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Study Design: Retrospective study.
Purpose: To evaluate the efficacy of the Spinal Instability Neoplastic Score (SINS) in predicting surgical outcomes and survival. Pa-
tients were categorized into two groups according to the SINS, and their surgical outcomes and survival following decompression and 
stabilization were assessed.
Overview of Literature: Palliative surgery in patients with a life expectancy ≥3 months may effectively improve their overall condi-
tion in the long term. Currently, the effectiveness of the SINS for predicting surgical results and survival remains controversial.
Methods: This study included 44 patients who underwent decompression and stabilization for spinal metastases at Yokosuka Kyosai 
Hospital between 2008 and 2017. The patients were divided into two groups: stable (SINS ≤12) and unstable (SINS ≥13). Changes in 
the Frankel score and Eastern Cooperative Oncology Group Performance Status (ECOG-PS) were compared between the two groups, 
and patient survival was evaluated according to the SINS, Tokuhashi score, and Katagiri score.
Results: The stable group (SINS range, 7–12) included 24 patients while the unstable group (SINS range, 13–16) included 20 pa-
tients. The Frankel score significantly improved from 2.8 to 3.6 in the stable group (p<0.001) and from 2.7 to 3.9 in the unstable group 
(p<0.001). The ECOG-PS significantly improved from 3.2 to 2.1 in the stable group (p<0.001) and from 3.0 to 1.8 in the unstable group 
(p<0.001). There was a statistically significant difference in median survival between the two groups.
Conclusions: All patients treated with palliative surgery showed favorable outcomes, as indicated by improved the Frankel score 
and ECOG-PS following surgery. However, median survival was significantly better in the stable group. The results of this study indi-
cate that the SINS is appropriate for surgical decision making and may be used to predict survival.
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Introduction

The skeleton is the most common site of metastasis in 
advanced cancer, with the spine being the most frequent 
location [1]. Approximately 30% of all patients with ad-
vanced cancer develop spinal metastasis [2]. The surgical 
management of spinal metastasis is a widely considered 
palliative intervention but prognosis remains poor, with 
survival times commonly ranging from 3 months to <1 
year after surgery [2-4]. When a patient’s spine is deter-
mined to be unstable, surgical stabilization prior to radio-
therapy or systemic therapy is appropriate. The purpose 
of surgery is pain control and the preservation/restoration 
of function. This is achieved by the aggressive decompres-
sion of the spinal cord at the site of major compression, 
followed by stabilization. Studies have demonstrated that 
surgical management improves the neurological function 
and quality of life [5,6]. Similarly, evidence in the litera-
ture suggests reasonable long-term survival following sur-
gery for spinal metastasis [5-7].

The Spinal Instability Neoplastic Score (SINS), which 
has demonstrated near-perfect inter- and intra-observer 
reliability in determining three clinically relevant catego-
ries of stability, can guide the need for surgical assessment 
(Table 1) [8-12]. Although the SINS is a reliable tool for 
spinal surgeons and radiologists while rating tumor-
related spinal instability, the reliability of the SINS in de-
termining survival prognosis remains controversial [13-
15]. Therefore, the present study assessed the outcomes 
and survival of patients after surgical decompression and 
stabilization according to the SINS.

Materials and Methods

1. Patient population and study criteria

This study was approved by the Ethical Research Board 
of Yokosuka Kyosai Hospital (approval no., 17-14). A 
retrospective review of all patients surgically treated for 
the management of spinal metastasis at our institution 
between 2008 and 2017 was conducted. Patients with spi-
nal metastasis who underwent surgery met the following 
criteria: medical stability with rapidly progressive neuro-
logical deterioration and/or radiographic instability. Pa-
tients were excluded from surgical treatment if they were 
not sufficiently stable for surgery or if their projected life 
expectancy was <3 months, as assessed by the oncologist. 

During the study period, 44 patients (30 males and 14 fe-
males) underwent surgery for spinal metastasis and were 
included in this study. All patients provided informed 
consent for their participation in the study. The mean age 
at the time of surgery was 66.5±9.2 years (range, 47–81 
years), and the mean follow-up duration was 28.3±32.7 
months (range, 1.0–128.0 months) after surgery. Medical 
records were reviewed for cancer type, prior chemothera-
py, total burden of skeletal and spinal metastases, visceral 
metastasis, surgical procedures, radiography, and blood 
analysis results.

Functional status was assessed preoperatively and 
postoperatively using the Eastern Cooperative Oncology 

Table 1. Spinal Instability Neoplastic Score 

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

Paina)

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 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

Posterolateral involvement of spinal elementsb)

Bilateral 3

Unilateral 1

None of the above 0
a)Pain improvement with recumbency and/or pain with movement/
loading of spine. b)Facet, pedicle, or costovertebral joint fracture or 
replacement with tumor.
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Group Performance Status (ECOG-PS) grading system 
(Table 2). Neurological function was assessed according 
to the Frankel score. Spinal instability was assessed using 
the SINS. Patients were stratified into three categories of 
stability on the basis of the total SINS: stable (0–6 points); 
potentially unstable (7–12 points); and unstable (13–18 
points). For the purpose of this study, the patients were 
divided into two groups. Those with SINS ≤12 were as-
signed to the stable group, while those with SINS ≥13 
were assigned to the unstable group. Demographic char-
acteristics of the two groups are presented in Table 3. Im-
provements in the Frankel score and ECOG-PS were ana-
lyzed and compared between the two groups. The Frankel 
scores were converted from A to E into a scale from 1 to 5, 
respectively. Patient survival was then evaluated according 
to the SINS, as well as the Tokuhashi and Katagiri scores 
(Tables 4, 5) [16,17].

The Tokuhashi score grades six radiographs in combi-

nation with clinical components for a total score rang-
ing from 0 to 15 [16]. Patients with life expectancies <6 
months (score 0–8) are treated with conservative manage-
ment or palliative surgery; those with a life expectancy 
between 6 and 12 months (score 9–11) are candidates 
for palliative surgery; those with a life expectancy >12 
months (score 12–15) are treated with excision surgery.

The Katagiri score sums six clinical components for a 
total score ranging from 0 to 10 [17]. The prognosis of 
survival of patient with a score ranging from 7 to 10 is sig-
nificantly poorer than that of patients with a score ranging 
from 0 to 6.

Postoperative survival as a function of time was ex-
pressed using Kaplan‒Meier estimates, with death as the 
failure event. Survival curves were compared using the 
log-rank test.

Table 2. The Eastern Cooperative Oncology Group Performance Status grading system

Grade Content

0 Fully active, able to carry out all pre-disease performance without restriction

1 Re stricted in physically strenuous activity but ambulatory and able to carry out work of a light or sedentary nature, e.g., light house 
work, office work

2 Ambulatory and capable of self-care but unable to carry out any work activities up and about >50% of waking hours

3 Capable of only limited self-care, confined to bed or chair more than 50% of waking hours

4 Completely disabled, cannot carry out any self-care, totally confined to bed or chair more than 50% of waking hours

5 Dead

Table 3. Comparison of demographic and clinical characteristics of patients in the stable and unstable groups treated with decompression and sta-
bilization for spinal metastases

Characteristic Stable group Unstable group p-value

Spinal Instability Neoplastic Score      24 (7–12)        20 (13–16) 

Sex

Male  14 (58)  16 (80)

Female  10 (42)   4 (20)

Age at surgery (yr) 67±9.1 (50–79) 66±9.5 (47–81) NS

Follow-up period (mo)    34±36.0     21±27.4 NS

Preop Tokuhashi score 8.2±2.8  6.9±3.2 NS

Preop Katagiri score 4.3±2.0  5.2±1.9 NS

Preop Frankel score 2.8±0.7  2.7±0.9 NS

Preop Eastern Cooperative Oncology Group Performance Status 3.2±0.8  3.0±1.1 NS

Values are presented as number (range), number (%), mean±SD (range), or mean±SD.
SD, standard deviation; NS, not significant; Preop, preoperative.
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2. Statistical analysis

Survival statistics and Kaplan‒Meier curves were calcu-
lated using the IBM SPSS ver. 24.0 (IBM Corp., Armonk, 
NY, USA). Undefined median survival indicates that more 
than half of the patient cohort remained alive throughout 
the follow-up period; thus, median survival was never 
reached. The threshold for statistical significance was set 
at p<0.05. Paired and unpaired t-tests were performed 
using Microsoft Excel 2013 (Microsoft Corp., Redmond, 
WA, USA).

Results

Of the 44 patients, 43 underwent the posterior decom-
pression and stabilization of one to three spinal levels, 
while one patient underwent anterior decompression and 
stabilization.

In total, 24 patients with the SINS between 7 and 12 
were categorized into the stable group. Of the 24 patients 
in the stable group who underwent surgery for spinal 
metastasis, five (20.8%) presented with lung cancer, four 
(16.7%) with prostate cancer, three (12.5%) with renal 
cell carcinoma, two (8.3%) with breast cancer or thyroid 
cancer, and eight (33.4%) with cancer types categorized 
as “other.” Metastases were observed in the cervical spine 
in five patients, in the thoracic spine in 14 patients, and in 
the lumbar spine in five patients. Visceral metastasis was 
observed in 10 patients (41.7%).

In total, 20 patients with the SINS between 13 and 16 
were categorized into the unstable group. Of the 20 patients 
who underwent surgery for spinal metastasis, eight (40%) 
presented with lung cancer, four (20%) with prostate cancer, 
two (10%) with breast cancer, and six (30%) with cancer 
types categorized as “other.” Metastases were observed in the 
cervical spine in three patients, in the thoracic spine in 13 
patients, and in the lumbar spine in four patients. Visceral 
metastasis was observed in 11 patients (55%).

The Tokuhashi and Katagiri scores were 8.2 and 4.3 in 
the stable group and 6.9 and 5.2 in the unstable group, 
respectively. The Tokuhashi and Katagiri scores were 
not significantly different between the groups (Table 3). 
The differences in the preoperative Frankel score and 
ECOG-PS were not statistically significant between the 
groups. The Frankel score significantly improved from 
2.8 to 3.6 in the stable group (p<0.001) and from 2.7 to 
3.9 in the unstable group (p<0.001) (Fig. 1). The ECOG-
PS significantly improved from 3.2 to 2.1 in the stable 
group (p<0.001) and from 3.0 to 1.8 in the unstable group 
(p<0.001) (Fig. 2). The period from the manifestation of 
symptoms to surgery was 28 and 17 days in the stable and 
unstable groups, respectively (not statistically significant).

The 6-month overall survival rates after surgery in the 
stable and unstable groups were 80% and 37%, respective-
ly. The median survival of patients in the stable group was 
undefined. The median survival of patients in the unstable 
group was 14 months. There was a statistically significant 
difference in median survival between the groups (p=0.01, 
log-rank test) (Fig. 3).

Table 4. The Tokuhashi scoring system for the preoperative evaluation 
of metastatic spine tumor prognosis

Prognostic factor Score

Ge neral condition (performance status according to 
Karnofsky)

Poor (10%–40%) 0

Moderate (50%–70%) 1

Good (80%–100%) 2

No. of extraspinal bone metastatic foci

≥3 0

1–2 1

0 2

No. of metastases in the vertebral bodies

≥3 0

2 1

1 2

Metastases to the major internal organs

Irremovable 0

Removable 1

No metastases 2

Primary site of cancer

Lung, stomach 0

Kidney, liver, uterus, unidentified, other 1

Thyroid, prostate, breast, rectum 2

Spinal cord palsy

Complete 0

Incomplete 1

None 2

Interpretation of the Tokuhashi score: 9–12, radical surgery; 6–8, clini-
cal judgment; 0–5, palliative management.
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The 6-month overall survival rates after surgery in pa-
tients with a Katagiri score ≥7 and ≤6 were 0% and 66%, 
respectively. The median survival of patients with a Kata-
giri score ≥7 was 3 months. The median survival of pa-
tients with a Katagiri score ≤6 was undefined. There was a 
statistically significant difference in the median survival of 
these patients (p=0.04, log-rank test) (Fig. 4).

Table 5. The Katagiri scoring system for patients with skeletal metastasis

Prognostic factor Score

Primary site

Slow growth: hormone-dependent breast and prostate cancer, thyroid cancer, multiple myeloma, and malignant lymphoma 0

M oderate growth: lung cancer treated with molecularly targeted drugs, hormone-independent breast and prostate cancer, renal cell 
carcinoma, endometrial and ovarian cancer, sarcoma, and others 2

R apid growth: lung cancer without molecularly targeted drugs, colorectal cancer, gastric cancer, pancreatic cancer, head and neck 
cancer, esophageal cancer, other urological cancer, melanoma, hepatocellular carcinoma, gall bladder cancer, cervical cancer, and 
cancers of unknown origin

3

Visceral metastasis

Nodular visceral or cerebral metastasis 1

Disseminated metastasisa) 2

Laboratory data

Abnormalb) 1

Criticalc) 2

Eastern Cooperative Oncology Group Performance Status: 3 or 4 1

Previous chemotherapy 1

Multiple skeletal metastases 1

Total 10
a)Pleural, peritoneal, or leptomeningeal dissemination. b)C-reactive protein ≥0.4 mg/dL, lactate dehydrogenase ≥250 IU/L, or serum albumin <3.7 g/
dL. c)Platelets <100,000/μL, serum calcium ≥10.3 mg/dL, or total bilirubin ≥1.4.
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Fig. 1. The improvements of Frankel score. The Frankel score improved 
significantly in both groups. 
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Fig. 3. Kaplan-Meier survival curve for SINS. There was a statistically 
significant difference in median survival between the two groups. 
SINS, Spinal Instability Neoplastic Score. 
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The 6-month overall survival rates after surgery in pa-
tients with a Tokuhashi score ≥9 and ≤8 were 78% and 
49%, respectively. The median survival of patients with a 
Tokuhashi score ≥9 was undefined. The median survival of 
patients with a Tokuhashi score ≤8 was 11 months. There 
was no statistically significant difference in the median 
survival of these patients (p=0.23, log-rank test) (Fig. 5).

Discussion

The survival time of patients with bone metastasis has 
substantially improved over the last two decades due to 
advances in chemotherapy and radiotherapy. These devel-
opments have increased the frequency at which such cases 
are referred for spinal surgery [18].

Scores related to prognosis and life expectancy have 
been modified to adjust for prolonged survival times 
[16,17]. The appropriate surgical management of spinal 

metastasis provides recovery from neurological dysfunc-
tion and severe pain related to tumor compression. The 
aim of palliative surgery, achieved through the aggressive 
decompression of the neural elements and stabilization 
of the spinal column, is the improvement of neurological 
function and activities of daily living.

In this study, patients were divided into the stable and 
unstable groups according to their SINS, and the out-
comes of spinal cord stabilization in both groups were 
assessed. Hussain et al. [19] have reported that surgical 
stabilization significantly improved clinical outcomes of 
patients with indeterminate and unstable SINS. Similarly, 
Cavalcante et al. [20] have reported that surgical stabiliza-
tion led to significant improvement in pain and neuro-
logical status in patients with higher SINS.

Patients in both the groups demonstrated improve-
ments in the Frankel score and ECOG-PS following sur-
gery. Thus, the purpose of surgical decompression and 
stabilization was accomplished in both the groups. In pre-
vious studies, the SINS was used as a binary indicator for 
surgical referral: stable (0–6 points) or current/possible 
instability (7–18 points). Surgical consultation is recom-
mended for patients with a score ≥7. Palliative surgery for 
all patients in this study whose SINS ranged from 7 to 17 
was performed for improving patient comfort and func-
tion, and the patients met the criteria for surgical recom-
mendation [8].

Zadnik et al. [15] have reported that although the SINS 
predicts spinal instability and identifies suitable patients 
for surgical management, it does not predict survival after 
surgery. Studies have investigated the prognostic value of 
the SINS for survival after surgery but did not demon-
strate prognostic value for postoperative survival [13,15].

However, in the present study, there was a statistically 
significant difference in the median survival between 
the stable and unstable groups. Moreover, there was a 
statistically significant difference in the median survival 
between the two groups according to the Katagiri score. 
Tancioni et al. [21] have reported that the ECOG-PS, the 
period from the manifestation of symptoms to surgery, 
and the presence of visceral metastases affected functional 
outcomes and survival in patients treated for vertebral 
metastases. According to primary tumor histology distri-
bution, the incidence of lung cancer was elevated in the 
unstable group compared with that in the stable group. 
The preoperative ECOG-PS, period from the manifesta-
tion of symptoms to surgery, pathological level, and the 
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Fig. 4. Kaplan-Meier survival curve for Katagiri score. There was a 
statistically significant difference in median survival between the two 
groups.

Fig. 5. Kaplan-Meier survival curve for Tokuhashi score. There was no 
statistically significant difference in median survival between the two 
groups.
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rate of visceral metastases were not significantly different 
between the groups. However, since the SINS (which eval-
uates local disease status) and the background of both the 
groups were similar beyond the primary tumor distribu-
tion, spinal instability may have influenced the prognosis.

A limitation of this study is the selection bias during 
enrollment. This study included only patients who un-
derwent surgical treatment. Accordingly, patients with 
relatively high SINS (range, 7–16) were recruited. Both 
higher and lower SINS may have precluded patients from 
surgical treatment (deemed insufficiently stable for sur-
gery or having a projected life expectancy of <3 months). 
If patients who received conservative treatment and those 
who showed a low SINS (range, 0–6) were included the 
study, we may have obtained different results. Thus, this 
selection bias of patients limits the generalizability of this 
study beyond the studied patient population.

Additionally, the higher incidence of lung cancer in the 
unstable group compared with that in the stable group is 
another limitation of this study. The primary tumor type 
is an important factor included in the prognostic scor-
ing system, which affects the postoperative survival time. 
Therefore, the higher incidence of lung cancer in the 
unstable group may have led to a worse prognosis in the 
unstable group compared with that in the stable group.

Conclusions

Patients with spinal metastasis, who were divided into 
the stable and unstable groups according to the SINS and 
treated with surgical neurological decompression and 
stabilization, showed improvements in the Frankel score 
and ECOG-PS. However, the survival of patients in the 
unstable group was shorter than that in the stable group, 
indicating that the SINS may have a prognostic value.
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