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ARTICLE INFO ABSTRACT

Objectives: To assess the impact of surgical intervention on survival, ambulatory capacity, complications and
readmissions following treatment for lumbar metastases.
Patients and Methods: We identified all adult patients treated for lumbar metastases between 2005—2017. To
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rogaiiw . limit the potential for inherent bias to influence determinations, we used principal component analysis to
Pm ulatory capacity identify confounders to be included in multivariable testing. Multivariable logistic regression was performed,
TOZNOS1S

followed by Bayesian analysis to generate conservative estimates of effect size and 95% confidence intervals (CI).
In a sensitivity test, analyses were repeated in a population where patients who died before they could initiate
treatment were excluded.

Results: In the period under study, we identified 571 patients who met inclusion criteria. Twenty-one percent
of the cohort received a surgical intervention. Bayes regression indicated surgical intervention was in-
dependently associated with decreased mortality at 6-months (odds ratio [OR] 0.49; 95% CI 0.34, 0.68) and 1-
year (OR 0.63; 95% CI 0.51, 0.76), along with lower odds of being non-ambulatory at 6-months following
presentation (OR 0.29; 95% CI 0.18, 0.45). Surgery was also associated with increased odds of complications
(OR 1.60; 95% CI 1.24, 2.06) and readmissions (OR 1.37; 95% CI 1.09, 1.72). Numerous clinical characteristics
were found to be associated with the outcomes of interest including serum albumin, lung metastases and ver-
tebral body collapse.

Conclusions: Given the favorable outcomes associated with the incorporation of surgery as a component of
treatment, we believe that such interventions may be considered part of the treatment approach in patients with
lumbar metastases.

Principal component analysis
Bayes regression

1. Introduction in the lower extremities and perineal region that ultimately impact

ambulatory capacity and bowel and bladder control. The high weight-

A variety of factors, including advances in chemotherapy, medical
management and patient longevity, have culminated in an increase in
the diagnosis of spinal metastases over the last decade. [1-4] Current
estimates maintain that as many as 40% of cancer patients will develop
metastasis to the spine [1,5,6], with between 20-45% involvement of
the lumbar region in these situations [1,3,5,6]. There are several unique
anatomic and biomechanical considerations with respect to metastases
to the lumbar region that do not pertain to cervical or thoracic meta-
static disease [1,5,6]. Foremost, except at the thoracolumbar junction,
metastases to the lumbar region do not threaten the spinal cord, al-
though cauda equina involvement remains a concern. At the same time,
the lumbar nerve roots are responsible for sensory and motor function
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bearing demand borne by the lumbar vertebrae also appears to increase
the risk for biomechanical instability [1,5,6], while the large size of the
vertebral bodies, rich vascular supply and restricted access to the spinal
column due to presence of the pelvic ring and major vessels heighten
the potential for peri-operative morbidity in the event of surgery
[1,2,5,6].

At present, there are a limited number of studies that consider
treatment experience and outcomes specific to patients who present
with lumbar metastases. [5,6] For the reasons outlined above, findings
for individuals with cervical and thoracic metastatic involvement may
not necessarily be translatable. Furthermore, the information presently
available is largely limited to single center experience and select groups
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of patients with a high probability of indication bias. At the same time,
there are no direct comparisons between patients treated operatively
for lumbar spinal metastases and those receiving non-operative mod-
alities. In the era of precision medicine, we believe it is necessary to
develop best-available evidence that may be more specific to the care of
patients with spinal metastases.

In this context, we sought to evaluate outcomes for individuals
treated for lumbar metastatic disease over the last decade at one of two
major academic medical centers. Specifically, we intended to consider
the impact of surgical intervention on survival, ambulatory capacity,
complications and readmissions following treatment using advanced
statistical techniques that could control for confounding including se-
cular trends in medical care. Based on prior publications [4,7-14], we
hypothesized that patients who received surgery would have superior
outcomes in terms of survival and ambulatory capacity while simulta-
neously experiencing higher rates of complications and readmissions.

2. Patients and methods
2.1. Data source

We queried the integrated clinical registry of Brigham and Women’s
Hospital and Massachusetts General Hospital to identify all patients
treated for lumbar spinal metastases between January 1, 2005 and
December 31, 2017. This electronic database has been successfully
employed in the past for the purposes of studying aspects of health
policy [15,16], orthopaedic [16], spine surgical [15,17] and oncology
care [8,11,13]. Eligibility for inclusion in this study consisted of adults,
aged 40-80, with lumbar metastases treated in the period under study
at one of our two tertiary care centers. Individuals outside this age
range, those with primary spine tumors, and patients who received only
consultation or a second opinion, were excluded from consideration.

2.2. Data acquisition

The electronic health records of patients were used to determine age
at presentation, year of presentation, biologic sex, race, medical co-
morbidities (classified using the Deyo-modified Charlson Index [CCI]
[18], body mass index (BMI), primary cancer diagnosis (breast, lung, or
other cancers including but not limited to colon, renal, prostate,
thyroid, lymphoma/myeloma, head and neck sarcomas, hepatocellular,
testicular, ovarian, melanoma and unknown primary) and location of
metastases (including multi-level metastases involving the lumbar and
other spinal regions) were recorded. Additional clinical data consisted
of the presence of extra-spinal metastases at presentation, vertebral
body collapse or pathologic fracture, spinal canal compromise, ambu-
latory status at presentation (independent, cane/walker, non-ambula-
tory) and symptoms at presentation, (axial pain/asymptomatic or
neurologic symptoms [radiculopathy/myelopathy, paresis, paralysis,
and/or cauda equina symptoms]). Laboratory values at presentation
were also evaluated including albumin > 3.5 g/dL, white blood cell
(WBC) count > 4.5 and platelet to lymphocyte ratio (PLR) > 180, a
marker of elevated inflammatory state. [19,20].

The types of treatment received, including surgery or non-operative
care, were determined and where applicable the approach of the sur-
gical intervention (anterior, posterior, combined) and procedure (de-
compression alone, decompression and fusion, decompression and fu-
sion with corpectomy) were also recorded. Non-operative treatments
were categorized as chemotherapy/immunotherapy, radiation, or
combinations thereof. Patients receiving stand-alone kyphoplasty and
vertebroplasty without decompression, instrumentation or fusion were
considered in the non-operative group.

Patients were classified in the surgical group if they received a
surgical intervention as defined above and irrespective of other non-
operative treatments administered before, or after, the intervention.
Major complications, determined using a previously published
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algorithm that captures infectious events (superficial or deep), cardio-
vascular, cerebrovascular and venous thromboembolic events (deep
venous thrombosis and/or pulmonary embolism), delirium, sepsis,
shock, wound breakdown, pulmonary and urinary complications
[12,21], and readmissions were assessed up to 90-days following the
initiation of treatment. Survival was evaluated at 6-months and 1-year
following presentation and post-treatment ambulatory function was
determined at the 6-month time-point.

2.3. Variable definition

Survival at 6-months and 1-year following treatment were the pri-
mary outcomes, with 90-day complications and readmissions, as well as
a non-ambulatory status at 6-months, considered secondary. Treatment
received (surgery vs non-operative care) was the primary predictor
variable. All other characteristics abstracted were eligible covariates.

2.4. Principle component analysis (PCA)

To limit the potential for inherent bias to influence our determi-
nations and prevent the development of overfit statistical models, we
used PCA [22] to identify important confounders to be included in
multivariable testing [23]. A correlation matrix was employed to assess
the associations of socio-demographic and clinical characteristics with a
decision for surgery, followed by a scree plot and loading plot to assess
clustering and the development of Eigen values. Factors that clustered
with surgery on the loading plot and those with absolute Eigen vectors
of =0.1 in PCA were included in multivariable testing to adjust for
confounding. Year of treatment was forced into all multivariable
models to account for secular trends, as were ambulatory status and
vertebral body collapse at presentation given their influence on surgical
intervention [1,5,10,12,24,25].

2.5. Statistical testing

Initial bivariate testing was performed using chi-squared tests for
categorical variables and student’s t-test with unequal variance or the
Wilcoxon rank-sum test for non-parametric continuous data.
Multivariable logistic regression was performed adjusting for clinical
and socio-demographic characteristics, followed by Bayesian analysis
using random-walk Metropolis-Hastings sampling to allow generation
of conservative estimates of the effect size and 95% confidence intervals
(CD). [23] Only those variables that demonstrated odds ratios (OR) and
95% CI with p-value < 0.05 following Bayesian regression were con-
sidered independent predictors of the outcomes of interest in this study.
In a sensitivity test, the above analyses were repeated in a population
where patients who died before they could initiate treatment were
excluded from consideration to address immortal time bias [26]. All
analyses were performed using STATA v15.0 (STATA Corp., College
Station, TX). This study received institutional review board approval
prior to commencement.

3. Results

In the period under study, we identified 571 patients who met in-
clusion criteria. The average age of the cohort as a whole was 57.7 (SD
9.6) and 83% of patients were White (Table 1). Lung (25%) and breast
(24%) cancer were the most frequently encountered primary diagnoses.
Thirty-seven percent of the cohort had spinal metastases exclusively in
the lumbar region with the remainder exhibiting involvement in the
lumbar and other locations within the spine. Fifty-five percent of pa-
tients also demonstrated additional extra-spinal osseous metastases
with 27% and 17% found to have involvement of the liver and lungs,
respectively. Seventy-three percent of the population was
dependently ambulatory at presentation, while 8% were non-ambula-
tors, and 39% manifested neurologic symptoms of some degree.

in-
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Table 1
Demographic characteristics of patients treated for spinal metastases involving
the lumbar spine (2005-2017).
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Table 2
Demographic characteristics of patients treated for spinal metastases involving
the lumbar spine with an operative or non-operative approach (2005-2017).

Number of Cases (N) 571

Age (mean, SD) 57.7 (9.6)
Female Sex (%) 299 (52)
White (%) 475 (83)
Body Mass Index (mean, SD) 27.2 (5.9)
Number of Co-morbidities (%)

1-2 343 (60)
3-4 228 (40)
Primary Cancer (%)

Breast 139 (24)
Lung 140 (25)
Other 292 (51)
Location of Spinal Metastases

Lumbar 213 (37)
Multiple Regions Including the Lumbar Spine 358 (63)
Albumin > 3.5 g/dL (%) 333 (58)
WBC Count > 4.5 (%) 444 (78)
Platelet to Lymphocyte Ratio > 180 (%) 300 (53)
Lung Metastases (%) 96 (17)
Liver Metastases (%) 153 (27)
Additional Bone Metastases (%) 313 (55)
Vertebral Body Collapse/Pathologic Fracture (%) 298 (52)
Spinal Canal Compromise (%) 236 (41)
Ambulatory Status at Presentation (%)

Independent Ambulator 414 (73)
Ambulatory with Assistance 114 (20)
Non-ambulator 43 (8)
Symptoms at Presentation (%)

Axial Pain/Asymptomatic 347 (61)
Neurologic Symptoms 224 (39)

Twenty-one percent of the cohort received a surgical intervention,
with a posterior approach most common (101/122; 83%). Stand-alone
anterior procedures were performed in 11 patients (9%). Among the
posterior procedures, decompression-fusion procedures, including cor-
pectomies, were most frequently performed (81/101; 80%). Ninety-one
percent of surgical patients also received chemotherapy and/or radia-
tion. Twenty-four percent of patients were treated with chemotherapy
alone, 13% with radiation alone and 36% with chemotherapy and ra-
diation. The mortality rate was 35% at 6-months and 48% at 1-year,
with 11% of survivors non-ambulatory at the 6-month time-point
(Appendix 1). Overall, readmissions were documented in 34% and
complications occurred in 27%. The 6-month mortality rate for those
treated surgically was 25% as compared to 37% among patients man-
aged non-operatively (p = 0.009). At the 1-year time-point, mortality
among surgical patients was 38%, while it was 51% for individuals
receiving non-operative treatment (p = 0.009).

At baseline, however, there were several significant differences in
socio-demographic and clinical characteristics between patients who
were treated exclusively non-operatively and those who received a
surgical intervention (Table 2) supporting the need for adjusted ana-
lyses. Of these, the results of PCA (Fig. 1) indicated that age, biologic
sex, CCI, primary cancer diagnosis, serum albumin, WBC count and PLR
at presentation, along with lung metastases and vertebral body collapse
should be included in the adjusted models (Fig. 2).

Following adjusted analysis, including Bayes regression (Table 3),
surgical intervention was found to be independently associated with
decreased mortality at 6-months (OR 0.49; 95% CI 0.34, 0.68) and 1-
year (OR 0.63; 95% CI 0.51, 0.76), along with lower odds of being non-
ambulatory at 6-months following presentation (OR 0.29; 95% CI 0.18,
0.45). At the same time, surgery was associated with increased odds of
complications (OR 1.60; 95% CI 1.24, 2.06) and readmissions (OR 1.37;
95% CI 1.09, 1.72).

Numerous clinical characteristics were found to be associated with
the outcomes of interest following logistic (Appendix 2) and Bayesian
regression (Table 4). Low serum albumin (< 3.5 g/dL), the presence of
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Non- Operative  P-value
operative
Number of Cases (N) 449 122 -
Age (mean, SD) 57.4 (9.8) 58.8 (8.9) 0.15
Female Sex (%) 250 (56) 49 (40) 0.003
White (%) 377 (84) 98 (80) 0.19
Body Mass Index (mean, SD) 27.2 (6.1) 26.9 (5.0) 1.0
Number of Co-morbidities (%) 0.79
1-2 271 (60) 72 (59)
=3 178 (40) 50 (41)
Primary Cancer (%) < 0.001
Breast 119 (27) 20 (16)
Lung 122 (27) 18 (15)
Other 208 (46) 84 (69)
Location of Spinal Metastases < 0.001
Lumbar 139 (31) 74 (61)
Multiple Regions Including the 310 (69) 48 (39)
Lumbar Spine
Albumin > 3.5 g/dL (%) 257 (57) 76 (62) 0.51
WBC Count > 4.5 (%) 339 (76) 105 (86) 0.04
Platelet to Lymphocyte Ratio > 180 234 (52) 66 (54) 0.69
(%)
Lung Metastases (%) 81 (18) 15 (12) 0.13
Liver Metastases (%) 136 (30) 17 (14) < 0.001
Additional Bone Metastases (%) 266 (59) 47 (39) < 0.001
Vertebral Body Collapse (%) 226 (50) 72 (59) 0.09
Spinal Canal Compromise (%) 141 (31) 95 (78) < 0.001
Ambulatory Status at Presentation 0.26
(%)
Independent Ambulator 319 (71) 95 (78)
Ambulatory with Assistance 96 (21) 18 (15)
Non-ambulator 34 (8) 9(7)
Symptoms at Presentation (%) < 0.001
Axial Pain/Asymptomatic 310(69) 37 (30)
Neurologic Symptoms 139 (31) 85 (70)
Principal Component Analysis
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Fig. 1. Results of the principal component analysis loading plot demonstrating
clustering of variables with surgery according to Eigen values. sex — biologic
sex; loc — location of metastatic disease; mets_liver — liver metastases; mets_-
brian - brain metastases; mets_lung — lung metastases; bmi2 — body mass index;
mets_year — year of treatment; neuro_stat™2 - symptoms at presentation;
amb_stat_ p"s — ambulatory status at presentation; cci_cat — Charlson co-
morbidity score; age2 — age of the patient at presentation; prim_ca2 — primary
cancer diagnosis; alb2 — serum albumin at presentation; ratio2 — platelet to
lymphocyte ratio at presentation; wbc2 — white blood cell count at presentation.

lung metastases and vertebral body collapse were the only clinical
factors that were significant predictors of all the outcomes considered.
CCI = 3, PLR > 180 and requiring ambulatory assistance, or being
non-ambulatory at presentation, were all significantly associated with
higher mortality at both the 6-month and 1-year time-points (Table 4).
Findings for our primary outcomes were preserved in sensitivity testing
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Kaplan-Meier survival estimates
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Fig. 2. Kaplan-Meier curves demonstrating survival among patients treated
operatively (red line) and non-operatively (blue line) for spinal metastatic
disease (For interpretation of the references to colour in this figure legend, the
reader is referred to the web version of this article).
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as well (Appendix 3).

4. Discussion

The prevalence of spinal metastatic disease has increased over the
course of the last decade, with as many as half of all patients developing
this condition experiencing some degree of lumbar involvement.
[1,3,5,6] The unique anatomic characteristics of the lumbar spine, in-
cluding the morphology of the vertebrae and neurologic structures, as
well as different technical considerations with respect to surgery
[1,5,6], support the need to perform investigations focused on the
treatment of metastatic disease in this region. In this era of modern
healthcare metrics, it is vital to develop evidence-based treatment re-
commendations specific to individuals with metastatic disease invol-
ving the lumbar spine. We sought to achieve this goal using data from
patients treated at two tertiary academic centers over the course of the
last ten years.

We were able to include over 500 patients in this work, which re-
presents one of the largest series of patients with lumbar metastases in
the literature. The relatively narrow time period of study, sample size,
duration of follow-up and the fact that we included operatively and
non-operatively managed patients represent advantages over prior
studies. The average age, clinical characteristics, primary cancer diag-
noses, survival times and complication rates are also commensurate
with other publications [2, 4-7, 9,12,14,24,25], which reinforces the
potential for translation to regular clinical practice.

We found that a treatment strategy that included surgery was as-
sociated with a 51% reduction in the odds of 6-month mortality (95%
CI 0.34, 0.68) and 37% reduction in the likelihood of 1-year mortality
(95% CI 0.51, 0.76), as well as a 71% decrease in the odds of becoming
non-ambulatory (95% CI 0.18, 0.45) 6-months into treatment. Perhaps
not unexpectedly, surgical intervention was associated with an in-
creased likelihood of complications and readmissions as compared to
non-operative management. This represents an important trade-off that
is a central component of decision making at the time of a patient’s
presentation with spinal metastases. Specifically, while surgical inter-
ventions are associated with improved survival and maintenance of
ambulatory capacity, such anticipated benefits come at the cost of
short-term limitations associated with undergoing surgery and an in-
creased likelihood of morbidity and readmissions in the peri-operative
period.

At the same time, we were also able to identify important clinical
factors influential of outcomes irrespective of treatment including an
increased number of co-morbidities, vertebral body collapse, lung me-
tastases, low serum albumin, elevated PLR and compromised

Table 3

Estimates of the effect of surgery on outcomes among patients treated for spinal metastases involving the lumbar spine (2005-2017). Results are presented as odds ratio (OR) with 95% Confidence Interval (CI). ORs and

95% CI exclusive of 1.0 were considered significant (bold text).

Readmissions OR (95% CI)

Complications OR (95% CI)

Non-Ambulatory at 6-months following presentation OR (95%

CIn

1-year MortalityOR (95% CI)

6-month MortalityOR (95% CI)

Effect of Surgery

1.16 (0.77, 1.77)
1.38 (0.87, 2.18)

1.43 (0.93, 2.21)
1.61 (1.00, 2.60)

0.44 (0.16, 1.16)

0.58 (0.39, 0.88)
0.60 (0.37, 0.98)
0.63 (0.51, 0.76)

0.55 (0.35, 0.87)
0.49 (0.28, 0.83)
0.49 (0.34, 0.68)

Unadjusted

0.36 (0.12, 1.14)

Multivariable Logistic Regression
Bayesian Logistic Regression

1.37 (1.09, 1.72)

1.60 (1.24, 2.06)

0.29 (0.18, 0.45)
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