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ABSTRACT

Background: Selected non-small cell lung cancer (NSCLC) patients with extrathoracic metastases might benefit
from surgical intervention; however, the evidence is limited. We investigated the benefit of surgery in these
patients regarding the extent of the metastatic disease.

Methods: Patients with extrathoracic metastatic NSCLC were identified in the US National Cancer Institute
Surveillance, Epidemiology, and End Results database (2010-2015). Survival was compared before and after
matching. Multivariate Cox regression models were built to identify factors associated with survival and to
adjust for covariates in subgroup analysis.

Results: Of the 39,655 patients, 1206 underwent primary tumor resection, and 630 patients were identified 1:1
in surgical and nonsurgical groups after matching. In the entire cohort, patients who underwent surgery had
significant prolonged overall survival (OS) in both unmatched (median survival time, [MST]: 14 vs. 6 months,
p < 0.001) and matched (MST: 11 vs. 7 months, p < 0.001) cohorts. In the highly selected surgery-re-
commended cohort, surgical group still had a significantly longer OS (MST: 14 vs. 6 months, p < 0.001).
Multivariate regression showed that surgery was independently associated with improved OS and lung cancer-
specific mortality (LCSM) (OS: hazard ratio [HR]: 0.60, 95% confidence interval [CI]: 0.56-0.64, p < 0.001;
LCSM: subhazard ratio [SHR]: 0.61, 95% CI: 0.57-0.66, p < 0.001). Subgroup analysis showed that surgery was
an independent favorable predictor to survival in all cohorts except patients with N3 disease, and patients with
single-organ metastasis were associated with the most prominent survival benefit from surgery.

Conclusions: Primary tumor resection was associated with improved survival in extrathoracic metastatic NSCLC
patients, particularly for those with single-organ metastasis.

1. Introduction

patients with pathologically proven stage IV NSCLC with less than five
synchronous metastases and achieved prolonged progression-free sur-

Lung cancer is the leading cause of cancer-related death worldwide.
Based on the updated Surveillance, Epidemiology, and End Results
(SEER) data, up to 55% of all patients with newly diagnosed lung
cancer have advanced disease with extrathoracic metastases. Systemic
therapy is the main therapeutic strategy for patients with stage IV lung
cancer [1]. Yet, the 5-year overall survival (OS) rate for patients with
distant metastatic disease still remains extremely low (2%). Local
consolidative therapy based multidisciplinary management, other than
palliative treatment for relieving localized symptoms, has been at-
tempted to improve the long-term outcome for selected patients with
distant metastases. A phase 2 study applied radical treatment to

vival (PFS) [2]. Another phase 2 study compared local consolidative
therapy (surgery or radiation) with maintenance therapy for NSCLC
patients with three or fewer metastases after initial systemic therapy
and also demonstrated a significantly improved PFS [3]. These studies
suggested that aggressive local therapy may provide survival benefit for
patients with stage IV NSCLC.

As a main approach of local therapy, surgical resection of the pri-
mary tumor has been applied for selected patients with extrathoracic
metastatic disease. A series of small, retrospective studies demonstrated
that some patients might benefit from surgical intervention for both
primary chest and metastatic tumors, especially when the brain or
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adrenal gland was the only involved site [4-12]. Moreover, the NCCN
guidelines have also recommended that aggressive local therapy should
be considered as a choice for selected patients with limited metastases
[13]. However, owing to the absence of high-level evidence, the precise
judgement of clinicians for treatment decision and approach choice was
still impracticable. As such, a population-based study may be helpful for
physicians to identify the potential patients who might benefit from
surgical intervention in the real world, thus helping with the decision
making in clinical practice.

In this study, we sought to investigate the benefit of primary tumor
resection in NSCLC patients with extrathoracic metastases and tried to
identify the patients’ characteristics that were associated with survival
gain from surgery based on the updated SEER data, including in-
formation on extrathoracic metastatic sites at the time of initial lung
cancer diagnosis.

2. Patients and methods
2.1. Study population

We used the National Cancer Institute SEER*Stat software version
8.3.5 (seer.cancer.gov/seerstat) to select patients from the Incidence-
SEER 18 Regs Research Database based on the November 2017 sub-
mission, which covers approximately 28.0% of the U.S. population.
Cases that were diagnosed as malignant tumors of the lung and
bronchus according to the 3™ edition of the International Classification
of Diseases for Oncology (ICD-O-3) between 2010 and 2015 were in-
cluded in the eligibility screening process. Of these cases, we used the
following patient inclusion criteria: 1) pathologically confirmed NSCLC
(only the major histologic subtypes comprising adenocarcinoma,
squamous cell carcinoma, large cell carcinoma, and adenosquamous
carcinoma were included); 2) stage IV M1b disease according to the 7t
edition of the American Joint Committee on Cancer (AJCC) TNM
classification or MINOS (not otherwise specified) disease with con-
firmed extrathoracic metastasis at the time of diagnosis; and 3) diag-
nosed as the first primary malignancy in patient’s lifetime. Patients
were excluded: 1) if their information on distant metastatic involve-
ment, survival month or surgical status was unavailable; 2) if the pa-
tients were younger than 18 years; or 3) if the patients had TO local
disease.

Baseline sociodemographic information (age, sex, race, insurance
coverage, and marital status), tumor characteristics (location, histologic
subtype, grade, T/N descriptor, and metastatic site), and treatment
details (metastasectomy, surgery type of primary tumor resection, and
reason for no surgery of primary site) were collected from the database.
In this study, histologic subtype was classified according to the ICD-O-3
histology codes (adenocarcinoma: 8140, 8230, 8250 to 8255, 8260,
8310, 8333, 8470, 8480 to 8481, 8490, 8550; squamous cell carcinoma:
8052, 8070 to 8073, 8083 to 8084; larger cell carcinoma: 8012 to 8014,
8082, 8123; adenosquamous carcinoma: 8560). Surgery type was
classified according to SEER surgery code (local tumor destruction: 12
to 13, 15; sublobar resection: 20 to 25; lobe or bilobectomy: 30, 33, 45
to 48; pneumonectomy: 55 to 56, 65 to 66, 70). Overall survival (OS)
and lung cancer-specific mortality (LCSM) were the primary and sec-
ondary outcomes of interest. OS was defined as the time interval from
the diagnosis of metastatic NSCLC to all-cause death, while LCSM was
defined as the time interval between the diagnosis of metastatic NSCLC
and death attributed to lung cancer.

2.2. Statistical analysis

To compare the baseline characteristics between surgical and non-
surgical groups, we analyzed the categorical variables by the Pearson’s
%2 test and the nonnormally distributed continuous variables by Mann-
Whitney U test. The Kaplan-Meier method was used to determine OS,
and the log-rank test was applied to compare the survival curves.
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Propensity score matching (PSM) was performed to reduce potential
selection bias from patient selection. A logistic regression model was
built to calculate the propensity scores of the following covariates: age,
sex, race, insurance coverage, marital status, tumor location, histologic
subtype, grade, T/N descriptor, metastatic site, and metastasectomy.
Patients treated with surgery were matched with patients without
surgery by a 1:1 greedy algorithm without replacement.

A multivariate Cox proportional hazard model was constructed to
identify factors associated with OS. Likewise, a multivariate competing
risks regression model was established to recognize factors associated
with LCSM. Analysis of the cumulative incidence of lung cancer-specific
death considered noncancer-specific death as competing risk. Fine and
Gray’s competing risk regression was conducted to estimate the sub-
hazard ratio (SHR). In addition, multivariate Cox proportional hazard
and competing risks regression models were applied to adjust for cov-
ariates in the subgroup analysis. Multivariate regression included all
variables with p < 0.10 in the univariate analysis.

All of the statistical analyses were performed using Stata/SE 14.0
for Windows (StataCorp, College Station, TX). A two-sided p-value
of < 0.05 was considered statistically significant in this study.

3. Results

Patient selection process is presented in Fig. 1. A total of 39,655
patients with extrathoracic metastatic NSCLC were identified in this
study. In total, 1206 patients (3.0%) underwent surgical resection of
primary tumors. The baseline characteristics are reported in Table 1.
Compared with patients in the nonsurgical group, patients who un-
derwent primary tumor resection were more likely to be young, white,
and married, with tumors located at lobes, non-squamous histologic
subtype, well/moderate differentiation, early T/N descriptor, single-
organ extrathoracic metastasis, without contralateral lung metastasis,
and with metastasectomy (all p < 0.05).

Of the 39,655 patients, 8416 (21.2%), 12,254 (30.9%), and 2850
(7.2%) had brain, bone, and liver metastases, respectively, and 9340
(23.6%) had multiorgan metastases involving 2-3 organs of the brain,
bone, and liver, while 6795 (17.1%) had extrathoracic metastatic sites
other than these three above-mentioned organs (see Figure,
Supplemental Data 1 A, which demonstrates metastatic site by sector).
When considering the surgery rate, patients with brain metastasis had
the highest primary tumor resection rate (5.5%), followed by liver
(2.4%) and bone (2.1%) metastasis, while patients with multiorgan
metastasis had the lowest surgical resection rate (1.2%). Moreover, in
the surgical group, 537 (44.5%), 474 (39.3%), 73 (6.1%), and 46
(3.8%) patients underwent lobe or bilobectomy, sublobar resection,
local tumor destruction, and pneumonectomy, respectively, while 76
(6.3%) patients underwent surgery not otherwise specified (see Figure,
Supplemental Data 1B, which demonstrates surgical type by sector).

Most patients in this study cohort were not recommended for the
surgery because surgical intervention was contraindicated for stage IV
disease. However, 1888 (4.8%) patients were recommended for the
primary tumor resection, comprising 1206 patients who underwent
surgery and 682 patients who did not undergo surgery but were ori-
ginally recommended for surgery by their physician, likely due to low
risk factors (e.g., comorbid conditions). Among the latter surgery-re-
commended nonsurgical cohort, 38 (5.6%) patients died prior to the
surgery, 128 (18.8%) patients refused the surgery, and 516 (75.6%)
patients did not undergo the surgery for unknown reasons.

In the entire cohort, Kaplan-Meier analysis was conducted to com-
pare the OS between the surgical and nonsurgical groups. Before PSM,
patients who underwent primary tumor resection had significantly
longer OS than patients without surgery (median survival time [MST]:
14 vs. 6 months, log-rank p < 0.001, Fig. 2A). After PSM, 630 patients
in total were matched 1:1 in two groups, and all covariates were well
balanced (see Figure, Supplemental Data 2, which demonstrates stan-
dardized bias of covariates before and after matching). Consistent with
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Fig. 1. Flow diagram of the study.

the results from the non-PSM cohort, the PSM cohort also showed that
the surgical group had a significantly longer OS (MST: 11 vs. 7 months,
log-rank p < 0.001, Fig. 2B).

In the surgery-recommended nonsurgical cohort (682 patients),
patients who died before the surgery had significantly worse survival
than patients who refused the surgery or did not undergo surgery for
unknown reasons (log-rank p < 0.001, Fig. 2C). To diminish the im-
mortal time bias, we excluded these 38 patients who died prior to the
recommended surgery and compared the OS of the remaining 644
nonsurgical patients who were recommended for surgery with the 1206
surgical patients. In this highly selected surgery-recommended cohort
(1850 patients), the surgical group still had a significantly longer OS
(MST: 14 vs. 6 months, log-rank p < 0.001, Fig. 2D).

The survival outcomes of patients with different metastatic sites
were also assessed. In the single-organ metastatic cohort, a small but
significant decrease in OS was associated with patients with brain,
bone, and liver metastases respectively. All patients with the three
above-mentioned single-organ metastases had significantly longer OS
than patients with multiorgan metastases (all log-rank p < 0.001,
Fig. 3A). Moreover, in the surgical group, patients who underwent lobe
or bilobectomy had the best survival, while patients with local tumor
destruction had the poorest survival. Patients who underwent sublobar
resection showed similar OS as those who underwent pneumonectomy
(log-rank p = 0.152, Fig. 3B).

Multivariable models that adjusted demographic, tumor, and ther-
apeutic characteristics were constructed to evaluate the associations
between baseline variables and survival outcomes. Primary tumor re-
section was independently associated with both improved OS (hazard
ratio [HR]: 0.60, 95% confidence interval [CI]: 0.56-0.64, p < 0.001)
and LCSM (SHR: 0.61, 95% CI: 0.57-0.66, p < 0.001) for the entire
cohort. Similarly, surgery was again independently associated with
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longer OS (HR: 0.62, 95% CI: 0.55-0.70, p < 0.001) and lower LCSM
(SHR: 0.64, 95% CI: 0.57-0.73, p < 0.001) in the highly selected sur-
gery-recommended cohort. In addition, other characteristics, such as
young age, female, Asian/Pacific Islander, insurance coverage, married
status, tumor located at lobe, adenocarcinoma, well-differentiated
tumor, early T/N descriptor, single-organ extrathoracic metastasis, no
contralateral lung metastasis, and with metastasectomy were also in-
dependent favorable predictors for OS and LCSM (Table 2).

To explore which kind of patient might benefit from the surgery,
subgroup analyses were performed with multivariate regression ad-
justing for the covariates. The effectiveness of primary tumor resection
was evaluated in different subgroups stratified by sex, race, histologic
subtype, T/N descriptor, contralateral lung metastasis, and the extra-
thoracic metastatic site. Surgery was a significant independent favor-
able predictor to survival in all subgroups except N3 disease. Survival
benefit was the most prominent in each of the following subgroups:
female, Asian/Pacific Islander, non-squamous histology, early T/N de-
scriptor, no contralateral lung metastasis, and single-organ metastasis.
In the single-organ metastatic cohort, patients with brain metastasis
were associated with the most outstanding survival benefit, whereas
those with bone metastasis were associated with the least survival gain
(Fig. 4).

4. Discussion

To our knowledge, this is the largest report focusing on the surgical
intervention of stage IV NSCLC patients with extrathoracic metastases.
We found that primary tumor resection was associated with sig-
nificantly longer OS. Although our study is retrospective, the survival
advantage of surgery was observed in both the non-PSM cohort and the
large PSM cohort. Our results showed that despite the aggressive
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Table 1

Baseline Characteristics by Surgery before and after Propensity Score Matching.
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Variable Unmatched Cohort, No. (%) of Patients Matched Cohort, No. (%) of Patients
Total (39,655) None (38,449) Surgery (1206) P Total (630) None (315) Surgery (315) P

Age, years, mean * SD 65.7 = 10.8 65.8 = 10.8 62.6 = 10.4 < 0.001 65.6 = 9.3 65.6 = 9.5 65.6 = 9.1 0.804

Sex 0.671 0.470
Male 21775 (54.9) 21,120 (54.9) 655 (54.3) 351 (55.7) 180 (57.1) 171 (54.3)

Female 17880 (45.1) 17,329 (45.1) 551 (45.7) 279 (44.3) 135 (42.9) 144 (45.7)

Race 0.011 0.529
White 30530 (77.0) 29,554 (76.9) 976 (80.9) 548 (87.0) 280 (88.9) 268 (85.1)

Black 5224 (13.2) 5089 (13.2) 135 (11.2) 48 (7.6) 21 (6.7) 27 (8.6)
Asian/Pacific Islander 3616 (9.1) 3527 (9.2) 89 (7.4) 30 (4.8) 12 (3.8) 18 (5.7)
Other 285 (0.7) 279 (0.7) 6 (0.5) 4 (0.6) 2(0.6) 2 (0.6)

Insurance 0.083 0.176
Insured 31331 (79.0) 30,350 (78.9) 981 (81.3) 558 (88.6) 286 (90.8) 272 (86.4)
Uninsured/Medicaid 7782 (19.6) 7568 (19.7) 214 (17.7) 68 (10.8) 28 (8.9) 40 (12.7)

Unknown 542 (1.4) 531 (1.4) 11 (0.9) 4 (0.6) 1 (0.3) 3(1.0)

Marital Status < 0.001 0.857
Married 20717 (52.2) 20,006 (52.0) 711 (59.0) 412 (65.4) 208 (66.0) 204 (64.8)

Unmarried 17221 (43.4) 16,773 (43.6) 448 (37.2) 202 (32.1) 100 (31.8) 102 (32.4)
Unknown 1717 (4.3) 1670 (4.3) 47 (3.9) 16 (2.5) 7 (2.2) 9(2.9)

Location < 0.001 0.409
Lobe 32534 (82.0) 31,482 (81.9) 1052 (87.2) 552 (87.6) 281 (89.2) 271 (86.0)

Bronchus 1751 (4.4) 1695 (4.4) 56 (4.6) 28 (4.4) 11 (3.5) 17 (5.4)
Unknown 5370 (13.5) 5272 (13.7) 98 (8.1) 50 (8.0) 23(7.3) 27 (8.6)

Histologic Subtype < 0.001 0.811

Adenocarcinoma 29406 (74.2) 28,530 (74.2) 876 (72.6) 481 (76.4) 237 (75.2) 244 (77.5)
Squamous Cell Carcinoma 8380 (21.1) 8146 (21.2) 234 (19.4) 121 (19.2) 65 (20.6) 56 (17.8)
Large Cell Carcinoma 1156 (2.9) 1102 (2.9) 54 (4.5) 21 (3.3) 10 (3.2) 11 (3.5)

Adenosquamous Carcinoma 713 (1.8) 671 (1.8) 42 (3.5) 7 (1.1) 3(1.0) 4 (1.3)

Grade < 0.001 0.141
Well 803 (2.0) 751 (2.0) 52 (4.3) 10 (1.6) 7 (2.2) 3(1.0)

Moderate 4842 (12.2) 4491 (11.7) 351 (29.1) 120 (19.1) 57 (18.1) 63 (20.0)
Poor/Undifferentiated 10611 (26.8) 10,059 (26.2) 552 (45.8) 264 (41.9) 122 (38.7) 142 (45.1)
Unknown 23399 (59.0) 23,148 (60.2) 251 (20.8) 236 (37.5) 129 (41.0) 107 (34.0)

AJCC 7th, T Stage < 0.001 0.862
T1 4396 (11.1) 4190 (10.9) 206 (17.1) 82 (13.0) 45 (14.3) 37 (11.8)

T2 9960 (25.1) 9575 (24.9) 385 (31.9) 192 (30.5) 98 (31.1) 94 (29.8)
T3 9258 (23.4) 8972 (23.3) 286 (23.7) 152 (24.1) 74 (23.5) 78 (24.8)
T4 11624 (29.3) 11,343 (29.5) 281 (23.3) 168 (26.7) 81 (25.7) 87 (27.6)
Tx 4417 (11.1) 4369 (11.4) 48 (4.0) 36 (5.7) 17 (5.4) 19 (6.0)

AJCC 7th, N Stage < 0.001 0.819

NO 8273 (20.9) 7768 (20.2) 505 (41.9) 167 (26.5) 86 (27.3) 81 (25.7)
N1 3155 (8.0) 2997 (7.8) 158 (13.1) 47 (7.5) 23 (7.3) 24 (7.6)
N2 17481 (44.1) 17,092 (44.5) 389 (32.3) 298 (47.3) 146 (46.4) 152 (48.3)
N3 8788 (22.2) 8664 (22.5) 124 (10.3) 100 (15.9) 53 (16.8) 47 (14.9)

Nx 1958 (4.9) 1928 (5.0) 30 (2.5) 18 (2.9) 7 (2.2) 11 (3.5)

Extrathoracic Metastasis < 0.001 0.376
Single-organ 23520 (59.3) 22,731 (59.1) 789 (65.4) 456 (72.4) 227 (72.1) 229 (72.7)

Multiorgan 9340 (23.6) 9225 (24.0) 115 (9.5) 78 (12.4) 44 (14.0) 34 (10.8)
Other 6795 (17.1) 6493 (16.9) 302 (25.0) 96 (15.2) 44 (14.0) 52 (16.5)

Contralateral Lung Metastasis < 0.001 0.668
No 28948 (73.0) 27,944 (72.7) 1004 (83.3) 503 (79.8) 255 (81.0) 248 (78.7)

Yes 10064 (25.4) 9875 (25.7) 189 (15.7) 119 (18.9) 57 (18.1) 62 (19.7)
Unknown 643 (1.6) 630 (1.6) 13 (1.1) 8(1.3) 3(1.0) 5(1.6)

Metastasectomy < 0.001 0.611
No 35779 (90.2) 34,897 (90.8) 882 (73.1) 593 (94.1) 298 (94.6) 295 (93.7)

Yes 3876 (9.8) 3552 (9.2) 324 (26.9) 37 (5.9) 17 (5.4) 20 (6.4)

Note: Categoric variables were compared by using the Pearson X2 test, and continuous variables were compared by using the Mann-Whitney U test. Statistically

significant P values are indicated by boldface.

nature, using primary tumor resection as a local tumor control strategy
for lung cancer patients with distant metastatic disease seemed to result
in prolonged survival. In addition, among different surgical procedures,
lobectomy showed the greatest survival gain. Moreover, this study ex-
plored the relationship between the extent of extrathoracic metastases
and the survival benefit of surgery, which to our knowledge was the
first SEER-based study focusing on this specific issue. The result in-
dicated that the subgroup of single extrathoracic metastatic site com-
bined with other characteristics, such as early T stage, early N stage,
was associated with more prominent survival gain. These findings drew
a more detailed outline for clinicians to select stage IV extrathoracic
metastatic NSCLC patients who would be more likely to be benefit from

primary tumor resection.

Current practice guidelines have revised the recommendation of
primary tumor resection to a considerable choice for patients with stage
IV disease, especially for those with both limited extrathoracic meta-
static disease and early-staged pulmonary tumors. However, the selec-
tion criteria for surgery are somewhat vague. In this study, we calcu-
lated the surgical recommendation and performance rates of patients
with extrathoracic metastatic disease in the real world. Only 4.8% of
the patients were recommended for surgery by their physician, and
3.0% eventually underwent primary tumor resection. Thus, although
the guidelines have accepted surgery as a local control strategy for
selected stage IV NSCLC patients, the actual surgical performance rate
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Fig. 2. OS stratified by surgery in the entire cohort before (A) and after (B) matching. OS stratified by reason for no surgery in the surgery-recommended nonsurgical
cohort (C). OS stratified by surgery in the highly selected surgery-recommended cohort (D).

still remained low. Additionally, surprisingly, in contrast to the guide- surgical intervention was performed in clinical practice likely mainly
lines’ recommendation, up to 58.2% of the patients who were re- depended on an individual surgeon’s judgement or the patient’s con-
commended for surgery in the real world had primary tumors that were sent, rather than the guidelines.
more advanced than T1-3, NO-1. These findings suggested that whether Though the reason why surgery was recommended for certain
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Fig. 3. OS stratified by metastatic site (A) and OS stratified by surgical type (B).
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Lung Cancer Specific Survival
N

Subgroup No HR (95% Cl) Subgroup o SHR (95% Cl)
Sex Sex
Female 17880 —— 0.55 (0.49, 0.62) Female 17696 —— 0.54 (0.48, 0.60)
Male 21775 — 0.63 (0.58, 0.70) Male 21523 — 0.62 (0.57, 0.68)
Race Race
Asian/Pacific Island 3616 0.53(0.39, 0.72) Asian/Pacific Islander 3531 ———8—— 0.51 (0.38, 0.68)
Other 36039 - 0.60 (0.56, 0.65) Other 35688 —— 0.59 (0.55, 0.63)
Histologic Subtype Histologic Subtype
Non-squamous 31275 —— 0.58 (0.53, 0.63) Non-squamous 30915 —— 0.56 (0.52, 0.61)
Squamous 8380 —— 0.68 (0.58, 0.78) Squamous 8304 —— 0.68 (0.59, 0.78)
AJCC 7th, T Stage AJCC 7th, T Stage
T 4396 —_— 0.65 (0.54, 0.79) T1 4334 —— 0.56 (0.46, 0.69)
T2 9960 —— 0.53 (0.46, 0.60) T2 9860 —_— 0.52 (0.46, 0.59)
T3 9258 —_— 0.59 (0.51, 0.68) T3 9162 — 0.60 (0.52, 0.68)
T4 11624 —— 0.69(0.60, 0.79) T4 11489 —— 0.69 (0.60, 0.79)
AJCC 7th, N Stage AJCC 7th, N Stage
NO 8273 — 0.49 (0.44, 0.56) NO 8170 —— 0.49 (0.44, 0.55)
N1 3155 —— 0.63 (0.51, 0.77) N1 3133 —— 0.57 (0.47, 0.70)
N2 17481 sl 0.67 (0.60, 0.76) N2 17314 —— 0.67 (0.60, 0.75)
N3 8788 —— 0.81 (0.66, 0.99) N3 8670 —— 0.85 (0.70, 1.03)
Contralateral Lung Metastasis Contralateral Lung Metastasis
No 28948 — 0.57 (0.53, 0.62) No 28629 —— 0.55 (0.51, 0.60)
Yes 10064 —_— 0.75 (0.63, 0.88) Yes 9959 —_— 0.74 (0.63, 0.86)
Extrathoracic Metastasis Extrathoracic Metastasis
Brain 8416 —_— 0.56 (0.49, 0.63) Brain 8321 —_— 0.54 (0.48, 0.61)
Liver 2850 ——————— 0.56 (0.42, 0.76) Liver 2828 —_— 0.62 (0.47, 0.83)
Bone 12254 —— 0.61(0.53, 0.71) Bone 12119 —— 0.64 (0.56, 0.74)
Single 23520 —— 0.58 (0.53, 0.64) Single 23268 — 0.59 (0.54, 0.64)
Multiple 9340 — 0.75(0.60, 0.93) Multiple 9219 —— 0.80 (0.67, 0.95)
T T T T I I I I
4 6 8 1 1.5 4 6 .8 1 15

Fig. 4. Adjusted multivariate regression comparing surgery versus no surgery for OS (A) and LCSS (B) in different patient subgroups stratified by sex, race, histologic
subtype, T/N descriptor, contralateral lung metastasis, and extrathoracic metastatic site.

between surgery and prolonged survival was observed in patients with
three organ metastases (see Figure, Supplemental Data 3, which de-
monstrates subgroup analysis stratified by the number of metastatic
organs). This finding implied that the number of metastatic organs
might be more prognostic than the metastatic site itself when de-
termining the survival benefit from surgery.

Moreover, in terms of the primary pulmonary tumor, our study
showed that surgery might be associated with a more prominent sur-
vival benefit in patients with lower T and N stage. This result was si-
milar to an NCDB study published by Yang and colleagues that iden-
tified the prognostic factors of stage IV NSCLC patients treated with
primary tumor resection [17]. They found that surgery for cT1-2, NO-1,
M1, and ¢T3, NO, or M1 disease (n = 1761) was associated with an
outstanding 5-year survival of 25% [17]. This result roughly depicted
the patients’ characteristics that were associated with a promising
survival outcome after surgery. However, in their study, nonsurgical
cohorts were not included, and patients with Mla and M1b disease
were not separately analyzed. Additionally, the extent of metastatic
disease was unavailable in the NCDB database. Thus, by using the
newly released SEER data, we could provide a more accurate analysis
regarding the prognostic value of primary tumor resection in patients
with extrathoracic metastatic disease.

From the surgical standpoint, the effect of primary tumor resection
in patients with metastatic disease had been better assessed in other
types of cancer. For colorectal cancer, a population-based study on
patients with incurable stage IV disease demonstrated that palliative
primary tumor resection is associated with better overall and cancer-
specific survival than no resection [18]. Furthermore, new che-
motherapy regimens and monoclonal antibody immunotherapies have
significantly improved the response rate of advanced colon cancer;
thus, the complete surgical removal of primary tumors and metastatic
lesions is becoming increasingly feasible. Conversion therapy become
acceptable for unresectable colon cancer and has been adopted as ra-
dical resection after induction therapy [19-21]. Removal of the primary
tumor has also been verified by randomized trials in metastatic renal
carcinoma, and compared with interferon treatment alone, ne-
phrectomy followed by interferon therapy significantly improved OS
[22,23]. Although the tumor biological features and therapeutic

approaches are different between lung cancer and other cancers, sub-
stantial survival improvements, which have been observed in colorectal
cancer, have also been achieved in patients with lung cancer due to the
availability of new chemotherapy and targeted therapy agents. How-
ever, reports on salvage surgery or conversion surgery for lung cancer
are extremely rare, which could be associated with the fact that few
advanced lung cancer patients have symptomatic disease that requires
palliative resection of the primary tumor. In view of the absence of
high-level evidence, the SEER database provided real-world data that
may carry weight in the way toward understanding the impact of pri-
mary tumor removal in advanced cancer. A prospective trial is in-
dicated to validate these findings.

Nevertheless, this study has several limitations. First, selection bias
was inevitable, although we performed PSM to balance the baseline
characteristics in the surgical and nonsurgical groups. Potential con-
founding factors that were not captured in the SEER database, such as
physical performance status and comorbidities index, could still cause
selection bias in the analysis. Second, information on local therapies
other than surgery (e.g., definitive radiation therapy) was unavailable.
Comparison between radiation therapy and surgical resection of pri-
mary tumor may be very helpful for understanding the impact of local
tumor control in the presence of extensive disease. Although the SEER
database does include information regarding whether patients under-
went radiation therapy in the first course of treatment, the specific
radiation site was not provided in the database. Therefore, whether the
radiation therapy was targeted to primary tumors or metastatic sites
was unclear. Third, detailed information of multimodal management
other than surgery was quite limited in the SEER database. We were
unable to evaluate the effect of systemic therapies on survival. In ad-
dition, although the term “cancer-directed surgery” was defined in the
SEER database, the goal of the surgery was not defined. Therefore, the
intervention time of surgery in the multimodality management pro-
cessing remained unexplored in this study. In addition, only the site of
metastatic distribution was roughly collected in the SEER database; the
number of metastatic lesions was not available. Therefore, it was im-
possible to define the oligometastatic status of the patients in this study.
Findings in this study were incomparable with previous reports fo-
cusing on patients with oligometastatic disease. Finally, we should state
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that what we found in this study was the association but not the causal
inference between surgical intervention and prolonged survival in pa-
tients with extrathoracic metastatic NSCLC. Thus, results should be
interpreted with caution in the study. Rigorous clinical studies, such as
randomized controlled trails, are required to prove the causal effect
between surgery and survival in patients with stage IV NSCLC.

In conclusion, this real-world study found that compared with
nonsurgical treatment, primary tumor resection was associated with
improved survival in patients with extrathoracic metastatic NSCLC,
particularly for those with single-organ metastasis. Patients underwent
lobe or bilobectomy were associated with the best survival among the
surgical cohort.
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