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Abstract
Purpose This study aimed to investigate the prognostic value of different organs metastases in patients with non-small cell 
lung cancer (NSCLC) and its most common subtypes.
Methods We identified 45,423 NSCLC cases (25,129 men and 20,294 women) between 2010 and 2013 with distant metas-
tases, with complete clinical information obtained from the surveillance, epidemiology, and end results (SEER) database.
Results Bone and liver were the most and the least common metastatic sites with rates of 37.1 and 16.8%, respectively. 
The mortality rates associated with bone, brain, liver, lung metastases, and multiorgan metastases (MOM) were 73.2, 72.7, 
78.3, 65.4, and 77.5%, respectively. Kaplan–Meier analyses demonstrated that patients with MOM and liver metastasis 
had the worst survival. Compared with NSCLC cases with other organ metastasis, but without the four organs metastasis, 
hazard ratios (HRs) for lung, bone, brain, and liver metastases, and MOM were 0.906 (95% CI 0.866–0.947), 1.276 (95% 
CI 1.225–1.330), 1.318 (95% CI 1.260–1.379), 1.481 (95% CI 1.388–1.580), and 1.647 (95% CI 1.587–1.709), respectively. 
Similar results were obtained for adenocarcinoma (AD) cases.
Conclusions The mortality risk is highest with MOM and liver metastasis followed by bone, brain, other organ, and lung 
metastases in NSCLC and AD which is the most common variant for NSCLC. These results will be helpful for pre-treatment 
evaluation regarding the prognosis of NSCLC patients.
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Introduction

Cancer is a major public health problem worldwide with 
a rapid rise in incidence in recent years. Lung cancer is 
the leading cause of cancer mortality in 94 countries for 
men and in 17 countries for women (Bray et al. 2012). In 
2017, the American Cancer Society estimated the number 
of deaths from new cases of lung and bronchus cancer to be 
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222,500 and 155,870, respectively. In addition, lung cancer 
has become the second most common cancer in both males 
and females (Siegel et al. 2017).

Lung cancer consists of several histological variants, 
non-small cell lung cancer (NSCLC) and small cell lung 
cancer. Adenocarcinoma (AD) and squamous cell carcinoma 
(SQCC) are the major variants of NSCLC. Approximately 
40% of new NSCLC cases have been reported to have distant 
metastases at diagnosis (Morgensztern et al. 2010), and most 
patients had a low 5-year survival rate (Detterbeck et al. 
2017). The eighth edition of the lung cancer staging man-
ual published by the American Joint Committee on Cancer 
(AJCC) defines metastases as follows: M1c—multiple extra-
thoracic metastases in a single organ or multiple organs; 
M1b—single extrathoracic metastasis; and M1a—intratho-
racic metastasis only (Rami-Porta et al. 2017). Although pre-
vious studies have shown that NSCLC patients with single 
metastatic lesions survive longer than those with multiple 
metastatic lesions, it is unclear whether metastases to par-
ticular organ systems have different prognoses (Eberhardt 
et al. 2015). Some studies have reported that liver metastasis 
is associated with poor survival (Chang et al. 2017; Ren 
et al. 2016), however, most of these studies had small sample 
sizes and limitations with the statistical analysis performed. 
There is still a paucity of data pertaining to the prognosis of 
different organ metastasis in NSCLC.

In the present study, we aimed to determine the progno-
sis associated with metastasis to different organs in patients 
with NSCLC and its major subtypes using data from the sur-
veillance, epidemiology, and end results (SEER) database.

Methods

Patients and clinicopathological data

This retrospective study assessed the association between 
MOM and disease-specific survival in patients with NSCLC 
and its subtypes, utilizing data on NSCLC patients from the 
SEER database, maintained by the National Cancer Institute. 
The SEER project is a United States population-based can-
cer registry that began in 1973 and includes approximately 
10% of the US population.

Cases of lung cancer diagnosed from 2010 to 2013 with 
complete information about distant metastases available in 
the SEER database were included in this study. Based on 
imaging studies, distant metastasis refers to the appearance 
of malignant lesions outside the locoregional thorax and/or 
mediastinum. Initially, 90,817 cases with lung cancer were 
identified. A total of 45,423 cases were included for analy-
ses, after excluding the following ineligible cases: 20,576 
cases with two or more primary sites, 6918 with incom-
plete information on organs metastases, 55 cases with no 

information on survival, and 17,845 cases with small cell 
lung cancer.

NSCLC cases were classified according to histologic 
type: AD (histologic codes 8244, 8245, 8250–8255, 8260, 
8290, 8310, 8323, 8333, 8480, 8481, 8490, 8507, 8550, 
8570, 8571, 8574, and 8576), SQCC (histologic codes 
8052, 8070–8075, 8083, 8084, 8123), large cell carcinoma 
(histologic codes 8012–8014), and code (8046, 8050, 8003, 
8004, 8022, 8031–8035, 8082, 8200, 8240, 8249, 8430, 
8560, 8562, 8980). A total of 45,423 NSCLC cases, includ-
ing 28,329 ADs and 9081 SQCCs with complete information 
were divided into six groups and analyzed for association 
between disease-specific survival and organ metastasis. The 
six groups included patients with (1) distant metastases, but 
none to bone, liver, lung, and brain (defined as other metas-
tasis group), (2) bone metastasis without brain, liver, or lung 
metastasis, (3) brain metastasis without bone, liver, or lung 
metastasis, (4) liver metastasis without bone, brain, or lung 
metastasis, (5) lung metastasis without bone, brain, or liver 
metastases, and (6) two or more metastatic organs among 
lung, liver, brain and bone (multiorgan metastases, MOM).

Statistical analyses

The Pearson Chi square test was used for comparisons of 
categorical variables. NSCLC-specific survival probability 
was calculated using Kaplan–Meier analysis with follow-up 
time censored. Cox regression was performed to examine the 
effect of organ metastasis on disease-specific survival and 
presented in terms of HRs and 95% CI. A two-tailed P value 
less than 0.05 was considered to be significant. Data were 
analyzed using the Statistical Package for Social Science 
version 18.0 (SPSS, Inc., New York, NY, USA).

Results

Patient characteristics

Data for a total of 45,423 NSCLC patients (25,129 men 
and 20,294 women) with distant metastasis were investi-
gated. The median age was 68 years (IQR 59–76) and the 
median follow-up time was 4 months (IQR 1–10). Bone 
was the most common site with a metastatic rate of 37.1% 
(16,850/45,423), and liver was the least common meta-
static site with a rate of 16.8% (7653/45,423). The rates 
of brain and lung metastasis were 25.6% (11,647/45,423) 
and 30.6% (13,907/45,423), respectively. Similar results 
were obtained for AD cases, with a metastatic rate of 39.2% 
(11,102/28,329) in bone, 27.5% (7797/28,329) in brain, 
16.0% (4525/28,329) in liver, and 31.4% (8907/28,329) in 
lung. The metastatic rates associated with SQCC cases were 
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31.7% (2879/9081), 16.7% (1520/9081), 17.4% (1583/9081) 
and 31.4% (2848/9081) in bone, brain, liver, and lung, 
respectively (Supplementary Table 1).

Table 1 shows the general characteristics of all patients. 
Among the most common organ metastasis, 7615 (16.8%) 
cases had bone metastasis alone, 6615 (14.6%) cases had 
lung metastasis alone, 5572 (12.3%) cases had brain metas-
tasis alone and 2033 (4.5%) cases had liver metastasis 
alone. In addition, 12,167 (26.8%) cases showed multiorgan 
metastases (MOM; M1c). As for the location of the primary 
tumors, 54.3% (24,656/45,423) occurred in the right upper 
lobe (Table 2).

Comparison of disease‑specific mortality 
between different organ metastasis groups

As shown in Table 3, the overall lung cancer specific mor-
tality was 72.3% (32,822/45,423). The mortality rates were 
73.2% (5575/7615), 72.7% (4052/5572), 78.3% (1591/2033) 
and 65.4% (4323/6615) for bone, brain, liver, and lung 
metastasis groups, respectively. MOM group had a mor-
tality rate of 77.5% (9426/12,167), while it was 68.8% 
(7855/11,421) for other metastasis group. Compared to other 
metastasis group, the crude hazard ratios (HRs) (95% con-
fidence intervals [CIs]) were 1.157 (1.117–1.197) for bone 
metastasis, 1.070 (1.030–1.111) for brain metastasis, 1.391 
(1.318–1.468) for liver metastasis, 0.901 (0.868–0.935) 
for lung metastasis and 1.415 (1.373–1.458) for MOM (all 
P < 0.001). After adjustment for age, gender, and tumor size, 
the HRs and 95% CIs were 1.276 (1.225–1.330) for bone 

Table 1  Characteristics of 
NSCLC patients from SEER 
database years of 2010–2013

NSCLC non-small cell lung cancer, MOM multiorgan metastases

Characteristics NSCLC Squamous cell carcinoma Adenocarcinoma

Number % Number % Number %

Age
 < 45 975 2.1 86 0.9 737 2.6
 ≥ 45, < 55 5364 11.8 733 8.1 3661 12.9
 ≥ 55, < 65 11,891 26.2 2112 23.3 7597 26.8
 ≥ 65, < 75 14,265 31.4 3177 35.0 8568 30.2
 ≥ 75 12,928 28.5 2973 32.7 7766 27.4

Gender
 Male 25,129 55.3 5894 64.9 14,582 51.5
 Female 20,294 44.7 3187 35.1 13,747 48.5

Race
 White 35,200 77.5 7290 80.3 21,563 76.1
 Black 6097 13.4 1258 13.9 3731 13.2
 Others 4033 8.9 521 5.7 2967 10.5
 Unknown 93 0.2 12 0.1 68 0.2

Tumor size
 ≤ 1 cm 690 1.5 95 1.0 495 1.7
 > 1, ≤ 2 cm 3630 8.0 412 4.5 2634 9.3
 > 2, ≤ 3 cm 5689 12.5 802 8.8 3924 13.9
 > 3, ≤ 4 cm 5585 12.3 984 10.8 3651 12.9
 > 4, ≤ 5 cm 4931 10.9 1088 12.0 2973 10.5
 > 5, ≤ 7 cm 6940 15.3 1811 19.9 3850 13.6
 > 7 cm 6143 13.5 2002 22.0 2858 10.1
 Unknown 11,815 26.0 1887 20.8 7944 28.0

Metastatic site
 Bone 7615 16.8 1501 16.5 4820 17.0
 Brain 5572 12.3 802 8.8 3561 12.6
 Liver 2033 4.5 566 6.2 1021 3.6
 Lungs 6615 14.6 1738 19.1 3967 14.0
 MOM 12,167 26.8 1857 20.5 8127 28.7
 Others 11,421 25.1 2617 28.8 6833 24.1
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metastasis, 1.318 (1.260–1.379) for brain metastasis, 1.481 
(1.388–1.580) for liver metastasis, 0.906 (0.866–0.947) 
for lung metastasis and 1.647 (1.587–1.709) for MOM (all 
P < 0.001). Liver metastasis and MOM had higher mortal-
ity rates and HRs than the other groups. In addition, com-
pared with the liver metastasis group, the MOM group had 
a crude HR (95% CI) of 1.013 (0.961–1.068, P = 0.633), 
which became significant after adjustment for age, gender, 

and tumor size [1.116 (1.048–1.189, P = 0.001)]. Inter-
estingly, when cases with liver metastasis were excluded 
from the MOM group, the crude HR of MOM was 0.878 
(0.829–0.929, P < 0.001) compared to liver metastasis 
group but became insignificant after adjustment for age, 
gender, and tumor size. These data suggested that MOM 
and liver metastasis had comparable HRs. Similar results 
were obtained when we used lung metastasis as control 

Table 2  The location of NSCLC 
and its common subtypes

NSCLC non-small cell lung cancer, RUL right upper level, RML right middle level, RLL right low level, 
LUL left upper level, LLL left low level

NSCLC Squamous cell carci-
noma

Adenocarcinoma

Number % Number % Number %

Right
 RUL 12,582 51.0 2436 50.8 7833 50.7
 RML 1914 7.8 335 7.0 1237 8.0
 RLL 6390 25.9 1473 30.7 3826 24.8
 Overlapping 354 1.4 68 1.4 213 1.4
 NOS 3416 13.9 479 10.0 2344 15.2
 Overall 24,656 (54.3) 4791 52.8 15,453 54.6

Left
 LUL 10,087 57.2 2297 59.8 6057 56.4
 LLL 5204 29.5 1196 31.1 3134 29.2
 Overlapping 158 0.9 38 1.0 94 0.9
 NOS 2177 12.4 311 8.1 1456 13.6
 Overall 17,626 (38.8) 3842 42.3 10,741 37.9

Bilateral, single primary 1100 (2.4) 180 2.0 746 2.6
Paired site, but no information 

concerning laterality
1832 (4.0) 230 2.5 1252 4.4

Only one side—side unspecified 209 (0.5) 38 0.4 137 0.5

Table 3  Association between distant metastasis organ and cancer specific mortality of NSCLC (SEER database years of 2010–2013)

NSCLC non-small cell lung cancer, MOM multiorgan metastases
a Adjusted for age, gender and tumor size
b Adjusted for age, gender, tumor size and lymph nodes
c Liver metastasis versus MOM, liver metastasis as ref
d Liver metastasis versus MOM (excluding 5620 cases with liver metastasis), liver metastasis as ref

Group Mortality Unadjusted Adjusteda Adjustedb

n/N (%) HR (95% CI) P HR (95% CI) P HR (95% CI) P

Other 7855/11,421 (68.8) Ref Ref Ref Ref Ref Ref
Bone 5575/7615 (73.2) 1.157 (1.117–1.197) < 0.001 1.276 (1.225–1.330) < 0.001 1.278 (1.225–1.333) < 0.001
Brain 4052/5572 (72.7) 1.070 (1.030–1.111) < 0.001 1.318 (1.260–1.379) < 0.001 1.344 (1.283–1.407) < 0.001
Liver 1591/2033 (78.3) 1.391 (1.318–1.468) < 0.001 1.481 (1.388–1.580) < 0.001 1.478 (1.383–1.579) < 0.001
Lung 4323/6615 (65.4) 0.901 (0.868–0.935) < 0.001 0.906 (0.866–0.947) < 0.001 0.898 (0.857–0.940) < 0.001
MOM 9426/12,167 (77.5) 1.415 (1.373–1.458) < 0.001 1.647 (1.587–1.709) < 0.001 1.611 (1.552–1.673) < 0.001
c – 1.013 (0.961–1.068) 0.633 1.116 (1.048–1.189) 0.001 1.105 (1.036–1.179) 0.002
d – 0.878 (0.829–0.929) < 0.001 0.979 (0.916–1.047) 0.542 0.969 (0.906–1.037) 0.363
Overall 32,822/45,423 (72.3)
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(Supplementary Table 2). As showed in Supplementary 
Table 2, compared with lung metastasis group, the crude 
HRs (95% CIs) were 1.29 (1.24–1.34) for bone metastasis, 
1.19 (1.14–1.25) for brain metastasis, 1.56 (1.47–1.65) for 
liver metastasis and 1.58 (1.53–1.64) for MOM. After age, 
gender, and tumor size adjustment, the HR remained sig-
nificant. Our data demonstrated a robust effect of MOM and 
liver metastasis on NSCLC-specific survival.

Comparison of disease‑specific mortality 
between the liver metastasis and MOM groups 
for AD and SQCC cases

The analyses for AD showed similar results as seen in all 
NSCLC patients. As shown in Table 4, the overall disease-
specific mortality rate was 69.4% (19,650/28,329). The mor-
tality rates were 69.8% (3364/4820), 69.3% (2467/3561), 
75.7% (773/1021), and 62.5% (2481/3967) in the bone, the 
brain, the liver, and the lung metastasis groups, respectively. 
The MOM group had a mortality rate of 74.2% (6032/8127), 
while it was 66.3% (4533/6833) in other metastasis group. 
Compared to other metastasis group, the crude HRs (95% 
CIs) were 1.116 (1.067–1.167, P < 0.001) for bone metas-
tasis, 1.025 (0.976–1.076, P = 0.329) for brain metasta-
sis, 1.362 (1.262–1.471, P < 0.001) for liver metastasis, 
0.879 (0.837–0.924, P < 0.001) for lung metastasis and 
1.367 (1.315–1.422, P < 0.001) for MOM. After adjust-
ment for age, gender and tumor size, the HRs and 95% 
CIs were 1.251 (1.184–1.322, P < 0.001) for bone metas-
tasis, 1.288 (1.213–1.367, P < 0.001) for brain metastasis, 
1.445 (1.314–1.589, P < 0.001) for liver metastasis, 0.881 
(0.828–0.937, P < 0.001) for lung metastasis and 1.605 
(1.528–1.685) for MOM (P < 0.001). Liver metastasis 

and MOM had higher mortality rates and HRs than the 
other groups. In addition, compared with the liver metas-
tasis group, MOM group had a crude HR (95% CI) of 
0.995 (0.923–1.073, P = 0.898) which became significant 
after adjustment for age, gender, and tumor size [1.109 
(1.011–1.215, P = 0.028)]. When the cases with liver metas-
tasis were excluded from the MOM group, the crude HR of 
MOM was 0.869 (0.804–0.940, P < 0.001) compared with 
the liver metastasis group, but lost significance after adjust-
ment for age, gender, and tumor size. In summary, MOM 
and liver metastasis alone had comparable HRs in AD.

In SQCC, the overall disease-specific mortality rate 
was 76.0% (6902/9081). The mortality rates were 80.0% 
(1201/1501), 80.3% (644/802), 80.3% (454/566), and 
68.4% (1188/1738) in the bone, the brain, the liver, and 
the lung metastasis groups, respectively. While the MOM 
group had a mortality rate of 85.0% (1578/1857), the 
mortality rate was 70.2% (1837/2617) in the group with-
out metastasis to the four organs. Compared to the group 
without metastases to the four organs, the crude HRs (95% 
CIs) were 1.404 (1.305–1.511, P < 0.001) for bone metas-
tasis, 1.346 (1.230–1.473, P < 0.001) for brain metasta-
sis, 1.410 (1.272–1.564, P < 0.001) for liver metastasis, 
0.949 (0.882–1.021, P = 0.163) for lung metastasis, and 
1.790 (1.672–1.918, P < 0.001) for MOM. After adjust-
ment for age, gender and tumor size, the HRs and 95% 
CIs were 1.478 (1.360–1.607, P < 0.001) for bone metas-
tasis, 1.543 (1.392–1.710, P < 0.001) for brain metastasis, 
1.544 (1.373–1.737, P < 0.001) for liver metastasis, 0.970 
(0.893–1.054, P = 0.473) for lung metastasis, and 1.991 
(1.839–2.155, P < 0.001) for MOM. Similar to the cohort 
of NSCLC and its most common subtype AD, MOM 
group had highest mortality and HR in SQCC. However, 

Table 4  Association between distant organ metastases and cancer specific mortality of adenocarcinoma (SEER database years of 2010–2013)

MOM multiorgan metastases
a Adjusted for age, gender and tumor size
b Adjusted for age, gender, tumor size and lymph nodes
c Liver metastasis versus MOM, liver metastasis as ref
d Liver metastasis versus MOM (excluding 5620 cases with liver metastasis), liver metastasis as ref

Group Mortality Unadjusted Adjusteda Adjustedb

n/N (%) HR (95% CI) P HR (95% CI) P HR (95% CI) P

Other 4533/6833 (66.3) Ref Ref Ref Ref Ref Ref
Bone 3364/4820 (69.8) 1.116 (1.067–1.167) < 0.001 1.251 (1.184–1.322) < 0.001 1.244 (1.176–1.316) < 0.001
Brain 2467/3561 (69.3) 1.025 (0.976–1.076) 0.329 1.288 (1.213–1.367) < 0.001 1.306 (1.229–1.389) < 0.001
Liver 773/1021 (75.7) 1.362 (1.262–1.471) < 0.001 1.445 (1.314–1.589) < 0.001 1.440 (1.308–1.587) < 0.001
Lung 2481/3967 (62.5) 0.879 (0.837–0.924) < 0.001 0.881 (0.828–0.937) < 0.001 0.869 (0.816–0.925) < 0.001
MOM 6032/8127 (74.2) 1.367 (1.315–1.422) < 0.001 1.605 (1.528–1.685) < 0.001 1.564 (1.488–1.644) < 0.001
c – 0.995 (0.923–1.073) 0.898 1.109 (1.011–1.215) 0.028 1.089 (0.992–1.196) 0.075
d – 0.869 (0.804–0.940) < 0.001 0.969 (0.88–1.066) 0.515 0.950 (0.862–1.048) 0.304
Overall 19,650/28,329 (69.4)
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liver metastasis did not show significantly worse survival 
(Table 5). Similar results were obtained when compared 
with lung metastasis group (Supplementary Table 2).

Kaplan–Meier analyses of disease‑specific survival 
of patients with NSCLC and its subtypes

The effects of metastases to different organs on disease-
specific survival in NSCLC and its variants are shown in 
Figs. 1, 2, and 3. As shown in Fig. 1, survival for all six 

groups decreased sharply (log rank P < 0.001). The best 
survival was noted for patients without metastases to the 
four organs and intrathoracic, intermediate survival was 
occurred in patients with bone and brain metastases, and 
the worst survival occurred in patients with liver metastases 
and MOM. Similar results were obtained in AD (Log rank 
P < 0.001) (Fig. 2). In SQCC, as shown in Fig. 3, MOM 
had the worst survival, bone, brain, and liver metastases had 
intermediate survival, and intrathoracic and other metastasis 
group had better survival (log rank P < 0.001).

Table 5  Association between distant organ metastases and cancer specific mortality of squamous cell carcinoma (SEER database years of 2010–
2013)

MOM multiorgan metastases
a Adjusted for age, gender and tumor size
b Adjusted for age, gender, tumor size and lymph nodes
c Liver metastasis versus MOM, liver metastasis as ref
d Liver metastasis versus MOM (exclude cases with liver metastasis), liver metastasis as ref

Group Mortality Unadjusted Adjusteda Adjustedb

n/N (%) HR (95% CI) P HR (95% CI) P HR (95% CI) P

Other 1837/2617 (70.2) Ref Ref Ref Ref Ref Ref
Bone 1201/1501 (80.0) 1.404 (1.305–1.511) < 0.001 1.478 (1.360–1.607) < 0.001 1.498 (1.375–1.631) < 0.001
Brain 644/802 (80.3) 1.346 (1.230–1.473) < 0.001 1.543 (1.392–1.710) < 0.001 1.595 (1.436–1.771) < 0.001
Liver 454/566 (80.3) 1.410 (1.272–1.564) < 0.001 1.544 (1.373–1.737) < 0.001 1.539 (1.365–1.735) < 0.001
Lung 1188/1738 (68.4) 0.949 (0.882–1.021) 0.163 0.970 (0.893–1.054) 0.473 0.966 (0.888–1.051) 0.424
MOM 1578/1857 (85.0) 1.790 (1.672–1.918) < 0.001 1.991 (1.839–2.155) < 0.001 1.942 (1.791–2.106) < 0.0011
c – 1.281 (1.154–1.423) < 0.001 1.312 (1.165–1.477) < 0.001 1.317 (1.165–1.488) < 0.001
d – 1.182 (1.049–1.331) 0.006 1.251 (1.094–1.430) 0.001 1.257 (1.094–1.443) 0.001
Overall 6902/9081 (76.0)

Log Rank P<0.001

other

bone
brain

lung

MOM

lavivrus  cificeps  esaesi
D

liver

Time (months)

Fig. 1  Kaplan–Meier analysis of the impact of distant metastases on 
disease-specific survival of NSCLC. Each P value < 0.001 was com-
pared group by group, liver metastasis versus MOM, P = 0.609. The 
‘other’ group was defined as cases with metastasis at diagnosis but 
without bone, brain, liver, and lung metastases

Log Rank P<0.001

Time (months)

lavivrus  cificeps  esaesi
D

other

bone
brain

lung

MOM
liver

Fig. 2  Kaplan–Meier analysis of the impacts of distant metastases on 
disease-specific survival of NSCLC-adenocarcinoma (other versus 
bone, liver, lung, MOM P < 0.001, vs. brain = 0.309; bone versus any 
group P < 0.001; brain versus liver, lung, M1c P < 0.001; liver versus 
MOM P = 0.892, versus other, bone, brain, and lung P < 0.001; lung 
versus any group P < 0.001)
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Discussion

In this study, we analyzed the prognostic role of organ 
metastases and its relationship with disease-specific survival 
and HRs in NSCLC patients from the SEER database. Our 
data demonstrated that bone and liver were the most and 
least common metastatic sites, respectively. The groups with 
metastasis to the lung alone had a better prognosis, while 
those with metastases to liver and MOM had the worst prog-
nosis. The different clinical outcomes among metastatic sites 
may be useful in determination of prognosis, which could 
serve as an important reference for clinicians and patients.

Our data show that NSCLC metastasize predominantly to 
the bone, with a rate of 37.1% (16,850/45,423) in NSCLC 
and 39.2% (11,102/28,329) in AD. Although the rates of 
bone metastasis in lung cancer vary (Brodowicz et al. 2012; 
D’Antonio et al. 2014; Sugiura et al. 2008), a previous study 
reported that 30–40% of patients with lung cancer develop 
bone metastases which is consistent with the present study 
(D’Antonio et al. 2014). Although previous studies (Morgen-
sztern et al. 2009; Nakazawa et al. 2012; Waqar et al. 2015) 
have delineated the prognostic effects on survival of NSCLC 
with distant metastasis, it is now widely accepted that mul-
tiple metastatic sites confer worse survival compared with 
isolated metastasis (Eberhardt et al. 2015; Sanchez de Cos 
Escuin et al. 2014). Our data are in agreement with these 
studies.

The effects of intrathoracic metastasis only (M1a) on 
prognosis of NSCLC is still controversial. M1a in NSCLC 
patients with malignant pleural effusion has been predictive 

of poor survival (Goldstraw et al. 2007; Jett et al. 2003; Sug-
iura et al. 1997). In the present study, NSCLC patients with 
lung metastasis had a mortality of 65.4% (4323/6615), which 
was significantly lower than patients with other organ metas-
tasis (P < 0.001). Similar results were observed for both AD 
and SQCC subtypes. Our results support previous studies 
indicating that the prognosis of NSCLC patients with M1a at 
diagnosis might be relatively favorable (Ichinose et al. 2000; 
Iida et al. 2015; Ohta et al. 2005).

It has been reported that NSCLC patients with distant 
metastases outside the chest cavity (M1b), and tumors with 
MOM (M1c) have significantly worse prognosis than those 
with single organ metastasis (Eberhardt et al. 2015). Our 
data demonstrated that the MOM group had the worst out-
come. Both in the whole cohort and for each tumor histol-
ogy, the MOM group had a higher rate of mortality than the 
groups with bone or brain metastases. In the TNM classifi-
cation of 7th staging manual of AJCC, MOM was defined 
as M1b, while the AJCC 8th TNM classifies MOM as M1c 
due to poor survival. Since our study used the TNM classi-
fication of 7th staging manual of AJCC, cases with multiple 
metastases in one organ were not classified as MOM, which 
could have weakened the prognostic power of M1c.

Previous studies have shown that liver metastasis is asso-
ciated with worse survival in NSCLC (Tamura et al. 2015), 
as well as in small cell lung cancer (Nakazawa et al. 2012). 
Riihimäki M et al. investigated 17,431 cases of lung cancer 
and found liver was one of the most common metastatic 
sites (35%) in small cell lung cancer, while bone was the 
most common site for metastasis in NSCLC. In addition, 
liver metastasis has been shown to portend poor survival 
(Riihimaki et al. 2014). In our study, liver metastasis also 
had a significant effect on prognosis. The mortality rate for 
this group was as high as 78.3% (1591/2033). The liver and 
MOM groups had similar HRs before and after adjustment 
for age, gender, and tumor size. When the patients with liver 
metastasis were excluded from the MOM group, the two 
groups showed no significant differences. Liver metastasis 
showed a prognosis similar to that of M1c, which is the 
worst stage of lung cancer. Similar results were obtained in 
the most common subtype, AD. Interestingly, in SQCC, liver 
metastasis had similar prognosis as bone and brain metasta-
ses, which was better than M1c.

This study has several limitations, primarily due to its 
retrospective design. Importantly, the SEER database only 
provides data between 2010 and 2013. Moreover, some 
important information, such as number of metastatic lesions, 
histology subtypes, gene mutations, and types of therapy 
were not provided in the SEER database. This information 
will be needed in future prospective studies.

In conclusion, in NSCLC patients from the SEER data-
base, lung metastasis had the best chance of survival, while 
liver metastasis was the worst prognostic factor for NSCLC 

Log Rank P<0.001

other

bone
brain

lung

MOM
liver

Time (months)
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Fig. 3  Kaplan–Meier analysis of the impacts of distant metastasis 
organ on disease-specific survival of NSCLC-squamous cell car-
cinoma (other versus bone, brain, liver, MOM P < 0.001, vs. lung 
P = 0.143; bone versus brain P = 0.319, versus liver P = 0.910, versus 
lung and MOM P < 0.001; brain versus liver P = 0.391, versus lung 
and MOM P < 0.001; liver versus lung and MOM P < 0.001; lung 
versus MOM P < 0.001)
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and AD, but not SQCC. Based on our results, lung can-
cer specific mortality risk for both NSCLC and AD is as 
follows: MOM = liver metastasis > bone metastasis = brain 
metastasis > other organ metastasis > lung metastasis. While 
for SQCC: MOM > liver = bone = brain metastasis > other 
organ metastasis > lung metastasis. This study provides 
evidence for the prognostic effects of metastases to differ-
ent organs, and will be useful in counseling and treating 
NSCLC patients.
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