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ABSTRACT  

Study Design: A prospective multicenter cohort study. 

Objective: To assess the clinical accuracy of six commonly cited prognostic scoring systems for 

patients with spinal metastases.  

Summary of Background Data: There are presently several available methods for the 

estimation of prognosis in metastatic spinal disease, but none are universally accepted by 

surgeons for clinical use. These scoring systems have not been rigorously tested and validated in 

large datasets to see if they are reliable enough to inform day-to-day patient management 

decisions. We tested these scoring systems in a large cohort of patients. A total of 1,469 patients 

were recruited into a secure internet database, and prospectively collected data were analysed to 

assess the accuracy of published prognostic scoring systems.  

Methods: We assessed six prognostic scoring systems, described by the first authors Tomita, 

Tokuhashi, Bauer, Van der Linden, Rades, and Bollen. Kaplan Meier survival estimates were 

created for different patient subgroups as described in the original publications. Harrell’s C-

statistic was calculated for the survival estimates, to assess the concordance between estimated 

and actual survival.  

Results: All the prognostic scoring systems tested were able to categorize patients into separate 

prognostic groups with different overall survivals. However none of the scores were able to 

achieve “good concordance” as assessed by Harrell’s C-statistic. The score of Bollen and 

colleagues was found to be the most accurate, with a Harrell’s C-statistic of 0.66. 
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Conclusions: No prognostic scoring system was found to have a good predictive value. The 

scores of Bollen and Tomita were the most effective with Harrell’s C-statistic of 0.66 and 0.65 

respectively.  Prognostic scoring systems are calculated using data from previous years, and are 

subject to inaccuracies as treatments advance in the interim. We suggest that other methods of 

assessing prognosis should be explored, such as prognostic risk calculation. 

Key Words:Metastasis; Spine; Surgery; Prediction; Prognosis; Survival; Score 

Level of Evidence:3 
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INTRODUCTION  

Spinal metastases are common in patients with cancer, and may be found in 70% of patients with 

cancer. In addition, up to 10% of patients with cancer present with cord compression and 

neurological symptoms.(1) 

Symptomatic spinal metastases may be treated with surgery, radiotherapy, or combination of 

treatments to minimise pain, instability or neurological impairment. These treatments, however, 

are associated with side effects or complications, and therefore it is important to match the level 

of intervention with the prognosis of the patient to avoid exposing the patient to unnecessary 

risk.  

The Global Spine Tumour Study Group is a group of spine surgeons from around the world who 

are together studying the outcome of surgery for spinal metastases by using a secure internet 

registry of consecutive surgeries for patients with symptomatic spinal metastases.(2) One of the 

principal aims of the registry database was to assess the outcome of surgery for spinal metastases 

and assess factors which might predict the outcome after treatment, to better inform clinicians 

and allow patient choice(3). Previously there have been very few reports of quality of life after 

surgery in this vulnerable patient group (4)and therefore these data will benefit decision making 

in symptomatic spinal metastases.  

Predicting who is likely to benefit from surgery may be calculated mathematically if we analyse 

patient cohorts and identify those pre-operative factors that are associated with outcome 

measures such as survival and quality of life(5). However, these mathematical models will never 

be precise and will be subject to “noise” due to unknown predictors or random variation. 
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Individual prognostic scores will not necessarily be generalisable since they will depend on the 

selection bias of the cohort being studied.  

Despite a degree of random variation, scientific prediction is still useful todetermine factors that 

might help a clinician and patient decide which treatment is the most appropriate. Performing a 

technically challenging, risky and painful operation on a patient who is unlikely to survive to 

appreciate the benefits of the surgery would be inappropriate. Conversely, avoiding surgery in a 

patient who would clearly benefit would be equally incorrect.  

Several prognostic scoring systems have been published to help predict the survival of patients 

with metastatic spine disease, undergoing treatment with either surgery, radiotherapy, or 

combination of treatments. The most cited prognostic scoring systems are those of Tomita(6) and 

Tokuhashi(7), but other published systems include those of Bauer(8), van der Linden(9), 

Rades(10) and Bollen(11).  

Tomita et al. developed a scoring system including primary tumour type, presence of visceral 

metastases and number of bone metastases including the spine, based on data from 67 patients. 

This produced a total prognostic score between 2 to 10, and Tomita et al. divided patients into 

four distinct prognostic groups (2-3, 4-5, 6-7, 8-10), which determined the treatment goal. (6) 

Tokuhashi et al. originally published a scoring system in 1990, (7)which was later revised to 

include more primary tumour subgroups, (12)as well as the number of spinal, visceral, 

extraspinal bone metastases, Karnofsky performance status, Frankel neurological grade and the 

ability to walk. This generated a prognostic score between 0-15, and Tokuhashi et al considered 

patients in three management categories, scoring 0-8, 9-11, 12-15.  
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Bauer and Wedin(8) developed a scoring system based on data from 153 patients, assessing the 

primary tumour type, skeletal and visceral metastases, and the presence of pathological vertebral 

fracture, generating patient subgroups with 0-1, 2-3, or 4-5 significant criteria. 

Bollen et al.(11) were the first group to utilise larger datasets to generate a prognostic score, in 

1043 patients, and divided patients into groups A-D depending on the primary tumour type, 

presence of visceral metastases, and Karnofsky performance status. Only 46 of these patients, 

however, were treated with surgery.  

Rades et al. (13) reviewed the outcome of 1128 patients who underwent primary radiotherapy, of 

whom 564 were used to calculate the prognostic scoring system. Similar to other systems, they 

incorporated primary tumour type, number of bone and visceral metastases, into a score, but 

uniquely also inputed the time from cancer diagnosis to the development of cord compression, 

and the rapidity of motor deficit.  

Van der Linden et al (9) also looked at a registry of patients who underwent radiotherapy, and 

reviewed 342 patients, and developed a scoring system based on the primary tumour type, 

Karnofsky performance status and presence of visceral metastases, forming three groups: group 

A (score 0-3); group B (score 4-5); and group C (score 6).  

These scoring systems have not been assessed prospectively in a large group of patients, and 

some would question the validity of scoring systems. (14, 15) 

We aimed to test the accuracy of these well-cited prognostic scoring systems by using a large 

database of patients which is independent of other published patient groups(16) to validate the 

scoring systems themselves and the work of other research groups. (16)Unlike other published 

studies (16), our series has the advantage of being prospectively collected data, and therefore did 
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not suffer from retrospective reporting bias and potential estimation of parameters using 

surrogate variables.  

MATERIALS AND METHODS 

A total of 2,148 consecutive patients who underwent surgery for symptomatic spinal metastases 

were prospectively recruited, and clinical data were input into the secure cloud database of the 

Global Spine Tumour Study Group (17). Previous data have been published on earlier patient 

cohorts. (3) Of these 2,148 patients, 1,469 were used to assess the prediction models of Tomita, 

Tokuhashi, Bauer, Bollen, van Linden, and Rades. The majority of patients were excluded from 

survival calculations due to inaccuracies of data entry: 587 patients had prospectively collected 

data which was retrospectively uploaded (at least one month after date of surgery) and were 

excluded due to missing or inaccurate data; and 92 patients had missing data for date of surgery 

or details of surgical technique. 

To calculate the Bauer score, one of the criteria used is the presence or absence of pathological 

vertebral fracture. This was not possible to determine accurately in our data, and therefore the 

Bauer score was calculated with sensitivity analyses as estimate I (conservative estimate, 

assuming all patients had a pathological fracture) and estimate II (optimistic estimate, assuming 

no patient had a pathological fracture). 

Statistical analysis 

Descriptive statistical summary measures were used to describe relevant variables. Binary and 

categorical variables are summarized with frequency and percentage (table 1).  
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Kaplan-Meier survival estimators were fitted and curves were displayed.Hazard Ratios (HR), 

associated 95% confidence intervals (95%CI) and p-values testing their difference with the 

reference category were estimated by fitting appropriate Cox proportional hazards models. When 

statistical tests were performed, p<0.05 was taken as the significance threshold. 

The probabilities of concordance between predicted and observed responses were estimated 

using Harrell’s C-statistic, similar to previous methods in the literature (18). Based on its values, 

it is possible to formulate a judgment about the utility of the model: 

 A value below 0.5 indicates a very poor model; 

 A value of 0.5 means that the model is no better than predicting an outcome than random 

chance; 

 Values over 0.7 indicate a good model; 

 Values over 0.8 indicate a strong model; 

 A value of 1 means that the model perfectly predicts those group members who will 

experience a certain outcome and those who will not. 

 

Data analysis was performed using Stata 13 software (StataCorp LLC, Texas USA). 

RESULTS 

Of 2,148 patients in the GSTSG database on 1st September 2016, 1,469 patients were analysed: 

840 males (57%) and 629 females (43%). Mean patient age was 60.6 years (standard deviation 

12.7 years). 
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136 patients presented with symptomatic cervical spine metastases (9.5%), 678 patients had 

thoracic spine metastases (48.0%), 233 patients had lumbar spine metastases (16.5%), 367 

patients had mixed spinal levels (26.0%). 

661 patients (45.1%) of patients presented for surgery with involvement of one vertebral level, 

286 patients (19.5%) had two vertebral level involvement, and 519 patients (35.4%) had three or 

more levels involved. 

636 patients (44.7%) had no other bone metastases apart from the spine metastases, 442 patients 

(31.1%) had one to two extraspinal bone metastases, and 344 patients (24.2%) had three or more. 

Visceral metastases were relatively common:while 262 patients (17.9%) had no visceral 

metastases, 665 patients (45.4%) had one visceral metastasis, and 539 (36.8%) had two or more 

visceral metastases.  

Karnofsky performance status, neurological (Frankel) status, and primary tumour types are 

outlined in table 1. 

Tokuhashi score(12) 

Analysis of patients using the Tokuhashi scoring system demonstrated statistically significant 

differences in the actual survival for different Tokuhashi categories (p<0.01, figure 1, table 2), 

taken from the original scoring system.(12) 

Bauer score(8) 

The Bauer score was calculated using a conservative calculation (estimate I, in which all patients 

are assumed to have a pathological fracture) and optimistic calculation (estimate II, all patients 
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do not have a fracture). For both estimates, the score was able to discriminate between different 

prognostic categories (p<0.01, figure 2AB, table 2). 

Tomita score (6) 

Assessment of the Tomita scoring system revealed statistically significant differences for 

survival between the calculated categories (p<0.01, figure 3, table 2). 

Van der Linden scoring system (9) 

Assessment of the Van der Linden score revealed significant differences in the calculated 

survival of category B with respect to reference category A (, p<0.01, table 2). However, Van der 

Linden category C patients did not demonstrate a significant difference in survival, possibly due 

to the small numbers of patients from our dataset falling into category C (figure 4, table 2). 

Rades scoring system(13) 

There was a significant difference in calculated survival between the two groups according to the 

Rades classification (p<0.01, figure 5, table 2). 

Bollen criteria (11) 

There was a significant difference between the survival estimates for different Bollen categories 

(p<0.01, figure 6, table 2). 

Harrell’s C-statistic 

The accuracy of prediction was determined using Harrell’s C-statistic (table 3). 
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The two most cited scoring systems of Tokuhashi(7) and Tomita(6) were similarly accurate, 

although the Bollen score (11) performed slightly better with a C-statistic of 0.66 (table 3). 

However no scoring system achieved a good predictive value above the threshold of 0.7. The 

scoring systems of Van der Linden(9) and Rades(19) did not perform well using our surgical 

data, most likely because these systems were devised using data from radiotherapy databases, 

which are not generalisable to a surgically selected series.  

DISCUSSION 

All prognostic scoring systems, to some extent, will be subject to inaccuracies and non-

generalisability depending on how the scoring system was designed. Databases are not 

necessarily complete population registries, but more commonly come from groups of patients 

who have been pre-selected for specific interventionss. This selection bias of the cohort is likely 

to create an over-optimistic prognostic scoring system if calculated from a surgical series, but a 

potentially more pessimistic outlook for when a radiotherapy cohort has been used as the 

baseline population. 

Our results support the findings of Bollen et al.(16), that their scoring system is the most accurate 

prediction model compared to the other models tested in our study. This is despite differences in 

the populations of patients used to test the various scoring systems: Bollen et al. used a 

retrospective, smaller cohort, with higher mortality rate (median survival 5.1 months) and 

smaller numbers (1379 patients) limited to two European centres only. (16) 

Comparison with other published data 

Several other papers have attempted to validate published prognostic scoring systems using 

limited datasets. Arana et al. assessed the Tomita and modified Bauer scoring systems using a 
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database of 90 patients and demonstrated good intra- and inter-observer agreement but did not 

validate the accuracy of survival prediction itself.(20)Balain et al. reviewed the Tokuhashi, 

Tomita, and modified Bauer indices in a cohort of 199 patients(21), and Bartel in 110 

patients(22) recommending that these systems are reliable and useful for clinical application. 

However, in our larger series of patients we did not find similar levels of predictive accuracy and 

demonstrateda lower reliability than previously thought.  

All prognostic scoring systems are weighted by the influence that primary tumour type has on 

survival. However, in recent years we have seen improved survival with the advent of new drug 

treatments, immunotherapies, and more accurate radiation techniques. Therefore prognostic 

scoring systems that have been devised using patient data before 2005 or even 2010 are less 

reliable and should be used with caution. (23, 24) In general there will always be a lag-time bias, 

in that new treatments are often developed during the time of data acquisition, and may affect the 

results at later timepoints within the study.Therefore prognostic scoring systems, in general, are 

likely to be outdated unless they can be regularly updated or refined by current real-time data.    

The Van der Linden and Rades scoring systems were devised from patient cohorts that were 

preselected for more palliative management than our surgical series.(9, 13) This resulted in very 

uneven distribution of our patients when applied to the different prognostic groupings as 

described in the original papers of Van der Linden and Rades, with very few patients being 

designated to Van der Linden group C or Rades’ palliative category. Fewer patients in these 

worst performing categories will inevitably bias the results, and hence Harrell’s C-statistic was 

poor for these two scoring systems when applied to our patient population. 
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Many previous prognostic scoring systems were designed using small numbers of patients and 

retrospectively collect data. Rades et al had a large database of 2029 patients(25) but all were 

treated with radiotherapy, and therefore the conclusions may not be generalised to a surgical 

patient population. By the time a patient embarks on radiotherapy, the decision to manage the 

patient without surgery has been already made, and therefore prognostic scoring systems are 

perhaps more usefully applied before this stage, to determine whether a patient is an appropriate 

candidate for surgery. Bollenet al. analysedpatients before thispivotal decisionwas made: 

whether to operate or proceed with palliative radiotherapy. They assessed a large group of 1043 

patients, but retrospectively analysed. (11) 

CONCLUSION 

Our study demonstrates a high variability in the accuracy of the commonly cited prognostic 

scoring systems, which all suffer from a low concordance between predicted and actual survival, 

as calculated by Harrell’s statistic. The Bollen and Tomita prognostic systems appear to be the 

most effective, but even these scoring systems did not achieve a “good” rating for accuracy and 

concordance.  

The scores are all useful to highlight those factors which influence survival, and should be taken 

into consideration when determining the most appropriate management plan for a particular 

patient, but the scoring systems are probably not reliable enough to use the calculated scores 

themselves for directly predicting survival. Using numbers calculated from scoring systems to 

determine thresholds for appropriate treatment for a particular patient is probably not a valid use 

of prognostic scoring systems. These systems should be used more qualitatively rather than 

Copyright © 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



quantitively, to avoid difficulties created by zones of uncertainty, ceiling effects between 

categories, or the freedom of patient and clinician’s choice. 

The prediction of survival is useful to guide treatment plans, requirements for discharge home 

and after surgery, and the allocation of appropriate resources. But large variations in prediction 

models and non-generalizable datasets make it difficult to apply data derived from cohorts to 

individual patients.   

Qualitative assessments can guide physicians and surgeons, and particularly in cardiovascular 

medicine, the use of risk calculators has revolutionised clinical decision making and perhaps is 

the next step in the clinical application of predictive data for spinal metastases. The Qstroke 

score for predicting risk of ischaemic stroke(26), the Framingham risk score for coronary heart 

disease(27) are some other examples of risk models, which are readily available forday-to-day 

practice using internet-ready software applications.  
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Figure legends 

Figure 1. Kaplan Meier survival curves for different Tokuhashi score categories. 
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Figure 2A. Kaplan Meier survival curves for different Bauer score categories 

(conservativeestimate I). 
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Figure 2B. Kaplan Meier survival curves for different Bauer score categories (optimistic estimate 

II). 
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Figure 3. Kaplan Meier survival curves for different Tomita score categories. 
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Figure 4. Kaplan Meier survival curves for different van der Linden score categories. 
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Figure 5. Kaplan Meier survival curves for different Rades score categories. 
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Figure 6. Kaplan Meier survival curves for different Bollen categories 
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Table 1: Pre-operative clinical status and primary tumour aetiology 

  Number of 

patients 

Percentage of 

patients 

Karnofsky 80-100 547 38.0 

 50-70 678 47.2 

 0-40 213 14.8 

    

Frankel A 23 1.6 

 B 58 4.0 

 C 272 18.9 

 D 449 31.2 

 E 638 44.3 

    

Tumour type Biliary 10 0.7 

 Bladder 22 1.6 

 Breast 238 17.1 

 Cervical 14 1.0 

 Colorectal 56 4.0 

 Gastric 27 1.9 

 Liver 48 3.5 

 Lung 202 14.5 
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 Lymphoma 33 2.4 

 Melanoma 28 2.0 

 Myeloma 1 0.1 

 Other 213 15.3 

 Prostate 165 11.9 

 Renal 169 12.2 

 Sarcoma 38 2.7 

 Thyroid 33 2.4 

 Unknown 92 6.6 
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Table 2: Results from the Cox proportional hazards model for each scoring system. * denotes the 

reference category. 

 Number of 

patients 

Percentage of 

patients 

HR 95%CI p-value 

Tokuhashi score category 

0-8 620 44.8 3.21 2.40; 4.24 <0.01 

9-11 523 37.8 1.58 1.17; 2.14 <0.01 

12-15 * 240 17.4    

Bauer score category: Estimate I (conservative) 

Supportive 273 20.2 4.41 3.12; 6.22 <0.01 

Palliative 889 65.7 2.09 1.51; 2.90 <0.01 

Local Control * 192 14.2    

      

Bauer score category: Estimate II (optimistic) 

Supportive 61 4.5 4.15 2.92; 5.90 <0.01 

Palliative 625 46.2 2.38 1.98; 2.86 <0.01 

Local Control * 668 49.3    

Tomita score 

2-3 * 514 36.8    

4-5 280 20.0 1.51 1.16; 1.97 <0.01 

6-7 306 21.9 2.30 1.81; 2.91 <0.01 

8-10 297  21.3 3.88 3.11; 4.85 <0.01 
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Van der Linden category 

A * 845 73.5    

B 278 24.2 0.67 0.53; 0.84 <0.01 

C 27 2.3 0.64 0.32; 1.23 0.18 

Rades category 

Extensive * 1268 93.8    

Palliative 84 6.2 2.95 2.23; 3.89 <0.01 

Bollen category 

A * 139 11.7    

B 351 29.6 1.94 1.23; 3.03 <0.01 

C 401 33.8 3.84 2.49; 5.92 <0.01 

D 295 24.9 5.92 3.82; 9.18 <0.01 
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Table 3 

Harrell’s C-statistic for each prognostic scoring system and estimated survival. At 4 and 6 

months survival data was calculated for the worst prognostic categories of each scoring system, 

and at 12 and 24 months, survival data was calculated for the patients in the best prognostic 

categories.  

Prognostic scoring 

system 

Harrell’s 

C-statistic 

%Decease

dwithin 4 

months 

(worst 

prognosti

c groups) 

% 

Deceased 

within 6 

months 

(worst 

prognosti

c groups) 

% Survival  

at12 

months 

(best 

prognostic 

groups) 

% Survival 

at 24 

months 

(best 

prognostic 

groups) 

Tokuhashi 0.62 26.3 34.5 83.0 76.8 

Bauer (estimate 1 

all patients with 

fracture) 

0.60 29.9 38.9 84.7 79.1 

Bauer (estimate 2 

no patients with 

fracture) 

0.62 41.9 50.0 80.0 72.9 

Tomita 0.65 35.1 45.0 80.7 74.8 

Van der Linden 0.55 14.8 14.8 64.2 57.9 

Rades 0.54 45.4 50.0 69.6 62.5 
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Bollen 0.66 29.6 38.5 92.1 83.5 
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