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BACKGROUND:Over the last 2 decades, advances in systemic therapy have increased the
expected overall survival for patients with cancer. It is unclear whether the same survival
benefit has been conferred to patients requiring surgery for metastatic spinal disease.
OBJECTIVE: To examine trends in postoperative survival over a 20-yr period for patients
surgically treated for spinal metastatic disease.
METHODS: Data were obtained for 1515 patients who underwent surgery for metastatic
epidural spinal cord compression or tumor-related mechanical instability. Postoperative
overall survival was calculated for all included patients using Kaplan-Meier methodology
fromdateof surgery until deathor last follow-up for thosewhowere censored. Trendswere
analyzed using Cox proportional hazards modeling.
RESULTS: Patients with renal, breast, lung, and colon cancers experienced a statistically
significant improvement in survival over time based on the year of surgery (40%-100%
improvement over the study period), whereas the overall survival trend for the entire
cohort did not reach statistical significance (P = .12, median survival 0.71 yr, 95% CI
0.63-0.78). Patients presenting with synchronous metastatic disease had better survival
compared to those presenting with metachronous disease (median overall survival: 0.94
vs 0.63 yr, respectively; log-rank P-value = .00001).
CONCLUSION: The postoperative survival among patients with spinal metastases has
improved over the past 20 yr, particularly in patients with kidney, breast, lung, and colon
tumors metastatic to the spine. The observed survival improvement emphasizes the need
for long-term outcome consideration in treatment decisions for patients undergoing
surgery for spinal metastatic tumors.
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O ver the last 2 decades, advances in
treatment and early diagnosis have
increased the expected overall survival

for patients with cancer.1 The 5-yr relative
survival among patients diagnosed with cancer
improved from 35% in 1950 to 1954 to 70% for
the 2009 to 2015 time interval.2 However, these
composite survival statistics include patients with
local, regional, and metastatic stages of cancer,
with less information available for the survival
trends specific to patients with metastatic cancer.

ABBREVIATIONS: CI, confidence interval; OS,
overall survival; RPA, recursive partitioning analysis

Supplemental digital content is available for this article at
www.neurosurgery-online.com.

The spine represents one of the most common
sites of metastatic disease. Decisions regarding
treatment strategy selection require consider-
ation of the expected survival. Although the
general cancer statistics indicate that patients
diagnosed with cancer live longer, it is unclear
whether the same survival benefit has been
conferred to patients requiring surgery for
metastatic spinal disease because these patients
present at various stages of treatment.3 As more
therapeutic agents and potential salvage therapies
become available for patients with metastatic
cancer, it has been assumed that longer overall
survival for cancer patients has translated into
longer postoperative survival, leading to greater
emphasis on the maintenance of quality of life
(QOL) and durable local tumor control in the
treatment of spinal metastatic disease.4-8
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SURVIVAL TRENDS FOR SPINAL METASTATIC TUMORS

The current study examined trends in survival over 20 yr for
patients undergoing surgery for the treatment of spinal metastatic
tumors at a single institution.We hypothesized that with advances
in systemic cancer therapy and surgical care, there would be a
temporal trend toward improved survival based on the year of
treatment.

METHODS

Patient Selection
All patients undergoing surgical intervention for metastatic spinal

disease at Memorial Sloan Kettering Cancer Center from January 1998
to December 2017 were queried. The analysis was conducted in March
of 2019. The gap between December 2017 and March 2019 provided
at least 1-yr follow-up interval for the most recently treated patient. The
study was conducted under the supervision of the Institutional Review
Board (MSKCC), and a patient consent waiver was granted given the
retrospective nature of the study. The NOMS decision framework was
utilized for the entire cohort. The NOMS framework consists of neuro-
logic, oncologic, mechanical, and systemic considerations and is used
to select the optimal combination of surgical, radiation, and systemic
therapy for patients with spinal metastases.9 The primary surgical indica-
tions included high-grade metastatic epidural spinal cord compression
and/or mechanical instability. Hybrid therapy consisting of separation
surgery and radiotherapy was utilized for all patents requiring decom-
pression of the spinal cord. Among patients requiring spinal stabilization,
instrumentation placement was carried out using posterior approach
for open or minimally invasive surgical stabilization. All patients had a
clear surgical indication directly related to a metastatic cancer diagnosis
and all had spinal instrumentation. All patients underwent radiation
therapy using conventional external beam or stereotactic body radiation
therapy. Patients were included only if the pathology examination of
the surgical sample demonstrated viable metastatic disease. For patients
who had multiple surgical interventions, the first surgery was used as
the index surgery. The study did not exclude patients based on the
duration of follow-up. Patients less than 18 yr of age at the index surgery
were excluded. Patients were excluded if they underwent only kypho-
plasty or percutaneous needle biopsy without separation surgery or spinal
instrumentation. Patient selection is presented in Figure, Supplemental
Digital Content.

For patients who met the inclusion criteria, multiple variables were
collected including age at index surgery, sex, primary cancer histology,
pathology of metastatic lesion, synchronous or metachronous disease at
presentation, level of spinal lesion, surgery performed, date of last follow-
up, and patient vital status. Synchronous disease was defined as surgery
on spinal metastasis within 3 mo of primary cancer diagnosis. Further
analysis was performed for primary cancer sites representing greater than
4% of the overall cohort.

Statistical Analysis
Descriptive statistics such as frequencies, means, and ranges were used

to characterize the cohort under study. Overall survival was defined as
the time from index surgery for spine metastases until date of death
or date of last known follow-up for those who were censored. Kaplan-
Meier methodology was used to graphically display overall survival and
for calculation of median overall survival. The log-rank test was used to
compare overall survival experiences by categorical variables of interest.

To examine the temporal trends of survival, Cox modeling was used to
associate calendar year of surgery with survival for the overall cohort and
by primary cancer sites of interest. To identify possible splits of calendar
time and their association with survival, recursive partitioning analysis
(RPA) was performed for the overall cohort and by primary cancer sites
of interest.10 To examine changes in 30- and 90-d mortality over time,
logistic modeling was used to associate calendar year of surgery with
30- or 90-d mortality for the overall cohort and by primary cancer sites
of interest. Statistical tests were 2-sided with an alpha level of statis-
tical significance set at 0.05. All analyses were performed using SAS
version 9.4 (SAS, Cary, North Carolina) and R software version 3.5.2
(in particular, the RPART package; RStudio).

RESULTS

The analysis includes 1515 patients who met the inclusion
criteria (Figure, Supplemental Digital Content). The mean
age at index surgery was 60 (range 18 to 92 yr), with males
representing 60% of the study population (Table 1). Overall
median follow-up for survivors was 28.9 mo. Greater than 25
primary cancers were represented within this retrospective cohort.
However, 75% of cases were accounted for by metastatic lung,
breast, prostate, renal, colon, skin, sarcoma, and thyroid cancers.
The majority of the tumors (62%) localized to the thoracic spine,
followed by 25% lumbar, 11% cervical, and 1.4% sacral levels
(Table 1). Surgical volume increased over time, with 43% of the
operations performed between 2013 and 2017.

Overall Survival
The median overall survival for the entire cohort was 8.5 mo

(95% CI 7.6-9.4) and is presented in Table 2 and Figure 1A.
An improvement of 1% with each successive year of surgery was
noted in overall survival for the cohort; however, this failed to
reach statistical significance (Figure 1B, Cox model P = .12).
RPA of the entire cohort failed to reveal a split year for survival
improvement. Significant differences in survival were observed
among primary tumors sites (Figure 1C). Overall, 30-d mortality
was 5.5%, and overall, 90-d mortality was 23.7%. There was no
statistically significant change in the 30- or 90-d mortality over
the study time interval (P = .81 and P = .99, respectively).

Kidney Cancer
A total of 208 patients (14%) underwent surgery for the

treatment of kidney cancer metastatic to the spine. The median
survival for the entire kidney cancer cohort was 11.6 mo
(95% CI: 9.1-13.9). Postoperative survival improved by 3%
(95% CI: 1%-6%) with each successive year of surgery (Cox
model P-value for association of surgery year with survival = .01)
(Figure 2). Furthermore, RPA revealed that patients who had
surgery after 2010 had statistically significantly improved survival
compared to patients who had surgery before 2011, with a 41%
(95% CI: 20%-57%) decreased risk of death if surgery took
place after 2010 (Figure 2). Patients who underwent surgery
before 2011 had a median survival of 9.4 mo (95% CI: 6.1-
12.1), whereas patients who had surgery after 2010 had a median
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TABLE 1. Cohort Characteristics

Variable N= 1515

Gender
Female 613 (40%)
Male 902 (60%)

Age at index spine mets surgery, mean (range) 60 (18-92)
Location
Cervical 170 (11%)
Thoracic 944 (62%)
Lumbar 380 (25%)
Sacrum 21 (1.4%)

Primary site
Adrenal 9 (0.6%)
Bladder 33 (2.2%)
Brain 4 (0.3%)
Breast 149 (9.8%)
Cervix 9 (0.6%)
Colon 99 (6.5%)
Esophagus 17 (1.1%)
Gastrointestinal 48 (3.2%)
Head and neck 45 (3.0%)
Kidney 208 (14%)
Liver 25 (1.7%)
Lung 309 (20%)
Lymphoma 33 (2.2%)
Multiple myeloma 58 (3.8%)
Ovary 6 (0.4%)
Pelvis 14 (0.9%)
Penis 2 (0.1%)
Prostate 148 (9.8%)
Sarcoma 113 (7.5%)
Skin 56 (3.7%)
Testicle 6 (0.4%)
Thymus 4 (0.3%)
Thyroid 59 (3.9%)
Unknown or blank in database 14 (0.9%)
Uterus 47 (3.1%)

Timing
Metachronous 986 (65%)
Synchronous 529 (35%)

Surgery year
1998 41 (2.7%)
1999 37 (2.4%)
2000 45 (3.0%)
2001 55 (3.6%)
2002 35 (2.3%)
2003 54 (3.6%)
2004 49 (3.2%)
2005 54 (3.6%)
2006 56 (3.7%)
2007 44 (2.9%)
2008 71 (4.7%)
2009 59 (3.9%)
2010 77 (5.1%)
2011 99 (6.5%)
2012 84 (5.5%)
2013 122 (8.1%)
2014 136 (9.0%)
2015 132 (8.7%)
2016 127 (8.4%)
2017 138 (9.1%)

survival of 16.3 mo (95% CI: 10.7-25.9). Furthermore, 90-d
postoperative mortality decreased from 17% to 8% after 2010
(P = .049), whereas there was no statistically significant change
in the 30-d postoperative mortality by RPA-defined time period
split.

Breast Cancer
A total of 149 patients (10%) underwent surgery for

the treatment of breast cancer metastatic to the spine. The
median survival for the entire breast cancer cohort was 16.6 mo
(95% CI: 12-24.5). Cox modeling failed to show a statistically
significant trend toward improved survival over time annually,
though RPA revealed a statistically significant 69% (95% CI:
23%-87%) decrease in hazard of death among patients who had
surgery after 2016 (Figure 3), with themedian survival of 14.0mo
(95% CI: 9.3-20.4) among patients who had surgery prior to
2015. There was no statistically significant difference in the 30-
and 90-d postoperativemortality for the RPA-defined time period
groups.

Lung Cancer
A total of 309 patients (20%) underwent surgery for the

treatment of lung cancer metastatic to the spine. The median
survival for the entire lung cancer cohort was 4.6 mo (95% CI:
3.7-5.4). A 2% (95% CI: 0%-5%) improvement in survival was
noted with each progressive year of surgery (Figure 4, Cox model
P-value for association of surgery year with survival = .03). RPA
failed to identify a split in the year of surgery and its association
with survival.

Colon Cancer
A total of 99 patients (7%) underwent surgery for the treatment

of colon cancer metastatic to the spine. The median survival for
the entire colon cancer cohort was 7.0 mo (95% CI: 5.0-8.3). A
5% (95% CI: 2%-9%) improvement in survival was noted with
each progressive year of surgery (Figure 5, Cox model P-value
for association of surgery year with survival = .005). RPA failed
to identify a split in the year of surgery and its association with
survival.

Thyroid, Prostate, Sarcoma, and Skin Cancer
No significant trends were noted in survival for patients with

thyroid, prostate, sarcoma, and skin cancer metastases. RPA for
thyroid cancer detected a pattern that was not clinically signif-
icant. Table 2 summarizes the survival and mortality from index
spine metastasis surgery by primary cancer site.

Metachronous vs SynchronousMetastatic Disease
Patients who presented with spinal metastases requiring surgery

at the time of cancer diagnosis (synchronous) had statistically
significantly longer median postoperative survival (11.3 mo,
95% CI: 9.4-13.4) compared to patients who underwent surgery
for metachronous spinal metastases (7.6 mo, 95%: CI 6.7-8.6,
P< .05, Figure 6A). Patients undergoing surgery for synchronous
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FIGURE 1. A, Overall survival: the median overall survival (OS) for the entire cohort calculated from first surgery was 0.71 yr (95% CI: 0.63, 0.78). B, Median
survival trend: (Cox model P-value for association of surgery year with survival = .12). C, Overall survival by primary site.

lung (5.0 mo (95% CI: 3.7-6.7) vs 4.1 mo (95% CI: 3.2-
5.4), log-rank P = .02) and prostate (20.3 (95% CI: 5.4-28)
vs 7.4 mo (95% CI: 5.6-9.8), log-rank P = .03) metastases
had statistically significantly better survival compared to patients
who required surgery for metachronous metastases. On the other
hand, patients with skin cancer metastatic to the spine experi-
enced longer survival if they underwent surgery for the treatment
of metachronous metastases (5.2 (95% CI: 3.4-7.3) vs 2.8
(95% CI: 1.7-4.1), log-rank P = .04).
RPA failed to identify a split in the year of surgery and

its association with survival for patients with synchronous or
metachronous metastases. However, there was a trend toward
a 1% (95% CI: 0%-2%) improvement in survival with each
progressive year of surgery for patients undergoing surgery for
metachronous metastases (Cox model P-value for association of
surgery year with survival = .06, Figure 6B).

DISCUSSION

Advances in cancer detection, systemic therapy, surgery and
radiotherapy have increased the duration of survival among

cancer patients and the proportion of patients cured of malignant
tumors.1 The development of new hormone and chemotherapy
agents, along with targeted therapy and immunotherapy have
been shown to improve survival across nearly all cancer
diagnoses.11,12 The evolution of radiotherapy techniques has
allowed targeted, high-dose radiation treatment and the delivery
of ablative radiation doses while sparing the surrounding healthy
tissues.13 Finally, surgical technology and techniques have also
improved with the use of improved intraoperative visualization
and navigation, tumor resection methods, functional restoration,
and minimally invasive approaches. All of these advances have
incrementally improved survival among cancer patients through
decreased risk of local recurrence of primary tumors and improved
systemic and local control of metastatic disease.
The current analyses traced the change in survival among

patients undergoing surgery for the treatment of metastatic
spinal tumors in a single specialized cancer center. This provides
an opportunity to examine a longitudinal patient population
with uniform surgical indications and treatment strategies.
The surgical technique for spinal cord decompression and/or
stabilization of the spinal column was quite uniform in the
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FIGURE 2. A, Kidney overall survival RPA analysis: the median OS for the primary kidney cancer cohort for patients with spine metastasis surgery prior to 2011
was 0.78 yr (95% CI: 0.51, 1.01). The median OS for the primary renal cancer cohort for patients with spine metastasis surgery 2011 and later was 1.36 yr (95%
CI: 0.89, 2.16). B, Median survival trend for kidney primary: index surgery year and its association with overall survival for the kidney cancer cohort was modeled
and with a 3% improvement in overall survival with each calendar year, and this was statistically significant (Cox model P-value for association of surgery year with
survival = .01).

current patient cohort and did not vary with tumor type;
therefore, the treatment indications and surgical technique
remained uniform over time for the entire study cohort.
Treatment of metastatic spinal tumors serves a palliative

function through improvement or preservation of life quality,
neurologic function, and spinal stability. Patchell et al25
conducted a prospective randomized trial that demonstrated that
for patients with symptomatic solid spinal metastases, surgery
followed by radiotherapy provided superior functional outcomes
and pain control compared to radiotherapy alone. Furthermore,
surgery resulted in greater probability of ambulation restoration,
greater duration of ambulation preservation and a small
survival advantage. Surgery clearly improves QOL for patients
with symptomatic spinal metastases22,26 and baseline patient
eastern cooperative oncology group, QOL, and neurologic
and functional status have been shown to correlate with
survival.27 Furthermore, there is emerging evidence for survival
improvement attributable to ablative therapy for oligometastatic
disease.14 Thus, although only sparse data support the favorable
effect of surgery on survival of patients with spinal metastases,
surgery may extend survival through improved function and facil-
itation of ablative focal therapy for patients with oligometastatic
disease.

Key Results
In the current cohort, the survival changes over time are likely

attributable to systemic therapy improvement and reflect the
improvement in primary tumor-specific survival. Primary site-
specific analysis showed notable improvement for a few cancers
over the study period. Our data indicate that patients who
underwent surgery for kidney tumors metastatic to the spine
experienced a 60% improvement in survival. This mirrors the
large survival improvement for the whole kidney cancer patient
population, in which the 5-yr survival improved from 57% to
74% when comparing the 1987 to 1989 time interval to the
2006 to 2012 interval. Although themajority of the improvement
is due to early detection, drugs targeting the VEGF pathway,
mammalian target of rapamycin inhibitors, and immune check-
point inhibitors have also contributed to improved survival for
patients with clear-cell renal-cell carcinoma.15

In the current cohort, patients who underwent spinal surgery
for lung cancer metastases experienced a 40% improvement
in survival. In the general lung cancer patient population, the
5-yr relative survival has also improved from 12% in 1975 to
1977 to 20% in 2009 to 2015.2 A significant proportion of
patients with nonsmall cell lung carcinoma have targetable driver
mutations and benefited from advances in systemic therapy,
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FIGURE 3. Breast overall RPA analysis: the median OS for the primary breast cancer cohort for patients with spine metastasis
surgery prior to 2016 was 1.17 yr (95% CI: 0.78, 1.7). The median OS for the primary breast cancer cohort for patients with
spine metastasis surgery 2016 and later was not reached.

with tyrosine kinase inhibitors targeting the epidermal growth
factor receptor and activin like kinase alterations and immune
checkpoint inhibitors having been shown to extend survival.16
However, although the use of targeted treatments has increased
among patients with metastatic nonsmall-cell lung carcinoma,
SEER data indicate that the survival improved by only 1.5 mo
from 2000 to 2010.17 Furthermore, 57% of lung cancer patients
present with distant metastases at the time of initial diagnosis
and have a short 5-yr relative survival of 5%. These data are
consistent with the current analysis, in which we found that
in spite of relative improvement in postoperative survival, the
median postoperative survival for lung cancer patients remained
fairly short.
Patients with colon cancer doubled their postoperative survival

over our study period. Similarly, observation of survival trends

for the general colon cancer patient population showed that
patients experienced a significant improvement in survival over
the span from 1970 to 2004. The 1-yr survival improved from
17% to 24% among men with Stage IV colon cancer and from
23% to 46% among women.18 This improvement is thought to
be attributable to increased use of systemic chemotherapy and
excision of liver metastases.
Thus, the improvements in postoperative survival for patients

with kidney, lung, and colon cancers metastatic to the spine
show changes similar to the survival improvements in the general
patient population with these cancers. Although the annual
overall survival improvement for the patient population was
modest at 1% per year, this amounted to a 20% improvement
in survival over the study period. The heterogeneity of survival
changes across all primary tumor groups likely explains the lack of
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FIGURE 4. Median survival trend for lung primary: we modeled index surgery year (annually) and its association with overall survival for the
lung cancer cohort and found a 2% improvement in overall survival with each calendar year, indicating a gradual survival improvement over time
(Cox model P-value for association of surgery year with survival = .03).

statistical significance for this change. Overall, the survival among
patients with metastatic cancer has improved over time, albeit the
changes remain modest.

Interpretation
Technological advances in genetic and molecular analysis have

greatly improved our understanding of mutations responsible
for the development and progression of cancer and provided
opportunities to target specific cancer drivers. However, with
over 3000 uniquely identified mutations, only 7.5% of patients
derive clinical benefit from targeted therapies.11 Significant work

has been done in order to delineate patient-specific markers
of survival, including targets for tyrosine kinase inhibitors,
monoclonal antibodies, and hormonal therapy, which have been
shown to be predictors of survival after surgery for spinal
metastases.19-21 Unfortunately, cancer patients with targetable
tumor drivers represent only a small segment of this patient
population. Thus, even in the age of targeted therapy, primary
tumor site remains a significant predictor of survival, and the
current analysis confirms this, with significant differences in the
median survival observed among patients with different primary
tumors.
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FIGURE 5. Median survival trend for colon primary: we modeled index surgery year (annually) and its association with overall survival for
the colon cancer cohort and found a 5% improvement in overall survival with each calendar year, indicating a gradual survival improvement
over time (Cox model P-value for association of surgery year with survival = .005).

RPA identified splits by surgery period and the association with
postoperative survival for patients with kidney and breast tumors
metastatic to the spine, with recently treated patients surviving
longer. The years of the splits do not seem to correlate to clear
changes in systemic therapy; however, there may be a lag between
the introduction of new agents and survival improvement in
patient populations. Although establishment of the causation
of the splits is beyond the scope of the current analysis, they
are likely attributable to improvement in the systemic therapy
options, more effective local treatment options, and additional
options that can be offered for salvage of progressive and recurrent

disease. The slight improvement in the survival of patients under-
going surgery for the treatment of metachronous spinal metastases
supports the possibility of additional effective systemic lines of
therapy available to patients presenting with tumor progression.
These splits and overall survival improvement trends serve as
interesting pilot data for further studies for molecular and thera-
peutic correlates of survival improvement in patients with spinal
metastases.
Analysis of the 30- and 90-d postoperative mortality trends

failed to show significant changes over time, except for patients
with kidney cancer. These data emphasize the significant risk
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FIGURE 6. A, Metachronous vs synchronous overall survival: the median OS for patients with synchronous primary cancer was 0.94 yr (95% CI: 0.78, 1.12).
The median OS for patients with metachronous primary cancer was 0.63 yr (95% CI: 0.56, 0.72). This difference was statistically significantly (log-rank
P-value = .00001). B, Median survival trend for metachronous disease: we modeled index surgery year and its association with overall survival for those with
metachronous cancer and found a 1% improvement in overall survival with each calendar year, which was just shy of statistical significance (Cox model P-value for
association of surgery year with survival = .06).

profile of patients undergoing surgery for the treatment of spinal
metastases. Fehlings et al22 reported a 9.1% 30-d and 45.5%
90-d mortality in the prospective AOSpine cohort, which is
in line with the current data. Instruments such as the Skeletal
Oncology Research Group (SORG) nomogram, the Modified
Tokuhashi score, and the New England Spinal Metastasis Score
(NESMS) provide validated and accurate postoperative survival
prediction for patients with spinal metastases, and identification
of patients at the extremes of the survival curves might signifi-
cantly alter treatment decisions.23 However, the impact of survival
prediction instruments on clinical decisions requires further eluci-
dation because the decision to take the patient to surgery requires
consideration of multiple factors besides the expected survival,
such as the goals of the patient, the expected impact of surgery
on the patient’s QOL, and the invasiveness of the operation.24

Limitations
The current analysis has several limitations. The study includes

a heterogeneous population of patients with numerous tumor
histologies undergoing a wide range of systemic therapies.
Furthermore, although the current study classifies patients
according to the primary tumor site, further classification of
tumors based on pathologic diagnosis, genetics, and molecular
profile was not performed in the current analysis. We plan future
studies that will focus on specific primary tumors from this cohort

in order to analyze the possible associations between survival
and specific molecular and genetic markers and systemic therapy.
Because of the myriad of systemic treatments available, we could
not effectively control for this factor in such a large patient
population and such an extended time interval. Furthermore, the
temporal trends in the QOL and neurological outcomes were
not examined because of the lack of patient reported outcome
collection prior to 2012.

Generalizability
The single-center outcomes from a cancer center may not be

generalizable to other medical entities. Utilization of national
healthcare databases and analysis of survival in various medical
health care setting should be utilized in order to determine
whether similar survival changes occurred in broader patient
populations.

CONCLUSION

Significant developments in oncology have extended survival
for patients with cancer. The current analysis illustrates that over
the past 20 yr, the survival among patients with lung, renal,
and colon cancer undergoing surgery for the treatment of spinal
metastases has also significantly improved. These data support
the need for durable systemic and local treatment strategies for

NEUROSURGERY VOLUME 88 | NUMBER 2 | FEBRUARY 2021 | 411



ROTHROCK ET AL

patients with spinal metastases, and for outcome studies with
emphasis on long-term QOL and return to work.
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