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Simple Summary: Advances in cancer survivorship have led to an increased incidence of spinal metastases.
The current standard surgical approach for treating spinal metastatic disease is to perform palliative
“separation surgery,” involving circumferential decompression of the spinal cord to create a safe target for
subsequent radiation therapy. However, corpectomy with anterior column reconstruction may be a safe and
effective surgical approach in selected oligometastatic disease patients with good functional status and
kyphotic spinal deformity. This study aims to examine the safety and efficacy of maximal tumor resection and
anterior column reconstruction with corpectomy and fusion for spinal metastases.

Abstract: Background: The incidence of spinal metastatic disease has risen with improved cancer survivorship.
Separation surgery, the current standard surgical treatment, does not fully address spinal deformity. Advances
in operative management warrant reevaluating maximal tumor resection and anterior column reconstruction
with corpectomy. Methods: An IRB-approved retrospective single-center review of 63 patients was performed.
Demographics, tumor characteristics, clinical and radiographic data, treatments, and neurological and survival
outcomes were analyzed. Results: The mean age at presentation was 63.5 + 9.6 years (range, 37-84 years) and
28 patients (44.4%) were female. Functional outcomes, measured by KPS, RAND-36 survey scores and
Oswestry Disability Index all improved postoperatively (pre- vs postop: 70 to 80 (p=0.0056), 26.5 to 46.4
(p=0.0081), and 28.9 to 16.9 (p=0.0613), respectively). Spinal alignment also improved, with Cobb angle
measurements showing a reduction in spinal kyphosis from -5 to 0 (p=0.021). Nine patients (14.5%) had non-
fatal postoperative complications. The median OS for this cohort was 14.4 months (range, 0.6-145.0 months)
with median follow-up time of 15.5 months. Conclusion: In oligometastatic spinal disease patients with good
functional status, corpectomy for decompression of neural elements, deformity correction, and spinal
stabilization is associated with improvements in pain and functional outcomes without overwhelming
morbidity.

Keywords: spinal metastasis; corpectomy; separation surgery; kyphosis; spinal oncology

1. Introduction

The prevalence of cancer in the general population of the United States is on the rise due to the
continued improvement in cancer survivorship [1]. This improvement has been mainly attributed to
advances in surgical adjuncts and techniques, which have allowed for safer and more comprehensive
surgery, improvements in conformal radiotherapy (RT) techniques, and the emergence of effective
targeted anticancer therapeutic agents for most cancer types [2—4]. This improved cancer
survivorship has also led to an increased incidence of spinal metastases (SM), which is becoming
epidemiologically significant [1].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202402.0069.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (Wwww.preprints.org) | NOT PEER-REVIEWED | Posted: 1 February 2024 doi:10.20944/preprints202402.0069.v1

The spine is currently the third most common location for metastatic disease after the lungs and
liver [5]. A large autopsy series by Gomez et al. found that up to 80% of patients who died of cancer
had evidence of SM, and up to 70% of patients with metastatic cancer were shown to have SM in a
more recent review [6,7]. Ninety percent of SM originate from primary cancers of the lung, breast,
prostate, or kidney [4,8]. The thoracic spine segment is most frequently affected (60-80%), followed
by the lumbosacral spine (15-30%), and the cervical spine (10-15%) [9].

SM can become symptomatic from mechanical back or neck pain, compression of the spinal cord
and neural elements, or lead to the development of pathologic vertebral compression fractures (VCF)
and/or spinal instability [7,10]. The latter two often result in debilitating mechanical pain with
disabling neurological symptoms and sensorimotor dysfunction. This can lead to worsened overall
prognosis and markedly decreased quality of life [7,10,11]. Patchell’s sentinel trial in 2005 established
the surgical standard of care for SM as surgical decompression followed by adjuvant RT with the
goal of restoring neurological function [12]. More recently, this treatment paradigm has evolved to
circumferential tumor debulking with or without instrumented fusion for the goal of spinal
decompression to create a safe distance between the tumor and the spinal cord for subsequent spinal
stereotactic RT [13]. This approach, coined “separation surgery,” was primarily adapted as a
palliative modality, allowing for patients to resume systemic treatments earlier. Its minimally
invasive footprint reduces intraoperative and postoperative complications in terminally ill and/or
frail cancer patients while restoring and/or preserving neurological function [14-17]. Posterior
decompression is a less invasive, yet time-proven method for decompression of neural elements.
However, posterior decompression even with instrumentation can fail to maintain spinal alignment
and result in poor functional outcome in a select cohort of SM patients (Figure 1).
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Figure 1. Images of a 69-year-old male with a history of metastatic prostate cancer. He was
neurologically intact but was beset with severe back pain 6 years after initial diagnosis. He had
evidence of extensive metastatic disease to the entire spine, particularly to T11, as demonstrated by
CT (A) and T2-weighted MRI in the sagittal (B), and axial (C) views with concerns for cord
compression. He underwent separation surgery with posterior instrumentation. Lateral plain
radiograph (D) obtained one day after surgery demonstrates instrumentation spanning T8 to L1.
Imaging 3 years later obtained for progressively worsening mechanical back pain shows worsening
kyphosis on CT (E) and MRI (F). Patient was scheduled for revision surgery but passed away over 3
years after his index operation.

Given the continued advances in cancer survivorship, this treatment paradigm may need to be
revisited. While preserving and restoring neurological function remains a primary goal of spinal
oncology surgery, maximal tumor debulking with excision of part or all of the vertebral body
(corpectomy) for improved local disease control, restoration of spinal alignment and spinal
stabilization with the goal of long-term pain relief, functional independence, and improved disease-
free survival may need to be taken into account in a select cohort of patients [9,18,19]. Corpectomy of
one or more levels may prove indicated and necessary where other less invasive treatment modalities
fail leading to gradually worsening clinical outcome (Figure 2). In oligometastatic spinal disease (<5
sites of metastases, patients with good functional status and favorable long-term prognosis, this
approach would target long-term spinal stabilization, reduce the risk of local tumor recurrence, and
reduce the need for further surgical intervention. However, the evidence concerning this matter is
still pending [12].

Figure 2. A 66-year-old female with a history of metastatic breast cancer. She developed low back and

right leg pain and underwent vertebroplasty as depicted on plain anteroposterior (A) and lateral (B)
radiographs. Eight months later, she began feeling pain and weakness in the right leg requiring
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significant opioid pain medication usage. Patient underwent L3 corpectomy through a lateral
approach with carbon fiber prosthesis and posterior instrumentation spanning T12-L5. Postoperative
T2-weighted MRI in the lateral (C) and axial (D) views show decompression of the canal, and
restoration of height and spinal alignment. Anteroposterior (E) and lateral (F) plain radiographs
obtained one year after surgery show alignment and height maintained without kyphosis. She was
ambulatory with a cane and was very pleased with her outcome. She survived over 2.5 years after her
surgery.

Herein, this paper presents a retrospective, single-institutional series of 63 consecutive patients
with SM who underwent corpectomy and instrumentation for decompression of neural elements and
spinal column reconstruction. Treatment algorithm, patient survival and neurological outcomes, and
complications are analyzed.

2. Materials and Methods

2.1. Institutional Setting

This study was approved by the University of Iowa institutional review board (IRB # 201902751).
A retrospective review of hospital records was performed for patients who underwent surgical
intervention with corpectomy, with or without posterior instrumentation, for the management of
spinal metastatic disease from January 2005 to August 2023. The requirement for informed consent
was waived by the IRB for all subjects due to the retrospective study design. The study was conducted
at the University of lowa Hospitals and Clinics, an academic tertiary care facility with alevel 1 trauma
center. Information was obtained from patients seen in the Departments of Neurosurgery and
Orthopedics and Rehabilitation. Chart records were obtained from the EPIC (Epic Systems
Corporation, Madison, WI) electronic medical record.

2.2. Data Collection

Sixty-three patients were included in this study with no exclusion criteria applied. Data collected
included demographics, tumor characteristics, clinical and radiographic features, treatment
modalities, and long-term neurological and survival outcomes. Radiological evaluations included
plain weight-bearing radiographs, computed tomography (CT), and magnetic resonance imaging
(MRI). The evaluated radiographic characteristics included lesion location and appearance, extent of
bony destruction/deformity and presence of instability as quantified by the spinal instability
neoplastic score (SINS). Prognosis was graded with the Tomita and modified Tokuhashi scoring
systems.

Surgical treatment modalities included anterior or posterior corpectomy with or without
preoperative tumor embolization, cement augmentation, and/or instrumentation with lateral plating
and/or posterior pedicle screws. The decision for cement augmentation was based on the
biomechanical integrity of the cancellous bone based on available preoperative CT and bone mineral
density scans. Pedicle screw instrumentation used titanium alloy screws with cement augmentation
capabilities.

Primary tumor histology, local tumor recurrence, and postoperative complications were
recorded along with their corresponding management. Surgical details such as operative time,
estimated blood loss (EBL), and the need for transfusion were collected. Neurological status was
documented with pre- and postoperative American Spinal Cord Injury Association Impairment Scale
(ASIA) scores, and functional status was documented with pre- and postoperative Karnofsky
performance scores (KPS) [20,21]. Health-related quality of life outcomes was assessed with the visual
analogue pain scale (VAS), Oswestry Disability Index (ODI), and RAND SF-36 survey. Information
on neoadjuvant and adjuvant therapies, such as chemotherapy, RT, and chemoradiation was
collected. Overall survival (OS), progression-free survival (PFS), and follow-up duration was
collected.
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2.3. Statistical Methods

Descriptive statistics were used to describe patient demographics, tumor characteristics, clinical
course, and treatment factors. Continuous variables were expressed with mean, median, standard
deviation, and range where applicable. Categorical variables were described as frequencies with
percentages as appropriate. GraphPad Prism 9 (Dogmatics LLC, San Diego, CA, USA) was used for
quantitative analysis. Categorical variables were compared using the Fisher’s exact and chi-square
tests and numerical variables were analyzed using the Mann-Whitney U test. Survival analysis was
performed using Kaplan-Meier (KM) estimation and/or Pearson’s correlation coefficient. OS was
calculated from the date of initial surgery to the date of death as reported in patient medical records.
PFS was calculated from the date of initial surgery to the date of detection of tumor recurrence or
progression on surveillance imaging. Patients who were not documented as deceased or had no
tumor recurrence or progression were censored from the analysis of OS and PFS, respectively. Results
were deemed significant at P-value < 0.05.

3. Results

3.1. Patient Demographics

Sixty-three patients who underwent corpectomy for SM were included (Table 1). The mean age
at presentation was 63.5 + 9.5 years (range, 37-84 years) and 28 patients (44.4%) were female. Forty-
nine patients (77.8%) had an established cancer diagnosis at presentation, and 36 (57.1%) had
previously received treatment for their primary cancer.

Table 1. Baseline demographics, clinical, and imaging characteristics.

Characteristic Value
Age in years, mean * standard deviation (range) 63.5+9.5 (37-84)
Female sex, n (%) 28 (44.4)
Male sex, n (%) 35 (55.6)
Prior cancer diagnosis, n (%) 49 (77.8)
Prior cancer treatment, n (%) 36 (57.1)
Chemotherapy 5(7.9)
Radiation therapy 15 (23.8)
Chemoradiation 16 (25.4)
Systemic extraspinal metastases, n (%) 31 (49.2)
Number of extraspinal metastases, median (range) 2 (1-4)
Pain on presentation, n (%) 54 (85.7)
Neurologic deficit on presentation, n (%) 35 (55.6)
Radiculopathy 16 (25.4)
Weakness 14 (22.2)
Paresthesia 8 (12.7)
Spinal cord compression, n (%) 31 (49.2)
Emergent management, n (%) 14 (22.2)
Surgery 11 (17.4)
Radiation 3(4.7)
Preoperative Tomita score, median (range) 4 (2-10)
Preoperative Tokuhasi score, median (range) 11 (3-15)
Preoperative SINS, median (range) 10 (7-17)

Radiographic characteristics, n (%)
Evidence of deformity
None 40 (63.5)
Kyphosis/scoliosis 2(3.2)
Subluxation/translation 15 (23.8)


https://doi.org/10.20944/preprints202402.0069.v1

Preprints.org (Wwww.preprints.org) | NOT PEER-REVIEWED | Posted: 1 February 2024 doi:10.20944/preprints202402.0069.v1

6
Kyphosis/scoliosis + subluxation/translation 7 (11.1)
Compression fractures, n (%) 37 (58.7)
Burst fracture, n (%) 6 (9.5)

All patients were symptomatic at presentation, most often with mechanical back or neck pain
(n=54, 85.7%), followed by sensorimotor symptoms (n=35, 55.6%). Of the patients presenting with
neurological symptoms, thirty-one (49.2%) had epidural spinal cord compression (ESCC). Eleven
patients (17.4%) underwent emergent spinal cord decompression surgery, and 3 (4.7%) underwent
emergent RT.

3.2. Baseline Oncologic History and Spinal Metastatic Presentations

The most common primary cancers were renal cell carcinoma (RCC), breast cancer, and lung
cancer (Figure S1A). SM most often occurred in the thoracic spine (n=37, 58.7%), followed by the
lumbar (n=15, 23.8%) and cervical spine (n=11, 17.5%) (Figure S1B). Fifty-six patients (88.9%) had SM
at one level, five (7.9%) at two levels, and one (1.6%) at three and four levels, each (Figure S1C). On
presentation, 31 patients (49.2%) had extraspinal metastases (ESM) (Figure S1D), with a median of 2
ESM (range, 1-4) (Table 1).

3.3. Neoadjuvant and Adjuvant Therapy

Thirty-one patients (49.2%) underwent neoadjuvant therapy for SM. Seven patients (11.1%)
underwent chemotherapy, 9 (14.2%) RT, and 15 (23.8%) chemoradiation (Table 2). Twelve patients
(19.0%) did not receive adjunctive therapy. Fourteen (22.2%) underwent chemotherapy, 20 (31.7%)
RT, and 17 (27.0%) chemoradiation.

Table 2. Treatment characteristics.

Characteristic Value
Neoadjuvant therapy, n (%) 31 (49.2)
Chemotherapy 7 (11.1)
Radiation therapy 9 (14.2)
Chemoradiation 15 (23.8)
Adjuvant therapy, n (%) 51 (80.9)
Chemotherapy 14 (22.2)
Radiation therapy 20 (31.7)
Chemoradiation 17 (27.0)
Surgical approach, n (%)
Posterior 33 (52.4)
Anterior 30 (47.6)
Anterior corpectomy without posterior instrumentation, n (%) 13 (20.6)
Cervical 9(14.2)
Thoracic 3(4.7)
Lumbar 1(1.6)
Anterior corpectomy with posterior instrumentation, n (%) 17 (27.0)
Cervical 6 (9.5)
Thoracic 6 (9.5)
Lumbar 5(7.9)
Posterior corpectomy with posterior instrumentation, n (%) 33 (52.4)
Thoracic 24 (38.1)
Lumbar 9(14.2)
Estimated blood loss in mL, median (range) 800.0 (100.0-35,200.0)
Cervical 337.5 (150.0-1000.0)

Thoracic 860.0 (100.0-35,200.0)
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Lumbar 1025.0 (250.0-8800.0)
Intraoperative blood transfusion, n (%) 28 (45.2)
Blood products transfused in mL, median (range) 650.0 (0.0-7975.0)
Cervical 0 (0-900)
Thoracic 0 (0-2600)
Lumbar 310 (0-3850)
Surgery duration in minutes, median (range) 327 (111-830)
Length of postoperative admission in days, median (range) 6 (1-28)

3.4. Surgical Management

All patients underwent surgical treatment with corpectomy for ventral decompression and
anterior column reconstruction, with or without posterior instrumentation dependent on the
approach. Preoperative tumor embolization was performed for selected patients with hypervascular
SM, particularly RCC. Twenty-two patients (34.9%) underwent preoperative embolization of their
SM, in a window of 24-36 hours prior to surgery; this did not significantly impact any outcomes in
this subgroup (Table S1).

Thirty-three patients (52.4%) underwent corpectomy with a posterior approach, and 30 (47.6%)
with an anterior approach (Table 2). In the anterior approach, 17 patients (27.0%) received posterior
instrumentation and 13 (20.6%) did not. All patients that underwent the posterior approach also
received posterior instrumentation. Corpectomy was performed at levels concordant with the
location of the SM (Figure S1C). A median of 5 spinal levels were instrumented (range, 2-13 levels)
during surgery. In only 2 patients (3.2%), one cervical and one lumbar, surgery was staged with
anterior corpectomy separated by posterior instrumentation by 2 and 5 days, respectively.
Intraoperative navigation with C-Arm fluoroscopy was used in all patients. Additional
intraoperative navigation with the O-Arm/Stealth system (Medtronic, Minneapolis, MN) was used
in 3 cases (4.8%).

Overall, the median intraoperative EBL was 800 mL (range, 100-35,200 mL). EBL was highest in
the lumbar spine (median 1025 mL, range, 250-8800 mL), followed by the thoracic (median 860 mL,
range, 100-35,200 mL) and cervical spine (median 337.5 mL, range, 150-1000 mL). There was a
significant difference in EBL between the cervical and thoracic spine (p=0.010) and the cervical and
lumbar spine (p=0.006), but not the thoracic and lumbar spine (p=0.395) (Figure 3A). The median EBL
stratified by primary cancer is described in Figure 3B. Twenty-eight patients (45.2%) required blood
transfusion, with a median of 650.0 mL (range, 300.0-7975.0 mL) of blood products transfused. The
median duration of surgery was 327.0 minutes (range, 111-830 minutes) and the median length of
stay (LOS) for postoperative recovery was 6.0 days (range, 1-28 days).
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Figure 3. Estimated blood loss (EBL) associated with corpectomy surgery by (A) spinal segment and
(B) primary cancer type.
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3.5. Outcomes and Survival

3.5.1. Survival Analysis

The median OS in this cohort was 14.4 months (range, 0.6-145.0 months) with a median PFS of
268.5 days (range, 10-4351 days) (Table 3). The median follow-up time was 15.5 months (range, 0.5-
145.0 months). As of August 2023, 40 patients (63.5%) had succumbed to complications from cancer.
The 3 most common primary cancer pathologies that patients succumbed to were RCC (n=21), lung
cancer (n=4), and breast cancer (n=3). The median OS for these cancers, stratified by tumor pathology,
was as follows: 26.3 months (range, 1.9-95.9 months) for RCC, 5.5 months (range, 2.2-47.1 months) for
lung cancer, and 31.6 months (range, 1.6-31.6 months) for breast cancer (p=0.609) (Figure 4A). The
presence of ESM negatively affected survival; patients with no ESM had a median OS of 46.6 months
(range, 1.6-145.0 months) compared to 11.1 months (range, 0.6-57.1 months) for patients with ESM
(p<0.001). Having multiple ESM (= 2) (median OS 6.7 months, range, 0.6-57.1 months) worsened
survival compared to patients with one or no ESM (median OS 31.9 months, range, 1.6-145.0 months)
(p=0.002).

Table 3. Outcomes.

doi:10.20944/preprints202402.0069.v1

Characteristic Preoperative Postoperative Last follow-up P-value
Overall su1;v1val in months, 14.4 (0.6-145.0)
median (range)
Progression-free survival in 268.5 (10.0-
days, median (range) 4351.0)
Follow-up 'times in months, 15.5 (0.5-145.0)
median (range)
Mortality, n (%) 40 (63.5)
Neurological recovery, n (%) 47 (74.6)
ASIA Score, n (%)
C 1(1.6) 1(1.6)
D 25 (39.7) 21 (33.3)
E 37 (58.7) 41 (65.1)
KPS, median (range) 70 (20-90) 80 (40-100) 0.0056*
Pain analogue score, mean + 0.3822,
D 3+29 21+28 20£25 0.3503
0.0081+,
RAND-36 score, mean + SD 26.5+14.8 46.4 +24.4 53.1+29.9 0.004*
0.0613,
ODI score, mean + SD 28.9+16.1 169 +15.1 169 +159
0.0485*
Spinal kyphotic (-)/lordotic
(+) deformity in degrees, 5.0 (-40.0 to +36.0) 00+(3§40()) to 0.021*
median (range)
Cervical spine (including
T1), -4 (-25 to +17) +4 (-10 to +18.0) 0.0051*
. -1.5(-24.0 to .
Thoracic spine, -7 (-49 to +20) +26.0) 0.0007
) +16.0 (-2.0 to .
Lumbar spine, +6.0 (-5.0 to +36.0) +38.0) 0.0312
Complications, n (%) 9(14.2)
Wound dehiscence 4 (6.3)
Wound infection 2(3.2)
Other* 3 (4.8)
Reoperations, n 16
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Patients requiring

reoperation, n (%) 7(LD)
Reoperation indications, n
(%)
Wound infection 8 (12.7)
Wound dehiscence 4 (6.3)
Other** 4 (6.3)
30-day readmission rate, n 9(14.2)
(%)
30-day mortality rate, n (%) 2 (3.2)
1-year mortality rate, n (%) 22 (34.9)

*Other causes of postoperative complications included CSF leak, hemothorax,
and enterospinal fistula. **Other reoperation indications included
enterospinal fistula, disease progression, hardware failure, and CSF
leak. *Statistically significant
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Figure 4. Kaplan-Meier survival analysis showing survival as stratified by (A) tumor histology,
preoperative (B) Tomita and (C) Tokuhashi scores, (D) pre- and (E) postoperative KPS, (F)
neoadjuvant treatment, (G) adjuvant treatment, and (H) type of adjunctive therapy given.

Analysis of OS as stratified by the Tomita and modified Tokuhashi prognostication scores was
also performed. The median Tomita and Tokuhashi scores were 4 (range, 2-10) and 11 (range, 3-15),
respectively. Among patients with a prognosis of < 6 months by Tomita score, the median OS was 4.3
months (n=8, range, 0.6-41.7 months). Patients with a prognosis of > 6 months had a median OS of
26.3 months (n=55, range, 0.6-145.0 months), which was significantly higher (p=0.004) (Figure 4B). By
the Tokuhashi scoring system, patients with a prognosis of < 6 months had a median OS of 10.3
months (n=17, range, 0.6-82.3 months), and patients with a prognosis of > 6 months had a median OS
of 17.2 months (n=46, range, 0.6-145.0 months (p=0.480) (Figure 4C).

While preoperative KPS did not have a significant impact on OS, patients with a postoperative
KPS > 70 had a median OS of 31.9 months (n=41, range, 1.6-145.0 months) compared to 6.8 months
(n=22, range, 0.6-63.3 months) in those with a postoperative KPS < 70 (p=0.012) (Figure 4D-E).
Stratifying survival by factors such as age, sex, ASIA score did not find significant differences (Figure
S2A-D).

3.5.2. Spinal Metastatic Disease Neoadjuvant and Adjuvant Therapy

The median OS for patients who received neoadjuvant therapy was 12.9 months (n=31, range,
0.6-101.6 months), compared to 41.0 months (n=32, range, 0.6-145.0 months) for those who did not
(p=0.057) (Figure 4F). When stratified by type of treatment, patients receiving only chemotherapy
had a median OS of 11.1 months (n=7, range, 0.6-82.3 months), patients receiving only RT 31.6 months
(n=9, range, 2.2-95.9 months), and patients who received chemoradiation 12.9 months (n=15, range,
1.9-101.6 months); these were not significantly different (p=0.544) (Figure S3B). Neoadjuvant therapy
did not impact PFS regardless of treatment type (Figure S3A, C).

The median OS for patients who received adjuvant therapy was 23.3 months (n=51, range, 0.6-
145.0 months), compared to 16.5 months (n=12, range, 2.2-101.6 months) for those who did not
(p=0.859) (Figure 4G). When stratified by type of adjuvant treatment, patients receiving only
chemotherapy had a median OS of 23.3 months (n=14, range, 0.6-145.0 months), patients receiving
only RT 29.0 months (n=20, range, 0.6-95.9 months), and patients who received chemoradiation 16.3
months (n=17, range, 2.4-53.7 months); these were not significantly different (p=0.310) (Figure S3E).
Adjuvant therapy did not impact PFS regardless of type (Figure S3D,F).

Patients who received neoadjuvant therapy but not adjuvant therapy had a median OS of 14.7
months (n=8, range, 2.2-101.6 months), patients who received adjuvant therapy but not neoadjuvant
therapy had a median OS of 29.0 months (n=28, range, 0.6-145.0 months), and patients who received
both had a median OS of 12.9 months (n=23, range, 0.6-46.6 months) (p=0.291) (Figure 4H). There was
no significant difference in PFS between these groups (p=0.660) (Figure S3G). Patients who did not
receive any neoadjuvant or adjuvant therapies had a median OS of 27.6 months (n=4, range, 5.3-92.6
months).

3.5.3. Neurological, Functional, and Surgical Outcomes

Postoperatively, 47 patients (74.6%) had full recovery of neurological function within 90 days
(Table 3). None worsened postoperatively based on their ASIA score. No patients died within 30
days of surgery from causes related to their spinal surgeries.

Neurological deficit, measured by ASIA score at presentation found 37 patients (58.7%) with
grade E indicating normal neurological function, 25 (39.7%) with grade D, and 1 (1.6%) with grade C
scores. Postoperatively, 41 patients (65.1%) had a grade E, 21 (33.3%) had a grade D, and 1 (1.6%) had
grade C scores (Figure 5A). Function, measured by KPS, found a median preoperative KPS of 70
(range, 20-90), which improved significantly (p=0.006) to 80 (range, 40-100) postoperatively (Figure
5B).
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Figure 5. Neurological grades and health-related quality of life metrics. (A) Pre- and postoperative
Frankel Grade. (B) Pre- and postoperative KPS. (C) Pre-, postoperative, and last follow-up pain
analogue scores. (D) Pre, postoperative, and last RAND-36 scores. (E) Pre-, postoperative, and last
follow-up ODI scores.

Forty-five patients (71.4%) reported requiring narcotic analgesic use for pain management at
their first postoperative follow-up. The mean preoperative score for pain measured with VAS was 3
+ 2.9. Postoperatively, the mean VAS score at first follow up was 2.1 + 2.8 (p=0.382), and 2.0 + 2.5
(p=0.350) at the last follow-up. Mean VAS score did not vary significantly between preoperative,
postoperative, and last follow-up (p=0.580) (Figure 5C). However, health-related quality of life,
measured by the RAND-36 survey found a mean score of 26.5 + 14.8 at initial presentation, which
significantly improved (p=0.008) to 46.4 + 24.4 at the first postoperative follow-up. Improvement
continued in the follow-up period, with a mean RAND-36 score of 53.1 + 29.9 at the last follow-up
(p=0.004) (Figure 5D). There was also an improvement in disability, measured by ODI, from
presentation (28.9 + 16.1) to first postoperative follow-up (16.9 + 15.1) that trended toward
significance (p=0.061); however, this improvement was statistically significant (p=0.049) in the long-
term as the mean ODI score at last follow-up was 16.9 +15.9 (Figure 5E).

Corpectomy with anterior column reconstruction also improved spinal alignment, as spinal
kyphotic deformity significantly improved with surgery. Spinal kyphotic deformity was measured
with the Cobb angle. Spinal lordosis was denoted by a positive Cobb angle and kyphosis denoted by
a negative Cobb angle. Overall, the median Cobb angle significantly changed from -5.0 (range, -40.0
to +36.0) to 0.0 (range, -24.0 to +38.0) after surgery (p=0.021). Stratification by spinal segment found a
significant improvement (p=0.005) in the cervical spine from —4.0 (-25.0 to +17.0) to +4.0 (-10.0 to
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+18.0), in the thoracic spine (p=0.001) from —7.0 (-49.0 to +20.0) to —1.5 (-24.0 to +26.0), and in the
lumbar spine (p=0.031) from +6.0 (-5.0 to +36.0) to +16.0 (-2.0 to +38.0) (Figure 6).

Spinal Alignment by Cobb Angle
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Figure 6. Change in spinal alignment as measured by Cobb angle in the cervical, thoracic, and lumbar
spine. Positive (+) Cobb angle indicates lordosis, and negative (-) Cobb angle indicates kyphosis. There
were improvements in spinal kyphotic deformity in all segments.

Nine patients (14.2%) had postoperative complications, including wound dehiscence (n=4,
6.3%), wound infection (n=2, 3.2%), and other complications (n=3, 4.8%). These other complications
were cerebrospinal fluid (CSF) leak, hemothorax, and enterospinal fistula (n=1 each, 1.6%). Seven
patients (11.1%) required a total of 16 reoperations for surgical complications and/or disease
progression. The most common indications for reoperation were wound infection (n=8, 12.7%),
followed by wound dehiscence (n=4, 6.3%). Four patients (6.3%) required reoperation for other
causes. These include enterospinal fistula, disease progression, hardware failure, and CSF leak (n=1
each, 1.6%).

Nine patients (14.2%) required readmission within 30 days of their initial surgery. Two patients
(3.2%) were deceased within 30 days. Neither of these patients experienced postoperative surgical
complications and neither died because of their surgery. Twenty-two patients (34.9%) died within a
year of surgery.

4. Discussion

4.1. Introduction

The increasing prevalence of cancer has resulted in an increased incidence of SM, with up to 80%
of cancer patients now exhibiting evidence of SM at autopsy [6,7]. While most SM are asymptomatic,
some can present with severe mechanical back pain, compression of the spinal cord and neural
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elements, or lead to the development of spinal instability, which can significantly affect overall
survival and health-related quality of life in cancer patients [7,10,11].

Currently, the standard surgical treatment for symptomatic SM with ESCC is separation
surgery. While the minimal footprint of separation surgery allows patients to resume systemic
therapy earlier, the continued improvement in cancer survivorship means such an approach could
predispose a select cohort of patients to redo surgeries and/or recurrent radiation treatments (due to
local tumor recurrence). Furthermore, it can also result in significant long-term disability and loss of
functional independence from chronic pain symptoms as it doesn’t restore spinal alignment and does
not achieve circumferential stabilization, resulting in worsening kyphotic deformity and hardware
failure (Figure 1) [9,18,19]. In oligometastatic spinal disease patients with good functional status and
favorable long-term prognosis, corpectomy with fusion can allow for maximal tumor debulking for
improved local disease control, restoration of spinal alignment, and spinal stabilization for long-term
pain relief, functional independence, and improved disease-free survival (Figure 7). This study
examines corpectomy in selected SM patients for decompression of neural elements and spinal
column reconstruction while focusing on the safety, efficacy, and outcomes.

Figure 7. Images of a 68-year-old female with a history of metastatic RCC. Sagittal CT (A) shows
destructive changes of the T5 vertebral body. T1 contrast-enhanced MRI sagittal (B) and axial (C)
views of the spine show RCC metastases to T5 with canal compromise and circumferential cord

compression. Patient underwent preoperative embolization to reduce intraoperative blood loss,
followed by T5 corpectomy and posterior instrumentation from T2 to T5 as demonstrated on the
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immediate postoperative lateral plain radiograph (D) and the 4-month postoperative CT (E). Two-
year follow-up CT (F) shows hardware in place without significant change in kyphosis. The patient
survived for nearly 2.5 years after surgery.

4.2. Clinical Presentation and Diagnostic Workup

SM often presents in cancer patients in their 6-7th decade of life, as reflected in this cohort’s mean
age of 63.5 years [12,13,22]. Males are more frequently affected, with around 60% of patients with SM
being male (55.6% in this cohort) [13,22]. The thoracic spine (60-80%) is the most commonly affected
spinal segment followed by the lumbar (15-30%) and cervical (<10%) segments, which is consistent
with this cohort’s tumor location composition [9]. Rates of predilection for cancers to metastasize to
the spine vary by study, especially with regards to rates of prostate and breast cancer as these are
inherently affected by sex distribution. However, most literatures cite primaries from lung (21-23%),
breast (7-12%), and prostate (8-19%) cancers, as most frequently metastasizing to the spine [23,24]. In
contrast, this cohort most frequently had SM in RCC, followed by breast and lung cancer. Patients
with SM also often develop ESM, which is a marker of poor long-term prognosis, with the prognosis
often worsening with an increasing number of ESM [13,25]. Half of this cohort (n=31, 49.2%) had
ESM, with a median of 2 ESM; patients with increased tumor burden and ESM had worse survival.

Symptomatic SM was historically the first manifestation of cancer in up to 50% of patients, but
this number has dwindled significantly over the past decade [26]. This cohort had 14 patients (22.2%)
that received their first cancer diagnosis after presenting with symptomatic SM. Most SM are
asymptomatic, but when symptoms do develop, most present with back pain and around half have
neurological deficits [7,13,27]. In this cohort, around 85.7% of patients presented with mechanical
back or neck pain, and of these, over half had evidence of compression deformity on initial
presentation.

Sensorimotor deficits compose most neurological deficits seen in SM, but bowel and bladder
dysfunction may rarely occur [13]. Despite over half of this cohort having some neurological deficits,
most patients could ambulate with or without assistance. About one-fifth of SM patients present with
sudden onset neurological compromise due to ESCC and/or VCF necessitating emergent surgery
and/or RT [28]. A higher SINS (= 7) also can predict an increased likelihood of VCF in patients
receiving RT [30,31].

The Tomita and Tokuhashi scoring systems have been widely used to assist in estimating overall
prognosis in patients with SM based on preoperative factors such as functional status, primary
malignancy, and ESM [32]. A Tomita score between 1-7 indicated a prognosis > 6 months, with higher
numbers suggesting a worse prognosis. A Tokuhashi score above 9 indicated a prognosis > 6 months,
with higher numbers suggesting a more favorable prognosis. Patients in this study tended to have
good preoperative function, with only one patient having an ASIA grade of C, and a median
preoperative KPS of 70 (range, 20-90). Selecting for patients with good preoperative function and
prognosis to undergo more invasive surgeries, like corpectomy, ensures that risks are minimized and
benefits from improved outcomes are appreciated in the long-term.

4.3. Management and Outcomes

Preoperative management varies by the patient’s clinical presentation and goals of treatment.
The current standard of care treatment for SM with ESCC is separation surgery for circumferential
tumor debulking followed by spinal stereotactic radiosurgery (SRS) to improve local tumor control.
As the incidence of SM continues to increase linearly with improving cancer survivorship, however,
there is an increasing focus on maximal tumor debulking; particularly in patients with
oligometastatic spinal disease and good functional status. Improvements in perioperative care,
surgical techniques, and intraoperative navigation have made it safer to perform more invasive
surgical interventions like corpectomy with reduced complication risk [14,33]. This allows for
maximal tumor resection while preserving function, reducing pain, and improving spinal alignment
and stability.
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4.3.1. Adjuvant Treatment

Traditionally, RT been broadly used as an adjuvant for SM [28]. RT aims to control pain, decrease
tumor burden and spillage, and decompress neural structures [28]. Conventional external-beam
radiotherapy (EBRT) is most often used, and 60-70% of patients have a partial or complete response
with pain reduction and functional improvement [34,35]. SRS may also be used to deliver high doses
of radiation precisely to the SM without injuring important adjacent organs. It allows for greater local
disease control than EBRT and has efficacy against EBRT-resistant tumors [28]. Similarly, systemic
medical therapies have also shown promise in treating SM [36]. Patients that received neoadjuvant
therapy in this cohort had a lower OS, likely due to these patients having more advanced disease.
However, survival for patients that received adjuvant therapy was higher.

4.3.2. Surgical Management

Preoperative embolization of spinal tumors, particularly hypervascular tumors, is commonly
done to reduce intraoperative bleeding [37]. RCC was the most frequently embolized SM in this
cohort, which in consistent with current practices [38]. The literature on preoperative embolization
for SM shows mixed findings on whether it can decrease intraoperative bleeding. In our subgroup of
RCC patients, patients treated with preoperative embolization had a lower mean EBL (1835.8 +2119.4
mL) compared to RCC patients without preoperative embolization (4902.5 + 10,786.4 mL), though
this was not found to be significant (p=0.9369), likely due to the cohort being underpowered.
Moreover, preoperative embolization reduced average operative time by 40 minutes, and there was
a near significant reduction in length of stay in these patients (5 days, range, 3-13 days) compared to
patients that did not receive embolization (8 days, range, 4-14 days) (p=.0591)

All patients in this cohort underwent corpectomy with a posterior or anterior approach. Given
the goal of attaining circumferential spinal stabilization and improving spinal alignment in addition
to tumor resection, all but 13 patients also underwent posterior instrumentation. The standard
approach to supplementing corpectomy with posterior pedicle screws was to place them 2 level(s)
above and below the level of the corpectomy, with further instrumentation at the discretion of the
surgeon [39].

4.3.3. Outcomes

Most patients in this study had partial or full neurological recovery after surgery, and all patients
either maintained or improved on their ASIA scores. Functional and health-related quality of life
metrics, quantified by KPS and RAND-36, improved significantly postoperatively. The VAS and ODI
quality of life metrics also improved postoperatively, though the p-value did not reach significance.
Additionally, the improvement in postoperative KPS (with scores of > 70) correlated with improved
OS, as has been previously reported in other series [13]. Interestingly, age, sex, preoperative KPS, and
pre- and postoperative ASIA score did not correlate with OS. Of note, this is one of the first studies
examining both neurological and quality of life outcomes in patients undergoing corpectomy for SM.
These results are reassuring that it is a safe and viable alternative to separation surgery for SM in
select group of patients [7,13,14,21,22,27,33,42,44-49].

A goal of this study was to determine if corpectomy improved spinal alignment and instability
in the immediate and long term. This study revealed that corpectomy for SM significantly improves
spinal kyphotic deformity in all spinal segments and allows for long-term correction as measured by
Cobb angle (Figure 7). While there is literature in deformity spine surgery that supports the use of
corpectomy for improving spinal kyphotic deformity, this study serves to further corroborate that
these previously reported findings also apply to SM patients [50,51].

The disease course of SM stemming from a variety of cancers presents a challenge in comparing
survival across different primary pathologies. The one-year mortality rate in this study (34.9%) is
lower than what is previously reported in other series, although the OS is comparable [7,13]. In terms
of primary tumor histology, this cohort showed a significant difference in survival across the three
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most common cancers treated (RCC, breast cancer, and lung cancer). Lung cancer patients had a
much lower OS than other cancers, concordant with the literature [52,53].

4.3.5. Complications

As corpectomy surgery for the treatment of SM has more risks compared to a less invasive
separation surgery, this study sought to establish the safety of corpectomy surgery to justify its
advantages. In this cohort, the mean length of stay (LOS) was 6 days (range, 1-28 days). This is
comparable to reported postoperative admission times for SM patients undergoing simple
decompression or separation surgery as reported by Azad et al. (6.9 days) and slightly lower than the
median LOS reported by Patchell et al. [12,14]. Traditionally, complication rates are higher in patients
undergoing corpectomy compared to separation surgery, but both surgeries have wide ranges
reported in the literature. The complication rate in this study (n=9, 14.2%) was lower than the
corpectomy complication rates reported by Gokaslan et al. (29.2%) and Azad et al. (45.6%), as well as
the separation surgery/decompression complication rates reported by Azad et al. (29.0%) and
Patchell et al. (40.0%) [7,12,14]. It was, however, slightly higher than the complication rates reported
for separation surgery by Silva et al. (13.9%) and Xu et al. (3.5%) [40,41]. No patients had long-term
surgical complications nor did any patients die within 30 days of surgery for reasons related to their
surgery.

Examining the literature of surgical tumor excision and instrumented stabilization for SM, the
most common surgical complications were wound infection/dehiscence (8%), pulmonary
complications (4%), instrument failure (4%), deep vein thrombosis/pulmonary embolism (2%), and
CSF leak (2%) [42]. These complications were similarly represented in this cohort, with most
complications stemming from surgical site infection (SSI) or wound dehiscence (9.5%). Reoperations
for complications were similarly most frequent for wound infection (6.3%) and wound dehiscence
(6.3%). One patient each also had reoperation for enterospinal fistula, disease progression, hardware
failure, and CSF leak in comparable proportions to the literature [42]. A retrospective review by
Sebaaly et al. focused on postoperative SSI for patients with operatively treated SM and found an
incidence of 5.1% [43]. Risk factors for developing SSI included smoking, higher body mass index,
higher number of SM, higher number of fused vertebrae, intraoperative bleeding > 2000 mL, and
neurological deterioration [43]. These factors should be considered during patient selection and
postoperative management.

The 30-day readmission (14.2%) and mortality (3.2%) rates in this cohort is lower than what has
been previously reported in the literature [7,14]. Notably, two patients died within one month of their
spinal surgery. A 78-year-old male with marginal zone lymphoma diagnosed 3 years prior and
treated with chemotherapy developed arm and shoulder pain from SM. This was treated with an
uncomplicated C5 corpectomy with a carbon-fiber reinforced polymer graft and anterior plating, and
histopathological diagnosis yielded squamous cell carcinoma from a lung primary. Further workup
found multiple metastases to the brain, liver, and skeleton. He started palliative RT to the whole brain
and lung but died 2 weeks after surgery while receiving treatment due to unknown causes. The
second patient, a 69-year-old female with a 50-year history of smoking presented with 6 months of
back pain. The patient underwent an uncomplicated T9 corpectomy with T7-T11 posterior
instrumented fusion, and histopathological diagnosis yielded metastatic large cell neuroendocrine
carcinoma from a lung primary. Further workup found multiple lesions to the skeleton and liver.
Owing to her poor prognosis, the patient opted for hospice care and did not receive additional
treatment. She survived for 2 weeks postoperatively before succumbing to her primary cancer. It is
important to acknowledge that these patients were poor surgical candidates and should not have
undergone surgery.

This study is not without limitations. The retrospective nature of this study, done at a single-
center academic institution, limits the generalizability of its findings. Surgical techniques varied be-
tween patients based on tumor location, characteristics, and preoperative imaging. Most study
patients had metastatic spread from renal cell carcinoma, so the results and implications of the study
may best apply to patients with this specific malignancy. Similarly, nearly all patients in the study
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were of non-Hispanic white ethnicity. Future research should focus on larger, multicenter studies
with long-term follow-up to further elucidate the benefits and drawbacks of corpectomy for patients
with SM.

5. Conclusions

In conclusion, this study highlights the evolution of SM management in the setting of improved
cancer survivorship. Tumor resection, spinal cord decompression, and circumferential stabilization
with corpectomy is viable option for patients with SM, particularly in those with oligometastatic
disease, kyphotic deformity, good functional status, and favorable prognosis. Moreover, this study
suggests that corpectomy for decompression of neural elements and spinal column reconstruction is
a relatively safe intervention with minimal morbidity and favorable neurological and health-related
quality of life outcomes in a select cohort of cancer patients with SM.
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