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ABSTRACT

Objectives: To externally validate our previously created nomogram and classic algorithm at 
estimating survival in patients with spine metastatic disease, and compare predictive accuracy 
with other existing survival algorithms.

Design: Retrospective cohort study.

Setting: One external institution specialized in orthopaedic oncology provided us with deiden-
tified data.

Participants: We received data from 100 unique patients who had surgery for spine metastatic 
disease between January 2014 and December 2014.

Outcome measures: Survival, defined as the time from the surgical procedure until death 
from any cause. Algorithms were accurate if the Area Under Curve (AUC) was > 0.70.

Results: The nomogram estimated 3-months (AUC = 0.74) and 12-months survival (AUC = 
0.78) accurately; it did not estimate 1-month survival (AUC = 0.65) accurately. There was no 
difference in 1-month survival accuracy between the nomogram and classic algorithm (p = 
0.162). The nomogram was better at predicting 3-months survival when comparing with the 
Tokuhashi score and classic algorithm (p = 0.009). The nomogram was better at predicting 
12-months survival when comparing with the Tomita score, Ghori score, Bauer modified score, 
Tokuhashi score, and classic algorithm (p = 0.033).

Conclusions: The nomogram accurately estimated 3 and 12-months survival for operable 
spine metastatic disease, and is therefore useful in clinical practice.
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INTRODUCTION

When considering whether to operate on patients with spine metastatic disease, one must 
balance the benefits of surgery (decreasing pain, preserving neurologic impairment, and 
prolonging survival) against the drawbacks (a prolonged hospital admission, chance of com-
plications and reoperations, and potential premature death).1-4 Many algorithms prognosticate 
survival for these patients,5-11 although one cannot predict individual survival times from these 
algorithms, and some are merely utilized for surgical planning.11 Furthermore, many of these 
algorithms were inaccurate,7, 12-14 or were not tested in external patient samples.

To tackle these shortcomings, the founders of the Skeletal Oncology Research Group 
(SORG) created a nomogram (further referred to as the “SORG nomogram”) to estimate 
survival for patients with spine metastatic disease (Figure 1).15 Nomograms are figures that 
include prognostic parameters set to a common point scale, which accommodate continuous 
variables; this scale translates into individual survival probabilities.16 The SORG also created 

Figure 1. SORG nomogram
The SORG nomogram: to be used for patients with operable spine metastatic disease. For each parameter, 
the point on the corresponding axis is determined and a vertical line is drawn downward so that the number 
of points given (eg, a patient with a preoperative hemoglobin of 10 g/dL will receive between 65 and 70 
points) may be read. This process is repeated for every parameter. The sum of points can be located on 
the total points axis, from which a vertical line is drawn downward so that the 30-, 90-, and 365-day sur-
vival probability may be read. Primary tumor type 1 = lymphoma, breast cancer, multiple myeloma, kidney 
cancer, prostate cancer, or thyroid cancer. Primary tumor type 2 = lung cancer, colon cancer, rectal cancer, 
bladder cancer, esophageal cancer, liver cancer, melanoma, gastric cancer, or other cancers.
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a classic algorithm (further referred to as the “SORG classic algorithm”), which does not ac-
commodate continuous variables and divides patients based on the number of points (Table 
1). The SORG nomogram was most accurate at predicting probabilities of surviving 1, 3, and 
12 months.15 Algorithms are often more accurate on the sample on which they are developed, 
and external validation is necessary to demonstrate generalizability.17

Our primary study aim was to assess whether the SORG nomogram and SORG classic 
algorithm predicted 1, 3, and 12-months survival accurately in an external patient population 
treated for spine metastatic disease. Secondarily, we assessed compared their survival ac-
curacies to other survival algorithms –the Tokuhashi score,9 Tomita score,11 Bauer modified 
score,5 and Ghori score.6

MATERIALS AND METHODS

Study design and setting
This retrospective study was exempted from review by the external hospitals’ institutional re-
view board, as data were exchanged between the external validation hospital and us (creators 
of the SORG algorithms) in a deidentified manner. The external hospital included patients who 
had surgery for cervical, thoracic, or lumbar spine metastatic disease.

Patients were identified through a computerized query: between January and December 
2014, 198 potentially eligible patients had surgery by one of two neurosurgeons (MB, IL). A 
minimum follow-up of 12 months was required for survivors, and besides metastatic disease 
from solid tumors, multiple myeloma and lymphoma were also included.3 Exclusion criteria 
matched those of the original algorithm development dataset,15 and were age < 18 years, if the 
first surgery at the external validation hospital was a revision procedure, and kyphoplasty/ ver-
tebroplasty/ radiosurgery alone. For patients that had more surgeries after the initial surgery, 
we only included the first surgery to respect the statistical rule of independence.18 Between 
January and September 2014, 100 consecutive patients were included.

Table 1. Variables of the SORG classic algorithm

Variable Points

Age of ≥65 years 1

ECOG performance status (score 3 to 4) 2

Primary cancer other than lymphoma, breast cancer, multiple myeloma, kidney 
cancer, prostate cancer, or thyroid cancer

2

>1 spine metastasis 1

Metastases

Lung or liver 1

Brain (with or without lung or liver metastasis) 2

Previous systemic therapy 2

White blood-cell count of ≥11,000/µL 1

Hemoglobin level of ≤10 g/dL 1
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The surgeons at the external hospital decided upon treatment based on the patients’ esti-
mated survival (without use of a prognostication algorithm), level of pain, degree of spinal cord 
compression, and mechanical stability.

Outcomes and explanatory variables
The outcome was survival, defined as the time between surgery and death from any cause. 
The median survival was 9 months (range 15 days – 30 months), and 73 (73%) patients had 
died at last follow-up (August 15th 2016). Eight (8.0%) patients died within 1 month after sur-
gery, 21 (21%) within 3 months, and 56 (56%) within 12 months.

An onsite researcher (LM) collected the following explanatory variables from patients’ 
medical charts, as these were mandatory for completing the chosen algorithms: age, primary 
cancer type, lung metastasis, liver metastasis, brain metastasis, previous systemic therapy 
(all forms of nonsurgical and nonradiotherapeutic adjuvants, e.g. cytotoxic, hormonal, immu-
nologic, metabolic etc.), region(s) of the spine affected by metastatic tumor, number of spine 
metastases surgically treated, extraspinal bone metastases, Eastern Cooperative Oncology 
Group (ECOG) performance status, neurologic status following the American Spinal Injury 
Association (ASIA) impairment scale, spinal pathologic fracture, pre-operative hemoglobin 
levels, pre-operative white blood cell count, and pre-operative albumin levels. Sex, surgical 
treatment, and surgical approach were collected to compare baseline characteristics between 
the external validation dataset and the development dataset –the dataset upon which the 
SORG algorithms were created.

Statistical analysis
We report categorical variables with numbers (percentages were identical to the absolute 
numbers as there were 100 participants and no missing values), and continuous variables with 
medians and interquartile ranges (IQR). We compared variables between the development and 
validation dataset with the Fisher exact test, and the Mann-Whitney U test.

We assessed what variables were independently associated with 1, 3, and 12-months 
survival by retaining variables with a p-value < 0.10 from bivariate logistic regression analysis, 
and including these in a backward elimination multivariate logistic regression model.

We calculated the Area Under the Curve (AUC) to assess the predictive accuracy of the 
SORG algorithms on all three survival time points. An AUC of 1 implies perfect predictability, 
0.5 implies that the model performs no better than a flip-of-a-coin. We used bootstrap standard 
errors (1000 replications) to calculate 95% confidence intervals of the AUC. We considered the 
SORG algorithms to be sufficiently accurate if the AUC was greater than 0.70.19

We compared predictive accuracy between the SORG nomogram and SORG classic algo-
rithm for 1-month survival with Receiver Operating Characteristic (ROC) analysis –no other 
algorithms predict 1-month survival. We compared predictive accuracy between the SORG 
nomogram, SORG classic algorithm, and Tokuhashi score for 3-months survival–the Tokuhashi 
is the only other algorithm that predicts 3-months survival.10 We compared predictive accuracy 
between the SORG nomogram, SORG classic algorithm, Tokuhashi score, Tomita score, Bauer 
modified score, and Ghori score for 12-months survival. Two-tailed p-values below 0.05 were 
considered significant, and analyses were performed with STATA® 13.0 (StataCorp LP, College 
Station, TX, USA).
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An ante-hoc sample size calculation determined that we would need a minimum of 97 pa-
tients to demonstrate an AUC of 0.70 for the external validation of our prognostication model, 
while assuming 80% of deaths in the validation dataset (alpha: 0.05, power: 0.80).

Survival algorithms
We used the following parameters to calculate survival probabilities from the SORG algorithms 
for the 1, 3, and 12-months time points (Table 1, Figure 1): hemoglobin levels (in g/dL), white 
blood cell count (in K/µL), age, previous systemic therapy (all forms of nonsurgical and nonra-
diotherapeutic adjuvants, e.g. cytotoxic, hormonal, immunologic, metabolic etc.), visceral (liver 
or lung) or brain metastases, number of spine metastases (more or less than one), primary 
cancer type (“good prognosis group” [lymphoma, multiple myeloma, breast cancer, kidney 
cancer, prostate cancer, or thyroid cancer] or “poor prognosis group” [all other cancer types]), 
and ECOG performance status (score of 0-2 or 3-4).

We used the following parameters to calculate the revised Tokuhashi score:9 the Karnofsky 
performance status (poor [10-40%], moderate [50-70%], good [80-100%]) –we converted 
the ECOG performance status to the Karnofsky performance status following Ma et al.20—, 
extraspinal bone metastases (0, 1-2, 3 or more), metastases in the vertebral body (1, 2, 3 
or more), metastases to major internal organs (unremovable, removable, no metastases), 
primary cancer, and palsy (complete [ASIA A], incomplete [ASIA B, C, or D], none [ASIA E]). 
We used the following parameters to calculate the Tomita score11: cancer site (slow growth 
[e.g. breast, thyroid], moderate growth [e.g. kidney, uterus], rapid growth [e.g. lung, stomach]), 
visceral metastases, and bone metastases (solitary/isolated or multiple). We used the fol-
lowing parameters to calculate the modified Bauer score, as proposed by Leithner et al.12 
(excluding pathologic fracture from the original Bauer score5): visceral or brain metastases, 
solitary or multiple skeletal metastases, and cancer type. To calculate the Ghori score,6 we 
used the modified Bauer score (score of 0-2 or 3-4),12 the ECOG performance status (score 
of 0 or 1-4), and low albumin levels (< 4.0 g/dL, based on normal ranges of the hospital of the 
validation dataset).

Demographics, description of study population
The median age was 61 years, 64 patients had a preoperative pathologic fracture, 25 had neu-
rologic deficits, and 94 had a favorable ECOG performance status (score of 0 – 2) (Table 2). The 
most common primary cancer types were lung cancer (n = 25), sarcomatous cancer –primary 
tumor outside the spine (n = 14), and kidney cancer (n = 12) (Appendix 1).

When compared with patients from the development dataset, patients from the external 
validation dataset had less neurologic deficits (p < 0.001), better ECOG performance status 
(p < 0.001), more poor prognosis group cancers (p < 0.001), more bone metastases outside 
the spine (p = 0.008), more visceral or brain metastases (p < 0.001), more previous systemic 
therapy (p = 0.002), lower white blood cell counts (p = 0.010), lower hemoglobin levels (p < 
0.001), less often treated by corpectomy (p < 0.001) and less often by an anterior approach (p 
< 0.001) (Table 2). Survival rates were comparable for the 1-month (p = 0.999), 3-months (p = 
0.530), and 12-months (p = 0.334) survival points.



57

External validation of a prognostic survival algorithm

3

Table 2. Baseline Characteristics and differences between the patients from the development set and 
the external validation set.

Variables

Development
dataset1

n = 649

Validation
dataset
n = 100 P-value

Preoperative variables    

Median (IQR) Median (IQR)

Age (years) 60 (52 - 68) 61 (52 - 69) 0.681

   

 Number (%) Number (%)

Men 377 (58) 62 (62) 0.265

Pathologic fracture 400 (62) 64 (64) 0.368

Neurologic deficits (pre-operative)   

Yes (ASIA A-D) 306 (47) 25 (25) < 0.001

No (ASIA E) 343 (53) 75 (75)

ECOG performance status*   

Score 0-2 (0-50% of waking hours bed/chair bound) 348 (79) 94 (94) < 0.001

Score 3-4 (50-100% of waking hours bed/chair bound) 93 (21) 6 (6.0)

Primary Cancer   

Group 1 - lymphoma, breast, MM, kidney, prostate, thyroid 431 (66) 43 (43) < 0.001

Group 2 - other 218 (34) 57 (57)

Tumor region   

Thoracic 381 (59) 57 (57) 0.172

Lumbar 142 (22) 21 (21)

Cervical 87 (13) 10 (10)

Combined 39 (6.0) 12 (12)

Number of spine metastases   

1 level 176 (27) 25 (25) 0.857

2 levels 99 (15) 14 (14)

3 levels or more 374 (58) 61 (61)

Bone metastases outside the spine 342 (53) 66 (66) 0.008

Visceral metastases at time of surgery   

None 405 (62) 38 (38) < 0.001

Liver/lung 172 (27) 42 (42)

Brain 29 (4.0) 6 (6.0)

Liver/lung and brain 43 (7.0) 14 (14)

Prior systemic therapy 368 (57) 72 (72) 0.002

Laboratory values*†   

High white blood cell count 299 (47) 34 (34) 0.010

Low hemoglobin level 122 (19) 79 (79) < 0.001

Low albumin levels - 77 (77) -



Chapter 3

58

Having neurologic deficits (Odds Ratio [OR] 6.0, 95% confidence interval [CI] 1.3 – 27, p = 
0.020) was associated with worse 1-month survival. Poor prognosis cancers (OR 6.6, 95% 
CI 1.8 – 25, p = 0.005), and lower albumin levels (OR 8.7, 95% CI 1.1 – 71, p = 0.044) were 
associated with worse 3-months survival. Poor prognosis cancers (OR 3.6, 95% CI 1.4 – 9.5, 
p = 0.009), bone metastases outside the spine (OR 2.7, 95% CI 1.0 – 7.3, p = 0.047), and brain 
metastases (OR 5.9. 95% CI 1.3 – 26, p = 0.019) were associated with worse 12-months 
survival.

Table 2. Baseline Characteristics and differences between the patients from the development set and 
the external validation set. (continued)

Variables

Development
dataset1

n = 649

Validation
dataset
n = 100 P-value

Operative variables    

Surgery   

Vertebrectomy/corpectomy with stabilization 314 (48) 15 (15) < 0.001

Decompression and stabilization 231 (36) 63 (63)

Decompression 84 (13) 2 (2.0)

Stabilization 20 (3.0) 20 (20)

Approach   

Posterior 553 (85) 100 (100) < 0.001

Anterior 68 (11) 0 (0)

Combined 28 (4.0) 0 (0)

Postoperative survival    

1 month 592 (91) 92 (92) 0.999

3 months 492 (76) 79 (79) 0.530

12 months 321 (49) 44 (44) 0.334

Bold indicates significance (two-tailed p value below 0.05).
Abbreviations: IQR = Interquartile Range, ASIA = American Spinal Injury Association, ECOG = Eastern 
Cooperative Oncology Group, MM = Multiple Myeloma
1. Paulino Pereira NR, Janssen SJ, van Dijk E, et al. Development of a prognostic survival algorithm for 
patients with metastatic spine disease. The Journal of Bone & Joint Surgery. 2016;98:1767-76.
* There were no missing values for the validation set. For the development set the ECOG performance 
status was available in 441 cases (68%), white blood cell count in 638 cases (98%), hemoglobin levels in 
639 cases (98%), and albumin levels were not available.
† Based on normal ranges of laboratory values in the hospital of the development set, high white blood cell 
counts were defined as > 11 K/uL, and low hemoglobin levels as < 13.5 g/dL. Based on normal ranges of 
laboratory values in the hospital of the validation set, high white blood cell counts were defined as > 11 K/
uL, low hemoglobin levels as < 11.5 g/dL, and low albumin levels as < 4.0 g/dL.
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RESULTS

External validation
The SORG nomogram successfully surpassed the AUC validation threshold (0.70) for 3-months 
(AUC = 0.74) and 12-months survival prediction (AUC = 0.78); it did not for 1-month survival 
prediction (AUC = 0.65). The SORG classic algorithm did not surpass the threshold for suc-
cessful validation for 1-month (AUC = 0.56), 3-months (AUC = 0.61), or 12-months survival 
prediction (AUC = 0.65) (Table 3).

The SORG nomogram gave survival probabilities for each patient per time point, and we 
arbitrarily decided that a ≥50% probability of surviving a specific time point indicated that a 
patient should survive at least that time point. Following this principle, the SORG nomogram 
correctly estimated 1-month survival in 90 patients (90%) (Figure 2), 3-months survival in 71 
patients (71%) (Figure 3), and 12-months survival in 78 patients (78%) (Figure 4).

Table 3. AUC for the SORG nomogram, SORG classic algorithm, Tokuhashi score, Bauer modified score, 
Ghori score, and p-values from Receiver Operating Characteristics (ROC) analysis

Prediction 
period

SORG 
Nomogram

AUC
(95% CI)

SORG
Classic 

Algorithm
AUC

(95% CI)

Tokuhashi

AUC
(95% CI)

Tomita

AUC
(95% CI)

Bauer 
modified

AUC
(95% CI)

Ghori Score

AUC
(95% CI)

P 
value

1 month 0.65
(0.49 - 0.81)

0.56
(0.44 - 0.68)

- - - - 0.162

3 months 0.74
(0.64 - 0.83)

0.61
(0.55 - 0.68)

0.71
(0.63 - 0.79)

- - - 0.009

12 months 0.78
(0.68 - 0.88)

0.65
(0.57 - 0.74)

0.67
(0.58 - 0.77)

0.72
(0.62 - 0.81)

0.68
(0.59 - 0.77)

0.71
(0.61 - 0.80)

0.033

Bold indicates significance (two-tailed p value below 0.05). AUC = Area Under the Curve, CI = Confidence 
Interval
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Figure 3. Plot showing the 3-month survival probability as predicted by the SORG nomogram (x-axis), 
against the actual survival (y-axis) for each patient. Each dot or cross represents a patient. We assumed 
that ≥50% chance of surviving 3 months indicated that this patient should survive at least 3 months. 
Following this principle, the SORG nomogram estimated that 91 patients would live longer than 3 
months; this was incorrect in 22 patients as these lived shorter than expected (lower right quadrant). 
The SORG nomogram estimated that 9 patients would live shorter than 3 months; this was incorrect in 
7 patients as they lived longer than expected (upper left quadrant).
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Figure 4. Plot showing the 12-month survival probability as predicted by the SORG nomogram (x-axis), 
against the actual survival (y-axis) for each patient. Each dot or cross represents a patient. We assumed 
that ≥50% chance of surviving 12 months indicated that this patient should survive at least 12 months. 
Following this principle, the SORG nomogram estimated that 31 patients would live longer than 12 
months; this was incorrect in 7 patients as these lived shorter than expected (lower right quadrant). The 
SORG nomogram estimated that 69 patients would live shorter than 12 months; this was incorrect in 
15 patients as they lived longer than expected (upper left quadrant).



61

External validation of a prognostic survival algorithm

3

Comparison to other prognostication algorithms
There were no differences in predicting 1-month survival between the SORG nomogram (AUC 
= 0.65) and SORG classic algorithm (AUC = 0.56, p = 0.162) (Table 3, Figure 5). The SORG 
nomogram was best at predicting 3-months survival (AUC = 0.74), followed by the Tokuhashi 
score (AUC = 0.71), and the SORG classic algorithm (AUC = 0.61, p = 0.009) (Table 3, Figure 
6). The SORG nomogram was best at predicting 12-months survival (AUC = 0.78), followed by 
the Tomita score (AUC = 0.72), Ghori score (AUC = 0.71), Bauer modified score (AUC = 0.68), 
Tokuhashi score (AUC = 0.67), and SORG classic algorithm (AUC = 0.65, p = 0.033) (Table 3, 
Figure 7).
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DISCUSSION

Numerous survival algorithms have been proposed for patients with spine metastatic disease; 
however, it is unclear which is most useful and valid.7, 12-14 In a previous study the SORG created 
a nomogram to predict survival more accurately.15 To assess its generalizability, we assessed 
whether it accurately predicted survival in 100 patients with spine metastatic disease from an 
external institution, and compared its predictability to other algorithms. The SORG nomogram 
proved to be an accurate tool to estimate 3 and 12-months survival, and was superior in terms 
of accuracy when compared with other algorithms. The SORG classic algorithm was not suf-
ficiently accurate at estimating survival.

This study has limitations. First, patients who opted for conservative treatment were not 
included in this study. Including these patients might have altered survival periods of the 
cohort and accuracy of algorithms. It would merit further study to test algorithm’s accuracy 
on both patients who underwent surgery versus conservative treatment. However, the SORG 
nomogram was developed to estimate survival for those patients who have an indication for 
surgery, and should not be used for non-surgical candidates. Second, patients in this study 
were selected and operated on by two surgeons from one cancer specialized institution; 
this might have resulted in a relatively homogenous selection of patients who underwent 
surgery. Including more surgeons and more institutions might have increased heterogeneity 
of the study population, and enforced generalizability of our study results. However, the SORG 
nomogram performed well on this external dataset, despite numerous differences with the 
development dataset (Table 2). Third, we converted the ECOG performance to the Karnofsky 
performance status to be able to use the Tokuhashi score;9 this might have influenced the 
accuracy of this algorithm. However, we believe that the conversion was accurate,7 and believe 
that potential misclassifications should not influence our conclusions. Fourth, we might have 
missed some previously developed survival algorithms; however, we believe that we included 
those most commonly used in clinic.5, 6, 9-11 Algorithms that we did not include might have out-
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performed the SORG nomogram. Fifth, hospitals from the development dataset and validation 
dataset both originate from the similar geographical regions (distance between two hospitals 
is 200-300 miles). External validation in other parts of the world is needed to be able to expand 
international generalizability of our survival algorithms. For example, it may be the case that 
Asian algorithms (e.g. Tokuhashi,9 Tomita11) will be superior to the SORG nomogram in Asian 
populations based on different demographics and selection criteria for surgery.

The SORG nomogram had a 0.01-point increase in predictive accuracy on this external 
dataset for 3-months survival (AUC = 0.74) when compared to internal-external predictability 
on the development dataset (AUC = 0.73), and a 0.03 increase for 12-months survival (AUC = 
0.78 versus AUC = 0.75).15 This indicates that the SORG nomogram proved reliable and stable 
for estimating survival for these time points, and can be used for clinical practice. However, the 
SORG nomogram’s accuracy at estimating 1-month survival (AUC = 0.65) was not sufficiently 
reliable, and had a 0.10-point decrease when compared to the development dataset (AUC 
= 0.75); it would be useful to identify patients more at risk for death within one month. It 
remains challenging to prognosticate 1-month survival, as this also depends on postoperative 
morbidities that a patient might encounter.21 It would be useful to create prediction algorithms 
for postoperative morbidity within 1 month, and use this information when estimating 1-month 
survival.

The SORG classic algorithm was not sufficiently reliable, and lost precision when compared 
to the validation dataset.15 Although we used identical parameters to construct the SORG 
nomogram and SORG classic algorithm, the SORG nomogram was more reliable. We believe 
that rounding off effect estimates (odds ratio’s or hazard ratio’s) and categorizing continuous 
parameters decreases precision. This could also explain why other algorithms were less reli-
able at estimating survival in this study population, compared to SORG nomogram.

Many studies identified risk factors and created survival algorithms after surgery for spine 
metastatic disease, yet some algorithms seem to be referred to more often than others.5, 6, 9-11 
In 1990, Tokuhashi et al.10 created a first novel survival algorithm based on 64 patients surgi-
cally treated for spine metastatic disease. They chose 6 parameters for their survival algorithm 
based on their experience with surgically treated patients. This score ranged from 0 to 12 
points; they suggested that excisional surgery should be performed on patients with > 9 points, 
and palliative surgical methods for < 5 points. Tokuhashi et al. revised their survival algorithm 
by assigning more weight for specific primary cancers.9 In 1995, Bauer et al.5 reported on a 
first survival algorithm based on statistical regression modeling after surgery for 241 patients 
with spinal and extremity metastases. They assigned 1 point for each significant parameter 
and categorized patients into three groups; each group would correspond to a suggested surgi-
cal strategy (no surgery, dorsal surgery, and ventral-dorsal combined surgery). As pathologic 
fracture was a predictive parameter in the extremity group only—and not in the spinal group—, 
a modified Bauer score was proposed for patients with spine metastatic disease, excluding 
pathologic fracture.12 In 2001, Tomita et al.11 created a survival algorithm as a guideline to 
decide on treatment. They included 67 patients who had surgery for spine metastatic disease, 
included three prognostic factors they believed to be important, and weighted the scores 
based on the nearest integer of the hazard ratio. The total score was categorized into 4 groups, 
each group corresponding to a suggested surgical strategy (wide or marginal excision, marginal 
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or intralesional excision, palliative surgery, and supportive non-surgical care). More recently, in 
2015, Ghori et al.6 modeled 1-year survival after surgery for 307 patients with spine metastatic 
disease. Their survival algorithm encompassed two newly identified risk factors in spine meta-
static disease patients (i.e. ambulatory status and serum albumin), and a categorized version 
of the modified Bauer score. These studies were important efforts to better understand what 
factors should be taken into consideration when estimating survival. However, these survival 
algorithms do not inform on the survival probability at fixed time points, thus making it difficult 
to understand how long a patient is estimated to survive. It would be favorable for the physi-
cian to be informed on the probability (in %) of a patient to survive certain time points, so that 
he/she can use this information to decide further treatment. The SORG nomogram provides 
3 and 12-months survival estimations accurately, and can be used by the physician to help 
develop a surgical strategy without dictating a specific approach or resection.

Forsberg et al. created22 and externally validated19 sophisticated survival algorithms (based 
on Bayesian belief network modeling) to estimate 3-months and 12-months survival for pa-
tients with operable skeletal metastases of the extremities. They created a website where 
one can enter predictive parameters, which gives individualized survival probabilities (http://
pathfx.org). We will also create a website to estimate 1, 3 and 12 months survival for patients 
with spine metastatic disease using the SORG nomogram, and will –in addition— provide an 
application that can be used on multiple devices (e.g. smartphones).

CONCLUSIONS

To our knowledge, the SORG nomogram is the first externally validated tool that accurately 
estimates 3 and 12-months survival for operable spine metastatic disease. We encourage 
further external validation in other hospitals to better understand its generalizability, strengths, 
and weaknesses. We are creating an application that calculates personalized 1, 3 and 12-month 
survival chances for these patients. This should facilitate usage of the SORG nomogram, so 
that survival can be easily estimated.
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Appendix 1. Origin of primary caners for the development set and validation set.

Cancer type

Development
dataset1

n = 649

Validation
dataset
n = 100

Lung 115 (18) 25 (25)

Kidney 82 (13) 12 (12)

Breast 77 (12) 11 (11)

Myeloma 72 (11) 4 (4.0)

Prostate 57 (8.8) 9 (9.0)

Melanoma 27 (4.2) 2 (2.0)

Colorectal 25 (3.9) 4 (4.0)

Neuroendocrine 21 (3.2) 0 (0) 

Sarcomatous 21 (3.2) 14 (14)

Lymphoma 19 (2.9) 1 (1.0)

Head and neck 17 (2.6) 0 (0) 

Thyroid 16 (2.5) 6 (6.0)

Hepatocellular 13 (2.0) 1 (1.0)

Esophageal 12 (1.9) 0 (0) 

Endometric 11 (1.7) 3 (3.0)

Other 44 (6.8)* 7 (7.0)†

Unknown 20 (3.1) 1 (1.0)

1. Paulino Pereira NR, Janssen SJ, van Dijk E, et al. Development of a prognostic survival algorithm for 
patients with metastatic spine disease. The Journal of Bone & Joint Surgery. 2016;98:1767-76.
* Salivary cancer (n = 6), bladder cancer (n = 5), adenocarcinoma of unknown origin (n = 5), germ cell can-
cer (n = 5), pancreatic cancer (n = 4), cholangiocarcinoma (n = 3), testicular cancer (n = 3), ovarian cancer 
(n = 3), penile cancer (n = 3), adrenal cancer (n = 2), gastric cancer (n = 2), blue round cell cancer (n = 1), 
skin cancer (n = 1), leukemic cancer (n = 1).
† Adrenocortical cancer (n = 3), appedical cancer (n = 1), gastric cancer (n = 1), ovarian cancer (n = 1), 
urothelial cancer (n = 1).




