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Abstract
Background: Population-based estimates of the impact of gender throughout 
the whole course of brain metastases (BMs) at the time of diagnosis of systemic 
malignancies are insufficient. We aimed to discover the influence of gender on 
the presence of BMs in newly diagnosed malignancies and the survival of those 
patients on a population-based level.
Methods: Midlife patients (40 years ≤ age ≤60 years) with newly diagnosed ma-
lignancies and BMs at the time of diagnosis were abstracted from the Surveillance, 
Epidemiology, and End Results (SEER) database of the National Cancer Institute. 
Clinical variables adjusted patient data. The LASSO regression was performed 
to exclude the possibility of collinearity. Univariable and multivariable logistic 
regression analyses were applied to find independent predictors for the presence 
of BMs, while univariable and multivariable Cox proportional hazard regression 
analyses were used to determine prognosticators of survival. K-M curves were 
used to perform the survival analysis.
Result: 276,327 population-based samples met inclusion criteria between 2014 
and 2016, and 5747 (2.08%) patients were diagnosed with BMs at the time of diag-
nosis of systematic malignancies. Among all midlife patients with cancer, 44.02% 
(121,634) were male, while 51.68% (2970) were male among patients with BMs at 
the time of diagnosis. The most frequent tumor type was breast cancer (23.11%), 
and lung cancer had the highest incidence proportion of BMs among the entire 
cohort (19.34%). The multivariable logistic regression model suggested that fe-
male (vs. male, odds ratio [OR] 1.07, 95% CI: 1.01–1.14, p < 0.001) was associated 
with a higher risk of the presence of BMs at the time of diagnosis. Moreover, in 
the multivariable Cox model for all-cause mortality in individuals with BMs at 
diagnosis, female (vs. male, hazard ratio [HR], 0.86, 95% CI, 0.80–0.92, p < 0.001) 
was shown to have a lower risk of decreased all-cause mortality.
Conclusion: The middle-aged females were at increased risk of developing BMs, 
while the middle-aged males with BMs were at higher risk of having poorer 
survival.
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1   |   INTRODUCTION

Statistically, about 20% of cancer patients suffer from brain 
metastases (BMs).1–3 This ratio increases with age to around 
40% of those aged ≥18.2,4,5 However, the actual prevalence 
can be higher because these estimates are usually limited 
to those who are being assessed for therapy. Routine brain 
MRI examinations are not recommended for the majority 
of cancer patients who do not have neurological symptoms. 
These tumors are expected to be up to 10 times more prev-
alent than primary malignant brain tumors.5–11 There has 
been only one published study12 to date highlighting that 
the incidence of patients with newly diagnosed systemic 
malignancy with BMs is about 2%. Most BMs metastasize 
from lung cancer (40%–50%), breast cancer (15%–25%), and 
melanoma (5%–20%).3,13–15 Moreover, especially for mela-
noma, a disposition to metastasize is a very early event.16 
Headaches, nausea, tiredness, anorexia, affective distur-
bance, abnormal mental status, cognitive impairment, in-
somnia, epilepsy, and focal neural function deficits are all 
common symptoms in individuals with BMs.17,18

Multimodal systemic therapies, including a combination 
of surgical removal, radiotherapy, chemotherapy, immuno-
therapy, and molecularly targeted therapies, are applied to 
extend overall survival after being diagnosed with BMs.1,19–22 
However, prognosis in cancer patients with BMs remains 
poor, with a relatively low median survival (2.9 months in 
newly diagnosed malignancies)23 and 2-year survival rate 
(8%).24 Mounting evidence indicates that gender is associ-
ated with the survival of the majority of neoplastic diseas-
es.25–31 Moreover, numerous studies have shown the male 
gender as an independent risk factor for shorter survival in 
BMs patients.4,12,23 In contrast, the occurrence of BMs has 
been neglected in long-term clinical practices, and little re-
search could elaborate on whether the male gender is a risk 
factor throughout the disease (BMs) course.

The purpose of this work was to apply the Surveillance, 
Epidemiology, and End Results (SEER) database to dis-
cover the influence of gender on the presence of BMs at 
newly diagnosed malignancies and survival of those pa-
tients on a population-based basis.

2   |   METHODS

Our institutional review board gave their approval to this 
project, and the committee waived the requirement for in-
formed consent.

2.1  |  Study design and population

The National Cancer Institute (NCI)-sponsored SEER 
program collected information from 34.6% of cancer 
patients in the United States and published informa-
tion on demographics, disease, clinicopathological 
features, and therapeutic procedure-related covariates 
online.32,33 We accessed the Surveillance Research 
Program, released on April 2019, using SEER*Stat 
(version 8.3.9) and identified 376,812 midlife patients 
diagnosed with an invasive malignant neoplasm from 
January 1, 2014, to December 31, 2016. Midlife was 
recognized as being between the ages of 40 (≥40) and 
60 (≤60).34,35 The presence or absence of BMs was veri-
fied prior to treatment. We excluded patients: (1) with 
nonsolid tumors; (2) with intracranial primary cancer; 
(3) diagnosed with more than one primary cancer; 
(4) with family income unknown; (5) with extracra-
nial organ metastasis unknown or not applicable; (6) 
diagnosed through autopsy or death certificate; (7) 
with survival time unknown, 276,327 (73.32%) pa-
tients included in the final cohort for analysis. The 
workflow is shown in Figure  1. We divided patients 
into two groups based on their gender. For patients 
with malignancy who had BMs at the time of diagno-
sis, absolute numbers and incidence proportions were 
computed; incidence proportions were determined as 
well after stratification by years at diagnosis, race, re-
gions, marital status, insurance, lymph nodal positive 
rate (LNPRate), the number of extracranial organs in-
volved (only bone, liver, and lung were included) by 
metastases (0, 1, 2, and 3 represent the number of or-
gans affected), and the cancer type. Histology, rather 
than the primary site, was used to identify patients 
with sarcoma and melanoma. The location of the 
tumor and its histology were identified using ICD-
O-3 codes (International Classification of Diseases 
for Oncology, Third Edition). The nodal staging was 
replaced by LNPRate, which was progressed in in-
crements of 20%. According to the SEER database, 
race/ethnicity was classified as non-Hispanic white, 
non-Hispanic black, non-Hispanic American Indian/
Alaska Native, non-Hispanic Asian or Pacific Islander, 
Hispanic, or other. Standard SEER follow-up methods 
were used to check on participants’ vital status, death 
date, and cause of death once a year. The end date for 
the follow-up was December 31, 2016. Mortality was 
defined as death from any cause.

K E Y W O R D S

brain metastases, female, male, midlife, survival
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2.2  |  Statistical analysis

The Least absolute shrinkage and selection operator 
(LASSO), a regularized regression approach performed 
using the “glmnet” package, was used to exclude mul-
ticollinearity and automated variable selection in the 
study.36–38 Univariable and multivariable logistic regres-
sion models were applied to determine whether the vari-
ables selected from the LASSO regression were associated 
with the occurrence of BMs at diagnosis. The survival 
hazard was then assessed using univariate and multivari-
ate Cox proportional hazard regression models.39 Finally, 
survival curves for each variable in the multivariate Cox 
model with a p-value <0.05 were created using the K-M 
analysis and compared using the two-tailed log-rank 
test.40,41 The Chi-squared test was used to compare cate-
gorical demographic features, while continuous variables 
were given as means (standard deviation) and compared 
using the t-test. Statistical analyses were performed using 
RStudio based on the R programming language42 version 
4.0.5 that was released on 2021–03–31 (cran.r-project.org/
src/base/R-4/).

3   |   RESULT

Baseline demographic and clinical characteristics by 
gender for patients with cancer (any Stage) and BMs at 
diagnosis were presented in Table 1. In the 2014–2016 
period, 276,327 patients were diagnosed with a solid 

malignancy, and 5747 patients, 2.08% of all patients, had 
BMs at diagnosis. A total of 121,634 patients, 44.02% of 
all patients with malignancy and 51.68% of patients with 
BMs, were male. Breast cancer was the most frequently-
observed cancer, accounting for 23.1% of cases. Lung 
cancer, renal cancer, and endometrial cancer ranked 
as the top three in terms of the incidence proportion of 
BMs among the entire cohort. There were significant 
differences across gender for patients with BMs for age, 
region, insurance status, median household income, the 
percent of high education, and T stage. The remaining 
variables, race, year of diagnosis, marital status, later-
ality of primary malignancy, and the presence of other 
organ metastases, were not significantly different be-
tween the male and female groups.

In the progression of fitting logistic regression mod-
els to data, there is always a concern about over-fitting. 
We used LASSO to increase model accuracy and de-
crease model overfitting. The results of LASSO are sum-
marized in Table  2 and Figure  S1. All variables were 
included in the univariable logistic regression model. 
According to the multivariable logistic regression model 
(Figure  2 and Table  3), in the whole cohort, variables 
that were associated with a substantially increased risk 
of the presence of BMs at the time of diagnosis were fe-
male (vs. male, odds ratio [OR] 1.1, 95% CI: 1.01–1.14, 
p  =  0.034), other insurance status (vs. insured, OR 
1.10, 95% CI: 1.03–1.17, p  =  0.006), LNPRate between 
21% and 40% (vs. 0%−20%, OR 1.70, 95% CI: 1.12–2.57, 
p < 0.001), LNPRate between 41% and 60% (vs. 0%−20%, 

F I G U R E  1   The workflow of the 
studyMidlife patients diagnosed with an invasive

malignant neoplasm from 1/ 1/2014 to
12/31/2016 (n = 376812)

Analysis of risk factors of the presence of
BMs (n = 276327)

Excluded (n = 100485)

1. Nonsolid tumors (n = 14086)

2. Intracranial primary cancer (n = 5301)

3. More than one primary cancer (n = 43818)

4. Family income unknown (n = 23)

5. Metastasis unknown or N/A (n = 36387)

6. Diagnosed through autopsy or death certificate (n = 739)

7. Unknown time of survival ( n = 131)

The LASSO and logistic regression
analyses

Patients with brain metastases for survival
analysis (n = 5747)

Univariable and multivariable Cox
regression analyses
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OR 3.04, 95% CI: 2.00–4.61, p  <  0.001), LNPRate be-
tween 61% and 80% (vs. 0%−20%, OR 4.14, 95% CI: 
2.52–6.79, p < 0.001), LNPRate between 81% and 100% 
(vs. 0%−20%, OR 7.16, 95% CI: 5.69–9, p < 0.001), unex-
amined LNPRate (vs. 0%−20%, OR 10.29, 95% CI: 8.76–
12.1, p < 0.001), 1 extracranial affected organ (vs. 0, OR 
2.33, 95% CI: 2.17–2.5, p < 0.001), 2 extracranial affected 
organs (vs. 0, OR 3.53, 95% CI: 3.23–3.85, p  <  0.001), 
3 extracranial affected organs (vs. 0, OR 7.58, 95% CI: 
6.54–8.79, p < 0.001), primary tumor located in lung (vs. 
head & neck, OR 51.48, 95% CI: 37.73–70.24, p < 0.001), 
primary tumor located in breast (vs. head & neck, OR 
3.35, 95% CI: 2.39–4.69, p < 0.001), and primary tumor 
located in kidney (vs. head & neck, OR 4.15, 95% CI: 
2.97–5.8, p < 0.001). High school education percentage 
and median household income were not related to a risk 
of the presence of BMs at diagnosis in the multivariable 
model. South region (vs. Northeast, OR 0.80, 95% CI: 
0.71–0.89, p < 0.001), primary tumor located in thyroid 
(vs. head & neck, OR 0.40, 95% CI: 0.22–0.74, p = 0.003), 
and primary tumor located in prostate (vs. head & neck, 
OR 0.19, 95% CI: 0.11–0.34, p < 0.001) were related to 
marginally lower odds of BMs at diagnosis.

The Cox proportional hazard models are shown in 
Figure 3 and Table 4. In the multivariable Cox model, fe-
male (vs. male, hazard ratio [HR] 0.86, 95% CI, 0.80–0.92, 
p < 0.001), median household income (increased by per 
$10,000 annual, HR 0.59, 95% CI, 0.45–0.78, p < 0.001), 
diagnosis at 2015 (vs. 2014, HR 0.93, 95% CI, 0.86–1.00, 

p  =  0.046), diagnosis at 2016 (vs. 2014, HR, 0.83, 95% 
CI, 0.75–0.90, p < 0.001), Non-Hispanic Asian or Pacific 
Islander (NHAPI) (vs. NHW, HR, 0.66, 95% CI, 0.58–0.76, 
p < 0.001), Hispanic (vs. NHW, HR, 0.80, 95% CI, 0.70–
0.91, p < 0.001), and primary tumor located in the breast 
(vs. head & neck, HR 0.57, 95% CI: 0.38–0.85, p = 0.006) 
were significantly associated with a better clinical out-
come. Age (increased by per 1, HR, 1.03, 95% CI, 1.02–
1.04, p < 0.001), other marital status (vs. married, HR 1.21, 
95% CI: 1.13–1.29, p < 0.001), other insurance status (vs. 
insured, HR 1.36, 95% CI: 1.26–1.45, p < 0.001), other lat-
erality of primary tumor (vs. unilaterality, OR 1.19, 95% 
CI: 1.04–1.37, p = 0.012), LNPRate between 81% and 100% 
(vs. 0%−20%, HR 1.52, 95% CI: 1.13–2.05, p = 0.006), un-
examined LNPRate (vs. 0%−20%, HR 1.79, 95% CI: 1.43–
2.22, p < 0.001), 1 extracranial affected organ (vs. 0, HR 
1.37, 95% CI: 1.27–1.48, p < 0.001), 2 extracranial affected 
organs (vs. 0, HR 1.63, 95% CI: 1.49–1.78, p  <  0.001), 3 
extracranial affected organs (vs. 0, HR 2.02, 95% CI: 1.78–
2.30, p  <  0.001), primary tumor located in the liver (vs. 
head & neck, HR 1.74, 95% CI: 1.02–2.97, p = 0.040), and 
primary tumor located in the ovarian (vs. head & neck, 
HR 1.88, 95% CI: 1.04–3.42, p = 0.037) were significantly 
related to a shorter survival time.

The median survival time in the cohort with BMs at 
diagnosis, stratified by gender, and the p-values of the log-
rank test in K-M analysis were present in Table 5. The me-
dian survival among the entire male cohort was 6 months, 
with female patients experiencing the more prolonged 
median survival (8 months). The female group had a con-
siderably better prognosis, according to the K-M analysis 
(p < 0.001, Figure 4).

4   |   DISCUSSION

In this large population-based study, we analyzed the re-
lationship between gender and the occurrence of midlife 
BMs, as well as the prognosis of patients with newly di-
agnosed extracranial solid malignancy. To the best of our 
knowledge, this is an advanced epidemiologic study in 
the United States exploring the impact of gender on BMs 
utilizing the SEER database. We discovered seven indi-
cators associated with the incidence proportion of BMs: 
insurance status, race, geographical region, laterality, 
LNPRate, the number of extracranial involved organs, 
primary tumor location. Further survival investigation 
identified eleven prognosticators related to the progno-
sis of BMs patients. Given that consensus guidelines for 
patients with systematic malignancy do not recommend 
screening imaging of the brain, the actual number of BMs 
patients is likely more than initially thought. Moreover, 
the poor survival of BMs highlights the importance of very 

T A B L E  2   The absolute value of the coefficients in LASSO 
regression

Variables Coefficients

Age 0.00073

Income* 0.00414

Education* 0.00093

Sex 0.00214

Year 0.00018

Race 0.00185

Region 0.00097

Marital 0.00123

Insurance 0.00416

Laterality 0.03176

Primary site 0.00471

T-stage 0.00328

LNPRate 0.00531

Involved organs 0.06312

Intercept 0.11331

Note:: Income*, median household income, increased by per $10 000 annual; 
Education*, high school education percent, increased by per 10%.
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early detection. Our findings are highly geographically 
generalizable in the United States because the NCI-SEER 
program covers over 28% of the U.S. population, underlin-
ing the considerable potential value for providers, health 
care systems, and policy efforts in handling BMs.

Previous studies concerning the molecular subtype of 
the primary malignant neoplasm could infer potential ex-
planations for some of the presence of BMs. For example, 
breast cancer in females with epidermal growth factor 
receptor 2 (EGFR-2, or HER-2), positive with or without 
HR-positive or triple-negative subtypes (estrogen receptor 
(ER) negative, progesterone receptor (P.R.) negative, and 
normal HER2 levels) is associated with an increased odds 
ratio for developing BMs than those with ERpositive and/
or PRpositive breast cancer.43 The increased proclivity 
of ALK altered nonsmallcell lung cancer to particularly 
metastasis to the brain is another example of molecular 
subtype affecting metastatic patterns.44 Furthermore, 
research in the context of epidemiology showed that 
other extracranial diseases, including metastatic liver or 

lung involvement, are likely to relate to the detection of 
BMs at an initial cancer diagnosis.45 These findings are 
in excellent agreement with our results. The greater the 
involvement of metastases in organ sites (including the 
liver, lungs, and bone), the greater the risk of developing 
BMs. Furthermore, we investigated the LNPRate and dis-
covered that when LNPRates rose, the probability of BM 
presence rose as well. These findings have major clinical 
implications for detecting BMs early in the course of neu-
rological symptoms utilizing MR scanning.

In 2016, the SEER program first released the data from 
2010 to 2013 on the presence or absence of BMs. The fol-
lowing year, Cagney et al.12 reported the first and largest 
epidemiologic study on the incidence proportion of adult 
patients with BMs based on the SEER database. Their 
analysis identified the highest rates of BMs in lung can-
cer patients, and another type of malignancy with an inci-
dence proportion of identified BMs of more than 10% was 
melanoma and renal cancer. These findings have substan-
tial implications for clinical practice. Furthermore, the 

F I G U R E  2   According to multivariate logistic regression analysis, female gender, other insurance status, lymph node-positive rate 
(LNPRate) between 21% and 40%, LNPRate between 41% and 60%, LNPRate between 61% and 80%, LNPRate between 81% and 100%, more 
than one (≥1) extracranial involved organ, and tumor located in the lung, breast, or kidney were all significantly associated with a higher 
risk of developing brain metastases at the time of diagnosis
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T A B L E  3   Univariable and multivariable logistic regression models for the presence of brain metastases at diagnosis of systematic 
malignancies

Variables Categories

Univariable Multivariable

OR (95%CI) p-value OR (95%CI) p-value

Age 1.05 (1.05,1.06) <0.001 1.00 (0.99,1.00) 0.491

Sex Male Ref. Ref.

Female 0.73 (0.7,0.77) <0.001 1.07 (1.01,1.14) 0.034

Year 2014 Ref. — —

2015 0.98 (0.92,1.04) 0.505 — —

2016 0.98 (0.92,1.04) 0.485 — —

Race NHW Ref. Ref.

NHB 1.06 (0.98,1.14) 0.158 0.92 (0.85,1.01) 0.071

NHAI/AN 0.98 (0.73,1.33) 0.908 1.07 (0.76,1.5) 0.697

NHAPI 0.91 (0.83,1.01) 0.070 1.04 (0.93,1.18) 0.484

Hispanic 0.58 (0.53,0.64) <0.001 0.92 (0.82,1.02) 0.124

Others 0.14 (0.08,0.24) <0.001 0.35 (0.2,0.6) <0.001

Region Northeast Ref. Ref.

Midwest 1.26 (1.13,1.39) <0.001 0.91 (0.8,1.04) 0.162

South 1.27 (1.17,1.38) <0.001 0.8 (0.71,0.89) <0.001

West 0.85 (0.79,0.92) <0.001 0.95 (0.86,1.04) 0.279

Marital Married Ref. Ref.

Others 1.44 (1.36,1.51) <0.001 1.02 (0.95,1.08) 0.638

Insurance Insured Ref. Ref.

Others 1.74 (1.65,1.84) <0.001 1.1 (1.03,1.17) 0.006

Primary Site Head & Neck Ref. Ref.

Thyroid 0.31 (0.17,0.57) <0.001 0.4 (0.22,0.74) 0.003

Lung 84.59 (62.15,115.13) <0.001 51.48 (37.73,70.24) <0.001

Breast 1.5 (1.08,2.08) 0.016 3.35 (2.39,4.69) <0.001

Colorectal 1.13 (0.78,1.63) 0.517 1.43 (0.99,2.07) 0.056

Kidney 5.71 (4.09,7.97) <0.001 4.15 (2.97,5.8) <0.001

Melanoma 1.33 (0.75,2.37) 0.335 1.12 (0.63,2.01) 0.691

Liver 1.7 (1.09,2.64) 0.019 1.11 (0.71,1.73) 0.642

Ovarian 0.74 (0.46,1.19) 0.212 0.9987 (0.6184,1.6127) 0.996

Endometrial 1.58 (0.9,2.78) 0.114 1.28 (0.72,2.27) 0.394

Prostate 0.18 (0.1,0.32) <0.001 0.19 (0.11,0.34) <0.001

Others 3.27 (2.37,4.5) <0.001 2.54 (1.84,3.5) <0.001

Laterality Unilateral Ref. Ref.

Others 2.92 (2.59,3.29) <0.001 1.03 (0.89,1.18) 0.71

T-stage 0 Ref. — —

1 0.93 (0.72,1.2) 0.572 — —

2 0.94 (0.72,1.22) 0.638 — —

3 0.94 (0.72,1.22) 0.655 — —

4 1.01 (0.77,1.32) 0.961 — —

Others 0.90 (0.69,1.17) 0.418 — —
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Variables Categories

Univariable Multivariable

OR (95%CI) p-value OR (95%CI) p-value

LNPRate 0%−20% Ref. Ref.

21%–40% 1.68 (1.11,2.54) 0.014 1.7 (1.12,2.57) <0.001

41%−60% 2.88 (1.89,4.38) <0.001 3.04 (2,4.61) <0.001

61%−80% 4.4 (2.71,7.16) <0.001 4.14 (2.52,6.79) <0.001

81%−100% 15.36 (12.35,19.1) <0.001 7.16 (5.69,9) <0.001

Unexamined 22.54 (19.37,26.23) <0.001 10.29 (8.76,12.1) <0.001

Others 45.45 (38.57,53.56) <0.001 9.21 (7.74,10.96) <0.001

Involved organs 0 Ref. Ref.

1 9.32 (8.76,9.92) <0.001 2.33 (2.17,2.5) <0.001

2 17.39 (16.11,18.77) <0.001 3.53 (3.23,3.85) <0.001

3 35.44 (31.4,40.01) <0.001 7.58 (6.54,8.79) <0.001

Income* 0.47 (0.41,0.54) <0.001 0.9 (0.7,1.14) 0.373

Education* 1.05 (1,1.09) 0.042 0.94 (0.87,1.01) 0.094

Note: Income*, median household income, increased by per $10 000 annual; Education*, high school education percent, increased by per 10%.
Abbreviations: NHAI/AN, Non-Hispanic American Indian/Alaska Native; NHAPI, Non-Hispanic Asian or Pacific Islander; NHB, Non-Hispanic Black; NHW, 
Non-Hispanic White.

T A B L E  3   (Continued)

F I G U R E  3   The Cox proportional hazards model, including all possible risk factors, indicated that year of diagnosis at 2015 and 2016, 
the increased median household income, female gender, NHAPI (Race), Hispanic (Race), and tumor located in the breast were significantly 
associated with improved survival
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T A B L E  4   Univariable and multivariable Cox regression models for all-cause mortality among patients with brain metastases

Variables Categories

Univariable Multivariable

HR (95%CI) p-value HR (95%CI) p-value

Age 1.03 (1.02,1.03) <0.001 1.03 (1.02,1.04) <0.001

Sex Male Ref. Ref.

Female 0.80 (0.75,0.86) <0.001 0.86 (0.80,0.92) <0.001

Year 2014 Ref. Ref.

2015 0.95 (0.89,1.02) 0.174 0.93 (0.86,1.00) 0.046

2016 0.84 (0.76,0.92) <0.001 0.83 (0.75,0.90) <0.001

Race NHW Ref. Ref.

NHB 1.16 (1.06,1.26) 0.001 1.01 (0.92,1.10) 0.855

NHAI/AN 1.16 (0.81,1.66) 0.431 1.41 (0.98,2.02) 0.067

NHAPI 0.59 (0.52,0.68) <0.001 0.66 (0.58,0.76) <0.001

Hispanic 0.82 (0.73,0.93) 0.001 0.80 (0.70,0.91) <0.001

Others 0.54 (0.23,1.31) 0.172 0.56 (0.23,1.35) 0.194

Region Northeast Ref. Ref.

Midwest 1.21 (1.07,1.37) 0.002 1.05 (0.92,1.21) 0.458

South 1.35 (1.22,1.48) <0.001 1.10 (0.98,1.24) 0.105

West 0.98 (0.89,1.08) 0.724 0.95 (0.86,1.05) 0.335

Marital Married Ref. Ref.

Others 1.34 (1.25,1.42) <0.001 1.21 (1.13,1.29) <0.001

Insurance Insured Ref. Ref.

Others 1.41 (1.32,1.51) <0.001 1.36 (1.26,1.45) <0.001

Primary site Head & Neck Ref. Ref.

Thyroid 0.76 (0.33,1.73) 0.514 1.15 (0.50,2.64) 0.748

Lung 0.77 (0.53,1.11) 0.160 0.89 (0.62,1.29) 0.555

Breast 0.52 (0.35,0.77) 0.001 0.57 (0.38,0.85) 0.006

Colorectal 0.57 (0.36,0.90) 0.016 0.78 (0.49,1.23) 0.288

Kidney 0.73 (0.49,1.09) 0.127 0.82 (0.55,1.22) 0.331

Melanoma 0.53 (0.25,1.12) 0.097 0.86 (0.41,1.83) 0.700

Liver 1.49 (0.88,2.54) 0.138 1.74 (1.02,2.97) 0.040

Ovarian 1.33 (0.74,2.40) 0.338 1.88 (1.04,3.42) 0.037

Endometrial 1.25 (0.67,2.32) 0.489 1.45 (0.77,2.72) 0.249

Prostate 0.61 (0.30,1.25) 0.178 0.57 (0.28,1.17) 0.126

Others 0.87 (0.59,1.27) 0.463 0.95 (0.65,1.40) 0.812

Laterality Unilateral Ref. Ref.

Others 1.19 (1.03,1.36) 0.015 1.19 (1.04,1.37) 0.012

T-stage 0 Ref. — —

1 0.99 (0.71,1.38) 0.934 — —

2 1.00 (0.71,1.40) 0.991 — —

3 0.99 (0.70,1.39) 0.938 — —

4 1.01 (0.71,1.43) 0.962 — —

Others 0.95 (0.68,1.34) 0.776 — —
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work made an effort to identify eight clinicopathological 
variables related to BMs at diagnosis as well, and gender 
was not a significant indicator (p = 0.49) in multivariable 
logistic regression analysis.

In contrast, a review1 published by NATURE Review 
in 2019 actively demonstrated that in addition to tumor 
source, molecular subtype, race, age, and geographic 
location, gender was associated with the development 
of BMs as well. Previous research found that men had 
higher BM rates than women (9.7 vs. 7.1 per 100,000 
population), which was attributed to a higher incidence 
of lung primary in men.46 The article has been cited 
more than 700 times, and could it prove that male was 
at risk of the presence of BMs? Indeed, univariate logis-
tic regression analysis in the study revealed that female 
gender (vs. male; OR, 0.73; 95% CI, 0.70–0.77; p < 0.001) 
was a significant protective factor for developing midlife 
BMs. Conversely, when adjusted by other ten significant 
variables, the multivariate logistic regression analysis 
illustrated that the female gender (vs. male; OR, 1.07; 
95% CI, 1.01–1.14, p = 0.034) was at risk of occurrence 
of BMs. In particular, we recognized the results were 
the outcome of all variable interactions. The choice of 
a specific age subgroup, full consideration of social sta-
tus and clinicopathological data, and a plausible model 
are crucial for uncovering the disruptive finding. In our 
view, the results of previous studies were possibly not 
applicable for midlife patients because features could be 
overshadowed by the overall characteristics to degrees. 
When considering breast cancer is one of the more com-
mon diseases particularly among patients in midlife, 

primary tumor site was taken into logistic regression 
analysis as well, and based on our results, we propose 
that the female gender is more susceptible to developing 
BMs in midlife.

During the construction of the outcome predictor, 
serval prognosticators were used, such as age, the ex-
tent of primary disease control, Karnofsky Performance 
Status, treatment status, and Graded Prognostic 
Assessment.1 Furthermore, an additional study in 2020 
raised five prognostic factors for elderly patients with 
BMs at diagnosis associated with a more favorable out-
come.23 Those indicators are female gender (vs. male; 
HR, 0.89; 95% CI, 0.82–0.97; p = 0.005), higher median 
household income, CNS-directed stereotactic radiation, 
resection of metastatic tumor, and systemic therapy.23 A 
potential strength is the available information of SEER-
Medicare data and confirmation of the protective effects 
of female gender (vs. male; HR, 0.90; 95% CI, 0.84–0.95; 
p  <  0.001) in metachronous BMs. Our findings are 
similar to previous research and can be used to sup-
plement previous work. Unfortunately, Cagney et al.13 
did not analyze the differences in survival stratified by 
gender among the entire cohort with BMs at diagnosis. 
Nevertheless, recognizing that breast cancer was the 
most common cancer among patients in the present 
study population, we argue that the female gender is 
associated with a better outcome in patients older than 
40 years with BMs at diagnosis.

While the mechanisms by which socioeconomic status 
influences cancer mortality are likely complicated and 
indirect,47–49 research suggests that lower socioeconomic 

Variables Categories

Univariable Multivariable

HR (95%CI) p-value HR (95%CI) p-value

LNPRate 0%−20% Ref. Ref.

21%–40% 1.00 (0.58,1.73) 0.998 1.08 (0.62,1.88) 0.786

41%−60% 0.83 (0.42,1.65) 0.591 0.95 (0.48,1.90) 0.890

61%−80% 0.93 (0.45,1.92) 0.841 0.96 (0.46,1.98) 0.907

81%−100% 1.50 (1.11,2.02) 0.008 1.52 (1.13,2.05) 0.006

Unexamined 2.03 (1.64,2.52) <0.001 1.79 (1.43,2.22) <0.001

Others 2.02 (1.60,2.54) <0.001 1.80 (1.43,2.27) <0.001

Involved organs 0 Ref. Ref.

1 1.26 (1.16,1.35) <0.001 1.37 (1.27,1.48) <0.001

2 1.41 (1.30,1.54) <0.001 1.63 (1.49,1.78) <0.001

3 1.70 (1.50,1.92) <0.001 2.02 (1.78,2.30) <0.001

Income* 0.44 (0.38,0.52) <0.001 0.59 (0.45,0.78) <0.001

Education* 1.00 (1.00,1.00) <0.001 0.99 (0.92,1.08) 0.900

Note: Income*, median household income, increased by per $10 000 annual; Education*, high school education percent, increased by per 10%.
Abbreviations: NHAI/AN, Non-Hispanic American Indian/Alaska Native; NHAPI, Non-Hispanic Asian or Pacific Islander; NHB, Non-Hispanic Black; NHW, 
Non-Hispanic White.

T A B L E  4   (Continued)
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T A B L E  5   Survival outcomes of patients after diagnosed with brain metastases

Variables Categories

Median survival time (months, 95% CI)

p-value*Male Female

Year 2014 5 (4, 6) 7 (6, 8) <0.001

2015 6 (5, 7) 8 (7, 9) <0.001

2016 7 (6, 8) 9 (8, 10) 0.005

Race NHW 6 (6, 6) 7 (6, 8) <0.001

NHB 5 (4, 6) 6 (5, 7) 0.084

NHAI/AN 3 (2, 4) 15 (6, 24) 0.018

NHAPI 11 (8, 14) 15 (11, 19) 0.004

Hispanic 8 (6, 10) 9 (7, 11) 0.085

Others 1 (NA, NA) 0 (NA, NA) 0.263

Region Northeast 7 (6, 8) 9 (7, 11) 0.193

Midwest 5 (4, 6) 6 (5, 7) 0.013

South 5 (4, 6) 6 (5, 7) 0.007

West 6 (5, 7) 10 (9, 11) <0.001

Marital Married 7 (6, 8) 9 (8, 10) <0.001

Others 5 (5, 5) 6 (5, 7) <0.001

Insurance Insured 7 (6, 8) 9 (8, 10) <0.001

Others 4 (3, 5) 6 (5, 7) <0.001

Primary site Head & Neck 5 (3, 11) 3 (1, 6) 0.412

Thyroid 4 (2, NA) — 0.5

Lung 6 (5, 6) 8 (7, 9) <0.001

Breast 12 (8, 21) 12 (9, 15) 0.743

Colorectal 11 (5, 15) 16 (5, 27) 0.470

Kidney 6 (4, 10) 5 (3, 11) 0.437

Melanoma 5 (3, 10) 15 (4, 26) 0.318

Liver 3 (1, 6) 1.5 (0, NA) 0.380

Ovarian — 2 (2, 3) N/A

Endometrial — 4 (3,11) NA

Prostate 10 (3, NA) — NA

Others 6 (5, 7) 4 (3, 6) 0.1

Laterality Unilateral 6 (5, 7) 8 (7, 9) <0.001

Others 4 (3, 5) 4 (2, 6) 0.757

T-stage 0 10 (6, 14) 13 (6, 20) 0.054

1 9 (7, 11) 11 (9, 13) <0.001

2 6 (5, 7) 9 (7, 11) 0.004

3 6 (5, 7) 7 (6, 8) 0.019

4 5 (4, 6) 7 (6, 8) 0.002

Others 4 (3, 5) 5 (3, 7) 0.018

LNPRate 0%−20% 12 (7, 20) 25 (13, 36) 0.093

21%–40% 18 (15, 20) 13 (9, 19) 0.552

41%−60% 7 (5, 9) NA 0.232

61%−80% 4 (3, NA) 16 (14, NA) 0.020

81%−100% 6 (3, 9) 14 (10, 18) 0.006

Unexamined 6 (5, 7) 7 (6, 8) <0.001

Others 6 (5, 7) 8 (7, 9) 0.002
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levels (e.g., housing insecurity, financial pressure, and 
restricted mobility) may affect health, healthcare deliv-
ery, and subsequent survival.50,51 It is conceivable that a 
lack of financial support plays a significant role in this 
population's underutilization of healthcare and special-
ist cancer services. Another reason may be that patients 
with low socioeconomic levels have an unbalanced diet, 
uncontrolled diabetes, and a higher risk of alcoholism and 
cigarette addiction, all of which are linked to inflamma-
tion and could be a trigger for an aberrant immunological 
response. According to Lamba et al,23 having a higher me-
dian household income was associated with a longer sur-
vival time in senior patients with BMs present at the time 
of primary cancer diagnosis and in elderly patients with 
BMs discovered after a primary cancer diagnosis. Our 
study permitted a similar finding. Further, we found that 
male patients’ county-level median household income 
was significantly lower than female patients, which may 
provide further explanation for why male patients were 
related to poorer clinical outcomes.

4.1  |  Limitations

It is crucial to consider the context of the limitations. 
First, the study was constructed based on the SEER pro-
gram with regional limitations because the SEER col-
lected patients’ data from 18 cancer registries across the 
United States.52 As a result, extrapolating the findings of 
our study to the worldwide population of patients with 
BMs should be done with caution. Second, we were un-
able to identify patients who develop brain metastases 
after an initial diagnosis because SEER does not provide 
information regarding disease recurrence. We considered 
only synchronous BMs. Third, the number, location, and 
size of the BMs were not recorded by the SEER program. 
Third, not all cancers are subjected to screening. As a re-
sult, the proportion of unscreened populations with brain 
metastases is likely to be underestimated. Finally, educa-
tion level and median household income were specified at 
the county level rather than the patient level, influencing 
the logistic and Cox regression results.

Variables Categories

Median survival time (months, 95% CI)

p-value*Male Female

Involved organs 0 7 (6, 8) 10 (9, 11) <0.001

1 5 (4, 6) 7 (6, 8) 0.001

2 5 (4, 6) 6 (5, 7) <0.001

3 3 (2, 4) 4 (3, 5) 0.010

Total 6 (5. 7) 8 (7, 9) <0.001

Note: p–value* refers to the log-rank test.
Abbreviations: CI, confidence interval; NA, not applicable; NHAI/AN, Non-Hispanic American Indian/Alaska Native; NHAPI, Non-Hispanic Asian or Pacific 
Islander; NHB, Non-Hispanic Black; NHW, Non-Hispanic White.

T A B L E  5   (Continued)

F I G U R E  4   Kaplan–Meier survival 
curve analysis illustrated that the female 
gender was associated with increased 
overall survival among the patients with 
brain metastases at the time of diagnosis. 
The median time of survival for the males 
and females was 6 months and 8 months, 
respectively
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5   |   CONCLUSIONS

Despite these limitations, the research provided insight 
into the risk of developing brain metastases and its prog-
nosis in patients with newly diagnosed malignancies in 
the United States. The results of our study illustrated that 
middle-aged females were at higher risk of developing 
brain metastases, while middle-aged males with brain me-
tastases were at risk of having poorer survival. Taken to-
gether, our study has important implications for the early 
identification of high-risk individuals, individualized 
therapies, and future trial designs for brain metastases in 
newly diagnosed malignancies.
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