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Predictors of survival in surgically treated patients of 
spinal metastasis

Pravin Padalkar, Benjamin Tow1

ABstrAct
Background: The spinal metastasis occurs in up to 40% of cancer patient. We compared the Tokuhashi and Tomita scoring 
systems, two commonly used scoring systems for prognosis in spinal metastases. We also assessed the different variables 
separately with respect to their value in predicting postsurgical life expectancy. Finally, we suggest criteria for selecting patients 
for surgery based on the postoperative survival pattern.
Materials and Methods: We retrospectively analyzed 102 patients who had been operated for metastatic disease of the spine. 
Predictive scoring was done according to the scoring systems proposed by  Tokuhashi and Tomita. Overall survival was assessed 
using Kaplan–Meier survival analysis. Using the log rank test and Cox regression model we assessed the value of the individual 
components of each scoring system for predicting survival in these patients.
Result: The factors that were most significantly associated with survival were the general condition score (Karnofsky Performance 
Scale) (P=.000, log rank test), metastasis to internal organs (P=.0002 log rank test), and number of extraspinal bone metastases 
(P=.0058). Type of primary tumor was not found to be significantly associated with survival according to the revised Tokuhashi 
scoring system (P=.9131, log rank test). Stepwise logistic regression revealed that the Tomita score correlated more closely with 
survival than the Tokuhashi score.
Conclusion: The patient’s performance status, extent of visceral metastasis, and extent of bone metastases are significant 
predictors of survival in patients with metastatic disease. Both revised Tokuhashi and Tomita scores were significantly correlated 
with survival. A revised Tokuhashi score of 7 or more and a Tomita score of 6 or less indicated >50% chance of surviving 6 months 
postoperatively. We recommend that the Tomita score be used for prognostication in patients who are contemplating surgery, as 
it is simpler to score and has a higher strength of correlation with survival than the Tokuhashi score.
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introduction

The skeletal metastasis in spine occurs in up to 40% 
of cancer patients.1,2 Surgery is indicated for radio-
resistant tumors (e.g., sarcomas and lung, colon and 

renal cell carcinomas), spinal instability, neural compression, 
deformity, intractable pain, and failure of radiotherapy and 
for relief of symptoms.3–6 Only those patients who have a 

reasonable life expectancy after surgery should be exposed 
to the morbidity associated with surgery. Prediction of life 
expectancy is difficult due to the diverse range of factors 
that determine survival in patients with malignancies.7–11 
Our study aimed to assess certain variables in patients with 
spinal metastases requiring surgery with regard to their value 
in predicting postsurgical life-expectancy. We also compared 
the revised Tokuhashi and the Tomita scoring systems, 
two commonly used prognostic scoring systems for spinal 
metastases and to suggest criteria for selecting patients for 
surgery based on the postoperative survival pattern.

MAtEriAls And MEthods

We retrospectively analyzed the data of 102 patients who 
underwent surgery for metastatic spine disease at our 
institute. There were 54 females (53%) and 48 males 
(47%). The median age at presentation was 58.5 years. 
The most common presenting symptoms for patients with 
spinal metastasis were pain and weakness [Figure 1]. The 
commonest malignancy was breast cancer (n=25, 24.51%), 
followed by lung cancer (n=16, 15.69%).
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Figure 2: Bar diagram showing distribution of secondaries in the spine
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The indications for surgery included radiological cord 
compression, impending neurological problem, impending 
pathological fracture, and intractable pain. Posterior 
surgery was performed in morbid and high-risk patients. 
Conservative decompression laminectomy was performed 
if the spine was deemed stable, for example, when the 
thoracic spine was affected and there was involvement of 
less than 50% of the vertebral body. Instrumentation was 
added when the fracture was deemed unstable and in need 
of supplementation. Anterior surgery was chosen for the 
relatively less morbid and low-risk patients. 

All the patients were operated at the same institution 
by a group of four fellowship-trained spine surgeons. 
Oncology physicians were also involved in the treatment 
for chemotherapy or radiotherapy, when indicated. All the 
patients in the study were followed up postoperatively up 
to death.

Mortality records were retrieved from the National Cancer 
Registry. Predictive scoring was done based on the scoring 
systems proposed by Tokuhashi et al.12 and Tomita 
et al.13 The prognostic values of the Tokuhashi and Tomita 
scores for predicting 6 month postoperative survival were 
compared. We also analyzed the effect of the time lapse 
between diagnosis of primary cancer and presentation of 
spinal secondary on postoperative life expectancy. Overall 
survival was analyzed using the Kaplan–Meier method. 
Individual components of each score were also assessed 
for significance as prognostic indicators using the log rank 
test and Cox regression model.

The revised Tokuhashi et al.12 scoring system takes into 
account those parameters that are expected to be significant 
in influencing the surgical outcome in patients with spinal 
metastases. These parameters include the Karnofsky 
Performance Scale (KPS), presence of extraspinal bone 
metastasis, number of vertebral levels involved, extension 
of metastasis to an internal organ, presence of spinal cord 
palsy, and type of primary tumor. Tomita et al.13 used three 
factors proven to be significant for prognostication, namely, 

the grade of malignancy, presence of visceral metastases, 
and presence of bone metastases. For both scoring systems, 
each parameter was assigned a weighted score and the 
total score was obtained by adding the scores of each 
component.

rEsults

The thoracic spine was the most common site of involvement 
in our series of patients [Figure 2].

Univariate analysis
Gender: The median survival time for males was 5 months 
and for female it was 9 months (95% CI: 1 to 9) (P<.05, 
log rank test).

Age: Patients aged 55 years and below had a median 
survival of 12 months and those aged above 55 years had 
a median survival of 9 months (P=.719, log rank test). 
There was a trend for longer survival in younger patients.

Time to presentation with spinal metastasis: The spinal 
metastasis was the first indication of the presence of 
malignant disease in 29 patients. The median postoperative 
survival in these patients was 4 months (95% CI: 0 to 8.6), 
while those with known history of cancer and presenting 
with symptoms of spinal metastasis lived a median period 
of 7 months (95% CI: 4.23 to 9.77) post surgery. The 
difference was not statistically significant (P=.296, log 
rank test).

Analysis of individual components of the revised 
Tokuhashi scoring system
The most significant factors associated with survival were 
the general condition score (KPS) (P=.000, log rank test), 
extent of metastasis to internal organs (P=.0002, log rank 
test), and number of extraspinal bone metastases (P=.0058, 
log rank test) [Table 1].

The type of primary cancer did not influence the postsurgical 
survival according to the revised Tokuhashi scoring system 
(P=.9131). However, applying the scoring system originally 

Figure 1: Bar diagram showing presenting symptoms

76

Pain

N: 102 36

Weakness

23

Numbness

5

Bladder
Involvement

2

Others

74%

35.3%

22.5%

4.9%
2%



 309 Indian Journal of Orthopaedics | July 2011 | Vol. 45 | Issue 4

Padalkar and Tow: Predictors of survival in surgically treated spinal metastasis

proposed by Tokuhashi et al.,17,14 we found significant 
correlation between the score and survival (P=.0027, log 
rank test) [Table 2 and Figure 3].

Analysis of the Tomita et al. scoring system
The Tomita score had significant correlation with survival in 
our series of patients. All three components of the Tomita 
scoring system were found to have significant influence on 
survival [Table 3].

Multivariate analysis 
We used the Wald (forward stepwise) method to rank 
the different parameters in the revised Tokuhashi and the 
Tomita scoring systems to evaluate which correlates most 
closely with survival. This showed that Tokuhashi ‘general 
condition,’ Tokuhashi ‘metastasis to internal organs,’ and 
Tokuhashi (old) ‘type of primary’ were the most accurate 
predictors of survival (P=.000, P=.002, and P=.001, 
respectively; chi-square test). Cross tabulation used to 
correlate strength of equivalent parameters in Tomita 
scoring system. It had shown that, visceral metastasis and  

tumor activity in Tomita scoring system closely correlate with  
Tokuhashi metastasis to internal organ and older Tokuhashi 
primary tumor type respectively. There was significant 
correlation between these parameters (Spearman’s 
ratio:	−1.000)	[Figure	4].

To summarize,  the parameters  that  inf luenced 
survival were: Tokuhashi general condition, Tokuhashi 
metastasis to internal organs, Tokuhashi (old) type 
of primary cancer, Tomita visceral metastasis, Tomita 
tumor activity

Parameters that not influenced survivals: Age, sex, 
Tokuhashi (revised) type of primary tumor, spinal cord palsy, 
Tokuhashi vertebral metastasis, Tokuhashi bone metastasis, 
Tomita bone metastasis

Six-month survival
The total Tokuhashi score can range from 0–15. We grouped 
the scores in our study into five groups and examined the 
likelihood of 6-month survival in each group [Table 4]. 
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Figure 3: Survival function according to old and new Tokuhashi scoring systems

Figure 4: Cross-tabulation of Tomita and Tokuhashi metastasis 
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Table 1: Median survival for metastatic spine tumours (each Tokuhashi component)
Parameters Log rank 

test 
Score No. of 

patients 
Median 
survival 
(months) 

95% CI (months) 
Lower Upper 

Karnofsky performance 
scale 

P=.0000 Poor (PS 10%–40%) 0 7 2 1 3 
Moderate (PS 50%–70%) 1 49 4 2 6 
PS 80%–100% 2 46 13 10 16 

Extraspinal bone 
metastasis 

P=.0058 More than 3 sites 0 17 3 1 5 
1–2 sites 1 45 7 3 11 
No extraspinal metastasis 2 40 12 6 18 

Number of vertebral 
levels involved

P=.0763 Three or more vertebral levels 0 40 5 3 7 
Two levels 1 30 7 0 14 
Single level 2 32 10 3 17 

Metastasis to internal 
organ 

P=.0002 Non-removable 0 48 3 1 5 
Removable metastasis 1 11 7 4 10 
No metastasis 2 43 14 11 17 

Presence of spinal cord 
palsy 

P=.115 Frankel A, B 0 4 3 0 6 
Frankel C, D 1 90 7 5 9 
Frankel E, F 2 8 15 4 26 

Type of primary tumor P=.9131 Lung, osteosarcoma, stomach, bladder, 
esophagus, pancreas 

0 20 
(19.6%) 

6 2 10 

Liver, gallbladder, unidentified 1 6 
(5.9%) 

2  0 8 

Others 2 30 
(29.4%) 

6 1 11 

Kidney, uterus 3 10 
(9.8%) 

8 2 24 

Rectum 4 3 
(2.9%) 

4 0 9 

Thyroid, breast, prostate, carcinoid tumor 5 33
(32.4 %) 

8 3 33 

PS = Performance status

Table 2: Median survival for primary cancer against the original Tokuhashi scoring
Log rank test n Median survival 

(months)
95% CI 

(months) 
Type of primary 
cancer

P=.0027 Lung, osteosarcoma, stomach, 
bladder, esophagus, pancreas

0 19 2 0.6 3 

Liver, gallbladder, unidentified 1 30 6 3 8.8 
Others 2 54 10 7 13

Table 3: Influence of individual components of the Tomita score on survival
Tomita et al. Log rank test Score Patient Median survival 

(Months) 
95% CI 

Bone metastasis P=.0450 Solitary 1 17 16 11 21 
Multiple 2 81 6 3 9

Visceral metastasis P=.0003 No 0 41 14 11 17 
Treatable 2 11 7 4 10 
Untreatable 4 46 4 2 6 

Tumor activity P=.0030 Slow growth 1 51 10 7 13 
Moderate growth 2 30 6 3 9 
Rapid growth 4 17 2 1 3 

There is significant difference in survival among the five 
Tokuhashi score groups (P=.0038, log rank test), with 
higher median survival in the groups with higher scores. 
The median survival time (and the 95% CI) are summarized 
in the following tables.

The 6-month survival rate was 55.1% for the group with 

score 7–9, 63.2% for those with score 10–12, and 100% for 
those with score 13–15; these differences were statistically 
significant (P<.05, log rank test).

There is significant difference in survival between the four 
Tomita score groups (P<.00005, log rank test). Lower scores 
were correlated with higher median survival [Table 5].
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With a Tokuhashi score of 7 or more and a Tomita score 
of 6 or less there is more than 50% chance that the patient 
will survive beyond 6 months after surgery. The assurance 
that there is  a good chance of survival after surgery can 
be useful for surgeons as it will give them the confidence 
to proceed with surgery. This knowledge will also be useful 
when counseling patients on various treatment options. 

Survival logistic analysis at 6 months: Tomita vs 
Tokuhashi score
Stepwise logistic regression analysis was used to evaluate 
the strength of correlation between the Tokuhashi and 
Tomita scores and 3-month and 6-month survival. The 
Tomita score (P=.001) was shown to be a significant 
independent predictor for 3-month as well as 6-month 
survival. The Tokuhashi score was not used as it was not a 
significant predictor in comparison with the Tomita score 
for 3- and 6-month survival.

We examined survival in the different score groups, with 
the Tomita 9–10 score group (i.e., poorest prognosis) as 
the reference group; the 6-month survival in the  groups is 
shown in the Table 6.

discussion

In patients with metastatic spinal tumors surgery can provide 
symptomatic relief of pain and nerve palsy and improve 
quality of life.7,13–15 However, because of the morbidity 

associated with surgery and the recuperation period 
required, patients considered for surgical intervention 
should have a reasonable life-expectancy (of at least 3–6 
months) postoperatively.16

According to the revised Tokuhashi preoperative prognostic 
scoring system, total scores of 0–8, 9–11, and 12–15 predict 
life-expectancy	of	<6	months,	>6	months,	and	≥1	year,	
respectively. Tokuhashi et al. found that with this scoring 
system the survival period after surgery could be predicted 
consistently. The accuracy rate was 86.4% in a prospective 
series of 118 patients and 82.5% in a retrospective series 
of 246 patients.12

Tomita et al.13 used three factors for estimating survival 
prognosis: the grade of malignancy, extent of visceral 
metastases, and extent of bone metastases. Each factor 
was assigned a weighted score, which was determined 
retrospectively. Visceral metastases have twice the 
weightage as bony metastases, reflecting the relatively 
stronger correlation of the former with prognosis (which 
was apparent in our study also). Tomita et al. applied this 
scoring system prospectively to a series of 61 patients 
with spinal metastases between 1993 and 1996. In 43 of 
52 patients (83%) who had been treated surgically they 
achieved local control for more than 80% of the survival 
period (the life span of the patient). The results suggested 
that this classification was simple to use, had prognostic 
value, and was reliably accurate in the management of 
spinal metastases.

The KPS has been used in oncology since 1948 to assess 
performance status of patients.19 It is generally regarded 
as the gold standard measurement of performance status 
in cancer patients.17,18 Our study showed that the KPS had 
the highest correlation with survival (P=.000, log rank 
test). Being a general score, it takes into account many 
comorbidities that determine survival. There is higher 
median survival time for the female population in our study 
[P<.05, log rank test]. Of females with breast cancer, 93% 
had KPS of more than 60%.

The efficacy and accuracy of the Tokuhashi and Tomita 
scoring systems has been studied by many authors in 
the past in different population groups. Grainger et al.20 

Table 5: Tomita scores and the likelihood of 6-month survival
Tomita 
et al. score 
groups

Median 
survival time 

months

95% CI 
months

Survival (months) 
<6 months >6 months

0–3 15 10–20 6 (21.4) 22 (78.6)
4–6 9 8–10 8 (27.6) 21 (72.4)
7–8 4 3–5 20 (58.8) 14 (14.2)
9–10 2 1–3 10 (90.9) 1 (9.1)
Figures in parentheses are in percentage

Table 6: Odds of 6-month survival according to Tomita score 
(with score group 9–10 as reference group)
Tomita et al. score 
group 

Log rank test Odds ratio 95% CI 

Score 0–3 P =.002 36.7 3.9 to 346.2 
Score 4–6 P =.004 26.2 2.9 to 239.5 
Score 7–8 P =.078 7.0 0.8 to 61.1 

Table 4: Revised Tokuhashi scores and the likelihood of 6-month survival
Revised Tokuhashi score 
groups 

Median survival time 95% CI Survival (months) surgery to death 
<6 months >6 months 

0–3 1       Not computable due to small sample size
4–6 4 1–7 13 (59.1) 9 (40.9) 
7–9 7 4–10 22 (44.9) 27 (55.1)
10–12 13 4–22 7 (36.8) 12 (63.2)
13–15 15 10–20 0 8 (100)
Figures in parentheses are in percentage
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retrospectively reviewed 169 patients operated for spinal 
metastasis and calculated prognostic scores according to 
the systems of Tokuhashi and Tomita. They found that 
patients with Tokuhashi scores of 9–12 had 50% survival of 
23 months compared to 5 months and 2 months survival in 
those with scores of 5–8 and 1–4, respectively (P<.05). The 
Tomita scoring method showed a similar trend, with 50% 
survival of 15 and 5 months for predicted long and medium 
term groups (P<.05). The authors concluded that both 
systems are potentially useful when deciding the suitability 
for surgery of patients with metastatic spinal disease. They 
had concluded that the Tomita system was less sensitive 
for early mortality.

Ulmar et al.21 retrospectively analyzed 37 patients surgically 
treated for vertebral metastases secondary to renal cancer. 
The Tokuhashi and Tomita scores were calculated for each 
patient. They found that the Tokuhashi score was very 
reliable for the estimation of life-expectancy of renal cancer 
patients with vertebral metastases, with a statistically high 
significance. However, they found no correlation between 
predicted and real survival with the Tomita score.

Zeng et al.,22 in their retrospective review, used the revised 
Tokuhashi system to score 447 patients operated for spinal 
metastases. The relationship between survival time and 
the Tokuhashi score was analyzed. They concluded that 
the Tokuhashi score was positively correlated with survival 
time (r=0.833; P<.001). Thus, with a revised Tokuhashi 
score of 12–15 points, surgery would be a good option 
for extending lifespan in a patient with a solitary spinal 
metastasis of a slow-growth primary tumor.

Katagiri et al.23 did a multivariate analysis of data from 350 
patients operated for spinal metastases. They identified five 
significant prognostic factors for survival, namely, the site of 
the primary lesion, the performance status, the presence of 
visceral or cerebral metastases, any previous chemotherapy, 
and presence of multiple skeletal metastases. The score for 
each significant factor was derived from the corresponding 
estimated regression coefficients (natural logarithm of the 
hazard ratio). The prognostic score was calculated by adding 
up the scores for the individual factors. The rate of survival 
was 31% at 6 months and 11% at 1 year for patients with a 
prognostic score of 6 or more. By contrast, patients with a 
prognostic score of 2 or less had a rate of survival of 98% 
at 6 months and 89% at 1 year. This scoring system can be 
used to determine the optimal treatment for patients with 
pathological fractures or epidural compression. 

Our study analyzed all six components of the Tokuhashi 
scoring system and found that the three parameters that 
significantly influence survival without controlling the other 

variables were the individual performance score, extent 
of metastasis to visceral organs, and extent of extraspinal 
bone metastases.

The type of primary tumor was not found to be statistically 
significant in the revised Tokuhashi scoring system, which 
had five grades (P=.9131 log rank), but it was found to be 
significant with the original scoring system where the score was 
categorized to three grades (P=.027). This may be explained 
by the lack of power of the study when the categories were 
expanded from three possibilities to six in the revised score.

Similar to previous studies that have proved the efficacy 
of both the Tokuhashi and the Tomita scoring systems, we 
too found that both scores correlated well with survival. 
Stepwise logistic regression for 3 and 6 months survival 
revealed that the Tomita score correlated more closely with 
survival than the Tokuhashi score, which is in contrast to 
findings of the earlier studies. The Tokuhashi scoring system 
takes into account parameters that do not significantly 
influence survival (e.g., presence of spinal cord palsy and 
number of vertebral levels involved) and this may confound 
the final score. Satoshi et al. found that, in patients with lung 
cancer, among the components of the Tokuhashi score only 
the patient’s performance status correlated with survival, 
and that the Tokuhashi score as a whole did not correlate 
with survival.24

conclusion

The individual performance status, extent of visceral 
metastasis, extent of bone metastases, and tumor activity 
are significant predictors of survival in patients with 
metastatic disease of the spine and requiring surgery. 
Both the revised Tokuhashi score and the Tomita score 
were significantly correlated with survival. A revised 
Tokuhashi score of 7 or more and a Tomita score of 6 or 
less indicated more than 50% chance of surviving 6 months 
postoperatively. We recommend that the Tomita score be 
used for prognostication in patients who are contemplating 
surgery as it is simpler to score and has a higher strength of 
correlation with survival than the Tokuhashi score.
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