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Abstract

Background: Approximately 5% of cancer patients in the United States presented

with metastatic bone disease (MBD) at diagnosis. Current study explores the

disparities in survival for patients with MBD.

Methods: Patients with the diagnosis of MBD at presentation for the five most

common primary anatomical sites were extracted from Surveillance, Epidemiology,

and End Results Census tract–level dataset (2010–2016). Kaplan–Meier and Cox

Proportional Hazard models were used to evaluate survival, and prognostic factors

for each cohort. Prognostic significance of socioeconomic status (SES) and insurance

status were ascertained.

Results: The five most common anatomical‐sites with MBD at presentation included

“lung” (n = 59 739), “prostate” (n = 19 732), “breast” (n = 16 244), “renal and urothelium”

(n = 7718) and “colon” (n= 3068). Lower SES was an independent risk factor for worse

disease‐specific survival (DSS) for patients with MBD originating from lung, prostate,

breast and colon. Lack of insurance was an independent risk factor for worse DSS for

MBD patients with primary tumors in lung and breast.

Conclusions: MBD patients from the five most common primary sites demonstrated

SES and insurance‐related disparities in disease‐specific survival. This is the first and

largest study to explore SES and insurance‐related disparities among patients

specifically afflicted with MBD. Our findings highlight vulnerability of patients with

MBD across multiple primary sites to financial toxicity.
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1 | INTRODUCTION

More than 17 million people are currently living with cancer in the

United States, and this number is predicted to increase to 22.2 million

by 2030.1 In 2020, the National Cancer Institute reported that the

total cost of cancer care in the United States exceeded 208 million

dollars.2,3 Among all individuals with cancer, more than 5% will

exhibit spread from the primary site to the skeletal system, referred

to as metastatic bone disease (MBD).4,5 The economic burden of

MBD is disproportionately high, accounting for more than 20% of US

cancer care expenditures.4,6

The National Institute of Minority Health and Health Disparit-

ies defines health disparities research as that which addresses

health differences in socially disadvantaged populations related

to specific outcomes, including: (1) higher incidence or preva-

lence; (2) earlier or higher mortality rate; (3) increased global

burden of disease; (4) poorer health behaviors and clinical

outcomes related to the previous outcomes; (5) worse outcomes

on validated and specific patient reported outcome measures.7 In

the context of cancer, disparities in the incidence, prevalence,

rate of screening, stage at initial presentation, morbidity, survival,

and financial burden of disease have been reported for multiple

primary malignanices.1 We have recently highlighted disparities

in incidence of MBD for the five most common primary sites.8

In the present investigation, we were interested in assessing

disparities in survival for patients with MBD, given that bone is

one of the most common sites of metastatic disease5,8,9 and also

that metastatic disease is the most common malignant process

affecting the skeletal system 4,10

Patients with MBD have advanced systemic disease and face

unique treatment challenges.6,11,12 MBD is associated with signifi-

cant morbidity and functional compromise. Historically, patient

with MBD at initial presentation had reduced life expectancy with

treatment efforts primarily focused on pain control and palliation.

Fortunately, with recent advances in treatment, the life expectancy

for patients with MBD has improved considerably.11,12 Thus, while

patients with MBD are now living longer, they face new challenges

related to optimizing their quality of life.6 Specifically, sarcopenia,

cachexia, and pain associated with MBD have the potential to shift a

patients primary concern from longevity to more nuanced anxieties

pertaining to simple activities of daily living,6,13,14 kinesiophobia, and

low pain self‐efficacy.15

Taken together, MBD is a major factor influencing the

quality of life in patients with cancer. However, the disparities

for disease‐specific survival (DSS) among patients with MBD

have not been comprehensively reported in the literature.16–20

Considering the disproportionately higher costs associated

with the care of patients afflicted with MBD as well as the

observed improvement in life expectancy, we examined the

relationship between the socioeconomic and insurance‐related

disparities and DSS of patients with MBD from the five most

common sites.8

2 | METHODS

Case information was extracted from the NCI's Surveillance

Epidemiology End Results (SEER) program as outlined in our recent

publication.1,8 SEER currently collects the data from 22 registries

covering approximately 48% of the US population.1 The presence of

MBD at the time of diagnosis became available only after 2010. SEER

does not capture the development of metastasis among patients who

initially presented with non‐metastatic disease, thus underestimating

true burden of MBD. We utilized the “Incidence‐SEER 18 Regs (Excl

AK) Custom Data (with additional treatment fields), Nov 2018 Sub

(2000–2016) < Vintage 2016 Pops by Tract 2000/2010 Mixed

Geographies>” to extract cases with MBD at presentation from

2010 to 2016. Information regarding patients' age, sex, race/ethnicity

recode (Non‐Hispanic White [NHW], Non‐Hispanic Black [NHB],

Non‐Hispanic American Indian Alaskan Native [NHAIAN], Non‐

Hispanic Asian Pacific Islander [NHAPI], and Hispanics), primary site,

grade, size of the primary tumor, histologic subtypes, cause of death,

year of diagnosis, surgical and radiation treatment of the primary

tumor site, chemotherapy, surgery other site, and survival time until

death or loss to follow‐up was extracted.

For our analysis, we grouped primary malignancies originating

from “trachea and bronchus” with primary malignancies originating

from “lung and pleura.” Primary urothelial malignancies (“urinary

collecting system including bladder”) were grouped with those

originating from the “kidney and renal pelvis.”

Information regarding socioeconomic status (SES) and insurance

was extracted using the custom SEER census tract level and rurality

database from 2000 to 2016.21 Insurance was evaluated as a

potential disparity affecting outcomes in patients with MBD. Patients

with insurance at time of presentation were categorized as “insured,”

while we grouped noninsured patients with Medicaid patients, as

patients presenting without insurance to a healthcare facility are

enrolled in Medicaid.22 Medicaid patients were combined with

uninsured patients based upon previously presented evidence in

the literature.22,23 Uninsured patients are retroactively enrolled in

Medicaid and have been coded as having “Medicaid” in the national

databases.22,23 Alternate analyses were conducted modeling differ-

ent combinations of insurance categories such as combining

Medicare, Medicaid and no insurance into one group; and conclu-

sions were the same.

Small area SES was analyzed as a composite index calculated by

SEER using the method described by Yost et al.24 Census tract‐level

SES indicator variables of median household income, median house

value, median rent, percentage of the population below 150% of the

poverty line, an education index, percentage of the population with

working class occupations, and percentage of population older than

16 years in the workforce without a job were utilized.24 The data are

presented as quintiles, with Group 1 representing the lowest SES and

Group 5 representing the highest SES. The SES data was collected at

the time of initial presentation. Patients with missing data were

excluded from each respective univariable and multivariable analysis.
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Age was converted to a categorical variable (0–14, 15–39,

40–64, ≥65) for the purpose of analysis. We chose this stratification

to align with adolescent and young adult population demographics

being defined at 15–39.25,26 Staging categories of local, regional and

distant disease were used according to the SEER staging system.27

Only cases with a staging category of “distant” were included in the

current investigation. Size of primary tumor was also converted to a

categorical variable (<5 cm, ≥5 cm) for the purpose of analysis. In the

SEER dataset, “Surgery other site” denotes a surgical procedure

performed at a site other than the primary malignancy and/or lymph

node, but lacks further detail on anatomic location. This variable was

included in the analysis as surgeries for MBD would be coded under

this variable.

Statistical analyses were performed using SPSS Statistical

package version 27.0 (SPSS Inc.). The log‐rank test was utilized for

categorical values to gauge the effects of demographic, clinical,

pathological, treatment and socioeconomic variables. Variables

achieving statistical significance on univariable analyses (p < 0.05)

were included in multivariable analyses. A Cox proportional hazards

(Cox P‐H) model. was performed for identification of independent

prognostic factors with the proportional hazard ratio of death from a

particular malignancy.

3 | IRB APPROVAL

The study was deemed exempt from institutional review board

approval.

4 | RESULTS

Demographic and clinical characteristics stratified by primary sites

are presented inTable 1. The five most common sites with MBD were

lung (n = 59 739), prostate (n = 19 732), breast (n = 16 244), renal

(n = 7 718) and colon (n = 3068). Details of histopathological diag-

noses for each of the primary sites are summarized in Table S1.

The most common age group for patients presenting with MBD

was “>65 years” for all primary sites except breast. The most common

age group for patients with primary breast malignancy and MBD was

“40–64 years” (51.1%) followed by “>65 years” (42.8%). MBD was

more common in males for all primary sites except breast (females:

98.7%) (Table 1). NHW was the most common race/ethnicity for

patients with MBD across all primary sites. Most of the MBD patients

had insurance and were almost equally distributed among different

SES quintiles (Table 1). MBD patients without insurance ranged from

23.7% (breast) to 16.7% (prostate) of the respective cohort. SES

quintile distribution ranged from 22.5% (Group 2, renal) to 17.5%

(Group 5, lung).

The most common grade for primary malignancies originating

from lung (62.5%) and prostate (89.4%) was “poorly differentiated.”

However, for MBD patients with a primary breast (47.6%) or colon

(54.3%) malignancy, “moderately differentiated” grade was more

common. Renal (46.6%) primary malignancies with MBD were more

likely to present with an “undifferentiated” grade. A majority of the

patients presenting with MBD did not undergo surgical resection of

the “primary tumor” or “surgery other site.”When performed, surgery

for “other site” was most common for primaries originating from renal

cancer (10.6%). Of note, a majority of patients with MBD did not

have brain, lung or liver metastasis, with the only exception being

MBD patients with primary colon disease, of which 70.4% had

concurrent liver metastasis.

The lowest 1‐ and 2‐year DSS was observed for MBD patients

with primary lung disease (10% and 5%, respectively); followed by

colon (15% and 8%), renal (17% and 12%), prostate (55% and 42%)

and breast (56% and 43%), respectively. The results of univariable

analysis are summarized in Table 2. Statistically significant prognostic

factors in the univariable analysis were analyzed in a Cox P‐H model.

On multivariable analysis (Table 3), for MBD patients with lung

cancer primary, younger age, male sex, NHAPI, size <5 cm, surgical

resection of the primary tumor, radiotherapy, chemotherapy and

insurance (Figure 2A) were independent protective factors of

improved DSS. Lower SES (Figure 1A), “undifferentiated” grade, and

NHW and NHB race/ethnicity (Figure 2B) were independent risk

factors of worse DSS.

For patients with prostate cancer presenting with MBD,

“moderately” differentiated grade and smaller size of the primary

tumor were independent protective factors of improved DSS. SES

Group 2 was an independent risk factor of poor DSS (Figure 1B).

Younger age, “well‐differentiated” and “moderately” differenti-

ated grade, radiotherapy, chemotherapy, and insurance (Figure 2C)

were independent protective factors of improved DSS for breast

cancer patients with MBD. Race/ethnicity groups of NHW, NHB

(Figure 2D), and SES groups 1 and 2 (Figure 1C) were risk factors of

poor DSS in the breast cancer cohort.

For patients with renal primary, age group “40–64 years,” surgical

resection of the primary tumor, “surgery other site” (Figure 2E),

radiotherapy and chemotherapy were statistically significance as

prognostic factors on multivariable analysis. “Undifferentiated” grade

was a risk factor of worse DSS. Of note, neither insurance nor SES

groups were statistically associated with DSS in the Cox P‐H model for

renal primary.

For patients with colon cancer presenting with MBD, age group

“40–64 years,” “well differentiated” grade, size <5 cm, surgical

resection of the primary tumor, radiotherapy, and chemotherapy

were found to be associated with improved DSS. The lowest SES

group (Figure 1D) was an independent risk factor for worse DSS.

5 | DISCUSSION

Certain aspects of SES and insurance‐related disparities in DSS have

been reported for patients with lung, prostate, breast, renal and colon

primary cancer sites.28–36 However, the SES and insurance‐related

disparity profile for patients with MBD arising from these primary

malignancies have not been reported.16–20 MBD patients presents
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F IGURE 1 Kaplan–Meier curves representing disease‐specific survival among MBD patients for different SES groups for tumors originating
from: (A) lung, (B) prostate, (C) breast, (D) colon. MBD, metastatic bone disease; SES, socioeconomic status

F IGURE 2 Kaplan–Meier curves representing disease‐specific survival among MBD patients for: (A) Insurance status in patients with
primary tumor in lung, (B) race/ethnicity in patients with primary tumor in lung, (C) race/ethnicity in patients with primary tumor in breast,
(D) insurance status in patients with primary tumor in breast, (E) surgery other than primary site in patients with primary tumor in renal and
urothelium. MBD, metastatic bone disease
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unique challenges. Bone metastases are painful and if left untreated

can result in a pathological fracture. Pathological fractures are

potentially devastating consequences of MBD, and can negatively

impact patient's quality of life by limiting their mobility and

necessitating surgery in many cases. Repair of pathologic fractures

in turn is associated with a number of potentially life‐threatening

complications such as nonunion, malunion, deep venous thrombosis,

pulmonary embolism, hospital acquired pneumonia, hypercalcemia of

malignancy, and other morbidities.37,38

Numerous studies have attempted to classify the risk of

impending fracture for metastatic bone lesions.39,40 Ultimately, when

the clinical evidence portends a risk for pathologic fracture,

prophylactic stabilization versus reconstruction is typically planned

to mitigate the physical and psychosocial sequalae of a realized

pathological fracture.41–44 Additionally, radiation is usually adminis-

tered pre‐ or postoperatively to the involved area.43,44 Patients with

MBD thus present with a distinct and high‐risk profile and for that

reason we chose to focus the current investigation on the SES and

insurance‐related disparities in this cohort.

SES related disparities in disease‐specific survival of patients

with MBD was seen in four of the five most common primary

anatomic sites. The only primary anatomic site not showing any

SES‐related disparity in DSS was “renal and urothelium.” Renal and

urothelial cancer patients presenting with MBD have 1‐ and 2‐year

DSS of 17% and 12%, respectively. SES was significant prognostic

factor on univariable analysis, however, lost its significance on

multivariable analysis. Given the available data in the SEER database,

it is out of the scope of current investigation to speculate the reason

behind this finding.

Another interesting finding of our investigation was the lack of

synchronous metastases to other sites in patients with MBD. Recent

laboratory evidence suggests that metastases present in bone can

actually potentiate tumor cells metastasizing to other organs.9,45,46 In

the current investigation, a majority of patients presenting with MBD

did not have synchronous metastases to other common sites i.e.,

brain, lung, and liver (Table 1), suggesting that bone metastases are

early events in cancer progression. For the four most common sites

contributing to bone metastasis, synchronous metastases were

found in a minority of patients (Table 1). The only exception to this

observation was metastases originating from a primary colon site,

with more than 70% of these patients exhibiting synchronous liver

metastases. This high incidence of liver metastasis in malignancies

originating from the gastrointestinal tract is expected due to the

unique anatomical features of splanchnic circulation. Taken together

with the recent basic science evidence,9,45,46 these findings call for

future clinical/translational investigations focused on elucidating the

role of bone serving as a potentiating site for other organ metastases.

If confirmed, addressing disparities in MBD by SES would become

even more important for achieving equity in outcomes.

Patients with MBD secondary to primary lung malignancy had

the worst 1‐ and 2‐year DSS (10% and 5%, respectively; Table 2).

When compared to reported DSS for patients with “distant” stage

(5‐year DSS 4.7%),47 the DSS for MBD was worse (5‐year DSS 2.0%,

data not shown). This finding supports the idea that lung cancer

patients with MBD represent a subgroup that is at increased risk of

mortality compared to patients with metastasis to other organs. SES

disparities in the survival for lung cancer have been widely reported

in the literature.47–50 Our findings are consistent with previously

reported SES disparities in DSS, even for terminal stage of disease.

Lack of insurance was also an independent predictor of a poor DSS in

the current analysis. There is evidence to suggest a positive impact of

smoking cessation on prognosis for patients with metastatic nonsmall

cell lung cancer.51 One of the limitations of our analysis is the

absence of tobacco use data in the SEER database.

Prostate cancer patients with MBD had the second‐best

prognosis among the five most common primary sites (Table 2).

Siegel et al.52 recently reported a 5‐year survival rate of 32.3% for

metastatic prostate cancer. We found a somewhat lower 5‐year DSS

for patients with MBD in the setting of a primary prostate cancer

(20%, data not shown). In general, the evidence regarding SES

disparities and survival for patients with prostate cancer has been

inconsistent in the literature.53 Klein and Knesebeck53 performed a

systemic review of 46 articles, reporting significant association

between low SES and worse survival among prostate cancer patients.

Our analysis revealed SES Group 2 (2nd lowest SES group) to be an

independent risk factor of poor DSS for MBD patients with prostate

cancer.

Breast cancer patients with MBD had the best DSS among the

five most common primary sites (Table 2). According to the American

Society of Clinical Oncology, the estimated 5‐year survival for

patients with metastatic breast cancer is 28%.54 In our cohort, 5‐year

DSS was 17% (data not shown) for breast cancer patients with MBD,

although we did not exclude patients with synchronous metastasis to

other sites. In isolation, breast cancer patients with bone‐only

metastasis have better overall survival and DSS compared to patients

with nonskeletal metastatic disease such as brain and lung.55 SES

disparities have been widely reported to influence survival among

patients with breast cancer.56,57 Current investigation confirms these

SES disparities in patients with MBD. SES disparities in survival

among patients with breast cancer exist despite “safety net”

programs such as Medicare and Medicaid.56,57 Having health

insurance was found to be an independent predictor of improved

survival on multivariable Cox regression in this study.

Renal and urothelial carcinoma patients presenting with MBD

have the third worst DSS (17%: 1 year and 12%: 2 years; Table 2)

among the five most common primary sites. The American Cancer

Society reports a 5‐year survival rate of 13% for kidney cancer with

distant stage.58 In our analysis, renal and urothelial primary cancer

patients with MBD had a 5‐year DSS of 4% (data not shown). Our

analysis did not reveal any SES or insurance disparities for renal and

urothelial patients with MBD. These findings were consistent with a

recent report from the National Cancer Database did not show

disparities with respect to median income.59 In our analysis, a total of

43.4% of this group of patients with MBD had synchronous lung

metastasis. Lung has been suggested as the most common site for

renal‐cell carcinoma metastasis, as the renal vein drains directly into
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the inferior vena cava.60 A unique finding in our analysis was

identifying the prognostic significance of “surgery other site” in DSS

for the renal and urothelial carcinoma MBD group. In the SEER

dataset, “surgery other site” denotes a surgical procedure performed

at a site other than the primary malignancy and/or lymph node, but

lacks further detail on anatomic location. Given that renal‐cell

metastases to bone are notoriously destructive, often necessitating

a bone stabilizing procedure to mitigate pain and improve func-

tion,61,62 and further considering that all patients in our selection had

MBD, it is reasonable to assume that some fraction of “surgery other

site” was referring to a bony stabilizing procedure. However, SEER

lacks any further detail about “surgery other site.” To our knowledge,

there has been no suggestion of a prognostic significance of bone

stabilizing procedures in the literature.63 Bone stabilization for

metastatic lesions has so far been regarded as a palliative procedure.6

This finding calls for an in‐depth analysis of a large dataset with more

granularity about bone stabilizing procedures. Also, renal cell

carcinoma has a variety of histologic subtypes with varying prognosis.

A detailed analysis of MBD in different histologic subtypes is beyond

the scope of current investigation.

Colon was the fifth most common primary site contributing to

MBD in the current analysis. Although some prior studies have

shown thyroid to be the fifth most common primary site leading to

MBD,10 another analysis of SEER data reported a similar finding to

the current study.5 Socioeconomic disparities have long been

implicated in incidence and mortality associated with colon can-

cer.64–67 The current analysis highlights lowest SES as being an

independent predictor of poor prognosis. Insurance status, however,

was not a predictor of DSS in colon primaries presenting with MBD.

Our study has limitations associated with large database analysis.

Information regarding clinical course, radiological exam, serology, and

other medical comorbidities is not included in the SEER database.

Information regarding specific chemotherapy regimen is missing and

data in the cohort was presented as a binary variable: “yes versus

none/unknown,” making it difficult to draw definitive conclusions.

Details for “surgery other site” is also missing in the SEER data.

Another limitation is the lack of individual‐level SES data. The only

SES measure included as part of the SEER database is area‐level SES.

Although details of staging data and radiographic images is lacking in

the SEER database, others have used SEER bone metastasis data as a

gold standard to assess the validity of Medicare claims data.68

Patients who develop bone metastasis while being on treatment and

after enrollment in the SEER program are not captured in the SEER

coding of MBD.

This is the first and the largest study to explore the SES and

insurance related disparities among patients specifically afflicted with

MBD from the five most common primary sites utilizing population‐

based data in the United States. We have recently demonstrated

wide‐spread socioeconomic disparities in the incidence of MBD.8

Taken together, the findings should prompt a higher degree of

suspicion and screening among at risk strata, to facilitate earlier

diagnosis and subsequent earlier access to care. The findings are also

important for public health policy. Resource allocation from available

funds towards early detection and treatment for patients in the lower

socioeconomic strata and lacking health insurance is required to

address these disparities.
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