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Abstract

Objectives: This study aims to characterize the specific organ metastatic rates in lung
adenocarcinoma (LUAD) patients and identify the prognosis-associated factors.
Methods: Using the Surveillance, Epidemiology and End Results database, 40 117
patients diagnosed with positive histology as the only primary LUAD were included.
We stratified patients by diagnosed year, age, sex, race/ethnicity, marital status, insur-
ance, location, TNM stage, organ-specific metastases, surgery, chemotherapy, and
radiation therapy. We performed multivariable logistic and Cox regression to identify
the factors associated with the presence of specific organ metastases and prognosis
predictors.

Results: For the 40 117 LUAD patients, 43.69%, 26.25%, 19.66%, 10.60%, and 17.89%
had specific organ, bone, brain, liver, and lung metastases, respectively. The average
survival in patients with organ metastases was 12.19 months, compared to
36.40 months in patients without metastases. In different kinds of metastatic organ
cohorts, the longest average survival was 12.60 months in the lung metastases cohort,
and the shortest was 8.43 months in liver metastases cohort. In total, 571 patients with
metastases received surgery, which was significantly associated with decreased mortal-
ity (hazard ratio 1.82, 95% confidence interval 1.65-2.01, p < 0.01). Patients received
surgery of lobectomy or extended (251 of 571, 43.96%) displayed the longest average
survival (35.16 months); patients (294 of 571, 51.49%) received sub-lobar resection,
had the average survival (19.90 months); patients received local tumor destruction
(26 of 571, 4.55%) had the shortest average survival (13.73 months).

Conclusion: This study provides insights into the specific organ metastatic rates and
prognosis in LUAD patients on a population level. These findings suggest that surgery
resection should be taken into consideration in the treatment for these LUAD
patients.
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population level. Additionally, the demographic, social
status, and clinical treatments factors associated with the

Lung adenocarcinoma (LUAD) is the dominant type of lung
cancer, one of the most prevalent malignancies as well as the
leading cancer related mortality worldwide."* Specific organ
metastases, characteristics of late stage, represent a cause of
treatment difficulty and high mortality in LUAD patients,
significantly impacting on the clinical course.’ > Despite the
profound impact of specific organ metastases in LUAD
patients, information on the metastatic rates and prognosis
estimates in newly diagnosed LUAD patients is lacking on a

overall survival outcomes have not been fully studied on a
population level.®

As an important treatment procedure for LUAD,
surgery resection of the primary tumor is not recommended
to those patients with specific organ metastases according to
clinical practice guidelines, considering the limited efficacy
and possible complications.”®* However, in recent years, it
has been suggested by more and more evidence that surgery
resection for primary tumors offers favorable overall survival
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in some late-stage malignancies such as breast cancer and
colorectal cancer.”'*> There are therefore strong require-
ments to identify whether surgery is suitable and which
treatment procedure for the primary tumor is the best in
LUAD patients with specific organ metastases.

Using the large cancer statistics database, the Surveil-
lance, Epidemiology and End Results (SEER) database, the
presence or absence of specific organ metastases at diagnosis
was available to researchers. Accordingly, the purpose of our
study was to describe and characterize the specific organ
metastatic rates in LUAD patients, using the database on a
population level. We also aimed to show the overall survival
time and to analyses the demographic, social status, and
clinical treatments factors, like surgery resection, for survival
outcomes in LUAD patients with specific organ metastases.
The intention was to provide a credible explanation of rou-
tine screening of the specific organs metastatic status in
newly diagnosed LUAD patients and to better optimize the
treatment procedures, and thus improve the prognosis of
this poor outcome cohort.

MATERIALS AND METHODS

The SEER database provides cancer statistics information,
including cancer incidence, treatment, and survival covering
approximately 48% of the US population. Using the software
SEER*Stat 8.4.0, based on the November 2021 submission,
we searched and collected data of patients diagnosed as hav-
ing a primary LUAD between 2010 and 2015 within the
SEER plus database.'” As the data was anonymized and pub-
lic, written informed consent and additional institutional
review board approval were waived.

Patients reported from hospitals and clinics, diagnosed
with positive histology as the only primary LUAD (ICD-O-3
histology code 8140), with a defined period of follow-up and

without cancer statistics information missing were included.
We stratified patients by the interest variables of diagnosed
year, age, sex, race/ethnicity, marital status, insurance status,
primary site, TNM stage (7th edition), organ-specific metas-
tases, surgery, chemotherapy, and radiation therapy.
Patients who had died of other causes or with any unknown
variables information (demographic, clinical, and treatment)
were excluded.

We calculated the absolute numbers for LUAD patients
with specific organ metastases at diagnosis. Also, the specific
organ metastases incidence rates were calculated by the
number of metastatic LUAD patients divided by total num-
ber of LUAD patients. We also calculated the metastatic
rates after interest variables stratification. According to the
SEER database, surgery for the primary site was categorized
as no surgery, local tumor destruction, sublobular resection,
lobectomy or extended (including bilobectomy and
pneumonectomy).

We performed multivariable logistic regression to deter-
mine if the interest demographic and clinical variables were
associated with organ-specific metastases combination at
diagnosis. Kaplan-Meier analysis was performed to obtain
the patients’ prognostic overall survival estimates. Using the
interest variables, univariate analysis and the multivariable
Cox regression proportional hazards model were used to
obtain the independent risk factors associated with increased
LUAD mortality. Statistical calculations were performed
using SPSS version 26.0 (IBM) and PRISM version 9.3
(GraphPad Software).

RESULTS

In total, 40 117 patients diagnosed as LUAD were included for
specific organ metastatic rates analysis, with 43.69%, 26.25%,
19.66%, 10.60%, and 17.89% with specific organ metastases,

TABLE 1 Specific organ metastatic rates and average survivals in LUAD patients
LUAD patients Organ metastatic cohort
Patients No. Percentage Percentage Average survival (months) 95% CI
Total 40 117 100% NA 25.82 25.56-26.09
Without any organ metastasis 22 588 56.31% NA 36.40 36.03-36.78
With specific organ metastasis 17 529 43.69% 100% 12.19 11.95-12.42
With bone metastasis 9440 23.53% 53.85% 10.81 10.52-11.11
With brain metastasis 7167 17.87% 40.89% 11.94 11.58-12.31
With liver metastasis 3784 9.43% 21.59% 8.43 8.03-8.82
With lung metastasis 6661 16.60% 38.00% 12.60 12.21-12.99
Metastatic organ no.
1 10 507 26.19% 59.94% 13.81 13.48-14.15
2 4899 12.21% 27.95% 10.23 9.84-10.62
3 1745 4.35% 9.95% 8.70 8.12-9.27
4 378 0.94% 2.16% 8.31 7.20-9.42
2-4 7022 17.50% 40.06% 9.75 9.43-10.06

Abbreviations: CI, confidence interval; LUAD, lung adenocarcinoma; NA, not applicable.
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TABLE 2 Multivariable analysis logistic regression for LUAD patients with specific organ metastases
LUAD patients Specific organ metastatic cohort Bone metastatic cohort
N=40117 N =17 529 Odds ratio N =9440 Odds ratio

Variables N (%) N (%) OR (95% CI) P N (%) OR (95% CI) 14
Diagnosed years

2010-2012 18 116 (45.16%) 7835 (44.70%) 1 NA 4101 (43.44%) 1 NA

2013-2015 22 001 (54.84%) 9694 (55.30%) 0.93 (0.89-0.97) <0.01 5339 (56.56%) 0.88 (0.84-0.93) <0.01
Sex

Male 19 109 (47.63%) 8936 (50.98%) 1 NA 5059 (53.59%) 1 NA

Female 21 008 (52.37%) 8593 (49.02%) 1.17 (1.12-1.22) <0.01 4381 (46.41%) 1.29 (1.23-1.36) <0.01
Diagnosed age

18-45 1001 (2.50%) 583 (3.33%) 1 NA 325 (3.44%) 1 NA

46-70 23 938 (59.67%) 10 908 (62.23%) 1.43 (1.25-1.65) <0.01 5889 (62.38%) 1.30 (1.12-1.49) <0.01

>70 15 178 (37.83%) 6038 (34.45%) 1.68 (1.46-1.93) <0.01 3226 (34.17%) 1.47 (1.27-1.70) <0.01
Marital status

Married 33 857 (84.40%) 14 576 (83.15%) 1 NA 7937 (84.08%) 1 NA

Unmarried 6260 (15.60%) 2953 (16.85%) 0.92 (0.86-0.97) <0.01 1503 (15.92%) 1.03 (0.96-1.10) 0.37
Insurance, PRCDA

Yes 10 826 (26.99%) 4816 (27.47%) 1 NA 2580 (27.33%) 1 NA

No 29 291 (73.01%) 12 713 (72.53%) 1.06 (1.01-1.12) 0.02 6860 (72.67%) 1.03 (0.97-1.09) 0.32
Race, ethnicity

White 31 135 (77.61%) 13 450 (76.73%) 1 NA 7290 (77.22%) 1 NA

American Indian 188 (0.47%) 94 (0.54%) 0.90 (0.66-1.24) 0.53 48 (0.51%) 1.01 (0.72-1.43) 0.94

Asian or PI 3776 (9.41%) 1758 (10.03%) 0.90 (0.84-0.97) 0.01 989 (10.48%) 0.90 (0.83-0.97) 0.01

Black 5018 (12.51%) 2227 (12.70%) 1.10 (1.03-1.17) 0.01 1113 (11.79%) 1.17 (1.08-1.26) <0.01
Laterality

Left 16 017 (39.93%) 7169 (40.90%) 1 NA 3951 (41.85%) 1 NA

Right 24100 (60.07%) 10 360 (59.10%) 1.13 (1.08-1.18) <0.01 5489 (58.15%) 1.15 (1.09-1.20) <0.01
Primary site

Upper lobe 24 825 (61.88%) 10 632 (60.65%) 1 NA 5623 (59.57%) 1 NA

Middle lobe 2091 (5.21%) 910 (5.19%) 0.92 (0.83-1.02) 0.10 481 (5.10%) 0.92 (0.82-1.03) 0.14

Lower lobe 11 596 (28.91%) 5076 (28.96%) 0.90 (0.86-0.94) <0.01 2849 (30.18%) 0.86 (0.81-0.91) <0.01

Overlapping 440 (1.10%) 200 (1.14%) 1.19 (0.98-1.46) 0.09 92 (0.97%) 1.28 (1.01-1.63) 0.04

Main bronchus 1165 (2.90%) 711 (4.06%) 0.76 (0.67-0.87) <0.01 395 (4.18%) 0.79 (0.69-0.89) <0.01
Brain metastatic cohort Liver metastatic cohort Lung metastatic cohort
N=7167 Odds ratio N=3784 Odds ratio N = 6661 Odds ratio
N (%) OR (95% CI) P N (%) OR (95% CI) P N (%) OR (95% CI) P
3180 (44.37%) 1 NA 1689 (44.64%) 1 NA 2978 (44.71%) 1 NA
3987 (55.63%) 0.94 (0.89-0.99) 0.02 2095 (55.36%) 0.96 (0.89-1.02) 0.20 3683 (55.29%) 0.96 (0.90-1.01) 0.14
3467 (48.37%) 1 NA 1956 (51.69%) 1 NA 3315 (49.77%) 1 NA
3700 (51.63%) 0.95 (0.90-1.00) 0.07 1828 (48.31%) 1.12 (1.04-1.20) <0.01 3346 (50.23%) 0.98 (0.93-1.04) 0.58
285 (3.98%) 1 NA 115 (3.04%) 1 NA 218 (3.27%) 1 NA
4983 (69.53%) 1.33 (1.15-1.53) <0.01 2361 (62.39%) 1.02 (0.84-1.25) 0.82 3918 (58.82%) 1.14 (0.96-1.35) 0.13
1899 (26.50%) 2.34(2.01-2.72) <0.01 1308 (34.57%) 1.10 (0.90-1.36) 0.35 2525 (37.91%) 0.99 (0.83-1.18) 0.91
5872 (81.93%) 1 NA 3164 (83.62%) 1 NA 5550 (83.32%) 1 NA
1295 (18.07%) 0.90 (0.83-0.96) <0.01 620 (16.38%) 0.97 (0.89-1.07) 0.60 1111 (16.68%) 0.96 (0.89-1.04) 0.36
1936 (27.01%) 1 NA 1026 (27.11%) 1 NA 1978 (29.70%) 1 NA
5231 (72.99%) 1.01 (0.95-1.07) 0.74 2758 (72.89%) 1.00 (0.92-1.08) 0.97 4683 (70.30%) 1.21 (1.13-1.29) <0.01
5494 (76.66%) 1 NA 2953 (78.04%) 1 NA 4944 (74.22%) 1 NA
41 (0.57%) 0.89 (0.62-1.27) 0.51 20 (0.53%) 0.99 (0.61-1.58) 0.95 44 (0.66%) 0.76 (0.52-1.11) 0.16

(Continues)
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TABLE 2 (Continued)

Brain metastatic cohort Liver metastatic cohort Lung metastatic cohort

N =7167 Odds ratio N =3784 Odds ratio N = 6661 Odds ratio

N (%) OR (95% CI) 14 N (%) OR (95% CI) p N (%) OR (95% CI) P
766 (10.69%) 0.86 (0.79-0.94) <0.01 369 (9.75%) 1.01 (0.90-1.13) 0.92 820 (12.31%) 0.67 (0.62-0.74) <0.01
866 (12.08%) 1.20 (1.11-1.31) <0.01 442 (11.68%) 1.18 (1.06-1.32) <0.01 853 (12.81%) 1.02 (0.93-1.11) 0.68
2922 (40.77%) 1 NA 1547 (40.88%) 2766 (41.53%) 1 NA
4245 (59.23%) 1.07 (1.01-1.13) 0.02 2237 (59.12%) 1.07 (1.00-1.15) 0.06 3895 (58.47%) 1.15 (1.08-1.22) <0.01
4473 (62.41%) 1 NA 2188 (57.82%) 1 NA 3944 (59.21%) 1 NA
370 (5.16%) 1.01 (0.89-1.14) 0.89 183 (4.84%) 0.97 (0.83-1.15) 0.74 366 (5.49%) 0.81 (0.71-0.92) <0.01
1973 (27.53%) 1.04 (0.98-1.1) 0.24 1172 (30.97%) 0.83 (0.77-0.89) <0.01 1966 (29.52%) 0.83 (0.78-0.89) <0.01
63 (0.88%) 1.55 (1.18-2.04) <0.01 49 (1.29%) 0.89 (0.65-1.20) 0.44 101 (1.52%) 0.90 (0.70-1.14) 0.38
288 (4.02%) 0.89 (0.77-1.03) 0.11 192 (5.07%) 0.67 (0.57-0.79) <0.01 284 (4.26%) 0.98 (0.84-1.13) 0.75

Abbreviations: CI, confidence interval; LUAD, lung adenocarcinoma; OR, odds ratio; NA, not applicable; PI, pacific islander; PRCDA, purchased/referred care delivery area.

TABLE 3 Multivariable analysis Cox regression for cancer-specific survival in patients with LUAD specific organ metastases

LUAD patients with specific organ metastases LUAD patients with specific organ metastases

N=17529 n=1759
Variables N (%) Hazard ratio (95% CI) P Variable No. Hazard ratio (95% CI) P
Diagnosed years T stage
2010-2012 7835 (44.70%) 1 NA T1 2343 (13.37%) 1 NA
2013-2015 9694 (55.30%) 0.91 (0.89-0.94) <0.01 T2 4798 (27.37%) 1.17 (1.11-1.23) <0.01
Sex T3 4472 (2551%) 118 (1.11-1.24) <0.01
Male 8936 (50.98%) 1 NA T4 5916 (33.75%)  1.17 (1.11-1.23) <0.01
Female 8593 (49.02%) 0.81 (0.78-0.83) <0.01 N-stage
Diagnosed age NO 4040 (23.05%) 1 NA
18-45 583 (3.33%) 1 NA N1 1471 (8.39%) 1.13 (1.06-1.20) <0.01
46-70 10 908 (62.23%)  1.39 (1.27-1.52) <001 N2 8086 (46.13%)  1.27 (1.22-1.32) <0.01
>70 6038 (34.45%) 1.63 (1.48-1.79) <0.01 N3 3932 (22.43%) 1.35(1.28-1.41) <0.01
Marital status Metastatic organ no.
Married 14 576 (83.15%) 1 NA 1 10 507 (59.94%) 1 NA
Unmarried 2953 (16.85%)  1.05 (1.01-1.10) 0.02 2 4899 (27.95%)  1.28 (1.24-1.33) <0.01
Insurance, PRCDA 3 1745 (9.95%) 1.51 (1.43-1.59) <0.01
Yes 4816 (27.47%) 1 NA 4 378 (2.16%) 1.65 (1.48-1.83) <0.01
No 12713 (72.53%)  1.01 (0.97-1.04) 0.70 Surgery
Race, ethnicity Yes 571 (3.26%) 1 NA
White 13 450 (76.73%) 1 NA No 16 958 (96.74%) 1.82 (1.65-2.01) <0.01
American Indian 94 (0.54%) 0.89 (0.72-1.10) 0.29 Chemotherapy
Asian or PI 1758 (10.03%) 0.68 (0.64-0.71) <0.01 Yes 10 600 (60.47%) 1 NA
Black 2227 (12.70%) 0.9 (0.95-1.04) 0.72 No 6929 (39.53%)  2.69 (2.60-2.79) <0.01
Laterality Radiation
Left 7169 (40.90%) 1 NA Yes 9794 (55.87%) 1 NA
Right 10 360 (59.10%)  1.03 (1.00-1.06) 0.08 No 7735 (44.13%)  0.97 (0.93-1.00) 0.04
Primary site Chemotherapy and surgery
Upper lobe 10 632 (60.65%) 1 NA Yes 2348 (13.39%) 1 NA
Middle lobe 910 (5.19%) 1.20 (1.11-1.30) <0.01 No 15 181 (86.61%) 1.01 (0.95-1.08) 0.76
Lower lobe 5076 (28.96%) 0.93 (0.86-1.00) 0.04 Radiation and surgery
Overlapping 200 (1.14%) 1.03 (0.99-1.06) 0.13 Yes 2246 (12.81%) 1 NA
Main bronchus 711 (4.06%) 1.08 (0.93-1.24) 0.32 No 15 283 (87.19%) 1.17 (1.09-1.25) <0.01

Abbreviations: CI, confidence interval; LUAD, lung adenocarcinoma; NA, not applicable; PI, pacific islander; PRCDA, purchased/referred care delivery area.
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TABLE 4 Average survival categorized by surgery type in LUAD patients with specific organ metastases

Local tumor destruction

N (%)

LUAD patients Without surgery
N (%) N (%)

Patients Average survival (95% CI) Average survival (95% CI)

With specific organ metastases 17 529 (43.69%)
9440 (26.25%)
7167 (19.66%)
3784 (10.60%)

6661 (17.89%)

16 958 (96.74%)
9273 (98.23%)
6910 (96.41%)
3734 (98.68%)
6443 (96.73%)

11.71 (11.48-11.94)
10.63 (10.34-10.93)
11.39 (11.04-11.75)
8.24 (7.85-8.62)
12.15 (11.77-12.53)

26 (0.15%)  13.73 (5.09-22.37)

12 (0.13%)  16.58 (4.97-28.19)
5(0.07%)  2.60 (0.34-4.86)
4(011%) NA

12 (0.18%) 11.25 (2.53-19.97)

With bone metastases
With brain metastases
With liver metastases
With lung metastases
Metastatic organ no.

1 10 507 (26.19%) 10 043 (95.58%) 13.14 (12.82-13.47)

20 (0.19%)  13.65 (3.08-24.22)

2 4899 (12.21%) 4806 (98.10%) 10.08 (9.69-10.46) 5(0.10%)  NA
3 1745 (4.35%) 1731 (99.20%) 8.66 (8.08-9.23) 1(0.06%)  NA
4 378 (0.94%) 378 (100.00%) 8.31 (7.20-9.42) 0(0.00%)  NA
2-4 7022 (17.50%) 6915 (98.48%) 9.63 (9.32-9.94) 6(0.09%)  NA

Sublobar resection Lobectomy or extended

Patients N (%) Average survival (95% CI) N (%) Average survival (95% CI)
With specific organ metastases 294 (1.68%) 19.90 (17.46-22.33) 251 (1.43%) 35.16 (31.69-38.63)
With bone metastases 104 (1.10%) 16.36 (12.57-20.14) 51 (0.54%) 30.69 (22.11-39.26)
With brain metastases 110 (1.53%) 18.54 (14.62-22.45) 142 (1.98%) 33.89 (29.44-38.35)
With liver metastases 31 (0.82%) 16.16 (6.90-25.43) 15 (0.40%) 32.67 (16.79-48.54)
With lung metastases 139 (2.09%) 22.47 (18.97-25.98) 67 (1.01%) 35.52 (28.86-42.19)
Metastatic organ no.

1 214 (2.04%) 20.88 (18.00-23.76) 230 (2.19%) 36.58 (32.91-40.24)

2 70 (1.43%) 17.84 (12.69-22.99) 18 (0.37%) 22.28 (12.63-31.92)

3 0 (0.57%) 13.3 (4.21-22.39) 3 (0.17%) NA

4 0 (0.00%) NA 0 (0.00%) NA

2-4 80 (1.14%) 17.28 (12.67-21.88) 21 (0.30%) 19.62 (10.93-28.31)

Abbreviations: CI, confidence interval; LUAD, lung adenocarcinoma; NA, not applicable.

bone metastases, brain metastases, liver metastases, and lung
metastases, respectively. Stratified by metastatic organ number,
10 507 (26.19%) patients developed one metastatic organ, 4899
(12.21%) patients had two metastatic organs, 1745 (4.35%)
patients had three metastatic organs, 378 (0.94%) patients had
four metastatic organs, thus 7022 (17.50%) patients had two to
four metastatic organs. In the LUAD metastatic cohort, meta-
static rates were highest in patients presenting with bone
metastases (53.85%), more than half of the entire group, while
the liver metastatic rate was the lowest, 21.59%. The LUAD
patient number and specific organ metastatic information at
diagnosis are listed in Table 1.

For multivariable analysis logistic regression in LUAD
patients with specific organ metastases, age older than
70 years (odds ratio [OR] = 1.68, 95% confidence interval
[CI] = 146-193, p<0.01) and age 46-70 years
(OR = 143, 95% CI = 1.25-1.65, p < 0.01) referred to age
18-45 years, without insurance (no Purchased/Referred
Care Delivery Area [PRCDA]), (OR = 1.06, 95% CI = 1.01-
1.12, p = 0.02) referred to insured status, female
(OR =1.17,95% CI = 1.12-1.22, p < 0.01) referred to male,
black race (OR = 1.10, 95% CI = 1.03-1.17, p = 0.01)
referred to white, and right side of primary tumors

(OR = 1.13, 95% CI = 1.08-1.18, p < 0.01) referred to left
were significantly associated with bigger ORs of LUAD hav-
ing specific organ metastases at diagnosis. In addition,
2013-2015 diagnosed years (OR = 0.93, 95% CI = 0.89-
0.97, p < 0.01) referred to 2010-2012, unmarried patients
(OR = 0.92, 95% CI = 0.86-0.97, p < 0.01) referred to mar-
ried, Asian or Pacific Islander race (OR = 0.90, 95%
CI = 0.84-0.97, p = 0.01) referred to white, and lower lobe
location of primary tumors (OR = 0.90, 95% CI = 0.86-
0.94, p <0.01) and main bronchus location (OR = 0.76,
95% CI = 0.67-0.87, p < 0.01) referred to upper lobe were
significantly associated with smaller ORs of LUAD having
specific organ metastases. However, diagnosed years and age
in LUAD patients in the liver or lung metastases, sex in
brain or lung metastases, marital status in bone, liver or lung
metastases, insurance status in bone, brain or liver metasta-
ses, and laterality in brain or liver metastases cohorts were
not associated with a risk of each organ metastases in the
multivariable logistic regression model. Table 2 shows all the
detailed multivariable logistic regression analysis results, cat-
egorized by the different kinds of LUAD metastatic organ.
Average overall survival in LUAD patients in different
kinds of LUAD metastatic organ cohorts is showed in
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Table 1. The average survival in LUAD patients with specific
organ metastases cohort was 12.19 months, compared to
36.40 months in patients without any organ metastases
cohort. In the different kinds of LUAD metastatic organ
cohorts, the longest average overall survival was
12.60 months in the lung metastases cohort, and the shortest
average overall survival was 8.43 months in the liver metas-
tases cohort.

For multivariable analysis Cox regression in LUAD
patients with specific organ metastases, age older than
70 years (hazard ratio [HR] = 1.63, 95% CI = 1.48-1.79,
p <0.01) and age 46 to 70 years (HR = 1.39, 95%
CI = 1.27-1.52, p <0.01) referred to age 18-45 years,
unmarried patients (HR = 1.05, 95% CI = 1.01-1.10,
p = 0.02) referred to married, middle lobe location of pri-
mary tumors (HR = 1.20, 95% CI = 1.11-1.30, p < 0.01)
referred to upper lobe, T-stage (T2, HR = 1.17, 95%
CI =1.11-1.23, p < 0.01; T3, HR = 1.19, 95% CI = 1.11-
1.24, p<0.01; T4, HR = 1.17, 95% CI = 1.11-1.23,
p <0.01; referred to T1), N-stage (N1, HR = 1.13, 95%
CI = 1.06-1.20, p < 0.01; N2, HR = 1.27, 95% CI = 1.22-
1.32, p<0.01; N3, HR = 1.35, 95% CI = 1.28-1.41,
p <0.01; referred to NO), metastatic organ number (two
metastatic organs, HR = 1.28, 95% CI = 1.24-1.33,
p <0.01; three metastatic organs, HR = 1.51, 95%
ClI = 143-159, p<0.01; four metastatic organs,
HR = 1.65, 95% CI = 1.48-1.83, p < 0.01; referred to one
metastatic organ), without surgery (HR = 1.82, 95%
CI = 1.65-2.01, p < 0.01) referred to with surgery, without
chemotherapy (HR = 2.69, 95% CI = 2.60-2.79, p < 0.01)
referred to with chemotherapy, and without radiation and sur-
gery (HR = 1.17, 95% CI = 1.09-1.25, p < 0.01) were signifi-
cantly associated with bigger HRs of LUAD having specific
organ metastases at diagnosis. In addition, 2013-2015 diag-
nosed years (HR = 091, 95% CI = 0.89-0.94, p < 0.01)
referred to 2010-2012, female (HR = 0.81, 95% CI = 0.78-
0.83, p < 0.01) referred to male, Asian or Pacific Islander race
(HR = 0.68, 95% CI = 0.64-0.71, p < 0.01) referred to white,
and lower lobe location of primary tumors (HR = 0.93, 95%
CI = 0.86-1.00, p = 0.04) referred to upper lobe, and without
radiation (HR = 0.97, 95% CI = 0.93-1.00, p = 0.04) referred
to radiation were significantly associated with decreased
cancer-cause mortality in LUAD patients having specific organ
metastases. Insurance (PRCDA), laterality or therapy with
both chemotherapy and surgery were not associated with
cancer-cause mortality in the multivariable Cox regression
model. The cancer-specific mortality in different kinds of
LUAD metastatic organ patients is showed in Table 3 and
Table S1.

Surgery was significantly associated with decreased
cancer-cause mortality in LUAD patients with all kinds of
specific metastatic organs. The surgery HR (1.51) was
almost the same as that for chemotherapy HR (1.72) in
LUAD patients with bone metastases. Average overall sur-
vival in LUAD patients with specific organ metastases was
categorized by the type of surgery (no surgery, local tumor
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FIGURE 1 Opverall survival outcomes in LUAD patients with specific
organ metastases stratified by surgery (a) and different surgery
procedures (b)

destruction, sub-lobar resection, and lobectomy or
extended). In total, 571 LUAD patients with specific organ
metastases received surgery management. Sublobar re-
section was the most common surgery type (294 of
571,51.49%), followed by lobectomy or extended surgey
(251 of 571, 43.96%), and local tumor destruction (26 of
571,4.55%). Overall survival estimates in the specific organ
metastases cohort (Figure 1) and each specific organ metas-
tases cohort (Figure 2, bone and brain metastases cohort;
Figure 3, liver and lung metastases cohort), stratified by
whether received surgery and different kinds of
resections categorized by the range of surgery resection (no
surgery, local tumor destruction, sublobular resection, and
lobectomy or extended), are shown in the figures 1-3. In
general, survival was better in patients who received surgery
therapy with more extensive resection, even the ratios of
patients who received surgery were small in each cohort. No
surgery and local tumor destruction only were associated
with shorter overall survival time compared to patients with
other more aggressive surgery (Table 4).
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FIGURE 2 Overall survival outcomes in LUAD patients with different organ metastases stratified by surgery and different surgery procedures: (a, b)
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DISCUSSION

In this study, we described and characterized the absolute
number, metastatic rates, and subsequent prognosis in
primarily diagnosed LUAD patients with specific organ
metastases. As the SEER database encompasses approxi-
mately half of the USA population, the LUAD metastatic
rates and average patient survival results are highly generaliz-
able. Moreover, this huge LUAD patients’ number and the
adequate follow-up information enhance the power of our
study and improve the ability to characterize reliable key fac-
tors associated with specific organ metastases and
prognosis.14

We stratified our estimates relating to the metastatic
rates and survival outcomes of patients by diagnosed years,
genders, age groups, insured status, ethnicities, and meta-
static organs. We found almost half of LUAD patients were
diagnosed with specific organ metastases. Among the LUAD
patients with specific organ metastases, the metastatic rate
of bone metastases was highest. The incidence proportion
was near 10% in the liver metastases cohort with the lowest

metastatic rate. Compared with LUAD patients without spe-
cific organ metastases, the average overall survival was sig-
nificantly shorter in those with specific organ metastases.
Also, the average overall survival varied in different types of
metastatic organ cohorts. As an important cause of morbid-
ity and mortality of LUAD-specific organ metastases, it is
necessary for recommendation of specific organ (bone,
brain, liver, lung etc.) image screening among newly diag-
nosed LUAD patients.'>'°

Many variables were noted to be significantly associated
with the ORs of the presence of specific organ metastases.
Factors such as age and uninsured status have been shown
to be associated with poorer outcomes in patients with can-
cer, so it is reasonable to assume that they have an increased
risk of specific organ metastases at diagnosis.'”'® The factor
of more recently diagnosed year is associated with a
decreased risk of specific organ metastases at diagnosis and
favorable outcomes, which might be logical because the
screening, diagnosis, and treatment technology are more
advanced in more recent years.'>** This is also consistent
with other malignances, such as breast cancer, where
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patients diagnosed as late stage today have a lower disease
burden than those from earlier eras.”” For race, a smaller
proportion developing specific organ metastases and better
outcomes among patients of Asian or Pacific Islander versus
White race were noted, while larger specific organ meta-
stases incidence rates among Black versus White race.”"*?
Previous studies have reported that race might indepen-
dently predict the gene epidermal growth factor receptor
(EGFR) mutation, which was showed to be an independent
predictor and prognostic factor for brain metastases in
LUAD patients.”> Further research is warranted to find out
whether environmental or biologic factors are responsible
for these associations.”**

We also found that the primary site of the upper lobe was
associated with shorter survival time compared with the lower
lobe, consistently with the lung cancer.”**” The same was found
for right side tumors versus left side. Other factors, such as
unmarried status, increasing tumor nodal stage, and metastatic
organ number, are significantly associated with gradually less
favorable outcomes. As an important personal social

environmental factor, marriage could be the psychological
reflection of LUAD patients’ overall survivals, consistent with
previous studies which reported that marital status was a prog-
nostic factor for distant metastases of non-small-cell lung can-
cer.”® For different types of therapy, surgical resection, as well as
chemotherapy and radiation, could effectively prolong the over-
all survival time of LUAD patients with specific organ metasta-
ses.”” Of note, patients who received surgical resection had
more favorable outcomes in each LUAD metastatic organ
cohort. In addition, with more lung resection and more lymph
node dissection, survival time gradually became longer, which is
in line with the general clinical experience for earlier stage
LUAD. Notably, for the different types of surgery management,
lobectomy or extended resection had a survival benefit over
sublobar resection, while local tumor destruction had almost
the same survival as no surgery. Although our results show that
surgery resection could prolong the overall survival time of
LUAD patients with specific organ metastases, the patients who
could be operated on were few. Because most patients were
without surgical indications by the treatment guidelines.
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In clinical practice, almost no patients with specific
organ metastases were recommended to receive surgery
resection. For the patients who did receive surgery, sublobar
resection was the most common type as it reduces operation
time, preserves pulmonary function, and reduces the inci-
dence of postoperative complications.’>*' This was consis-
tent with the results of our study. We also found that
lobectomy or extended surgery conferred a better survival
outcome compared with sublobar resection for LUAD with
specific organ metastases, while there was a poor long-term
survival for local tumor destruction. In LUAD patients in
the brain metastases cohort, the most common type of sur-
gery procedure was lobectomy or extended surgery, which
also had the best overall survival.”> To our knowledge, this
is the first population-based survival outcome study in
newly diagnosed LUAD patients with specific organ metas-
tases. As the number of patietns who received surgery was
small, further randomized controlled trails are needed to
confirm the surgery benefits for survival and to determine
the best surgical procedure for LUAD patients with specific
organ metastases.

Despite the sufficient evidences, reasonable arguments,
and innovative viewpoints, there are some limitations to this
study. First, the SEER database does not provide informa-
tion on other risk factors influencing the prognosis, such as
smoking history, family history, pulmonary function, gene
mutations (proved to be oncogenic drivers, such as EGFR
mutation), protein expression, comorbidities, chemotherapy
regimens or reception of targeted therapy, so those variables
were not used in our analyses, which might result in
bias.”?* Regretfully, since it is an important treatment for
LUAD, targeted therapy was not evaluated in this study.
Importantly, the pathological subtypes information of
LUAD could not be obtained when using the LUAD selec-
tion criteria, as the subtypes were labeled with different his-
tology codes, for example 8550 for acinar cell carcinoma.
Thus, the relationship between the subtypes and prognosis
should be further analyzed in the future. Also, recurrence
follow-up information was not available, so our study was
limited to the presence or absence of identified specific
organ metastases at diagnosis. In addition, patients treated
in hospitals or institutes outside the SEER network were not
included or their clinical information was incomplete. Dif-
ferent levels of medical skills should be considered in future
studies. Finally, our study was a retrospective cohort analy-
sis, with retrospective research limitations. A prospective
cohort validation study is warranted to obtain more
evidence.

CONCLUSION

This study provides insights into the metastatic rates and
prognosis of specific organ metastases in LUAD patients.
Data for the incidence proportions of specific organ metasta-
ses, survival outcomes, and the impact of different surgical
procedures on patients with specific organ metastases are of

broad clinical interest and will continue to optimize diagno-
sis and treatment plans, and help improve the prognosis of
these patients. According to our SEER database analysis
results, surgery resection might improve overall survival out-
comes in LUAD patients with specific organ metastases, and
lobectomy or extended surgery might be the best surgery
procedures. These findings warrant further investigation.
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