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Abstract
Background Disparities among patients with cancer are
well documented. Recent studies suggest these disparities
also affect patients undergoing metastatic spinal tumor
surgery. However, it is unclear whether social factors are
associated with ambulatory outcomes or overall survival.
Questions/purposes In patients undergoing metastatic
spinal tumor surgery, (1) Are race, Social Vulnerability
Index (SVI) score, or insurance status associated with a
lower likelihood of postoperative ambulation? (2) Are race,

SVI score, or insurance status associated with shorter
overall survival?
Methods Between April 2012 and June 2021, we surgi-
cally treated 148 patients for metastatic cord compression
or spinal mechanical instability because of cancer.
Inclusion criteria were patients with complete de-
mographic, social, oncologic, and follow-up data and pa-
tients whowere followed until death or for at least 3months
postoperatively. Based on these criteria, 12% (18 of 148)
were excluded because they had incomplete data and an-
other 7% (11 of 148) were excluded because they were lost
before the minimum study follow-up interval, leaving 80%
(119) for analysis. Collected social data included self-
reported race (White, Black, Hispanic or Latino, or other),
SVI score, and primary insurance (Medicare, Medicaid, or
private). The median age of the group was 62 years
(interquartile range [IQR] 53 to 70 years), and 58% of
patients were men (69 of 119). The race distribution was
45% Black (54 of 119), 32% Hispanic or Latino (38 of
119), 16%White (19 of 119), and 7% other (eight of 119).
The median SVI score was 89.8 (IQR 73.8 to 98.5), and
74% of patients (88) were categorized as having high
vulnerability. The insurance distribution was as follows:
Medicare: 43%, Medicaid: 36%, and private insurance:
21%. The primary outcome variable was complete inability
to ambulate postoperatively and the secondary outcome
was median overall survival. Exploratory data analysis,
univariate and multivariate logistic regression, and uni-
variate and multivariate Cox regression analyses were
performed.
Results After controlling for race, SVI score, insurance
status, primary cancer, and modified Bauer score, the only
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factor independently associated with postoperative non-
ambulation was preoperative nonambulatory status (odds
ratio 59.3 [95% confidence interval (CI) 13.2 to 266.1]; p <
0.001). After controlling for variables such as performance
status, BMI, primary cancer, modified Bauer score, and
insurance status, factors independently associated with
survival included Eastern Cooperative Oncology Group
performance status (hazard ratio [HR] 1.4 [95% CI 1.1 to
2.0]; p = 0.03), prostate cancer (HR 0.4 [95%CI 0.1 to 0.9];
p = 0.03), and hematologic cancer (HR 0.3 [95% CI 0.1 to
0.8]; p = 0.02). Race, SVI score, and insurance status were
not associated with overall survival.
Conclusion. In this study, we found no difference in am-
bulatory outcome for patients based on their race, SVI
score, or insurance status. Likewise, no differences in
postoperative survival were found. These findings suggest
that despite differences in presentation or short-term out-
come reported in other investigations, the social factors we
explored were not associated with the likelihood of a pa-
tient being nonambulatory postoperatively or shorter sur-
vival after spinal tumor surgery. Research studies that
analyze race as a covariate of interest should take care to
explore metrics of socioeconomic deprivation (such as the
SVI score) to avoid drawing misleading conclusions.
Level of Evidence Level III, therapeutic study.

Introduction

The spine is the most common site for skeletal metastases.
Every year, an estimated 120,000 patients receive a diagnosis
of spinal metastasis in the United States, with 20% of patients
presenting with spinal cord compression [3]. Metastatic spine
disease causing cord compression can result in impaired
ambulation, but timely intervention has been shown to im-
prove postoperative ambulatory rates and survival [14].
Nonetheless, inequalities based on race and socioeconomic
status in the management and short-term outcome of patients
with metastatic spine disease have been reported [5-7, 9].

Patient factors such as race or ethnicity, socioeconomic
deprivation, and geographic location are the main mecha-
nisms underlying cancer health disparities [13]. Education
and literacy are also important, including the ability of pa-
tients with cancer to understand and recognize symptoms of
spinal metastasis such as back pain or leg numbness or
weakness. When investigating disparities, it is important to
consider all parameters to account for potential confounding.
Dasenbrock et al. [5] found higher in-hospital mortality rates
for patients with Medicaid insurance undergoing oncologic
spine surgery than for privately insured patients, but these
differences became negligible when controlling for acuity of
presentation. However, a recent national database in-
vestigation found that Black patients were less likely to
undergo surgical intervention, even after controlling for

insurance status and income, than White patients [6].
Additionally, investigations of disparities in postoperative
ambulation rates and long-term overall survival (OS) have
been limited.

We therefore asked, in patients undergoing metastatic
spinal tumor surgery, (1) Are race, Social Vulnerability
Index (SVI) score, or insurance status associated with a
lower likelihood of postoperative ambulation? (2) Are race,
SVI score, or insurance status associated with shorter OS?

Patients and Methods

Study Design and Setting

This was a single-center, retrospective, comparative study
at an urban teaching hospital in a major metropolitan area.
Our hospital is associated with a National Cancer
Institute–designated cancer center. Our neurosurgical
spine database was queried in March 2022 to identify our
potential study cohort.

Patients

Between April 2012 and June 2021, we surgically treated
148 patients for metastatic cord compression or spinal me-
chanical instability for cancer. Inclusion criteria were pa-
tients with complete demographic, social, oncologic, and
follow-up data and patientswhowere followed until death or
for at least 3months postoperatively. Based on these criteria,
12% (18) were excluded because they had incomplete data
and another 7% (11) were excluded because they were lost
before the minimum study follow-up period, leaving 80%
(119 of 148) for analysis in this study. No differences were
found in the rate of loss to follow-up or incomplete data
between ambulatory and nonambulatory status.

Among the final analytic sample, indications for surgery
included metastatic spinal cord compression in 85% (101
of 119) of patients, potentially unstable lesions as assessed
by the Spinal Instability Neoplastic Score in 66% (79) of
patients, and unstable lesions in 28% (33) of patients.
Patients were eligible for surgical decompression if they
presented within 48 hours of motor weakness or impaired
ambulation; internal fixation was indicated for potentially
unstable and unstable lesions as determined by the Spinal
Instability Neoplastic Score.

Variables

Collected patient data included age, gender, self-reported
race (White, Black, Hispanic or Latino, or other [Middle
Eastern, Asian, or Southeast Asian]), Eastern Cooperative
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Oncology Group performance status, BMI, presence of
back pain at presentation, Frankel grade at presentation,
nonambulatory status at presentation (complete inability to
ambulate even with assistance), primary cancer (lung,
breast, prostate, kidney, colorectal, hematologic, or other),
modified Bauer score, de novo cancer diagnosis, presence
of pathologic vertebral compression fracture, Spinal
Instability Neoplastic Score, and emergency-type pro-
cedure (performed within 24 hours of admission).

The SVI score and primary insurance status at the time of
surgery (Medicare, Medicaid, or private) were also obtained
for each patient. The SVI score was ascertained from the
Centers for Disease Control and Prevention’s website
(https://svi.cdc.gov/map.html); the year immediately
preceding the date of surgery was used as well as the
patient’s domicile at that time. This index is a measure of the
level of socioeconomic deprivation of a geographic area and
ranges from 0 to 1, with higher values representing more
deprivation. The index is further categorized into low,
moderate, and high vulnerability defined by the Centers for
DiseaseControl based on its percentile distribution. The SVI
score is also composed of four distinct subthemes, each of
which is scored from 0 to 1: socioeconomic status,
household composition and disability, minority status and
language, and housing type and transportation.

Participants’ Baseline Data

A total of 119 patients were included in this study (Table 1).
The median age of the group was 62 years (interquartile
range [IQR] 53 to 70), and 58% (69 of 119) of patients were
men. The race distribution was 45% (54 of 119) Black, 32%
(38 of 119) Hispanic or Latino, 16% (19 of 119) White, and
7% (8 of 119) other (three Southeast Asian patients, two
Asian patients, two Middle Eastern patients, and one other
who declined to state their race or ethnicity). The median
Eastern Cooperative Oncology Group performance status
was 2 (IQR 1 to 3), and the mean BMI was 27 6 6 kg/m2.
Among all patients, 22% (26 of 119) presented with Frankel
Grades A to C, but 30% (36) were not ambulatory at all at
presentation. The nonambulatory proportions for Black,
Hispanic or Latino,White, and other-race patients were 39%
(21 of 54), 26% (10 of 38), 21% (four of 19), and 13% (one
of eight), respectively. The three most common primary
cancers were hematologic in 22% (26 of 119) of patients,
other in 20% (24 of 119), and prostate in 18% (21 of 119).
For 37% (44 of 119) of patients, this was the first pre-
sentation of cancer, and 49% (58 of 119) had a pathologic
vertebral compression fracture. A total of 28% (33 of 119) of
procedures were performed emergently.

The median SVI score was 90 (IQR 74 to 99), and 74%
(88 of 119) of patients were categorized as having high
vulnerability (Table 2). The insurance distribution was as

follows: Medicare: 43% (51), Medicaid: 36% (43), and
private insurance: 21% (25).

Primary and Secondary Study Outcomes

The primary outcome variable was complete inability to
ambulate postoperatively (which we refer to as non-
ambulatory). Patients were dichotomized into nonambulatory
or ambulatory; if a patient could ambulate at all, even with
assistive devices, that patient was categorized as ambulatory
for the analysis to reduce the potential for error. A patient’s
ability to ambulatewas evaluated daily using physical therapy
and neurosurgery progress notes while patients were in the
hospital. Postoperatively, ability to ambulate was ascertained
from follow-up oncology or neurosurgery notes. Of the 28

Table 1. Baseline and oncologic characteristics (n = 119)

Parameter Value

Age in years, median (IQR) 62 (53 to 70)

Men, % (n) 58 (69)

Race, % (n)

White 16 (19)

Black 45 (54)

Hispanic/Latino 32 (38)

Other 7 (8)

ECOG performance status, median
(IQR)

2 (1 to 3)

BMI in kg/m2, mean 6 SD 27 6 6

Back pain, % (n) 82 (98)

Neurologic status, % (n)

Frankel D-E 78 (93)

Frankel A-C 22 (26)

Nonambulatory at presentation, % (n) 30 (36)

Primary cancer, % (n)

Breast 15 (18)

Lung 16 (19)

Prostate 18 (21)

Colorectal 5 (6)

Kidney 4 (5)

Hematologic 22 (26)

Other 20 (24)

Modified Bauer score, median (IQR) 2 (1 to 3)

De novo cancer diagnosis, % (n) 37 (44)

Pathologic vertebral compression
fracture, % (n)

49 (58)

SINS, median (IQR) 11 (8 to 13)

Emergency procedure, % (n) 28 (33)

ECOG = Eastern Cooperative Oncology Group; SINS = Spinal
Instability Neoplastic Score.
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patients who were nonambulatory postoperatively, 24 were
nonambulatory at presentation and four patients experienced
newweakness during the follow-up period (median follow-up
3.4 months [IQR 1.3 to 9.4 months]).

The secondary outcome measure was the median OS.
This was evaluated in a time-to-event analysis, with post-
operative day zero being defined as the time origin.

Ethical Approval

This study received institutional review board approval
(IRB 2016-6896).

Statistical Analysis

All analyses were performed in Stata 16 IC (StataCorp). An
exploratory data analysis was performed first. A univariate

logistic regression analysiswasdonewith nonambulatory status
postoperatively as the dependent variable (Supplemental
Table 1; http://links.lww.com/CORR/A961). The following
variables were included in the univariate analysis: age, gender,
race (White, Black, Hispanic or Latino, and other), BMI, back
pain at presentation, nonambulatory status at presentation,
primary cancer (breast, prostate, kidney, colorectal,
hematologic, or other), modified Bauer score, de novo cancer
diagnosis, presence of a pathologic vertebral compression
fracture, Spinal Instability Neoplastic Score, SVI score,
socioeconomic status score, household composition and
disability score, minority group and language score, housing
type and transportation score, Medicare primary insurance,
Medicaid primary insurance, and private primary insurance. All
factors with a p value less than 0.10 were then included in a
multivariate logistic regression analysis. For the secondary
outcomemeasure,OS, a univariateCox regression analysiswas
performed with the same variables as in the logistic regression
univariate analysis, with the addition to Eastern Cooperative
Oncology Group performance status; hazard ratios with
corresponding 95% confidence intervals are reported
(Supplemental Table 2; http://links.lww.com/CORR/A962).
Factors with a p value less than 0.10 were then included in a
multivariate Cox proportional hazards model. Statistical
significance was defined as a p value less than 0.05.

Results

Factors Associated With Nonambulatory
Status Postoperatively

After controlling for race, SVI score, insurance status,
primary cancer, and modified Bauer score, the only factor
independently associated with postoperative non-
ambulation was preoperative nonambulatory status (OR
59.3 [95% CI 13.2 to 266.1]; p < 0.001). Race, SVI score,
and insurance type were not independently associated with
ambulatory outcome (Table 3). Postoperatively, 24% (28
of 119) of patients were nonambulatory.

Table 2. Socioeconomic data (n = 119)

Parameter Value

SVI, median (IQR) 90 (74 to 99)

Vulnerability category, % (n)

Low 9 (11)

Moderate 17 (20)

High 74 (88)

SVI subthemes, median (IQR)

Socioeconomic status 81 (56 to 94)

Household composition and
disability

69.0 (45 to 86)

Minority status and language 91.9 (86 to 98)

Housing type and transportation 88 (75 to 96)

Primary insurance, % (n)

Medicare 43 (51)

Medicaid 36 (43)

Private 21 (25)

SVI = Social Vulnerability Index.

Table 3. Multivariate logistic regression of factors associated with nonambulatory status postoperatively

Parameter OR 95% CI p value

Black race 1.1 0.3 to 4.4 0.89

Nonambulatory at presentation 59.3 13.2 to 266.1 < 0.001

Hematologic cancer 0.3 0.03 to 2.5 0.25

Other cancer 3.7 0.7 to 19.4 0.13

Modified Bauer score 0.9 0.4 to 2.0 0.74

Household composition and disability 2.6 0.2 to 41.6 0.50

Medicaid 2.9 0.8 to 11.6 0.12
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Factors Associated With Overall Survival

The median OS for all patients was 23.4 months (95% CI
13.7 to 41.3). After controlling for variables such as per-
formance status, BMI, primary cancer, modified Bauer
score, and insurance status, we found that factors in-
dependently associated with survival included Eastern
Cooperative Oncology Group performance status (HR 1.4
[95% CI 1.1 to 2.0]; p = 0.03), prostate cancer (HR 0.4
[95%CI 0.1 to 0.9]; p = 0.03), and hematologic cancer (HR
0.3 [95% CI 0.1 to 0.8]; p = 0.02). Race, SVI score, and
insurance status were not associated with OS (Table 4)

Discussion

Disparities in oncologic surgery are well documented [8,
13]. Although cancer stage remains the most important
prognostic indicator, social factors also contribute to limited
access to screening, surgical interventions, and timely
treatment [13]. For patients with metastatic spine disease,
recent studies have found inequalities in clinical pre-
sentation, type of intervention, short-term complications,
and discharge disposition [5-7, 9]. However, there are no
studies we are aware of that have evaluated race and in-
surance status and adequately controlled for socioeconomic
deprivation. As such, identifying how these disparities may
manifest in patients with spinal metastases and whether they
affect postoperative ambulation or survival is important as a
first step toward providing equitable care. In this study, we
found that race, SVI score, and insurance were not in-
dependently associated with ambulatory outcome or sur-
vival in our spinal oncology population after controlling for
factors such as ambulatory status at presentation, modified
Bauer score, or performance status. Although social factors

may be associated with disparities when examined in-
dividually, the lack of association after controlling for con-
founding suggests that patients are still receiving equitable
care. In addition, research studies that analyze race as a
covariate of interest should explore metrics of socioeco-
nomic deprivation (such as the SVI score) to avoid drawing
misleading conclusions.

Limitations

Themain limitations of the study are the risk of selection and
assessment bias. Our study was conducted in a mostly un-
derserved population with a high proportion (84%) of pa-
tients who were non-White. About three-fourths of our
patients were also considered highly vulnerable, as assessed
by the SVI score, and nearly 80%were insured byMedicare
or Medicaid. As such, it may be difficult to find differences
in outcomes when most of the group is considered disad-
vantaged. However, every variable was examined in-
dividually in a detailed univariate analysis. The combined
high percentage of Black and White patients (61%) com-
pared with other races may have also resulted in a study that
was underpowered to detect associations between other
races and outcomes. Given that we only examined patients
undergoing surgery, it is unclear whether there was also
selection bias regarding the decision about who was a can-
didate for intervention; however, the racial distribution in
our study is consistent with the demographics of our target
population. Postoperative ambulation was ascertained from
physical therapy and neurosurgical follow-up notes and not
from objective gait testing. Our primary endpoint was a
patient’s complete inability to ambulate, which we believe
was a more objective measure to assess than partially am-
bulatory (patients who may have ataxic gait requiring

Table 4. Multivariate Cox regression analysis of factors associated with postoperative survival

Parameter HR 95% CI p value

ECOG performance status 1.4 1.1 to 2.0 0.03

BMI 1.0 0.9 to 1.0 0.32

Nonambulatory at presentation 1.4 0.7 to 2.7 0.37

Lung cancer 1.2 0.5 to 3.2 0.66

Prostate cancer 0.4 0.1 to 0.9 0.03

Hematologic cancer 0.3 0.1 to 0.8 0.02

Other cancer 1.2 0.7 to 2.5 0.69

Modified Bauer score 0.8 0.5 to 1.2 0.22

De novo cancer diagnosis 0.7 0.4 to 1.2 0.21

Pathologic vertebral compression fracture 1.6 0.9 to 2.7 0.11

Private insurance 0.5 0.2 to 1.00 0.05

ECOG = Eastern Cooperative Oncology Group.
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assistance, for example). Some patients who died early
might also have not had enough time to recover neurologi-
cally, and it is possible this resulted in an overestimation of a
patient’s inability to ambulate postoperatively.

Discussion of Key Findings

We found that after controlling for confounding variables
such as being nonambulatory at presentation, primary cancer
type, and modified Bauer score, no differences in post-
operative nonambulation were found in terms of race, SVI
score, or insurance status. A recent national database in-
vestigation of 145,809 admissions formetastatic spine disease
found that Black patients had the highest likelihood of pre-
senting with myelopathy and paralysis compared with people
of other races, but unfortunately, no data on preoperative or
postoperative ambulation were available for analysis [6].
Although we also found a higher rate of nonambulation
preoperatively for Black patients than for White patients, our
multivariable analysis found that race was not independently
associated with ambulatory outcome after controlling for
relevant confounding variables, such as socioeconomic dep-
rivation as measured by the SVI score. This suggests that
patients undergoing surgical decompression are still receiving
equitable care and the likelihood of postoperative ambulation
is equal irrespective of race, SVI score, or insurance, which is
certainly encouraging. Nevertheless, 37% of our patients had
spinal metastases at cancer diagnosis, 30% presented with a
complete inability to ambulate, and 28% underwent emer-
gency surgery. As such, efforts in timely screening and rec-
ognition of symptoms of spinal metastases are needed to
prevent patients from presenting when their disease is at an
advanced stage. Helpful strategies include addressing cultural
or linguistic barriers to screening and diagnosis, promoting
education at an institutional level, and establishing a practice
system to identify patients with cancer at the highest risk of
having spinal metastases (lung, breast, and prostate, for ex-
ample) and keeping track of them [19].

Likewise, there were no associations of race, SVI score, or
insurance status with postoperative OS. Dasenbrock et al. [5]
examined 2154 patients aged 18 to 64 years who underwent
metastatic spinal tumor surgery and found that patients with
Medicaid insurance had higher odds of in-hospital mortality
than patients with private insurance. However, these differ-
ences became negligible when adjusting for acuity of pre-
sentation, medical comorbidities, and hospital volume.
Another study compared 30-day outcomes of 1053 White
patients and 173 Black patients who underwent spinal tumor
surgery, finding no difference in major complication rates,
including 30-day mortality, in a multivariable analysis [7].
Although none of these studies examined overall survival
beyond 30 days, our findings are consistent because social
factors were not independently associated with survival.

Our findings revealed that a patient’s inability to ambulate
preoperatively was the only independent predictor of post-
operative ambulation, consistent with previous findings [2].
On the other hand, performance status and primary tumor type
were independent prognostic factors of survival, which is also
consistentwith previous research [4, 11]. Inequalities in cancer
are often the result of limited screenings and access to care.
More advanced stages of disease are consistently diagnosed in
Black patients, who are also known to have lower cancer
screening incidences [10, 12, 15, 16, 18, 20]. This reflects
systemic issues in terms of access to and use of cancer care,
which have been shown to disproportionately affect non-
White people in the United States [10]. Patients of other races
and patients with more severe socioeconomic deprivation are
also more likely to access healthcare systems and providers
with limited resources and access to specialists, including
surgical referrals [1].

Also of importance is that studies have found differ-
ences in surgical use for patients with cancer. Steyerberg
et al. [17] found a higher mortality rate among Black
patients with esophageal cancer that was attributed to
lower rates of operative treatment. This group of patients
was less likely to be assessed by a surgeon and have more
comorbid conditions. Although we do not have data on
nonoperative patients with spinal tumors seen at our in-
stitution, potential differences in treatments warrant
further investigation.

Conclusion

Preserving and preventing further loss of neurologic
function is a main goal of oncologic spine surgery. In this
study, we found no difference in ambulatory outcome for
patients based on their race, SVI score, or healthcare in-
surance type. Likewise, no differences in postoperative
survival were found. These findings suggest that despite
differences in presentation or short-term outcome reported
in other investigations, the social factors we explored were
not associated with being nonambulatory postoperatively
and are not associated with shorter survival after spinal
tumor surgery. Research studies that analyze race as a
covariate of interest should take care to explore metrics of
socioeconomic deprivation (such as the SVI score) to avoid
drawing misleading conclusions.
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