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Introduction: Surgical treatment is increasingly the treatment of choice in
cancer patients with epidural spinal cord compression and spinal instability.
There has also been an evolution in surgical treatment with the advent of
minimally invasive surgical (MIS) techniques and separation surgery. This paper
aims to investigate the changes in epidemiology, surgical technique, outcomes
and complications in the last 17 years in a tertiary referral center in Singapore.

Methods: This is a retrospective study of 383 patients with surgically treated
spinal metastases treated between January 2005 to January 2022. Patients were
divided into 3 groups, patients treated between 2005 - 2010, 2011-2016, and
2017- 2021. Demographic, oncological, surgical, patient outcome and survival
data were collected. Statistical analysis with univariate analysis was performed to
compare the groups.

Results: There was an increase in surgical treatment (87 vs 105 vs 191). Lung,
Breast and prostate cancer were the most common tumor types respectively.
There was a significant increase in MIS(p<0.001) and Separation surgery
(p<0.001). There was also a significant decrease in mean blood loss (1061ml vs
664 ml vs 594ml) (p<0.001) and total transfusion (562ml vs 349ml vs 239ml)
(p<0.001). Group 3 patients were more likely to have improved or normal
neurology (p=<0.001) and independent ambulatory status(p=0.012). There was
no significant change in overall survival.
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Conclusion: There has been a significant change in our surgical practice with
decreased blood loss, transfusion and improved neurological and functional
outcomes. Patients should be managed in a multidisciplinary manner and
surgical treatment should be recommended when indicated.

KEYWORDS

spinal metastases, vertebral metastases, epidural spinal cord compression, metastatic
epidural spinal cord compression, minimally invasive spinal surgery, separation surgery,

spinal instability

1 Introduction

The spine is the most common site of bony metastases with up
to 50% of all bony metastases involving the spine (1). It is estimated
that 10-20% of all patients with cancer develop symptomatic spinal
metastases. The common presentations of spinal metastases include
neurological deficits due to spinal cord compression and axial/
radicular pain due to spinal instability or a combination of both.

In 2005, Patchell et al. (2) published a landmark randomized
control trial which revolutionized the treatment of patients with
metastatic epidural spinal cord compression (MESCC). This study
showed that MESCC patients treated with surgery followed by
radiotherapy were more likely to walk after treatment, walk longer
after treatment and require less corticosteroids or opiates. This study
led to a paradigm shift towards surgical management, prior to which
these patients were typically treated with radiotherapy alone (3).

Spinal instability secondary to bone loss due to tumor involvement
or pathological fractures is not amenable to treatment with radiotherapy
or systemic therapy alone. The Spinal Instability in Neoplasia Score
(SINS) was developed in 2010 to allow surgeons to better diagnose and
classify spinal instability (4). The SINS is made up of 5 radiologic
components, the location of spinal metastases, the nature of bone lesion,
radiographic spinal alignment, amount of vertebral body collapse and
amount of posterolateral element involvement, as well as one clinical
component, the nature of pain which the patient is experiencing. A SINS
score of 13-18 denotes spinal instability, 7-12 indeterminate stability and
1-6 normal spinal stability. Huisman et al. (5) showed that a higher SINS
score was associated with failure of radiotherapy, while Hussain et al. (6)
showed that patients with moderate or high SINS scores experienced
significant improvement in pain and functional outcomes after surgical
stabilization. Spinal stabilization for patients with spinal instability alone
has become an increasingly accepted part of management of patients
with spinal metastases (7, 8).

In this time period there has also been an evolution in surgical
technique. Minimally invasive spine surgery in the form of
percutaneous pedicle screw fixation and mini-open approaches
for spinal decompression have been shown to reduce blood loss,
surgical complication rate and duration of hospital stay (9, 10). The
advent of stereotactic radiotherapy (SBRT) has led to increased
acceptance of the concept of separation surgery where the goal of
surgery is to create a 1-2mm area of separation between the tumor
and the spinal cord to allow for safe SBRT (11), rather than
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achieving gross total tumor removal with a corpectomy or
spondylectomy. In appropriately selected patients where there is
an appropriate margin after separation surgery between the spinal
cord and tumor local recurrence rates of less than 10% have been
reported (12). Intra and perioperative management have also
evolved with the use of intra-operative neuromonitoring to detect
intraoperative and prevent post-operative neurological deficit (13)
as well as intraoperative cell salvage and autogenic blood
transfusion to reduce the need for allogenic blood transfusion (14).

This paper aims to investigate the changes in epidemiology,
surgical technique, outcomes and complications in the last 17 years
in a tertiary referral center in Singapore.

2 Materials and methods

This is a retrospective study of 383 patients with surgically
treated spinal metastases at a Singaporean tertiary referral center
between January 2005 to January 2022. We obtained institutional
review board (IRB) approval prior to starting this study.

All patients were aged 18 and above. Indications for surgery
included MESCC and/or spinal instability. We excluded patients
who had primary spine tumors, patients who had previous spinal
surgery for spinal metastases and other spinal conditions, and
patients who have undergone vertebroplasty, kyphoplasty or other
interventional procedures.

Patients were divided into 3 groups, patients treated between
2005 January and 2010 January, between 2011 January and 2016
January, and between 2017 January and 2022 January. This was
labelled Group 1, Group 2 and Group 3 respectively. Basic
demographic data was collected including age at time of surgery,
race, gender, pre-operative Eastern Cooperative Oncology Group
(ECOG) score and Charlson Comorbidity Index (CCI). Oncological
data collected included primary tumor histology, tumor subtype
according to the modified Tokuhashi score (15), number of
vertebral metastases, number of spinal metastases, number of
visceral metastases, pre-operative Karnofsky Performance score and
pre-operative Frankel score. The Frankel score was categorized into 3
categories, Frankel A+B (No motor function), Frankel C+D (motor
function present but abnormal) and Frankel E (normal motor
function). The modified Tokuhashi score was calculated based on
the above data. Spinal metastases location was also recorded.
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The decision for surgical treatment was a multidisciplinary
decision involving the spinal surgeon, oncologist, radiation oncologist
and other members of the multidisciplinary team. The patients
neurological status, based on the severity of cord compression and
Frankel score, spinal stability based on the SINS, oncological status
based on radiation oncologist and oncologist opinion, and systemic
status based on the ECOG and Karnofsky score, Charlson Comorbidity
Index (CCI) and prognosticated survival based on the modified
Tokuhashi score were all taken into account. A thorough history and
examination is performed to determine the symptomatic levels. Only
the symptomatic levels, levels at which iatrogenic instability is expected,
and indeterminate stability or unstable based on the SINs score are
instrumented. Where there is a vertebral level of indeterminate stability
adjacent to an instrumented level the decision whether to include it
within the construct is a multidisciplinary decision based on the
sensitivity of the tumor to radiotherapy, systemic treatment, and the
surgeon’s assessment of stability.

Surgical data collected included surgical approach, which was
divided into posterior, anterior and combined approaches. A
posterior approach is defined as either the utilization of a midline
longitudinal posterior open approach to the spine or a minimally
invasive percutaneous approach for insertion of posterior pedicle
screws in the thoracolumbar spine. This is indicated in stabilization
only, stabilization and decompression and separation surgery. It can
also be utilized for partial or subtotal corpectomy of the thoracolumbar
spine. Non-posterior approaches include anterior Smith Robinson type
approach to the cervical spine, lateral retroperitoneal approach to the
lumbar spine and thoracotomy approach to the thoracic spine. Surgical
technique was divided into open, minimally invasive or hybrid
techniques. Anterior cervical procedures were all classified as open
procedures. Surgical type was divided into stabilization only, posterior
decompression and stabilization, separation surgery, partial and
complete corpectomy. Stabilization procedures were defined as those
where only posterior instrumentation with screws and rods were
performed. Posterior decompression and stabilization included
posterior stabilization with screws followed by posterior laminectomy
with no attempt at circumferential decompression. Separation
surgery was one where a laminectomy was performed followed by
anterior decompression via a transpedicular approach for
circumferential tumor decompression, with no attempt made at
anterior reconstruction. This was performed as an open technique as
described by Laufer et al. (12), or as a mini-open technique as described
by Kumar et al. (9). A partial corpectomy was a piecemeal intralesional
excision of up to 70% of the vertebral body while a near total
corpectomy was one where more than 70% of the vertebral body
was excised followed by an anterior column reconstruction. In our
study group partial or total corpectomies were performed for the
following groups of patients. In patients with cervical three to thoracic
one vertebral body involvement with MESCC where separation surgery
from a posterior approach would be challenging and less commonly in
patients with non-radiosensitive tumors with thoracolumbar
involvement and good survival prognosis (=1 year) and good
functional status (ECOG 0-1). Fusion was performed when a partial
or subtotal corpectomy is performed. We do not perform fusion when
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stabilization only, posterior decompression and stabilization and
separation surgery are performed. We also recorded the number of
levels decompressed, the number of levels instrumented and the need
for pre-operative angioembolization.

Intra-operative blood loss was calculated based on the
estimation of the surgical and anesthetic team. Volume of
allogenic and autogenic blood transfusion were recorded.
Duration of stay and duration of High Dependency/Surgical
Intensive Care Unit (HD/SICU) stay were recorded. Post-
operative outcome in terms of post-operative Frankel Score and
post-operative ambulatory status were also recorded. Complications
requiring surgical or medical management were noted and need for
readmission within 1-month post discharge was also recorded.

Duration of survival was defined as time from surgery to
ultimate demise of patient. 1-month, 3-months, 6-months and
12-months survival were also recorded. The actual survival of
each patient was compared to survival duration predicted by the
modified Tokuhashi score and we recorded if actual survival was
shorter, longer or the same as the prognosticated survival.

Statistical Analysis was performed with the use of SPSS
Statistical Software (IBM SPSS Statistics Version 28). Two Sample
T test/Mann Whitney U test were used to compare the differences
for numerical variables between the two age groups and the Pearson
Chi Squared test or Fishers Exact test were used for categorical
variables. Overall survival between the two groups was presented
with a Kaplan-Meier analysis. A p value of <0.05 was taken to
be significant.

3 Results

A total of 412 patients were analyzed of which 383 patients
met the criteria for inclusion. There was an increase in number of
patients being operated in each consecutive group with there
being 2.2 times the number of patients operated in Group 3 when
compared to Group 1 (191 vs 87 patients). There was no
significant difference in age, sex, race and Charlson
Comorbidity Index of patients among all 3 time periods. Group
2 patients had significantly worse pre-morbid ECOG score when
compared to the other two time periods (p=0.003). This data is
shown in Table 1. In our study, lung cancer (110 (28.7%)
patients), followed by breast cancer (75 (19.6%) patients) and
prostate cancer (32 (8.4%) patients) respectively were consistently
the most common primary tumors throughout the duration of
this study. There was no significant difference in modified
Tokuhashi tumor subtype among all 3 groups. There was a
significant difference in pre-operative Frankel score with 49.7%
of Group 3 patients being Frankel E as compared to 40% in
Group B and 23% in Group A. Patients operated between 2011-
2016 had significantly less visceral metastases (p=0.008). There
was no significant difference in number of patients in each
Modified Tokuhashi score category, number of vertebral
metastases and number of extra spinal metastases between the
3 groups. Oncological data is shown in Table 2.
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TABLE 1 Baseline demographic characteristics of patients.

10.3389/fonc.2023.1297553

Parameter All Patients 2005-2010 2011-2016 2017-2021 p value
Number of patients n= 383 n=87 n=105 n=191

Mean age, (years)(range) 61(26-87) 58 (28-87) 62 (26-86) 63 (28-86)

Sex

Male 184 (48%) 39 (44.8%) 55 (52.4%) 90 (47.1%)

Female 199 (52%) 48 (55.2%) 50 (47.6%) 101(52.9%)

Race

Chinese 273 (71.3%) 63 (74.1%) 71 (67.6%) 139(72.8%)

Malay 57 (14.9%) 11 (12.9%) 18 (17.1%) 28(14.7%)

Indian 15 (3.9%) 4 (4.7%) 5 (4.8%) 6 (3.1%)

Other 36 (9.4%) 7 (8.2%) 11 (10.5%) 18 (9.4%)

Preoperative ECOG Score

0-2 345 (90.1%) 82 (94.3%) 83 (83.0%) 155(94.5%) 0.003
3-4 38 (9.9%) 5 (5.7%) 17 (17.0%) 9(5.5%)

Charlson Comorbidity Index 8 (2-15) 8 (2-12) 8 (2-12) 8 (2-15)

ECOG, Eastern Cooperative Oncology Group.

The posterior approach was the most common surgical
approach employed in all 3 groups (340 (91.4%) patients),
followed by combined (25 (6.7%)) and anterior approaches (7
(1.9%)). In the first group of patients, minimally invasive
techniques were not performed, but in the subsequent 2 groups,
MIS techniques, for 45/105 (43.3%) patients in Group 2 and 64/191
(35.4%) patients in Group 3, became significantly increasingly
adopted (p<0.001). There was no significant difference in number
of levels instrumented between the time periods, but patients in
Group 1 and Group 3 required significantly more levels of
decompression (p=0.01). Surgical characteristics are shown
in Table 3.

Mean blood loss significantly decreased over the course of this
study (Group 1 vs Group 2 vs Group 3) (1061ml vs 664 ml vs
594ml) (p<0.001) and there was also a significant decrease in mean
total transfusion (562ml vs 349ml vs 239ml) (p<0.001). Autogenic
blood transfusion via a cell saver was increasingly performed with
47/191 (25.1%) patients in group 3 receiving autogenic blood
transfusion compared to 8/105 (7.6%) patients in group 2 and no
patients in group 1. There was a significant difference in post-
operative neurological outcome (p=<0.001) and ambulatory status
(p=0.012). 163/191 (85.3%) of Group 3 patients had an
improvement in or maintained normal neurology, as compared to
69/105 (65.7%) of Group 2 patients and 43/87 (49.4%) of Group 1
patients. Patients in Group 3 were more likely to walk
independently, 110/191 (57.6%) vs 48/105 (45.7%) in Group 2
and 33/87 (37.9%) patients in Group 1. However, there were
significantly more surgical complications in the Group 2 patients
(p=0.025). Patient outcomes are shown in Table 4.

Median survival was 16(0-193) months in this cohort and there
was no significant difference in 12-months and 6-months survival.
There was a significant increase in 3-months and 1-month survival
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when compared to the 2005-2010 group of patients (p<0.005).
53.5% and 54.5% of patients in 2011-2016 and 2017-2021
respectively outlived their prognosticated survival although this
was not statistically significant. Table 5 shows patient survival
characteristics. A Kaplan Meir Curve comparing the survival of
all 3 groups is shown on Figure 1.

4 Discussion

Singapore has an aging population, with 23.8% of the
population estimated to be aged 65 and above by 2035. Cancer
incidence is known to increase with age (16) and this combined
with advances in oncological care leading to increased survival will
lead to more patients presenting with spinal metastases. Advances
in surgical techniques and increased acceptance of surgical
treatment for MESCC and spinal instability secondary to
metastases has led to an increase in surgical treatment of spinal
metastases (3). This is reflected in our study where in Group 1
(2005-2010) 15 patients were operated per year, while in Group 3
(2017-2022) this had more than doubled to 38 patients per year.

In our cohort lung cancer (110 (28.7%) patients), breast cancer
(75 (19.6%) patients) and prostate cancer (32 (8.4%) patients) were
the most common primary tumors. Wright et al. (17) compared
metastatic spine tumor epidemiology in centers in Asia, Europe,
North America and the United Kingdom from 1991 to 2016. In
their study they found that Asian centers had higher frequencies of
lung, colon and liver spinal metastases and lower frequencies of
breast, prostate and multiple myeloma spinal metastases. In our
cohort lung cancer spinal metastases percentage was similar to that
of other Asian centers, 28.7% vs 28.1%, but our percentage of breast
and prostate cancer metastases were markedly higher (19.6% vs
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TABLE 2 Oncological characteristics of patients.

Parameter

Tumor Histology

All Patients

2005-2010

2011-2016

10.3389/fonc.2023.1297553

2017-2021 p value

Lung 110 (28.7%) 22(25.3%) 30 (28.6%) 58(28.6%)
Breast 75 (19.6%) 15 (17.2%) 21 (20.0%) 39(20.0%)
Prostate 32 (8.4%) 8 (9.2%) 8 (7.6%) 16(8.4%)
Multiple Myeloma 27 (7.0%) 8 (9.2%) 4 (3.8%) 15 (7.9%)
Renal 25 (6.5%) 5 (5.7%) 8 (7.6%) 12 (6.3%)
Colorectal 19 (5.0%) 6 (6.9%) 4 (3.8%) 9 (4.7%)
Liver 16 (4.2%) 2 (2.3%) 7 (6.7%) 7 (3.7%)
Lymphoma 16 (4.2%) 7 (8.0%) 6 (5.7%) 3 (1.6%)
Tumor subtype

0 132(34.5%) 25 (28.7%) 36(34.3%) 71(37.2%)
1 24 (6.3%) 3(3.4%) 8 (7.6%) 13(6.8%)
2 69 (18.0%) 23 (26.4%) 18 (17.1%) 28 (14.7%)
3 26 (6.8%) 5(5.7%) 10 (9.5%) 11 (5.8%)
4 20 (5.2%) 5(5.7%) 4 (3.8%) 11(5.8%)

5 112 (29.2%) 26(29.9%) 29 (27.6%) 57 (29.8%)

Number of Vertebral Metastase!

1

74 (19.4%)

18 (20.7%)

22 (21.0%)

34 (18.0%)

2

>3

76 (19.9%)

231 (60.6%)

17(19.5%)

52(59.8%)

13 (12.4%)

70 (66.7%)

46 (24.3%)

109 (57.7%)

Number of Extra-Spinal

Metastases 151 (39.4%) 33 (37.9%) 46 (43.8%) 72(38.1%)
0 92 (24.0%) 20 (23.0%) 20 (19.0%) 52 (27.5%)
1-2 138 (36.0%) 34 (39.1%) 39 (37.1%) 65 (34.4%)
>3

Visceral Metastases

None 168 (44.1%) 32(36.8%) 55(52.4%) 81(42.9%) 0.008
Removable 14 (3.7%) 3 (3.4%) 8 (7.6%) 3(1.6%)
Unremovable 199 (52.2%) 52 (59.8%) 42(40.0%) 105 (55.6%)
‘ Pre-operative Frankel Score
Complete (Frankel A or B) 16 (4.2%) 5 (5.7%) 4 (3.8%) 7 (3.7%)

Incomplete (Frankel C or D)

209 (54.9%)

62 (71.3%)

59 (56.2%)

88 (46.6%)

Normal (Frankel E) 156 (40.9%) 20 (23.0%) 42(40.0%) 94 (49.7%) 0.001
‘ Modified Tokuhashi Score

0-8 213 (55.9%) 52(59.8%) 58 (55.2%) 103 (54.5%)

9-11 138 (36.2%) 27 (31.0%) 41 (39.0%) 70 (37.0%)

12-15 30 (7.9%) 8 (9.2%) 6 (5.7%) 16 (8.5%)
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TABLE 3 Surgical characteristics of patients.

Parameter

All Patients

2005-2010

2011-2016

10.3389/fonc.2023.1297553

2017-2021 p value

Location of Tumor
Cervical
Cervicothoracic Junction

Thoracic

22 (5.7%)
33 (8.6%)

167 (43.6%)

4 (4.6%)
3 (3.5%)

44 (50.6%)

6 (5.7%)
9 (8.6%)

40 (38.1%)

12 (6.3%)
21 (11.0%)

83 (43.5%)

Thoracolumbar Junction

56 (14.6%)

12 (13.8%)

17 (16.2%)

27 (14.1%)

Lumbar 67 (17.5%) 15 (17.2%) 26 (24.8%) 26 (13.6%)
Lumbosacral Junction 11 (2.9%) 4 (4.6%) 1 (0.9%) 6 (3.1%)
Sacral 3 (0.8%) 1 (1.2%) 0 (0.0%) 2 (1.1%)
Multiple 24 (6.3%) 5 (5.7%) 6 (5.7%) 13 (6.8%)
Type of Surgery

Stabilization only 71(19.1%) 11(12.8%) 33(31.7%) 27 (14.9%)

Stabilization and decompression

144 (37.6%)

57 (66.3%)

42 (40.4%)

45 (24.9%)

Separation Surgery 98 (26.4%) 6 (7.0%) 15 (14.4%) 77 (42.5%) <0.001
Partial Corpectomy 52 (13.6%) 9 (10.5%) 14 (13.5%) 29 (16.0%)

Complete Corpectomy 6 (1.6%) 3(3.5%) 0 (0.0%) 3 (1.7%)

Surgical Approach

Posterior 340 (91.4%) 78 (90.7%) 95(91.3%) 167 (91.8%)

Anterior 7 (1.9%) 0 (0.0%) 2 (1.9%) 5 (2.7%)

Combined 25 (6.7%) 8(9.3%) 7 (6.7%) 10 (5.5%)

Surgical Technique

Open 249 (67.1%) 86 (100%) 56(53.8%) 107 (59.1%)

Minimally invasive surgery 109 (29.4%) 0 (0.0%) 45(43.3%) 64 (35.4%) <0.001
Hybrid 13 (3.5%) 0 (0.0%) 3 (2.9%) 10 (5.5%)

Number of levels Instrumented 7(0-17) 7(0-14) 7(0-17) 6(0-16)

Mean (range)

Number of levels Decompressed 2(0-7) 2(0-6) 1(0-6) 2(0-7) p=0.01
Mean (range)

Pre-operative Angioembolization

Yes 59(15.4%) 15 (17.2%) 20 (19.0%) 24 (12.6%)

No 324 (84.6%) 72 (82.8%) 85 (81.0%) 167 (87.4%)

5.9%) and (8.4% vs 4.6%) respectively and more in keeping with
that of other centers worldwide. The mean age of presentation in
our cohort was 61 (26-87) years, which was similar to the findings of
Wright et al. (17) where the range of age of presentation was 58 to
62 years across all regions. Of note was the higher percentage of
female vs male patients in our cohort (199 (52%) vs 184 (48%))
respectively, while in other centers the percentage of male patients
ranged from 55-60%.

In a review of surgical trends in the treatment of spinal
metastases in the past ten years by Orenday-Barraza et al. (18),
there has been an increased trend of performing separation surgery
and utilizing minimally invasive techniques. When compared to
posterior decompression alone, anterolateral or circumferential
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decompression is associated with a higher chance of neurologic
improvement. Separation surgery via a posterior transpedicular
approach is used to achieve circumferential decompression
without the approach related complications of anterior or lateral
approaches. The advent of separation surgery has led to a decrease
in the use of non-posterior approaches to the thoracolumbar spine,
and these approaches were no longer utilized in the 2011-2016 and
2017-2021 period. Posterior decompression and stabilization were
previously the most common surgical type, with 57 (66.3%) patients
in Group 1 treated this way, however its use has declined and in
Group 3 this was the treatment of choice in only 24.9% of patients
in our center. There has been a significant increase in the use of
separation surgery to treat patients with spinal metastases from 6
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TABLE 4 Perioperative and postoperative outcomes.

10.3389/fonc.2023.1297553

Parameter All Patients 2005-2010 2011-2016 2017-2021 p value

Blood Loss mls(mean)(range) 720 (10-6400) 1061 664 (20-3500) 594 (10-6400) <0.001
(200-5500)

Total Transfusion mls(mean)(range) 340 (0-5500) 562 (0-3500) 349 (0-2730) 239 (0-5500) <0.001

Type of Blood Transfusion

No Blood Transfusion 206 (55.2%) 36 (44.4%) 61 (58.1%) 109 (58.3%) <0.001

Allogenic 109 (29.2%) 44 (54.3%) 36 (34.3%) 29 (15.5%)

Autogenic 55 (14.7%) 0 (0.0%) 8 (7.6%) 47 (25.1%)

Allogenic and Autogenic 3 (0.8%) 1(1.2%) 0 (0.0%) 2 (1.1%)

Duration of HD/SICU Stay 3 (0-36) 4 (0-20) 3(0-36) 2 (0-19) 0.026

Duration of Stay 24 (3-210) 20 (5-80) 25 (3-93) 25 (3-210)

Post-operative Neurology

Worsened 30 (7.8%) 8 (9.2%) 10 (9.5%) 12 (6.3%)

No Change 78 (20.4%) 36 (41.4%) 26 (24.8%) 16 (8.4%)

Improved or maintained normal neurology 275 (71.8%) 43 (49.4%) 69 (65.7%) 163 (85.3%) <0.001

Ambulatory Status Bedbound 34 (8.9%) 12 (13.8%) 12 (11.4%) 10 (5.2%)

Wheelchair bound 47 (15.3%) 8 (9.2%) 17 (16.2%) 22 (11.5%)

Walking Frame 60 (15.7%) 19 (21.8%) 15 (14.3%) 26 (13.6%)

Walking Stick 27 (7.0%) 5 (5.7%) 6 (5.7%) 16 (8.4%)

Ambulant with assistance/supervision 24 (6.3%) 10 (11.5%) 7 (6.7%) 7 (3.7%)

Independent 191 (49.9%) 33 (37.9%) 48 (45.7%) 110 (57.6%) 0.012

Medical Complication

Yes (%) 191 (49.9%) 38 (43.7%) 60 (57.1%) 93 (48.9%)

No (%) 192 (50.1%) 49 (56.3%) 45 (42.9%) 97 (51.1%)

Surgical Complication

Yes (%) 79 (20.7%) 13 (14.9%) 31 (29.5%) 35 (18.4%) 0.025

No (%) 303 (79.3%) 74 (85.1%) 74 (70.5%) 155 (81.4%)

Readmission within 1 month

Yes (%) 103 (30.4%) 22 (29.0%) 34 (36.6%) 47 (27.7%)

No (%) 236 (69.6%) 54 (71.0%) 59 (63.4%) 123 (72.3%)

HD/SICU, High Dependency/Surgical Intensive Care Unit.

(7.0%) patients in Group 1 to 77 (42.5%) patients in Group 3. An
example of a case treated with separation surgery is shown in
Figure 2. Minimally invasive techniques can be incorporated in
separation surgery via the use of percutaneous pedicle screw
fixation for stabilization and mini-open or tubular approaches for
decompression. Kumar et al. (9) found that separation surgery via a
mini-open approach with percutaneous pedicle screws compared to
open posterior instrumentation and separation surgery, was
associated with lower perioperative blood loss (602 mL vs 1008
mL) (P <.001), and a trend towards shorter hospital stay (10 days vs
18 days) (P = .098). There has been a significant increase in the use
of minimally invasive surgical techniques compared to traditional

Frontiers in Oncology

open techniques; in 2005-2010, hybrid or minimally invasive
techniques were not utilized, but in the 2017-2021 group, 64
(35.4%) patients had MIS surgery and 10 (5.5%) patients had
hybrid procedures. Kumar et al. (10) showed that patients treated
with percutaneous pedicle screw fixation had a significant reduction
in intraoperative blood loss and time to initiate radiotherapy after
surgery. In a meta-analysis by Lu et al. (19) minimally invasive spine
surgery in spinal metastases was associated with a significant
reduction in blood loss, length of stay, and incidence of
complications. In our cohort there was a significant reduction in
mean blood loss (p<0.001) and mean total blood transfusion
(p<0.001), and we attribute this to the increased use of minimally
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TABLE 5 Post-operative patient survival characteristics.

Parameter All Patients 2005-2010 2011-2016 2017-2021

p value

Median survival (months) (range.) 16(0-193) 19 (0-193) 14 (0-134) 17 (0-61)
Survival > 12 months

Yes 200 (52.2%) 44 (50.6%) 52(49.5%) 104 (54.5%)
No 183 (47.8%) 43 (49.4%) 53 (50.5%) 87 (45.5%)

Survival > 6 months

Yes 258 (67.4%) 57 (65.5%) 65 (61.9%) 136 (71.2%)

No 125 (32.6%) 30 (34.5%) 40 (38.1%) 55 (38.8%)

Survival > 3 months

Yes 315 (82.2%) 64 (73.6%) 82 (78.1%) 169 (88.5%) 0.004
No 68 (17.8%) 23 (26.4%) 23 (21.9%) 22 (11.5%)

Survival > 1 months

Yes 331 (86.4%) 67 (77.0%) 87 (82.9%) 177 (92.7%) 0.001
No 52 (13.6%) 20 (23.0%) 18 (17.1%) 14 (7.3%)

Survival

Shorter then prognosticated 44 (11.5%) 9 (11.0%) 14 (14.1%) 21 (11.0%)

Similar to prognosticated 131 (34.2%) 33 (40.2%) 32 (32.3%) 66 (34.6%)

Longer then prognosticated 197 (51.4%) 40 (48.8%) 53(53.5%) 104 (54.5%)

invasive techniques in treating our patients. Other contributing
factors include modifications in anesthetic techniques, the use of
antifibrinolytic agents and preoperative embolization (20-22). A
patient with multiple level vertebral involvement treated with
minimally invasive instrumentation for instability is shown
in Figure 3.

Allogenic blood transfusion is still the mainstay of treatment for
intraoperative blood loss, however the demand for allogenic blood
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FIGURE 1

Kaplan Meir Curve comparing survival between 3 groups (2005-
2010 vs 2011-2016 vs 2017-2021).
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often exceeds its supply and allogenic blood transfusion is not
without its complications. In a multicenter prospective review of
1601 patients by De la Garza et al. (23), patients who received a
transfusion had a significantly higher complication rate when
compared to non-transfused patients, (22.3% vs. 15.0%, P <
0.001) (24). These complications included sepsis, deep vein
thrombosis, and prolonged ventilation. Kumar et al. (25, 26) had
previously shown that a leukocyte depletion filter was able to
remove tumor cells or render them non-viable, making autogenic
blood transfusion via cell salvage unlikely to lead to dissemination
of tumor cells and metastases. We have increasingly made use of
intraoperative cell salvage and this has allowed us to avoid allogenic
blood transfusion in 25.1% of patients in Group 3 (27).
Significantly more patients in group 3 maintained normal
neurology or had improvements in their neurology (p<0.001) and
significantly more patients were able to ambulate independently
(p=0.012). This may be attributable to 2 changes in surgical
practice. Firstly, we have increasingly treated patients for spinal
instability secondary to spinal metastases, these patients largely
have normal neurology prior to surgery and surgical treatment is to
treat mechanical pain and prevent development of neurological
deficits due to spinal instability. Secondly, separation surgery is
increasingly practiced and this allowed anterior decompression of
the neural elements which is not possible with posterior
decompression alone (9). In patients who undergo separation
surgery more than 90% local control rate at 1 year has been
reported by Laufer et al. (28), and Cofano et al. (29) reported a
significantly higher rate of neurological improvement (94.1% vs
60.4%) in patients who underwent circumferential decompression
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FIGURE 2

(A—F) Showing patient with Non-Small Cell Lung Cancer metastatic
epidural spinal cord compression at T8 treated with separation surgery
and no anterior reconstruction or fusion. Post-operative imaging at 2
years show no evidence of construct failure. (A) Pre-operative Axial MRI
of T8 with Bilsky 2 cord compression. (B) Pre-operative T2 Sagittal MRI
with cord compression at T8. (C) Post-operative Axial MRI of T8
showing decompression of the spinal cord. (D) Post-operative Sagittal
MRI showing decompression at T8. (E) Post-operative AP radiograph at
2 years follow-up. (F) Post-operative lateral x-ray at 2 years.

rather than posterior decompression alone. Intraoperative
neuromonitoring has also become a standard of care in our
practice, due to its sensitivity and specificity in detecting
intraoperative neurological events and allowing the surgeon to
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take steps to reverse the causes of intraoperative neurological
events (13).

Surgical treatment of spinal metastases is associated with a
significant complication rate, in our cohort the medical
complication rate was 49.9% and the surgical complication rate
was 20.7%. Patients should be made aware of this as part of their
pre-surgical counselling. While there was a significant increase
in 1-month and 3-months survival in Group 2 and 3 (p<0.005),
there was no increase in overall survival. Patient survival is
influenced more by tumor histology and patient performance
status, rather than surgical type or invasiveness (8). However
even patients with a poor life expectancy or functional status
should not necessarily be denied surgical treatment, Dea et al.
(30) have found that even patients with less than 3 months life
expectancy experience an improvement in quality of life at 6
weeks and Amelot et al. (31) have found that patients with
ECOG scores of 3-4 can experience improvements in
neurological outcome and quality of life.

The treatment of spinal metastases is a multidisciplinary
endeavor requiring the consideration of multiple patient factors.
Various treatment algorithms and frameworks have been developed
to guide treatment of these patients (7, 32, 33). The NOMS
framework was one of the first modern treatment frameworks
devised (7). It considers the patients neurological, oncological,
mechanical, and systemic status, and its advantages include its
ease of recall and use. However, it does not explicitly state the
importance of other patient factors such as the number of and
location of spinal levels involved and the patient’s previous response
to chemotherapy. The LMNOP framework takes into account these
factors (32, 33). Its components include location and level of spinal
disease; mechanical instability; neurology; oncology; patient fitness,
prognosis, patient wishes and prior therapy. The location of spinal
metastases in the anterior or posterior column of the spine and level
of involvement directly involves surgical approach and patients
with multiple levels of involvement may need extension of
instrumentation or more than one procedure. Preoperative
therapy and prior response are also important to consider as a
patient who does not respond to previous systemic or local
treatments is likely to have a poorer prognosis. While the above
factors were considered prior to operative treatment in our patients,
a systemic approach with use of the above framework may be
beneficial in-patient care. This may also reduce the amount of
variability in treatment. It is also important to take into
consideration advances in therapy which may make these
frameworks out of date, however the basic components of the
NOMS and LMNOP framework still remain relevant.

Limitations of this study include the retrospective nature of the
study and lack of information on preoperative and postoperative
systemic therapy and response to systemic therapy of these patients.
We were thus unable to assess the effect of prior systemic therapy on
the 3 groups of patients especially on survival. Another limitation is
the variability of surgical practice due to the relatively large number
of surgeons. While indications for surgery and surgical practice
were largely consistent, there may have been differences in surgical
practice, such as levels of instrumentation and choices on whether
to include adjacent affected levels into the construct.
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FIGURE 3

Showing patient with Breast cancer and multiple level vertebral involvement. There were pathological fractures at T12 and L1, SINs score 14
respectively. At T10, the Sins score was 11 and at L4 the Sins Score was 8. Minimally Invasive Posterior Instrumentation was performed from T9 to L3
and vertebroplasty at L4. (A) Pre-operative T2 Sagittal MRl showing multiple levels of vertebral involvement. (B) Pre-operative Lumbar CT scan
showing multiple osteolytic lesions. (C) Post-operative Lateral radiograph.

5 Conclusion

Since Patchell’s landmark study in 2005, surgical treatment has
become the treatment of choice for MESCC and spinal instability.
While there has been no change in tumor epidemiology there has
been an increase in the surgical treatment of spinal metastases at
our center. Minimally invasive techniques and separation surgery
for spinal metastases have come to the forefront, with resultant
decreases in blood loss and allogenic transfusion and improvement
in neurological and ambulatory outcomes. While patient survival
has improved at 1 and 3 months, surgery does not improve overall
survival. The decision for surgery should be made in a
multidisciplinary manner and even patients with poor survival
prognosis and poor performance scores should not be as excluded
as they may significantly benefit from surgery.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by NHG
Domain Specific Review Board. The studies were conducted in
accordance with the local legislation and institutional requirements.
Written informed consent for participation was not required
from the participants or the participants’ legal guardians/next
of kin in accordance with the national legislation and
institutional requirements.

Frontiers in Oncology

10

Author contributions

JT: Conceptualization, Data curation, Formal analysis, Funding
acquisition, Investigation, Methodology, Project administration,
Resources, Software, Supervision, Validation, Visualization, Writing
— original draft, Writing - review & editing. JH: Conceptualization,
Data curation, Formal analysis, Funding acquisition, Investigation,
Methodology, Project administration, Resources, Software,
Supervision, Validation, Visualization, Writing - original draft,
Writing - review & editing. RL: Data curation, Formal analysis,
Investigation, Methodology, Project administration, Resources,
Visualization, Writing — original draft. YC: Conceptualization,
Formal analysis, Funding acquisition, Methodology, Resources,
Software, Visualization, Writing — original draft, Writing — review
& editing. TT: Data curation, Formal analysis, Investigation,
Methodology, Project administration, Resources, Visualization,
Writing - original draft. SA: Data curation, Formal analysis,
Investigation, Methodology, Project administration, Resources,
Visualization, Writing - original draft. LT: Data curation, Formal
analysis, Investigation, Methodology, Project administration,
Resources, Visualization, Writing - original draft. JWIT: Data
curation, Formal analysis, Investigation, Methodology, Project
administration, Resources, Visualization, Writing — original draft.
QS: Data curation, Formal analysis, Investigation, Methodology,
Project administration, Resources, Visualization, Writing — original
draft. DH: Data curation, Formal analysis, Investigation,
Methodology, Project administration, Resources, Supervision,
Validation, Visualization, Writing - original draft. LL: Data
curation, Formal analysis, Investigation, Methodology, Project
administration, Resources, Supervision, Validation, Visualization,
Writing - original draft. JT: Data curation, Formal analysis,
Investigation, Methodology, Project administration, Resources,

frontiersin.org


https://doi.org/10.3389/fonc.2023.1297553
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Tan et al.

Supervision, Validation, Visualization, Writing - original draft. HW:
Data curation, Formal analysis, Investigation, Methodology, Project
administration, Resources, Supervision, Validation, Visualization,
Writing - original draft. GL: Data curation, Formal analysis,
Investigation, Methodology, Project administration, Resources,
Supervision, Validation, Visualization, Writing — original draft. NK:
Conceptualization, Data curation, Formal analysis, Funding
acquisition, Investigation, Methodology, Project administration,
Resources, Software, Supervision, Validation, Visualization,
Writing - original draft, Writing — review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This study
was supported by the Singapore Ministry of Health National
Medical Research Council under the NMRC Clinician-scientist
individual research grant, new investigator grant (CS-IRG NIG

References

1. Aebi M. Spinal metastasis in the elderly. Eur Spine J (2003) 12 Suppl 2:5202-13.
doi: 10.1007/s00586-003-0609-9

2. Patchell RA, Tibbs PA, Regine WF, Payne R, Saris S, Kryscio RJ, et al. Direct
decompressive surgical resection in the treatment of spinal cord compression caused by
metastatic cancer: a randomized trial. Lancet (2005) 366:643-8. doi: 10.1016/S0140-
6736(05)66954-1

3. Yoshihara H, Yoneoka D. Trends in the surgical treatment for spinal metastasis
and the in-hospital patient outcomes in the United States from 2000 to 2009. Spine |
(2014) 14:1844-9. doi: 10.1016/j.spinee.2013.11.029

4. Fisher CG, DiPaola CP, Ryken TC, Bilsky MH, Shaffrey CI, Berven SH, et al. A novel
classification system for spinal instability in neoplastic disease: an evidence-based approach
and expert consensus from the Spine Oncology Study Group. Spine (Phila Pa 1976) (2010) 35
(22):E1221-9. doi: 10.1097/BRS.0b013e3181e16ae2

5. Huisman M, van der Velden JM, van Vulpen M, van den Bosch MA, Chow E,
Oner FC, et al. Spinal instability as defined by the spinal instability neoplastic score is
associated with radiotherapy failure in metastatic spinal disease. Spine J (2014)
14:2835-40. doi: 10.1016/j.spinee.2014.03.043

6. Hussain I, Barzilai O, Reiner AS, DiStefano N, McLaughlin L, Ogilvie S, et al.
Patient-reported outcomes after surgical stabilization of spinal tumors: symptom-based
validation of the Spinal Instability Neoplastic Score (SINS) and surgery. Spine J (2018)
18:261-67. doi: 10.1016/j.spinee.2017.07.008

7. Laufer I, Rubin DG, Lis E, Cox BW, Stubblefield MD, Yamada Y, et al. The NOMS
framework: approach to the treatment of spinal metastatic tumors. Oncologist (2013)
18:744-51. doi: 10.1634/theoncologist.2012-0293

8. Kumar N, Malhotra R, Zaw AS, Maharajan K, Naresh N, Kumar A, et al.
Evolution in treatment strategy for metastatic spine disease: Presently evolving
modalities. Eur J Surg Oncol (2017) 43:1784-801. doi: 10.1016/j.€js0.2017.05.006

9. Kumar N, Tan JH, Thomas AC, Tan JYH, Madhu S, Shen L, et al. The Utility of
‘Minimal Access and Separation Surgery' in the Management of Metastatic Spine
Disease. Global Spine ] (2022) 13(7):1793-802. doi: 10.1177/21925682211049803

10. Kumar N, Malhotra R, Maharajan K, Zaw AS, Wu PH, Makandura MC, et al.
Metastatic Spine Tumor Surgery: A Comparative Study of Minimally Invasive Approach
Using Percutaneous Pedicle Screws Fixation Versus Open Approach. Clin Spine Surg (2017)
30:E1015-€21. doi: 10.1097/BSD.0000000000000400

11. Bilsky MH, Boland P, Lis E, Healey JH. Single-stage posterolateral transpedicle
approach for spondylectomy, epidural decompression, and circumferential fusion of
spinal metastases. Spine (Phila Pa 1976) (2000) 25:2240-9. doi: 10.1097/00007632-
200009010-00016

12. Laufer I, Torgulescu JB, Chapman T, Lis E, Shi W, Zhang Z, et al. Local disease
control for spinal metastases following "separation surgery" and adjuvant
hypofractionated or high-dose single-fraction stereotactic radiosurgery: outcome
analysis in 186 patients. ] Neurosurg Spine (2013) 18:207-14. doi: 10.3171/
2012.11.SPINE12111

Frontiers in Oncology

11

10.3389/fonc.2023.1297553

2020); Grant Title: Deep learning pathway for the management of
spine metastases (CNIG20nov-0011, MOH-000725).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

13. Kumar N, GV, Ravikumar N, Yin ML, Patel RS, Naresh N, et al. Intraoperative
Neuromonitoring (IONM): Is There a Role in Metastatic Spine Tumor Surgery? Spine
(Phila Pa 1976) (2019) 44:E219-€24. doi: 10.1097/BRS.0000000000002808

14. Elmalky M, Yasin N, Rodrigues-Pinto R, Stephenson J, Carroll C, Smurthwaite G,
et al. The safety, efficacy, and cost-effectiveness of intraoperative cell salvage in metastatic
spine tumor surgery. Spine J (2017) 17:977-82. doi: 10.1016/j.spinee.2017.03.004

15. Tokuhashi Y, Matsuzaki H, Oda H, Oshima M, Ryu J. A revised scoring system
for preoperative evaluation of metastatic spine tumor prognosis. Spine (Phila Pa 1976)
(2005) 30:2186-91. doi: 10.1097/01.brs.0000180401.06919.a5

16. White MC, Holman DM, Boehm JE, Peipins LA, Grossman M, Henley SJ. Age and
cancer risk: a potentially modifiable relationship. Am J Prev Med (2014) 46(3 Suppl 1):S7-15.
doi: 10.1016/j.amepre.2013.10.029

17. Wright E, Ricciardi F, Arts M, Buchowski JM, Chung CK, Coppes M, et al.
Metastatic Spine Tumor Epidemiology: Comparison of Trends in Surgery Across Two
Decades and Three Continents. World Neurosurg (2018) 114:e809-e17. doi: 10.1016/
j-wneu.2018.03.091

18. Orenday-Barraza JM, Cavagnaro MJ, Avila MJ, Strouse IM, Dowell A, Kisana H.
10-Year Trends in the Surgical Management of Patients with Spinal Metastases: A Scoping
Review. World Neurosurg (2022) 157:170-86.¢3. doi: 10.1016/j.wneu.2021.10.086

19. Lu VM, Alvi MA, Goyal A, Kerezoudis P, Bydon M. The Potential of Minimally
Invasive Surgery to Treat Metastatic Spinal Disease versus Open Surgery: A Systematic
Review and Meta-Analysis. World Neurosurg (2018) 112:¢859-€68. doi: 10.1016/
j-wneu.2018.01.176

20. Bible JE, Mirza M, Knaub MA. Blood-loss Management in Spine Surgery. ] Am
Acad Orthop Surg (2018) 26(2):35-44. doi: 10.5435/JAAOS-D-16-00184

21. Damade C, Tesson G, Gilard V, Vigny S, Foulongne E, Gauthe R, et al. Blood
loss and perioperative transfusions related to surgery for spinal tumors. Relevance
of tranexamic acid. Neurochirurgie (2019) 65:377-81. doi: 10.1016/
j.neuchi.2019.05.003

22. Zhang ], Kumar NS, Tan BWL, Shen L, Anil G. Pre-operative embolization of
spinal tumors: neither neglect the neighbor nor blindly follow the gold standard.
Neurosurg Rev (2019) 42:951-59. doi: 10.1007/s10143-018-1003-8

23. De la Garza Ramos R, Gelfand Y, Benton JA, Longo M, Echt M, Yanamadala V,
et al. Rates, Risk Factors, and Complications of Red Blood Cell Transfusion in
Metastatic Spinal Tumor Surgery: An Analysis of a Prospective Multicenter Surgical
Database. World Neurosurg (2020) 139:e308-e15. doi: 10.1016/j.wneu.2020.03.202

24. Zaw AS, Kantharajanna SB, Maharajan K, Tan B, Saparamadu AA, Kumar N.
Metastatic spine tumor surgery: does perioperative blood transfusion influence
postoperative complications? Transfusion (2017) 57:2790-98. doi: 10.1111/trf.14311

25. Kumar N, Lam R, Zaw AS, Malhotra R, Tan J, Tan G, et al. Flow cytometric
evaluation of the safety of intraoperative salvaged blood filtered with leucocyte
depletion filter in spine tumor surgery. Ann Surg Oncol (2014) 21:4330-5. doi:
10.1245/510434-014-3950-9

frontiersin.org


https://doi.org/10.1007/s00586-003-0609-9
https://doi.org/10.1016/S0140-6736(05)66954-1
https://doi.org/10.1016/S0140-6736(05)66954-1
https://doi.org/10.1016/j.spinee.2013.11.029
https://doi.org/10.1097/BRS.0b013e3181e16ae2
https://doi.org/10.1016/j.spinee.2014.03.043
https://doi.org/10.1016/j.spinee.2017.07.008
https://doi.org/10.1634/theoncologist.2012-0293
https://doi.org/10.1016/j.ejso.2017.05.006
https://doi.org/10.1177/21925682211049803
https://doi.org/10.1097/BSD.0000000000000400
https://doi.org/10.1097/00007632-200009010-00016
https://doi.org/10.1097/00007632-200009010-00016
https://doi.org/10.3171/2012.11.SPINE12111
https://doi.org/10.3171/2012.11.SPINE12111
https://doi.org/10.1097/BRS.0000000000002808
https://doi.org/10.1016/j.spinee.2017.03.004
https://doi.org/10.1097/01.brs.0000180401.06919.a5
https://doi.org/10.1016/j.amepre.2013.10.029
https://doi.org/10.1016/j.wneu.2018.03.091
https://doi.org/10.1016/j.wneu.2018.03.091
https://doi.org/10.1016/j.wneu.2021.10.086
https://doi.org/10.1016/j.wneu.2018.01.176
https://doi.org/10.1016/j.wneu.2018.01.176
https://doi.org/10.5435/JAAOS-D-16-00184
https://doi.org/10.1016/j.neuchi.2019.05.003
https://doi.org/10.1016/j.neuchi.2019.05.003
https://doi.org/10.1007/s10143-018-1003-8
https://doi.org/10.1016/j.wneu.2020.03.202
https://doi.org/10.1111/trf.14311
https://doi.org/10.1245/s10434-014-3950-9
https://doi.org/10.3389/fonc.2023.1297553
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Tan et al.

26. Kumar N, Zaw AS, Khoo BL, Nandi S, Lai Z, Singh G, et al. Intraoperative cell
salvage in metastatic spine tumor surgery reduces potential for reinfusion of viable
cancer cells. Eur Spine J (2016) 25:4008-15. doi: 10.1007/s00586-016-4478-4

27. Kumar N, Tan JYH, Chen Z, Ravikumar N, Milavec H, Tan JH. Intraoperative
cell-salvaged autologous blood transfusion is safe in metastatic spine tumor surgery:
early outcomes of prospective clinical study. Eur Spine J (2023) 13(7):1793-802. doi:
10.1007/s00586-023-07768-4

28. Laufer II, Torgulescu JB, Chapman TT, Lis E, Shi W, Zhang Z, et al. Local disease
control for spinal metastases following “separation surgery” and adjuvant hypofractionated
or high-dose single-fraction stereotactic radiation therapy: Outcomes Analysis in 186
patients. J Neurosurg Spine (2013) 18:207-14. doi: 10.3171/2012.11.SPINE12111

29. Cofano F, Di Perna G, Alberti A, Baldassarre BM, Ajello M, Marengo N, et al.
Neurological outcomes after surgery for spinal metastases in symptomatic patients:
Does the type of decompression play a role? A comparison between different strategies
in a 10-year experience. ] Bone Oncol (2021) 26:100340. doi: 10.1016/j.jb0.2020.100340

Frontiers in Oncology

12

10.3389/fonc.2023.1297553

30. Dea N, Versteeg AL, Sahgal A, Verlaan J-J, Charest-Morin R, Rhines L, et al.
Metastatic Spine Disease: Should Patients With Short Life Expectancy Be Denied
Surgical Care? An International Retrospective Cohort Study. Neurosurgery (2020)
87:303-11. doi: 10.1093/neuros/nyz472

31. Amelot A, Terrier LM, Le Nail LR, Buffenoir K, Cook A-R, Frangois P, et al.
Spine Metastasis: Patients With Poor Performance Status (ECOG) Could benefit From
Palliative Surgical Care! A Prospective Cohort Study. Spine (Phila Pa 1976) (2023)
48:476-83. doi: 10.1097/BRS.0000000000004568

32. Paton GR, Frangou E, Fourney DR. Contemporary treatment strategy for spinal
metastasis: the "LMNOP" system. Can ] Neurol Sci (2011) 38(3):396-403. doi: 10.1017/
S031716710001177X

33. Ivanishvili Z, Fourney DR. Incorporating the Spine Instability Neoplastic Score
into a Treatment Strategy for Spinal Metastasis: LMNOP. Global Spine J (2014) 4
(2):129-35. doi: 10.1055/s-0034-1375560

frontiersin.org


https://doi.org/10.1007/s00586-016-4478-4
https://doi.org/10.1007/s00586-023-07768-4
https://doi.org/10.3171/2012.11.SPINE12111
https://doi.org/10.1016/j.jbo.2020.100340
https://doi.org/10.1093/neuros/nyz472
https://doi.org/10.1097/BRS.0000000000004568
https://doi.org/10.1017/S031716710001177X
https://doi.org/10.1017/S031716710001177X
https://doi.org/10.1055/s-0034-1375560
https://doi.org/10.3389/fonc.2023.1297553
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Trends in surgical management of spinal metastases in a Singaporean tertiary referral center: a 17-year retrospective review
	1 Introduction
	2 Materials and methods
	3 Results
	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


