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Background: Surgical resection is not usually recommended for lung adenocarcinoma (LUAD) patients 
with bone metastases. However, the criteria for surgery are constantly being adjusted and there is a need to 
focus on the prognostic role of cancer-directed surgery (CDS) for bone metastatic LUAD patients investigate 
the factors influencing survival of CDS. We determined the survival benefit of CDS for LUAD patients with 
bone metastases and to develop a prognostic nomogram to predict overall survival (OS) for patients after 
surgery.
Methods: LUAD patients with bone metastases from the Surveillance, Epidemiology, and End Results 
(SEER) database between 2010–2015 were included and divided into CDS and non-CDS groups. The 
propensity score matching (PSM) was used to balance baseline characteristics. We used Kaplan-Meier curves 
and log-rank tests to compare cancer-specific survival (CSS) and OS between the two groups. Patients 
underwent CDS were randomly divided into training and validation cohorts to develop and validate a 
nomogram model to predict postoperative prognosis outcome–OS.
Results: Patients who underwent CDS had a better OS and CSS than those who did not underwent CDS 
(e.g., 1-year OS rate: 56.9% vs. 30.1%). Independent prognostic factors were selected by Cox regression 
analysis for CDS patients including age, sex, race, histological grade, N stage, and chemotherapy, and a 
nomogram was constructed to predict 1-, 2-, and 3-year OS after surgery according to the prognostic factors. 
The calibration curve and receiver operating characteristic (ROC) curve for the nomogram showed the 
model had a high predictive accuracy. [Area under the curve (AUC) at 1, 2, and 3 years in the training cohort 
were 0.735, 0.756 and 0.782, and in the validation cohort were 0.703, 0.758 and 0.836, respectively]. In 
addition, patients were divided into high-risk and low-risk groups based on prognostic scores, and Kaplan-
Meier curves showed significant differences in prognosis between the two groups.
Conclusions: These results indicated that patients with bone metastasis of LUAD received survival benefit 
from CDS. The prognostic nomograms could assist clinicians in specifying individualized assessments, but 
further research is needed.
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Introduction

Lung cancer is one of the most common malignancies 
worldwide and the main cause of cancer-related deaths (1), 
accounting for approximately one tenth (11.4%) of total 
diagnosed cancers and one fifth (18.0%) of total cancer deaths, 
respectively (2,3). Among lung cancer patients, more than 
85% are diagnosed with non-small cell lung cancer (NSCLC), 
with lung adenocarcinoma (LUAD) the most common 
NSCLC subtype (4,5). Early-stage symptoms of lung cancer 
may be asymptomatic or atypical, rendering a diagnosis 
difficult, and when symptoms such as hemoptysis, chest pain, 
and chest tightness appear, many patients have progressed 
to advanced disease and distant metastasis (6). Bone is an 
important metastatic site for bloodborne metastasis of lung 
cancer and is present in about 30–40% of patients throughout 
the course of the disease (7,8). The highest proportion of 
adenocarcinoma among lung cancer patients with bone 
metastases is about 50.3%, and the proximal spine and trunk 
bones are the most common sites (9). Most patients will suffer 
skeletal-related events (SREs) such as bone pain, pathological 
fractures, and spinal cord compression, which greatly affects 
their survival time and quality of life.

For patients with stage IV lung cancer, gender, 
histological type, number of metastatic organs, continued 
effective chemotherapy, and targeted therapy are important 
prognostic factors (10,11). Surgery is a common treatment 

for early-stage lung cancer. However, for patients with 
stage IV disease, resection of the primary tumor is not 
usually considered as a first treatment option. This is 
because even if surgery is chosen, the rate of recurrence 
and distant metastasis remains high after surgery, and 
the local recurrence and distant metastasis of the tumor 
make surgery limited (12,13). As the goal of treatment for 
these patients is to reduce pain while trying to prevent 
complications and prolong and improve their life, systemic 
therapy is usually chosen (14). Several studies have revealed 
the epidemiological characteristics and prognosis of patients 
with bone metastases of lung cancer, but have not illustrated 
the survival benefit of surgery for patients (15-17), while 
some retrospective studies have shown primary tumor 
resection could provide a survival benefit in metastatic 
NSCLC (18-20). With the development of surgical 
techniques and advances in multidisciplinary treatment, 
some IV stage patients, such as NSCLC patients with a 
single brain or adrenal metastases, can live longer with 
surgery (21,22). Therefore, there is a great need to gather 
evidence for the benefit of cancer-directed surgery (CDS) 
for patients with bone metastases of lung cancer and to 
construct an easily implemented model to predict survival 
after surgery to provide more personalized treatment.

Only by focusing on a more specific and limited disease 
can we better understand the potential benefits of surgery 
and make individualized assessments. Therefore, this 
study limited patients to LUAD with bone metastases, 
as it occurred in a large proportion of patients (9). We 
aimed to use data from the Surveillance, Epidemiology 
and End Results (SEER) database to investigate the value 
of CDS for LUAD patients with bone metastases and to 
identify independent prognostic factors associated with 
survival in those who underwent surgery. Based on this, we 
developed a nomogram to predict postoperative survival 
in LUAD patients with bone metastases. We present the 
following article in accordance with the TRIPOD reporting 
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-22-1514/rc).

Methods

Patient selection

Patient information for this retrospective population-
based study was obtained from the SEER database. The 
SEER database is a large oncology database created by the 
National Cancer Institute that contains patient clinical 
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information, tumor characteristics, treatment, and survival 
information covering approximately 28% of the U.S. 
population (23). The data was extracted by using SEER*Stat 
(version 8.4.0.1) software. Our inclusion criteria were as 
follows: (I) year of diagnosis from 2010 to 2015; (II) primary 
site was lung and bronchus, and the metastatic site was 
bone; (III) adenocarcinoma diagnosed under microscope. 
Histological code (ICD-O-3): 8140-8147, 8255, 8260, 
8310, 8323, 8480, 8481, 8490, 8550, and 8572. Exclusion 
criteria were: (I) patients with other metastatic sites such as 
liver, lung, and brain; (II) patients whose diagnosis was not 
confirmed by microscopy; (III) unknown surgical status; (IV) 
patient survival months or tumor size was “0”. Variables 
including age, sex, race, marital status, tumor site, laterality 
(lateral or bilateral), histologic grade, T stage, N stage, 
radiotherapy status, chemotherapy status, CDS status, 
survival time, tumor-specific death, and all-cause death were 
collected. All cases in this study were staged using the 7th 
edition TNM staging system.

The data used in this study are publicly available and do 
not include identifying information for individual patients. 
Therefore, written informed consent from patients or 
institutional review board approval was not required. The 
study was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013).

Propensity score-matching (PSM)

The study sample was divided into a CDS group and 
a non-CDS group according to the CDS status of the 
patients. To reduce the effects of data bias and confounding 
variables in the groups, PSM was performed (24,25). 
That is because in observational studies, study subjects 
are non-randomly assigned, which can cause confounding 
factors to be unevenly distributed between the two groups, 
resulting in confounding interference in the relationship 
between treatment factors and outcomes. And PSM method 
reduces intergroup bias by balancing the distribution of 
characteristic variables between the experimental and 
control groups (26). Variables that may affect treatment 
outcome were used to generate propensity scores by 
logistic regression, including age, sex, race, marital 
status, tumor site, laterality, histologic grade, T stage, 
N stage, radiotherapy status, and chemotherapy status. 
Patients in the two groups were matched 1:1 using the 
closest propensity score on the logit scale. After PSM, the 
significance of the differences in all variables were tested by 
chi-square test.

Survival analysis

Overall survival (OS) and cancer-specific survival (CSS) 
were estimated using Kaplan-Meier Method and compared 
with the log-rank test. OS was defined as the time from 
diagnosis to death from any cause (patients still alive at 
the end of the study were excluded). CSS was calculated 
from the date of diagnosis to the date of death due to 
cancer. Deaths attributed to cancer were considered 
events, and deaths from causes unrelated to cancer were 
censored at the last follow-up. The variables included 
in the multivariate Cox proportional risk model were 
determined by a forward-stepwise-selection method based 
on the smallest Akaike Information Criterion (AIC) values, 
which indicated the minimal loss of prognostic information 
(27,28). A multivariate Cox proportional risk model was 
used to identify independent prognostic factors, and 95% 
confidence intervals (CIs) and risk ratios (HRs) were 
calculated for the variables. We also compared the survival 
benefit of CDS in a subgroup analysis and generated forest 
plots with HR and 95% CI.

Development and validation of a nomogram in CDS group 
patients

Patients who underwent CDS were randomized in a 7:3 
ratio into a training cohort and a validation cohort. The 
training cohort was used to develop the column line graph 
and the validation cohort was used to verify the model. 
To determine the independent prognostic factors for 
patients who underwent surgical treatment, the smallest 
AIC based forward-stepwise-selection method was used to 
select variables into the multivariate Cox proportional risk 
regression model. The variables with P<0.05 were identified 
as independent prognostic factors. The nomogram 
prediction model was then developed based on the Cox 
regression model to predict OS probability at 1-, 2-, and 
3-year, and the concordance index (C-index) was calculated 
to evaluate the discriminative power of the nomogram. The 
calibration plots for the 1-, 2-, and 3-year OS probability 
were plotted to compare the predicted and actual events. 
In addition, the time independent receiver operating 
characteristic curve (ROC) and the area under the curve 
(AUC) were used to evaluate the ability of the model to 
discriminate between events and non-events at 1-, 2-, and 
3-year. The sensitivity and specificity of the nomogram 
were also evaluated based on the best cutoff of ROC. 
Finally, patients were divided into high-risk and low-risk 
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groups according to the best cutoff value of the risk score 
(based on the total score of each patient in the nomogram), 
and the log-rank test of the Kaplan-Meier survival curve 
was performed to verify its prognostic value.

Statistical analysis

Categorical variables were analyzed separately by chi-
square test. All statistical calculations were performed using 
R software version 4.2.1 (The R Foundation for Statistical 
Computing, Vienna, Austria; http://www.R-project.org). 
PSM was performed using the “MatchIt” package, and the 
smallest AIC value was calculated by the “MuMIn” and 
“survival” packages. The nomogram and calibration plots 
were produced using the “rms” package. ROC curves were 
plotted by the “survivalROC” package, and the best cutoff 
value was determined by the “surv_cutpoint” function of 
the “survminer” package. In all statistical tests, P<0.05 
was considered statistically significant, and all tests were  
two-sided.

Results

Clinicopathological characteristics of the selected patients 
before and after PSM

We identified 22,998 patients with microscopically 
confirmed LUAD with bone metastases in the SEER 
database between 2010 and 2015, of which 7,984 patients 
met the inclusion criteria (Figure 1). Among these eligible 
patients, 200 (2.5%) underwent CDS of the primary 
tumor, while the remaining 7,784 (97.5%) did not. The 
clinicopathological characteristics of patients are presented 
in Table 1. Before PSM, there was a significant difference 
between the CDS and non-CDS groups in terms of 
age, marriage, histological grade, T stage, N stage and 
radiotherapy (P<0.05), which was due to an imbalance in 
the baseline characteristics of the two groups.

After 1:1 PSM, 200 matched patients in both groups 
were matched, and the baseline characteristics table 
showed no significant differences between the two in terms 
of age, gender, race, marriage, primary site, laterality, 

LUAD with bone metastasis records 
identified through database, 2010-2015 

(n=23,172)

Patients underwent CDS or did not 
undergo CDS due to not recommended 

(n=21,925)

Histologyically confirmed diagnosis 
(n=22,998)

Patients included in the study  
(n=7,984)

Non-CDS group 
n=200

CDS group 
n=200

Predictive model Nomogram

Diagnosis not confirmed microscopically 
(n=174)

No CDS due to other reasons (n=1,073)

Combined metastasis to other organs 
(liver/brain/lung/unknown); tumor size =0; 

survival month =0 (n=13,941)

Figure 1 Flow chart depicting the patient selection process. LUAD, lung adenocarcinoma; CDS, cancer-directed surgery.

http://www.R-project.org
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Table 1 Clinicopathological characteristics of LUAD patients with bone metastasis before PSM

Characteristics CDS (N=200) (%) Non-CDS (N=7,784) (%) χ2 P

Age, years 18.00 <0.001

<65 96 (48.0) 2,858 (36.7)

65–74 70 (35.0) 2,590 (33.3)

≥75 34 (17.0) 2,336 (30.0)

Sex 1.02 0.312

Female 97 (48.5) 3,475 (44.6)

Male 103 (51.5) 4,309 (55.4)

Race 4.19 0.123

Black 13 (6.5) 841 (10.8)

Other 17 (8.5) 730 (9.4)

White 170 (85.0) 6,213 (79.8)

Marital status 12.52 0.014

Divorced/widowed 32 (16.0) 2,030 (26.1)

Married 132 (66.0) 4,285 (55.0)

Unmarried 36 (18.0) 1,469 (18.9)

Primary site 9.45 0.093

Main bronchus 5 (2.5) 234 (3.0)

Upper lobe 103 (51.5) 4,048 (52.0)

Middle lobe 13 (6.5) 362 (4.7)

Lower lobe 61 (30.5) 2,033 (26.1)

Overlapping lesion 3 (1.5) 61 (0.8)

Lung, NOS 15 (7.5) 1,046 (13.4)

Laterality 1.91 0.167

Bilateral 3 (1.5) 279 (3.6)

Unilateral 197 (98.5) 7,505 (96.4)

Grade 149.88 < 0.001

I 8 (4.0) 204 (2.6)

II 60 (30.0) 913 (11.7)

III 85 (42.5) 1,625 (20.9)

IV 1 (0.5) 40 (0.5)

Unknown 46 (23.0) 5,002 (64.3)

T stage 10.47 0.033

T1 42 (21.0) 1,334 (17.1)

T2 63 (31.5) 2,257 (29.0)

T3 42 (21.0) 1,466 (18.8)

T4 38 (19.0) 1,538 (19.8)

TX 15 (7.5) 1,189 (15.3)

Table 1 (continued)
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histologic grade, T stage, N stage, radiotherapy and 
chemotherapy (P>0.05), as detailed in Table 2, indicating 
minimal potential bias.

Impact of CDS on survival outcomes

After summarizing the baseline characteristics, we used 
Kaplan-Meir analysis and log-rank test to investigate the 
prognostic impact of CDS. Notably, patients who underwent 
CDS had a longer OS and CSS than those who did not, 
regardless of PSM (Figure 2, P<0.0001). For example, after 
PSM, the 1-year OS rates were 30.1% and 56.9% in the 
non-CDS and CDS groups, respectively, and the 3-year OS 
rates were 11.2% and 32.5%, respectively. The CSS rates 
of CDS groups were also higher than that of non-CDS 
groups (1-year: 56.5% vs. 30.4%, 3-year: 31.4% vs. 12.4%). 
In addition, we found that patients who underwent CDS 
also had a higher median survival time than those who did 
not, with a median survival of 16 months OS in the CDS 
group versus 7 months in the non-CDS group (P<0.001). 
We then examined the effect of CDS on the prognosis of 
each subgroup, and found that after CDS, the prognosis was 
improved in most subgroups compared to patients with non-
CDS. We found CDS did not improve OS in patients with a 
primary site of bronchus or overlapping lesion, TNM stage 
T4, TX or, N3 (Figure 3, P>0.05), and CSS in patients with 
a primary site of bronchus or overlapping lesion, unmarried, 
stage T4, or N3 (Figure S1, P>0.05).

CDS as an independent prognostic factor for survival in 
matched patients

We used the AIC method to assess the impact of CDS on 
prognosis in a multivariate setting and to identify other 
factors associated with prognosis. When we included 
seven variables (age, gender, race, histological grade, N 
stage, chemotherapy, and CDS) in a multivariate Cox 
regression analysis of OS, the AIC value was the smallest 
(AIC =3,602.7), and the smallest AIC value (AIC =2,994.5) 
also occurred when we included these variables in the 
multivariate Cox regression analysis of CSS (Table 3). 
In multivariate Cox analysis, CDS was independently 
associated with better OS (HR =0.47, 95% CI: 0.39–0.57, 
P<0.001) and CSS (HR =0.51, 95% CI: 0.42–0.63, 
P<0.001), while age, gender, race, histological grade, N 
stage, and chemotherapy were all independent factors 
affecting survival in LUAD patients with bone metastases 
(Table 3).

Nomogram variables screening

We randomly divided the 200 patients in the CDS group 
into a training cohort and a validation cohort in a 7:3 
ratio. To determine independent prognostic factors in the 
CDS group, we performed an AIC method analysis on the 
training cohort and found the smallest AIC value occurred 
when we incorporated six factors into the multivariate Cox 

Table 1 (continued)

Characteristics CDS (N=200) (%) Non-CDS (N=7,784) (%) χ2 P

N stage 38.52 <0.001

N0 84 (42.0) 1,986 (25.5)

N1 25 (12.5) 710 (9.1)

N2 66 (33.0) 3,288 (42.2)

N3 14 (7.0) 1,319 (16.9)

NX 11 (5.5) 481 (6.2)

Radiotherapy 5.77 0.016

No/unknown 113 (56.5) 3,709 (47.6)

Yes 87 (43.5) 4,075 (52.4)

Chemotherapy 0.75 0.387

No/unknown 64 (32.0) 2,741 (35.2)

Yes 136 (68.0) 5,043 (64.8)

LUAD, lung adenocarcinoma; CDS, cancer-directed surgery; NOS, not otherwise specified; PSM, propensity score-matching.

https://cdn.amegroups.cn/static/public/JTD-22-1514-Supplementary.pdf
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Table 2 Clinicopathological characteristics for LUAD patients with bone metastasis after PSM

Characteristics CDS (N=200) (%) Non-CDS (N=200) (%) χ2 P

Age, years 3.05 0.218

<65 96 (48.0) 112 (56.0)

65–74 70 (35.0) 55 (27.5)

≥75 34 (17.0) 33 (16.5)

Sex 0.04 0.841

Female 97 (48.5) 94 (47.0)

Male 103 (51.5) 106 (53.0)

Race 0.34 0.844

Black 13 (6.5) 14 (7.0)

Other 17 (8.5) 14 (7.0)

White 170 (85.0) 172 (86.0)

Marital status 4.20 0.379

Divorced/widowed 32 (16.0) 41 (20.5)

Married 132 (66.0) 114 (57.0)

Unmarried 36 (18.0) 45 (22.5)

Primary site 2.57 0.767

Main bronchus 5 (2.5) 4 (2.0)

Upper lobe 103 (51.5) 115 (57.5)

Middle lobe 13 (6.5) 15 (7.5)

Lower lobe 61 (30.5) 51 (25.5)

Overlapping lesion 3 (1.5) 4 (2.0)

Lung, NOS 15 (7.5) 11 (5.5)

Laterality 0.25 0.615

Bilateral 3 (1.5) 1 (0.5)

Unilateral 197 (98.5) 199 (99.5)

Grade 1.11 0.893

I 8 (4.0) 7 (3.5)

II 60 (30.0) 60 (30.0)

III 85 (42.5) 85 (42.5)

IV 1 (0.5) 0 (0)

Unknown 46 (23.0) 48 (24.0)

T stage 0.82 0.936

T1 42 (21.0) 37 (18.5)

T2 63 (31.5) 70 (35.0)

T3 42 (21.0) 43 (21.5)

T4 38 (19.0) 35 (17.5)

TX 15 (7.5) 15 (7.5)

Table 2 (continued)
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analysis: Age, sex, race, histological grade, N stage, and 

chemotherapy (AIC =955.9) (Table 4). These factors were 

identified as independent prognostic factors after surgery.

Nomogram construction

We next constructed a nomogram based on selected 
independent prognostic factors for LUAD patients with 

Table 2 (continued)

Characteristics CDS (N=200) (%) Non-CDS (N=200) (%) χ2 P

N stage 1.43 0.838

N0 84 (42.0) 78 (39.0)

N1 25 (12.5) 29 (14.5)

N2 66 (33.0) 73 (36.5)

N3 14 (7.0) 11 (5.5)

NX 11 (5.5) 9 (4.5)

Radiotherapy 1.49 0.221

No/unknown 113 (56.5) 126 (63.0)

Yes 87 (43.5) 74 (37.0)

Chemotherapy 0.22 0.914

No/unknown 64 (32.0) 62 (31.0)

Yes 136 (68.0) 138 (69.0)

LUAD, lung adenocarcinoma; CDS, cancer-directed surgery; NOS, not otherwise specified; PSM, propensity score-matching.
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Figure 2 Kaplan-Meier curves for OS and CSS of LUAD patients with bone metastasis. (A) OS before PSM. (B) CSS before PSM. (C) OS 
after PSM. (D) CSS after PSM. CDS, cancer-directed surgery; OS, overall survival; CSS, cancer-specific survival; PSM, propensity score-
matching; LUAD, lung adenocarcinoma.
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bone metastases who underwent CDS using the six variables 
listed in the previous section. Following this, the nomogram 
was constructed based on the training cohort for predicting 
1-, 2-, and 3-year OS (Figure 4).

The OS nomogram indicated N stage was the strongest 
prognostic factor, followed by chemotherapy status and race 
with a greater impact on the nomogram. The probability 
of survival of a particular patient can be calculated by 
adding the scores of the selected variables. Each variable 

on the nomogram was assigned a point, and a vertical line 
was drawn to the top points row to determine the number 
of points received for each variable value. The number of 
points from each variable was then added together and a 
vertical line dropped from the total points row to obtain the 
likelihood of OS time (1-, 2-, and 3-year OS probability) 
(Figure 4). For example, for a 50-year-old white male patient 
who was diagnosed with LUAD with bone metastases 
and N2 stage was histologically graded as moderately 

Figure 3 Subgroup analysis for OS in different subgroups. HR, hazard ratio; CI, confidence interval; CDS, cancer-directed surgery; OS, 
overall survival; Nos, not otherwise specified.
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differentiated, and had already undergone surgery and 
chemotherapy scored 136, and the model predicts the 
probability of his survival for 1 year as 56%.

Nomogram validation and calibration

The nomogram was validated both in the training cohort 
and in the validation cohort and showed the C-index was 

0.692 in the training cohort and 0.710 in the validation 
cohort for OS. Based on the ROC curve analyses, the time 
dependent AUC values of 1, 2, and 3 years were 0.735, 
0.756, and 0.782 in the training cohort and 0.703, 0.758, 
and 0.836 in the verification cohort, respectively (Figure 
5). The corresponding sensitivity and specificity of the 
time dependent ROC at 1, 2, and 3 years were evaluated 
in training (sensitivity: 0.654, 0.522 and 0.652; specificity: 

Table 3 Multivariate cox analyses of prognostic factors for overall and cancer-specific survival among the PSM population incorporating 
covariates identified by the smallest AIC value

Factors
OS CSS

HR (95% CI) P HR (95% CI) P

Age, years

<65 Reference Reference

65–74 0.96 (0.78–1.18) 0.729 0.91 (0.72–1.13) 0.465

≥75 1.40 (1.09–1.81) 0.028 1.62 (1.22–2.13) 0.004

Sex

Female Reference Reference

Male 1.56 (1.30–1.88) <0.001 1.65 (1.35–2.02) <0.001

Race

Non-white Reference Reference

White 1.45 (1.09–1.91) 0.027 1.57 (1.16–2.12) 0.013

Grade

I-II Reference Reference

III-IV 1.43 (1.16–1.76) 0.004 1.51 (1.21–1.89) 0.002

Unknown 1.12 (0.87–1.44) 0.461 1.08 (0.82–1.42) 0.663

N stage

N0-1 Reference Reference

N2 1.54 (1.26–1.88) <0.001 1.55 (1.25–1.93) <0.001

N3 1.80 (1.19–2.72) 0.019 1.90 (1.20–3.01) 0.021

NX 2.21 (1.45–3.34) 0.002 2.65 (1.62–4.36) 0.001

Chemotherapy

No/unknown Reference Reference

Yes 0.47 (0.38–0.58) <0.001 0.45 (0.35–0.56) <0.001

CDS

Non-CDS Reference Reference

CDS 0.47 (0.39–0.57) <0.001 0.51 (0.42–0.63) <0.001

PSM, propensity score-matching; AIC, Akaike Information Criterion; OS, overall survival; CSS, cancer-specific survival; HR, hazard ratio; 
CI, confidence interval; CDS, cancer-directed surgery.
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0.692, 0.828 and 0.805) and validation (sensitivity: 0.739, 
0.677 and 0.676; specificity: 0.650, 0.759 and 0.869) cohort. 
The nomogram and independent prognostic factors were 
then compared and showed the AUC values of the former 
were significantly higher than all independent prognostic 
factors for 1-, 2-, and 3-year OS in the training cohort, 
and the same result was confirmed in the validation cohort 
(Figure 6). These results confirm the C-index and AUC 
values had good discriminative and accurate prediction 
capabilities. Furthermore, we generated calibration 
curves for possible 1-, 2-, and 3-year OS (Figure 7), and 
the calibration curves for survival probability indicated 

the nomogram has an optimal correlation between OS 
prediction and observation in both training cohort and 
validation cohort. Our newly developed nomogram reliably 
predicted survival in LUAD patients with bone metastases 
after CDS.

The prognostic nomogram in clinical practice

We performed an exploratory examination of the predicted 
values of the nomogram for risk stratification. First, the 
total risk score for each patient in the training cohort was 
determined, and the cutoff value for the total score was 
calculated to be 105. Therefore, we categorized patients 
with scores greater than or equal to 105 as a high-risk 
group, and those with scores less than 105 as a low-risk 
group. The Kaplan-Meier OS curves showed that in 
the training cohort, patients in the low-risk group had a 
better prognosis than those in the high-risk group (log-
rank, P<0.0001) (Figure 8A), and the same cutoff value for 
OS also distinguished high- and low-risk groups in the 
validation cohort (log-rank, P<0.0001) (Figure 8B). These 
results indicate patients classified in the low-risk group 
could derived the greatest survival benefit from CDS and 
the risk classification system based on the nomogram was a 
valid predictor of survival in patients with bone metastases 
of LUAD after surgery.

Discussion

In this retrospective study, we screened cases from the 
SEER database to analyze the efficacy of CDS with primary 
tumor resection and other treatment modalities in patients 
with bone metastases from LUAD. By using PSM to reduce 
potential confounding in the CDS and non-CDS groups, 
we found a positive prognostic effect of CDS on LUAD 
patients with bone metastases. In addition, we developed 
a prognostic nomogram to predict OS at 1, 2, and 3 years 
postoperatively in patients undergoing surgery and validated 
the accuracy of the nomogram by developing ROC and 
calibration curves, and the results indicate this could be a 
meaningful evaluation tool for clinicians.

Bone is one of the main sites of hematogenous metastasis 
in advanced lung cancer, and the incidence of bone 
metastasis in LUAD is the highest, followed by small cell 
lung cancer and squamous lung cancer (29). The 1-year 
survival rate after the occurrence of bone metastases from 
lung cancer is 5.3%, the 2-year survival rate is 2.1%, 
and the median survival time is only 6–10 months (30). 

Table 4 Multivariate cox analyses of prognostic factors for OS 
in the training cohort incorporating covariates identified by the 
smallest AIC value

Factors HR (95% CI) P

Age, years

<65 Reference

65–74 1.10 (0.72–1.68) 0.653

≥75 1.76 (1.04–2.98) 0.036

Sex

Female Reference

Male 1.48 (1.01–2.16) 0.044

Race

Non-white Reference

White 2.06 (1.16–3.67) 0.013

Grade

I-II Reference

III-IV 1.89 (1.22–2.95) 0.005

Unknown 1.87 (1.10–3.18) 0.021

N stage

N0-1 Reference

N2 3.26 (2.01–5.29) <0.001

N3 5.22 (2.48–10.98) <0.001

NX 2.12 (0.92–4.91) 0.079

Chemotherapy

No/unknown Reference

Yes 0.38 (0.24–0.61) <0.001

OS, overall survival; AIC, Akaike Information Criterion; HR, 
hazard ratio; CI, confidence interval.
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Traditionally, the treatment of bone metastases was not 
curative, and patients were treated with a multidisciplinary 
approach based on systemic therapy combined with 
optimal local treatment, including radiotherapy, targeted 
therapy, immunotherapy, surgery, and symptomatic pain 
relief (31). Among these treatment modalities, surgery 
was used not to target the primary lesion but to resect 
isolated bone metastases with the aim of preventing and 

treating pathological fractures (especially weight-bearing 
bone) and reducing bone pain and spinal cord compression 
to improve the quality of life of patients (32). However, 
with the development of surgical techniques, advances 
in perioperative management, and multidisciplinary 
approaches to care, adverse events associated with surgical 
death have decreased, and resection of the primary tumor 
has also been reconsidered as part of the treatment of 
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advanced LUAD (33). In recent years, several studies 
have shown that the prognosis of stage IV NSCLC could 
improve by resection of the primary lesion (18-20). 
Although there are no current guidelines recommencing this 
for patients with bone metastases from advanced NSCLC, 
some evidence supports surgical intervention (17,34). In our 
study, we focused on a more specific type of bone metastatic 
lung cancer as this helped make more precise individualized 
decisions and because LUAD has the highest incidence 
of bone metastases (29). We believed CDS targeting the 
primary tumor could slow tumor progression by reducing 
tumor load and decreasing the release of tumor cells into 
the bloodstream. Our findings indicated OS and CSS were 
better in the surgical group than in the non-surgical group, 
and that CDS could provide a survival benefit for patients 
with bone metastases of LUAD. However, our results also 
suggested not all patients could benefit from CDS, such as 
those with T4 or N3 stage. Therefore, we must conduct 
an aggressive exploration in the future to determine who is 
suitable for CDS and when to perform the surgery.

To our knowledge, this is the first nomogram developed 
and validated for predicting postoperative survival in 
LUAD patients with bone metastases. Nomograms have 
been widely used in cancer prediction as tools that combine 
multiple predictors of prognosis to assess it. Nomograms 
allow clinicians to know more intuitively the prognostic 
survival of patients and make individualized decisions (35). 
We studied LUAD patients with bone metastases who 
received CDS based on the SEER database. By the smallest 
AIC based forward-stepwise-selection method, several 
predictors of postoperative survival were screened out and 
included in a multivariate Cox regression model, and we 
identified survival-related independent prognostic factors 
including age, gender, race, N stage, histologic grade, 
and chemotherapy status. By combining these factors, 
we developed a nomogram that could accurately predict 
1-, 2-, and 3-year postoperative OS in these patients. 
The nomogram demonstrated good discrimination and 
calibration in both training and validation cohorts and 
has the potential to be applied to realistic clinical decision 
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making.
We found chemotherapy was an independent prognostic 

risk factor for LUAD patients with bone metastases, which 
suggested systemic therapy is required. In contrast, we 
did not observe a prognostic role for radiotherapy, which 
is puzzling. This may be because for patients with bone 

metastases, radiotherapy is only a local treatment used to 
alleviate bone pain and prevent SREs such as pathological 
fractures, and does not delay tumor progression (36). 
Another reason may be that although patients received 
radiotherapy, the high dose and long course resulted in 
severe myelosuppression, and survival time did not improve. 
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As Wallace et al. alert, patients with bone metastases should 
be treated with shorter courses of radiotherapy (37), and 
LUAD is not particularly sensitive to radiation, resulting in 
tumor cells becoming tolerant to it (38).

This study has several limitations. First, the SEER 
database lacks basic information about patients, such 
as smoking history, cardiopulmonary function, and the 
specific site and number of metastases, which may affect 
the clinicians’ choice of treatment options. Second, we 
did not access the exact radiotherapy information, such as 
the site, regimen, and dose of chemotherapy, and did not 
access the data on targeted therapies and immunotherapy. 
Furthermore, as a retrospective study, selection bias is 
inevitable, although we have used PSM to reduce this 
variation. Finally, our model was not further externally 
validated with other datasets, which may bias the validation 
of model performance. In the future, large sample sizes 
and multicenter prospective studies are required to enable 
individualized assessment of surgery in patients with bone 
metastases of LUAD.

Conclusions

In summary, by analyzing data from the SEER database, 
this study demonstrated surgery could improve the 
prognosis for LUAD patients with bone metastases. In 
addition, the nomogram we developed may be a valid model 
for predicting OS after surgery in LUAD patients with 
bone metastases and may provide individualized clinical 
assessment.
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Figure S1 Subgroup analysis for cancer-specific survival in different subgroups. HR, hazard ratio; CI, confidence interval; CDS, cancer-
directed surgery.
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