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Introduction

Lung metastasis is one of the most common distant
metastases of breast cancer [1, 2]. In autopsy studies on
metastatic patterns of breast cancer, 57-77% of patients
were found to have lung metastases [3]. In a retrospective
analysis of 1581 patients with metastatic breast cancer,
about 23% of patients had lung metastases, 5.6% of patients
with metastases confined to lungs [4]. It is reported that
for breast cancer patients with metastases confined to
lungs, the median overall survival (OS) after systemic
chemotherapy was 22.5 months [5]. Therefore, the devel-
opment of lung metastasis in breast cancer is associated
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Abstract

The risk factors for morbidity and mortality in breast cancer lung metastases
(BCLM) patients still remain poorly identified. The aim of this study was to
assess the incidence and survival of BCLM and associated risk factors. Patients
with BCLM were identified from the Surveillance, Epidemiology, and End Results
(SEER) database. Multivariate logistic regression analysis was used to determine
the risk factors for BCLM. Predictors of factors associated with death were
analyzed in Cox regression and Fine and Gray’s test. Of the 11568 patients with
stage IV breast cancer, 4213 (36.4%) had BCLM and 1214 (10.5%) had metas-
tases confined to lungs. The median survival time for patients with BCLM was
21 months, and 15.5% of the patients were alive more than 3 years. The tumor
subtype distribution was 45.3% HR/HER2", 12.2% HR'/HER2", 7.8% HR"/
HER2" and 15.0% triple-negative subtype. Compared with patients without
BCLM, those with BCLM were more likely to be aged, female, black, higher
tumor grade, HR"/HER2", HR*/HER2" and triple-negative subtypes at diagnosis.
Survival analysis showed that the aged, black race, HR"/HER2*, triple-negative
subtype, higher grade were the independent risk factor for BCLM patients’
survival, while HR*/HER2" subtype, insured status, and married status suggested
better prognosis. In conclusion, the incidence and prognosis of BCLM varied
by tumor subtypes, age, and race. Elderly patients with HER2-positive or triple-
negative tumors were more likely to have BCLM.

with poor prognosis. However, it is unclear which factors
affect the morbidity and mortality of BCLM. Tumor sub-
types are associated with metastatic pattern of metastatic
breast cancer. Previous studies have reported that the
probability of lung recurrence in patients with early breast
cancer with hormone receptor (HR)-positive human epi-
dermal growth factor receptor 2 (HER2)-positive and
triple-negative subtypes was higher than HR-positive
HER2-negative tumors [6-11]. However, the effect of
tumor subtypes on BCLM survival is unclear. In addition,
the impact of sociodemographic factors and clinical char-
acteristics on the incidence and mortality of BCLM has
not been adequately studied.

© 2018 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
This is an open access article under the terms of the Creative Commons Attribution License, which permits use,
distribution and reproduction in any medium, provided the original work is properly cited.


http://orcid.org/0000-0001-6283-5941
http://orcid.org/0000-0002-2775-0990
mailto:xiexm@sysucc.org.cn
mailto:tanghl@sysucc.org.cn

W. Xiao et al.

Better understanding of the incidence and survival of
BCLM and related risk factors can help identify patients
with high-risk factors, and reduce the occurrence of BCLM
and improve the prognosis by early intervention. The aim
of this study was to assess the incidence and survival of
BCLM and its associated risk factors.

Materials and Methods

Patients

We extracted data from 18 registries released in 2016 (the
latest follow-up information available) within the
Surveillance, Epidemiology, and End Results (SEER) database
which contains the limited medical information for about
30% of the total American population [12]. Using SEER*Stat
(version 8.3.4 National Cancer Institute, Bethesda, MD,
USA), we attained a cohort of 247,364 patients diagnosed
as primary and histologically validated malignant breast
cancer and aged 18 years or above at diagnosis from January
Ist, 2010 to December 31st, 2013. Those with carcinoma
in situ were excluded in this cohort. Furthermore, we gen-
erated a final incidence cohort of 240,808 patients with
definite lung metastases status at diagnosis (Yes or No).
Within the case listing, 4213 patients had lung metastases
when first diagnosed as having breast cancer. Subsequently,
we excluded patients who were diagnosed by autopsy or
death certificate and whose survival record presented with
0 month, leaving a survival cohort of 3772 patients with
active follow-up for survival analysis. Before initiating this
study, we signed and submitted a data agreement form to
the SEER research team, thus having access to SEER data-
base according to official permission. The study was approved
by the Institutional Review Board of Sun Yat-sen University
Cancer Center, Guangzhou, Guangdong Province, People’s
Republic of China. The review board waived informed
consent from patients because of unknown identity.

Stratification

Incidence proportion was defined as the number of patients
with lung metastases divided by the number of patients
with breast cancer. We calculated the absolute quantity
and incidence proportion of patients with lung metastases
confirmed at breast cancer diagnosis among the entire
cohort and metastatic diseases subgroup after breast cancer
molecular subtype stratification which includes hormone
receptor (HR)-positive human epidermal growth factor
receptor 2 (HER2)-positive, HR"/HER2*, HR*/HER2™ and
triple-negative (HR-negative HER2-negative), respectively.
Patients were also stratified by age, race, sex, marital status,
number of metastatic sites outside of the lungs, pathologi-
cal grade, etc. Race/ethnicity was comprised of white,
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black, Asian or Pacific Islander, and American Indian/
Alaska Native in accord with the database record.

Statistical analysis

To assess the correlation between variables and lung
metastases status, we used multivariate logistic regression
model to calculate the odds ratios (ORs) within the sub-
groups, adjusted for all variables which may harbor dif-
ferent prognosis. The extent of metastatic diseases was
characterized by the presence or absence of brain, liver,
and bone metastases available in the SEER database.

The survival was defined as the time from the initial
breast cancer diagnosis to death. We used Kaplan—Meier
method to compute the survival estimates and generate sur-
vival curves within subsets of subtypes and overall cohort.
A Cox proportional hazards regression analysis was conducted
to assess the association of the same variables described
herein with the hazard ratio (HR) of death in patients with
lung metastases. Fine and Gray’s semiparametric competing
risk model was used to exam the subdistribution hazards.

We calculated 95% confidence intervals (95% CI) for
all estimates (ORs and HRs) across strata. A P value of
0.05 or less was determined as statistically significant. All
P values were two-tailed. Statistical analysis was performed
using SPSS statistical software (SPSS IBM STATISTICS 21,
IBM Corporation, Armonk, USA), apart from the Kaplan—
Meier method by SAS 9.4 software (SAS Institute, Cary,
NC) and breast cancer-specific mortality using a Fine and
Gray’s semiparametric model by cmprsk package of R soft-
ware (version 3.4.1 R Foundation).

Results

The absolute quantity and incidence proportion of our
cohort according to molecular subtypes appear in Table 1.
The incidence proportion of HR*/HER2™, HR*/HER2",
HR™/HER2*, triple-negative, and unknown subtypes
among 240,808 patients diagnosed with malignant breast
cancer between 2010 and 2013 was 67.7%, 9.3%, 4.1%,
10.7%, and 8.3%, respectively. Among the 11,568 patients
diagnosed with metastatic diseases at distant sites analyzed
for incidence, 51.8%, 13.2%, 6.9%, 11.1%, and 17.0%
had HR*/HER2-, HR'/HER2*, HR/HER2Y,
negative, and unknown subtypes, respectively. Four thou-
sand two hundred and thirteen lung metastatic patients
were identified, accounting for 1.8% and 36.4% of the
entire study cohort and subgroup with distant metastases,
respectively. Of these, 1214 were patients with metastases
confined to lungs (i.e., metastatic disease only in the
lungs). The patients with HR*/HER2™ subtype harbored
the highest incidence proportion (3.4% of the entire
study population, 42.4% of the metastatic subgroup) and

triple-
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Table 1. The incidence and median survival of patients with lung metastases from breast cancer stratified by subtypes.

Incidence proportion of lung metastasis,

Patients, No. %
With With
breast metastatic With lung Among entire  Among subgroup with Median survival of patients with lung
Subtype cancer diseases metastases cohort metastatic diseases metastases (IQR), months
HR*/HER2~ 162,952 5993 1907 1.2 31.8 28.0 (10.0-59.0)
HR*/HER2* 22,455 1529 512 2.3 335 31.0 (15-NR)
HR~/HER2* 9840 798 330 3.4 414 21.0 (7.0-46.0)
Triple-negative 25,638 1284 633 2.5 49.3 11.0 (4.0-20.0)
Unknown 19,923 1964 831 4.2 42.3 12.0 (3.0-34.0)
All subtypes 240,808 11,568 4213 1.8 36.4 21.0(7.0-48.0)

HER2, human epidermal growth factor receptor 2; HR, hormone receptor; IQR, interquartile range; NR, not reached. + Denotes positive; — denotes

negative.

HR*/HER2™ subtype (1.2% of the entire study popula-
tion, 31.8% of the metastatic subgroup) the lowest.

The multivariable logistic regression results after the
stratification of demographic and clinical characteristics are
provided in Table 2. Among the metastatic subgroup, age
40-59 years (vs. age 18-39 years; OR, 1.36; 95% CI: 1.13—
1.63; P = 0.001), age 60-79 years (vs. age 18-39 years;
OR, 1.85; 95% CI: 1.54-2.22; P < 0.001), age >80 years
(vs. age 18-39 years; OR, 2.13; 95% CI: 1.73-2.62;
P < 0.001), male (vs. female; OR, 1.85; 95% CI: 1.29-2.65;
P = 0.001), black race (vs. white race; OR, 1.19; 95% CI,
1.07-1.33; P = 0.001), two metastatic sites outside of lungs
(vs. 0 or 1 site; OR, 1.30; 95% CI: 1.18-1.44; P < 0.001)
and three metastatic sites outside of lungs (vs. 0 or 1 site;
OR, 3.76; 95% CI: 2.84-4.98; P < 0.001), HR"/HER2" (vs.
HR*/HER2™; OR, 1.37; 95% CIL: 1.17-1.60; P < 0.001),
triple-negative subtypes (vs. HR*/HER2™; OR, 1.82; 95%
CL: 1.60-2.07; P < 0.001), pathological grade II (vs. grade
I; OR, 2.93; 95% CI: 2.50-3.44; P < 0.001), IIT (vs. grade
I; OR, 4.77; 95% CI: 4.06-5.62; P < 0.001) and IV (vs.
grade I; OR, 8.41; 95% CI: 5.92-11.94; P < 0.001) were
more likely to be diagnosed as lung metastases at initial
diagnosis. Interestingly, married (vs. unmarried; OR, 0.85;
95% CI: 0.78-0.92; P < 0.001) and insured (vs. uninsured;
OR, 0.64; 95% CI: 0.54-0.77; P < 0.001) status seemed to
be associated with lower odds of lung metastases at diag-
nosis. The results among the entire study population reflected
a similar trend. Significant results appear in Table 2.

Survival

In the survival cohort of 3772 patients diagnosed as lung
metastases, the median survival stratified by subtypes is
provided in Table 1. The median survival among the
cohort was 21 months, of which the median survival of
patients with metastases confined to lungs was 25 months.
Patients with HR*/HER2" had the longest median survival
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(31 months) and triple-negative the shortest (11 months).
Figure shows the overall survival (Fig. 1A), survival strati-
fied by subtype (Fig. 1B).

The hazard ratios for all-cause mortality according to
all variables in multivariate Cox regression model appear
in Table 3. Age 40-59 years (vs. age 18-39 years; hazard
ratio, 1.36; 95% CI: 1.09-1.70; P = 0.006), age 60—79 years
(vs. age 18-39 years; hazard ratio, 1.79; 95% CI: 1.44-2.23;
P < 0.001), and age >80 years (vs. age 18—39 years; hazard
ratio, 3.03; 95% CI: 2.39-3.84; P < 0.001), black race
hazard 1.24; 95% CI: 1.12-1.38;
P < 0.001), extrapulmonary metastatic diseases to one
site (vs. O site; hazard ratio, 1.39; 95% CI: 1.26-1.54;
P < 0.001), two sites (vs. O site; hazard ratio, 2.18; 95%
CI: 1.94-2.46; P < 0.001), three sites (vs. 0 site; hazard
ratio, 3.01; 95% CI: 2.42-3.76; P < 0.001), HR/HER2*
subtype (vs. HR*/HER2™ subtype; OR, 1.30; 95% CI:
1.11-1.53; P = 0.001), triple-negative subtype (vs. HR*/
HER2™ subtype; OR, 2.45; 95% CI: 2.18-2.76; P < 0.001),
pathological grade III (vs. grade I; hazard ratio, 1.73; 95%
CL: 1.36-2.21; P < 0.001) and IV (vs. grade I; hazard
ratio, 2.12; 95% CI: 1.38-3.25; P = 0.001) were signifi-
cantly associated with a increased all-cause mortality.

(vs. white; ratio,

Married status (vs. unmarried; hazard ratio, 0.79; 95%
CL: 0.72-0.86; P < 0.001) and HR*/HER2" subtype (vs.
HR*/HER2™ subtype; OR, 0.82; 95% CIL: 0.70-0.94;
P = 0.001) were significantly associated with decreased
all-cause mortality. But, insured status was not associated
with mortality in this model. Breast cancer-specific mor-
tality of patients with lung metastases at initial diagnosis
also appears in Table 3. Median survival of subtypes after
the stratification of the extent of metastatic sites is pro-
vided in Table 4. Survival was better among those with
less metastatic diseases at distant sites. In general, patients
with lung metastases at diagnosis experienced significantly
shorter survival than patients presented with no baseline
lung involvement (Table 4).

© 2018 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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Table 2. Multivariate logistic regression of lung metastases.

Breast Cancer and Lung Metastases

Among subset with metastatic

Patients, No Among entire cohort diseases
Patients With lung metastases
Variables (n =240,808) (n=4213) OR (95% Cl) Pvalue OR (95% Cl) P value
Subtype
HR*/HER2~ 162,952 1907 1 (Reference) 1 (Reference)
HR*/HER2* 22,455 512 1.27 (1.14-1.42) 0.007 1.02 (0.90-1.15) 0.791
HR~/HER2* 9840 330 1.62 (1.41-1.85) <0.001 1.37 (1.17-1.60) <0.001
Triple-negative 25,638 633 1.42 (1.27-1.57) <0.001 1.82 (1.60-2.07) <0.001
Unknown 19,923 831 1.63 (1.48-1.81) <0.001 1.39(1.24-1.56) <0.001
Age at diagnosis, year*
18-39 11,225 187 1 (Reference) 1 (Reference)
40-59 95,084 1423 1.18 (1.00-1.39) 0.055 1.36 (1.13-1.63) 0.001
60-79 107,713 1950 1.68 (1.42-1.98) <0.001 1.85(1.54-2.22) <0.001
>80 26,784 653 2.02 (1.69-2.42) <0.001 2.13(1.73-2.62) <0.001
Sex
Female 238,934 4151 1 (Reference) 1 (Reference)
Male 1874 62 1.96 (1.48-2.59) <0.001 1.85(1.29-2.65) 0.001
Race
White 191,790 3092 1 (Reference) 1 (Reference)
Black 26,612 792 1.40 (1.28-1.53) <0.001 1.19(1.07-1.33) 0.001
Asian or Pacific 19,479 283 0.98 (0.86-1.12) 0.739 1.31(1.12-1.54) 0.001
Islander
American 1372 31 1.50 (1.02-2.20) 0.038 1.58 (0.97-2.57) 0.066
Indian/Alaska
Native
Unknown 1555 15 0.53(0.31-0.91) 0.021 1.09 (0.57-2.10) 0.791
Marital status
Unmarried 98,180 2361 1 (Reference)
Married 128,665 1599 0.65 (0.60-0.70) <0.001 0.85(0.78-0.92) <0.001
Unknown 13,963 253 0.77 (0.66-0.89) <0.001 1.01 (0.85-1.20) 0.945
Insurance status
Uninsured 4495 258 1 (Reference) 1 (Reference)
Insured 231,362 3835 0.42 (0.36-0.49) <0.001 0.64 (0.54-0.77) <0.001
Unknown 4951 120 0.47 (0.36-0.49) <0.001 0.83(0.61-1.12) 0.224
Number of metastatic sites to bone, brain and liver
Oor1 237,899 2974 1 (Reference) 1 (Reference)
2 2106 832 35.03 (31.65-38.77) <0.001 1.30(1.18-1.44) <0.001
All 3 228 148 102.98 <0.001 3.76 (2.84-4.98) <0.001
(76.90-137.92)
Unknown 575 259 39.40 (32.84-47.27) <0.001 3.68 (2.96-4.58) <0.001
Pathological Grade
1 51,553 177 1 (Reference) 1 (Reference)
2 98,969 1192 2.93 (2.50-3.44) <0.001 1.40 (1.16-1.69) <0.001
3 73,236 1680 4.77 (4.06-5.62) <0.001 1.86 (1.54-2.24) <0.001
4 1101 48 8.41(5.92-11.94) <0.001 2.55(1.62-4.01) <0.001
Unknown 15,949 1116 10.16 (8.57-12.04) <0.001 1.42 (1.17-1.73) <0.001

HER2, human epidermal growth factor receptor 2; HR, hormone receptor; OR, odds ratio; 95% Cl: 95% confidence interval; + Denotes positive; —

denotes negative.

*Unknown age was removed from model owing to nonconvergence.

Discussion

As far as we know, this work represents the first com-
prehensive analysis of the incidence and prognosis of
patients with lung metastases at the initial diagnosis
of breast cancer. In this study, we identified 4213 cases

© 2018 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

of lung metastases from patients with newly diagnosed
breast cancer, accounting for 1.8% of all patients with
breast cancer, 36.4% of metastatic diseases subgroup.
Among them, HER2-enriched and triple-negative tumors
had a higher percentage of lung metastases. In addition,
the median survival of patients with different subtypes
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Figure 1. Overall survival and subtype-stratified survival among patients
with lung metastases from breast cancer. The overall survival (A),
survival stratified by subtype (B), and survival stratified by the extent of
extrapulmonary metastatic disease (C). HER2, human epidermal growth
factor receptor 2; HR, hormone receptor. + Denotes positive; — denotes
negative.

of lung metastases was also very heterogeneous, ranging
from 11.0 months of triple-negative subtypes to
31.0 months of HR*/HER2" subtypes.

To date, relatively few studies have attempted to find
the association between breast cancer subtypes and lung
metastases. Kennecke et al. [1] reported that the cumula-
tive rates of lung metastases in HR*/HER2~, HR*/HER2*,
HR7/HER2" and triple-negative subtypes were 9.1%,
17.7%, 24.1%, 15.7%, respectively, after a long-term follow-
up of 3726 patients with early breast cancer (diagnosed
from 1986 to 1992). Soni et al. [13] observed that the
frequency of lung metastases in each breast cancer subtype
was 17%, 14%, 25%, and 31%, respectively, in a cohort
of 531 consecutive patients with advanced breast cancer.
Sihto et al. [14] reported that 234 cases of distant metas-
tases occurred in 2032 cases of breast cancer patients
after follow-up of 2.7 years. Their results indicated that
the incidence of lung metastasis as first distant metastases
was 8.5%, 16.3%, 22.9%, 20.8%, respectively, in luminal
A, luminal B, HER2"-enriched, and basal-like subtypes
[14]. One of the advantages of these studies was the pro-
vision of information on the cumulative incidence of lung
metastases during the natural course of the disease. In
contrast to these studies, our study focused on patients
presenting with lung metastases at the initial diagnosis
of breast cancer. Therefore, the effect of tumor subtypes
on lung metastases would not be affected by previous
local and systemic treatments in our cohort.

In the present study, the median survival of patients
with lung metastases was 21 months,while those who
with metastases confined to lungs had a median survival
of 25 months. In a retrospective analysis of M. D.
Anderson Cancer Center, the median OS was 22.5 months
for breast cancer patients with metastases confined to
lungs treated with systemic chemotherapy [15]. However,
patients with metastases confined to lungs undergoing
pulmonary metastasectomy had a median OS of
35-75.6 months and a 5-year overall survival rate of
38% to 54% [5, 16—19]. We did not have information
on lung surgery and systemic therapy for lung metastases
in this cohort, so we were unable to analyze the differ-
ences in survival due to treatment. According to the
tumor subtype, our study also showed important dif-
ferences in OS. Patients with HR*/HER2" subtype had
the longest OS, and their risk of death was significantly
lower compared to HR*/HER2™ patients. In contrast,

© 2018 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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Table 3. Multivariate Cox regression of all-cause mortality and specific breast cancer mortality in patients with lung metastasis.

Patients, No All-cause mortality Breast cancer-special mortality
With lung
Patients metastases Hazard ratio

Variables (n=238,781) (n=3772) (95% Cl) Pvalue Hazard ratio (95% Cl) Pvalue
Subtype

HR*/HER2~ 162,162 1789 1 (Reference) 1 (Reference)

HR*/HER2* 22,316 483 0.82 (0.70-0.94) 0.006 0.81(0.69-0.94) 0.007

HR~/HER2* 9760 308 1.30(1.11-1.53) 0.001 1.22 (1.03-1.44) 0.025

Triple-negative 25,467 592 2.45(2.18-2.76)  <0.001 2.22 (1.96-2.52) <0.001

Unknown 19,076 600 1.69 (1.50-1.91) <0.001 1.98 (1.74-2.25) <0.001
Age at diagnosis, year*

20-39 11,171 178 1 (Reference) 1 (Reference)

40-59 94,524 1320 1.36 (1.09-1.70) 0.006 1.39(1.12-1.72) 0.003

60-79 106,851 1740 1.79 (1.44-2.23) <0.001 1.67 (1.34-2.07) <0.001

>80 26,235 534 3.03(2.39-3.84) <0.001 2.39 (1.87-3.04) <0.001
Sex

Female 236930 3714 1 (Reference) 1 (Reference)

Male 1851 58 0.77 (0.53-1.11) 0.165 0.66 (0.41-1.05) 0.079
Race

White 190,352 2770 1 (Reference) 1 (Reference)

Black 26,345 711 1.24(1.12-1.38) <0.001 1.17 (1.03-1.32) 0.015

Asian or Pacific 19,300 251 0.95 (0.80-1.13) 0.558 0.87 (0.71-1.07) 0.18

Islander
American Indian/ 1361 28 0.98 (0.62-1.54) 0.93 1.17 (0.73-1.89) 0.51
Alaska Native

Unknown 1423 12 0.51(0.19-1.37) 0.183 0.58 (0.24-1.44) 0.24
Marital status

Unmarried 97,131 2085 1 (Reference) 1 (Reference)

Married 128,031 1473 0.79 (0.72-0.86)  <0.001 0.81(0.73-0.89) <0.001

Unknown 13,637 214 0.72 (0.59-0.87) 0.001 0.68 (0.55-0.85) <0.001
Insurance status

Uninsured 4347 207 1 (Reference) 1 (Reference)

Insured 229,751 3467 0.85(0.71-1.02) 0.081 0.91(0.74-1.11) 0.36

Unknown 4683 98 0.90 (0.65-1.24) 0.504 0.98 (0.67-1.43) 0.90
Number of metastatic sites to bone, brain and liver

0 229,105 1214 1 (Reference) 1 (Reference)

1 7104 1502 1.39(1.26-1.54) <0.001 1.40(1.24-1.57) <0.001

2 1860 708 2.18 (1.94-2.46) <0.001 2.30 (2.00-2.64) <0.001

3 193 123 3.01(2.42-3.76) <0.001 3.20(2.44-4.21) <0.001

Unknown 519 225 1.60 (1.34-1.91) <0.001 1.65 (1.32-2.06) <0.001
Pathological Grade

1 51,324 166 1 (Reference) 1 (Reference)

2 98,432 1113 1.22 (0.96-1.56) 0.107 0.79 (0.67-0.93) <0.001

3 73,736 1562 1.73(1.36-2.21) <0.001 1.22 (1.02-1.47) <0.03

4 1083 42 2.12 (1.38-3.25) 0.001 2.38(2.07-2.73) <0.001

Unknown 15,206 889 1.56 (1.22-2.00)  <0.001 1.72 (1.48-2.00) <0.001

HER2, human epidermal growth factor receptor 2; HR, hormone receptor; OR, odds ratio; 95% Cl: 95% confidence interval; + Denotes positive; —

denotes negative.

*Unknown age was removed from model due to nonconvergence.

the patients with triple-negative subtype had the worst on the prognosis of patients with breast cancer. The
prognosis. Our findings were similar to previous reports prognosis of patients with lung metastases observed in
on the effect of tumor subtypes on OS of patients with all tumor subtypes is quite different, confirming that
breast cancer [13, 20-22]. Several studies showed that breast cancer is a heterogeneous disease, even in patients
triple-negative breast cancer was associated with poor with specific lung metastases.

prognosis [23, 24]. Our findings confirmed and extended In addition to the association between the prevalence
the previous reports on the effects of tumor subtypes of lung metastases and the tumor subtypes, several
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Table 4. The median survival of patients with breast cancer stratified by sites of metastases.

Survival, median(IQR), months

Subtype Type of metastasis Without lung metastasis With lung metastasis Log Rank P value
HR*/HER2~ Bone 36.0 (18.0-NR) 26.0(9.0-53.0) <0.001
Liver 24.0 (9.0-46.0) 17.0(5.0-41.0) 0.011
Brain 13.0(5.0-35.0) 17.0 (4.0-40.0) 0.340
2 of 3 22.0(8.0-41.0) 17.0 (6.0-40.0) 0.157
All 3 10.0 (3.0-22.0) 16.0 (4.0-52.0) 0.081
HR*/HER2* Bone 45.0 (21.0-NR) 31.0 (12.0-NR) <0.001
Liver 41.0 (17.0-NR) 22.0 (6.0-NR) <0.001
Brain 34.0 (12.0-NR) 17.0 (5.0-40.0) 0.024
2 of 3 34.0 (16.0-NR) 220(60 NR) 0.002
All 3 15.0 (3.0-NR) 0 (4.0-NR) 0.524
HR-/HER2* Bone 34.0 (11.0-NR) 17 O (4.0-36.0) <0.001
Liver 32.0(10.0-49.0) 16 0 (4.0-36.0) <0.001
Brain 11.0 (6.0-40.0) 0(3.0-17.0) 0.025
2 of 3 260(80 45.0) 170(50 36.0) 0.096
All 3 0 (6.0-34.0) 0(2.0-12.0) 0.100
Triple-negative Bone 12 O (4.0-24.0) 0(3.0-15.0) <0.001
Liver 0(5.0-18.0) 0(2.0-14.0) 0.015
Brain 0(3.0-15.0) 0(2.0-10.0) 0.082
2 0of 3 0 (4.0-14.0) 0(3.0-11.0) 0.071
All 3 0(1.0-9.0) 0(1.0-12.0) 0.384
Unknown Bone 22 0 (7.0-51.0) 12 O (3-35.0) <0.001
Liver O (4-34.0) 0(2.0-26.0) 0.007
Brain 0(2.0-22.0) 0(1-17.0) 0.073
2 0of 3 120(30 29.0) 0(2.0-28.0) 0.278
All 3 16.0 (9.0-48.0) 0(1.0-7.0) 0.013
All subtypes Bone 33.0 (14.0-NR) 21 O (6.0-45.0) <0.001
Liver 22.0(8.0-49.0) O (4.0-33.0) <0.001
Brain 13.0 (4.0-34.0) 0 (2.0-28.0) 0.007
2 of 3 20.0 (6.0-43.0) 150(40 36.0) <0.001
All 3 10.0 (5.0-23.0) 0(2.0-23.0) 0.461

HER2, human epidermal growth factor receptor 2; HR, hormone receptor; IQR, interquartile range; + Denotes positive; — denotes negative.

important correlations between lung metastases and demo-
graphics of breast cancer patients were noteworthy.
Although young women were more likely to develop more
aggressive breast cancer subtypes and more advanced dis-
eases [25-27], it revealed a higher incidence of lung
metastases in older patients. In addition, the percentage
of lung metastases in male patients was significantly higher
than that of females, although the absolute number of
male breast cancer patients had not yet reached 1% of
women throughout the cohort. Furthermore, black race
(vs. white, OR, 1.38; 95% CI, 1.25-1.51; P < 0.001) had
significantly greater likelihood of lung metastases at the
time of diagnosis, but this association was not found in
distant metastatic disease subset.

Perhaps the most interesting was that this study showed
that the incidence and prognosis of lung metastases were
associated with marital status and insurance status at the
initial diagnosis of breast cancer, regardless of known
clinical prognostic variables such as tumor subtypes, age
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at diagnosis, tumor grade. This confirmed and enriched
previous studies which reported that the risk of cancer
metastases and cancer-related death in unmarried or unin-
sured patients was significantly higher than in married
or insured patients [28, 29]. This result emphasized the
potentially significant impact of social support on breast
cancer detection and survival.

Our research has some limitations. Firstly, all data were
collected by the SEER program, which relied on routine
collection of cancer registry data, and the incidence of
lung metastases might be underestimated. Secondly, as
the SEER database did not capture subsequent lung metas-
tases during disease progression, our study was unable
to incorporate subsequent lung metastases. Thirdly, we
were unable to analyze the effect of lung-directed treat-
ment (such as lung surgery and endocrine therapy) on
the prognosis of patients because these data were not
available in the public SEER data set. Fourthly, while we
have adjusted the effects of confounding factors such as
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age, insurance, and marital status, we were unable to
adjust sociodemographic status to the level of the patient.
Fifthly, there is no information on the number of lung
lesions or the bulk of disease (i.e., lung full of tumor vs.
a tiny lung met), which are important prognostic factors
for patients with lung metastases. Sixthly, there may be
other organs/tissue involved that are not captured by the
SEER registry (i.e., adrenal glands). Finally, the distribu-
tion of the cause of death cannot be specific to lung
metastases or other metastases.

Our research also had several advantages. The study
was based on population-based tumor registration in
recent years, providing a generalization for the results.
The sample size of this study was large enough to pro-
vide sufficient strength to explore the incidence and
prognosis of lung metastases. Due to the extensive infor-
mation collected by the SEER program, we were able
not only to explore OS, but also to explore cancer-specific
survival. Finally, our study differed from other reports
of lung metastases due to recurrence or progression of
early breast cancer and was not affected by previous
local and systemic treatment (which might have a poten-
tial impact on the occurrence and treatment of lung
metastases), thus providing an important clinical infor-
mation on the prognosis and the risk stratification of
simultaneous lung metastases.

Our study provides important information on the inci-
dence and prognosis of lung metastases in breast cancer,
which is critical for designing studies to test interventions
that may improve survival. In addition, the frequency of
lung metastases identified in this study can be used to
estimate the burden of disease, and the risk factors identi-
fied here can be used for risk-based screening to maximize
early detection of lung metastases and achieve optimal
cost-effectiveness.
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