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sarily increase survival in patients with metastatic spinal tumors 
and are associated with higher complication rates4). Previous 
studies, however, did not determine the ideal extent of palliative 
surgery or the proper surgical method, such as circumferential 
removal versus posterior decompression. We therefore analyzed 
the factors prognostic for postoperative ambulation in patients 
who undergo surgery for MSCC. We also compared patient sur-
vival period and functional outcomes (pain and Barthel Index) 
relative to preoperative characteristics and surgical methods.

MATERICALS AND METHODS

We evaluated 103 consecutive patients (64 men, 39 women; 
mean age, 54.6 years; range, 25-75 years) with MSCC who pre-
sented with lower extremity weakness, with or without back 
pain, and underwent surgery between January 2001 and De-
cember 2008. The mean follow-up duration was 25.8 months 
(range, 1 to 129 months). Patients were classified by sex, prima-
ry tumor site, metastatic site, surgical level, Tokuhashi score, 
postoperative radiation therapy, postoperative chemotherapy, 
pre- and post-operative ambulation status, preoperative motor 

INTRODUCTION

Metastatic spinal cord compression (MSCC) eventually affects 
5-10% of patients with cancer, and spinal instrumentation with 
direct decompressive surgery has become the standard treat-
ment for metastatic lesions1,2,5,7,9,17). The goals of surgical inter-
vention are to prolong patient survival and improve quality of 
life4). Non-ambulatory paraplegic patients, either at presentation 
or after treatment, have a much shorter life expectancy than am-
bulatory patients8,12,14,18,21,28). Thus, proper patient selection and 
careful surgical planning are prerequisites for low complication 
rates, acceptable function, and improved overall prognosis15,18).

Although technically demanding, en bloc surgical resections 
reduce the risk of tumor recurrence; however, they do not neces-
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power of hip flexion and surgical meth-
od (posterior vs. 360° group). The pos-
terior group was defined by maximal 
removal of tumor around the spinal 
cord, including pediculectomy, and fix-
ation in only one direction without ante-
rior support, whereas the 360° group 
was defined by gross total tumor re-
moval with anterior support and fixa-
tion (Fig. 1). The selection of surgery 
was determined mainly by the different 
surgical policies of two surgeons. All 
the cases had vertebral body involve-
ment which compressed the spinal cord 
with or without posterior column in-
volvement. One surgeon tried to choose 
only one direction, mainly posterior, but 
the other surgeon chose the posterior or 
360° approach selectively considering 
the vertebral involvement of metastasis 
and the general condition of patients. 
The baseline demographic and clinical 
characteristics of these groups are shown 
in Table 1 and detailed primary tumor 
origins are shown in Table 2.

Although all patients were recommend-
ed to undergo radiotherapy (30 gray in 10 
fractions) and chemotherapy after sur-
gery, some did not.

Age and interval between weakness 

Table 1. Demographic and clinical characteristics of patient groups 

360° group Posterior group Total
Cases      26 (25.2%)      77 (74.8%) 103
Mean age (range)  56.8 (35-72)  53.9 (26-75) 54.6 (26-75)
Sex (male : female) 13 : 13 51 : 26 64 : 39
Mean surgical level (range)  1.04 (1-2)  1.18 (1-2) 1.14 (1-2)
Surgical location
    Cervical   7 10 17
    Thoracic 10 51 61
    Lumbar   9 16 25
Tokuhashi score
    0-8 16 59 75
    9-11 10 18 28
    12-15   0   0

No differences of preoperative characteristics between two group were observed (p>0.05)

Table 2. Patient survivals relative to primary tumor origin

Primary origin 360° group 
(n=26)

Posterior 
group 
(n=77)

Total 
(n=103)

Mean survival Median survival

Value 
(month)

95% CI
Value 

(month)

95% CI
Lower 
bound

Upper 
bound

Lower 
bound

Upper 
bound

Breast 5   2   7 18.7 10.47 26.87 12.0 0.64 23.36
Colon 1   5   6   9.7   5.30 14.15   7.0 4.84   9.16
Hepatobiliary 2   6   8   5.6   3.10   8.15   5.0 2.60   7.40
Kidney 3   8 11 33.2   0.00 69.05 11.0 7.33 14.67
Liver 4 11 15 25.4   0.95 49.91 10.0 3.76 16.24
Lung 3 20 23 18.9   7.92 29.78   9.0 5.63 12.37
Lymphoma 0   1   1   8.0   8.0
Multiple myeloma 4   8 12 26.9   7.39 46.43   8.0 0.00 16.81
Prostate 0   1   1 46.0 46.0
Stomach 1   5   6   9.5   4.38 14.71   9.0 3.00 15.00
Thymus 0   2   2 12.0   8.08 15.92 12.0
Thyroid 1   1   2 14.0   1.24 26.66 14.0
Uterus 0   1   1 23 23
Bladder 0   1   1 14 14
Unknown origin 2   5   7 67.3 11.95 122.55 13.0 10.93 15.07
Log rank test Chi-Square value = 17.153

p=0.144 
CI : confidence interval

Fig. 1. Two different surgical methods are shown. The amount of anterior column removal is larger 
and anterior support is done in 360° group. 

360° group Posterior group
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cancer, hepatobiliary cancer, thymic cancer, uterine cancer, blad-
der cancer, and cancer of unknown origin)4,19,22,23,26,27). Metastatic 
sites were classified into the cervical, thoracic, and lumbar areas. 
Tokuhashi score was classified into three groups : 0-8, 9-11, and 
12-1518,23). Ambulation status was checked at the maximally im-
proved state and classified as ambulatory, including patients 

with normal ambulation and ambula-
tion with and without aid, and nonam-
bulatory, including patients who could 
only move in a wheelchair19,20). In addi-
tion, we also assessed preoperative mo-
tor power of hip flexion as a prognostic 
factor for postoperative ambulation. The 
ability of these factors to predict patient 
survival was analyzed by uni- and multi-
variate Cox proportional hazard factors 
analysis (Table 3, 4), and their ability to 
predict post-operative ambulation status 
was analyzed by uni- and multivariate lo-
gistic regression (Table 5, 6).

Overall survival (OS) of patients and 
subgroups was analyzed by the Kaplan-
Meier method and compared by the log 
rank test.

Back pain, assessed using a visual an-
alogue scale (VAS), and functional sta-
tus, assessed using the Barthel index, 
were determined pre- and post-opera-
tively and compared relative to different 
surgical methods. Postoperative back 
pain and Barthel index was assessed at 
the maximally improved state23).

RESULTS

Survival analysis
The median OS of all patients was 10.0 

months (95% CI, 8.21-11.80 months) 
(Fig. 2). When we compared median OS 
in postoperatively ambulatory and non-
ambulatory patients, we found that it was 
significantly higher in the ambulatory 
group (11.0 months; 95% CI, 9.29-12.71 
months) than in the non-ambulatory 
group (5.0 months; 95% CI, 1.80-8.20 
months) (p=0.035) (Fig. 3). When we 
compared median OS in patients with 
high (9-11) and low (0-8) Tokuhashi 
scores, we found they were significantly 
longer in the former (15.0 months; 95% 
CI, 9.29-20.71 months vs. 9.0 months; 
95% CI, 7.48-10.52 months; p=0.003) 
(Fig. 4).

and surgery were assessed as continuous variables. Patients were 
classified into two groups based on primary tumor origin : 
those with good prognosis (patients with multiple myeloma, 
thyroid cancer, kidney cancer, breast cancer, prostate cancer, 
and lymphoma) and those with poor prognosis (patients with 
colon cancer, stomach cancer, hepatocellular carcinoma, lung 

Table 3. Univariate Cox proportional hazard models for survival

Cases Hazard ratio 95% CI p value
Operative method Posterior 77 1.378 0.855-2.219 0.188

360° 26 1
Age 1.009 0.994-1.025 0.224
Sex Male 64 1

Female 39 1.099 0.759-1.591 0.618
Primary origin Good prognosis 34 0.671 0.452-0.996 0.045

Poor prognosis 69 1
Metastatic site Cervical 17 0.907 0.561-1.466 0.690

Thoracic 61 1
Lumbar 25 0.632 0.406-0.983 0.042

Surgical level 1 level 92 1
2 levels 11 1.256 0.671-2.352 0.475

Tokuhashi score 0-8 75 1
9-11 28 0.539 0.251-0.827 0.005
12-15 0

Radiation therapy Yes 71 1
No 32 1.061 0.731-1.541 0.754

Chemotherapy Yes 74 1
No 29 1.317 0.886-1.957 0.174

Post-operative 
  ambulation 

Yes (with or 
  without aid)

79 1

No 24 1.697 1.035-2.783 0.036
Good prognosis : patients with multiple myeloma, thyroid, kidney, breast, prostate cancer, and lymphoma. Poor 
prognosis : patients with colon, stomach, liver, lung, hepatobiliary, thymus, uterus, bladder cancer, and cancer of 
unknown origin. CI : confidence interval

Table 4. Multivariate Cox proportional hazard models for survival

Cases Hazard ratio 95% CI p value
Operative method Posterior 77 1.219 0.740-2.009 0.437

360° 26 1
Primary origin* Good prognosis 34 0.627 0.479-0.899 0.039

Poor prognosis 69 1
Metastatic site Cervical 17 0.741 0.415-1.322 0.310

Thoracic 61 1
Lumbar 25 0.699 0.401-1.221 0.208

Tokuhashi score* 0-8 75 1
9-11 28 0.524 0.335-0.820 0.005
12-15   0

Chemotherapy Yes 74 1
No 29 1.594 0.994-2.558 0.053

Post-operative 
  ambulation*  

Yes (with or 
  without aid) 79 1

No 24 1.586 1.021-2.645 0.048
*Means statistically significant factor (p≤0.05) . CI : confidence interval
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DISCUSSION

Recent advances in neuroimaging and surgical techniques have 
led to direct decompressive surgery with instrumentation be-
coming the standard treatment for MSCC1,2,10). The goals of sur-
gical intervention are to prolong patient survival and improve 

OS in 15 categories of primary tumor origin was analyzed by 
the Kaplan-Meier method and compared by the log rank test. 
We found that survival was not related to primary tumor origin 
(Table 2). However, if we classified these origins into two groups, 
i.e. good and poor prognosis groups, we found OS of good prog-
nosis group was significantly longer than that of poor prognosis 
group (12.0 months; 95% CI, 9.32-14.68 
months vs. 9.0 months; 95% CI, 7.25-
10.75 months; p=0.039) (Fig. 5).

Uni- and multivariate Cox proportion-
al hazard analysis showed that primary 
origin with good prognosis [hazard ratio 
(HR) 0.627; 95% CI, 0.479-0.899, p= 
0.039], high Tokuhashi score (HR 0.524; 
95% CI, 0.335-0.820, p=0.005), postop-
erative ambulation, with or without aid 
(HR 1.59; 95% CI, 1.021-2.645, p=0.048), 
were significantly associated with OS 
(Table 3, 4). None of the other factors, in-
cluding operative method, age, meta-
static site, surgical levels, radiation ther-
apy, and chemotherapy was significant 
for survival in uni- and multivariate Cox 
proportional hazard analysis (Table 3, 4).

Postoperative ambulation
Uni- and multivariate logistic regres-

sion analysis showed that preoperative 
ambulation with or without aid [odds ra-
tio (OR) 5.35; 95% CI, 1.57-18.17; p= 
0.007] and hip flexion greater than grade 
III (OR 6.23; 95% CI, 1.29-7.35; p=0.039) 
were prognostic for postoperative am-
bulation. None of the other factors, in-
cluding operative method, age, sex, pri-
mary origin, metastatic site, surgical 
levels, Tokuhashi score, radiation thera-
py, chemotherapy, and interval between 
weakness and surgery was significant 
for survival in uni- and multivariate lo-
gistic regression analysis (Table 5, 6).

The scores for back pain (VAS) and 
Barthel index were improved after sur-
gery, but did not differ significantly be-
tween patients who underwent posteri-
or and 360° surgery. Ten patients (9.7%) 
experienced surgical complications re-
quiring second surgery, such as wound 
infections, extensive bleeding, and symp-
tomatic recurrence. None of these pa-
tients, however, showed evidence of in-
strument failure, such as loosening, 
displacement or fracture (Table 7).

Table 5. Univariate logistic regression for post-operative ambulation with or without aid

Cases Odds ratio 95% CI p value
Operative method Posterior 77 0.74 0.19-2.87 0.661

360° 26 1
Age 1.00 0.96-1.04 0.89
Sex Male 64 0.75 0.26-2.12 0.58

Female 39 1
Primary Origin Good prognosis 34 1

Poor prognosis 69 0.32 0.08-1.14 0.08
Metastatic site Cervical 17 1.89 0.39-9.15 0.43

Thoracic 61 1
Lumbar 25 2.10 0.56-7.92 0.28

Surgical level 1 level 92 1
2 levels 11 0.36 0.08-1.52 0.16

Tokuhashi score 0-8 75 1
9-11 28 8.50 1.09-66.33 0.04
12-15 0

Postoperative Yes 71 1.85 0.69-4.95 0.22
Radiation therapy No 32 1
Postoperative   Yes 74
Chemotherapy No 29 0.46 0.13-1.68 0.24
Interval between 
  weakness and surgery 1.00 0.99-1.01 0.69

Preoperative 
  ambulation status

Yes (with or 
  without aid)

53 8.036 2.49-25.99 0.001

No 50 1
Preoperative motor ≥III 78 6.23 1.95-10.35 0.021
  power of hip flexion <III 25 1

CI : confidence interval

Table 6. Multivariate logistic regression for post-operative ambulation with or without aid

Cases Odds ratio 95% CI p value
Primary Origin Good prognosis 34 1

Poor prognosis 69 0.27 0.08-1.59 0.089
Surgical level 1 level 92 1

2 levels 11 0.41 0.08-1.49 0.16
Tokuhashi Score 0-8 75 1

9-11 28 8.79   1.21-41.53 0.07
12-15   0

Preoperative 
  ambulation status*

Yes (with or 
  without aid)

53 5.35   1.57-18.17 0.007

No 50 1
Preoperative motor ≥III 78 6.23 1.29-7.35 0.039
  power of hip flexion* <III 25 1

*means statistically significant factor (p≤0.05). CI : confidence interval
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quality of life4). The efficacy of palliative surgery for metastatic 
spinal tumors has been assessed by ambulation status and sur-
vival time6,16,27). Other objectives in treatment of spinal metasta-
sis include the prevention of neurological decline, the allevia-
tion of pain, the restoration of lost neurological function, and 
the stabilization of the spine4).

Fig. 2. This graph shows Kaplan-Meier overall survival curve of surgical-
ly treated MSCC patients. Table shows 10-month median survival. meta-
static spinal cord compression (MSCC)

Fig. 4. These two graphs show Kaplan-Meier survival curves of low 
Tokuhashi score group (blue colored graph) and high Tokuhashi score 
group (green colored graph). Median survival of low Tokuhashi score 
group is shorter than that of high Tokuhashi score group. Table of this 
figure shows 9-month and 15-month median survival in the low 
Tokuhashi score group (blue colored character) and the high Tokuhashi 
score group (green colored character). Log rank test also shows statisti-
cally significant difference between two groups (p=0.003).

Fig. 3. These two graphs show Kaplan-Meier survival curves of post-op-
erative ambulation group (blue colored graph) and non-ambulation 
group (green colored graph). Median survival of post-operative ambula-
tion group is longer than that of non-ambulation group. Table of this fig-
ure shows 11-month and 5-month median survival in the post-operative 
ambulation group (blue colored character) and the non-ambulation 
group (green colored character). Log rank test also shows statistically 
significant difference between two groups (p=0.035).

Fig. 5. These two graphs show Kaplan-Meier survival curves of good 
prognosis group (blue colored graph) and poor prognosis group (green 
colored graph). Median survival of poor prognosis is shorter than that of 
good prognosis group. Table of this figure shows 12-month and 9-month 
median survival in the good prognosis group (blue colored character) 
and the poor prognosis group (green colored character). Log rank test 
also shows statistically significant difference between two groups 
(p=0.039).

Mean survival Median survival

Value (month)
95% confidence interval

Value (month)
95% confidence interval

Lower limit Upper limit Lower limit Upper limit
30.9 18.302 43.478 10.000 8.205 11.795

Postoperative 
ambulation

Mean Median

Value 
(month)

95% confidence 
interval Value 

(month)

95% confidence 
interval

Lower 
limit

Upper 
limit

Lower 
limit

Upper 
limit

Yes (with or 
without aid) 36.321 20.575 52.066 11.000 9.289 12.711

No (with or 
without aid) 13.447 4.497 22.398 5.000 1.801 8.199

Log rank test Chi-square value=4.452 p=0.035

Tokuhashi score

Mean Median

Value 
(month)

95% confidence 
interval Value 

(month)

95% confidence 
interval

Lower 
limit

Upper 
limit

Lower 
limit

Upper 
limit

Low (0-8) 23.245 11.726 34.764 9.000 7.479 10.521
High (9-11) 51.115 17.238 84.992 15.000 9.288 20.712
Log rank test Chi-square value=11.590 p=0.003

Primary tumor 
origin

Mean Median

Value 
(month)

95% confidence 
interval Value 

(month)

95% confidence 
interval

Lower 
limit

Upper 
limit

Lower 
limit

Upper 
limit

Good prognosis 
group 30.570 12.696 48.445 12.000 9.318 14.682

Poor prognosis 
group 18.107 8.759 27.455 9.000 7.249 10.751

Log rank test Chi-square value=4.273 p=0.039
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cases. We did not observe any statistically significant differences 
between these two surgical methods in OS, post-operative am-
bulation, pain, Barthel index, and symptomatic recurrence re-
quiring reoperation. Although we can’t discuss the efficacy of 
en bloc resection in the curative surgery because of limitation 
of our study which includes the patient with Tokuhashi score 
below 12, our results suggest that the extent of tumor removal 
in the palliative surgery is not associated with better outcome. 
Another limitation of our study is that patient who showed pre-
operative weakness was included. In addition, there is one re-
port which showed better survival when they removed metastat-
ic spinal tumor more in the patients whose Tomita’s classification 
is more than type 411). We also believe that our different results 
have the limitation because that the survival of the metastatic 
spinal tumor should consider too much things, such as primary 
origin, the status of primary cancer, medical co-morbidities, the 
various kinds of chemotherapy, etc.        

CONCLUSION

We found that postoperative ambulation, preoperative Toku-
hashi score, and primary tumor origin were significantly asso-
ciated with longer OS. Moreover, preoperative motor power of 
hip flexion greater than grade III was critical for postoperative 
ambulation. The extent of tumor removal in palliative surgery 
was not associated with post operative outcomes. 
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