Check for
updates

ASIAN SPINE JOURNAL
Clinical Study

Asian Spine ] 2018;12(5):919-926 » https://doi.org/10.31616/asj.2018.12.5.919

Prognosis of Single Spinal Metastatic Tumors:
Predictive Value of the Spinal Instability Neoplastic
Score System for Spinal Adverse Events
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Study Design: This was a retrospective cohort study.

Purpose: We evaluated the predictive value of the Spinal Instability Neoplastic Score (SINS) system for spinal adverse events (SAEs)
in patients with single spinal metastatic tumor.

Overview of Literature: The SINS system was developed to assess spinal instability in patients with single metastatic spinal tumor.
However, the system’s potential predictive value for SAEs has been partially studied.

Methods: This system was applied to a retrospective cohort of 78 patients with single spinal metastatic tumors. The patients under-
went surgical treatment and were postoperatively followed up for at least 2 years or until death. The attribution of each score and
total SINS to SAE (vertebral compression fracture [VCF] and spinal cord compression [SCC]) occurrence was assessed using the Cox
proportional hazards model.

Results: SAEs occurred on average 7 months after diagnosis of spinal metastasis. The mean survival rate post diagnosis was 43
months. Multivariate analysis using the Cox proportional hazards model revealed that the pain (p=0.029) and spinal alignment (p=0.001)
scores were significantly related to VCF occurrence, whereas the pain (p=0.008) and posterolateral involvement (p=0.009) scores were
related to SCC occurrence.

Conclusions: Among the components of the SINS system, while pain and spinal alignment showed a significant association with

VCF occurrence, pain and posterolateral involvement showed association with SCC occurrence.
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Introduction

The most common site for malignant skeletal metastasis
is the spine, and the incidence of spinal metastasis is in-
creasing due to improved survival rates in cancer patients
[1,2]. Spinal adverse events (SAEs), including vertebral
compression fracture (VCF) and spinal cord compression

(SCC), reduce the quality of life in cancer patients with
spinal metastasis [3]. To predict such SAEs and ensure ap-
propriate treatment is timely administered, it is important
to identify factors related to them.

Spinal instability is an important factor in VCF and
SCC occurrence in patients with spinal metastasis [4].
To assess spinal instability and improve communication
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among specialists involved in the treatment of neoplastic
spinal disease, the Spinal Oncology Study Group (SOSG)
published the Spinal Instability Neoplastic Score (SINS)
system in 2010 [5]. A few studies reported moderate to
near-perfect reliability of this system [6-10]. Since its
introduction, the SINS system has been widely used to
classify the degree of spinal instability and facilitate earlier
referral of patients requiring surgical intervention for spi-
nal instability [11,12].

However, currently, the predictive value of the SINS
system is controversial [13]. Several studies showed con-
flicting results on investigation of the predictive value of
the SINS system for VCF occurrence after radiotherapy
[14-21]. In addition, there is lack of evidence of the asso-
ciation between SINS and SCC occurrence, another SAE
that markedly influences the quality of life of patients with
spinal metastasis. Therefore, further evaluation of the pre-
dictive value of the SINS system is warranted. The aim of
this study was to validate the ability of the SINS system to
predict SAEs (VCF and SCC) in patients requiring surgi-
cal intervention.

Materials and Methods

A consecutive series of patients with single spinal meta-
static tumors who underwent surgical treatment for
metastasis from January 2008 to December 2009 were
retrieved from the database of the picture archiving and
communication system and electronic medical record
system in the authors’ hospital using formulated queries
comprising relevant keywords. Patients who were alive
at the final follow-up but had a follow-up of <24 months
were excluded from the study. Because this study was
based on a retrospective review of past medical records,
it did not require informed consent from the included
patients; however, it was approved by the institutional
review board of Seoul National University Hospital (IRB
approval no., H-1408-134-607).

Patients in whom spinal lesion was the initial presenta-
tion of malignancy, diagnosis of spinal metastasis was
confirmed by biopsy, whereas those who were treated and
followed up after tissue diagnosis of malignancy at the
primary site, spinal metastasis was diagnosed by typical
magnetic resonance imaging (MRI) radiological findings.
The decision to perform surgery was made in a weekly
tumor board meeting of various specialists involved in the
treatment of spinal metastasis. Multiple factors, including
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each patient’s primary cancer, performance and clinical
status, and the predicted survival period, were considered
in the decision making. Clinically, patients with severe
pain affecting daily activities and ambulation or neuro-
logic deficits caused by spinal metastasis were candidates
for surgical treatment. In addition, a single metastatic le-
sion of the malignancy with favorable prognosis, such as
thyroid or breast cancer, was another surgical indication.

We collected demographic data of the patients, includ-
ing age, sex, and primary site of malignancy. The SINS
system was applied to the clinical and radiological status
of the patients during diagnosis of spinal metastasis. The
survival periods after malignancy diagnosis and spinal
metastasis detection were evaluated during follow-up.
In addition, the occurrence of two SAEs, VCF and SCC,
was evaluated. These SAEs were clinically and radiologi-
cally diagnosed using findings of imaging studies, such as
simple radiographs, computed tomography, and MRI, and
were interpreted by an independent radiologist. However,
in patients who previously had vertebral collapse during
spinal metastasis detection, further progression of col-
lapse was regarded as an SAE defined as a decrease in the
vertebral body height by >10% compared with that during
previous imaging studies.

For statistical evaluation, we assessed the attribution of
each score and total SINS for VCF and SCC occurrence by
univariate analysis using the log rank test. To determine
the combined effect of factors found to be significant in
the univariate analysis, we applied multivariate analysis
of the Cox proportional hazards model. Factors with a
p-value of <0.10 in the univariate analysis were used for
multivariate analysis, and p-values <0.05 were considered
statistically significant. For statistical analysis, IBM SPSS
statistics ver. 23.0 (IBM Corp., Armonk, NY, USA) was
used.

Results

From January 2008 to December 2009, 78 patients were di-
agnosed with single spinal metastatic tumor in the authors’
hospital. Table 1 summarizes the patients’ demographic
information and application of treatments. The gastro-
intestinal system was the most common site of primary
malignancy, followed by the breast. The survival rate after
diagnosis of spinal metastasis differed based on the prima-
ry malignancy, i.e., patients with breast cancer survived for
on average 6.5 years, whereas those with pancreatic cancer
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Table1. Spinal Instability Neoplastic Score system

Spinal Instability Neoplastic Score component  Score

Location
Junctional (occiput=C2, C7-T2, T11-L1, L5-S1) 3
Mobile spine (C3—C6, L2—L4) 2
Semi rigid (T3-T10) 1
Rigid (S2-S5) 0
Pain”
Yes 3
Occasional pain but not mechanical 1
Pain-free lesion 0
Bone lesion
Lytic 2
Mixed (lytic/blastic) 1
Blastic 0
Radiographic spinal alignment
Subluxation/translation present 4
De novo deformity (kyphosis/scoliosis) 2
Normal alignment 0

Vertebral body collapse

>50% collapse 3
<50% collapse 2
No collapse with >50% body involved 1
None of the above 0

Posteralateral involvement of spinal elements”

Bilateral 3
Unilateral 1
None of the above 0

“Pain improvement with recumbency and/or pain with movement/
loading of spine. "Facet, pedicle, or costovertebral joint fracture or
replacement with tumor.

survived for on average only 0.5 years (Table 2).

During diagnosis of spinal metastasis, the distribution
of patients into groups according to the SINS system was
as follows: stable (n=31, SINS<7), impending instability
(n=44, SINS=7-12), and instability (n=3, SINS>12). SAEs
occurred on average 7 months after diagnosis of spinal
metastasis. Of the 78 patients, 24 experienced SAEs dur-
ing the follow-up, 21 had VCE 12 had SCC, and nine con-
comitantly showed both conditions (Table 3).

Table 4 summarizes the results of the univariate and
multivariate survival analyses using the Cox proportional
hazards model. The multivariate analysis showed a signifi-
cant correlation between the pain (p=0.008) and postero-

Table 2. Demographic data and treatment applications

Characteristic Value
Sex

Male 39

Female 39
Age (yr) 55+13
Region of spinal metastasis

Cervical 9

Thoracic 43

Lumbar 26
Treatment for spinal metastasis
CTx alone 26
RTx alone 20
CTx+RTx 30
None 2

Values are presented as number or meansstandard deviation.
CTx, chemotherapy; RTx, radiotherapy.

lateral involvement (p=0.009) scores and SCC occurrence
(Table 4, Fig. 1) and between the pain (p=0.029) and
alignment (p=0.001) scores and VCF occurrence (Table 4,
Fig. 2). The classification into three groups (stability, im-
pending stability, and instability) based on total SINS was
not related to SAE occurrence, except for the univariate
analysis for VCF occurrence (Table 4). Besides the SINS
system, we used the Cox proportional hazards model to
evaluate treatment options for spinal metastasis for asso-
ciation with SAEs, but we found no statistical significance
(p=0.45).

We also evaluated SAE occurrence based on the types
of treatment the patients received for spinal metastasis
(Table 3). Crosstab analysis of treatment types on SAE oc-
currence using linear-by-linear association showed no sta-
tistical significance (p=0.141). Classification of patients by
treatment type into chemoradiotherapy, chemotherapy-
only, radiotherapy-only, and no-treatment groups was not
associated with VCF and SCC occurrence when assessed
by the univariate analysis of the Cox proportional hazards
model (VCE, p=0.974; SCC, p=0.874).

Discussion

SAEs are a major concern for oncologists and other spe-
cialists managing patients with spinal metastasis. Emerg-
ing therapies such as spine stereotactic body radiotherapy
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Table 3. Survival periods according to primary malignancy

Primary cancer Frequency (%) Overall survival (yr) Survival after spinal metastasis (yr)

Breast Breast 20(25.6) 8.2+7.7 6.5+7.3
Lung Lung 18(23.1) 1.2409 1.1+0.8
Gastrointestinal (n=25, 32.1%) Liver 8(10.3) 29+1.8 27+1.6
Stomach 5(6.4) 1.9+2.3 1.8+2.3
Colorectal 5(6.4) 0.8+0.5 0.5£0.5
Esophagus 4(5.1) 1.6+1.6 1.10+1.3
Pancreas 3(3.8) 0.5+0.3 0.3+0.2
Genitourinary (n=10, 12.8%) Kidney 6(7.7) 3.0+22 22413
Prostate 2(2.6) 3.442.1 3.3¢2.2
Uterus 2(2.6) 15+1.8 1.1+1.2
Endocrine (n=3, 3.9%) Thyroid 2(2.6) 6.4+1.1 3.7+2.7
Parathyroid 1(1.3) 29 2.5
Extremity Sarcoma 2(2.6) 1.6+0.5 1.6+0.5
Total 78(100.0) 3.645.0 3.0+4.5

Values are presented as number or meansstandard deviation, unless otherwise stated.

Table 4. Summary of SAE according to treatment

Variable VCF (A) SCC (B) VCF+SCC (C) Patients with SAE (A+B-C) Total no. of patients
RTx alone 6 2 1 7 20
CTx alone 8 5 4 9 26
CTx+RTx 6 4 3 7 30
None 1 1 1 1 2
Total 21 12 9 24 78

SAE, spinal adverse events; VCF, vertebral compression fracture; SCC, spinal cord compression; RTx, radiotherapy; CTx, chemotherapy.
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Fig. 1. Survival function graph for spinal cord compression according to the pain score (A) and posterolateral component in-
volvement (B).
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Fig. 2. Survival function graph for vertebral compression according to the pain score (A) and radiographic spinal alignment (B).

(SBRT) have drawn attention to SAE occurrences [22].
More than two decades ago, Mirels [23] proposed some
useful criteria for long bone metastasis, which help physi-
cians predict the risk of pathologic fracture in patients
with long bone metastasis and provide guidance on
whether prophylactic fixation should be used to avoid the
debilitating complication of pathologic fracture. However,
selecting the most helpful treatment options for patients
with spinal metastasis continues to be challenging for
spine surgeons and oncologists because of the lack of
knowledge to determine the prognosis for patients with
spinal metastasis, particularly regarding the risk of VCF
and SCC.

There have been many efforts to evaluate and classify
the stability of spine with metastatic lesions. Harrington
classified spinal metastases into five categories on the
basis of bone and neurologic involvement and suggested
treatment options for each category [24]. Further, Kostuik
et al. [25] proposed a six-column system to develop spinal
instability criteria, and Taneichi et al. [26] investigated the
risk factors for and probability of vertebral body collapse
in the thoracolumbar spine with metastatic lesions. How-
ever, none of these classification systems has been com-
pletely validated or widely used in a clinical setting, and
systemic review of this issue has not reached a definitive
conclusion [4].

To assess spinal instability and improve communication
between physicians and other specialists involved in the
treatment of neoplastic spinal disease, in 2010, the SOSG
proposed the SINS system on the basis of questionnaires

compiled by a group of experts using the modified Delphi
technique [5] (Table 5). A few studies reported moder-
ate to near-perfect reliability of the SINS system [6-10].
Near-perfect intra- and inter-observer reliabilities of this
system were also observed when members of the SOSG
determined three clinically relevant categories of stability
[6]. A few authors reported substantial to excellent inter-
and intra-observer reliability of total SINS [7,8], but some
suggested that the degree of reliability depends on the
evaluators’ experience and varies among different special-
ties [9,10].

Since its introduction, the SINS system has been widely
used to classify the degree of spinal instability and facili-
tate early referral of patients requiring surgical interven-
tion for spinal instability. In 2013, the American Academy
of Orthopedic Surgeons introduced SINS as a classifica-
tion system of spinal instability in an instructional course
lecture for general practitioners [11]. Versteeg et al. [12]
found a decrease in total SINS in the cohort after the
introduction of the SINS system, explained by increased
awareness of spinal instability and earlier referral to a spi-
nal surgeon.

Despite the clinical effect of the SINS system mentioned
earlier, its prognostic or predictive value is yet to be vali-
dated. Several authors reported the predictive value of the
SINS system for VCF occurrence after radiotherapy [14-
19]. In these studies, the factors found to be associated
with VCF occurrence or progression after radiotherapy
included a lytic tumor [14,15], malalignment [14,15], pre-
existing VCF [15,16,21], and total SINS [17-19]. On the
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Table 5. Summary of Cox regression analysis for spinal adverse events

Crude HR on univariate
analysis (95% Cl)

Spinal adverse events

p-value
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Adjusted HR on multivariate

analysis (95% Cl) AREI

Vertebral compression fracture

Pain
0 1.00
1 1.99 (0.45-16.27)
3 7.53(1.02-59.94)
Alignment
0 1.00
2 2.78 (1.84-4.20)
Total SINS score
<7 1.00
>7-12 3.93(1.10-14.03)
>12 11.81(1.09-98.42)
Spinal cord compression
Pain
0 1.00
1 1.35(0.81-3.45)
3 9.35(1.30-18.23)

Posterolateral involvement
0
1

1.00
2.02(0.21-19.44)

0.014

0.001

0.032

0.006

0.001

0.735

1.00
0.81(0.08-8.11)
5.12(0.45-33.78)

1.00
7.69(2.13-15.48)

1.00
0.577(0.09-3.72)
0.94 (0.04-24.70)

1.00
1.08 (0.54-2.89)
6.24 (1.60-24.37)

1.00
1.11(0.11-11.02)
10.89 (1.09-68.59)

1.00
>1,000

0.029

0.001

0.765

0.008

0.009

0.812

3 16.52 (2.02—-45.40)
Total SINS score

<7 1.00

>7-12 >1,000

>12 >1,000

>1,000

HR, hazard ratio; Cl, confidence interval; SINS, spine instability neoplastic score.

other hand, other studies showed no association between
SINS and VCF occurrence [20,21]. However, other studies
investigated prolonged survival after surgical treatment
for spinal metastasis but found no prognostic value of
SINS [27-29]. However, these studies were limited only to
patients receiving a specific treatment such as radiothera-
py or surgery and lacked unstable cases (SINS>12).
Therefore, through the current study, we aimed to elu-
cidate the predictive value of the SINS system for SAE
occurrence in patients with spinal metastasis. The compo-
sition of patients in our cohort distinguishes us from the
previous studies. Only patients with single spinal meta-
static tumors were included in the study to control con-
founding factors. Our cohort showed normal distribution
of SINS (Kolmogorov-Smirov test, p=0.01) with unstable

cases (SINS>12) included. In addition, because the cohort
comprised patients who underwent different treatments,
the results of the study may better represent the natural
course of the complete population with spinal metastasis.
Furthermore, this study evaluated the association between
the SINS system and SCC occurrence, another important
SAE, which was not studied in previous reports.

This study showed that VCF and SCC were detected on
average 7 months after the detection of spinal metastasis;
this result is not much different from the study that re-
ported that skeletal-related events are known to occur on
average 6 months after diagnosis of spinal metastasis. The
survival rate after diagnosis of spinal metastasis differed
depending on the primary tumor. A favorable prognosis
of breast and thyroid cancers suggests more aggressive
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treatment in these patients.

Among the six components of the SINS system, three
(pain, alignment, and posterolateral involvement) showed
a statistically significant relation with SAE occurrence.
Considering that the pain score was associated with VCF
and SCC occurrence, clinicians who manage cancer pa-
tients should pay more attention to patients’ axial pain-
related complaints, particularly mechanical. Certain ra-
diographic features of spinal metastasis also provide some
clues to the possibility of subsequent SAEs and deserve
additional attention during follow-up. Previous studies
reported the association of spinal malalignment with VCF
in patients with spinal metastasis treated by SBRT [14,15].
Some studies also showed that metastatic lesions involv-
ing a posterolateral spinal element, including the lamina,
are prone to causing epidural SCC [30]. On the basis of
these results, prophylactic surgical intervention might be
considered for patients showing malalignment or postero-
lateral involvement in imaging studies to prevent SAEs.
However, further studies are warranted to draw a conclu-
sion and justify such an approach.

In our study, grouping based on total SINS was not
statistically related to SAE occurrence in the Cox propor-
tional hazards model, except for the univariate analysis
for VCF occurrence (p=0.032). Previous studies showed
conflicting results regarding the association between total
SINS and VCF occurrence. Some studies reported statisti-
cally significant association between total SINS or group-
ing of SINS and VCF after SBRT [17-19], whereas others
found no significance [15,20]. In particular, Sahgal et al.
[15] reported that certain components of the SINS system,
i.e., alytic tumor, spinal misalignment, and baseline verte-
bral collapse, rather than total SINS, were risk factors for
VCF occurrence or progression, implying that particular
clinical or radiological findings must not be overlooked,
even in patients with a low total SINS. However, to in-
clude the variety in the disease course across different
types of tumors and to provide detailed evidence to pre-
dict the risk of SAEs requiring surgical intervention, more
prospective studies with a larger volume are necessary.

Conclusions

This study aimed to validate the ability of the SINS system
to predict SAEs requiring surgical intervention. Three
components of the SINS system, i.e., pain, alignment, and
posterolateral involvement, were associated with SAE oc-

currence in the Cox proportional hazards model.
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