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Background: Synchronous brain metastases (SBMs) are a presentation of stage IV cancers with limited treatment
options. This study examines the association between health insurance status and overall survival (OS) of pa-
tients with SBMs using the National Cancer Database (NCBD).

Methods: We queried the NCDB for patients with SBMs from 2010 to 2015. Included cases were from seven
primary cancers. Patients were grouped based on their insurance status. We assessed the association of insurance
with OS using a Cox proportional hazards model adjusted for age at diagnosis, sex, race, education level, income
level, residential area, treatment facility type, Charlson-Deyo comorbidity status, year of diagnosis, primary
tumor type, and receipt of chemotherapy, radiation therapy (RT), immunotherapy, and primary site surgery.
Results: Of 97,659 patients included, those who had Medicaid, Medicare, or without health insurance were less
likely to receive brain RT, chemotherapy, and/or surgery of the primary cancer site compared to privately
insured patients. In multivariable COX analysis, patients with Medicare (HR = 1.11, 95% CI: 1.09-1.14, P <
0.001), Medicaid (HR = 1.11, 95% CI: 1.09-1.13, P < 0.001), or no insurance (HR = 1.18, 95% CIL: 1.14-1.22, P
< 0.001) were associated with decreased OS compared to private insurance.

Conclusion: After retrospective analysis, Medicaid, Medicare, and no insurance were all associated with worse OS
compared to private insurance. Future studies can focus on determining the factors associated with insurance
status and factors contributing to improved OS stratified by insurance status.

Introduction

Brain metastases (BMs) are the most common type of Central Ner-
vous System (CNS) tumor in the United States, with estimates of inci-
dence ranging between 8 and 14 per 100,000 population [1] and
occurring in 5 - 10% of cancer patients [2,3]. Approximately half of BMs
originate from lung cancer, and the remaining half are derived from
breast, melanoma, colorectal, and renal tumors [4,5]. Patients with BMs
generally have poor morbidity and mortality related to mass effect or
from treatment toxicities, with estimated overall survival (OS) ranging
from three to fifteen months [6-10]. A subset of patients present with
BMs at the time of primary cancer diagnosis, defined in this study as
synchronous brain metastasis (SBM). A study by Kormer et al. estimates
that SBMs occur in about 1.7% of primary cancers and found differences
in frequency of SBMs based on primary tumor type such as lung cancer
(10.8%), esophageal cancer (1.5%), renal cancer (1.4%), and melanoma

(1.2%) [11]. Outcomes in this population are poor with an estimated
median survival between 2 and 20 months depending on primary tumor
site [12].

Currently, primary treatment modalities of SBMs are similar to BMs
and include surgery, stereotactic radiosurgery (SRS) and whole brain
radiation therapy (WBRT) or some combination of the three [13,14].
Treatment of SBMs is guided by the primary tumor histology, KPS status,
in addition to the number, location, and size of both intracranial and
extracranial metastases [15]. For patient with a single intercranial
metastatic tumor, surgical resection has been shown to have a survival
benefit in some trials [16,17]. In patients with a limited number of
intracranial metastases and size less than three centimeter, SRS has
become a popular treatment option with good local control rate and
improved quality of life with similar OS to WBRT|[6,18-20]. Regardless
of type of primary tumor or the burden of brain metastases, these
treatments require access to a multidisciplinary team of medical,
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surgical, and radiation oncologists which may be less available to pa-
tients with Medicare, Medicaid, or without insurance compared to pa-
tients with private insurance.

In the United States, health insurance is complex with great vari-
ability in terms of covered services between different insurers. The
majority of the working population receives coverage by employer-
supplemented private insurance. Private insurers typically collect
monthly premiums and have a deductible that must be met by the pa-
tient before the insurer pays for services. Government programs, namely
Medicare and Medicaid, provide coverage to citizens outside of the
working pool, such as the retired and unemployed. People qualify for
Medicare at age 65, at which point they may receive Medicare benefits.
Medicare is operated by the US government at the federal level; in
contrast to Medicaid, which is administered at the state level. Generally,
Medicaid provides coverage for those that make below 138% of federal
poverty level, which in the year 2021 is approximately 17,774 $USD for
a single member household [21]. People may be uninsured because of
their immigration status, by choice, or their salary disqualifies them
from Medicaid, but they still cannot afford the premiums and de-
ductibles associated with private insurance [22].

As of 2018, approximately 27.5 million (8.5%) and 57.8 million
(17.9%) people in the United States are uninsured or enrolled in
Medicaid, respectively [22]. Disparities in cancer outcomes, based on
insurance status, have been documented throughout the literature
[23,24]. While the effects of socioeconomic status (SES) and insurance
status have been documented in relation to SBMs[25], many studies
choose to focus on one primary cancer site [26], or specific treatment
modalities [27,28]. To fully understand how health insurance status
impacts patients enduring SBMs, identifying disparities among groups of
patients with different types of insurance is necessary to improve out-
comes for patients of all backgrounds. Health insurance can further
dictate which treatments are offered to patients, perpetuating disparities
in healthcare outcomes in terms of morbidity and mortality [29].

It is unknown how health insurance status affects overall survival
outcomes in SBM patients, regardless of the primary cancer type or
undergone treatments. We therefore design this study, using the Na-
tional Cancer Database (NCDB), to examine if health insurance status is
associated with overall survival of cancer patients with SBMs at
diagnosis.

Materials & methods
Data source

The National Cancer Database (NCDB), a nationwide joint program
sponsored by both the American College of Surgeons and the American
Cancer Society, serves to provide national surveillance and quality
improvement benchmarks for cancer outcomes across the United States.
The NCDB collects data from over 1500 Commission on Cancer facilities
and captures approximately 70% of newly diagnosed cancer in the US,
with 34 million historical records. All patient data are de-identified and
therefore exempt from institutional review board approval. The data are
freely available by entering an agreement through the NCDB at http
s://www.facs.org/quality-programs/cancer/ncdb/puf.

Study population

We identified 97,659 patients in the NCDB from 2010 to 2015 with a
primary tumor from seven origins and SBMs for study inclusion. 2010
was the initial year that the NCDB began recording data regarding BMs.
Patients were grouped based on their insurance status: private insur-
ance, Medicaid, Medicare, and uninsured. Patients were excluded for
missing information related to treatments or insurance status. The seven
primary tumors included in the study are breast cancer, Non-Small Cell
Lung Cancer (NSCLC), Small Cell Lung Cancer (SCLC), other types of
lung cancer, melanoma, colorectal cancer, and renal cancer.
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Endpoints

The primary outcome was overall survival (OS), which was calcu-
lated from the date of diagnosis to the date of death. Those alive or lost
to follow-up were censored. We also reported the odds ratio (OR) for the
probability of receiving brain RT, surgery of the primary site, chemo-
therapy, radiation therapy, or some combination in patients with
Medicare, Medicaid, and no insurance using private insurance as a
reference.

Explanatory variables

The main predictor was type of insurance, which included private
insurance, Medicare, Medicaid and uninsured. Other covariates
included age at diagnosis, sex, race, education level, income level, res-
idential area, treatment facility type, Charlson-Deyo comorbidity score,
year of diagnosis, primary tumor type, and treatments including
chemotherapy, surgery, RT, and immunotherapy.

Statistical analyses

Descriptive statistics for categorical and continuous variables are
reported. A chi-square test was used to determine the association of
insurance type with certain demographics and treatment related factors.
We used logistic regression analysis to report the association of health
insurance type and the probability of receiving a specific treatment.

ORs are reported as the measure of association with likelihood of
receiving chemotherapy, surgery, radiation therapy or a combination of
therapies. Survival time was measured in months from the date of
diagnosis to the date of death. We used the Kaplan-Meier (KM) method
to generate survival curves and analyzed the differences between groups
using the log-rank test.

Cox proportional hazards regression analysis was conducted to es-
timate the hazard ratio (HR) and its associated 95% confidence interval
(CD). The multivariable Cox regression model included variables signif-
icant at P < 0.20 in univariable models. P values of 0.05 were used to
define statistical significance, and we used SAS 9.4 (SAS Institute Inc.)
for the analysis.

Results
Patient characteristics

A total of 97,659 cases of SBM were queried from the NCDB between
2010 and 2015. Among them, 32,131 (32.90%) had private insurance,
10,679 (10.93%) had Medicaid, 49,168 (50.35%) had Medicare, and
5,681 (5.82%) were uninsured. We included seven primary cancer sites:
4.52% of the study population from breast cancer, 65.27% from NSCLC,
15.49% from SCLC, 6.68% from other types of lung cancer, 3.72% from
melanoma, 1.30% from colorectal cancer, and 3.02% from kidney
cancer.

Demographic characteristics of the cohort are reported in Table 1,
and a time trend graph of patients by insurance type seen in Fig. 1. The
median age at diagnosis across all groups was 64.8 (standard deviation
= 11.04), with private insurance, Medicaid, Medicare, and uninsured
groups having mean ages of 58.74 (8.94), 55.81 (8.48), 71.70 (8.29),
56.37 (8.33), respectively. The majority of patients, 97.7%, analyzed in
this study were from urban areas. Patients, who are white, have higher
education, and have higher income were more likely to have private
insurance or Medicare. Across all insurance groups, most patients
received their treatment at community hospitals, 65.90% overall.
Whites composed 84.81% of the cohort while blacks made up 11.56%,
and all other races composed the remaining 3.63%. The distribution of
black patients in the four insurance groups did not mirror white patients.
In the reported white population, 33.5% had private insurance, 9.4%
had Medicaid, 51.8% had Medicare, 5.3% were uninsured. However,
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Table 1
Baseline characteristics of the study population.
Variable Private Medicaid Medicare Uninsured P
N (%) N (%) N (%) N (%)
32,131 (32.9) 10,679 (10.9) 49,168 (50.4) 5,681 (5.8)
Age at diagnosis, Median (range) 58.74 (8.9) 55.81 (8.5) 71.70 (8.3) 56.37 (8.3) 0.001
Sex Male 15,621 (48.6) 5,279 (49.43) 25,362 (51.6) 2,994 (52.7)
Female 16,510 (51.4) 5,400 (50.6) 23,806 (48.4) 2,687 (47.3) 0.001
Race White 27,556 (86.5) 7,736 (73.0) 42,564 (87.1) 4,370 (77.5)
Black 2,999 (9.4) 2,256 (21.3) 4,934 (10.1) 1,014 (18.0) 0.001
Other 1,321 (4.1) 603 (5.7) 1,346 (2.8) 252 (4.5)
Unknown 255 84 324 45
Education >=13% NHSD* 13,575 (42.4) 6,562 (61.6) 22,735 (46.3) 3,510 (62.0) 0.001
<13% NHSD* 18,475 (57.6) 4,084 (38.4) 26,343 (53.7) 2,152 (38.0)
Unknown 81 33 90 19
Income >=$35,000 19,579 (61.1) 4,372 (41.1) 26,708 (54.5) 2,341 (41.4)
<35,000 12,451 (38.9) 6,268 (58.9) 22,341 (45.6) 3,314 (58.6) 0.001
Unknown 101 39 119 26
Place of Living Urban 30,670 (98.0) 10,203 (97.5) 46,754 (97.4) 5,425 (97.6)
Rural 615 (2.0) 259 (2.5) 1,235 (2.6) 134 (2.4) 0.001
Unknown 846 217 1,179 122
Hospital Type Community 20,089 (63.7) 5.914 (57.2) 34,168 (69.6) 3,417 (61.9) 0.001
Academic 11,440 (36.3) 4,419 (42.8) 14,939 (30.4) 2,103 (38.1)
Unknown 602 346 61 161
Charlson/Deyo Score 0 22,786 (70.9) 6,861 (64.3) 27,834 (56.6) 3,873 (68.2)
1 2,619 (8.2) 1,153 (10.8) 7,642 (15.5) 528 (9.3)
>=2 6,726 (20.9) 2,665 (25.0) 13,692 (27.9) 1,280 (22.5) 0.001
Primary site surgery Yes 1,477 (4.6) 329 (3.1) 1,235 (2.5) 153 (2.7)
No 30,508 (95.4) 10,309 (96.9) 47,783 (97.5) 5,499 (97.3) 0.001
Chemotherapy Yes 20,982 (67.2) 5,903 (57.2) 21,714 (45.5) 2,813 (51.3)
No 10,254 (32.8) 4,413 (42.8) 25,962 (54.5) 2,675 (48.7) 0.001
Radiation Therapy Yes 24,984 (78.1) 7,920 (74.4) 33,138 (67.7) 3,941 (69.7)
No 7,014 (21.9) 2,721 (25.6) 15,811 (32.3) 1,712 (30.3) 0.001
Immunotherapy Yes 1,515 (4.7) 315 (3.0) 1,245 (2.5) 152 (2.7)
No 30,538 (95.3) 10,337 (97.0) 47,824 (97.5) 5,520 (97.3) 0.001
Year of Diagnosis 2010-2013 21,244 (66.1) 6,859 (64.2) 31,550 (64.2) 4,163 (73.3) 0.001
2014-2015 10,887 (33.9) 3,820 (35.8) 17,618 (35.8) 1,518 (26.7)
Primary Cancer Type Breast 1,785 (5.6) 715 (6.7) 1,554 (3.2) 359 (6.3) 0.001
NSCLC 21,452 (66.8) 7,000 (65.6) 31,643 (64.4) 3,650 (64.3)
SCLC 4,523 (14.1) 1,641 (15.4) 8,154 (16.6) 814 (14.3)
Other types of lung cancer 1,323 (4.1) 555 (5.2) 4,265 (8.7) 380 (6.7)
Melanoma 1,435 (4.5) 336 (3.2) 1,649 (3.4) 209 (3.7)
Colorectal 426 (1.3) 124 (1.2) 649 (1.3) 72 (1.3)
kidney 1,187 (3.7) 308 (2.9) 1,254 (2.6) 197 (3.5)

NHSD = no high school degree.
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Fig. 1. Distribution of patients by insurance type from left to right: Private
Insurance, Medicaid, Medicare, and no insurance.

within the black population 26.8% had private insurance, 20.1% had
Medicaid, 44.0 %, and 9.1% were uninsured.

In every treatment category, the private insurance group had the
highest usage proportion. Primary site surgery was performed in 4.62%
of privately insured patients, 3.09% of Medicaid patients, 2.52% of
Medicare patients, and 2.71% of uninsured patients. Chemotherapy was
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performed in 67.17%, 57.22%, 45.54%, and 51.26% of privately
insured, Medicaid, Medicare, and uninsured patients respectively.
Radiotherapy was performed in 78.08%, 74.43%, 67.70%, and 69.72%
of privately insured, Medicaid, Medicare, and uninsured patients
respectively. Immunotherapy was used in 4.73%, 2.96%, 2.54%, 2.68%
of privately insured, Medicaid, Medicare, and uninsured patients
respectively. Among the patients who received radiotherapy, whole
brain radiotherapy and stereotactic radiotherapy were performed in
47% and 47.9% of Medicare patients, 35% and 40% of privately insured
patients, 11.8% and 9.1% of Medicaid patients, and 6.2% and 3% of
uninsured patients. (Supplemental Table 1).

Treatment by insurance type

We performed univariate and multivariable logistic regression
analysis between insurance status and the types of treatment, including
brain or other site radiotherapy, chemotherapy, and surgery (Table 2).
For Medicaid, Medicare, and uninsured groups, any combination (sur-
gery, radiation, chemotherapy) of therapy had statistically significant
decreased ORs in both univariate and multivariable analysis compared
to the private insurance group. A common pattern emerges with ORs
decreasing in the following sequence: private insurance, Medicare,
Medicaid and lastly uninsured. This suggests a lower association of
receiving any type of treatment combination for those without private
insurance. For example, Medicare patients that received chemotherapy
and brain radiotherapy had an OR of 0.79 (95% CI: 0.746-0.84),
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Table 2
Univariate and multivariable logistic regression analysis of receiving a specific
treatment by insurance type.

Combinations N (%) Univariate P Multivariable P
OR (95% CI) OR (95% CI)

Only brain RT

Private 7,929 Reference Reference
(22.9)

Medicaid 3,471 0.85 0.001 0.81 0.001
(10.0) (0.78-0.92) (0.74-0.88)

Medicare 21,176 0.74 0.001  0.97 0.26
(61.1) (0.70-0.78) (0.91-1.03)

Uninsured 2,067 0.69 0.001  0.66 0.001
(6.0) (0.62-0.76) (0.59-0.73)

Only Other RT

Private 4,837 Reference Reference
(21.6)

Medicaid 2,300 0.97 0.56 0.89 0.04
(10.3) (0.869-1.08) (0.79-0.99)

Medicare 13,809 0.69 0.001  0.93 0.08
(61.5) (0.65-0.75) (0.85-1.01)

Uninsured 1,492 0.90 0.12 0.84 0.009
6.7) (0.795-1.03) (0.73-0.96)

Only chemotherapy

Private 6,027 Reference Reference
(25.3)

Medicaid 2,377 0.59 0.001  0.54 0.001
(10.0) (0.54-0.66) (0.48-0.59)

Medicare 13,991 0.41 0.001  0.79 0.001
(58.6) (0.38-0.44) (0.73-0.85)

Uninsured 1,465 0.47 0.001  0.42 0.001
6.1) (0.41-0.53) (0.36-0.47)

Only surgery of the primary cancer site

Private 34,989 Reference Reference
(20.5)

Medicaid 1,648 0.51 0.007  0.45 0.002
9.7) (0.35-0.75) (0.30-0.69)

Medicare 10,800 0.54 0.001 0.86 0.25
(63.49) (0.43-0.67) (0.66-1.12)

Uninsured 1,088 0.45 0.001 0.35 0.001
6.4 (0.28-0.73) (0.20-0.59)

Chemotherapy plus brain RT

Private 16,319 Reference Reference
(33.7)

Medicaid 5,288 0.59 0.001  0.52 0.001
(10.9) (0.55-0.63) (0.48-0.56)

Medicare 24,035 0.33 0.001  0.79 0.001
(49.7) (0.32-0.35) (0.746-0.84)

Uninsured 2,766 0.41 0.001 0.36 0.001
(5.7) (0.38-0.45) (0.33-0.39)

Chemotherapy plus other RT

Private 7,483 Reference Reference
(28.3)

Medicaid 2,786 0.592 0.001  0.505 0.001
(10.5) (0.542-0.647) (0.459-0.556)

Medicare 14.519 0.305 0.001  0.712 0.001
(54.91) (0.287-0.323) (0.662-0.766)

Uninsured 1.654 0.447 0.001  0.375 0.001
(6.3) (0.400-0.499) (0.333-0.423)

Surgery plus brain RT

Private 3,654 Reference Reference
(21.0)

Medicaid 1,688 0.52 0.001  0.46 0.001
9.7) (0.40-0.68) (0.35-0.62)

Medicare 10,933 0.39 0.001  0.72 0.001
(62.9) (0.34-0.46) (0.59-0.88)

Uninsured 1,101 0.35 0.001  0.32 0.001
(6.3) (0.24-0.50) (0.22-0.47)

Surgery plus other RT

Private 3,412 Reference Reference
(20.9)

Medicaid 1,623 0.35 0.006  0.29 0.003
9.7) (0.16-0.74) (0.13-0.67)
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Table 2 (continued)

Combinations N (%) Univariate P Multivariable P
OR (95% CI) OR (95% CI)

Medicare 10,606 0.21 0.001  0.41 0.001
(63.5) (0.14-0.33) (0.24-0.71)

Uninsured 1,075 0.39 0.03 0.25 0.008
6.9 (0.17-0.92) (0.09-0.70)

Surgery plus chemotherapy

Private 3,518 Reference Reference
(20.8)

Medicaid 1,657 0.57 0.001 0.48 0.001
9.8) (0.40-0.80) (0.33-0.69)

Medicare 10,692 0.24 0.001  0.70 0.01
(63.1) (0.19-0.31) (0.52-0.95)

Uninsured 1,087 0.37 0.001  0.34 0.001
6.4 (0.23-0.60) (0.21-0.57)

Surgery plus chemotherapy plus brain RT

Private 4,024 Reference Reference
(22.6)

Medicaid 1,741 0.39 0.001 0.36 0.001
9.8) (0.33-0.49) (0.29-0.45)

Medicare 10,949 0.18 0.001  0.53 0.001
(61.4) (0.16-0.201) (0.45-0.63)

Uninsured 1,123 0.26 0.001  0.23 0.001
(6.3) (0.19-0.34) (0.17-0.31)

Surgery plus chemotherapy plus other RT

Private 4,837 Reference Reference
(21.6)

Medicaid 2,300 0.54 0.001 0.39 0.001
(10.3) (0.37-0.78) (0.25-0.59)

Medicare 13,809 0.14 0.001  0.48 0.001
(61.5) (0.10-0.19) (0.33-0.69)

Uninsured 1,492 0.32 0.001  0.27 0.001
6.7) (0.19-0.56) (0.15-0.47)

Medicaid had an OR of 0.52 (95% CI: 0.48-0.56), and uninsured had an
OR of 0.36 (95% CI: 0.33-0.39) in comparison to private insurance.
There were three exceptions to this pattern with no significant difference
between private insurance and Medicare for ORs of brain radiotherapy,
other site radiotherapy, and surgery of primary cancer site.

Overall survival

Kaplan-Meier curves were plotted for all insurance groups and me-
dian survivals were compared, Fig. 2. Median survival for private in-
surance, Medicare, Medicaid, and Uninsured patients were 7.69 months
(95% CI: 7.59-7.82, log-rank p < 0.0001), 6.05 months (95% CI:
5.85-6.24, log-rank p < 0.0001), 3.81 months (95% CI: 3.78-3.88, log-
rank p < 0.0001), and 4.63 months (95% CI: 4.44-4.90, log-rank p <
0.0001), respectively.

In univariable analysis, patients with Medicare, Medicaid, or no in-
surance were associated with higher hazard of death compared to those
with private insurance. Other notable factors associated with a higher
risk of death included income less than $35,000, treatment at commu-
nity programs, and Charlson-Deyo scores of one or greater than one.

In multivariable analysis, after adjustment for the above-mentioned
positive factors, Medicaid, Medicare, and no insurance were all associ-
ated with worse OS compared to private insurance, seen in Table 3.
Comparatively, patients with Medicare (HR = 1.11, 95% CIL: 1.09-1.14,
P < 0.001) or Medicaid (HR = 1.11, 95% CI: 1.09-1.13, P < 0.001) were
associated with statistically significant worse OS compared to private
insurance. Patients without any insurance were associated with the
worst OS of the insurance groups (HR = 1.18, 95% CI: 1.14-1.22, P <
0.001) compared to private insurance. The results stayed the same with
Medicaid (HR: 1.07, 95% CI: 1.04-1.11, P < 0.0001), Medicare (HR:
1.10, 95% CI: 1.07-1.14, P < 0.0001), and no insurance (HR: 1.16, 95%
CI: 1.11-1.21, P < 0.0001) all associated with worsened OS compared to
private insurance when the analysis was restricted to patients who
received all of first course treatments at the reporting facility and to
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Fig. 2. Kaplan Meier curves of Overall Survival for (dash-dotted line) private insurance, (dashed line) Medicare, (solid line) Medicaid, and (dotted line) no insurance.

patients who had only one lifetime tumor or the tumor was the first of
multiple tumors. In the analyses stratified by tumor types, Medicaid,
Medicare, and no insurance were associated with worse OS compared to
private insurance for breast cancer, NSCLC, other lung cancer, and
melanoma, while there was no difference in the OS of patients who had
Medicaid compared to private insurance in the tumor histology of SCLC,
colorectal cancer, and kidney cancer. The results are provided in
Table 4.

Discussion

To our knowledge, our study is the first to show that insurance status
is associated with overall survival in patients with SBMs, regardless of
primary cancer type. We additionally found that those with private in-
surance are most likely to receive all types of treatment modalities;
followed by Medicare, then Medicaid, and lastly those without insur-
ance. Lastly, black patients were disproportionally represented in the
Medicaid and uninsured groups compared to white patients.

Conceptually, in the American health care system, insurance status
can act as a proxy measurement for the ability to access healthcare as the
uninsured have limited avenues compared to those with insurance. The
health insurance landscape in the United States is complex with the
majority of the non-elderly population covered by employer-provided
private insurance. Government programs, such as Medicare and
Medicaid, supplement citizens outside of the working pool, such as the
unemployed and retired. Even with these programs in place, as of 2018,
27.5 million (8.5%) Americans are uninsured with limited access to
healthcare[22]. Our hypothesis was that those without private insur-
ance would be associated with the lower rates of receiving surgical,
medical, radiation and immunotherapy and by extension would be
associated with poorer OS.

We found that those with private insurance are most likely to receive
all types of treatment modalities compared to Medicare, Medicaid, and
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those without insurance. Modh et al. investigated insurance status and
usage rates of SRS between insured groups. In agreement with this study,
they found that SRS usage was significantly higher in the private in-
surance group in comparison to the uninsured group [27]. Furthermore,
we found that those with private insurance were associated with higher
OS compared to Medicare, Medicaid, and the uninsured, which is
consistent with studies investigating other cancers. Niu et al. found that
in seven primary cancers, patients with Medicaid or no insurance were
associated with poorer outcomes compared to private insurance [24].
Poorer outcomes associated with insurance status have been reported
across breast, cervical, colorectal, lung, prostate, bladder, and non-
hodgkin’s lymphoma [24,30,31]. Unlike other cancers, synchronous
brain metastases present a unique challenge because of innate hetero-
geneity in tumor behavior base on primary histology and subsequent
treatment options. We performed a combined and stratified analysis by
primary tumor type in effort to account for these differences, and the
over-arching trend remains that people without private insurance are
associated with lower HRs. Our results are consistent with others and
may be unsurprising, but we believe this to be the first analysis inves-
tigating an association between insurance status and survival outcome
from SBMs.

In addition to our primary findings, our combined analysis found
that not receiving primary site surgery, chemotherapy, radiotherapy, or
immunotherapy were associated with increased HRs compared to those
who received those treatments as seen in Table 3. When we combine this
with our other results that those without private insurance are associ-
ated with a decreased ORs of receiving treatments compared to private
insurance, we may see these affects compound. Alternatively, privately
insured patients had the highest usage rates of these treatments, and
other studies have found privately insurance patients receive better
access to cancer screenings, prompt appointments, and prescription
medication. All of which could lead to earlier diagnosis of cancer and
therefore more treatable disease [32-39]. Uninsured and Medicaid
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Table 3 Table 4
Univariable and multivariable Cox proportional regression analysis of factors Multivariable Cox regression analysis for stratified by primary tumor types
associated with OS in BMs patients. Tumor type Variable HR (95% CI) P
Variable Univariable analysis Multivariable analysis . .
Breast cancer Private insurance Reference

Hazard p Hazard Ratio P Medicaid 1.224 (1.097-1.366)  0.001
Ratio (95% (95% CI) Medicare 1.161 (1.048-1.287) 0.001
o)) No insurance 1.326 (1.154-1.523)  0.001
- - - Non-small cell lung cancer Private insurance Reference
Age at diagnosis (continuous) 1.02 0.001 1.01 0.001 Medicaid 1.089 (1.056-1.124) 0.001
(1.02-1.02) (1.01-1.01) Medicare 1102 (1.077-1.129)  0.001
Insurance type Private Reference Reference No insurance 1.158 (1.113-1.205) 0.001
Medicaid 117 0.001 L1 0.001 Small-cell lung cancer Private insurance Reference
(1.14-1.20) (1.09-1.14) Medicaid 1.049 (0.986-1.117)  0.13
Medicare 1.55 0.001  1.11 0.001 Medicare 1102 (1.052-1.154)  0.001
(1.53-1.57) (1.09-1.13) No insurance 1.212 (1.118-1.315)  0.001
No 1.30 0.001 118 0.001 Other types of lung cancer Private insurance Reference
insurance  (1.26-1.34) (1.14-1.22) Medicaid 1159 (1.038-1.295)  0.01
Sex Male Reference Reference Medicare 1123 (1.039-1.213)  0.003
Female 0.82 0.001  0.86 0.001 No insurance 1.186 (1.040-1.352)  0.01
(0.81-0.83) (0.85-0.87) Melanoma Private insurance Reference
Race White Reference Reference Medicaid 1.466 (1.264-1.700) 0.001
Black 0.95 0.001  0.94 0.001 Medicare 1.119 (1.005-1.246)  0.04
(0.93-0.97) (0.91-0.96) No insurance 1.490 (1.251-1.775)  0.001
non-white 0.68 0.001 0.73 0.001 Colorectal cancer Private insurance Reference
non-black  (0.65-0.70) (0.70-0.76) Medicaid 1.205 (0.948-1.532)  0.13
Education >=13% 1.06 0.001  0.98 0.03 Medicare 1.338 (1.124-1.593)  0.001
NHSD* (1.05-1.07) (0.97-0.99) No insurance 1.350 (1.005-1.814)  0.04
<13% Reference Reference Kidney cancer Private insurance Reference
NHSD* Medicaid 1.037 (0.894-1.203)  0.63
Income >=$35,000  Reference Reference Medicare 1.161 (1.033-1.305) 0.01
<$35,000 111 0.001  1.05 0.001 No insurance 0.902 (0.752-1.084)  0.27
(1.10-1.13) (1.04-1.07)
Place of Living Urban Reference
Rural ziog 41.13) 0.003 patients have been shown to face many barriers regarding healthcare
Hospital Type Academic Reference Reference access [32,40]. It’s harder to find a provider willing to take decreased or
Community  1.24 0.001  1.18 0.001 no reimbursement, and patients face longer wait times [41]. They may
(1.22-1.26) (1.16-1.19) have more comorbid conditions or doctors may be influenced by per-
Charlson/Deyo 0 Ref Reference ceptions that they may not comply with, or refuse treatment [32]. Aizer
Score 1 1.26 0.001 1.14 0.001 ; . . - -
(1.24-1.28) (1.12-1.16) et al. found that increasing age, non-white race, and unmarried patients
>=2 1.51 0.001  1.22 0.001 were more likely to refuse cancer treatment [42]. Other studies have
(1.48-1.54) (1.19-1.24) found that uninsured patients are more likely to present with advanced
Primary Site Yes Reference 0.001  Reference diseased and are less likely to receive various treatments [11,43], which
Surgery No (222112 2.30) (2;:5 224) 0.001 agrees with our results.
Chemotherapy  Yes Reference Reference We should consider the role that race plays in this study, particularly
No 2.33 0.001  2.17 0.001 looking at which populations compose the uninsured and Medicaid
(2.30-2.36) (2.132-2.20) groups. In this study, black patients were nearly twice as likely to have
Rad}‘la“o“ Yes Reference Reference Medicaid or no insurance in comparison to white patients. Within black
Therapy No (lf575-1.60) 0-001 gi.2242-1.26) 0.001 population 20.1% had Medicaid, and 9.1% were uninsured. This is in
Immunotherapy  Yes Reference Reference comparison to within the white population 9.4% having Medicaid, and
No 1.89 0.001  1.44 0.001 5.3% being uninsured. Unfortunately, this distribution is consistent with
(1.82-1.97) (1.38-1.51) systemic racial biases and disadvantages have been recorded throughout
Year of 2010-2013  1.09 0.001  1.07 0.001 medicine and in oncology [44].
Diagnosis (1.07-1.11) (1.05-1.08)
2014-2015 Reference Reference
Primary Cancer Breast 0.73 0.001 0.75 0.001
Type cancer (0.69-0.77) (0.71-0.79) Limitations
NSCLC 1.11 0.001  1.06 0.006
SCLC (5‘2(;7_1'16) 0.001 2‘2(2‘23_1'11) 0.001 Our study has several limitations. Our data was retrospective and
(1.18-1.29) (1.19-1.30) therefore a risk of coding misclassification is present. The NCDB does not
Other types ~ 2.26 0.001 1.38 0.001 record the size, number or location of SBMs or if the patients died from
of lung (2.16-2.37) (1.32-1.45) their primary cancer, consequences of their SBMs, or an unrelated cause.
Ca"lcer We also did not have information about surgery to the brain as this in-
Melanoma ?6.953_1.0 4 0-35 ?(').7773_0_82) 0-001 formation is not available in the NCDB. NCDB only provides the pa-
Colorectal 1.19 0.001  1.27 0.001 tient’s insurance status at the time of diagnosis. Patients may have
cancer (1.12-1.28) (1.18-1.37) started in one insurance group and change during the course of their
Kidney Reference Reference treatment, especially if they became Medicare eligible. Additionally,

cancer

private insurance is not well defined, and the cohort was skewed toward
private insurance and Medicare patients. Within the United States, many
types of insurance plans exist with high variability as to what services
are covered by the insurance, what providers are considered “in-
network,” the payment structure of deductibles and premiums and these
differences are not in the database. However, even with high variability

*NHSD = no high school degree.
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in the term “private insurance”, this group had the highest survival and
highest treatment rates, suggesting better access to care.

Conclusions

In this comprehensive retrospective analysis of the NCDB, we
conclude that patients with SBMs and limited insurance, in the form of
Medicaid, Medicare or being uninsured, suffer from poorer overall sur-
vival compared to those with private insurance. Notably, those with
private insurance are the most likely to receive all types of treatment
modalities; followed by Medicare, then Medicaid, and lastly those
without insurance. Future prospective studies should record insurance
status and asses its impact and determine the factors associated with
insurance status and factors contributing to improved OS stratified by
insurance status.
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