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ABSTRACT  

AIM 

Surgery for spinal metastases can improve symptoms, but sometimes complications can negate 

the benefits. Operations may have different indications, complexities and risks, and the choice 

for an individual is a tailor-made personalized decision. Previous prognostic scoring systems 

are becoming out of date and inaccurate. We designed a risk calculator to estimate survival 

after surgery, to inform clinicians and patients when making management decisions. 

METHODS 

A prospective cohort study was performed, including 1430 patients with spinal metastases who 

underwent surgery. 1264 patients from 20 centers were used for model development using a 

Cox frailty model. Calibration slope, D-statistic and C-index were used for model validation 

based on 166 patients. Follow-up was to death or minimum of 2 years after surgery. Pre-

operative indices (examination findings, pain, Karnofsky physical functioning score, and 

radiology) were assessed.  

RESULTS 

An algorithm to predict survival was constructed including the tumor type, ambulatory status, 

analgesic use, American Society of Anesthesiologists score, number of spinal metastases, 

previous radiotherapy or chemotherapy, presence of visceral metastases, cervical or thoracic 

spine involvement, as predictors. An internet-based Risk Calculator was developed based on 

this algorithm, with similar or improved accuracy compared to other validated prognostic 

scoring systems (C-index 0·68, 95% CI 0·63-0·73, and calibration slope 1·00, 95% CI 0·68-

1·32). 

CONCLUSION 
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A large prospective surgical series of patients with symptomatic spinal metastases was used to 

create a validated risk calculator that can help clinicians to inform patients about the most 

appropriate treatment plan. The calculator is available at www.spinemet.com 

 

  

http://www.spinemet.com/
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INTRODUCTION 

Spinal surgery can improve quality of life for patients with symptomatic spinal metastases,1-3 

but may sometimes cause complications.4-6 Choosing the right operation for an individual is 

therefore paramount; increasing the complexity of surgery can improve outcome but may also 

increase the likelihood of complications.6,7 Management decisions are usually guided by 

prognosis, but this can be difficult to estimate;8,9 systems designed to assess prognosis have 

often been based on small retrospective datasets,10,11 have poor accuracy,12,13 or were based on 

non-contemporary data. To address these deficiencies, we sought to develop a risk calculator 

similar to those for stroke14 and cardiovascular disease15 that is individualized for the patient. 

The risk algorithm may be updated as new treatments become available later, allowing for a 

more accurate and contemporary risk calculator compared to commonly cited prognostic 

scoring systems.13  

The Global Spine Tumour Study Group is a collaboration of surgeons studying the outcome of 

surgery for spine tumors (registered Charities Commission England and Wales, #1134934).16 

 

METHODS  

We performed a prospective cohort study of consecutive patients who were admitted for 

surgical treatment of symptomatic spinal metastases at 20 specialist spinal centers in Belgium, 

Canada, China, Denmark, France, Germany, Japan, the Netherlands, Spain, South Korea, the 

United Kingdom, and the United States of America. Patients were included if they provided 

consent for their anonymous data to be included in the secure database but were excluded if 

they were under 18 or unable to consent due to learning disabilities, unconsciousness, mental 
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illness, young age, or dementia. Data were prospectively entered into an encrypted internet 

database and validated by surgeons at the spine centers, anonymized at point of entry. Ethical 

regulatory approval was granted for all centers (in the UK, NRES registration 08/H0714/44). 

Patients were recruited between 1st January 2000 and September 2016. Follow-up was 

scheduled in the participating centers as close to three, six, 12 and 24-months after surgery, or 

to the date of death.   

Data collection included the following:  

Pre-operative tumor type, Frankel score, sphincter control, Karnofsky status, visual analogue 

pain score (VAS), American Society of Anesthesiologists (ASA) score, number of spinal levels 

affected by tumor, number of visceral metastases, extra-spinal bone metastases, ambulatory 

status, EQ-5D questionnaire. 

Surgical data; type of operation, number of levels of tumor and fixation, intra-operative 

complications.  

Follow-up data; post-operative complications, neurological status, sphincter control, 

Karnofsky score, EQ-5D, and survival. 

 

STATISTICAL ANALYSIS AND DATA HANDLING 

Statistical analyses were performed with Stata 14 software (StataCorp LP, Texas USA) and R 

version 3·2 (R Foundation, Vienna Austria) 

Model Development 

A Cox proportional hazards model was used to develop the risk prediction model.17 The 

follow-up time for each patient was taken from the date of surgery to death, end of study period 
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or last follow-up. Patients who were alive at the end of study period or who were lost to follow-

up were treated as censored.  Patient data were obtained from 20 centers and therefore 

unmeasured center characteristics may independently influence outcome. Thus, a Cox frailty 

model (with random effects for the center) was used to account for potential clustering by 

center. The random effects (frailty terms) were assumed to have a gamma distribution, in 

essence assigning a different baseline hazard to each center. The proportional hazards 

assumption was tested using Schoenfeld residuals. Pre-specified predictors were considered in 

the model and a backwards-elimination procedure with a 15% significance level used. 

Since the objective was to develop a model that can predict the survival of patients generally, 

we mainly focused on marginal predictions, i.e. using only the estimates of the fixed regression 

coefficients from the frailty model and ignoring the estimates of the frailty terms.18  

The marginal predictions for the risk of death at t years were obtained by the equation: 

𝑃(𝑑𝑒𝑎𝑡ℎ 𝑎𝑡 𝑡 𝑦𝑒𝑎𝑟𝑠) = 1 − (𝑆0(𝑡))exp (𝑟𝑖𝑠𝑘 𝑠𝑐𝑜𝑟𝑒)    

The risk score is defined as the sum of the products of the predictors and their estimated 

regression coefficients and 𝑆0(𝑡) is the baseline survival at time t. 

However, we also calculated the conditional predictions, i.e. predictions which use the 

estimates of the frailty terms additionally from the development sample of centers. These 

predictions are typically applicable for risk prediction for patients in the centers in the 

development sample.19 

Sample size  

At least 10 events are required per estimated regression coefficient in a model to estimate the 

regression coefficients with adequate precision.17 Estimation of the variance for the frailty 

terms requires an additional 10 events. Data from 1264 patients from 20 centers in Europe, 
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Asia and North America were included in the development sample. A total of 491 deaths were 

observed within the two year follow-up period, which is adequate for the estimation of 48 

regression coefficients and the variance of the frailty terms. 

Model Validation 

The predictive ability of the risk model was assessed at both three months and two years after 

surgery, based on measures of calibration and discrimination. Both internal and external 

validations of the model were performed. Internal validation was performed using 

bootstrapping with 200 bootstrap datasets. External validation was performed using the data 

from the London center, which was not used for model development.  

Sample size for external validation 

There were 100 events available for external validation at the 2-year time point, which should 

allow reliable estimation of the performance measures.20 However, at the 3-month time point 

there were only 31 events observed, thus performance measures from the external validation of 

the model at 3 months should be interpreted with caution.   

Measures of predictive performance  

Calibration was assessed using the calibration slope (and calibration plot) and discrimination 

was assessed using Uno’s C-index and the D-statistic.  

A Calibration slope of 1 suggests perfect agreement between the observed and predicted risks, 

while a value less than 1 is indicative of model overfitting. If the calibration slope was less than 

0·9, the regression coefficients were multiplied by a linear shrinkage factor (obtained from the 

internal validation) to alleviate model overfitting.  The D-statistic assesses the observed 

separation between subjects with low and high predicted risks as predicted by the model and 
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can be interpreted as the log hazard ratio comparing patients in the upper and lower half of the 

risk distribution. 

Missing data 

Logistic regression was used to identify the predictors of missingness and data were assumed 

to be missing at random. Missing predictor values were imputed using Multiple Imputation by 

Chained Equations (ICE)21 using appropriate imputation models. The outcome, the Nelson-

Aalen estimate of the cumulative hazard, all pre-specified potential predictors for the outcome, 

center (as fixed effects) and predictors of missingness were included in the imputation model. 

The imputation procedure was performed separately for the development and validation 

samples and 10 imputed datasets were produced. A ‘stacked approach’ was used to perform 

variable selection in the multiply imputed datasets.22 The coefficient estimates for the final 

model were combined from the imputed datasets using Rubin’s rules.23 The performance 

measures were estimated in each imputed validation dataset; overall measures (optimism-

adjusted for the bootstrap validation) were calculated by combining the estimates using Rubin's 

rules.23 

 

RESULTS 

A total of 491 patients died within the two year follow-up period (total follow-up time was 923 

person-years), 168 patients were still alive at the end of the two years, and the remaining 

patients were lost to follow-up with their last status recorded as being alive (table 1).   

Cause of death was directly due to the tumor in 87.6% of patients, due to surgical 

complications in 0.9%, other treatment complications in 0.2%, unrelated causes in 1.3% and 

unknown causes in 9.9% of patients.   
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Factors that were not found to be independent predictors of survival at the 15% level of 

significance were gender, age, Karnofsky score, Frankel score (since mobility was the stronger 

predictor), previous surgery, pain quality or intensity (which was less influential than analgesic 

requirement), the presence of brain metastases, or spinal metastases at the craniocervical, 

cervicothoracic, thoracolumbar or lumbosacral junctional levels and calendar period. Prior 

surgery was not included in the final model because very few patients had had previous 

surgery.  

Table 1 

We have previously analyzed and described factors which predict survival (i.e. tumor type, 

number of spinal metastases and visceral metastases, and Karnofsky functional status) or post-

operative quality of life (i.e. Karnofsky and EQ-5D score) in an earlier cohort.24  

The variables in Table 1 were observed to be significantly associated with survival in the Cox 

proportional hazard’s model. Since mobility is easier to assess but has a strong association with 

Karnofsky status, we focused on mobility in the regression model. The estimated regression 

coefficients with hazards ratios and corresponding confidence intervals are shown in Table 2. 

The proportional hazards assumption was satisfied in each of the imputed datasets. In internal 

validation, the calibration slope of 0·78 at two years was indicative of moderate model 

overfitting and thus all regression coefficients in the prediction equation were multiplied by a 

shrinkage factor of 0·78. The model demonstrated reasonable discrimination with a C-index of 

0·68 (95% CI 0·66-0·71) and 0·71 (95% CI 0·67-0·75) for two years and three months 

respectively. In external validation, the predictive ability of the model for the risk of death at 

two years was consistent with the results from internal validation with a C-index of 0·68 (95% 

CI 0·63-0·73) and a calibration slope of 1·00 (95% CI 0·68-1·31) which indicated that the 

linear shrinkage estimated from internal validation was effective in improving calibration. 
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The estimate of the C-index was higher when conditional predictions were used; 0·73 (95% CI 

0·71-0·75) and 0·76 ( 95% CI 0·72-0·79) at 2 years and 3 months, respectively (Table 3).   

Table 2 

Table 3 

Observed survival and survival predicted by our risk model were calculated and shown in 

Figures 1 and 2. These calibration plots show good agreement between observed and predicted 

risks of death at two years, with some underestimation of the risk for the lowest risk group.  

Figure 1 

Figure 2 

 

Prediction equation 

The marginal predictions for the risk of death at two years were obtained by the following 

equation: 

𝑃(𝑑𝑒𝑎𝑡ℎ 𝑎𝑡 2 𝑦𝑒𝑎𝑟𝑠) = 1 − (0 · 8397648)exp (risk score)  

We compared the performance of our risk model with the two most widely cited and used 

prediction tools described by Tomita10 and Tokuhashi11 (Table 4). 

Table 4  

 

DISCUSSION 

We have developed a risk calculator that provides an estimate of survival, determined by 

specific patient characteristics at the time of presentation for surgical treatment. This risk 
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calculator is more accurate than previously published prognostic scoring systems, and is 

available as an online clinical tool. The significant variables which influenced survival and 

were incorporated in the risk calculator were: the type of metastatic tumor; mobility; analgesic 

usage; presence of bone and visceral metastases; co-morbidities (ASA); previous 

chemotherapy or radiotherapy; and presence of tumor at cervical or thoracic spinal levels. 

Methodological considerations 

Clinical prediction models may not be generalizable due to selection bias, which occurs in any 

database. In our study, patients were more likely to represent those patients whom clinicians 

had decided were candidates for surgery, but may also include patients with poor prognosis.8,9  

The most common metastatic tumors in our series were from breast, renal, lung, and prostate 

carcinomas and myeloma (Table 1). The validation cohort had a lower proportion of patients 

with lung cancer (7·8%) compared to the development cohort (15·9%), which may give rise to 

the differences in predicted and actual risk.  

Findings of single cohort studies may not be generalizable due to center-specific bias. 

Although there will never be a perfect dataset for clinical prediction modelling,25 the GSTSG 

database includes data from multiple international centers, minimizing bias from clustering.   

Including too many variables in the prediction model will decrease the practical use of the 

model, and therefore the variables chosen for the model will inevitably be determined by a 

combination of expert opinion, previous published relevant models, clinical relevance and 

practicality.  

Predictions of risk 

Around half the patients had normal mobility, but with general comorbidities ASA 2-3. Most 

patients did not have lung or liver metastases at the time of presentation, however the presence 
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of liver and lung metastases were the most influential in predicting survival, with 54% and 

37% increased risk of dying if these metastases were present, respectively (Table 2).  

Similar to the four most cited and accurate prognostic scoring systems of Tomita,10 

Tokuhashi,11 Bollen,26 and Bauer,27 we found that the tumor type was highly associated with 

survival: lung carcinoma patients had a 3.2 times greater risk of death, and gastric cancer 5 

times higher risk than that for a patient with breast carcinoma. The number of bone metastases 

and visceral metastases were also associated with poor survival. In agreement with the 

Tokuhashi11 scoring system, we found that the bed-bound patient had a two-fold increased risk 

of death compared to a patient who was walking unaided.  

In external validation, the predictive ability of the model for the risk of death at two years was 

satisfactory and consistent with the results from internal validation with a C-index of 0·68 

(95% CI 0·63-0·73). For predicting the risk of death at two years in the centers that were 

included in model development, one could use the conditional predictions which provide more 

accurate predictions at 2 years with a C-index of 0·73 (95% CI 0·71-0·75, Table 3) as seen in 

internal validation. This level of predictive accuracy is slightly better than other popular cited 

prognostic scoring systems including Bollen,26 Tomita,10 and Tokuhashi11 scores. 

The online risk calculator can be accessed via the web address www.spinemet.com (Figure 3). 

Figure 3 

 

Use of the risk calculator 

This risk calculator is intended to be used as a guide to clinicians, to provide an objective 

estimate of survival for clinical decision-making and considering surgical options for an 

individual. With the advent of immunomodulatory drug therapies, previous prognostic scoring 

http://www.spinemet.com/
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systems will not accurately predict survival for renal cell carcinoma metastases,28 whereas risk 

calculators can be updated to maintain usefulness, in a similar fashion to the Framingham 

stroke risk calculator.15,29 

It is important to understand the limitations of the risk calculator, which should not be 

generalized to non-surgical cancer patients, and due to standard error may be inaccurate for 

some patients. If the data is presented too explicitly to patients, without simultaneous expert 

opinion, this may cause alarm. The European Association of Palliative Care recommends that 

physicians should always take into account the preferences and expectations of patients, as well 

as considering prognosis.30   

  

CONCLUSION 

In this modern era of personalized medicine, it is useful to predict the risk for an individual 

patient. The use of prognostic scoring systems which place patients into different categories 

that influence the choice of treatment is becoming outdated. We have developed an internet-

calculator to estimate the risk of death in patients who are selected for surgical management of 

symptomatic spinal metastases, for use by experienced doctors and medical staff as an aid to 

patient management.  
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TABLES 

Table 1: Summary data for the development and validation cohorts (risk factors that were 

included in the final model) 

  Development  Validation 

Secondary Tumor type  N  %  N  % 

Breast  204 16·4  32 19·2 

Renal  151 12·2  20 12·1 

Lung (any)  197 15·9  13 7·8 

Prostate  143 11·5  24 14·5 

Myeloma  110 8·9  14 8·4 

Gastric  24 1·9  3 1·8 

Sarcoma  30 2·4  12 7·2 

Other specified  306 24·6  37 22·3 

Other/unknown  77 6·2  11 6·6 

Total  1,242 100  166 100 

Missing   22 1·7  0 0 

       

Mobility       

Walking normally  655 53·2  75 45·2 

Walking with 1 stick/crutch  69 5·6  17 10·2 

Walking with 2 sticks/crutches  135 11·0  16 9·6 

Wheelchair-bound  165 13·4  13 7·8 

Bed-bound  207 16·8  45 27·1 

Total   1231 100  166 100 

Missing   33 2·6  0 0 
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Bone Metastases       

0 sites  509 41·7  11 66·9 

1-2 sites  400 32·8  38 22·9 

>2 sites  312 25·6  17 10·2 

Total  1221 100  166 100 

Missing   43 3·4  0 0 

       

Use of analgesic        

Strong opioids  516 42·0  81 48·8 

Weak opioids  273 22·2  31 18·7 

No regular analgesia  140 11·4  18 10·8 

Non-opioid analgesia  301 24·5  36 21·7 

Total  1230 100  166 100 

Missing   34 2·7  0 0 

       

ASA       

1  131 10·7  17 10·3 

2  554 45·1  77 46·7 

3  508 41·4  66 40·0 

4-5  35 2·9  5 3·0 

Total  1228 100  165 100 

Missing   36 2·9  1 0·6 

       

Other visceral metastases       

0 metastases  467 37·9  67 40·4 

1 metastasis  543 44·1  67 40·4 

2 or more metastases  221 18·0  32 19·3 
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Total   1231 100  166 100 

Missing   33 2·6  0 0 

       

Radiotherapy       

No   981 81·2  133 80·1 

Yes  217 18·1  33 19·9 

Total  1198 100  166 100 

Missing   66 5·2  0 0 

       

Chemotherapy       

No   996 81·6  135 81·8 

Yes  225 18·4  30 18·2 

Total  1221 100  165 100 

Missing   43 3·4  1 0·6 

       

Lung Metastases       

No  1022 83·0  125 75·3 

Yes  209 17·0  41 24·7 

Total  1231 100  166 100 

Missing   33 2·6  0 0 

       

Liver Metastases       

No  1104 89·7  145 87·3 

Yes  127 10·3  21 12·7 

Total  1231 100  166 100 

Missing   33 2·6  0 0 
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Cervical spine involvement       

No  966 78·6  131 78·9 

Yes  263 21·4  35 21·1 

Total  1229 100  166 100 

Missing   35 2·8  0 0 

       

Lumbar spine involvement       

No  343 27·9  40 24·1 

Yes  886 72·1  126 75·9 

Total  1229 100  166 100 

Missing   35 2·8  0 0 

       

 

 

Table 2: Model development cohort. Calculation of Hazards ratios and confidence intervals for 

the different pre-operative predictors. 

 

Risk Factor Coefficient 95% CI 

Hazard 

Ratio 

95% CI (for 

HR) 

p-

value 

        

Secondary tumor type        

Breast    1·00   

<0·001 

Renal 0·54 0·13 0·96 1·72 1·14 2·60 

Lung (any) 1·17 0·80 1·53 3·21 2·23 4·61 

Prostate 0·76 0·38 1·14 2·14 1·46 3·14 
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Myeloma -0·29 -0·82 0·25 0·75 0·44 1·28 

Gastric 1·61 0·98 2·23 4·98 2·66 9·30 

Sarcoma 0·90 0·28 1·52 2·46 1·32 4·57 

Other specified 0·60 0·26 0·95 1·83 1·29 2·58 

Other/unknown 0·68 0·21 1·16 1·98 1·23 3·19 

        

Mobility        

Walking normally    1·00    

Walking with 1 stick/crutch 0·51 0·01 1·01 1·66 1·01 2·73 

<0·001 

Walking with 2 sticks/crutches 0·37 0·05 0·70 1·45 1·05 2·00 

Wheelchair-bound 0·30 -0·00 0·61 1·36 1·00 1·84 

Bed-bound 0·68 0·42 0·94 1·98 1·52 2·57 

    ·    

Bone Metastases        

0 sites    1·00   

0·032 1-2 sites 0·35 0·09 0·61 1·41 1·09 1·83 

>2 sites 0·21 -0·05 0·48 1·23 0·95 1·61 

        

Use of analgesic        

No regular analgesia     1·00   

0·015 

Non-opioid analgesia  0·39 -0·01 0·79 1·48 0·99 2·20 

Weak Opioids 0·60 0·20 0·99 1·82 1·22 2·70 

Strong Opioids 0·58 0·20 0·96 1·79 1·22 2·62 

        

ASA        

1    1·000   

0·003 

2 0·66 0·22 1·10 1·94 1·25 3·01 
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3 0·76 0·31 1·21 2·15 1·37 3·37 

4 and 5 1·15 0·48 1·83 3·16 1·61 6·21 

        

Clinical Status        

0 metastases    1·00   

0·062 1 metastasis 0·30 0·05 0·55 1·35 1·05 1·73 

2 or more metastases 0·34 -0·03 0·72 1·41 0·97 2·05 

        

Previous spine radiotherapy 0·21 -0·04 0·46 1·24 0·96 1·59 0·100 

Previous chemotherapy 0·28 0·03 0·53 1·32 1·03 1·69 0·028 

Presence of liver metastases 0·43 0·11 0·75 1·54 1·11 2·13 0·010 

Presence of lung metastases 0·32 0·03 0·60 1·37 1·03 1·83 0·029 

Cervical spine involvement 0·34 0·10 0·58 1·41 1·11 1·78 0·005 

Lumbar spine involvement 0·21 -0·04 0·46 1·23 0·96 1·59 0·099 

        

 

 

Table 3: Results from internal validation. 

 

Internal validation (Bootstrap) Marginal predictions 

at 2 years 

  

C-index 0·68 ( 95% CI 0·66-0·71 ) 

Calibration Slope 0·78 ( 95% CI 0·67-0·88 ) 

D-statistic 1·11 ( 95% CI -1·20-3·41 ) 
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Internal validation (Bootstrap) Marginal predictions 

at 3 months 

  

C-index  0·71 ( 95% CI 0·67-0·75 ) 

Calibration Slope 0·86 ( 95% CI 0·69-1·03 ) 

D-statistic 1·21 ( 95% CI -1·09-3·51 ) 

Internal validation (Bootstrap) Conditional 

predictions at 2 years 

  

C-index  0·73 ( 95% CI 0·71-0·75 ) 

Calibration Slope 0·87 ( 95% CI 0·78-0·97 ) 

D-statistic 1·40 ( 95% CI -1·68-4·48 ) 

Internal Validation (Bootstrap) Conditional 

predictions at 3 months 

  

C-index 0·76 ( 95% CI 0·72-0·79 ) 

Calibration Slope 0·92 ( 95% CI 0·77-1·06 ) 

D-statistic 1·50 ( 95% CI -1·70-4·70 ) 

 

 

Table 4: External validation (using the London center), survival at 2 years. 95% confidence 

intervals are represented in brackets. 

(A shrinkage factor of 0.78 obtained from the internal validation of the model has been applied 

to the regression coefficients) 

 

External validation (London 

center) - 2 years 

Our Score Tokuhashi Tomita 
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C-index (95% CI) 0·68 (0·63-0·73) 0·66 (0·60-0·71) 0·52 (0·45-0·60) 

Calibration Slope (95% CI) 1·01 (0·68-1·31)   

D-statistic  (95%CI) 1·06 (0·72-1·40) 0·87 (0·55-1·21) 0·16 (-0·19-0·51) 
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FIGURE LEGENDS 

 

Figure 1: 

Groups are defined according to the predicted risk at 2 years, using the coefficients estimated 

in Cox regression and the Nelson Aalen estimate of the baseline survival at two years. The 

observed risk at 2 years is then obtained from the Kaplan-Meier survival curve restricted to the 

patients in each risk group. Number of patients per risk group at 2 years: 25, 33, 36, 72 for 

groups 1, 2, 3 and 4 respectively.  

 

Figure 2: 

Groups are defined according to the predicted risk at 3 months, using the coefficients estimated 

in Cox regression and the Nelson Aalen estimate of the baseline survival at two years. Number 

of patients per risk group at 3 months: 20, 58, 63, 25 for groups 1, 2, 3 and 4 respectively. 

 

Figure 3: 

Snapshot of the online risk calculator 
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