgery-beneficial and surgery-non-beneficial (results from the 
matched cohort). Based on the multivariate logistic regression analysis of the training set, a nomogram was developed as a quantitative 
tool to predict which patients with mLUAD may benefit from primary tumor surgery. Furthermore, we utilized the “DynNom” software 
to create a dynamic nomogram, accessible on the website in real-time. In both the training and validation sets, the area under the 
receiver operating characteristic curve (AUC) was used to measure the prediction performance of the nomogram. Calibration was 
graphically assessed using a calibration plot. Decision curve analysis (DCA) was used to calculate the clinical usefulness and net 
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benefit. 

2.4. Clinical usefulness of the nomogram 

In the CDS group, the predictive nomogram was used to calculate the probability of surgical benefits for each patient. A predictive 
benefit categorization algorithm was developed to classify individuals into two categories. If the overall prediction probability was 
>0.5, patients were classified as surgery-benefit candidates; otherwise, patients with total prediction probabilities less than 0.5 were 
classified as surgery-no-benefit candidates. 

K–M analysis was used to determine whether the clinical application value of the nomogram could discriminate individuals who 
may benefit from primary tumor resection (surgery benefit-candidates vs. surgery no-benefit-candidates vs. no-surgery group). 

2.5. Statistical analysis 

All statistical analyses in this research were performed using R software (version 4.1)). A P value < 0.05 (two-sided) was considered 
statistically significant. Categorical variables were analyzed using chi-square or Fisher’s exact tests. 

3. Results 

3.1. Patient characteristics before and after PSM 

From 2004 to 2015, a total of 101,104 patients with mLUAD were identified from the SEER database, with 89,039 meeting the 
inclusion criteria (Fig. 1). Only 5705 (6.41%) patients underwent surgery, which is consistent with real-world results. Before PSM, 
there were significant disparities in age, sex, race, marital status, TN stage, location, lesion laterality, differentiation, and chemo-
therapy between the two treatment groups (Table 1). Notably, the CDS group exhibited a higher proportion of patients with patho-
logical grades I–II (49.0%), T0–T2 (53.1%), and N0–1 (64.8%). A 1:1 PSM was applied to preoperatively available characteristics that 

Fig. 1. Flow chart depicting the screening process.  
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Table 1 
Baseline characteristics before and after PSM, including statistical comparisons between the CDS (highlighted in gray) and 
No-CDS groups (X 2 test). 

Y. Qi et al.                                                                                                                                                                                                              



Heliyon 10 (2024) e27768

5

could potentially influence treatment outcomes, including age, sex, race, marital status, TN stage, location, lesion laterality, and 
differentiation. Before matching, the features of the two groups were quite different (Fig. 2a). After matching, the observed differences 
were successfully eliminated (Fig. 2b). 

After 1:1 PSM, 5065 patients with mLUAD treated with CDS and 5065 patients without CDS were included in the study. Age, sex, 
race, marital status, TN stage, location, lesion laterality, and differentiation were all balanced (P > 0.05). The demographic and clinical 
features of the patients in the dataset are shown in Table 1. 

PSM: Propensity score matching; CDS: Cancer-directed surgery; No-CDS: No cancer-directed surgery. 
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3.2. Effect of CDS on survival outcomes in patients with mLUAD 

The influence of CDS on prognosis was assessed by comparing the mOS between the PSM groups (n = 5065 per group). Patients who 
received CDS demonstrated a significantly higher mOS(23 [21–25] months) compared with those who did not receive CDS (7 [7–8] 
months) (log-rank test: X 2 = 1384.0, P < 0.001) (Fig. 3a). 

Previous studies have shown that chemotherapy and sex affect the prognosis of advanced lung cancers [22–25]. We also explored 
the combined effects of these two variables on surgery. Our results suggest that chemotherapy and female sex have a positive impact on 
prognosis. As shown in Fig. 3b, survival differences were observed based on chemotherapy status and CDS utilization (chemotherapy 
+ CDS [26 {25–27} months], non-chemotherapy + CDS [18 {16–20} months], chemotherapy + No-CDS [11 {11–12} months], and 
non-chemotherapy + No-CDS [3 {3–3} months], P < 0.001). As shown in Fig. 3c, survival differences were observed based on sex and 
CDS utilization (female + CDS [30 {28–32} months, male + CDS [16 {15–18} months, female + No-CDS [8 {8–9} months, male +
No-CDS [6 {5–6} months, P < 0.001). (Fig. 3b and c). 

3.3. Nomogram to select optimal candidates for CDS patients 

The data above revealed that patients with mLUAD who underwent CDS had longer survival times. Within the CDS group, par-
ticipants were categorized into two groups: 74.6% (3776) of patients who survived for more than 7 months were assigned to the 
surgery-beneficial group, whereas the remaining patients were assigned to the surgery-non-beneficial group. 

Fig. 2. Distribution of the propensity scores of the CDS and No-CDS groups: (a) before and (b) after PSM. CDS: cancer-directed surgery; No-CDS: no- 
cancer-directed surgery; PSM: propensity score-matching. 

Fig. 3. Kaplan–Meier analysis for patients in the CDS and No-CDS groups: (a) the entire sample; grouped by (b) sex; and (c) chemotherapy.  
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We selected the CDS group to build and verify a predictive model. We randomly allocated 70% of the patients (n = 3545) to the 
training set and 30% (n = 1520) to the validation set. No significant differences were observed between training and validation sets 
(Table 2). 

In the multivariate Cox analysis (Fig. 4), age, sex, marital status, TN stage, site, laterality, and differentiation grade were all in-
dependent predictors of survival in patients with mLUAD. Owing to practical clinical considerations, race was excluded from the 
model. Therefore, the clinical baseline parameters that could be retrieved preoperatively, such as age, sex, marital status, TN stage, 
site, laterality, and differentiation grade, were included in the nomogram. Based on multivariate logistic regression analysis, a pre-
dictive nomogram was established to identify patients with mLUAD who might benefit from surgical intervention. Fig. 5a illustrates 
the predictive nomogram for candidates who may benefit from surgery. 

To assist researchers and clinicians in easily identifying individuals with mLUAD who would benefit from CDS, an online version of 
the nomogram is made available for access at https://dyna.shinyapps.io/mLUAD-DynNomapp/. The probability of surgical benefit can 
be readily predicted by entering clinical variables and reviewing the output figures and tables available on the website (Fig. 5b). 

This prediction model accurately identified surgical candidates in both the training (AUC = 0.698) and validation (AUC = 0.717) 
groups (Fig. 6a and b). The actual findings from the calibration curve for the training and validation groups were consistent with the 
values predicted by the nomogram (Fig. 6c and d). DCA demonstrated that utilizing the nomogram to forecast surgery benefit 
probability produced a larger net benefit than either the “treat all with surgery” or “treat none with surgery” strategies for operable 
patients with mLUAD, supporting the clinical relevance of the nomogram (Fig. 6e and f). 

3.4. Nomogram in clinical practice 

Based on their overall score, candidates with a projected probability greater than the 0.5 cutoff point were classified as “surgical 
benefit candidates”. A schematic illustrating the application of the nomogram is shown in Fig. 7. For newly diagnosed patients with 
mLUAD, CDS is not directly performed if the patient cannot tolerate surgery. If patients with mLUAD can tolerate surgery, the 
probability of surgical benefit can be easily predicted by entering the preoperative clinical variables and reviewing the output chart 

Table 2 
Patient demographics and clinical characteristics.  

Characteristics All (%) Training (%) Validation (%) X 2 p 

n 5065 3545 1520   

Age (%)    2.7977 0.0944 
≤65 2108 (41.6%) 1448 (40.8%) 660 (43.4%)   
>65 2957 (58.4%) 2097 (59.2%) 860 (56.6%)   

Sex (%)    3.6309 0.05672 
Female 2781 (54.9%) 1915 (54.0%) 866 (57.0%)   
Male 2284 (45.1%) 1630 (46.0%) 654 (43.0%)   

Race (%)    1.5534 0.4599 
Other 320 (6.3%) 223 (6.3%) 97 (6.4%)   
White 4306 (85.0%) 3026 (85.4%) 1280 (84.2%)   
Black 439 (8.7%) 296 (8.3%) 143 (9.4%)   

Marital (%)    4.0158 0.1343 
Married 3082 (60.8%) 2178 (61.4%) 904 (59.5%)   
Unmarried 655 (12.9%) 437 (12.3%) 218 (14.3%)   
Widowed 1328 (26.2%) 930 (26.2%) 398 (26.2%)   

Site (%)    3.6575 0.5997 
Main bronchus 60 (1.2%) 39 (1.1%) 21 (1.4%)   
Upper lobe 2486 (49.1%) 1735 (48.9%) 751 (49.4%)   
Middle lobe 274 (5.4%) 193 (5.4%) 81 (5.3%)   
Lower lobe 1447 (28.6%) 1024 (28.9%) 423 (27.8%)   
Overlapping 70 (1.4%) 43 (1.2%) 27 (1.8%)   
Unknown 728 (14.4%) 511 (14.4%) 217 (14.3%)   

Laterality (%)    5.4205 0.06652 
Right 3015 (59.5%) 2145 (60.5%) 870 (57.2%)   
Left 1920 (37.9%) 1307 (36.9%) 613 (40.3%)   
Both 130 (2.6%) 93 (2.6%) 37 (2.4%)   

Grade (%)    0.1718 0.9177 
I-II 2325 (45.9%) 1621 (45.7%) 704 (46.3%)   
III-IV 1762 (34.8%) 1239 (35.0%) 523 (34.4%)   

Unknown 978 (19.3%) 685 (19.3%) 293 (19.3%)   
T (%)    2.191 0.3344 
T0-T2 2623 (51.8%) 1857 (52.4%) 766 (50.4%)   
T3-4 2167 (42.8%) 1503 (42.4%) 664 (43.7%)   
Tx 275 (5.4%) 185 (5.2%) 90 (5.9%)   

N (%)    2.8142 0.2448 
N0-1 3195 (63.1%) 2250 (63.5%) 945 (62.2%)   
N2-3 1683 (33.2%) 1174 (33.1%) 509 (33.5%)   
Nx 187 (3.7%) 121 (3.4%) 66 (4.3%)    
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provided by the website via our web-based nomogram. If no benefit is observed, surgery is not performed. Surgery is recommended if it 
offers any benefits. Certainly, some patients strongly refuse surgery, and in such cases, their opinion should be respected. 

We compared the OS among the surgery benefit-candidate, surgery no-benefit-candidate, and no-surgery groups using K–M 
analysis (Fig. 8). Significant differences were observed (surgery benefit-candidate group, [25 {24–26} months]; surgery no-benefit- 
candidate group, [6 {5–8} months]; no-surgery group [7 {7–8} months]; P < 0.0001). Further pairwise comparisons revealed no 
significant differences between the surgery no-benefit-candidate group and the no-surgery group (P = 0.9). 

Fig. 4. The multivariate Cox regression forest graphic.  

Fig. 5. (a) Nomogram to predict potential candidates likely to benefit from cancer-directed surgery among patients with metastatic lung adeno-
carcinoma. (b) To aid researchers and clinicians, an online version of the nomogram is made available at https://dyna.shinyapps.io/mLUAD- 
DynNomapp/. 
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4. Discussion 

To our knowledge, this is the most extensive research on surgical intervention for patients with mLUAD. The positive impact of CDS 
observed in this study underscores its potential in managing mLUAD. Ma et al. collected data from 2010 to 2015 in the SEER database 
and constructed a prognostic nomogram to assist clinicians in determining the prognosis of patients with mLUAD following primary 
site surgery. Liu’s study was similar to Ma’s, albeit with different variables. Both predictive models reported in previous studies only 

Fig. 6. Receiver operating characteristic curve of the (a) training and (b) validation sets. Calibration plot of the (c) training and (d) validation sets. 
Decision curve analysis of the (e) training and (f) validation sets. 

Fig. 7. A schematic diagram illustrating the application of the nomogram. In this study, a prediction model was developed to identify individuals 
with metastatic lung adenocarcinoma who might benefit from cancer-directed surgery and to offer these patients more precise therapy alternatives. 
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analyzed the prognosis of patients with mLUAD undergoing surgery [26,27]. However, clear criteria for accurately predicting which 
mLUAD patients are likely to benefit from CDS remain undetermined. To address this gap, we devised a unique method for con-
structing a predictive model that can identify candidates who are likely to benefit from CDS. This model successfully stratified par-
ticipants with mLUAD according to their surgical benefit potential, with readily obtainable predictive factors, enhancing its 
practicability in clinical applications. In addition, the nomogram demonstrated satisfactory predictive efficiency. 

Surgery-related mortality has declined with advances in preoperative management and surgical techniques [28]. The continuous 
evolution of systemic therapy, coupled with increased awareness of clinical decision-making through multi-disciplinary teams (MDTs), 
has prompted a reevaluation of surgical intervention as part of the treatment of mLUAD [29]. Previous studies have shown that among 
6644 resected NSCLC cases in Japan, the proportion of patients with stage IV NSCLC was 3.8% [30]. Sun et al. recommended surgical 
intervention for 4.8% of patients with stage IV extrathoracic metastatic NSCLC [6]. Our results indicate that 6.4% of patients with 
advanced LUAD underwent in situ surgical resection. Our study showed that only a small number of patients with advanced lung 
adenocarcinoma underwent in situ tumor resection. A meta-analysis involving 15 observational studies revealed a 31% reduction in 
mortality with the surgical removal of the primary tumor in patients with advanced disease [31]. Consistent with previous research 
[32–35], our study found an mOS of 23 months for patients who had undergone CDS, which is approximately 16 months longer than 
that for patients who did not undergo surgery. This could be attributed to a reduction in tumor burden. Notably, no difference in 
survival was observed between the no-benefit candidates in the CDS group and the no-surgery group (mOS: 6 vs. 7 months, P = 0.9), 
indicating that not all operable patients could derive a survival benefit from surgery. 

The higher survival rates observed after surgical intervention may be attributable to a selection bias favoring individuals with 
favorable individual variables, such as better performance status and younger age. To mitigate this bias, we employed PSM to 
eliminate as much bias as possible. Our nomogram identified tumor site as the most significant predictor of surgical outcomes. Previous 
studies have shown that lung cancer affects the upper lobes more often than the lower lobes, and the right lung more frequently than 
the left [36]. Our study corroborates these findings, revealing a higher incidence of lung cancer in these positions. Specifically, 47.2% 
of patients had lesions in the upper lobes, whereas 59.5% had right-sided lung cancer. This finding can be attributed to the propensity 
for particles to deposit more easily in the upper and right lobes of the lungs. Additionally, our multivariate Cox analysis demonstrated 
that patients with mLUAD in the upper and right lobes were more likely to benefit from surgery. We suspect that this is related to the 
ease of total resection of these sites and the low incidence of postoperative complications. Traditional TNM staging has consistently 
associated high T and N levels with poor prognoses, aligning with the results of our prognostic model. In contrast, a high T stage was 
associated with a poor prognosis (HR = 1.44 [95% CI: 1.35–1.53], P < 0.0001), and a high N stage was also associated with a poor 
prognosis (HR = 1.64 [95% CI: 1.53–1.75], P < 0.0001). We hypothesize that this correlation is related to the challenges posed by 
surgical clearance in these cases. 

TNM staging system is one of the main predictors of survival and treatment options [37]. Nonetheless, various patient-specific 
factors, including age, sex, and marital status [38], are associated with survival in a broad spectrum of cancers. Therefore, the 
development of an improved staging prediction system that considers the patient’s condition is essential. For patients undergoing CDS, 
younger age is associated with a better prognosis [39]. Our findings are consistent with this observation. Older patients generally 
exhibit poorer health status, leading to a more cautious approach in their treatment compared with younger patients [40]. These 
findings underscore the significance of self-conditioning in the context of surgery for patients with advanced disease. Previous 
retrospective studies [22–25] have highlighted significant differences between male and female patients with NSCLC in terms of 
presentation, treatment, and prognosis. In the 1990s, Johnson et al. found that female patients with small cell lung cancer undergoing 
chemotherapy exhibited a survival advantage over their male counterparts. Subsequently, Ferguson et al. reported that women with 
various cell type tumors survived longer than men. In our study, sex emerged as an independent prognostic factor for survival, possibly 
because of the relation to hormonal control. There is evidence supporting the dependence of tumor cell growth on reproductive 
hormones, with NSCLC cells containing abundant estrogen receptors [41]. Marital status was also identified as an independent 
prognostic factor, with married patients demonstrating better health habits and economic support, including medication adherence 

Fig. 8. Kaplan–Meier analysis curves for the patients with metastatic lung adenocarcinoma in the different groups according to the nomogram (No- 
surgery group, No-benefit-candidate group, and Benefit-candidate group). 
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[42–44]. A happy marriage enhances the likelihood of shedding negative and pessimistic feelings, subsequently influencing physical 
health. Psychosomatic stress and negative emotions can interfere with an individual’s immune system and hormone levels through 
various pathways [45]. 

This study has certain limitations, primarily stemming from insufficient information in the SEER database: First, the research is 
retrospective, and all data in this study were obtained from the SEER database, which may have introduced selection errors. Second, 
the SEER database often lacked information on gene alterations, tumor markers, smoking histories, detailed information on the nature 
and distribution of metastatic diseases, and data on other specific treatments. However, because the most recent data did not contain 
specific information about tumor size, lymph nodes, or metastasis, we were unable to perform restaging. Therefore, we excluded the 
most recent data. Finally, the SEER database only included information on patients from the United States, potentially limiting the 
generalizability of our findings globally. Therefore, well-designed multicenter studies are required to substantiate our claims. 

5. Conclusions 

We propose a novel nomogram for identifying patients with mLUAD who would benefit from CDS, using robust and statistically 
powerful data. Clinicians may devise a more targeted treatment plan for patients with mLUAD using our nomogram. Our predictive 
model incurs no further costs and merits further validation and improvement. 
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