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Surgical Survival Benefits With Different
Metastatic Patterns for Stage IV
Extrathoracic Metastatic Non-Small Cell
Lung Cancer: A SEER-Based Study
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Abstract
Background: With the knowledge of oligometastases, primary surgery plays an increasingly vital role in metastatic non-small cell
lung cancer. We aimed to evaluate the survival benefit of primary surgery based on metastatic patterns. Materials and
Methods: The selected patients with stage IV extrathoracic metastatic (m1b) non-small cell lung cancer between 2010 and 2015
were included in a retrospective cohort study from the Surveillance, Epidemiology, and End Results (SEER) database. Multiple
imputation was used for the missing data. Patients were divided into 2 groups depending on whether surgery was performed.
After covariate balancing propensity score (CBPS) weighting, multivariate Cox regression models and Kaplan-Meier survival curve
were built to identify the survival benefit of different metastatic patterns. Results: Surgery can potentially increase the overall
survival (OS) (adjusted HR: 0.68, P < 0.001) of non-small cell lung cancer. The weighted 3-year OS in the surgical group was 16.9%,
compared with 7.8% in the nonsurgical group. For single organ metastasis, surgery could improve the survival of metastatic non-
small cell lung cancer. Meanwhile, no significant survival improvements in surgical group were observed in patients with multiple
organ metastases. Conclusion: The surgical survival benefits for extrathoracic metastatic non-small cell lung cancer could be
divided by metastatic pattern.
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Introduction

Based on the Surveillance, Epidemiology, and End Results

(SEER) database, 57% patients were diagnosed with metastatic

disease.1,2 According to traditional therapeutic notions, surgery is

not considered to be suitable for metastatic non-small cell lung

cancer (NSCLC) over chemoradiotherapy. With the knowledge

of the tumor environment and biology, targeted therapies and

immunotherapy have made a breakthrough.3 In the latest National

Comprehensive Cancer Network (NCCN) guidelines, the sys-

temic treatment of metastatic NSCLC are prescribed according

to mutational and biological characteristics.2 However, targeted

therapies and immunotherapy may not be suitable for everyone

due to the low mutation positive rate of targeted gene. Moreover,

some people don’t benefit from the targeted therapy and drug

resistance is also the nonnegligible weakness of targeted therapy

and immunotherapy. And, local consolidative therapy prolonged

the OS of patients with metastatic NSCLC who did not benefit

from front-line systemic therapy.4

Recently, oligometastatic NSCLC has gradually entered the

field of vision of many clinicians and has been enlarged to a

maximum of 5 metastases and 3 organs. Moreover, a radical

form of treatment may reduce the tumor burden and improve
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the disease course.5,6 Therefore, primary surgery, as a main

method of local treatment, plays an increasingly vital role in

oligometastatic NSCLC. In addition, the tumor resection of

primary sites may benefit patients with metastatic NSCLC,

especially single organ metastasis in some retrospective cohort

studies.7-11 However, inconsistent results emerged in contro-

versial studies due to the small number of people included in

the metastatic NSCLC study.7,12 The age, regional lymph node

status, tumor size, and histology type of patients are some

important indicators; however, metastatic sites are often over-

looked in surgical decision-making. While some studies have

suggested that the location of metastases can predict different

outcomes.13-15 Although Sun et al confirmed that local surgery

benefited patients with metastatic NSCLC, regardless of

whether there were single or multiple metastases, distant lymph

nodes were ignored and an excessive number of cases were

excluded. In addition, multiple metastatic patterns are difficult

to analyze.7 Therefore, we aimed to evaluate the survival ben-

efit of primary surgery using metastatic patterns in this real-

world observational study.

Materials and Methods

Patient Population

We selected potential patients who might be included in a retro-

spective cohort study from an incidence-SEER 18 population-

based registries comprising approximately 28% of the US

population using the National Cancer Institute SEER*Stat soft-

ware version 8.3.6 (seer.cancer.gov/seerstat). A total of 82,506

patients who were first primarily diagnosed with malignant

tumors of the lung and bronchus with M1b stage according to

the third edition of the International Classification of Diseases

for Oncology (ICD-O-3) and the seventh edition of TNM staging

of NSCLC between 2010 and 2015 were screened. We excluded

patients who were aged younger than 18 years or only diagnosed

by autopsy or death certification. In addition, patients who

received surgery for metastatic or unknown sites, as well as

patients with unknown metastatic sites were excluded. Patients

with unknown treatment, including primary surgery and radia-

tion, were necessarily excluded. Moreover, cases with T0, TX,

NX, or 0 survival months were excluded. Based on the ICD-O-3

histology codes, the histological subtype was classified as ade-

nocarcinoma (8140, 8144, 8230, 8250 to 8255, 8260, 8310,

8323, 8480, 8481, 8490, and 8550), squamous cell carcinoma

(8052, 8070 to 8075, 8083, and 8084), larger cell carcinoma

(8012 to 8014, 8082, and 8123), and adenosquamous carcinoma

(8560). Finally, a total of 33,612 patients were included in the

cohort study, and 1,074 patients underwent primary surgery

(code 12-90). Because the data was derived from the SEER

database, it was unnecessary to obtain patient consent.

Patient identification, age of diagnosis, race/ethnicity, mar-

ital status, primary site, distant metastatic site, T stage, N stage,

histology type, nuclear grade, surgery, chemotherapy, radiation

therapy, cause-specific death classification, vital status, and

survival month were collected from the SEER database.

Metastatic patterns were divided into single organ and multiple

metastasis. Single organ metastasis was further classified into

distant lymph node-only, bone-only, liver-only, brain-only, and

other-only (excepting bone, brain, liver, and distant lymph

node) metastasis. Multiple metastases were further divided

according to the analysis results. The overall survival (OS) and

lung cancer specific survival (LCSS) were considered to be the

main endpoints of this study.

Statistical Analysis

A Pearson’s chi-square and t-test were respectively used to

compare the baseline data and clinical characteristics of

patients between the surgery and non-surgery groups according

to the data types and structures. The R package “effectsize”

was used to calculate the effect size.16 There were some

unknown data in Race, Marital, Grade variables (Table S2).

Multiple imputation was conducted to deal with the missing

data by building a polytomous regression model based on

patient age (continuous), race (white, black, or other), sex,

marital status (single, married, and other), year of diagnose,

nuclear grade (I, II, III, and IV), histology type, and primary

site using “mice” R package.17 In addition, the procedure was

repeated for 10 cycles to produce a final data set (Table S3).18

For further analysis, patient age was classified in 5-year age

ranges; however, everything else remained the same.

To balance the clinicopathological characteristics between 2

groups, the covariate balancing propensity score (CBPS)

weighting was performed using the “CBPS” R package.19

We calculated the propensity scores using covariate-

balancing propensity scores including the following variables:

patient age, race, sex, marital status, year of diagnose, primary

site, nuclear grade, histology type, T stage, N stage, radiation

therapy, chemotherapy, and metastatic pattern. After CBPS,

Log-rank test and Cox proportional hazards models were

performed to evaluate the hazard ratios (HRs) with 95% con-

fidence interval (CI) of OS (LCSS) between the surgery and

non-surgery groups. Multivariate Cox regression models were

fit adjusting for patient age, race, sex, marital status, year of

diagnose, primary site, nuclear grade, histology type, T stage,

N stage, radiation therapy, and chemotherapy and was

weighted according to CBPS. After making interaction tests,

similar methods were conducted to further analyze the survival

benefit of different subgroups. Moreover, we used random sur-

vival forest methodology instead of multiple imputation to

access the consistency of the results. All statistical analyses

were performed using R software (version 3.6.3) with 2-sided

testing and P < 0.05 was considered significant.

Results

Patients Characteristics

A total of 33,612 patients with stage IV extrathoracic metastases

were included in our study based on exclusion and inclusion

criteria (Figure 1). Table 1 shows the comparison of the
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clinicopathological characteristics of 1,074 patients who under-

went surgery and 32,538 patients who did not undergo surgery.

As shown in Table 2, the patient clinicopathological character-

istics were adequately balanced after multiple imputation and

propensity score adjustments were performed to estimate the

average treatment effect. The standard mean difference (SMD)

was all less than 0.1, which indicated that the baseline data of the

2 groups were adequately balanced. As shown in Table 1, all of

clinicopathological characteristics were statistically associated

with surgical selection, except for sex. Compared with the

non-surgery group, more individuals who underwent surgery

were white, had an earlier diagnosis, were younger, or married.

In addition, patients with upper lobe lesions, patients with a

higher nuclear grade, patients with an earlier T stage, patients

with an earlier N stage, and patients with large cell carcinoma or

adenosquamous carcinoma had access to receiving surgery. In

which, patients with higher nuclear grade and earlier N stage

were more likely to undergo surgery.

Distant Metastatic Site

As shown in Figure S1, bone metastasis was the most common

metastatic site, followed by brain metastasis, liver metastasis, and

distant lymph node metastasis. The metastatic patterns before and

after CBPS between the non-surgery and surgery group is shown

in Table 3. Patients with single organ metastasis had an inevitable

selection bias for receiving surgery. There were 947 out of 23,479

patients who had undergone surgery with single metastasis. Brain

only metastasis was more likely to receive the primary surgery.

Simultaneous bone and brain metastases had access to undergo

surgery in cases of multiple metastases.

Survival Benefit of Surgery Compared With the
Non-Surgery Group

The median survival time of the surgery group was 14 months

compared with the non-surgery group at 6 months (Log-rank

test: POS < 0.001 and PLCSS < 0.001). We found that there was

obvious statistical significance of the OS (LCSS) between the

surgery and the non-surgery group according to the Log-rank

test (Figure 2) and the Cox regression hazard model adjusted

by patient age, race, sex, marital status, year of diagnosis,

primary site, nuclear grade, histology type, T stage, N stage,

radiation therapy, chemotherapy, and metastatic pattern (OS:

adjusted HR: 0.68; 95% CI, 0.67 to 0.70, P < 0.001; LCSS:

adjusted HR 0.68; 95% CI, 0.67 to 0.70, P < 0.001). The

weighted 3-year OS rate of the surgery and non-surgery group

was 16.9% and 7.8%, respectively. Moreover, early mortality

rate of the postoperative patients was significantly lower than

that of non-operative patients (Table S1). Interaction testing

was performed using a likelihood ratio test, which confirmed

that the metastatic site discriminates the survival benefit of

Figure 1. Flow diagram of patient population.
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primary surgery (P < 0.001). We then further analyzed the

survival benefit of primary surgery variation across the sub-

groups for single organ metastasis and multiple organ

metastases.

Single Organ Metastasis

There were 23,479 patients with single organ metastasis of

NSCLC, for which there were 9,037 patients with only bone

metastasis, 6,548 patients with only brain metastasis, 2,453

patients with distant lymph node metastasis, 2,025 patients

with only liver metastasis, 3,416 patients with only other

(except bone, brain, liver, and distant lymph node) metastases.

First, primary surgery could benefit patients with single organ

metastasis of NSCLC (OS: weighted 3-year rate difference:

12.6%, adjusted Log-rank test: P < 0.001; LCSS: weighted 3-

year rate difference: 13.3%, adjusted Log-rank test: P < 0.001;

Figure 3A and B). Then, the degree of survival benefit for

receiving surgery was associated with the metastatic site (inter-

action testing: POS < 0.001 and PLCSS < 0.001). We found that

Table 1. Clinicopathologic Characteristics of Patients by Receipt of

Primary Surgery.

Characteristic

No. of patients (%)

P-value

Effect

size

Non-surgery

group

(N ¼ 32538)

Surgery

group

(N ¼ 1074)

Year of diagnosis <0.001 0.03

2010 4892 (15.0) 199 (18.5)

2011 4753 (14.6) 190 (17.7)

2012 5336 (16.4) 175 (16.3)

2013 5710 (17.5) 163 (15.2)

2014 5862 (18.0) 177 (16.5)

2015 5985 (18.4) 170 (15.8)

Sex 0.577 -

Male 17958 (55.2) 583 (54.3)

Female 14580 (44.8) 491 (45.7)

Age, years <0.001 0.06

18-49 2115 (6.5) 113 (10.5)

50-54 2940 (9.0) 109 (10.1)

55-59 4390 (13.5) 191 (17.8)

60-64 5200 (16.0) 187 (17.4)

65-69 5666 (17.4) 197 (18.3)

70-74 4848 (14.9) 130 (12.1)

75-79 3754 (11.5) 107 (10.0)

80þ 3625 (11.1) 40 (3.7)

Race 0.017 0.02

White 24975 (76.8) 864 (80.4)

Black 4332 (13.3) 125 (11.6)

Othera 3183 (9.8) 82 (7.6)

Unknown 48 (0.1) 3 (0.3)

Marital <0.001 0.02

Single 5217 (16.0) 172 (16.0)

Married 17088 (52.5) 629 (58.6)

Otherb 8935 (27.5) 231 (21.5)

Unknown 1298 (4.0) 42 (3.9)

Site 0.01 0.02

Lower lobe, lung 8551 (26.3) 286 (26.6)

Lung, NOS 3140 (9.7) 71 (6.6)

Main bronchus 1531 (4.7) 50 (4.7)

Middle lobe, lung 1352 (4.2) 49 (4.6)

Overlapping lesion

of lung

314 (1.0) 17 (1.6)

Upper lobe, lung 17650 (54.2) 601 (56.0)

Grade <0.001 0.14

I 644 (2.0) 48 (4.5)

II 3919 (12.0) 312 (29.1)

III 8432 (25.9) 474 (44.1)

IV 306 (0.9) 21 (2.0)

Unknown 19237 (59.1) 219 (20.4)

Histology <0.001 0.03

Adenocarcinoma 23935 (73.6) 776 (72.3)

Squamous cell

carcinoma

7112 (21.9) 212 (19.7)

Larger cell

carcinoma

907 (2.8) 48 (4.5)

Adenosquamous

carcinoma

584 (1.8) 38 (3.5)

T stage <0.001 0.04

T1 4014 (12.3) 189 (17.6)

(continued)

Table 1. (continued)

Characteristic

No. of patients (%)

P-value

Effect

size

Non-surgery

group

(N ¼ 32538)

Surgery

group

(N ¼ 1074)

T2 9196 (28.3) 363 (33.8)

T3 8567 (26.3) 270 (25.1)

T4 10761 (33.1) 252 (23.5)

N stage <0.001 0.11

N0 6776 (20.8) 467 (43.5)

N1 2615 (8.0) 146 (13.6)

N2 15250 (46.9) 349 (32.5)

N3 7897 (24.3) 112 (10.4)

Radiation therapy 0.867 -

No 13595 (41.8) 452 (42.1)

Yes 18943 (58.2) 622 (57.9)

Chemotherapy 0.191 -

No 11738 (36.1) 366 (34.1)

Yes 20800 (63.9) 708 (65.9)

Distant metastatic site

Distant lymph

nodes

<0.001 0.03

No 26602 (81.8) 956 (89.0)

Yes 5936 (18.2) 118 (11.0)

Bone <0.001 0.08

No 15344 (47.2) 762 (70.9)

Yes 17194 (52.8) 312 (29.1)

Brain <0.001 0.03

No 20721 (63.7) 590 (54.9)

Yes 11817 (36.3) 484 (45.1)

Liver <0.001 0.05

No 25444 (78.2) 962 (89.6)

Yes 7094 (21.8) 112 (10.4)

aAmerican Indian/AK Native, Asian/Pacific Islander.
bWidowed/Divorced/Separated/Unmarried or Domestic Partner.
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patients with brain, bone, liver, distant lymph node, and other

metastases were demonstrated to have a survival benefit from

primary surgery, among which brain metastasis benefit the most

(OS: weighted 3-year rate difference: 18.5%, adjusted Log-rank

test: P < 0.001; LCSS: weighted 3-year rate difference: 19.5%,

adjusted Log-rank test: P < 0.001, Figure 3E and F), followed by

other metastasis (OS: weighted 3-year rate difference: 11.9%,

adjusted Log-rank test: P < 0.001; LCSS: weighted 3-year rate

difference: 15.3%, adjusted Log-rank test: P < 0.001, Figure 3K

and L), bone metastasis (OS: weighted 3-year rate difference:

10.8%, adjusted Log-rank test: P < 0.001; LCSS: weighted 3-

year rate difference: 10.9%, adjusted Log-rank test: P < 0.001,

Figure 3C and D), liver metastases (OS: weighted 3-year rate

difference: 12.8%, adjusted Log-rank test: P ¼ 0.002; LCSS:

weighted 3-year rate difference: 12.4%, adjusted Log-rank test P

¼ 0.005, Figure 3G and H), and distant lymph node metastasis

have no a survival benefit from primary surgery (OS: weighted

3-year rate difference: 6.3%, adjusted Log-rank test: P ¼ 0.130;

LCSS: weighted 3-year rate difference: 6.1%, adjusted Log-rank

test: P ¼ 0.153, Figure 3I and J).

Multiple Organ Metastases

Patients with multiple organ metastases were demonstrated to

not benefit from primary surgery (OS: weighted 3-year rate

Table 2. Clinicopathologic Characteristics of Patients After the Cov-

ariate Balancing Propensity Score Weighting.

Characteristic

No. of patients (%)

SMD

Non-surgery

group

(N ¼ 32538)

Surgery

group

(N ¼ 1074)

Year of diagnosis 0.067

2010 4925 (15.1) 166 (15.5)

2011 4785 (14.7) 163 (15.1)

2012 5331 (16.4) 159 (14.8)

2013 5688 (17.5) 184 (17.2)

2014 5839 (17.9) 183 (17)

2015 5971 (18.3) 219 (20.4)

Sex 0.046

Male 17946 (55.2) 568 (52.9)

Female 14592 (44.8) 506 (47.1)

Age, years 0.068

18-49 2156 (6.6) 75 (7.0)

50-54 2948 (9.1) 87 (8.1)

55-59 4435 (13.6) 151 (14.1)

60-64 5209 (16.0) 161 (15.0)

65-69 5676 (17.4) 189 (17.6)

70-74 4826 (14.8) 179 (16.7)

75-79 3738 (11.5) 119 (11.1)

80þ 3550 (10.9) 112 (10.4)

Race 0.044

White 25039 (77.0) 808 (75.2)

Black 4331 (13.3) 158 (14.7)

Othera 3168 (9.7) 108 (10.1)

Marital 0.021

Single 5462 (16.8) 172 (16)

Married 17837 (54.8) 596 (55.5)

Otherb 9239 (28.4) 306 (28.5)

Site 0.064

Lower lobe, lung 8558 (26.3) 273 (25.4)

Lung, NOS 3115 (9.6) 107 (10.0)

Main bronchus 1538 (4.7) 65 (6.1)

Middle lobe, lung 1357 (4.2) 45 (4.2)

Overlapping lesion of

lung

319 (1.0) 10 (1.0)

Upper lobe, lung 17651 (54.2) 573 (53.3)

Grade 0.047

I 1650 (5.1) 59 (5.5)

II 9690 (29.8) 300 (27.9)

III 20448 (62.8) 693 (64.5)

IV 750 (2.3) 23 (2.1)

Histology 0.045

Adenocarcinoma 23916 (73.5) 773 (71.9)

Squamous cell carcinoma 7101 (21.8) 253 (23.6)

Larger cell carcinoma 923 (2.8) 31 (2.9)

Adenosquamous

carcinoma

598 (1.8) 17 (1.6)

T stage 0.042

T1 4062 (12.5) 126 (11.7)

T2 9245 (28.4) 291 (27.1)

T3 8555 (26.3) 289 (27)

T4 10676 (32.8) 367 (34.2)

N stage 0.059

N0 6992 (21.5) 209 (19.4)

(continued)

Table 2. (continued)

Characteristic

No. of patients (%)

SMD

Non-surgery

group

(N ¼ 32538)

Surgery

group

(N ¼ 1074)

N1 2670 (8.2) 89 (8.3)

N2 15111 (46.4) 500 (46.6)

N3 7765 (23.9) 277 (25.8)

Radiation therapy 0.023

No 13596 (41.8) 461 (42.9)

Yes 18942 (58.2) 613 (57.1)

Chemotherapy 0.012

No 11708 (36.0) 375 (35.4)

Yes 20830 (64.0) 694 (64.6)

Distant metastatic site

Distant lymph nodes 0.005

No 26672 (82.0) 878 (81.8)

Yes 5866 (18.0) 196 (18.2)

Bone 0.023

No 15573 (47.9) 502 (46.7)

Yes 16965 (52.1) 572 (53.3)

Brain 0.043

No 20639 (63.4) 703 (65.5)

Yes 11899 (36.6) 371 (34.5)

Liver 0.011

No 25552 (78.5) 848 (79.0)

Yes 6986 (21.5) 226 (21.0)

Abbreviation: SMD, standard mean difference.
aAmerican Indian/AK Native, Asian/Pacific Islander.
bWidowed/Divorced/Separated/Unmarried or Domestic Partner.
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Table 3. Patterns of Distant Metastases of Patient Cohort Before and After the Covariate Balancing Propensity Score Weighting.

Metastatic pattern

No. of patients before CBPS (%) No. of patients after CBPS (%)

Total Non-surgery Surgery Total Non-surgery Surgery

One site of distant metastasis

Liver 2025 (6.0) 1965 (6.0) 60 (5.6) 2033 (6.0) 1963 (6.0) 70 (6.5)

Distant lymph node 2453 (7.3) 2379 (7.3) 74 (6.9) 2459 (7.3) 2376 (7.3) 83 (7.8)

Othera 3416 (10.2) 3217 (9.9) 199 (18.5) 3400 (10.1) 3298 (10.1) 102 (9.5)

Bone 9037 (26.9) 8830 (27.1) 207 (19.3) 9065 (27.0) 8755 (26.9) 310 (28.9)

Brain 6548 (19.5) 6141 (18.9) 407 (37.9) 6520 (19.4) 6324 (19.4) 196 (18.2)

Two sites of distant metastasis

Liver þ Distant lymph node 338 (1.0) 334 (1.0) 4 (0.4) 342 (1.0) 328 (1.0) 14 (1.3)

Brain þ Liver 580 (1.7) 573 (1.8) 7 (0.7) 577 (1.7) 562 (1.7) 15 (1.4)

Brain þ Distant lymph node 650 (1.9) 640 (2.0) 10 (0.9) 648 (1.9) 629 (1.9) 19 (1.8)

Bone þ Distant lymph node 1212 (3.6) 1196 (3.7) 16 (1.5) 1213 (3.6) 1174 (3.6) 39 (3.7)

Bone þ Liver 2284 (6.8) 2260 (6.9) 24 (2.2) 2283 (6.8) 2214 (6.8) 68 (6.3)

Bone þ Brain 2594 (7.7) 2548 (7.8) 46 (4.3) 2598 (7.7) 2514 (7.7) 84 (7.8)

Three sites of distant metastases

Brain þ Liver þ Distant lymph node 96 (0.3) 95 (0.3) 1 (0.1) 96 (0.3) 93 (0.3) 3 (0.3)

Bone þ Brain þ Distant lymph node 496 (1.5) 493 (1.5) 3 (0.3) 495 (1.5) 481 (1.5) 14 (1.3)

Bone þ Brain þ Liver 1074 (3.2) 1068 (3.3) 6 (0.5) 1075 (3.2) 1042 (3.2) 33 (3.1)

Bone þ Liver þ Distant lymph node 546 (1.6) 540 (1.7) 6 (0.5) 545 (1.6) 529 (1.6) 16 (1.5)

Four sites of distant metastases 263 (0.8) 259 (0.8) 4 (0.4) 262 (0.8) 255 (0.8) 7 (0.7)

Abbreviation: CBPS, covariate balancing propensity score weighting.
aDistant metastasis except for bone, brain, liver, and distant lymph node.

Figure 2. Kaplan-Meier survival curves comparing OS/LCSS between surgery group and non-surgery group. (A and C) KM curves for overall

survival (OS) (P < 0.001) and lung cancer specific survival (LCSS) (P < 0.001) before CBPS; (B and D) KM curves for overall survival (OS) (P

< 0.001) and lung cancer specific survival (LCSS) (P < 0.001) after CBPS. OS indicates overall survival; LCSS, lung cancer specific survival;

CBPS, covariate balancing propensity score weighting.
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difference: �0.5%, adjusted Log-rank test: P ¼ 0.062; LCSS:

weighted 3 year rate difference: �0.8%, adjusted Log-rank

test: P ¼ 0.073; Figure 4A and B). Due to the negative

weighted 3-year rate difference, it was necessary to further

analyze the survival benefit from primary surgery in the differ-

ent subgroups. In single organ metastasis, patients with distant

lymph node metastasis did not benefit from surgery, thus mul-

tiple organ metastatic patients with involved distant lymph

node metastases were divided into a group. According to the

results shown in Table S4, we divided multiple organ metas-

tases into 5 groups: distant lymph node + liver + bone +
brain, liver þ bone þ brain, liver þ brain, liver þ bone, and

boneþ brain. Since less patient cases in surgery group, we only

further analyses 3 subgroups. As shown in Figure 4, the sur-

vival benefit from primary surgery was no significant for

patients with multiple organ metastases. In the sensitivity

analysis, random survival forest methodology instead of mul-

tiple imputation did not change our findings.

Discussion

This is the first large population-based retrospective cohort

study to distinguish the survival benefit of primary surgery

based on metastatic patterns for patients with stage IV extra-

thoracic metastatic NSCLC. Moreover, our observation that

local primary surgery could benefit patients with metastatic

NSCLC is consistent with prior studies.7,20,21 Furthermore,

patients with single organ metastasis (bone, brain, and liver)

experienced a substantially improved survival benefit from pri-

mary surgery. In multiple organ metastasis, primary surgery

increased the risk for patients with a high tumor burden. Our

findings suggested that metastatic patterns distinguish the

Figure 3. Kaplan-Meier survival curves comparing OS/LCSS between surgery group and non-surgery group in single organ metastasis subgroups

after CBPS. (A and B) Single organ metastasis group; (C and D) bone metastasis group; (E and F) brain metastasis group; (G and H) liver metastasis

group; (I and J) distant lymph node metastasis group; (K and L) other site metastasis group. OS indicates overall survival; LCSS, lung cancer

specific survival; CBPS, covariate balancing propensity score weighting; DLN, distant lymph node.
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survival benefit of primary surgery for stage IV extrathoracic

metastatic NSCLC.

Metastatic NSCLC has been widely studied and it has

recently been confirmed that different metastatic sites can pre-

dict different clinical prognostic values under the background

of big data.14,22 It has been well-established that the bone is the

most common metastatic site of NSCLC, followed by the lung,

brain, liver, and adrenal glands, with the best prognosis asso-

ciated with brain-only metastasis.22 Surgical treatment initially

focused on patients with synchronous solitary brain or adrenal

metastasis and improved the clinical outcome.23 Recently,

Takahashi and colleagues found that primary lung cancer

resection improved the survival rates of patients with synchro-

nous isolated bone metastasis.24 The above research findings

are consistent with our findings; however, distant lymph node

metastasis as a vital metastatic site has often been overlooked

and it was discovered to be difficult to benefit from primary

surgery in single and multiple organ metastases. Therefore,

surgical management for patients with distant lymph node

metastasis is required to consider other risk factors, including

age, physical state, and lymph node status.

We found that patients with multiple organ metastases did

not benefit from primary surgery. While previous studies have

rarely focused on multiple organ metastases in metastatic

NSCLC, some have demonstrated that primary surgery is ben-

eficial for patients with multiple organ metastases.7,9,25 With

an accumulation in research studies and the implementation of

prospective clinical trials, additional subgroups that can be

used for surgery will be identified.

An increasing number of studies have found that oligometa-

static NSCLC is no longer single lesion or organ metastasis.23

The definition of oligometastatic NSCLC is heterogeneous in

both retrospective and prospective studies, and the maximum

number of metastases range from 1 to 8.26 Recently, the

European Organization for the Research and Treatment of Can-

cer (EORTC) lung cancer group (LCG) considered the maxi-

mum number of metastases to be variable and 42% of

responders identified 3 metastases to be the correct defini-

tion.27,28 The members of the consensus meeting enlarged this

number to a maximum of 5 metastases and 3 organs, and con-

sidered it changes with local radical treatment (LRT) strategy.5

Thus, more patients with multiple organ metastases will be

included in future studies or clinical trials.

At present, multimodal comprehensive therapy represents

the optimal treatment management strategy for metastatic

NSCLC based on the results discussed within a multidisci-

plinary tumor board. In the most recent European Society of

Medical Oncology (EMSO) Clinical Practice Guidelines for

metastatic NSCLC, the first line treatment remains the tar-

geted therapy or immunotherapy based on genetic testing.29 In

addition, surgical management is suitable for single brain

metastasis according to the EMSO guidelines of metastatic

NSCLC. In recent years, studies found that the local ablative

treatment is an important method to prolong the survival of

patients with NSCLC. Especially for patients with oligometa-

static or oligoprogressive NSCLC, the local ablative treat-

ment can reduce significantly the burden of tumor compared

with radiochemotherapy. Moreover, the local ablative treat-

ment is safer for patients with drug resistant clones than tra-

ditional surgery.30,31 Although some retrospective studies

have demonstrated that primary surgery could improve sur-

vival time and be even better than radiochemotherapy for

metastatic NSCLC, current evidence is limited according to

prospective studies for surgery in metastatic NSCLC.7-11,32

Prospective series suggest that primary surgical resection as

a part of local consolidative therapy is necessary to prolong

survival time but can be affected by mediastinal nodal sta-

tus.33-37 Similarly, distant lymph node metastasis for single

Figure 4. Kaplan-Meier survival curves comparing OS/LCSS between surgery group and non-surgery group in multiple organ metastases

subgroups after CBPS. (A and B) Multiple organ metastases group; (C and D) involved distant lymph node metastases group; (E and F) bone and

liver metastases group; (G and H) bone and brain metastases group. OS indicates overall survival; LCSS, lung cancer specific survival; CBPS,

covariate balancing propensity score weighting; DLN, distant lymph node.
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and multiple organ metastases was also a risk factor in our

study. We hope that more prospective studies will be per-

formed to verify the clinical significance of primary surgical

resection for metastatic NSCLC. The EORTC-LCG consen-

sus meeting proposed the inclusion criteria for future prospec-

tive studies.5

There are some unavoidable limitations associated with our

retrospective study. First, other selection bias (e.g., better per-

formance status) may affect surgical management, which can

influence the reliability of our findings. Second, mediastinal

lymph node staging, surgery timing, and performance status

may affect the surgical results. We cannot control these poten-

tial modifier effects due to the lack of these data in the SEER

database. Third, the number of metastases from the same organ,

a vital confounding factor, cannot be controlled. Finally,

although some common metastatic sites, like adrenal metasta-

sis, were not recorded in the SEER database, we were not able

to group them in detail.

Conclusion

In conclusion, the metastatic pattern distinguished the survival

benefit of primary surgery for stage IV extrathoracic metastatic

non-small cell lung cancer. For single organ metastasis, pri-

mary surgery benefited patients with metastatic NSCLC com-

pared to the non-surgery group. The surgical management for

patients with distant lymph node metastasis is required to seri-

ously consider. Surgical management of metastatic NSCLC

should be adjusted according to metastatic patterns.
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