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SUMMARY 

INTRODUCTION 

Metastatic disease is one of the leading causes of morbidity and mortality in society. 

The majority of skeletal metastases occur in the spine and are common amongst 

primary breast, lung, prostate, and renal malignancies.1-3 The spine has structural load-

bearing and neural-protective functions, and progressive tumour growth and bony 

destruction caused by spinal metastases results in pain, pathologic fracture, structural 

instability, and spinal cord and nerve root compression, which consequently impair 

function and ambulatory ability and worsen quality of life.4 Patients with symptomatic 

spinal metastases often have a life expectancy limited to one or two years and the 

main goal of treatment is for symptom palliation, specifically, to maintain or restore 

spinal stability, reduce pain and improve or prevent neurologic deterioration in order to 

maintain function and quality of life for the remainder of the patient's lifetime.1, 2, 4-9 

Pain and motor neurologic dysfunction are the most common clinical manifestations of 

spinal metastases.1-3 Paralysis, and urinary and faecal incontinence are late events in 

the progression of metastatic epidural spinal cord compression (MESCC), and may be 

irreversible if present for greater than 48 hours.1-3, 10, 11 

Available treatment modalities for spinal metastatic disease include radiotherapy, 

chemotherapy, hormonotherapy and surgery. Early recognition and treatment of 

instability and canal compromise before onset of progressive deformity and neurologic 

sequelae is important, in order to improve both survival time and quality of life.12-15 

Despite advances in medical management, surgery remains the only method for 

immediate spinal cord decompression and mechanical stabilisation of a diseased and 

weakened vertebral column.16 The consideration for surgical intervention must take into 

account the current clinical condition and life expectancy of the patient, anticipated 

benefits of surgery with regards to pain, function and quality of life, and potential 

morbidity and mortality associated with surgery. 

A number of scoring systems aimed at prognostication and treatment decision making 

for patients with spinal metastases are presented in the literature6, 7, 11, 17, 18, however 

not one is universally accepted. These scoring systems differ not only in 

prognostication and proposed treatment strategies, but also in the clinical and 
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radiological parameters assessed and their weight contribution to overall score. 

Moreover, in light of the potential for rapid improvement in pain, function and quality of 

life, the decision for or against surgery should not necessarily be based on survival 

prognosis alone.6-9, 17, 19 There is a need for comparable knowledge and understanding 

of the significance and prediction of factors such as pathologic fracture, mechanical 

instability and spinal cord compression in treatment decision making.  

One treatment algorithm is that spinal decompressive and/or stabilization surgery is 

indicated in patients with symptoms due to spinal structural instability and pathological 

fracture, or MESCC who are anticipated to live long enough to benefit from surgery.9, 19 

The importance of early surgical decompression, in the setting of progressive 

neurologic dysfunction in order to prevent or reverse permanent disability, emphasises 

the need for identification of risk factors and predictors of MESCC. Ideally the ability to 

predict those patients with spinal metastases most likely to progress to pathologic 

fracture and instability, or develop spinal cord compression, would enable earlier 

surgical intervention with the potential for benefit to both duration and quality of life. 

In light of the complexities in identifying candidates appropriate for surgical intervention 

in the treatment of spinal metastases, we determined two major aims of our study: 

1) To investigate patient risk factors – clinical and radiological parameters – 

associated with pathologic fracture and metastatic epidural spinal cord 

compression; and  

2) To evaluate the reliability in survival prognostication of pre-operative prognostic 

scoring systems for patients with spinal metastases, in order to optimise the 

treatment decision-making process. 

RISK FACTORS FOR PATHOLOGIC FRACTURE AND SPINAL CORD 

COMPRESSION  

A review of the literature examines the clinical and radiological parameters identified as 

potential risk factors for pathologic fracture and cord compression associated with 

spinal metastases. Mirels developed a weighted scoring system combining four 

parameters – site, size, pain, and lesion type – to quantify the risk of sustaining a 

pathologic fracture through a long bone metastatic lesion.20 This scoring system 

remains widely utilised amongst clinicians, and although cannot be applied to spinal 

metastases due to size and site specifications, the parameters assessed provide a 
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basis to determine factors associated with pathological fracture and spinal cord 

compression in spinal metastatic disease. Current scoring systems for the 

prognostication and treatment of patients with spinal metastases were also reviewed to 

provide further insight into potential risk factors, more specific to spinal metastatic 

disease. The clinical and radiological parameters identified for analysis can be broadly 

categorised as: size and site of the metastatic lesion, primary tumour type, metastatic 

disease burden, pain, neurological symptoms, and functional status.  

PROGNOSTIC SCORING SYSTEMS 

Scoring systems applicable to patients with skeletal and spinal metastases have been 

developed in order to guide treatment decision making, in particular the decision for 

non-operative or operative intervention. The majority of these scoring systems focus on 

survival prognostication as a means to guide treatment, however there are also 

examples of scoring systems to assess fracture risk of long bone metastatic lesions,20 

and potential mechanical instability of spinal metastatic lesions13 to determine 

appropriate therapy. 

We review the objectives, methods, parameters assessed, and prognostication and 

proposed treatment strategy of selected scoring systems for patients with skeletal and 

spinal metastases. Of particular focus are the scoring systems relevant to spinal 

metastatic disease. Primary tumour (including growth rate), extraspinal metastases, 

visceral metastases, general condition (Karnofsky Performance Status), neurological 

dysfunction (Frankel palsy), and the presence of pathological fracture, vertebral body 

collapse or spinal instability, were the most common parameters across the scoring 

systems.  

Although the original authors of the scoring systems demonstrated accuracy of survival 

prognostication, independent analysis has not always replicated similar findings.6, 21, 22 

Given that estimated survival remains relevant in treatment planning for cancer 

patients, we sought to perform a validation of those most frequently cited, with regard 

to survival prognostic value. 

Seven pre-operative scoring systems for survival prognostication and/or treatment 

decision making for patients with spinal metastases were selected for further analysis 

and validation of survival predictive value: Tokuhashi 23, Revised Tokuhashi 7, Bauer 5, 

Modified Bauer 6, Sioutos 11, Tomita 17, and van der Linden 18. 
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METHODOLOGY 

A retrospective review of 72 consecutive patients who underwent primary surgical 

intervention for symptomatic spinal metastases at a single institution tertiary referral 

centre between 2010 and 2013 was performed. Indications for surgery were pain due 

to pathological fracture or spinal instability, radicular pain or neurological deficit due to 

MESCC or nerve root compression, and a minimum estimated survival greater than 

three months determined by the treating oncology team. 

Inclusion criteria for survival analysis were greater than 12 months post-operative 

follow-up (unless deceased prior); 61 patients were subsequently eligible for inclusion 

in the analysis. The survival period was calculated from the date of operation until the 

date of death or last follow-up. 

Pre-operative clinical and radiologic parameters for each case were extracted from the 

medical case records and imaging database. 

Plain radiographs, computed tomography (CT) scans and magnetic resonance imaging 

(MRI) were used to assess: vertebral level of tumour; tumour size and extent of bony 

involvement within the vertebral body; location within the vertebra itself; lesion 

morphology; disease burden; presence or absence of pathological fracture and neural 

or spinal cord compression. 

Clinical parameters recorded from the medical records included: primary tumour type 

and growth rate (confirmed from histopathology results of intraoperative tissue 

samples); pain and narcotic analgesia use; and functional status as measured using 

the ECOG performance status and Karnofsky Performance Status (KPS) scales. 

Risk Factors for Pathologic Fracture and Cord Compression 

The following items were assessed for association with pathological fracture or 

MESCC: 

 Size of the lesion, as a percentage of tumour occupancy of the vertebral body; 

 Site of the lesion with respect to anatomical level, vertebral segment mobility, 

and individual vertebral components; 

 Primary tumour type, as represented by cancer lesion morphology and cancer 

growth rate; 
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 Disease burden, determined by the number of vertebral metastases and 

presence of visceral and skeletal metastases; 

 The presence of pain, and narcotic analgesia use; and 

 Functional assessment, determined by ECOG and Karnofsky Performance 

Status scores. 

Validation of Prognostic Scoring Systems 

In a retrospective manner pre-operative scores for each patient were calculated for the 

following scoring systems: Tokuhashi 23, Revised Tokuhashi 7, Bauer 5, Modified 

Bauer6, Sioutos 11, Tomita 17, and van der Linden 18. The original Tokuhashi and Bauer 

scores were primarily included for comparison with their respective revised versions. 

The prognostic value of each scoring system was evaluated by comparison of 

predicted and actual survival. Where prognostic group survival was not specified by the 

scoring system, prognosis was determined from reported survival rates of the cohort in 

the original publication. 

Statistical Analysis 

The data were compiled and analysed using IBM SPSS Statistics software (Version 

21.0). Descriptive statistics for individual clinical and radiological parameters, surgical 

strategy and survival were performed. 

Chi-square and Fisher’s exact tests were used to determine association between the 

clinical and radiologic variables, and pathological fracture and neural and spinal cord 

compression. P-value of <0.05 was considered statistically significant. Relative risk 

(RR) and odds ratios (OR) were calculated for the findings of statistical significance. 

Survival predictive accuracy was calculated by comparison of predicted prognosis 

according to the scoring system with actual survival period after treatment, reported as 

percentage correct. Crosstabs analysis and calculation of weighted Cohen’s kappa was 

used to measure rate of agreement between predicted and actual survival for each 

scoring system. The kappa statistic measures agreement between two or more 

observers or observations, taking into account the fact that agreement or disagreement 

will sometimes occur simply by chance. A kappa of 1 indicates perfect agreement, 

whereas a kappa of 0 indicates agreement equivalent to chance. 
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Kaplan-Meier survival curves were generated for each scoring system to determine 

survival characteristics, and compare prognostic group survival outcomes of each 

scoring system. Log-rank test was used to determine significance between survival of 

the prognostic groups within each scoring system, the results of which were verified 

with the Generalised Wilcoxon test. 

RESULTS 

Patient Characteristics 

There were 58 male and 14 female patients. 56 patients had pathological fracture and 

50 patients had MESCC. All patients underwent spinal decompression and/or 

instrumented stabilization surgery.  

The average age at operation was 62.4 years (range 25-86). There were 42 deaths, 

with a median survival of 102 days (range 10-574). Of the remaining 30 patients alive 

at last follow-up, median time to last follow-up was 450 days (range 43-1233). 

The commonest primary cancer was lung (12), followed by prostate (10), myeloma (10) 

and breast (9) cancers. Together, these comprised 57% of all cases. The remaining 

primary tumour types were: melanoma (6), renal (5), colorectal (4), bladder (3), 

unknown primary (3), lymphoma (2), HCC (2), cholangiocarcinoma (1), clival chordoma 

(1), haemangioma (1), neuroendocrine (1), oesophageal (1), thyroid (1). 

The site of the symptomatic metastasis requiring surgery was most commonly in the 

thoracic spine (65% of patients), followed by the lumbar (22%) and cervical (13%) 

spines. 

Risk Factors for Pathologic Fracture and Spinal Cord Compression  

The parameters identified to be of statistically significant association with pathological 

fracture are: 

 Size, as a percentage tumour occupancy of the vertebral body (p = 0.004) 

 Site: 3-column involvement (p < 0.001); Vertebral endplate involvement (p = 

0.001) 

 Primary Tumour: growth rate (p = 0.02) 

 Disease burden: number of vertebral metastases (p = 0.02) 

 Pain, presence of (p = 0.02) 
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The parameters identified to be of statistically significant association with metastatic 

epidural spinal cord compression are: 

 Site: Posterior element involvement (p = 0.02); Costovertebral joint (p = 0.01) 

 Disease burden: presence of visceral metastases (p = 0.002) 

 Primary tumour growth rate was found to be associated with the presence of 

spinal cord or nerve root compression (p = 0.02), but not with MESCC alone. 

Validation of Prognostic Scoring Systems  

The Revised Tokuhashi and Modified Bauer scoring systems had the greatest survival 

predictive accuracy between predicted prognosis and actual post-operative survival 

(72% and 69% respectively), and both performed better than their ‘original’ versions. 

The Tomita scoring system was the worst performed with only 51% correct survival 

prediction. 

The modified Bauer score had the highest rate of agreement for survival prognosis with 

a weighted Cohen’s kappa score of 0.50 (95% CI: [0.28 - 0.70]) indicating moderate 

agreement. The Revised Tokuhashi, Bauer, and Tomita scoring systems were also 

found to have moderate rate of agreement between predicted and actual survival, 

weighted Cohen’s kappa scores of 0.41, 0.41, and 0.43 respectively. The van der 

Linden scoring system was the worst performed, with only ‘slight’ rate of agreement 

(weighted Cohen’s kappa = 0.17) between predicted and actual survival. 

Kaplan-Meier survival curves were generated for each scoring system to compare 

actual survival outcomes of the prognostic groups. Log rank test demonstrated 

statistically significant difference between survival of the prognostic groups for all but 

the van der Linden scoring system. Survival distribution between prognostic groups 

was most significant for the Revised Tokuhashi, Bauer, Modified Bauer and Tomita 

scoring systems (p = <0.001). 

Limitations 

A larger cohort size would strengthen the statistical power of this study, and the 

breadth of statistical tests with which to analyse data. Where statistical significance 

was identified between grouped parameters, such as for percentage tumour occupancy 

of vertebral body and number of vertebral metastases, further analysis by pairwise 

comparison of the distribution across the groups would provide more detail on how 

significant differences were determined. Furthermore, regression analysis would be 
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beneficial to determine a relationship between multiple variables and selected 

outcome. Inclusion of non-operatively managed patients in the analysis would provide 

a more complete representation of the patient population, rather than only those 

requiring surgery. Further analysis of the variables identified using a larger patient 

cohort would strengthen the significance of the statistical results, and allow calculation 

of the predictive value of the selected parameters to devise a scoring system to guide 

appropriate treatment and surgery in patients with spinal metastases. 

CONCLUSION 

Patients with symptomatic spinal metastases often have a life expectancy limited to 

one or two years and the main goal of treatment is for symptom palliation, specifically, 

to maintain or restore spinal stability, reduce pain and improve or prevent neurologic 

deterioration in order to maintain function and quality of life for the remainder of the 

patient's lifetime. 

Since surgery is the only treatment modality that can acutely stabilize the spine and 

decompress neural elements, pathological fracture causing mechanical instability and 

intractable pain, and symptomatic spinal cord or nerve root compression, are clear 

clinical indications for surgical intervention in patients with spinal metastases. 

Prognostic Scoring Systems 

Survival prognosis is a key consideration in selecting patients for surgery; however 

accuracy in individual prognostication remains difficult. Specific to patients with spinal 

metastases, there are a number of scoring systems aimed at prognostication and 

treatment decision making, including guidelines for extent of surgery.  

The Revised Tokuhashi7, Bauer5, Modified Bauer6 and Tomita17 scoring systems were 

the best performed upon consideration of all three aspects of survival analysis: survival 

predictive accuracy, rate of agreement, and survival distribution. These scoring 

systems all include primary tumour type, number of skeletal metastases and presence 

or condition of visceral metastases as prognostic parameters. The Revised Tokuhashi, 

Modified Bauer, and Tomita are the only scoring systems to clearly outline treatment 

strategy for each of their prognostic groups, and in conjunction with favourable survival 

prognostic accuracy, we would recommend their use as one component of a 

comprehensive assessment towards treatment planning for patients with spinal 

metastases.  
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Risk Factors for Pathologic Fracture and Cord Compression 

A need for greater knowledge and understanding of the significance and prediction of 

factors such as pathologic fracture and spinal cord compression was identified. The 

ability to predict those lesions most at risk of pathologic fracture or spinal cord 

compression may assist in the treatment decision-making process for surgery for spinal 

metastases, with the aim of preventing or reversing the devastating sequelae that 

occurs when metastatic cancer compromises the structural and neural-protective 

functions of the vertebral column. 

Tumour size (percentage tumour occupancy of the vertebral body), site (3-column 

involvement; vertebral body endplate involvement), primary tumour growth rate, 

disease burden (number of vertebral metastases), and pain, were of statistically 

significant association with pathologic fracture. 

Site (vertebral posterior element involvement; costovertebral joint involvement) and 

disease burden (presence of visceral metastases) were of statistically significant 

association with spinal cord compression, and primary tumour growth rate was 

associated with spinal cord or nerve root compression. 

These factors found to be associated with pathological fracture and metastatic epidural 

spinal cord or nerve root compression should be considered in the decision-making 

process for surgery for spinal metastases. Furthermore, patients with spinal 

metastases causing pain, occupying greater than 25% of the vertebral body volume, 

and involving the vertebral body endplate or all three vertebral body columns should be 

considered for prophylactic or therapeutic decompressive and stabilization surgery. 
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ABSTRACT 

The spine has structural load bearing and neural-protective functions, and tumour 

growth and bony destruction caused by spinal metastases results in pathologic fracture 

and cord compression, causing pain, neurological deficit, impaired function and quality 

of life. Surgery is the only method to immediately stabilise the spine and decompress 

the spinal cord. Survival prognosis is one of the key factors in selecting patients for 

surgery, and there are a number of scoring systems aimed at prognostication and 

treatment decision making for patients with spinal metastases, however these differ in 

the parameters assessed and prognostic value. The ability to predict those patients 

with spinal metastases most likely to progress to pathological fracture or develop spinal 

cord compression may simplify the surgical decision-making process and enable earlier 

surgical intervention, with the potential to prevent permanent neurological deficit and 

disability and maintain function and quality of life for the remainder of the patient's life. 

This thesis considers the complexities of treatment decision making for patients with 

spinal metastases, with two major aims: 

1) An evaluation of patient risk factors and radiological parameters associated with 

pathological fracture and metastatic epidural spinal cord compression, and 

2) Validation of survival prognostication of current pre-operative prognostic scoring 

systems, in order to optimise the treatment decision-making process. 

The methodology involved retrospective assessment of clinical and radiological 

parameters of 72 patients with spinal metastases who had undergone decompressive 

and/or stabilisation surgery for pathological fracture and/or metastatic epidural spinal 

cord compression or nerve root compression. 

The items assessed for association with pathological fracture or metastatic epidural 

spinal cord compression were: tumour size, location, type and lesion morphology, 

disease burden, pain and function. 

Pre-operative scores were calculated for each patient, and the prognostic value of each 

scoring system evaluated by comparison of predicted and actual survival.  

The results showed that tumour size within the vertebral body, vertebral endplate and 

three-column involvement, tumour growth rate, multiple vertebral metastases, and pain 
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were associated with increased risk for pathological fracture. Vertebral posterior 

element and costovertebral joint involvement by tumour, primary tumour growth rate 

and presence of visceral metastases were associated with metastatic epidural spinal 

cord or nerve root compression. 

All patients with pathological fracture had at least one of three risk factors – pain; >25% 

tumour occupancy of vertebral body; and endplate or 3-column involvement – and 

incidence of pathological fracture increased with higher number of risk factors. 

The Revised Tokuhashi, Bauer, Modified Bauer, and Tomita scoring systems were the 

most reliable for survival prediction. 

It is concluded that these risk factors should be considered in the decision-making 

process for surgery for spinal metastases. Patients with spinal metastases causing 

pain, greater than 25% occupancy of the vertebral body and involving the vertebral 

endplate or all three columns should be considered for prophylactic or therapeutic 

decompressive and stabilization surgery. 

As a component of comprehensive treatment planning, we recommend the use of 

Revised Tokuhashi, Modified Bauer, and Tomita scoring systems due to their 

favourable survival prognostic accuracy and clearly outline of treatment strategy 

according to prognostic group. 
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1 INTRODUCTION 

1.1 SPINAL METASTATIC DISEASE 

1.1.1 BACKGROUND 

Metastatic disease is one of the leading causes of morbidity and mortality in society. 

The majority of skeletal metastases occur in the spine and are common amongst 

primary breast, lung, prostate, and renal malignancies.1-3 The spine has structural load-

bearing and neural-protective functions, and progressive tumour growth and bony 

destruction caused by spinal metastases inevitably results in pain, structural instability, 

pathologic fracture and nerve and spinal cord compression, which consequently have 

the potential to cause severe symptoms that impair function and ambulatory ability and 

worsen quality of life.4 Patients with symptomatic spinal metastases often have a life 

expectancy limited to one or two years and the main goal of treatment is for symptom 

palliation, specifically, to maintain or restore spinal stability, reduce pain and improve or 

prevent neurologic deterioration in order to maintain function and quality of life for the 

remainder of the patient's lifetime.1, 2, 4-9 

1.1.2 SYMPTOMS 

Pain is the commonest presenting symptom of skeletal metastasis and may be due to 

mechanical weakening of bone, structural instability, neurologic compression, or 

secondary to local tumour expansion and increased intraosseous pressure within the 

vertebral body.1-3, 10 Motor neurologic dysfunction is the second most common clinical 

manifestation of spinal metastases and is often accompanied by sensory deficit.2, 3, 24 

Paralysis, urinary and faecal incontinence are late events in the progression of 

metastatic epidural spinal cord compression (MESCC) and not only result in major 

disability, but have also been associated with poorer survival prognosis.2, 10, 11 

Furthermore, once neurologic deficit is established, potential for improvement is 

unpredictable, and paralysis is often not reversible even after surgical decompression 

of the involved neural elements.1-3, 10, 11 
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1.1.3 TREATMENT 

Early recognition and treatment of instability and canal compromise before onset of 

progressive deformity and neurologic sequelae is important in order to improve both 

survival time and quality of life.12-15 Importantly, surgery remains the only method for 

immediate spinal cord decompression and mechanical stabilisation of a diseased and 

weakened vertebral column.16 Available treatment modalities include radiotherapy, 

chemotherapy, hormonotherapy and surgery.  

Choice of treatment is strongly influenced by survival prognosis and the anticipated 

tumour response to medical treatment according to primary tumour type.2, 4, 8, 25 For 

example, when considering prophylactic treatment for potential instability, it is important 

to identify lesions that can be irradiated without the risk of fracture, and those 

impending pathologic fractures that require surgical fixation prior to irradiation.12, 13 

Non-surgical treatment options for the management of malignant spinal cord 

compression include corticosteroids, radiotherapy and chemotherapy. Local 

radiotherapy is an effective treatment option for radiosensitive tumour metastases, 

however is limited by toxicity threshold of the spinal cord present in immediate 

proximity to the tumour.16 Furthermore, where bony fragments as opposed to tumour 

tissue are the cause of compression, this is unlikely to respond to radiotherapy.16 

1.1.4 SURGERY 

Indications for surgical intervention of metastatic spinal disease include spinal 

mechanical instability impeding ambulation, intractable pain due to pathological fracture 

or spinal instability, and radicular pain or neurological deficit due to MESCC or nerve 

root compression.1, 5, 16, 17, 26 Despite advances in medical management of metastatic 

spine disease, surgery remains the only effective treatment that achieves immediate 

mechanical stabilisation and spinal cord and nerve root decompression.9, 25 Of 

particular importance is that surgical decompression of the spinal cord is indicated in 

the case of imminent paralysis or sphincteric dysfunction.25 Correction of deformity, 

stabilization, tumour debulking and decompression form the principles of surgical 

treatment with which to achieve pain management, and preservation or improvement of 

neurologic function and mobility. 

In appropriately selected patients, surgery leads to improved clinical outcomes in the 

domains of pain, neurologic deficit, function, and quality of life, and is superior to 

radiotherapy alone.3, 4, 8, 9, 19 Surgical management has also been shown to result in 
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improvements in non-specific symptoms such as tiredness, nausea, anxiety and 

appetite.1, 26  

The patient suffering metastatic cancer presents a complex case of risk versus benefit 

with regards to treatment decision making.  The consideration for surgical intervention 

must take into account the current clinical condition and life expectancy of the patient, 

anticipated benefits of surgery with regards to pain, function and quality of life, and 

morbidity and mortality associated with surgery.  

1.1.5 SURVIVAL PROGNOSTICATION AND TREATMENT DECISION MAKING 

A number of scoring systems aimed at prognostication and treatment decision making 

for patients with spinal metastasis are presented in the literature. These scoring 

systems differ not only in prognostication and proposed treatment strategies, but also 

in the clinical and radiological parameters assessed and their weight contribution to 

overall score. In addition, there is a need for comparable knowledge and understanding 

of the significance and prediction of factors such as pathologic fracture, mechanical 

instability and spinal cord compression in treatment decision making.  

One treatment algorithm is that spinal decompressive and/or stabilization surgery is 

indicated in patients with symptoms due to spinal structural instability and pathological 

fracture, or MESCC who are anticipated to live long enough to benefit from surgery.9, 19 

The importance of early surgical decompression in the setting of progressive 

neurologic dysfunction in order to prevent or reverse permanent disability emphasizes 

the need for identification of risk factors and predictors of MESCC. Ideally the ability to 

predict those patients with spinal metastases most likely to progress to pathologic 

fracture and instability, or develop spinal cord compression, would enable earlier 

surgical intervention with the potential for benefit to both duration and quality of life. 

1.2 STUDY OBJECTIVES 

In light of the complexities in identifying candidates’ appropriate for surgical intervention 

in the treatment of spinal metastases, we determined two major aims of our study: 

1) To investigate patient risk factors – clinical and radiological parameters – 

associated with pathological fracture and metastatic epidural spinal cord 

compression; and  
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2) To validate the survival prognostic value of seven pre-operative prognostic 

scoring systems for patients with spinal metastases, in order to optimise the 

treatment decision-making process 

1.3 THESIS OVERVIEW 

The structure of this thesis first reviews the epidemiology and pathophysiology of spinal 

metastases to gain an understanding of the mechanisms that predispose to spinal 

metastatic disease, and the effects of metastatic lesions to the spine. Of particular 

importance is the effect on structural load-bearing and neural protective functions of the 

spine, whereby pathological fracture and compression of the spinal cord can lead to the 

potentially devastating consequences of spinal mechanical instability and paralysis. A 

review of imaging techniques and treatment approaches provides insight into the 

diagnosis and management of spinal metastatic disease. Surgery is identified as the 

only treatment to immediately and effectively stabilise the spine and/or decompress the 

spinal cord, however the decision for surgical intervention is complex, given these 

patients typically have a poor life expectancy, and the benefits of surgery to function 

and quality of life must outweigh the potential risks.  

Current scoring systems for patients with spinal metastases focus on survival 

prognostication as a means to determining operative or non-operative treatment. 

Irrespective of survival however, pathological fracture and instability, and spinal cord 

compression causing neurological dysfunction are indications for surgery. The ability to 

identify those patients with spinal metastases at risk of progressing to pathological 

fracture or spinal cord compression, may facilitate earlier operative intervention with 

potential benefits to both quality and duration of life. 

A review of the literature examines the clinical and radiological parameters identified as 

potential risk factors for pathological fracture and cord compression associated with 

spinal metastases (Chapter 3). The parameters assessed within prognostic scoring 

systems for patients with spinal metastases were used to guide the selection of our 

parameters for analysis, and can be broadly categorised into: size and site of the 

metastatic lesion, primary tumour type, metastatic disease burden, pain, neurological 

symptoms, and functional status 

The literature review then considers current pre-operative scoring systems for the 

prognostication and treatment of patients with spinal metastases (Chapter 4). There 

are a number of scoring systems aimed at prognostication and treatment decision 
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making, however one is not universally accepted. These scoring systems differ not only 

in the clinical and radiological parameters assessed, but also survival prognostication 

and proposed treatment strategies. The decision for or against surgery should not 

necessarily be based on survival prognosis alone, however survival estimation remains 

an important consideration in treatment decision making for patients with spinal 

metastases. We sought to validate the survival prognostic value of seven of the most 

frequently cited scoring systems, by way of a retrospective survival analysis of our 

patient cohort.  

The methodology for the analysis of risk factors associated with pathological fracture 

and metastatic epidural spinal cord compression, and validation of pre-operative 

prognostic scoring systems, are described in Chapter 5. 

The characteristics of our patient cohort are described (Section 6.1), and the results 

presented for the analysis of risk factors associated with pathologic fracture and spinal 

cord compression (Section 6.2), and for the validation of preoperative prognostic 

scoring systems (Section 6.3).  

The thesis concludes with a discussion of the results of the aforementioned 2-part 

study, and consideration of the complexities of treatment decision making for patients 

with metastatic cancer to the spine, in particular identification of candidates appropriate 

for surgical intervention (Chapter 7). 
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2 SPINAL METASTATIC DISEASE 

An understanding of the mechanisms that predispose to spinal metastatic disease, and 

the effects of metastatic lesions to the spine can improve the management of patients 

with spinal metastases and optimise quality of life and survival. Furthermore, 

knowledge and understanding of the underlying biological and physiological processes 

of bony metastases aids in the development of treatment strategies. Spinal metastases 

compromise the structural load-bearing and neural protective function of the spine, 

resulting in pathological fracture, mechanical instability, spinal cord compression and 

paralysis.  Surgery remains the only immediate and effective treatment to stabilise the 

spine and decompress the spinal cord, however the decision for surgical intervention is 

difficult; complexities arise in determining not only the magnitude of surgery to be 

performed, but also in identifying those patients who will benefit from surgery with 

regard to symptom palliation, quality of life and survival time period. 

2.1 EPIDEMIOLOGY 

Skeletal metastases are common amongst primary tumours of breast, lung, prostate, 

renal and thyroid malignancies, and cause significant morbidity and mortality to cancer 

patients by way of pain, pathological fracture, metabolic disorders such as 

hypercalcaemia, neurological deficit, paralysis and incontinence.27-29 Indeed, the 

majority of patients with breast or prostate cancer will have bone metastases seen on 

autopsy.27-29 

The spine is one of the commonest sites of bony metastases, and spinal metastatic 

lesions are of considerable cause for concern given the potential for pathologic 

fracture, spinal mechanical instability and spinal cord or nerve root compression, that 

can significantly impact upon ambulatory ability, function and quality of life of cancer 

patients. 

2.2 PATHOPHYSIOLOGY 

Tumour cells can spread to the spine via the arterial system, vertebral venous plexus, 

cerebrospinal fluid or by direct extension from paraspinous disease, whereby the 

cellular and molecular characteristics of the primary tumour cells influence the pattern 
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of metastasis and tissues to which they spread.2, 3, 27 The venous drainage of blood via 

the vertebral-venous plexus to the skeleton explains, in part, the tendency of breast, 

prostate, renal and lung cancers to produce metastases in the axial skeleton and limb 

girdles.3, 27, 28 Haematological malignancies such as multiple myeloma and lymphoma 

also frequently involve the bony skeleton, almost always causing destructive osteolytic 

lesions.27 

Spinal metastatic lesions can be classified according to their anatomical location: 

extradural lesions originating from the bony vertebra account for over 95% of spinal 

lesions, with intradural and pure epidural lesions making up the remainder, of which, 

less than 1% of lesions are reported to be intradural.2, 30 The initial site of involvement 

of extradural lesions is typically the posterior vertebral body, with tumour growth later 

progressing to involve the posterior elements, and secondary extension into the 

epidural space.2, 31 

The frequency of metastatic disease within each anatomical section of the spine is 

proportional to the relative blood flow and bone mass for each site, and hence spinal 

metastases most commonly occur in the thoracic region, followed by the lumbar and 

cervical spines.2, 32 

The basic structure and function of bone is important to the underlying mechanisms of 

the bone-tumour microenvironment. Type 1 collagen that has been mineralized with 

hydroxyapatite crystals is the primary construct of bone, which can be broadly 

categorised into two structural types, cortical and trabecular bone.29 Cortical bone is a 

dense outer layer of bone that provides strength and support, within which is contained 

the porous matrix of trabecular bone, which in contrast is highly vascular and 

metabolically active and has a higher cell turnover and remodelling rate than cortical 

bone.29 The metaphysis is the portion of a long bone between the epiphyseal end 

containing the growth plate, and the narrow diaphyseal mid-section.29 Metaphyseal 

bone is composed predominantly of trabecular bone and is the preferred site for bone 

metastases, attributed to its high vascularity, yet slow-moving blood flow that allows 

ample opportunity for haematopoietic and invading tumour cells to move in and out of 

the bone marrow.29 

Tumour cells typically metastasise to the most densely vascularized regions of the 

skeleton, in particular the haematopoietically active red bone marrow of the skull, 

vertebral bodies, flat bones, and proximal femoral and humeral metaphysis.27 

Metastatic tumour cells from both solid tumours and haematological malignancies such 
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as myeloma behave in such a manner.27 Metastases to the more distal regions of the 

appendicular skeleton such as the forearm and distal lower limb bones occur less 

frequently, however are occasionally seen in association with renal cancer and 

melanoma.27  

Within the spinal column, tumour cells first invade the densely vascular spongiform 

bone located centrally within the vertebral body, later progressing to involve the 

structurally supportive cortical bone and subsequently leading to fracture and vertebral 

instability.33 Extension of the growing tumour mass beyond the cortical margins may 

lead to compression of the spinal cord or neural elements.33 

Bone is rich in growth regulatory factors such as transforming growth factor-β (TGF-β), 

bone morphogenic proteins (BMPs), fibroblast growth factors (FGFs), insulin-like 

growth factors (IGF I and II) and platelet-derived growth factors (PDGFs) that act as 

tumour stimulating growth factors, and may contribute to the aggressive nature of 

tumour cells within bone.27 Bone remodelling is a continual sequential process 

involving osteoclast-mediated bone resorption and osteoblast-mediated bone 

formation, and is driven by an abundance of cell adhesion molecules, growth factors 

and cell signalling cytokines that make the site attractive to metastatic tumour cells.29 

Bone resorption by osteoclasts causes the release of many potential growth-stimulating 

molecules, priming the bone microenvironment for tumour cell growth, and contributing 

to the ongoing cycle of osteolysis and tumour growth.27, 29 In breast cancer, for 

example, the principal mediator of osteoclast stimulation is parathyroid-hormone 

related peptide (PTHrP).27 

In contrast to lesions of osteolysis, osteoblastic lesions are established following 

tumour-cell production of factors stimulating osteoblast proliferation and differentiation, 

and ultimately bone formation.27 Endothelin-1 and platelet-derived growth factor 

(PDGF) are known mediators in osteoblastic or bone-forming lesions typically seen in 

prostate cancer.27 Several of the growth factors from the transforming growth factor-β 

(TGF-β) family are also dominant in vivo stimulators of new bone formation, and 

important mediators of osteoblastic metastases.27 Once metastatic cells are 

established in bone, a vicious cycle between tumour cells, osteoblasts and osteoclasts 

is established, resulting in increased bone turnover and survival of the tumour cells.29 

Tumour cells interact with, and affect the normal bone remodelling processes, which 

may result in distinct lesions, or diffuse osteopaenic reaction.27, 28 Osteolytic and 

osteoblastic lesions are the two morphological extremes of metastatic bone lesions, 
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however the majority of lesions are comprised of both osteolytic and osteoblastic 

elements.27, 28 Osteolytic lesions are typically accompanied by a degree of local bone 

response and attempt at blastic bone-formation and repair, whereas osteoblastic 

lesions may have an element of lytic bone resorption.27, 28 

2.2.1 THE RANK‐RANKL‐OPG SYSTEM IN OSTEOLYTIC METASTASES 

Normal bone metabolism is a dynamic process balancing bone formation and 

resorption. Receptor activator of nuclear factor κB ligand (RANKL), its signalling 

receptor RANK, and decoy receptor Osteoprotegerin (OPG) are integral in controlling 

osteoclastogenesis and the stimulation of osteoclast induced bone resorption.28 

RANKL is a ligand secreted by osteoblasts, which binds to the RANK receptor on 

osteoclast progenitor cells, activating their differentiation into mature osteoclast cells, 

which subsequently mediate bone resorption.28 Metastatic tumour cells in osteolytic 

skeletal metastases of breast, lung, prostate and thyroid cancers have also been 

shown to express RANKL, further contributing to the imbalance of osteolytic bone 

activity/osteoclast mediated bone resorption.34 

Osteoprotegerin (OPG), integral to bone formation, is a decoy receptor produced by 

osteoblasts and stromal cells that binds to and prevents the association of RANKL, as 

well as other ligands, with receptor RANK, thus inhibiting the signalling to stimulate 

resorptive action of osteoclasts.28 

Tumour cells in the bone microenvironment, such as those of breast cancer and 

myeloma, express multiple growth factors, including parathyroid hormone (PTH), 

parathyroid hormone related peptide (PTHrP) and interleukins (IL-1, IL-6, IL-11), which 

bind to cell-surface receptors to stimulate osteoblasts and stromal cells to produce 

RANKL, and hence facilitate the activation of osteoclast precursors leading to 

osteoclast bone resorption.28 The osteolytic activity of osteoclasts causes the release 

of bone-derived growth factors such as TGF- β and insulin-like growth factor (IGF-1) 

from the bone matrix and raises extracellular calcium concentrations, which then act to 

further promote tumour-cell proliferation and production of PTHrP.28 

PTHrP facilitates osteoclastic bone resorptive activity by acting to down-regulate the 

production of osteoprotegerin (OPG), a mediator of osteoclastic bone resorption; 

inhibiting the ‘decoy’ action of OPG allows osteoclastic bone resorption to continue 

unchecked.28 PTHrP therefore has a ‘double’ effect of promoting osteoclast 

differentiation through the upregulation of the RANKL-RANK interaction, in conjunction 
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with restricting the usual regulatory inhibition of OPG on RANKL activity, which 

ultimately results in an overall increase in osteolytic activity.28, 29 

The role of the RANK-RANKL-OPG pathway in skeletal metastases is important to the 

development of treatments for skeletal metastases; this pathway allows for many 

potential targets for therapeutic intervention, including PTHrP, and growth-factor-

receptor interactions.28 For example, treatment with OPG as a blockade for RANKL is 

reported to prevent bone destruction.28 

2.2.2 OSTEOBLASTIC METASTASES 

In contrast to the destructive nature of osteolytic lesions, osteoblastic metastases are 

characterized by formation of new bone around metastatic tumour cell deposits, 

whereby newly formed bone may be laid directly onto trabecular bone without there 

being a preceding resorptive episode.27 

Osteoblast proliferation and differentiation, in combination with osteoclast apoptosis 

(cell death) results in bone formation.28 The proliferation of osteoblasts is driven by 

tumour cell production of mitogenic (cell-division promoting) factors such as fibroblast 

growth factors (FGFs), platelet-derived growth factor (PDGF), insulin-like growth 

factors (IGF) and transforming growth factor- β (TGF- β).28 Prostate cancer is the most 

common tumour to cause osteoblastic bone metastases.27 Prostate cancer cells 

release protease enzymes which inactivate osteolytic inducing parathyroid-hormone-

related peptide (PTHrP) and hence promote osteoblastic bone formation.28  

2.2.3 RELEVANCE TO DEVELOPMENT OF THERAPEUTIC AGENTS 

Knowledge and understanding of the underlying biological and physiological processes 

of bony metastases aids in the development of treatment strategies. For example, 

Bisphosphonates are a class of drug that impede osteoclast activity and limit bone 

resorption, and although most commonly known for their use in the treatment of 

osteoporosis, they are also used as a therapeutic agent to slow the progression of 

bony metastatic lesions and are useful in the alleviation of bone pain.28, 29  

Bisphosphonates are analogues of pyrophosphates, and therefore inhibit the activation 

of enzymes that utilize pyrophosphate. Bisphosphonates bind with high affinity to 

mineralized bone surfaces and to the surface of remodelling bone, and impede the 

bone resorptive process by inhibition of osteoclast formation and recruitment, and 
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promotion of osteoclast apoptosis.27-29 Bisphosphonates attached to bone surfaces are 

ingested by osteoclasts during done resorption, and alter intracellular enzymatic 

reactions, ultimately resulting in the initiation of apoptosis and cell death.28, 29 

Bisphosphonates encourage the cell death of osteoclasts and thereby result in 

inhibition of bone resorption and osteolysis, and aim to slow bone loss.27-29 

Bisphosphonates are also effective in the management of hypercalcaemia of 

malignancy, which is due predominantly to increased bone resorption caused by 

tumours.27 Mundy et al. suggest that in addition to impeding bone resorption, 

Bisphosphonates might also act to stimulate tumour-cell apoptosis or block tumour cell 

mitosis, however further studies to determine the biological effects of bisphosphonates 

on cancer cells are required.27, 28  

There have been no definitive studies correlating increased osteoblast activity and 

osteoclast induced bone resorption to increased tumour cell mass, however limiting 

bone resorption has been shown to slow the progression of lesions and subsequently 

reduce tumour burden in bone.28, 29 For example, the therapeutic agent Denosumab is 

an antibody to RANKL (a receptor activator involved in the regulation of stem cell pre-

cursor differentiation) and therefore by inhibiting the activation of osteoclasts it 

subsequently suppresses bone resorption.29  

Tumour induced osteolytic destruction of bone, and subsequent loss of structural 

integrity reduces its load-bearing capacity, resulting in bone pain, fractures and other 

skeletal complications.3, 4 Animal cancer models allow in-depth observation, 

investigation and modelling of skeletal metastases, which in turn have valuable 

implications for the development of therapeutic strategies.28, 35  

For example, Guise et al. used a nude mouse model involving inoculation of the MDA-

MB-231 human breast carcinoma cell line into the left cardiac ventricle, resulting in 

development of osteolytic lesions over 4-6 weeks.36, 37 From this model, they identified 

an increase in the PTHrP expression of tumour cells that metastasised to bone and 

were associated with the development of osteolytic lesions, representative of that 

typically seen in patients with breast cancer.36, 37 Furthermore, the inoculation of 

neutralising antibodies to PTHrP into the tumour-bearing nude mice resulted not only in 

a reduction in the development of osteolytic bone lesions, but also diminished tumour 

burden within bone.36, 37 Although the presence of growth regulatory factors within bone 

provides a fertile microenvironment for the growth of tumour cells, the presence of 

metastatic cells likely stimulates enhanced production of PTHrP and therefore 

enhanced promotion of tumour cell growth.36, 37 Similarly, Sasaki et al. found that when 
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bisphosphonates were administered to mice inoculated with MDA-MB-231 human 

breast carcinoma cells who had developed osteolytic lesions, there was a reduction in 

both presence of bone lesions and tumour burden.38 

2.3 MORBIDITY AND MORTALITY 

Pathological fracture with associated loss of skeletal structural integrity, and epidural 

extension of tumour into the spine are the two main causes of disability amongst 

cancer patients.3, 4 The structural load-bearing and neural protective functions of the 

spine are compromised by the effects of spinal metastases, which in turn has a 

profound adverse impact on ambulatory function and quality of life. Destruction of bone 

by metastatic disease reduces its strength and load-bearing capacity, such that 

pathologic fracture occurs during normal activity at load levels well below the extremes 

of a traumatic event.3, 27, 39 Mechanical instability occurs with destruction of dominant 

stabilizing elements of the spine, such as the pedicles and posterior elements.1 

Metastatic epidural spinal cord compression either from tumour tissue or bony 

fragments due to pathological fracture may result in deficits in motor, sensory and 

autonomic neurologic function.2, 10, 16, 40, 41 Ensuing weakness, paralysis and 

incontinence clearly impairs ambulatory ability and quality of life. 

2.3.1 PATHOLOGICAL FRACTURE 

A pathological fracture describes a fracture associated with a pre-existing pathological 

bone lesion that typically occurs without significant trauma.  

Pathological fracture involving the spinal column can be defined as cortical disruption, 

impaction of trabeculae and loss of vertebral body height, or vertebral endplate 

deformity, associated with an area of abnormal thinning, expansion or bone 

destruction.42 Although the biomechanical effects of metastatic disease on the spine 

are often similar to trauma, tumour related fractures, dislocations, and rotational injuries 

typically occur with only slight or apparently insignificant trauma.13 In addition there are 

differences in the patterns of neoblastic destruction of bone, ligamentous involvement, 

neurologic manifestations, and the quality of surrounding bone stock and healing ability 

of the spine in patients with malignant disease.13 
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2.3.2 METASTATIC EPIDURAL SPINAL CORD COMPRESSION 

Metastatic epidural spinal cord compression (MESCC) refers to the compression of the 

spinal cord or cauda equina as a consequence of expansion of tumour tissue, or bony 

deformity associated with metastatic tumour deposits, affecting neurological function.32, 

43 The thoracic spine is the commonest site of metastatic cord compression, reported to 

be involved in up to 70% of cases.24 The thoracic region is at greatest risk of metastatic 

spinal cord compression, as it is the most frequent site of vertebral metastases, and is 

also biomechanically more prone to vertebral collapse and spinal cord compression 

due to natural kyphosis and a relatively narrower spinal canal compared with the 

lumbar and cervical spines.10, 16, 44 Neurologic manifestations occur in up to 20% of 

patients with spinal metastases, and ensuing weakness, myelopathy, paralysis and 

urinary and faecal incontinence has a significant adverse impact upon ambulatory 

ability, functional status and quality of life.  

Bladder and sphincter dysfunction are late manifestations of spinal cord compression, 

and are usually irreversible if present for longer than 48 hours.1, 10, 11 Early detection 

and/or prevention of MESCC is crucial as pre-treatment neurological status is a major 

factor influencing post-operative functional outcome and survival.1, 10, 11, 15, 24 The 

importance of early surgical decompression in the setting of progressive neurologic 

dysfunction in order to prevent or reverse permanent disability emphasizes the need for 

identification of risk factors and predictors of MESCC.  

2.3.3 METASTASES IN THE ELDERLY 

Metastatic disease has become a major concern in older people. Patients older than 60 

years are more likely to be affected by bony metastases than younger patients, and the 

most common primary tumours causing spinal metastases – breast, prostate and lung 

cancers – also occur most frequently in patients aged over 60.31 Age complicates the 

clinical manifestations and treatment of metastatic disease as the majority of older 

patients have one or more age-related general diseases, such as cardiovascular, or 

renal impairment, and more specific to the spine, degenerative disc diseases can 

exacerbate radiculitis and spinal cord compression caused by spinal metastases.31 

2.3.4 PRESENTING SYMPTOMS OF SPINAL METASTASES 

Patients symptomatic of metastatic bone disease typically present with pain or 

weakness, and the aim of orthopaedic treatment of skeletal metastases is painless 
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function for the remaining lifetime of the patient.5 Of particular importance is the need 

for early recognition and treatment of mechanical instability and spinal canal 

compromise, before onset of progressive deformity and neurologic sequelae.12 

Pain is the commonest presenting symptom of skeletal metastasis and may be due to 

mechanical weakening of bone, structural instability, neurologic compression, or 

secondary to local tumour expansion and increased intraosseous pressure within the 

vertebral body.1-3, 10 Spinal tumour pain may present as local pain exacerbated by 

percussion, mechanical pain aggravated by movement and relieved by rest, or pain of 

a radicular nature due to compression or invasion of adjacent neurostructures.2 Night 

pain is a classic feature of spinal malignancy, purported to be a result of lengthening of 

the spine and distension of the spinal epidural venous plexus on recumbency.2 

Motor neurologic dysfunction is the second most common clinical manifestation of 

spinal metastases and is often accompanied by sensory deficit.2, 3, 24 Motor dysfunction 

is reported to be present at first presentation of metastatic spinal disease for 35-75% of 

cases.2, 3, 24 Neurologic manifestations are caused by mechanical compression of the 

spinal cord or exiting nerve roots by way of direct compression from tumour tissue, or 

following pathologic fracture and vertebral collapse with subsequent bony deformity or 

extrusion of bony fragments.2, 10, 16, 40, 41, 45 Complete paraplegia or established 

neurologic deficit are not only poor prognostic factors for survival11, 24, 46 but may not be 

reversible by surgical intervention if persistent for greater than 48 hours.2, 3, 10, 11 The 

importance of early treatment in the setting of neurologic dysfunction emphasizes the 

need for identification of risk factors and predictors of metastatic epidural spinal cord 

compression. 

2.4 IMAGING 

Several imaging modalities are used in the assessment of skeletal and spinal 

metastases.  Computed Tomography (CT) and Magnetic Resonance Imaging (MRI) 

are the most popular methods for radiographic assessment as they provide high-

resolution images with excellent bone and soft tissue definition.10, 13, 15, 16, 39, 47 Other 

imaging modalities such as x-ray and nuclear medicine bone scintigraphy are also 

used in the evaluation of skeletal and spinal metastases. Patterns indicative of a 

metastatic lesion on x-ray, CT or MRI include unilateral damage of the vertebral body, 

irregular or angular distortion of vertebral endplates, upper thoracic spine involvement; 

and associated pedicle destruction or adjacent soft tissue mass.33 The preservation of 
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vertebral disc height is a useful finding for the differentiation of malignant tumour from 

spondylitis, a common inflammatory cause of back and neck pain.33 Radiographic 

assessment of metastatic lesions is imperative to treatment planning, and is included in 

the majority of scoring systems for patients with spinal metastases.13, 25, 48 

2.4.1 X‐RAY 

X-rays are cheap and readily available, and provide a good general survey of cortical 

bone involvement by tumour deposits.12, 33 Traditionally, plain x-ray and bone 

scintigraphy were used for the clinical assessment and ongoing follow-up of metastatic 

spine disease, however x-ray lacks both sensitivity and specificity to the presence and 

extent of metastatic involvement, and is therefore inadequate to provide quantitative 

measures of tumour involvement, disease progression, or tumour response to 

treatment.12, 32, 33, 49 X-ray has poor sensitivity in the early detection of osseous 

destruction, and it is generally considered that approximately 50% of loss of normal 

bone tissue mass is required to detect a lesion on x-ray.32, 33 Mitera et al. report that in 

some instances, osteolytic lesions in the lumbar vertebrae may only be visible on plain 

x-ray once 75% of bone mineral content is destroyed.49 

Although vertebral body collapse as a consequence of metastatic bony destruction can 

be determined on x-ray, it can be difficult to differentiate between collapse associated 

with osteomalacia, osteoporosis, or metastases, and may require further evaluation 

with CT or MRI.33, 49 Vertebral body collapse associated with metastatic disease is 

frequently observed on x-ray, and collapse of one or more vertebral bodies may occur 

sequentially or simultaneously.33 

2.4.2 COMPUTED TOMOGRAPHY (CT) 

Computed Tomography (CT) technology combines x-ray and helicoidal scanning to 

produce cross-sectional images, with ‘slice’ thickness in the order of a few 

millimetres.33 Modern CT systems are now able to produce multi-planar reformatted 

images of high quality contrast and resolution of both bone and soft tissue.33, 43 The 

density resolution of CT is 10 times higher than that of plain x-ray, providing precise 

representation of cortical and trabecular bone, and images are typically presented in 

the axial, sagittal and coronal planes.33  

Computed Tomography is best for defining metastatic bone lesion quality and for 

assessment of the degree of cortical bone involvement.12, 13, 33 Cortical destruction by 
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osteolytic lesions is reported to involve the posterior wall of the vertebral body in two-

thirds of cases, with pedicular involvement observed in approximately half of cases.33 

The sensitivity of CT for the diagnosis of bone metastasis, particularly involving the 

spine, is reported to be upwards of 70%.33, 49 CT allows quantitative assessment of 

both osteolytic and osteoblastic lesions, and the use of intravenous iodinated contrast 

medium allows for easier identification of soft tissue paravertebral or epidural 

tumours.33, 49 CT evaluation of bone integrity is invaluable to the planning of therapeutic 

intervention; for example, assessment of pedicle involvement and bony destruction by 

a metastatic lesion may determine the decision between a transpedicular or 

posterolateral approach for intervention by vertebroplasty.33 In patients with suspected 

spinal cord compression, CT is routinely used to image the chest, abdomen and pelvis 

for thorough clinical assessment and to allow staging of overall disease burden.43 

Although MRI is the imaging modality of choice in metastatic epidural spinal cord 

compression, CT also has a high sensitivity and specificity for detection of spinal cord 

compression.43 In an evaluation of the role of CT in the emergency diagnosis of 

malignant spinal cord compression, Crocker et al. determine that CT findings in 

addition to consideration of time-frame of symptomatic neurological decline, are 

sufficient to differentiate between compressive and non-compressive metastatic 

disease, and hence determine the urgency for MRI, in particular the need for out-of-

hours imaging or transfer to a more specialized and better equipped surgical centre.43 

However, the usefulness of CT in identifying or excluding spinal cord compression is 

dependent on the clinical experience of the radiologist.43 

2.4.3 CT MYELOGRAPHY 

Prior to MRI, CT myelograpy was the diagnostic tool for metastatic epidural spinal cord 

compression.32, 50, 51 Myelography involves the injection of radiographic contrast into the 

thecal sac surrounding the spinal cord, following which, plain film and CT examination 

is performed to identify areas of pathology.50 Due to the invasive nature of the 

procedure, there is a risk of exacerbating a neurological deficit in the event of a 

complete or high-grade spinal canal obstruction or blockage, and contraindications to 

myelography include the presence of a brain mass, or bleeding abnormalities such as 

thrombocytopaenia or coagulopathy.43, 50 CT myelography has sensitivity and specificity 

close to that of MRI, and still has a place in the imaging of spinal cord compression as 

a screening tool of the entire spinal column for epidural deposits, or in a patient who 
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otherwise cannot get an MRI (e.g. because of metallic implants such as a cardiac 

pacemaker).32, 50  

2.4.4 MAGNETIC RESONANCE IMAGING (MRI) 

Magnetic Resonance Imaging (MRI) is the principle investigative tool of choice for 

spinal metastases.32, 33, 51, 52 MRI provides detailed soft tissue definition including extent 

of neoplastic tissue, presence of canal compromise, and the integrity of intervertebral 

discs, and is considered the gold standard for detection of epidural spinal cord 

compression.10, 15, 16, 45 

Magnetic resonance imaging (MRI) involves the use of non-ionising radiation and a 

strong magnetic scanner to create cross-sectional images detailing anatomical 

structures, particularly soft-tissue.33 The MRI device creates a temporary magnetic field 

around the patient’s body, whereby a radio-wave transmitter/receiver sends signals 

through the body, which are received back and processed to produce detailed digital 

images.52 MRI is useful for detailing of ligaments and cartilage, which are not visualised 

by other imaging modalities, and magnetically active contrast agent can also be used 

to demonstrate abnormalities or internal structures more clearly.32, 33, 52  

The contrast of tissues on an MRI image is dependent upon the density of protons and 

their associated relaxation times; in T1 images, fat produces a bright signal, and bone 

marrow for example appears white; in T2 images areas of increased fluid such as 

tissue oedema or tumour produce a bright signal.33, 52 Images can also be altered using 

techniques such as STIR (short T1 inversion recovery), which is a method for fat 

suppression.33, 52 Tissues with little or no fat or water content, such as cortical bone, 

ligaments and tendons appear dark in both T1 and T2 weighted images.33, 52 In the 

presence of previous spinal instrumentation, MRI can be difficult to interpret, especially 

the canal at the instrumented levels. 

Within the realms of imaging parameters of MRI, T1 weighted and STIR (Short T1 

Inversion Recovery) images detect osseous lesions and delineate extent of bony 

disease, whereas T2-weighted images provide excellent definition of hyperintense 

cerebrospinal fluid in contrast with soft tissue tumour or bone fragments, to delineate 

epidural disease and assess the degree of spinal cord compression.33, 51, 52 MRI allows 

for both qualitative and quantitative evaluation of the extent of spinal metastatic 

disease, based upon tumour displacement of anatomical structures, or measurements 

of spinal canal narrowing respectively.33, 51, 52 MRI is also able to characterise between 
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benign osteoporotic and metastatic collapse, which is important if surgical intervention 

is to be considered.16, 47 The sensitivity and specificity of MRI in detecting malignant 

spinal cord compression is reported to be 93 and 97% respectively.53 A complete MRI 

consisting of both axial and sagittal T1- and T2-weighted images is necessary to 

maximize the sensitivity of the imaging in detecting metastatic lesions, and it is 

suggested that high-risk patients should undergo MRI screening with the aim of 

diagnosing and treating spinal cord compression before the development of potentially 

irreversible functional neurologic deficit.2, 10, 16, 33, 45, 51 

With regard to planning of radiotherapy treatment, MRI adds further information to that 

of CT such as dimensions and location of tumour tissue, which may influence the 

radiation fields and therefore overall treatment.32 

Further benefits of MRI are that it is non-invasive, and the entire spine including 

paravertebral soft tissues can be imaged in one sitting, which is important as up to one 

third of patients have multiple sites of spinal cord compression.32 For evaluation and 

ongoing assessment following treatment of vertebral tumours, MRI can depict tumour 

volume and epidural extension as well as areas of tumour necrosis, and therefore 

provide an overview of the overall metastatic process.33, 52 The usual pattern and 

progression of healing of osteolytic lesions is progressive bone sclerosis from the 

outside rim towards the centre.33 In contrast, in sclerotic lesions, a decrease in the size 

and number of osteoblastic foci is thought to characterize the healing process.33  

2.4.5 OTHER IMAGING TECHNIQUES 

Bone scintigraphy with injection of a radioisotope tracer is useful in whole-body 

assessment to identify skeletal metastases, particularly in the case of patients with 

known malignancy and bone or back pain, however it has a sensitivity of only 65-70% 

and hence the potential for false positive findings.1, 52 A small false negative rate has 

also been reported, and attributed to small tumour cell deposits confined within the 

bone marrow.52 

Dual-energy X-ray absorptiometry (DEXA) scanning or quantitative CT can be used to 

assess bone mineral density and determine expected pressure loading to the spine.54  

Positron Emission Tomography (PET) is a nuclear imaging test involving intravenous 

injection of a radioactive substance and observation of uptake of radioactive 

metabolites to provide information about bone and tumour metabolism.32 PET scanning 
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is often used as a whole-body screening technique for cancer, however the resolution 

of images is too poor for the definitive diagnosis of or treatment planning for metastatic 

epidural spinal cord compression.32 

2.4.6 RADIOGRAPHIC ASSESSMENT OF SKELETAL AND EPIDURAL SPINAL 

METASTASES 

Bone metastatic tumours can be radiographically defined into four types: osteolytic, 

osteoblastic, osteoporotic and mixed lesions. Osteolytic lesions are characterized by 

destruction of bone and are frequently identified as a cortical defect on imaging; 

osteoblastic lesions of excess bone deposition appear radiographically as more dense 

or sclerotic bone; osteoporotic lesions appear as ‘faded’ bone without discrete areas of 

cortical destruction or increased density; and mixed lesions of both bone destruction 

and bone deposition have a typical radiographic appearance of central cortical lysis 

with surrounding sclerotic area of increased density.29 

The Spine Oncology Study Group, an international group of spine oncology experts, 

present a clearly defined 6-point grading system for the classification of epidural spinal 

cord compression, based upon MRI axial T2 weighted images at the site of most 

severe cord compression.55 The 4 major groups are: (0) tumour confined to bone only; 

(1) tumour extension into the epidural space without deformation of the spinal cord; (2) 

spinal cord compression with visible cerebrospinal fluid (CSF) around the cord; and (3) 

spinal cord compression without visible CSF around the cord.55 Grade 1 is further 

subdivided into 1a, 1b and 1c to reflect the degree of epidural impingement: 1a) 

epidural impingement without deformation of the thecal sac; 1b) deformation of the 

thecal sac but without spinal cord abutment; and 1c) deformation of the thecal sac with 

spinal cord abutment but without spinal cord compression.55 The subdivision of Grade 

1 is particularly relevant to the planning and delivery of radiation therapy in close 

proximity to the spinal cord, for example, 1c) lesions with spinal cord abutment present 

a far greater challenge to the accuracy of radiotherapy treatment in delivering cytotoxic 

doses to the tumour within the constraints of the spinal cord.55 In the validation and 

reliability analysis of the 6-point scale, Bilsky et al. observed T2-weighted images to be 

the most reliable for both inter- and intra-rater reliability, attributable to the fact that 

CSF spaces are readily identifiable on T2-weighted images.55 An accurate and reliable 

grading system of spinal cord compression is important to treatment decision making of 

spinal metastases, as the degree of cord compression is often the major determinant in 

the decision to irradiate or operate.55 
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In a patient with spinal metastatic lesions, complete spine imaging including MRI is 

recommended due to potential to miss asymptomatic lesions; the rate of identification 

at time of imaging is reported to be around 20%.12 Further argument for complete 

imaging is that neither the site of pain or symptomatic sensory level has been shown to 

be accurate in diagnosing the location of metastatic involvement in the spine; In an 

observational study of patients with metastatic cord compression, Levack et al found 

considerable discordance between the level of pain reported by patients and structural 

level of compression in MCC, together with poor accuracy of bone scan activity in 

identifying level of compression.10 

2.5 NON‐SURGICAL TREATMENT 

Metastatic bone disease is indicative of an incurable malignant process, however 

advances in the diagnosis and management of cancer have resulted in longer life 

expectancies for patients with primary and metastatic disease, with the emphasis of 

treatment on maintaining quality of life.4 Patients with metastatic spinal cancer have a 

median life expectancy of 1 to 2 years, and the goal of treatment of spinal metastases, 

whether non-operative or operative, should be for symptom palliation, that is, to 

maintain or restore spinal stability, to reduce pain, and improve or prevent neurologic 

deterioration in order to maintain function and quality of life.1, 2, 4, 5, 8, 9  

Treatment modalities for spinal metastases include local radiation, systemic therapy 

such as hormone- or chemotherapy, and surgery, whereby treatment decisions are 

most influenced by survival prognosis, and anticipated tumour response to treatment 

according to primary tumour type.2, 4, 25 

Spinal cord compression as a complication of skeletal metastasis results in significant 

disability and impacts upon quality of life, and early detection is crucial as pre-treatment 

neurological status is a major determinant influencing post-operative functional 

outcome and survival.1, 10, 11, 15, 24 Non-surgical treatment options for the management of 

malignant spinal cord compression include radiotherapy, chemotherapy, 

corticosteroids, and bisphosphonates. 

2.5.1 RADIOTHERAPY 

Radiotherapy remains the basis of treatment for spinal metastatic disease, and for 

those patients in whom the tumour is radiosensitive and the spine stable, is an effective 

treatment option for prevention of further tumour growth and neurological insult, and 
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amelioration of pain.16, 30, 56 Primary tumours that are highly radiosensitive include 

lymphoma and myeloma, solid tumours such as breast, prostate and lung cancer are 

considered of intermediate radio-sensitivity, whereas melanoma, osteosarcoma and 

renal cell carcinoma are considered radio-resistant.30  

Local radiotherapy however is limited by toxicity threshold of the spinal cord present in 

immediate proximity to the tumour.16, 56 Furthermore, where bony fragments as 

opposed to tumour tissue are the cause of spinal cord or nerve root compression, this 

is unlikely to respond to radiotherapy.16 

In the appropriately selected patient, radiotherapy may be augmented by 

decompressive surgery.46, 56 Patchell et al. report that in radiosensitive lesions, the 

addition of decompressive surgery to radiotherapy has been shown to improve 

outcomes of patients with metastatic spinal cord compression, who also have a limited 

number of involved vertebrae, a favourable ECOG performance status, and reasonable 

survival prognosis.57 

Radiotherapeutic options include conventional external beam radiotherapy (cEBRT) 

which involves the use of a single-posterior or a parallel opposed-field technique, or 

more advanced techniques such as stereotactic fractionated radiotherapy, stereotactic 

single-fraction radiosurgery, or intensity modulated radiotherapy (IMRT) which involves 

the use of multiple beams of varying intensity aimed at the tumour from multiple 

angles.16, 30, 56 The systemic application of radioisotopes provides a further treatment 

option.30 Advancement in the delivery of radiotherapy such as intensity modulated 

radiotherapy (IMRT) and stereotactic radiotherapy promise to provide more precise 

dose delivery, fewer side effects involving adjacent tissues, and potential for re-

irradiation of already treated areas.30, 56  

The dose schedules of radiotherapy treatment is dependent on the location and size of 

the metastatic lesion; for example, single fractionation is often reserved for very sick 

patients, and although patients may require more frequent re-treatment, there is 

reduced risk of spinal cord injury.16, 56 Side-effects of radiotherapy are minimal but 

include cytopaenia following destruction of blood cell precursors, or where large 

regions of the gastrointestinal tract are present in the treatment area, issues such as 

mucositis, dysphagia or diarrhoea may arise.16 The beneficial effects of radiotherapy 

usually occur within 3 to 4 weeks, and a minimum life-expectancy of at least one month 

is therefore considered appropriate in selecting patients for treatment.30, 56 In 
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comparison, expected survival of at least 3 months is considered acceptable for 

surgical candidates.23, 57, 58 

Radiotherapy of a longer duration has been shown to have better long-term results in 

the local control of metastatic spinal cord compression when compared to short-course 

treatment.46, 56 Short-course radiotherapy may however be appropriate in patients with 

very poor survival prognosis in order to avoid unnecessary distress from repetitive and 

frequent treatments in the debilitated patient.46, 56  

2.5.2 CHEMOTHERAPY AND HORMONE THERAPY 

Chemotherapy may be effective in the treatment of acutely symptomatic extradural 

spinal metastases in very chemo-sensitive tumours such us lymphoma, but frequently 

requires radiotherapy or surgical decompression.30, 56 

Hormone therapy may be appropriate in the treatment of oestrogen and/or 

progesterone receptor positive breast or prostate cancer patients, however can take 

weeks to months to take effect.30 

2.5.3 CORTICOSTEROIDS 

Corticosteroids may benefit patients with spinal cord compression due to their ability to 

inhibit inflammatory responses and reduce oedema, and therefore potentially delay the 

onset of neurological deficit in spinal-cord compression, however there is no clear 

consensus on the optimum dose.16, 30, 56 In particular, there is a lack strong evidence for 

the use of high doses.16, 30, 56 Dexamethasone in the central nervous system (CNS) 

downregulates the expression of vascular endothelial growth factor (VEGF) which is 

associated with spinal cord hypoxia, and considered a potential mechanism of damage 

in spinal cord injury.16, 56 

Corticosteroids are considered an adjunct therapy, such as with radiotherapy for the 

treatment of neurological deficits, and may be prescribed as a short-course treatment 

in the peri-operative period.16, 30, 56. There is a lack of evidence for the use of 

corticosteroids in established spinal cord compression, and any symptomatic 

improvement is typically temporary.16, 24, 30, 56 Adverse effects of corticosteroids include 

hyperglycaemia, wound infection and impaired wound healing, and gastrointestinal 

bleeding or perforation.16, 30, 56 
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2.5.4 BISPHOSPHONATES 

Bisphosphonates are widely used in the prevention and treatment of complications of 

metastatic bone disease as they inhibit both normal and pathological bone 

resorption.30, 56 Purported benefits of the use of bisphosphonates for skeletal 

metastases are pain relief, and reduction or prevention of bone resorption and 

associated incidence and potential for pathological fracture and spinal instability.30, 56 

Furthermore, Bisphosphonates are reported to have anti-angiogenic and anti-tumoural 

activity.30, 56 The efficacy of bisphosphonates in the management of spinal metastases 

is yet to be established.  

2.6 SURGERY FOR SPINAL METASTASES 

Despite advances in non-surgical treatment of metastatic spine disease, surgery 

remains the only method of treatment that achieves immediate and effective 

mechanical stabilization and spinal cord and nerve root decompression.3, 4, 8 Indications 

for surgery in patients with spinal metastases include spinal mechanical instability, 

progressive neurological deficit, intractable pain secondary to instability or mechanical 

neural compression, direct cord compression by bony fragments, and radio-resistant 

tumour or radiation dose at spinal cord tolerance. 1, 5, 16, 17, 26 In the unstable cervical 

spine for example, non-operative treatment modalities are unable to provide 

mechanical stability nor correct tumourous destruction and deformity of the supporting 

spinal elements.19 

The major goals of surgery in patients with spinal metastases are to provide 

symptomatic pain relief, prevent or improve neurological compromise, and restore 

structural stability, thereby improving overall functioning and quality of life. 8, 9, 19, 30 

Correction of deformity, stabilization, tumour debulking and decompression form the 

principles of surgical treatment with which to achieve pain management, and 

preservation or improvement of neurologic function and mobility. The biological 

behaviour of the histologic tumour type, and local invasion and systemic disease 

burden in particular influence the type and degree of surgical intervention,8, 59 however 

consensus regarding the optimum management, and role and techniques of surgery for 

spinal metastases remains poorly defined.4  

Survival prognosis is one of the key factors in selecting patients for surgery, however 

difficulty remains in determining not only those patients who will benefit from surgery 
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but also the magnitude of surgery to be performed, with regard to both quality of life 

and survival time period.8 An estimation of life expectancy includes numerous factors 

such as the nature of the primary tumour, presence and extent of metastases, and 

overall physical function of the patient.7, 11, 58  

Surgery is the only therapeutic option that is able to provide immediate relief of spinal 

cord compression and frequently requires mechanical stabilisation of a diseased and 

weakened vertebral column, in addition to surgical decompression.16 In a prospective 

analysis of 118 consecutive patients treated for symptomatic spinal metastases, Quan 

et al. determined surgery to be effective in achieving rapid improvements in pain, 

neurological deficit, sphincteric dysfunction and ambulatory status.9 Indeed, 90% of 

patients postoperatively, compared with 78% pre-operatively had functionally useful 

Frankel grade D or E disability.9 Estimated survival time and ability to predict prognosis 

can help to identify patients who may not be candidates for decompression surgery due 

to poor survival prognosis. 

In appropriately selected patients, surgery leads to improved clinical outcomes in the 

domains of pain, neurologic deficit, function, and quality of life, and in such cases is 

superior to radiotherapy alone.3, 4, 8, 57 In a randomized trial of 101 patients comparing 

direct decompressive surgery plus post-operative radiotherapy with radiotherapy alone 

for the treatment of spinal cord compression with neurological deficit caused by 

metastatic cancer, Patchell et al. identified significant findings in favour of surgical 

treatment.57 Comparison of ambulatory rates after stratifying for pre-treatment 

ambulatory status revealed significantly more patients were able to walk following 

treatment with surgery and radiotherapy (84%), than those treated with radiotherapy 

alone (57%) (p = 0.001).57. Furthermore, duration of maintenance of walking was also 

longer for the surgery group (median 122 days vs. 13 days).57 Additional advantages of 

surgery compared to radiotherapy were longer duration of urinary continence, and 

reduced use of daily dexamethasone and morphine equivalent medications.57 

Importantly, the 30-day mortality and length of stay was the same for both groups.57 

A meta-analysis performed in 2005 of surgery versus conventional radiotherapy for the 

treatment of spinal metastatic epidural disease showed that surgical patients had a 1.3 

greater chance of being ambulatory after treatment, and that surgery was superior to 

radiotherapy at relieving pain and recovering sphincteric function.59 Surgical 

management of metastatic spinal cancer has also been shown to lead to improvements 

in non-specific symptoms such as tiredness, nausea, anxiety and appetite.1, 26 
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The decision for and extent of surgery in patients with spinal metastases remains a 

complex and controversial issue. Conceding that surgery in spinal metastases cannot 

be curative, the potential for immediate and prolonged benefit to pain, neurological and 

functional outcomes and quality of life must be balanced against the patients survival 

prognosis, and morbidity and mortality associated with surgery during the decision-

making process and selection of surgical candidates.2, 4, 8, 9, 13, 19, 30 Although not to be 

considered in isolation, the patient’s survival prognostication is imperative to treatment 

decision making, particularly in the case of surgical intervention. It is generally 

accepted that a life expectancy of at least 3 months is required to be considered a 

surgical candidate.30, 58 Furthermore, the anticipated improvement in pain, function and 

quality of life should outweigh the morbidity and potential mortality of surgery.4, 9, 19 

When selecting a patient for prophylactic treatment, the vertebral level, extent of 

metastatic vertebral involvement, location of lesion within the vertebral body, and any 

underlying osteopaenia or osteoporosis should be considered in determining the 

optimum timing and method of treatment. Ideally, clinical guidelines should permit 

distinction between relatively stable compression fractures and potentially 

neurologically devastating burst fractures. Despite the importance of early recognition 

and treatment of spinal instability and spinal cord compromise in order to prevent 

progressive deformity, neurological deficit, paralysis and permanent disability, no 

universally accepted guidelines exist for metastatic cancer affecting the spine to 

distinguish between relatively stable compression fractures and potentially 

neurologically devastating burst fractures.2, 13-16 Identification of appropriate surgical 

candidates who are likely to benefit from either prophylactic or symptomatic treatment 

requires an understanding of the physiological effects of tumour metastases within the 

spine, specifically the fracture risk of tumour-involved vertebrae and potential for 

development of neural or spinal cord compression. 

With respect to potential instability, it is important to identify lesions that can be 

irradiated without the risk of fracture, and those impending pathologic fractures that 

require surgical fixation prior to irradiation.12, 13 Early recognition and treatment of 

instability and canal compromise is imperative to prevent progressive deformity and 

neurologic sequelae, however spinal instability secondary to the metastatic process 

requires greater clarification.12, 13 Asdourian et al. evaluated spinal deformity in 

metastatic breast cancer and concluded instability to be dependent upon the site and 

extent of metastatic involvement within the vertebral segment; axial instability occurring 

with metastatic vertebral body involvement and end plate collapse, progressing to 
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translational instability with the addition of metastatic involvement of the pedicles and 

posterior elements.12 

The Spinal Oncology Study Group (SOSG) defines instability as a “loss of spinal 

integrity as a result of a neoplastic process that is associated with movement-related 

pain, symptomatic or progressive deformity, and/or neural compromise under 

physiologic loads” (p.E1222).13 The SOSG have developed a Spinal Instability 

Neoplastic Score (SINS) that aims to predict stability of spinal neoplastic lesions and 

hence identify potential surgical candidates by way of assessment of six key 

characteristics: location of metastases, pain, and radiographic evaluation of bone 

lesion quality, spinal alignment, extent of vertebral body collapse, and posterolateral 

spinal element involvement.13 Although comprehensive in its scoring components, the 

authors present the SINS as a classification tool to be applied in context with factors 

such as neurological symptoms, overall disease burden, and anticipated potential for 

benefit, reiterating the complexity in surgical decision making for the patient with spinal 

metastases.  

The goal of surgery in these patients is palliative rather than curative, and although 

surgery does not fundamentally change the survival rate, significant improvements in 

pain, neurologic symptoms, and quality of life measures have been consistently shown 

to result from surgical intervention, and in the appropriately selected patient the 

outcomes of surgery are superior to radiotherapy alone.3, 4, 8, 9, 19, 59 

2.6.1 BENEFITS OF SURGERY 

Pain 

Pain is the commonest symptom of bony metastases, and may be due to structural 

weakening, fracture, mechanical instability, local tumour expansion, or secondary to 

neurological involvement such as nerve root compression.1-3, 10 Surgical intervention 

involving stabilization and/or decompression of the spine can provide symptomatic 

relief of the pain caused by spinal metastases.9, 19 Indeed, rapid improvements in axial 

and radicular pain were recorded in a study of patients who underwent surgery for 

symptomatic spinal metastases, whereby 30% of patients had complete resolution of 

pain post-operatively, and all except one patient had either unchanged or improved 

back and/or radicular pain at the time of discharge from hospital.9 Pointillart et al. also 

report either unchanged symptoms or post-operative improvements in local back pain 

and radicular pain in greater than 95% of cases following surgery for symptomatic 
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spinal metastases, and improvements in pain symptom scale were maintained at all 

follow-up time points.8 Liang et al. reported adequate pain relief was achieved in 88% 

of patients following surgery for spinal metastases), similar to that reported in previous 

literature31. Furthermore, in a prospective study of 26 patients who underwent palliative 

surgery for cervical spine metastases, there was a statistically significant improvement 

in axial and radicular pain, which was maintained for the duration of the follow-up 

period. 19 

Neurological Symptoms 

Neurological manifestations as a consequence of spinal metastases may present as 

deficits in motor, sensory and/or autonomic function, which impact upon ambulatory 

ability, functional capacity and quality of life.1, 10, 16, 18, 40, 41, 45 In fact, motor dysfunction is 

the second most common symptom of spinal metastases, and is typically accompanied 

by sensory changes.2, 3, 24 Sphincter dysfunction and paralysis are late manifestations 

of spinal cord compression, and are usually irreversible if present for greater than 48 

hours.1, 10, 11 

Metastatic spinal cord compression may occur by direct compression from tumour 

tissue or retropulsed bone fragments following pathological vertebral fracture. 1, 10, 16, 40, 

41, 45 Expanding tumour tissue can also encroach into neural foramina causing 

compression of nerve roots and associated neurological symptoms and radicular 

pathology.10, 16, 40, 41, 45 Early surgical intervention and decompression in the setting of 

progressive neurological dysfunction is important in order to reverse symptoms and 

aim to prevent permanent disability. 

In a prospective study of 118 patients operated for symptomatic vertebral metastases, 

surgery achieved rapid improvement in neurological deficit, including sphincteric 

dysfunction and ambulatory status.9 Quan et al. report that almost half (45%) of all 

patients with a pre-operative neurological deficit recovered fully post-operatively, and 

59% of patients who had urinary incontinence pre-operatively fully recovered post-

operatively.9 Furthermore, 96% of patients had unchanged or better Frankel 

neurological grading after surgery.9 Pointillart et al. also identified significant 

improvement in neurological deficit and ambulatory status following surgery for 

symptomatic spinal metastases.8 

Consistent with others, a retrospective review of 92 patients aged greater than 60 

years who had surgery for spinal metastases identified substantial neurologic 
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improvements in 78% of patients.31 In a prospective study of palliative surgery in 

metastatic disease of the cervical and cervico-thoracic spine, improvements in pain, 

functioning and quality of life were observed to be maintained for the duration of the 

follow-up period, demonstrating the benefits of surgery for these patients most often 

facing the final stages of life.19 

Quality of Life Measures and Functional Domains 

Surgical intervention for spinal metastases has also been shown to result in 

improvements in quality of life measures such as physical and emotional wellbeing. 

Pointillart et al. purport the benefits of surgery to include significant improvements in 

physical function, cognitive and emotional well- being, following review of 118 patients 

who underwent palliative surgery for symptomatic spinal metastases.8 Quan et al. 

report highly significant improvements in physical, role, cognitive and emotional 

functioning and global health status following surgery for symptomatic spinal 

metastases.9 Furthermore, Patchell et al. identified significant differences in 

maintenance of continence, muscle strength (ASIA scores) and functional ability 

(Frankel scores) in patients treated for symptomatic spinal metastases with 

decompressive surgery and radiotherapy compared to those treated with radiotherapy 

alone.57 Although surgery did not contribute to a longer survival, Patchell et al. highlight 

the significant improvements in the quality of remaining life to be of greater 

importance.57 

Palliative surgery for cervical spine metastases was reported to result in an immediate 

and significant improvement in cognitive emotional, social, role and physical 

functioning, and Quan et al. therefore conclude that despite less than 50% one-year 

survival rate, surgery for cervical spine metastases will achieve beneficial symptomatic 

palliation for the remainder of a patient’s lifetime.19 

In a review of surgery for spinal metastases in patients greater than 60 years of age, 

Liang et al. report an improvement in the Karnofsky functional status score in 63% of 

patients.31 Restoration of general condition and functioning can therefore be 

considered to be a significant benefit from surgical intervention for spinal metastases.  

2.6.2 RISKS OF SURGERY 

The decision for and extent of surgical intervention is a difficult and contentious issue, 

and the benefits of surgery with regard to general functioning and quality of life must be 
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weighed up against the patients current general condition, survival prognosis, and 

morbidity and mortality associated with surgery. 

Spinal surgery itself is not without inherent risk, and in patients with spinal metastases, 

it is necessary to consider not only the patient’s life expectancy, but also general 

medical condition, systemic tumour disease burden and associated symptoms in the 

treatment decision-making process. Peri- and post-operative risks of surgery include 

potentially fatal cardiovascular and other systemic complications (e.g. sepsis, massive 

haemorrhage, pulmonary embolus), and wound infection and/or wound breakdown, 

particularly in the setting of poor skin quality or immunosuppression subsequent to 

chemotherapy or radiotherapy.31, 59  

In a study of 118 patients who underwent palliative spinal surgery, Quan et al. report a 

complication rate of 26%, and a 12-month mortality rate of 48%.9 Amongst their cohort, 

the overall incidence of wound infection was less than 7% reported to be consistent 

with the literature; a three-fold increase in wound infection, as well as an increase in 

wound breakdown was observed in those who had received pre-operative radiotherapy 

compared to those who had not.9 The incidence of surgical complications, particularly 

systemic or potentially fatal cardiovascular complications, is greater in older patients 

compared to younger patients.31 Liang et al reported a 23% complication rate in their 

study of patients aged greater than 60 years operated for spinal metastases.31 For this 

elderly patient cohort, the most common complications were postoperative 

haemorrhage, wound infection, systemic infection, and cardiovascular disease, indeed 

three patients died in hospital within 30 days following surgery (in-hospital mortality rate 

3.4%) of acute respiratory failure heart failure, and multiple systemic infections.31 

Other risks to consider in association with surgical intervention include potential for 

metalware failure, such as screw pull-out or breakage, and disease progression 

resulting in bony destruction and instability beyond previous fixation, or recurrence or 

development of neurological symptoms, necessitating further surgical intervention.57, 59, 

60 

The choice of surgical approach and reconstruction is a contentious issue, and is 

dependent on factors including tumour location, extent of bony destruction and 

deformity, neurological deficits, and operator experience.19, 57, 59, 60 

The anatomical location of spinal metastases is important with regards to operative 

intervention as it impacts upon the planning of surgical approach, degree of 

reconstruction, technical difficulty of surgery, and may even affect peri- and post-
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operative morbidity and mortality.57, 59, 60 For example, it has been suggested that 

patients with metastases to the cervical spine have a worse prognosis than those with 

metastases to other sites,58 and in an analysis of prognostic factors for the surgical 

management of spinal metastases, North et al. identified a cervical spine procedure to 

be associated with reduced survival.61 

Surgical approach generally depends on the topography of the metastatically involved 

vertebra, such that if the anterior column were predominantly involved, an anterior 

approach with cement or cage reconstruction and additional anterior plate stabilization 

would be performed.9 Conversely, if the posterior spinal column is predominantly 

involved, posterior decompression and pedicle screw and rod stabilisation would 

typically be performed.9 Additional factors influencing surgical approach and 

reconstruction include the extent and severity of bony deformity, such as excessive 

kyphosis in the cervicothoracic spine, presence of pre-operative neurological 

dysfunction, and operator experience. Quan et al. state their preference for anterior 

approach to the cervical and cervicothoracic spine because of ‘relative ease and safety 

of soft tissue dissection’, with good access and visualization to perform excision of 

tumour infiltrates and decompression of neuro-structures, in combination with low 

recorded complication rates.19  

Continuing advances in surgical techniques and spinal instrumentation aim to improve 

the safety, effectiveness and longevity of post-operative outcomes.9, 59 

2.6.3 SURVIVAL PROGNOSTICATION IN SURGICAL DECISION MAKING 

The ability to accurately predict individual short and long-term survival, and thereby 

those patients most likely to benefit from surgery remains a challenge. Survival 

prognostication has implications for both the selection of those suitable for surgery, and 

also the degree of surgery to be performed.8 A number of scoring systems aimed at 

prognostication and treatment decision making for patients with spinal metastasis are 

presented in the literature, however in light of the potential for rapid improvement in 

pain, function and quality of life, the decision for or against surgery should not be based 

on estimated survival prognosis alone.6-8, 17 

2.6.4 SUMMARY OF SURGERY FOR SPINAL METASTASES 

Identification of appropriate surgical candidates for either prophylactic or symptomatic 

treatment requires an understanding of the physiologic effects of tumour metastases 
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within the spine, in particular the fracture risk of metastatically involved vertebrae.62, 63 

The significance and prediction of other important factors such as neurological deficit, 

pathologic fracture and spinal instability in treatment decision making is lacking.13 The 

ability to predict those patients with spinal metastases most likely to progress to 

pathological fracture and instability or develop MESCC may simplify the decision-

making process and enable earlier surgical intervention, with the potential to prevent 

permanent neurological deficit and disability and maintain function and quality of life for 

the remainder of the patient's life. 

2.7 SUMMARY 

Spinal metastatic disease causes significant morbidity by way of pain and neurological 

dysfunction, affecting ambulatory ability and quality of life. Pathological fracture 

resulting in mechanical spinal instability, and spinal cord compression causing severe 

neurological dysfunction and even paralysis, are the most devastating consequences 

of spinal metastases.  

Patients with spinal metastases typically have a limited life expectancy and the aim of 

treatment is for symptom palliation, and optimising function and quality of life for the 

remainder of their lifetime. Non-operative treatment modalities include radiotherapy, 

chemotherapy, and medications such as corticosteroids and bisphosphonates. Surgery 

is most critical for those with mechanical instability, intractable pain, progressive 

neurological function and impending sphincteric dysfunction, as non-operative 

treatment options are unable to achieve definitive mechanical stabilisation or 

immediate spinal cord decompression. Furthermore, in appropriately selected patients, 

taking into consideration survival prognosis, morbidity and mortality associated with 

surgery and potential for clinical improvement, surgery is superior to radiotherapy in 

improving pain, neurological deficit, and general function and quality of life. 

Treatment decision making for patients with spinal metastases remains complex, and 

requires a multifactorial approach to risk versus benefit. 

The ability to predict pathological fracture or spinal cord compression may enable 

earlier surgical intervention with improved survival, function and quality of life outcomes 

for these patients. This concept prompted the first part of our analysis (Chapter 3); to 

evaluate patient risk factors, more specifically clinical and radiological parameters, 

associated with pathological fracture and metastatic epidural spinal cord compression. 
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The second part of our analysis (Chapter 4) considers pre-operative prognostic scoring 

systems for determining treatment of patients with spinal metastases. Several 

prognostic scoring systems are presented in the literature, however one is not 

universally accepted; and although the decision for or against surgery should not be 

based upon survival prognosis alone, it remains an important consideration of 

treatment planning. There are limited external reviews of these scoring systems’, and 

we aim to validate their survival prognostic value using a retrospective cohort of 

patients surgically treated for spinal metastases, in order to optimise the treatment 

decision-making process. 
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3 POTENTIAL RISK FACTORS FOR 
PATHOLOGICAL FRACTURE AND 
METASTATIC EPIDURAL SPINAL CORD 
COMPRESSION 

This chapter explores the considerations and potential risk factors for pathological 

fracture and metastatic epidural spinal cord compression in association with spinal 

metastases.  

Despite advances in the medical management of metastatic spine disease, surgery 

remains the only effective treatment that achieves immediate mechanical stabilization 

and spinal cord or nerve root decompression, and in appropriately selected patients 

leads to clinical outcomes superior to that of radiotherapy alone, in the domains of pain, 

neurological deficit, functional performance and quality of life.3, 8, 9, 19 One treatment 

algorithm is that spinal decompressive and/or stabilization surgery is indicated in 

patients with symptoms due to pathological fracture and spinal structural instability, or 

metastatic epidural spinal cord compression who are anticipated to live long enough to 

benefit from surgery.9, 19 Accurate prediction of survival remains a difficult challenge, 

and in light of the potential for rapid improvement in pain, function and quality of life, 

the decision for or against surgery should not be based on estimated survival prognosis 

alone.6-9, 17, 19 There is need for greater knowledge and understanding of the 

significance and prediction of factors such as pathological fracture, mechanical 

instability and spinal cord or nerve root compression in treatment decision making. 

Ideally the ability to predict those patients with spinal metastases most likely to 

progress to pathological fracture and instability or develop MESCC may simplify the 

decision-making process and enable earlier surgical intervention, with the potential to 

prevent permanent neurological deficit and disability and maintain function and quality 

of life for the remainder of the patient's life. 

For long bone metastatic lesions Mirels developed a 12-point scoring system assessing 

size, site, pain and lesion type, to determine the risk of sustaining a pathological 

fracture, and the need for prophylactic internal fixation.20 This scoring system cannot be 

applied to spinal metastases due to size and site specifications, however the 

parameters assessed provide a basis with which to approach determining factors 

associated with pathological fracture and spinal cord compression in spinal metastatic 
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disease. Current scoring systems for the prognostication and treatment of patients with 

spinal metastases were also reviewed to provide further insight into potential risk 

factors, more specific to spinal metastatic disease. 

3.1 SIZE 

Tumour size is one of the most influential factors correlated to the risk of burst fracture 

in the metastatic spine.12-14, 48, 64 The vertebral body is at risk of pathological fracture 

once a critical threshold of bone destruction is reached, reported from upwards of 50% 

of cross-sectional area of the vertebral body.12, 13, 39, 63 Compression induced changes 

in the vertebral width and height increase as the tumour dimension increases, and 

correlate with risk to burst fracture.12-14, 54 In a review of radiologic data of 100 

metastatic lesions of the thoracic and lumbar spine, Taneichi et al. examined risk 

factors and probability of vertebral body collapse, and determined the following criteria 

for impending collapse (predicted probability of 0.5 or more): 50-60% involvement of 

the vertebral body without destruction of other structures; 25-30% involvement with 

costovertebral joint destruction in the thoracic spine; 35-40% involvement of vertebral 

body; or 20-25% involvement with posterior element destruction in thoracolumbar and 

lumbar spine.48 The results of this study determine that tumour size more strongly 

induces vertebral body collapse in the thoraco-lumbar and lumbar spine than the 

thoracic spine.48  

With respect to risk of fracture according to tumour size, Dimar et al. report that at large 

defect sizes, the cross-sectional area of defect alone is not a good predictor of thoracic 

vertebral strength.39 Given that relative size of the lesion in terms of cross-sectional 

defect has been shown to account for only 50% of the variation in vertebral body 

strength, other parameters that may affect vertebral stability, such as age, gender, and 

body mass index (BMI) also need to be considered.13, 14, 39, 64 Low bone mineral density 

is one factor known to be associated with an increased fracture risk in patients with 

metastatic lesions involving the spine.12, 13, 39, 63 The risk for compression fractures is 

reported to be inversely correlated to the residual intact vertebra and bone density, and 

further influenced by the biomechanical stresses of the involved spinal region.2  

Using a human cadaveric model, Dimar et al. validated the use of the vertebral strength 

index (VSI) in assessing a patient’s risk of vertebral body fracture.39 They identified that 

with larger bone defect sizes, there was poor correlation between the vertebral defect 

cross-sectional area (CSA) and strength, however results improved when the 
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remaining intact vertebral CSA was included in the calculations instead.39 The VSI is 

therefore based upon the remaining cross sectional area (CSA) of intact bone and 

bone mineral density (BMD), both easily determined measurements of structural and 

material integrity.39 Fracture risk is then calculated from the ratio of the actual VSI (CSA 

of remaining intact bone x actual BMD) to the ideal VSI (CSA of remaining intact bone 

x normal BMD level in a person of the same age); the risk of pathologic fracture is 

considered likely when the VSI risk ratio (actual VSI : ideal VSI) is 0.5 or less.39 Dimar 

et al. propose this formula can be applied where prophylactic stabilization is to be 

considered, and accounts for both age-related osteopenia and tumourous 

destruction.39 

McCormack et al. describe a similar concept of stability in the setting of vertebral body 

disruption subsequent to trauma, to determine successful candidates for short-segment 

posterior instrumentation and fusion.65 The “load-sharing classification” was developed 

to predict post-operative pedicle screw failure in fractures treated with short segment 

instrumentation, and quantifies (Table 1) the comminution of the most injured vertebral 

body with respect to three radiographically determined components:65 

1. Amount of vertebral body comminution, 

2. Displacement of fracture fragments, and 

3. Deformity correction necessary to restore physiologic sagittal plane 

alignment. 

Three-point grading of the three components scores patients between 3 and 9 points 

(Table 2); scores of 6 or less are deemed the best candidates for short-segment 

instrumentation, whereas poorer candidates with scores of 7 or more (i.e. severe 

fracture/dislocations) require additional stabilisation with anterior strut-grafting.65 This 

classification system is irrespective of injury mechanism, and does not grade ligament 

damage, which is an additional consideration in operative intervention. 

In a review of surgically managed thoraco-lumbar fractures, Parker et al. validated the 

application of the load-sharing classification in the choice of approach for short-

segment instrumentation for isolated fractures in patients co-operative with 3-4 months 

of post-operative bracing.66 
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Table 1.  The Load Sharing Classification 

COMPONENT  SCORE 

Comminution (amount of vertebral body involvement on sagittal CT) 

 Little (<30% comminution) 

 More (30‐60% comminution) 

 Gross (>60% comminution) 

 

1 

2 

3 

Apposition of fragments (displacement from usual vertebral body 
outline on axial CT)  

 Minimal (0‐1mm) 

 Spread (>2mm displacement of <50% CSA of body) 

 Wide (>2mm displacement of >50% of CSA of body) 

 
 

1 

2 

3 

Deformity correction (kyphosis correction necessary to restore 
physiologic sagittal plane alignment on lateral plain film) 

 0‐3 degrees 

 4‐9 degrees 

 >10 degrees  

 
 

1 

2 

3 

 

Table 2.  The Load Sharing Classification: Interpretation and Proposed Surgical Procedure 

TOTAL 
SCORE 

INTERPRETATION  PROPOSED SURGICAL PROCEDURE 

3‐6 points  Adequate sharing of load 
through injured vertebral body 

Posterior short‐segment pedicle‐screw‐
based instrumentation and fusion 

7‐9 points  Poor transfer of load through 
injured vertebral body 

Posterior short‐segment fusion AND 
anterior short‐segment instrumentation 
and strut‐grafting 

 

3.2 SITE 

3.2.1 ANATOMICAL VERTEBRAL LEVEL 

The location of tumour and associated bone destruction within the spinal column and 

vertebral segment affect risk of fracture. Pathologic fracture types vary between the 

cervical, thoracic and lumbar regions due to anatomic differences.63 The thoracic spine 

is involved in approximately 70% of spinal metastases, and although the ribcage and 

costovertebral joints provide additional support by limiting rotation and flexion, the 

thoracic and thoraco-lumbar region is susceptible to wedge/compression fractures due 

to natural kyphosis.12, 13, 16, 40, 63 In comparison, the intrinsic lordosis of lower cervical 

and lumbar spine means that most forces are applied in line with the rotational axis, 

which results in burst rather than compression fractures.12, 63 With regards to rotational 
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injury, the coronal orientation of cervical spine facet joints allows for rotation and 

flexion, and is prone to injury as a consequence.63 The lumbar spine is limited in 

rotation due to the sagittal orientation of lumbar facet joints, and the rigid segments of 

the sacrum add an element of biomechanical protection to this region.13, 63  

The anatomical location of vertebral metastases is also important in the consideration 

of metastatic epidural spinal cord compression. The thoracic spine is biomechanically 

more prone to vertebral collapse and spinal cord compression due to natural kyphosis 

and a relatively narrower spinal canal compared with the lumbar and cervical spine.10, 

16, 44 

There are three distinct zones of the thoracic spine. The upper region from T1 to T4 is 

best characterized by a narrowing of the endplate and spinal canal width.44 Of 

particular importance is the middle thoracic region from T4 to T9/10, due to the 

presence of a narrow spinal canal in combination with critical vascular supply to this 

region of the thoracic spinal cord.44 Rib articulations in this region do however provide 

significant stiffness.44 Distinct enlargement of the spinal canal area then occurs from 

T10 to T12, and this region is also the site at which the ribs transform to those without 

ventral bony attachment, which subsequently results in less stiffness in this region.44 In 

a quantitative assessment of the three-dimensional anatomy of the thoracic vertebrae, 

Panjabi et al. found the cross-sectional area of the spinal canal to remain relatively 

constant from T2 to T10, with an average area of 198 mm2; the narrowest canal 

occurred at the level of T3 with an average area of 189 mm2, in contrast to the average 

area at T12 of 208 mm2.44 

The wide diameter of the cervical spinal canal, as compared with that of the thoracic 

and lumbar spine, allows for greater tolerance of epidural encroachment such that 

patients with cervical metastatic lesions typically remain asymptomatic for longer, with 

symptoms developing only in the more advanced stages of disease progression.19, 67 

Within the cervical spine, the cross-sectional area of the spinal canal is largest at C2 

(mean 374.5 mm2 ) and smallest at C7 (mean 223.8 mm2), and at all levels of the 

cervical spine, the lateral width of the spinal canal is considerably greater than the 

antero-posterior diameter.67 Panjabi et al. found a significant reduction in spinal canal 

diameter in particular from C6 to C7, and determined that given the spinal cord remains 

approximately the same diameter, this region of spinal canal narrowing creates a 

greater potential for mechanical impingement of the cord.67  
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3.2.2 VERTEBRAL LEVEL: SEGMENT MOBILITY 

The stability of vertebral segments of the spine are affected by the anatomical 

variations in spinal architecture, and can be categorised as rigid, semi-rigid, mobile or 

junctional.13 The rigid segment of the spine runs from S2 to S5 of the sacral spine; the 

semi-rigid segment encompasses T3 to T10 vertebrae, their articulation with the 

ribcage providing some structural support; mobile segments C3-C6 and L2-L4 are non-

junctional and do not articulate with the ribcage or pelvis; and junctional regions are the 

occipito-cervical (C0-C2), cervico-thoracic (C7-T2), thoracolumbar (T11-L1), and 

lumbo-sacral (L5-S1) regions.13 Junctional regions of the spine are considered the 

most unstable, as they are located between mobile, semi rigid and rigid locations and 

are subject to transitional forces that place them at increased risk for instability and 

deformity, and therefore increased risk for neurologic deterioration.13 The Spinal 

Instability Neoplastic Score (SINS), developed by the Spinal Oncology Study Group 

(SOSG), includes the spine location of a neoplastic lesion as a key component in 

assessing potential instability associated with metastatic disease.13  

3.2.3 VERTEBRAL INVOLVEMENT: INDIVIDUAL VERTEBRAL ELEMENTS 

Pathological Fracture 

Metastasis primarily affects the vertebral body, which may become weakened if the 

bone is destroyed and replaced by tumour tissue.1, 11, 12 The risk for pathological 

fracture is determined in part by the interplay of location of tumour within the vertebra 

and concomitant destruction of bony elements, and the local kyphosis or lordosis and 

axis of rotation with the spinal region involved.2 The vertebral endplates have been 

shown to be the weakest part of the vertebral body, and axial overload in the 

metastatically involved spine results in bulging of the endplate and deformation of 

underlying trabecular bone, with eventual failure and fracture of the endplate.12 

Collapse of either one or both end plates of the vertebral body occurs depending on 

degree and distribution of tumour involvement and replacement of bony trabeculi.12 

Tschirhart et al. used a poroelastic finite element model of a metastatically involved 

spinal motion segment to quantify the effects of tumour location and shape on vertebral 

body stability and burst fracture risk.14 Consistent with previous studies,12 they report 

that tumour location near the superior endplate resulted in higher maximum axial 

compression than central or inferiorly located defects, and that posterior tumour 

location represented an increased risk of burst fracture and neurological damage.14 In a 
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study of three-dimensional quantitative anatomy of the spine Panjabi et al. identified 

that changes in the endplate dimensions within the cervical vertebral level correlate 

with an increase in their load-bearing role, such that vertebral endplate width and depth 

increased from C2 though to C7, and the superior endplate dimensions of the C6 and 

C7 vertebrae were far greater than those of more superior cervical vertebrae.67  

Denis’ 3-column concept and criteria for defining stability was originally developed for 

use in trauma and incorporates the following conditions:68 

 at least two-column injury,  

 greater than 50% collapse of vertebral body height,  

 greater than 20 to 30 degrees of kyphotic angulation, or 

 involvement of the same column in two or more adjacent levels.  

Pathological fractures differ from those of trauma in that they primarily occur from a low 

energy mechanism through a weakened area of bone secondary to pre-existing 

abnormality, however the concept of spinal stability with respect to anterior, middle and 

posterior columns’ still apply.40 In an evaluation of spinal deformity in metastatic breast 

cancer, vertebral segment subluxation or dislocation was observed when all three 

columns of the vertebral body were involved with tumour, in association with vertebral 

body collapse.12 

Spinal structural instability occurs with destruction of dominant stabilizing elements of 

the spine, in particular the involvement of pedicles and posterior elements.40, 69 Tumour 

involvement of the pedicles results from direct extension of the metastasis from either 

the vertebral body or posterior elements.12, 40, 69 Due to the additional support of the 

costovertebral joint in the thoracic region, metastatic involvement of the pedicle has a 

much greater influence on vertebral body collapse in the thoracolumbar and lumbar 

spine.48, 63 In a review of radiological data of 100 metastatic lesions of the thoracic and 

lumbar spine, Taneichi et al. identified the destruction of the costovertebral joint in the 

thoracic spine as a more important risk factor for collapse than the size of the 

metastatic lesion within the vertebral body.48 

Using a model of thoracic vertebrae, Tschirhart et al. found the impact of tumour 

location to be greatest near the posterior wall of the vertebral body, that is, middle 

column involvement.14 The dorsal elements of the vertebrae provide structural support, 

such that metastatic involvement predisposes to translational or rotational deformity.14, 

63 Upon review of the literature, Tomita et al. summarised that spinal instability could be 

presumed if radiological studies demonstrated vertebral body collapse greater than 
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50%, progressive deformity, three column involvement or involvement of the same 

column in two or more adjacent levels.17 

The importance of vertebral body posterior elements in mechanical stability is further 

supported by the assessment criteria of the Spinal Instability Neoplastic Score (SINS), 

a classification system based on patient symptoms and radiographic criteria to aid in 

predicting spine stability of neoplastic lesions and identifying patients who may benefit 

from surgical consultation.13 One of the six key elements of the SINS is an assessment 

of the posterolateral involvement of the spinal elements; replacement of bone with 

tumour or fracture of the facet pedicle or costovertebral joint is scored 3 points for 

bilateral, or 1 point for unilateral involvement.13 

Metastatic Epidural Spinal Cord Compression 

The initial site of metastatic tumour involvement of the spine is most commonly the 

posterior aspect of the vertebral body, later progressing to the pedicles and posterior 

elements with secondary extension into the epidural space.2 Spinal cord compression 

therefore characteristically occurs anteriorly from an enlarging vertebral body mass, 

which impinges on the thecal sac anteriorly, compressing the spinal cord and epidural 

venous plexus.2, 16 The anterior spinal artery is the primary blood supply of the spinal 

cord, and its position at the anterior aspect of the ventral-median fissure of the cord 

makes it vulnerable to direct invasion or compression by expanding vertebral body 

tumour, or mechanical compression subsequent to vertebral body collapse.2, 16, 52 Both 

direct compression, and the oedema secondary to compression and venous stasis may 

cause local ischaemia and subsequent neurologic damage.2, 16 Progression of tumour 

growth through the vertebral neural foramen may cause discrete nerve root 

compression, however this occurs infrequently.16 In an evaluation of spinal deformity of 

metastatic breast cancer, Asdourian et al. observed that at endstage collapse of a 

vertebral body a triangular shaped fragment of bone comprising the posterior wall of 

the vertebral body and a portion of the superior and inferior endplates consistently 

appeared on sagittal MRI.12 Spinal canal compromise was predominantly the result of 

bony encroachment (94%) from either bulging of the posterior wall or retropulsion of 

bony fragments, with greater frequency of retropulsion into the thoracic (76%) than the 

lumbar spine (60%).12 
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3.3 PRIMARY TUMOUR 

Primary tumour type is the most important prognostic factor for survival in patients with 

spinal metastases,6, 8, 11, 31, 70 which is reflected in the prognostic scoring systems of 

Tokuhashi,7 Tomita,17 and Bauer.5 Consistent with previous findings,6, 58, 71 in a study of 

142 patients with vertebral metastases, Pointillart et al. identified that those with 

primary breast or prostate cancer or multiple myeloma had a median survival of greater 

than 6-12 months, whereas those with lung, uterine and gastrointestinal cancers had 

poorer prognoses.8 In concordance with this, Tokuhashi et al. reported that average 

survival rates for patients with spinal metastasis of stomach and lung cancer were 

significantly shorter than the that of patients with thyroid, prostate, breast and rectal 

cancer.23 In a study of 342 patients with bone metastases, van der Linden et al. 

reported a mean overall survival of 12-16 months for those with breast or prostate 

cancer.18 Tumour histology and pre-treatment neurologic status are also factors known 

to affect the outcome of surgery for metastatic spinal cord compression.11 

The differences in natural history of primary tumour types and responsiveness to 

various treatment options likely influence the risk for development of spinal cord 

compression.24 In a prospective study to identify factors predicting spinal cord 

compression in patients with metastatic prostate cancer and a normal neurologic 

examination, Bayley et al. found an increased risk of cord compression in those 

patients with extensive bone metastases on bone scan and hormone refractory 

disease.45 In a study of breast cancer patients, 93% of the cohort was known to have 

bony metastases before the onset of neurological deficit.24 Back pain, time period since 

diagnosis of skeletal metastases, vertebral compression fracture and pedicle loss have 

been shown to predict spinal cord compression in patients with breast and lung 

carcinoma.24 Hill et al. found that for patients with metastatic breast cancer, those who 

had received spinal radiotherapy for pain control were at substantial risk of subsequent 

spinal cord compression.24 

3.3.1 METASTATIC CANCER LESION MORPHOLOGY 

Primary tumour histology determines the rate of growth, and propensity for and location 

of metastasis. The tumour histology and associated cellular interaction within the bone-

tumour micro-environment influences the morphology of bony metastatic lesions, which 

are typically characterised as lytic, blastic or mixed. The replacement of bone by 

tumour tissue in osteolytic lesions weakens the bone and inherently leads to greater 
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risk of collapse.1, 3, 13 In weight-bearing bones, fractures are common through lytic 

lesions that erode the cortex, highlighting the structural importance of cortical bone.3 

Purely osteoblastic metastases result in considerable hardness rendering a fracture 

unlikely, however due to the solidity of the tumour tissue they can cause radicular or 

medullary compression and associated neurologic symptoms.1, 3 Bone metastases of 

prostate cancers typically cause disorderly excess bone deposition with osteoblastic 

appearance on imaging.29 Osteoblastic metastases in combination with osteolytic 

components are referred to as ‘mixed’ lesions, and are prone to fracture with fragment 

displacement.1, 29 Assessment of bone lesions to determine lytic or blastic nature is 

best done with CT due to the sensitivity for assessing bony characteristics.13 

3.3.2 PRIMARY CANCER GROWTH RATE 

The growth rate of a tumour and its metastases differs according to the primary tumour 

histology (Table 3). According to the grade of malignancy, primary pathological tumour 

types are divided into three categories: slow, moderate, and rapid growth.6, 17, 31  

 Table 3.  Primary Tumour Growth Rate According to Tumour Histology 

PRIMARY CANCER 
GROWTH RATE  PRIMARY TUMOUR ORIGIN 

Slow growth  Breast, Prostate, Thyroid, Multiple Myeloma, Non‐Hodgkin Lymphoma 

Moderate growth  Bladder, Kidney, Uterus, Sarcoma, Other Carcinoma

Rapid growth Lung, Stomach, Oesophageal, Colorectal, Pancreas, Melanoma 

 

In an analysis of 67 patients treated for spinal metastases, Tomita et al. identified that 

more rapid tumour growth was associated with a reduced survival time, and therefore 

included tumour growth rate as one of three prognostic factors in their prognostic 

scoring system for the surgical strategy of spinal metastases.17 

Consistent with previous studies,6, 17, 58 Liang et al. identified slow-growing primary 

tumours to be associated with more favourable prognosis, whereas rapid-growth 

primary tumours were associated with poorer prognosis, and thus recommend 

consideration of aggressive surgery for those patients with spinal metastases of ‘slow 

growth’ primary tumours.31 
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There is suggestion that paralysis subsequent to cord compression is associated with 

an increased tumour load or rapid tumour growth,11, 17, 18, 26 however evidence regarding 

effect of tumour growth rate on risk for pathologic fracture is lacking. 

The disease free interval before spinal metastases is reported as a significant 

prognostic factor for survival in several studies.24, 70 Kataoka et al. propose that the 

disease free interval might reflect the activity of the primary disease, indicating that a 

long interval between primary diagnosis and the presence of spinal metastases could 

be a sign of low activity of the disease, and therefore probable long survival after spinal 

metastasis.70 Conversely, Katagiri et al.72 did not identify disease free interval to 

development of skeletal metastases to influence survival, and in a study of 219 patients 

with spinal epidural metastases, the time between first presentation of malignancy and 

that of spinal metastases, contributed to but was not statistically significant for 

prognosis.58 

3.4 METASTATIC DISEASE BURDEN 

Metastatic disease burden is thought to influence survival in patients with spinal 

metastases, and parameters assessing the extent of vertebral, extraspinal bony, and 

visceral metastases are included in several pre-operative prognostic scoring systems.5, 

7, 11, 17, 18 

3.4.1 VERTEBRAL METASTASES 

Tokuhashi et al. evaluated 64 patients surgically treated for spinal metastases to 

determine prognostic parameters, and identified that patients with an isolated vertebral 

metastasis survived significantly longer post-operatively, an average of 13.3 months, 

than those patients with either 2, or 3 (or more) vertebral metastases, who had an 

average survival of 5.2 and 4.3 months respectively.23 The number of vertebral 

metastases is therefore included as a parameter in both the original23 and revised 

Tokuhashi7 scoring systems for survival prognostication. Furthermore, in a study of 109 

patients with thoracic spine metastases and cord compression, Sioutos et al. identified 

that patients with a single vertebral level of metastasis survived significantly longer than 

those with multiple vertebral level involvement, and include within their scoring system 

the presence of multiple vertebral body metastases as a negative prognostic factor for 

survival.11 Bauer et al. identified survival rate of patients with spinal or skeletal 

metastases to be highest amongst those with only a solitary skeletal metastases, and 
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include this as one of their five positive prognostic criteria for survival.5 Tomita et al. 

retrospectively reviewed the cases of 67 patients who had been treated for spinal 

metastases and identified a significant difference between survival of those patients 

with a solitary spinal metastasis, and those with multiple bone metastases (solitary 

spinal metastasis with any other bone metastases; or multiple spinal metastases 

with/without other bony metastases).17 Included in Tomita’s prognostic scoring system, 

solitary bone metastasis is scored 1 point, and multiple bone metastases are scored 2 

points.17 

In contrast to these findings, in a review of 219 patients treated with radiotherapy for 

spinal epidural metastases, Bartels et al. found that the number of vertebral 

metastases was not correlated with survival.58 Furthermore, Pointillart et al. did not 

observe the number of vertebral metastases to be an independent factor affecting 

survival amongst their cohort of 118 patients who had undergone palliative surgery for 

metastatic spine disease.8 

3.4.2 NON‐SPINAL SKELETAL METASTASES 

Tokuhashi et al. identified that approximately half of their patient cohort surgically 

treated for spinal metastases also had multiple sites of extraspinal bone metastases at 

the time of symptomatic vertebral body collapse. Regarding post-operative survival, 

patients without extraspinal bony metastases survived an average of 12 months, 

compared to those with 1-2 metastatic sites or 3 or more sites, who survived an 

average of 6.3 and 4.4 months respectively.23 The number of extraspinal bony 

metastases is therefore included as a prognostic parameter of the original and revised 

Tokuhashi scoring systems.7, 23 Further to this, amongst a cohort of 350 patients 

treated for skeletal metastases, Katagiri et al. found that the presence of multiple 

skeletal metastases was a significant independent prognostic factor for survival in 

patients, such that those with multiple bony metastases had a 40% greater risk of dying 

than those without.72 

Contradictory to these findings, van der Linden et al. did not find the presence of 

extraspinal bony metastases to be an adverse factor for survival.18 Although bone 

metastases were present in 60% of their cohort, overall median survival of 7.6 months 

for those with multiple bony metastases was not significantly different to a median 

survival of 5.5 months for patients with a solitary skeletal lesion.18 From a review of 219 

patients treated with radiotherapy for spinal epidural metastases, Bartels et al. 

determined that survival was not affected by the presence of additional metastases, 
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their reasoning being that at the time of a single metastatic lesion being identified, it is 

biologically likely that multiple microscopic or macroscopic lesions will also be present, 

but may not have been clinically identified.58 

The potential influence of disease burden on risk of pathological spinal fracture and 

instability is currently uncertain. In the development of the Spinal Instability Neoplastic 

Score, Fisher et al. acknowledge that the influence of contiguous and non-contiguous 

spinal disease on risk of fracture and instability is both difficult to quantify and not fully 

understood.13 Low bone mineral density is one factor affecting surrounding bone quality 

that is associated with increased fracture risk in metastatic lesions of the spine,14, 39, 54 

but it remains uncertain as to how much metastatic disease burden and extent of 

skeletal metastases affects bone quality in general. 

3.4.3 VISCERAL METASTASES 

The presence of visceral metastases to major internal organs was determined by 

Tokuhashi et al. to be a significant prognostic factor for survival in patients with spinal 

metastases; patients without visceral metastases were observed to have an average 

survival of 12 months, compared to those with unremovable metastases to major 

internal organs who survived an average of 3.4 months.23 Metastases to major internal 

organs is thus included as one of six scored parameters included in the Original and 

Revised Tokuhashi scoring systems for prognostication of patients with spinal 

metastases; no metastases (2 points), removable metastases (1 point), unremovable 

metastases (0 points).7, 23 

In a study of the survival after surgery of 153 patients with extremity metastases, and 

88 patients with spinal metastases, Bauer et al. observed poor survival amongst all 

patients with visceral metastases.5 The absence of visceral metastases is therefore 

one of five positive prognostic factors included in Bauer and Wedin’s prognostication 

model for survival after surgery for spinal and extremity metastases.5 

Amongst their cohort of patients with spinal metastases, Tomita et al. identified a 

significant difference in survival amongst patients with no visceral metastases to vital 

organs (lungs, brain, liver, kidney), when compared to those with visceral metastases 

present.17 The average survival for patients with no visceral metastases, visceral 

metastases treatable by embolisation or surgical intervention, and those with 

untreatable visceral metastases, was determined to be 36.8 months, 16.5 months, and 

8.7 months respectively.17 The status of visceral metastases is one of three categories 
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of the Tomita prognostic scoring system, and is scored 1, 2 or 4 points for those with 

none, treatable, or untreatable visceral metastases, respectively.17 

Van der Linden et al. explored prognostic factors for survival in a series of 342 patients 

conservatively treated with radiotherapy for painful spinal metastases, and identified 

that amongst the 25 percent of patients with visceral metastases, overall survival was 

significantly worse when compared to those who had no visceral metastases; median 

survival of 4.5 and 8.1 months respectively.18 Visceral involvement remained 

significantly predictive for survival on both univariate and multivariate analysis, and is 

included in their proposed scoring system, with 1 point allocated to the absence, and 0 

points for the presence of visceral metastases.18 

Katagiri et al. determined the presence of visceral or cerebral metastases to be a 

significant independent prognostic factor for survival in patients with skeletal 

metastases, such that patients were at a greater than 2-fold risk of death when 

compared to those without additional lesions.72 

Conversely, other studies such as that by Pointillart et al. did not observe the presence 

of visceral metastases to be an independent factor affecting survival amongst their 

cohort of 118 patients who had undergone palliative surgery for metastatic disease to 

the spine.8 In a study of 109 patients with thoracic spinal metastases and cord 

compression, Sioutos et al. found that although those with disease limited to bone 

survived longer that those with metastases involving visceral organs, the extent of 

disease was not significant in predicting overall survival.11 Furthermore, amongst 

patients treated with radiotherapy for spinal metastases, Bartels et al. did not identify 

the presence of visceral metastases (brain, liver, lung) to be correlated with survival.58 

Disease burden has been reported to be associated with treatment and functional 

outcomes in patients with spinal metastases. In an analysis of 175 patients treated with 

radiotherapy for metastatic spinal cord compression from cancer of unknown primary, 

better functional outcome and improvement of motor function was associated with the 

absence of visceral metastases and a slower (less than 7 days) development of motor 

deficits.46 Douglas et al. also observed disease burden to affect treatment outcomes, 

such that improvement in local control was associated with absence of visceral 

metastases.46 
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3.5 PAIN 

Pain is the most common presenting symptom of skeletal metastasis, and may be due 

to mechanical weakening of bone and impending fracture or structural instability, 

compression of neural structures, or secondary to local tumour expansion and 

increased intraosseous pressure in the vertebral body.1-3, 10 Pain associated with 

structural weakening and instability is generally constant and dull, localized to a certain 

region of the spine, and often aggravated by physical activity.1, 3 Spinal tumour pain 

from underlying compression or invasion of nerve roots can present as local or 

radicular pain.2, 3 Non-functional pain or ‘biologic’ pain may be secondary to tumour 

expansion, perilesional oedema and raised intraosseous pressure; typically presents in 

the mornings and evenings; and is responsive to reduction in tumour size through 

radiation therapy and steroids by way of reduction in oedema.20, 25 

Mechanical or ‘activity-related’ pain represents an important factor in predicting 

pathologic fracture, as it is a consistent feature of oncologic spinal instability.3, 13, 20, 40 In 

analysis of long bone metastatic lesions, Mirels reported a close association between 

pain aggravated by function and size of lesion, likely due to mechanical weakening of 

the bone and representing an advanced stage in condition.20  

With regard to assessment of pain, Laufer et al. report that instability at a particular 

spinal level may be characterized by the mechanical pain induced by different motions 

and postures.25 Patients with instability at the atlantoaxial junction present with pain on 

rotation, flexion, and extension; subaxial cervical instability is manifested by pain with 

flexion and extension; instability pain in the thoracic spine is often elicited with 

extension, causing severe pain as the patient straightens an unstable kyphosis; and in 

the lumbar spine, instability may present with mechanical radiculopathy, manifested 

with severe radicular pain upon standing.25  

Pain may be assessed using a standardized questionnaire such as the Brief Pain 

Inventory (BPI), a self-assessment numerical scale to rate duration and intensity of 

pain and impact upon daily activities and quality of life measures. Daut et al. developed 

the Brief Pain Questionnaire (BPQ) to assess pain in cancer and other disease, taking 

into consideration the necessity to assess the pertinent aspects of pain including 

location, quality, severity, and interference with daily functional activities, whilst 

retaining brevity and the ability to be self-administered.73 The questionnaire was 

primarily proposed for use in research as a reliable and valid self-administered survey 

instrument,73 and has been modified to the Brief Pain Inventory (short form), commonly 
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used for clinical research purposes, and as an assessment tool by clinicians to monitor 

a patient’s pain symptoms.74 

Other more simplified scales such as that used by Tomita et al. shown in Table 4 are of 

use when assessing pain and analgesic requirements. 17, 60 

Table 4.  Pain and Analgesic Requirement Scale 

GRADE  LEVEL OF PAIN AND ANALGESIA 

0  No pain 

1  Minimal or occasional pain not requiring medication 

2  Mild pain, non‐narcotic analgesics 

3  Moderate pain, occasional narcotics 

4  Severe constant pain requiring regular narcotics 

 

Irrespective of the cause, pain negatively impacts upon functional capacity, ambulatory 

ability and quality of life and therefore remains an important consideration in the 

decision-making process for operative intervention. 

3.6 NEUROLOGICAL SYMPTOMS 

If not treated effectively and in a timely fashion, spinal cord compression leads to 

paralysis, sensory deficits and incontinence, which increases the suffering experienced 

by patients with advanced cancer, and may cause loss of independence and prolonged 

hospitalization.24  

Early identification of spinal cord compression is crucial as pre-treatment neurological 

status is a major determinant to affect outcome.11, 15, 16, 61 Indeed, the ability to walk 

after treatment is reported to be directly associated with ability to walk at time of 

diagnosis.3, 10, 41, 45 Several factors have been identified to be associated with functional 

outcomes following treatment for spinal cord compression. In a study of breast cancer 

patients treated with either radiotherapy or surgery for spinal cord compression, the 

ambulatory ability at the start of treatment was the main predictor of the ability to walk 

following treatment.24 Douglas et al. determined better functional outcomes and 

improvement of motor function in patients treated with radiotherapy for metastatic 

spinal cord compression from unknown primary tumour to be associated with absence 

of visceral metastases and a slower (i.e. greater than 7 days) development of motor 

deficits.46 Furthermore, improved survival was associated with favourable ECOG 
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performance scores, being ambulatory prior to radiotherapy, absence of visceral 

metastases, and slower development of motor deficits.46 

As the majority of spinal metastases occur in the vertebral body with associated cord 

compression anteriorly, this results in deficits in corticospinal pathways which present 

as upper motor neuron signs and symptoms: spastic paraparesis, hyperactive deep 

tendon reflexes and extensor plantar responses, also known as the Babinski sign.1, 16, 52 

Spastic paraparesis usually appears before sensory disturbances and tends to 

progress slowly, nevertheless there is always the potential to deteriorate within days.1 

The anterior spinal artery is susceptible to mechanical compression from vertebral 

body collapse or direct tumour invasion, whereby subsequent spinal cord infarction 

presents with a classical clinical picture of motor power loss, sphincter disturbance, 

upper motor neuron signs, and a sensory level.52 Irrespective of the site of spinal cord 

compression, weakness in the legs is the most common neurologic manifestation, 

preferentially affecting proximal muscles such as the ilipsoas.16 Lower limb weakness is 

most severe with spinal cord compression of the thoracic region.16 Lower motor neuron 

signs may occur with compression of cauda equina nerve roots in the lumbar region, 

the most characteristic of which is flaccid paralysis, in contrast to the spastic 

paraparesis of upper motor neuron lesions.52  

The Frankel75 classification of spinal cord palsy (Table 5) is frequently used in the 

severity assessment of motor and sensory dysfunction in patients with metastatic spine 

disease.8, 9, 31, 57  

Table 5.  Frankel Classification of Spinal Cord Palsy 

FRANKEL  
CLASSIFICATION 

SEVERITY OF SPINAL CORD PALSY 

A  Complete paralysis (no motor or sensory function) 

B  Sensory function only (below affected level) 

C  Incomplete (i.e. non‐functional) motor function 

D  Fair to good (i.e. useful) motor function 

E 
Normal motor function (subjective sensory abnormalities or 
abnormal reflexes may be present) 

 

Tokuhashi et al. utilise the Frankel Palsy scale for their prognostic scoring system, to 

categorise palsy as complete (Frankel A and B), incomplete (Frankel C and D) or none 

(Frankel E).7, 23 
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Bowel and bladder problems occur late in the natural history of metastatic cord 

compression and may not be reversible if present for greater than 48 hours, therefore 

patients with cancer who present with severe back or nerve root pain require urgent 

investigation with magnetic resonance imaging (MRI) to establish the presence and site 

of a compressive lesion.10, 16 Hill et al. suggest that patients with any known bony 

metastasis should be advised to report the development of back pain as early as 

possible, rather than waiting for a routine follow-up appointment, and in particular those 

with known spinal metastases should report any worsening back pain, leg weakness, 

sensory change or sphincter disturbance without delay.24 

Back pain is often the sole symptom reported by patients with spinal metastasis 

however concomitant neurologic symptoms may occur if the tumour mass or bone 

fragments compress the spinal cord or nerve roots, with the potential to progress to 

complete paralysis.1, 3, 10, 16, 18 Neurologic deficit typically appears with a delay after 

initial presentation of pain, and has been reported to present within a period of days to 

weeks in the lumbar spine, and weeks to months in the cervical and thoracic spine.3, 10 

Severe nerve root pain is strongly associated with epidural disease, and is often 

reported by patients long before weakness.10 In a prospective study of patients 

diagnosed with metastatic spinal cord compression, the pattern and sequence of 

symptoms described by patients was very similar; the vast majority reported localized 

back pain and/or symptoms consistent with spinal nerve root pain.10 Symptoms were 

described as sharp, shooting or deep in nature, commonly aggravated by coughing, 

sneezing and bending, and progressive over time.10 

Hill et al. analysed 70 cases of cord compression in breast cancer, and found the 

commonest symptoms at the time of diagnosis of cord compression to be motor 

weakness (96%), followed by pain (94%), sensory disturbance (79%) and sphincter 

dysfunction (61%).24 All patients were reported to have one or more abnormal 

neurological signs, the majority (65%) of which had been present for greater than one 

week.24 Conversely, Bayley et al. undertook a prospective study of factors predicting 

clinically occult spinal cord compression in patients with metastatic prostate cancer, 

and found that neither the presence of back pain nor the need for narcotic analgesics 

was predictive of occult spinal cord compression.45 Indeed, in a review of the treatment 

options for spinal extradural metastases Bartels et al. emphasise that pain is not 

indicative of impending progression to neurological symptoms,30 citing the findings of 

van der Linden et al., that only 3% of 342 patients undergoing radiotherapy for spinal 

metastases progressed to spinal cord compression.18 They advocate that in the case of 
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a cancer patient presenting with pain or neurological symptoms, an MRI scan to detect 

the presence, number and extent of metastatic lesions should be performed in order to 

determine the most appropriate treatment.30 

The mean survival in patients with neurologic deficit is approximately 12 months, 

however it is unclear as to the exact mechanism by which neurologic status affects 

survival.3, 6, 11, 17, 18, 26 It is suggested that perhaps paralysis is associated with an 

increased tumour load or rapid tumour growth and subsequent systemic affects.11, 17, 18, 

26 Hill et al. identified a significant improvement in survival of breast cancer patients 

suffering metastatic spinal cord compression who were ambulatory at the completion of 

either radiotherapy or surgical treatment, compared to those who were not.24 In a study 

of spinal cord compression in metastases of unknown primary tumours, improved 

survival was associated with favourable ECOG scores, being ambulatory prior to 

radiotherapy, and slower development of motor deficits prior to radiotherapy 

treatment.46 Douglas et al. propose that a rapid decline in motor function may be 

caused by disruption of arterial blood flow and subsequent spinal cord infarction, 

whereas a slower decline in motor function is likely a result of venous congestion, 

reversible in many cases.46 There are conflicting findings regarding the influence of 

neurological deficits on survival, and several authors did not identify the presence of 

neurological deficit to be an independent survival prognostic factor.8, 17, 72  

Ideally, the ability to predict those patients with spinal metastases at risk of pathological 

fracture and cord compression would allow earlier intervention, and therefore aim to 

prevent progression to spinal instability and irreversible neurological deficits such as 

paralysis and incontinence. 

3.7 FUNCTIONAL STATUS 

ECOG score76 and Karnofsky Performance Status scale77 assess general well-being 

and activities of daily life, and are widely utilized by healthcare professionals in 

determining prognosis and appropriate treatment for cancer patients. 

3.7.1 KARNOFSKY PERFORMANCE STATUS (KPS) 

Karnofsky Performance Status is a measure of a patient’s ability to carry on his or her 

normal activities, or degree of dependence on help and nursing care. As shown in Table 

6, scores from 0-100 can be categorised into three major functional groups: good (80-
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100), moderate (50-70) and poor (10-40).77 The KPS score is included in the 

Tokuhashi7, 23 and van der Linden18 scoring systems as a survival prognostic factor, 

with poor, moderate and good status scoring 0, 1 and 2 points respectively. 

Karnofsky performance status scores are a reflection of a patient’s general medical 

condition, and inferior functional status has been found to be associated with poorer 

survival prognosis in patients with spinal metastases.8, 9, 18 

Karnofsky scores are utilised in the general post-operative functional assessment of 

cancer patients, and in a prospective study of surgical outcomes and survival in 

patients with metastatic disease to the spine, Quan et al. observed significant changes 

to KPS scores, whereby 41% of patients functionally improved by one or more 

Karnofsky scale points, 21% remained the same, and 28% were worse.9 Overall, the 

median Karnofsky score increased from 60 to 70 pre-operatively to post-operatively.9 

Table 6.  Karnofsky Performance Status Score 

DEFINITION 
KPS 

SCORE % 
CRITERIA 

Able to carry on normal activity and to 
work, no special care needed 

100  Normal; no complaints; no evidence of disease 

90 
Able to carry on normal activity; minor signs or 
symptoms of disease 

80 
Normal activity with effort; some signs or 
symptoms of disease 

Unable to work; able to live at home 
and care for most personal need; 
varying amount of assistance needed 

70 
Cares for self; unable to carry on normal activity or 
to do active work 

60 
Requires occasional assistance, but is able to care 
for most of his personal needs 

50 
Requires considerable assistance and frequent 
medical care 

Unable to care for self; requires 
equivalent of institutional or hospital 
care; disease may be progressing 
rapidly 

40  Disabled; requires special care and assistance 

30 
Severely disabled; hospital admission is indicated 
although death not imminent 

20 
Very sick; hospital admission necessary; active 
supportive treatment necessary 

10  Moribund; fatal processes progressing rapidly 

  0  Dead 

 

3.7.2 EASTERN COOPERATIVE ONCOLOGY GROUP PERFORMANCE SCORE 

In 1974, the Eastern Cooperative Oncology Group (ECOG) first developed a set of 

standardised criteria to consistently assess the toxicity and response in the conduct of 
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cancer treatment trials.76 The ECOG Performance Score, graded from 0 to 5 is an 

overall assessment of a patient’s performance status, and is commonly used by health 

professionals in the assessment of cancer patients (Table 7).  

ECOG score may be a useful tool in the selection of patients most likely to benefit from 

operative intervention for spinal metastases. Decompression surgery in addition to 

radiotherapy has been shown to improve the outcomes of patients with metastatic 

spinal cord compression who have a favourable ECOG performance score, relatively 

good survival prognosis and limited number of involved vertebrae.46, 57 Furthermore, 

Douglas et al. determined that being ambulatory prior to radiotherapy, an ECOG score 

of 2 (vs. 3 or 4), and slow development of motor deficits (i.e. over a time period of 

greater than 7 days) to be associated with improved survival prognosis.46 In a similar 

context, Katagiri et al. identified ECOG performance status 3 or 4 to be a significant 

independent negative prognostic factor in patients with skeletal metastases.72 

Table 7.  Eastern Cooperative Oncology Group Performance Score (ECOG‐PS) 

ECOG 
PERFORMANCE 

GRADE 
DEFINITION 

0  Fully active, able to carry on all pre‐disease performance without restriction 

1 
Restricted in physically strenuous activity but ambulatory and able to carry out work of a 
light or sedentary nature e.g. light house work, office work 

2 
Ambulatory and capable of all self care but unable to carry out any work activities. Up and 
about more than 50% of waking hours 

3  Capable of only limited self care, confined to bed or chair more than 50% of waking hours  

4  Completely disabled, cannot carry out any self care. Totally confined to bed or chair 

5  Dead 

 

3.8 SUMMARY 

Pathological fracture and spinal cord compression as a result of metastatic disease to 

the spine have significant effects on physical function and quality of life of cancer 

patients. Not without potential morbidity and mortality, surgery is the only treatment 

able to provide immediate stabilization of the spine or decompress the spinal cord or 

nerve roots. The ability to predict those patients with spinal metastases most likely to 

progress to pathological fracture and instability or develop MESCC may simplify the 

decision-making process and enable earlier surgical intervention, with the potential to 
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prevent permanent neurological deficit and disability and maintain function and quality 

of life for the remainder of the patient's life. 

From the preceding literature review on spinal metastatic disease, we determined 

several parameters for investigation of association with pathological fracture or cord 

compression, which can be broadly categorised into the following: size and site of the 

lesion, primary tumour type, metastatic disease burden, pain, and functional status. 

More specifically: lesion size as a percentage of tumour occupancy (i.e. cross-sectional 

area involvement) of the vertebral body, site of the lesion with respect to anatomical 

level, vertebral segment mobility, and individual vertebral components; primary tumour 

type, as represented by cancer lesion morphology and cancer growth rate; disease 

burden, determined by the number of vertebral metastases and presence of visceral 

and skeletal metastases; the presence of pain; and functional assessment, represented 

by ECOG and Karnofsky Performance Status scores. Further details of these 

parameters are provided in the Methodology (Chapter 5). 
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4 SCORING SYSTEMS FOR THE 
PROGNOSTICATION AND TREATMENT OF 
PATIENTS WITH SPINAL METASTASES 

We have identified the need for greater knowledge and understanding of the 

significance and prediction of factors such as pathologic fracture, mechanical instability 

and spinal cord compression in treatment decision making, which forms the basis of 

the first section of this thesis; an evaluation of risk factors for pathological fracture and 

cord compression in patients with spinal metastases.  

Given however that survival estimation will continue to play a role in the treatment 

decision making for cancer patients, we sought to review the prognostic scoring 

systems for patients with spinal metastases presented in the literature, and perform a 

validation of those most frequently cited, with regard to survival prognostic value. 

Patients with symptomatic spinal metastases typically have a limited life expectancy of 

1-2 years, and the main goal of treatment therefore is for symptom palliation, 

specifically, to maintain or restore spinal stability, reduce pain and improve or prevent 

neurologic deterioration in order to maintain function and quality of life for the 

remainder of the patient's lifetime.1, 2, 4-6, 8, 9, 17 Despite advances in non-surgical 

treatment of spinal metastases, surgery remains the only method for mechanical 

stabilization and immediate spinal cord decompression. Survival prognosis is a key 

consideration in the risk versus benefit analysis of selecting patients for surgery, and 

has implications for both the selection of those suitable for surgery, and also the 

degree of surgery to be performed.8 Accuracy in individual prognostication however 

remains difficult. Factors related to survival include histologic tumour type, extent of 

disease, pathological fracture, neurologic deficit and functional status.1, 11, 71 Specific to 

patients with spinal metastases, a number of scoring systems aimed at prognostication 

and treatment decision making, including guidelines for extent of surgery, are 

presented in the literature.6, 7, 71 The majority of these scoring systems however were 

developed by retrospective assessment of data from relatively small cohorts (<100 

patients) incorporating patients of a diverse range of primary cancer type, stage of 

disease, and treatment or intervention received. These scoring systems also differ in 

the clinical and radiological parameters assessed, weighted scoring, and 

prognostication and proposed treatment strategies. Furthermore, although the original 
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authors of the scoring systems’ demonstrated accuracy of survival prognostication, 

independent analysis has not always replicated similar findings.6, 21, 22 

The following review first outlines the objectives, methods, parameters assessed, and 

prognostication and proposed treatment strategy of selected scoring systems for 

patients with skeletal and spinal metastases presented in the literature over the past 30 

years. Of particular focus are the scoring systems relevant to spinal metastatic disease. 

Seven of the most frequently cited pre-operative scoring systems for survival 

prognostication and/or treatment decision making for patients with spinal metastases 

were selected for further analysis and validation of survival predictive value; the details 

of which are described in Chapter 5 – Material and Methods, and the results of which 

are presented in Chapter 6 (Section 6.3).  

Also included in the discussion is a review of Mirels’ scoring system for long bone 

metastatic lesions, which remains clinically relevant and in widespread use, since it’s 

initial publication over 20 years ago. Other scoring systems described include the 

Spinal Instability Neoplastic Score (SINS) for determining instability of spinal metastatic 

lesions and identifying potential surgical candidates; the NOMS decision framework 

integrating neurologic, oncologic, mechanical and systemic disease assessment to 

determine radiation therapy and/or surgical treatment of spinal metastases; and a 

survival predictive model which generates a 9-month estimate of survival probability 

from five patient characteristics entered into a pre-formulated table, accessed via the 

internet. 

4.1 INTRODUCTION TO SCORING SYSTEMS 

4.1.1 MIRELS 1989 

Published in 1989, Mirels developed a weighted scoring system to quantify the risk of 

sustaining a pathologic fracture through a long bone metastatic lesion.20 A 

retrospective study of 78 irradiated metastatic bone lesions in 38 patients was 

performed to determine the accuracy of a scoring system comprising four 

characteristics, in predicting impending pathologic fracture:20 

 location of lesion 

 degree of pain caused by the lesion 

 type of lesion (lytic, blastic or mixed), and 

 size of the lesion as quantified by the degree of bony cortical destruction. 
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The four variables are scored from one to three points, according to degree of risk, and 

combined to a maximum total score of twelve (Table 8). Mirels believed that a 

summation of factors would provide greater accuracy in determining risk of impending 

fracture than assessment of a single factor alone.20   

Table 8.  Mirels Scoring System for Long Bone Metastatic Lesions 

VARIABLE 
MIRELS SCORE 

1  2  3 

Site  Upper limb  Lower limb  Peritrochanter 

Pain  Mild  Moderate  Functional 

Lesion  Blastic  Mixed  Lytic 

Size  <1/3  1/3–2/3  >2/3 

 

The clinical data and pre-irradiation x-ray images of the 78 lesions were scored 

individually by three consultant orthopaedic surgeons, for which there was significant 

inter-observer agreement.20 For the 27 (35%) lesions that fractured within six months of 

irradiation the mean score was 10, whereas the 51 (65%) lesions that did not fracture 

had a mean score of 7.20 The percentage risk of fracture was shown to increase with 

scores above 7, and the most accurate score for diagnosing impending fracture was 9 

(chance of fracture 33%, false-positive rate 0%), thus Mirels’ concludes that for lesions 

scoring 9 or more, the probability of fracture warrants prophylactic internal fixation prior 

to irradiation.20  

The Mirels scoring system is still frequently included in treatment decision making of 

long bone metastasis, but unfortunately cannot be directly applied to patients with 

spinal metastases due to site and size specifications. 

4.1.2 DE WALD 1985 

Recognising the limitations of conservative treatment modalities such as radiotherapy 

and chemotherapy, DeWald et al. determined the need to identify those patients in 

whom surgery would provide benefit with regard to spinal stability, neurologic 

compromise and pain management.78  

A classification system (Table 9) focusing on primary tumour type, potential instability 

and patient pathophysiology, was determined following a retrospective review of 17 

patients with metastatic spine disease who had undergone operation at a single 
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institution (1974-1982).78 Pain, instability and neurological impairment are key features 

of this classification system, and remain primary indications for surgical intervention in 

patients with spinal metastases. An important consideration included in the 

classification system is the increased morbidity and mortality associated with immune-

suppressive therapy; it is recommended that chemotherapy be ceased pre-operatively, 

if appropriate, to allow for return of blood and platelet counts to acceptable levels prior 

to operative intervention.78 

Table 9.  DeWald Classification of Spinal Malignancies  

DEWALD 
CLASS 

DEFINITION  TREATMENT 

I 

Destruction; no deformity; moderate pain: 
1.  <50% destruction of the vertebral body 
2. >50% destruction of the vertebral body 
3. Destruction of one or both pedicles 

 
1.  Radiotherapy and/or chemotherapy 
2./3. Surgical stabilization/reconstruction 
recommended 

II 
Moderate deformity and collapse; immune 
competent  Prioritise surgical reconstruction; consider 

temporary deferral of radiotherapy or 
chemotherapy III 

Moderate deformity and collapse; immune 
suppressed 

IV 
Marked deformity and collapse; paralysis; immune 
competent 

Surgical intervention imminent 

V 
Marked deformity and collapse; paralysis; immune 
suppressed 

Surgical intervention imminent 

 

Class I spinal malignancies are those causing bony destruction and moderate pain, but 

without bony deformity or significant neurological involvement; and can be further 

divided into three subgroups according to degree of bone destruction: (1) less than 

50% destruction of the vertebral body, (2) greater than 50% destruction of the vertebral 

body, and (3) destruction of one or both pedicles.78 Class II and III lesions are those 

causing moderate deformity and vertebral body collapse; patients in class II are 

immune competent, whereas those in class III are immune suppressed.78 Class IV and 

V lesions are those resulting in vertebral body collapse, marked deformity, and 

paralysis; the difference in immune status of the patient separating class IV (immune 

competent) from class V (immune suppressed).78  

Correction of deformity, stabilization, tumour debulking and decompression form the 

principles of surgical treatment with which to achieve pain management, and 

preservation or improvement of neurologic function and mobility.78 DeWald et al. 

consider prophylactic stabilization of the spine and femur to be analogous given they 

are both weight-bearing structures.78 DeWald et al. note that radiotherapy and/or 
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chemotherapy may be adequate treatment for those patients in class I.I (<50% 

vertebral body involvement without destruction or pain). However once there is >50% 

involvement of the vertebral body or destruction of the pedicles, surgery is 

recommended for stabilization and reconstruction.78 Amongst the five classification 

groups, surgical intervention is most imminent for those categorised as class IV and V, 

due to more severe symptoms and potential for demise.78 Although surgical 

recommendations for each group are proposed, DeWald et al. also acknowledge the 

need for involvement of both spinal surgeon and oncologist in joint treatment decision 

making based upon primary tumour type, extent of bony destruction or cord 

compromise, and patient’s general condition.78 

4.1.3 HARRINGTON 1986 

Harrington devised a 5-category classification system based upon bone involvement, 

degree of spinal instability and neurologic impairment to determine treatment strategy 

for patients with spinal metastases as shown in Table 10.79 Non-surgical treatment such 

as chemotherapy or radiation is recommended where there is no neurologic 

involvement and minimal bone destruction (categories 1 & 2); radiation is considered 

first-line treatment for category 3 patients with significant neurologic impairment but 

without bone involvement, to be augmented by systemic administration of steroids if 

neurologic deficits are of acute onset; and surgery is considered appropriate for those 

in categories 4 & 5 with vertebral collapse and associated pain, instability or neurologic 

impairment.79 The authors note however that many patients with vertebral collapse or 

instability, and severe neurologic compromise, often do not have sufficient life 

expectancy to warrant major operative intervention.79  

Table 10.  Harrington Classification of Spinal Metastases 

HARRINGTON 
CATEGORY 

DEFINITION 
TREATMENT 
RECOMMENDATION 

1  No significant neurologic involvement  Non‐surgical e.g. chemotherapy 
or radiotherapy 2  Involvement of bone without collapse or instability 

3 
Major neurologic impairment (motor or sensory) without 
significant involvement of bone 

Radiation first‐line; +/‐ systemic 
steroids 

4 
Vertebral collapse with pain due to mechanical causes or 
instability but without significant neurological compromise 

Surgery 

5 
Vertebral collapse or instability combined with major 
neurological impairment 
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This classification system and its surgical recommendations are regarded as over-

simplified as it does not take into account the site of the primary tumour or associated 

metastases, and results in broad categorisation of patients with significantly varied 

prognosis.21, 26 

4.1.4 SUMMARY 

The scoring systems of Mirels,20 DeWald,78 and Harrington79 provide an introduction to 

the literature regarding classification and scoring of patients with skeletal and spinal 

metastases, in order to guide treatment decision making. The Mirels scoring system 

remains popular in guiding treatment for long-bone metastatic disease, and although 

the DeWald and Harrington classifications are somewhat simplified, the consideration 

of factors influencing treatment including degree of bony destruction and collapse, 

mechanical instability, and neurological impairment, form the basis of many of the more 

current scoring systems for patients with spinal metastatic disease. 

4.2 SCORING SYSTEMS FOR VALIDATION BY SURVIVAL 

ANALYSIS 

The following seven scoring systems for the prognostication and treatment of patients 

with spinal metastases were selected for inclusion in our survival analysis and 

validation of survival prognostication. Their stated study objectives, methods, 

parameters assessed, and proposed prognostication and/or treatment strategy are 

presented here. 

4.2.1 TOKUHASHI (ORIGINAL) 1990 

With the increasing popularity of surgical intervention in the management of spinal cord 

compression and pain secondary to vertebral collapse, Tokuhashi et al. devised a 

scoring system (Table 11) for the preoperative evaluation of metastatic spine tumour 

prognosis to guide selection of excisional or palliative surgery as the most appropriate 

procedure.23 

Sixty four patients who had been surgically treated for spinal metastases at a single 

institution over a 10-year time period were included in the analysis, of which six 

parameters were studied in relation to prognosis 23, as listed in Table 11.  
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Prognosis could not be reliably predicted from a single parameter alone, however with 

combined scoring (sum 0-2 for each parameter to a total score of 12) a significant 

relationship between total score and survival period was identified (Table 12).23 Patients 

with scores greater than 8 survived an average of 12 months or more, those with 

scores of 6 to 8 survived 12 months or less, and those with scores of 5 or less survived 

an average of only 3 months or less.23 On the basis of this correlation between total 

score and prognosis, Tokuhashi et al. suggest excisional surgery such as en bloc 

resection or extensive curettage for those with a total score of 9 or more, and palliative 

surgery with a focus on stabilization rather than tumour excision for those with a score 

of 5 or less.23 Of note is that no specific treatment recommendation is proposed for 

those patients who score between 6 and 8. 

Enkaoua et al. performed a retrospective study of 71 patients with vertebral metastases 

to assess the utility of the original Tokuhashi scoring system, in particular the 

Table 11.  Tokuhashi Scoring System: Prognosis of Metastatic Spine Tumours 

PARAMETER  CHARACTERISTIC – TOKUHASHI SCORING  SCORE 

1  General condition (Karnofsky Performance Status) 
Poor (KPS 10‐40%) 
Moderate (KPS 50‐70%) 
Good (KPS 80‐100%) 

 
0 
1 
2 

2  Number of extraspinal bone metastases foci 
> 3 
1‐2 
0 

 
0 
1 
2 

3  Number of metastases in the vertebral body 
> 3 
2 
1 

 
0 
1 
2 

4  Metastases to major internal organs 
Unremovable 
Removable 
No metastases 

 
0 
1 
2 

5  Primary site of the cancer 
Lung, stomach 
Kidney, liver, uterus, others, unidentified 
Thyroid, prostate, breast, rectum 

 
0 
1 
2 

6  Spinal cord palsy 
Complete (Frankel A, B) 
Incomplete (Frankel C, D) 
None (Frankel E) 

 
0 
1 
2 

  TOTAL/12 
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Table 12.  Tokuhashi Score: Predicted Prognosis and Treatment Recommendation 

TOKUHASHI 

TOTAL SCORE 

AVERAGE 

SURVIVAL 

TREATMENT 

RECOMMENDATION 

0‐5  < 3 months  Palliative surgery 

6‐8  < 12months  Treatment not specified 

9‐12  > 12 months  Excisional surgery 

 

importance of primary tumour as a parameter in preoperative prognostication.21 

Survival analysis determined primary cancer site to have a considerable effect on the 

length of survival, with particularly poor survival in the case of metastases of unknown 

primary tumours (median time to death of 2 ± 1 months). Enkaoua et al. subsequently 

suggest that impact of primary tumour type on survival should be reflected in point 

allocation within the scoring system.21 

The original Tokuhashi scoring system was included in our analysis of scoring systems 

for metastatic spinal cancer patients, primarily for comparison with the revised version 

proposed by the primary authors’ some 8 years later. The average survival figures 

reported by Tokuhashi et al. were used for comparison of predicted versus actual 

survival within our cohort as follows: 3 months or less for those with scores of 5 or 

lower, 12 months or less for those with scores of 8 or lower, and 12 months or more for 

those with a total score of 9 or more on the Tokuhashi Scoring System.23 

4.2.2 REVISED TOKUHASHI 2005 

Tokuhashi et al. revised their original scoring system in order to improve accuracy and 

reliability in survival prognostication and proposed treatment strategy.7 The revised 

version takes into account the strong influence of primary tumour type on survival by 

scoring this parameter a maximum of 5 points, whilst the remaining criteria remain 

allocated 0-2 points.7 

The revised Tokuhashi scoring system (Table 13) for pre-operative evaluation of 

prognosis of metastatic spine tumours scores six parameters to give a total score from 

0 to 15:7 

The Revised Tokuhashi is the only scoring system to clearly state both predicted 

prognosis and treatment strategy (Table 14) for each prognostic group, for those 

seeking to evaluate their own patients. Survival prognostication and treatment 
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according to total score is as follows: < 6 months and conservative treatment for scores 

0-8, > 6 months and palliative surgery for scores 9-12, and > 12 months and excisional 

surgery for scores 12-15.7 Combined retrospective and prospective analysis of a total 

246 patients, conducted by Tokuhashi et al. demonstrated 80% consistency between  

Table 13.  Revised Tokuhashi Evaluation System: Prognosis of Metastatic Spine Tumours 

CHARACTERISTIC – REVISED TOKUHASHI SCORING  SCORE 

1  General condition (Karnofsky Performance Status) 
Poor (KPS 10‐40%) 
Moderate (KPS 50‐70%) 
Good (KPS 80‐100%) 

 
0 
1 
2 

2  Number of extraspinal bone metastases foci 
> 3 
1‐2 
0 

 
0 
1 
2 

3  Number of metastases in the vertebral body 
> 3 
2 
1 

 
0 
1 
2 

4  Metastases to major internal organs 
Unremovable 
Removable 
No metastases 

 
0 
1 
2 

5  Primary site of the cancer 
Lung, osteosarcoma, stomach, bladder, oesophagus, pancreas 
Liver, gallbladder, unidentified 
Others 
Kidney, uterus 
Rectum 
Thyroid, breast, prostate, carcinoid tumour 

 
0 
1 
2 
3 
4 
5 

6  Spinal cord palsy 
Complete (Frankel A, B) 
Incomplete (Frankel C, D) 
None (Frankel E) 

 
0 
1 
2 

  Total/15 

 

Table 14.  Revised Tokuhashi: Treatment Strategy for Spinal Metastases 

REVISED 
TOKUHASHI 
TOTAL SCORE 

PREDICTED 
PROGNOSIS 

STRATEGY OF TREATMENT 

0‐8  < 6 months 

Conservative treatment 
OR 
Consider surgery if: good general condition; poor response to 
radiotherapy or analgesics; slow progression of palsy 

9‐11  > 6 months 
Palliative surgery 
OR 
Excisional surgery: single lesion; no metastases to major internal organs  

12‐15  > 12 months  Excisional surgery 
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predicted prognosis and actual survival; Of the 118 patients treated prospectively (36 

operations, 82 conservative treatments), the rate of consistency between prognostic 

score and actual survival time was 85 %.7  

In an analysis of seven preoperative scoring systems, Wibmer et al. report the revised 

Tokuhashi scoring system to be reliable in predicting prognosis, with a statistically 

significant difference in survival between the good and poor prognosis groups (p = 

<0.0001).71 Additionally, a recent review of spine tumour classification and surgical 

indication the Global Spine Tumour Study Group (GSTSG) recommended the use of 

the Tokuhashi evaluation system for its ease of use and interpretation.26 

Bartels et al. however raise the issue of race as a determinant in cancer demographics 

and mortality, and thus question the validity of the Revised Tokuhashi scoring system 

in its application to European or American populations.58 

The Revised Tokuhashi scoring system was included in our analysis as it is one of the 

most frequently reviewed prognostic scores cited in the literature, and is generally 

considered to be of good reliability and prognostic value. 

4.2.3 BAUER 1995 

Bauer and Wedin developed a prognostication model for survival after surgery for 

spinal and extremity metastases (Table 15), identifying five positive prognostic variables 

of approximate equal weighting.5 

Table 15.  Bauer Prognostication Model for Survival after Surgery 

POSITIVE PROGNOSTIC FACTORS 
(BAUER) 

NUMBER OF POSITIVE 
PROGNOSTIC FACTORS 

1‐YEAR SURVIVAL RATE 

1. Absence of visceral metastases 

2. Absence of pathologic fracture 

3. Solitary skeletal metastases 

4. Not lung cancer  

5. Primary tumour of breast, kidney, 
    lymphoma, myeloma 

0‐1  all died within < 6 months 

2‐3  0.25 

4‐5  0.5 

 

The study comprised two prospective groups of a total 241 cancer patients treated for 

either extremity (153 patients) or spinal metastases (88 patients), with 6 patients 

treated for both.5 Bauer and Wedin present their cohort survival figures in the context of 

a 1-year survival rate, rather than mean or median figures. Those fulfilling 4 to 5 criteria 
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were considered the most favourable prognostic group with a 1-year survival rate of 

0.5, those fulfilling 2 or 3 criteria had a 1-year survival rate of 0.25, and all patients with 

one or no positive prognostic factors died within 6 months of surgery.5  

Bauer and Wedin propose this prognostication model to be applicable to patients with 

either spinal or extremity metastases, where in fact, pathologic fracture was related to 

lower survival in the extremity, and not the spinal metastasis group.5 Bauer and Wedin 

report that “patent pathologic fracture was related to lower survival compared to 

patients without fracture. This impact of fracture was evident in the extremity group 

only”(p.144)5. No significant difference in the 1-year survival rate of those with or 

without pathological fracture was reported for the spinal metastases group.  

Furthermore, the model is presented for use in treatment differentiation of pathological 

fracture or epidural spinal cord compression in metastatic cancer patients, however the 

only treatment recommendations made are that more extensive surgery be reserved 

for those patients with a long expected survival. The model presented by Bauer and 

Wedin lacks clear prognostication or treatment guidelines for those seeking to apply 

this system to their own patient cohort. 

As for the original Tokuhashi scoring system, inclusion in our analysis of the Bauer 

scoring system was primarily for comparison with its modified version, proposed by an 

independent group of authors some 10 years after original publication. In our analysis, 

we considered survival prognostication with respect to months of survival rather than a 

1-year survival rate, as was presented by Bauer. For Bauer’s scoring system, the 1-

year survival rate for the least to most favourable prognostic groups was reported as 

0.00, 0.25 and 0.5, and based upon these results, we determined the corresponding 

predicted prognosis for comparison with our patient cohort to be < 6 months, > 6 

months, and > 12 months respectively.5  

4.2.4 MODIFIED BAUER 2008 

In view of the results presented by Bauer and Wedin5 of an association between 

pathological fracture and poor survival in lower extremity metastases patients only, 

Leithner et al. proposed a modified Bauer score excluding pathologic fracture as a 

prognostic variable for patients with spinal metastases.6 

The modified Bauer score of metastatic spine tumour prognosis assigns one point to 

the following four positive prognostic factors: 6 
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1) absence of visceral metastasis 

2) solitary skeletal metastasis 

3) not lung cancer, and 

4) primary tumour of breast, kidney, lymphoma or multiple myeloma. 

Patients can be scored a maximum total of 4 points, and are categorised into one of 

three prognostic groups (Table 16), for which treatment goal and strategy are clearly 

stated: conservative management (that is, no surgery) and supportive care for scores 

0-1, short-term palliative surgery such as posterior instrumentation and laminectomy for 

a moderate prognostic score of 2, and middle-term local control with excisional 

procedures such as extensive curettage or enbloc vertebral body resection for the most 

favourable prognostic scores of 3 or 4.6 

Table 16.  Modified Bauer Score of Metastatic Spine Tumour Prognosis 

POSITIVE PROGNOSTIC FACTORS 
(MODIFIED BAUER) 

PROGNOSTIC 
SCORE 

TREATMENT 
GOAL 

SURGICAL STRATEGY 

1. Absence of visceral metastases 

2. Solitary skeletal metastases 

3.Not lung cancer 

4. Primary tumour of breast, 
kidney, lymphoma, myeloma 

0‐1  Supportive care  No surgery 

2  Short‐term 
palliation 

Dorsal e.g. posterior 
instrumentation and laminectomy 

3‐4  Middle‐term local 
control 

Ventral‐dorsal e.g. excisional 
procedures, extensive curettage, 
en‐bloc vertebral body resection 

 

Leithner et al. reviewed the predictive value of seven preoperative prognostic scoring 

systems for spinal metastases, and determined the modified Bauer score to be both 

practicable and highly predictive, and of best association with survival (P<0.001).6 In a 

retrospective survival analysis of preoperative scoring systems, Wibmer et al. found 

that the Bauer modified score provided the most reliable results, and in addition was 

the only system to identify a significant difference in the life expectancy of the three 

prognostic groups; 4.8, 18.2 and 28.4 months for the poor, moderate and most 

favourable prognostic groups respectively.71  

The Modified Bauer scoring system was included in our analysis as it provides a 

straightforward scoring system, with clear treatment goal and surgical strategy 

allocated to each prognostic group. Prognostication is not specified as a survival time 

period, rather considered as ‘poor’, ‘moderate’, and ‘most favourable’, with treatment 

assigned accordingly. Median survival figures of the prognostic groups reported by 

Leithner et al. were 3, 10 and 30 months for the least to most favourable prognostic 

groups respectively.6 For the purposes of our survival analysis, these figures were 
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considered to correspond appropriately to prognostic group allocation of < 6, > 6 and > 

12 months. 

4.2.5 SIOUTOS 1995 

Sioutos et al. investigated factors affecting survival in patients with spinal metastases 

by way of retrospective analysis of 109 patients treated for thoracic spinal metastases 

and cord compression with surgical decompression, the majority of whom also received 

adjunct radiotherapy.11 Factors determined to affect survival were anatomic site of 

primary carcinoma, preoperative neurologic status, and number of vertebral bodies 

involved.11 Age, extent of metastatic spread, and tumour location within the vertebral 

column were not found to significantly influence survival.11 

The three negative prognostic factors of Sioutos’ scoring system are further defined:11  

1) preoperative leg strength 0/5 - 3/5 

2) lung or colon cancer, and 

3) multiple vertebral body disease 

Patients are grouped into one of four prognostic categories based on the number of 

negative prognostic factors present; none, one, two or three.11 As with the design of 

many other scoring systems, individual parameters were not shown to independently 

affect survival, however the presence of two or three factors had a compounding 

adverse effect on overall survival.11 Sioutos et al. conclude that radical surgery is not 

recommended for those patients with two or more negative prognostic indicators given 

short life expectancy and minimal potential for benefit, however no further 

recommendations regarding treatment choice, such as for those with one or no 

negative prognostic factors, are proposed for this evaluation system.11 

The median overall survival figures of Sioutos’ patient cohort when grouped according 

to number of negative prognostic factors were reported to be 16, 6.5, 4.5 and 2 

months, for those with none, one, two or three negative prognostic factors 

respectively.11  

For the purposes of our survival analysis, the following survival prognostic groups were 

allocated according to number of negative prognostic factors: < 6 months for scores 2-

3, > 6 months for score of 1, and > 12 months for those without any negative 

prognostic factors.  
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4.2.6 TOMITA 2001 

Tomita et al. conducted a two-stage study to develop a prognostic scoring system and 

surgical strategy treatment plan for patients with spinal metastases.17 

The Tomita scoring system (Table 17) incorporates three prognostic factors scored to a 

maximum total of 10 points:17 

1) grade of malignancy/primary tumour growth rate (slow, moderate, rapid) 

2) number of visceral metastases (none, treatable, untreatable), and 

3) number of bone metastases (solitary, multiple). 

Phase 1 of the study (1986 through 1991) involved a retrospective review of the 

treatment of 67 patients with spinal metastases to evaluate the predictive value of the 

proposed scoring system, and to design corresponding treatment proposals.17 Scores 

for each of the prognostic groups were determined from the calculated hazard ratios. 

There was significant correlation between survival time and each of the three 

prognostic factors, furthermore correlation between survival and total prognostic score 

was of greatest significance.17  

Table 17.  Tomita Prognostic Scoring System 

PROGNOSTIC FACTOR 
(TOMITA) 

SCORE 

1 Point  2 Points  4 Points 

Primary tumour (growth rate)  Slow  Moderate  Rapid 

Visceral metastases  None  Treatable  Untreatable 

Bone metastases 
(including spinal metastases) 

Solitary  Multiple  ‐ 

 

Table 18.  Tomita Surgical Strategy for Spinal Metastases 

TOMITA 

PROGNOSTIC SCORE 
TREATMENT GOAL  SURGICAL STRATEGY 

2‐3  Long‐term local control  Wide or marginal excision 

4‐5  Middle‐term local control  Marginal or intralesional excision 

6‐7  Short‐term palliation  Palliative surgery 

8‐10  Terminal care  Supportive care 

 

The treatment goal and extent of surgery according to prognostic score reflects the 

anticipated survival of patients, such that the better the prognosis the more aggressive 
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the surgery (Table 18). The following treatment goals and strategies are proposed: long-

term local control by wide or marginal excision for those with very good prognosis 

(score of 2-3 points), middle-term local control by marginal or intra-lesional excision for 

good prognosis (4-5 points), palliative surgery for poor prognosis (6-7 points), and non-

surgical supportive care for the worst prognostic group (8-10 points).17 

A further 61 patients were prospectively enrolled in Phase 2 (1993 through 1996) 

whereby treatment was determined according to prognostic score, in conjunction with 

Surgical Classification of Spinal Tumours, which comprises seven categories reflecting 

the natural stages of tumour progression from location within the vertebral body, to 

extradural and then paravertebral spread.17 For the majority (greater than 70%) of 

patients included in the second study phase, the assigned procedure was reported to 

achieve the desired local tumour control, pain relief, and neurologic improvement.17 

The authors therefore conclude their scoring system to be both practical and of reliable 

accuracy in proposing appropriate treatment strategy for the management of patients 

with spinal metastases.17 

Survival prognostication per se is not included as a part of this scoring system, 

however reported survival of the phase 1 study groups was as follows: mean 5.9 

months (range 1-14 months) for scores of 8-10, mean 15 months (range 5–33) for 

scores 6 or 7, mean 23.5 months (range 7-57) for scores of 4 or 5, and mean 49.9 

months (range 18-84) for scores of 2 or 3.17 Survival prognostic groups for the 

purposes of our analysis were therefore categorised as < 6 months, > 6 months, > 12 

months, and > 18 month for scores 8-10, 6-7, 4-5 and 2-3 respectively. The Tomita 

scoring system separates longer term survivorship into greater than 12 and greater 

than 18 months, and is the only system included in our survival analysis for which there 

are four rather than three prognostic groups. 

4.2.7 VAN DER LINDEN 2005 

Van der Linden et al. reviewed the results of 342 patients with painful spinal 

metastases involved in a randomized trial of radiotherapy to develop a scoring system 

to predict survival in patients with spinal metastases.18 This study differs from those 

previously discussed in that all patients were treated non-surgically for Harrington class 

I and II lesions (minimal bone destruction without neurologic compromise).18 The 

patient cohort was further limited by exclusion of those with metastases in the cervical 

spine, and also those with renal cell carcinoma or malignant melanoma, as it was 

expected that these diseases would respond poorly to radiotherapy.18 The van der 
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Linden cohort is therefore quite limited in its application to the typical patients referred 

for consideration of surgical intervention, but also in the validity of survival prediction. 

Three significant predictors of survival identified by van der Linden et al. and included 

in the scoring system are:18 

1) primary tumour type, 

2) absence of visceral metastases, and 

3) Karnofsky Performance Status (KPS) score  

In agreeance with Tomita et al.17 they did not identify neurologic symptoms or extent of 

the metastatic lesion as independent adverse prognostic factors.18 

Three prognostic groups are derived from the total score: Group A (0-3 points), B (4-

5points), and C (6 points), with reported median overall survival of the van der Linden 

cohort of 3, 9 and 18.7 months for groups A to C respectively.18 

The prognostic groups were then categorised as <6 months (Group A), >6 months 

(Group B) and >12 months (Group C) for the purposes of our survival analysis (Table 

19). 

Table 19.  Van der Linden Scoring System: Predicting Survival in Patients with Spinal Metastases 

PROGNOSTIC FACTOR 
(VAN DER LINDEN) 

SCORE 

Karnofksy Performance Status 
80‐100 
50‐70 
20‐40 

 
2 
1 
0 

Primary Tumour 
Breast 
Prostate 
Lung 
Other 

 
3 
2 
1 
0 

Visceral Metastases 
No 
Yes 

 
1 
0 

TOTAL/6
 

PROGNOSTIC GROUP 
Group A 
Group B 
Group C 

TOTAL SCORE 
0‐3 
4‐5 
6 
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With regard to treatment strategy, van der Linden et al. state that surgery should be 

reserved for those patients with a predicted good prognosis, such as those in group C, 

and be considered only when pain is persistent despite radiotherapy or when spinal 

cord tolerance after radiotherapy has been reached.18 This conservative approach to 

operative intervention is reflective of the select patient cohort including only those with 

minimally destructive bone lesions suitable for treatment with radiotherapy. Although 

the severity of spinal metastatic disease and treatment strategy preclude direct 

comparison with other scoring systems included in this review, the van der Linden 

study involves one of the largest cohorts of spinal metastases patients, and 

incorporates similar survival prognostic factors. 

Despite clear presentation of the scoring of prognostic variables and total score group 

allocation, van der Linden et al. fail to provide survival prediction of the prognostic 

groups for others seeking to apply this scoring system to their own patients  

4.3 FURTHER SCORING SYSTEMS AND APPROACHES TO THE 

TREATMENT OF PATIENTS WITH SPINAL METASTASES 

The following scoring systems also relate to treatment decision making for patients with 

spinal metastases, and provide insight into some of the more recent literature. 

The Spinal Instability Neoplastic Score focuses on the instability of a spinal metastatic 

lesion as a means to identifying potential surgical candidates, rather than survival 

prognostication, and is relevant to our analysis to identify risk factors for pathological 

fracture in spinal metastatic lesions.13 

The NOMS Framework encompasses the multi-faceted approach to determining 

appropriate treatment of patients with spinal metastases, and provides insight into the 

integration of multimodality therapy to optimise tumour control and symptom palliation, 

as utilised at an internationally renowned Cancer Centre.25 

The prognostic scoring system of Katagiri et al. was developed for use in patients with 

both skeletal and/or spinal metastases, and presents individual treatment options for 

either long bone or spinal metastatic lesions.72 

Bartels et al. designed a survival prediction model incorporating the hazard ratios of 

five significant prognostic variables, with a somewhat novel presentation of the model 
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as a simple online formula (freely accessible on the internet) requiring input of only 5 

patient characteristics.58 

4.3.1 SPINAL INSTABILITY NEOPLASTIC SCORE (SINS) 2010 

The Spinal Instability Neoplastic Score (SINS) differs from the scoring systems 

previously discussed in that it aims to predict stability of spinal neoplastic lesions, 

rather than survival prognostication, to identify patients who may benefit from surgical 

consultation. The SINS is a classification system based on patient symptoms and 

radiographic criteria to aid in predicting spine stability of neoplastic lesions and 

identifying patients who may benefit from surgical consultation.13 The SINS was 

developed by the Spine Oncology Study Group (SOSG) using an evidence based 

approach and International Spine Oncology expert opinion and consensus to determine 

the key elements associated with instability in neoplastic lesions.13  

Table 20.  Spinal Instability Neoplastic Score (SINS) 

ELEMENT OF SINS SCORE  SCORE 

1. Location 
Junctional (occiput‐C2, C7‐T2, T11‐L1, L5‐S1) 
Mobile spine (C3‐C6, L2‐L4) 
Semi‐rigid (T3‐T10) 
Rigid (S2‐S5) 

 
3 
2 
1 
0 

2. Pain relief with recumbency and/or pain with movement/loading of the 
spine 

Yes 
No (occasional pain but not mechanical) 
Pain free lesion 

 
3 
1 
0 

3. Bone Lesion 
Lytic 
Mixed (lytic/blastic) 
Blastic 

 
2 
1 
0 

4.Radiographic Spinal Alignment 
Subluxation/translation present 
De novo deformity (kyphosis/scoliosis) 
Normal alignment 

 
4 
2 
0 

5.Vertebral Body Collapse 
> 50% collapse 
< 50% collapse 
No collapse with > 50% body involved 
None of the above 

 
3 
2 
1 
0 

6.Posterolateral Involvement of Spinal Elements 
(facet, pedicle or CV joint fracture or replacement with tumour) 

Bilateral 
Unilateral 
None of the above 

 
 
3 
1 
0 

TOTAL/18 
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Table 21.  SINS Treatment Strategy 

SINS 
SCORE 

STABILITY  TREATMENT STRATEGY 

0‐6  Stable 
Not specified – presumed 
conservative 

7‐12  Indeterminate (possibly impending) instability 
Warrants surgical consultation 

13‐18  Unstable 

 

Systemic review of current best evidence was used to identify the clinical, radiological 

and pathologic factors associated with neoplastic spinal instability, and those factors 

considered to define stability and impending instability in the spine.13 

Spinal mal-alignment indicated by subluxation or translation on radiograph, was 

determined to denote the highest contribution to instability scoring a maximum of 4 

points, while the other parameters are weighted and scored a maximum of 3 points.13  

The total score allocated (minimum 0, maximum 18) determines a lesion to be stable 

(score 0-6), of indeterminate stability (score 7-12), or unstable (score 13-18), with the 

recommendation that indeterminate or unstable lesions (scores 7-18) warrant surgical 

consultation (Table 21).13 An analysis of the reliability and validity of the SINS score 

identified that all categories except bone lesion quality scored highly for intra- and inter-

observer reliability, however the authors’ comment that although removing this element 

(bone lesion quality) may improve the reliability of scoring, there is strong 

biomechanical literature identifying bone mineral density as a factor of pathologic 

fracture risk.69 

The authors present the SINS as a classification tool to be applied in context with 

additional factors including the radio-sensitivity of the tumour, presence of neurologic 

symptoms, extent of disease, other patient health factors and survival prognosis, 

highlighting the complexity in surgical decision making.13 

4.3.2 NOMS FRAMEWORK 2013 

NOMS is a decision framework incorporating neurologic, oncologic, mechanical and 

systemic disease assessment to determine the use of radiation, surgery and/or 

systemic therapy in the treatment of metastatic spine disease (Table 22).25 Radiation 

therapy and surgery are currently the two most effective treatments for spinal 

metastases, and the NOMS framework aims to determine the optimal combination for 
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local tumour control, pain relief, restoration or preservation of neurologic function whilst 

minimizing morbidity.25 Primary or adjunctive treatment with radiotherapy and newer 

interventional techniques such as stereotactic radiosurgery are beyond the scope of 

this work, however the NOMS decision framework highlights several key 

considerations with regard to the management of patients with spinal metastatic 

disease. Despite advances in conventional therapies such as chemotherapy and 

radiotherapy, surgical stabilization remains the only option to restore spinal stability. 

This is demonstrated by the fact that within the NOMS framework, mechanical 

instability is an independent indication for surgical stabilization regardless of radio-

sensitivity of the tumour or grade of spinal cord compression.25 

The neurologic assessment of the framework focuses on the degree of spinal cord 

compromise, and incorporates both clinical and radiographic assessment. The authors 

use a six-point grading system, originally designed and validated by the Spine 

Oncology Study Group (SOSG), to describe the degree of epidural spinal cord 

compression on T2-weighted MRI at the site of most severe compression.25 The 

radiographic assessment then broadly categorises the neoplastic lesion as either low-

grade or high-grade MESCC.25 Clinical assessment of the degree of cord compression, 

in particular myelopathic symptoms, is also incorporated into the overall neurologic 

assessment of the patient.25 

Table 22.  The NOMS Framework: Treatment of Spinal Metastatic Tumours 

NEUROLOGIC  ONCOLOGIC  MECHANICAL  SYSTEMIC  TREATMENT DECISION 

Low grade ESCC 
+/‐ no 
myelopathy 

Radiosensitive 
Stable 

 
cEBRT 

Unstable  Stabilisation followed by cEBRT 

Radioresistant 
Stable 

 
SRS 

Unstable  Stabilisation followed by SRS 

High‐grade ESCC 
+/‐ myelopathy 

Radiosensitive 
Stable 

 
cEBRT 

Unstable  Stabilisation followed by cEBRT 

Radioresistant 

Stable 

Able to tolerate 
surgery 

Decompression/stabilization 
followed by SRS 

Unable to 
tolerate surgery 

cEBRT 

Unstable 

Able to tolerate 
surgery 

Decompression/stabilization 
followed by SRS 

Unable to 
tolerate surgery 

Stabilisation followed by cEBRT 
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The oncological assessment of NOMS categorises tumours as either radio-sensitive or 

radio-resistant according to the responsiveness of the tumour to conventional external 

beam radiotherapy (cEBRT).25 Radiosensitive tumours include those of breast, 

prostate, ovarian, lymphoma and myeloma histology, and the NOMS framework 

determines these to be appropriate for treatment with cEBRT irrespective of the degree 

of MESCC.25 

Radio-resistant tumours such as renal, lung (non-small cell), thyroid, hepatocellular and 

melanoma, may be suitable for stereotactic radiosurgery (SRS) to achieve local tumour 

control, in the setting of low-grade ESCC.25 Radio-resistant tumours with high-grade 

MESCC however, require surgical decompression and stabilization prior to 

consideration of image-guided radiotherapy (IGRT).25 

Systemic disease assessment is another key category of the NOMS framework, and is 

important in evaluation of overall expected survival and the ability of the patient to 

tolerate a proposed treatment 25 Measures of disease burden including disease 

dissemination (number of vertebral, skeletal and visceral metastases) primary tumour 

histology, and functional status (e.g. Karnofsky Performance Score), are included as 

variables in all scoring systems applicable to prognosis and/or treatment of patients 

with spinal metastases.6, 7, 11, 17 Furthermore, consultation between oncologist and 

spinal surgeon with respect to the unique aspects of each patient case relevant to 

treatment is a consistent recommendation across the literature.5-7, 11, 17 In general, the 

authors of the NOMS framework are of the opinion that a patient should be considered 

for surgery only if there is adequate control of systemic tumour burden and progression 

to allow for satisfactory post-operative recovery, and that pharmacotherapy is available 

to attempt systemic tumour control.25 

The NOMS decision framework provides a more comprehensive approach to the 

treatment of spinal metastases than those focused on prognostication alone, and 

considers neurologic, oncologic, mechanical and systemic factors, to determine the 

optimal combination of radiation, surgery and systemic therapy.25 Despite this multi-

factorial approach to treatment strategy, pathologic fracture with instability, and severe 

cord compression (radio-resistant tumours) remain independent indications for surgical 

intervention within the NOMS framework.25 
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4.3.3 KATAGIRI 2004 

Katagiri et al. undertook a prospective analysis of 350 patients treated either surgically 

or non-surgically, for skeletal metastases; 41 patients with appendicular (typically long 

bone) lesions, 222 with axial bone (including vertebral) lesions, and 87 patients with 

appendicular and axial lesions.72 Approximately one-third of patients were treated 

surgically, the majority (85%) of which were given additional radiotherapy and/or 

chemotherapy.72 Over half of the surgically treated patients were in fact operated for 

long bone metastases.72 This represents quite a varied patient population from which to 

identify prognostic variables, and for whom to then apply a prognostic and treatment 

algorithm. 

Multivariate analysis identified the following significant, independent, prognostic factors 

for survival:72  

1) site of primary tumour (primary lesion growth rate) 

2) presence of visceral or cerebral metastases 

3) ECOG performance status 3 or 4 

4) multiple skeletal metastases, and  

5) previous chemotherapy. 

A prognostic scoring system (Table 23), comprised of the five aforementioned variables, 

was developed to determine optimal treatment for patients with pathological fracture or 

epidural spinal cord compression.72 Of note, age, gender, neurological deficit, disease 

free interval before skeletal metastases, location of skeletal metastases (appendicular, 

axial, or both) and pathological fracture, were not of prognostic significance.72  

Table 23.  Katagiri Scoring System for Patients with Skeletal Metastases 

PROGNOSTIC FACTOR 
(KATAGIRI) 

SCORE 

Primary Lesion 

Rapid growth (hepatocellular, gastric and lung carcinoma) 

Moderate growth (Other carcinoma and sarcoma) 

Slow growth (Breast, Prostate, Thyroid, Myeloma, Lymphoma) 

3 

2 

0 

Visceral or Cerebral Metastases  2 

Performance Status (ECOG 3 or 4)  1 

Previous Chemotherapy  1 

Multiple Skeletal Metastases  1 

TOTAL/8 
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Table 24.  Katagiri: Expected Survival and Treatment Strategy 

KATAGIRI 
SCORE 

EXPECTED SURVIVAL 
TREATMENT STRATEGY 

SPINE  LONG BONE/LIMBS 

0‐2 
6 months 98% 
1 year 89% 

Excisional surgery if radiotherapy 
not expected to be effective 

Excisional procedure followed by 
recontruction by cemented 
prosthesis 

3‐5 
6‐month survival 71% 
1‐year survival 49% 

Anterior or posterior 
instrumentation if radiotherapy 
not expected to be effective 

Excisional procedure followed by 
reconstruction by cemented 
prosthesis or internal fixation with 
MMA augmentation 

6‐8 
6 month survival 31% 
1 year 11% 

Not good candidates for surgery 
– radiotherapy with supportive 
care is treatment of choice 

Simple internal fixation followed by 
radiotherapy 

 

The weighted scores for each prognostic factor are as follows: Performance status 

(ECOG 3 or 4), previous chemotherapy, and multiple skeletal metastases are scored 

one point each; the presence of visceral or cerebral metastases is scored 2 points; and 

primary lesion growth rate is scored 0, 2, or 3 points for either slow, moderate or rapid 

growth, respectively.72 A statistically significant difference in survival was identified 

amongst the three prognostic groups: the reported 1-year survival rate for scores 0-2, 

3-5 and 6-8 were approximately 90%, 50% and 10%, respectively. Katagiri et al. outline 

proposed treatment for each prognostic group (Table 24), addressing both spine and 

long bone/limb lesions individually; the better the predicted survival, the more 

aggressive the treatment.72 For those in the worst prognostic group (scores 6-8) who 

are poor surgical candidates, radiotherapy is recommended for spinal metastatic 

lesions.72 Surgery is recommended for the remaining two prognostic groups where 

radiotherapy is not expected to be effective; instrumented stabilisation for those of 

intermediate prognosis (scores of 3-5), and excisional surgery for those with the best 

prognosis (scores of 0-2).72 The proposed treatments however do not consider the 

presence of fracture and instability, or symptomatic spinal cord or nerve root 

compression, for which surgery is the imminently indicated 

4.3.4 BARTELS 2007 

Bartels et al. reviewed the data of 219 patients who had undergone radiation therapy 

for metastatic disease symptomatic of neurologic deficits due to spinal cord 

compression and/or severe pain, to develop a model to predict the survival of patients 

with spinal metastases.58 Cohort identification and inclusion criteria presume that those 
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patients not referred for radiation therapy were of poor clinical condition, and would not 

have been potential candidates for surgery.58 

The five parameters identified to be of significance and included in the survival 

prediction model are as follows:58 

1) gender 

2) location of the primary tumour 

3) intended curative treatment of the primary tumour 

4) cervical location of the spinal metastasis, and 

5) Karnofsky Performance Status. 

Of note, the presence of visceral or bone metastases and the number of vertebral 

metastases were not found to be associated with survival.58 Hazard ratios of the five 

significant prognostic variables were used to create a prediction model for calculation 

of estimated survival, that is easily accessible via a website (www.nccn.nl); the patient’s 

characteristics are entered into a pre-formulated table of the five parameters, from 

which is generated a table and survival curve graph of estimated survival probability 

(including 95% confidence interval) at monthly intervals from 1 to 9 months after time of 

diagnosis of spinal metastases.58 A life expectancy of at least 3 months is thought to be 

of most value in treatment decision making, as this is typically the life expectancy 

required to consider patients potential candidates for surgery.58 

Table 25.  Bartels Survival Predictive Model for Patients with Spinal Epidural Metastases 

VARIABLE 
HAZARD 
RATIO 

ESTIMATED COEFFICIENT IN FINAL 
PROPORTIONAL HAZARD MODEL 

Gender 

Female vs male 

 

0.623 

 

‐0.473 

Location of primary tumour 

Lung 

Kidney 

Other  

 

1.894 

2.520 

1.725 

 

0.639 

0.924 

0.546 

Intended curative treatment of 
primary tumour  

 

0.692 

 

‐0.368 

Cervical location of spinal metastasis  2.318  0.841 

Karnofsky Performance Status 

10‐20 

30‐40 

50‐70 

80 

 

80.918 

10.117 

5.228 

3.836 

 

4.393 

2.314 

1.654 

1.344 
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The prediction model (Table 25) was externally validated in a separate study of 356 

patients, which revealed that although the overall validity and relative contribution of 

hazard ratios of the model was correct, the baseline hazard ratios were significantly 

different from those originally calculated, resulting in differences in observed and 

expected survival.80 Data was combined from the original and validation studies, 

whereby new baseline hazards were incorporated to create an updated model.80 The 

authors purport the simplicity of their model in that there are only 5 parameters to be 

assessed which are easily determined at time of review by the treating specialist, and 

in particular that there is no need for an ‘extensive’ search for other sites of metastatic 

disease.58, 80 

4.3.5 OSWESTRY SPINAL RISK INDEX (OSRI) 2013 

Balain et al. performed a prospective study of 199 patients presenting with spinal 

metastases, treated with surgery and/or radiotherapy, to compare three scoring 

systems: the revised Tokuhashi, Tomita, and modified Bauer scores.81 All three 

prognostic scores were found to correlate significantly with survival time and had 

similar concordance for survival comparison between patients.81 

The most predictive parameters from each of the scores were then used to develop the 

Oswestry Spinal Risk Index (OSRI). Regression analysis of the individual scoring items 

determined five parameters of significant association with survival:81 

 Tomita’s primary tumour score 

 General condition score 

 Modified Bauer’s score for absence of lung cancer 

 Revised Tokuhashi’s extraspinal bone metastasis 

 Any of the major internal organ metastasis scores 

A series of predictive models using combinations of the identified parameters was 

explored, with subsequent exclusion of score components for visceral and extraspinal 

bony metastasis due to their lesser predictive value. 

The Oswestry Spinal Risk Index (OSRI) was ultimately determined, and is comprised of 

two parameters: primary tumour pathology (PTP) and general condition (GC); 

Oswestry Spinal Risk Index (OSRI) = PTP + (2 - GC).81 
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Of note, an additional category (very rapid tumour growth: lung cancer alone) was 

added to Tomita’s primary tumour score to incorporate the Modified Bauer’s absence of 

lung cancer.81 

Table 26.  Oswestry Spinal Risk Index (OSRI) 

CHARACTERISTIC  DESCRIPTION  SCORE 

Primary Tumour (PTP) 

Slow growth 
 

Moderate growth 
 

Rapid growth 
 

Very rapid growth 

 

Breast, thyroid, prostate, myeloma, haemangioma, 
endothelioma, non‐Hodgkins lymphoma 

Kidney, uterus, tonsil, epipharynx, synovial cell 
sarcoma, metastatic thymoma 

Stomach, colon, liver, melanoma, teratoma, sigmoid 
colon, pancreas, rectum, unknown origin 

Lung 

 

1 
 

2 
 

4 
 

5 

General Condition (GC) 

Good 

Moderate 

Poor 

 

KPS 80 ‐ 100% 

KPS 50 – 70% 

KPS 10 – 40% 

 

2 

1 

0 

 

Patients are scored between 1 and 7 points and categorised into five risk groups; a risk 

index of 1 correlates with greatest survival. Median survival times in each risk category 

were reported to be 23, 6, 4, 2 and 1 month(s) for patients with a risk index of 1, 2 or 3, 

4 or 5, 6, and 7 respectively.81 The 85th percentile of survival time (i.e. the time at 

which 85% of the group were deceased) was 69 months for patients with a risk index of 

1, compared to 2 months those with a risk index of 7.81 

The OSRI is proposed as a simple score able to accurately predict life expectancy in 

patients presenting with spinal metastasis, with a view to inclusion in patient discussion 

and management decisions.81 The authors acknowledge that treatment decisions are 

multi-factorial, taking into consideration factors such as instability, neurological deficit, 

expected local tumour control and medical co-morbidities, and hence no specific 

surgical recommendations are given based on the risk index score alone.81 
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4.4 SUMMARY 

Scoring systems applicable to patients with skeletal and spinal metastases have been 

developed in order to guide treatment decision making, in particular the decision for 

non-operative or operative intervention. The majority of these scoring systems focus on 

survival prognostication as a means to guide treatment, however there are also 

examples of scoring systems to assess fracture risk of long bone metastatic lesions 

(Mirels), and potential mechanical instability of spinal metastatic lesions (SINS) to 

determine appropriate therapy. Table A 1 provides a useful summary of the details of 

the pre-operative scoring systems considered in Sections 4.2 and 4.3. It includes the 

scoring method, survival prognosis and treatment strategies. 

Table A 1 (in the Appendix) summarises the details of the pre-operative scoring systems 

for patients with spinal metastases that have been discussed in Sections 4.2 and 4.3. 

The aim of treatment for patients with spinal metastases is to optimise function and 

quality of life. These patients have a limited life expectancy, and hence survival 

prognostication is an important factor in determining the most appropriate treatment to 

ensure benefit. The accuracy of individual survival prediction however remains difficult, 

as demonstrated by the number of prognostic scoring systems presented in the 

literature, and the variable reports of their accuracy, prompting us to perform a 

validation of the survival accuracy of seven preoperative prognostic scoring systems for 

patients with spinal metastases. 

Table 27 summarises the scoring systems discussed in the literature review with respect 

to their stated objective, patient cohort numbers, and study type (retrospective or 

prospective nature). 

Table 28 provides a summary of the scoring systems discussed in the literature review 

with respect to the parameters assessed. Primary tumour (including growth rate), 

extraspinal metastases, visceral metastases, general condition (Karnofsky 

Performance Status), neurological dysfunction (Frankel Palsy), and the presence of 

pathological fracture/collapse/instability were the most common parameters across the 

scoring systems. 
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Table 27.  Overview of Scoring Systems 

SCORING 
SYSTEM 

OBJECTIVE  COHORT 
NUMBERS 

FURTHER DETAIL  STUDY TYPE 

Mirels 
1989 

Quantify risk of sustaining a 
pathological fracture through a 
long bone metastatic lesion 

38  78 irradiated long 
bone metastatic 
lesions 

Retrospective 

DeWald 
1985 

Classification system for 
treatment and prognosis of 
patients with spinal mets 

17  Treated surgically  Retrospective  

Harrington 
1986 

Categorical classification 
system of spinal metastases & 
treatment strategy 

     

Tokuhashi 
1990 

Preoperative evaluation of 
metastatic spine tumour 
prognosis 

64  Treated surgically  Retrospective 

Revised 
Tokuhashi 
2005 

Prognosis of metastatic spine 
tumours  

246  146 Surgery; 
82 Conservative 

118 patients 
prospective; total 
246 retrospective 

Bauer 
1995 

Prognostication model for 
differentiating treatment of 
patients with pathologic 
fracture or epidural compress. 

153 extremity 
metastases; 
88 spinal 

 

Treated surgically  Prospective 

Modified 
Bauer 2008 

Metastatic spine tumour 
prognosis and surgical strategy 

69  Treated surgically  Retrospective 

Sioutos 
1995 

Factors affecting survival in 
spinal metastasis 

109  Treated surgically  Retrospective 

Tomita 
2001 

Prognostic scoring system and 
surgical strategy for treatment 
of patients with spinal 
metastases 

Phase 1: 67 
 

Phase 2: 61 

  Phase 1:  
     Retrospective  
Phase 2: 
       Prospective  

van der 
Linden 
2005 

Prediction of survival in 
patients with metastases in 
the spinal column 

342  Radiotherapy 
(Harrington class 
1&2 painful spinal 
metastasis) 

Retrospective 

SINS  
2010 

Aid in predicting spine stability 
of neoplastic lesions; identify 
patients who may benefit from 
surgical consultation 

n/a  n/a  Best available 
evidence and 
expert consensus 

NOMS 
2013 

Decision framework that 
incorporates sentinel decision 
points in the treatment of 
spinal metastases 

n/a  n/a  Literature review 

Katagiri 
2004 

Prognostic scoring system to 
determine treatment for spine 
or long bone metastatic lesions 

Total 350: 
appendicular 
metastases (41); 
axial (222); 
axial and 
appendicular (87) 

Both surgical and 
conservative  
treatment 

Prospective  

Bartels 
2007 

Model for survival prediction 
of patients with spinal mets 

219  Radiotherapy for 
symptomatic SCC 

Retrospective 

OSRI 
2013 

Survival prediction in patients 
with spinal metastasis 

199  Treated with 
surgery +/‐ 
radiotherapy 

Prospective 
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Table 28.  Parameters Included in Scoring Systems for Skeletal and Spinal Metastases 
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Mirels                       

DeWald                       

Harrington                       

Tokuhashi                       

Revised 
Tokuhashi 

                     

Bauer                       

Modified Bauer                       

Sioutos                       

Tomita                       

van der Linder                       

SINS                       

NOMS                       

Katagiri                       

Bartels                       

OSRI                       
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5 METHODOLOGY 

This chapter outlines the Methodology of our study, including cohort selection, data 

preparation, and statistical analysis. 

Following review of the literature, we sought to address two key issues with the 

complexities in treatment decision making for patients with spinal metastases; the 

ability to identify patients at risk of progressing to pathologic fracture or spinal cord 

compression; and the prognostic value of pre-operative scoring systems in predicting 

survival to determine treatment strategy. 

Our review of pre-operative prognostic scoring systems identified that the majority had 

been devised following retrospective studies of patients surgically treated for spinal 

metastases, with cohort numbers less than 100.  Therefore, our consecutive cohort of 

patients treated surgically for spinal metastases, were considered suitable for the 

proposed analysis. 

5.1 COHORT SELECTION 

In this study, we carried out a retrospective review of 72 patients who underwent 

primary surgical intervention for symptomatic metastatic spinal cancer at a single 

institution tertiary referral centre between January 2010 and July 2013. Indications for 

surgery were intractable pain due to pathological fracture or spinal instability, radicular 

pain or neurological deficit due to MESCC or nerve root compression, and a minimum 

estimated survival greater than three months determined by the treating oncology 

team.  

The Austin Hospital Orthopaedic Unit internal audit database (FileMaker) was 

employed to identify patients suitable for inclusion in the analysis, and pre-operative 

clinical and radiologic parameters for each case were extracted from the medical case 

records (InfoMedix Electronic Medical Record; Cerner) and imaging database (AGFA 

Web1000TM imaging system). The details for all patients admitted under, or operated 

on, by the Orthopaedic Unit are routinely entered into the internal audit database, and 

include specifics such as diagnosis (site, side, injury type) and operation details. 

Individual search terms used to identify relevant patients included ‘pathological 

fracture’, ‘metastases’, and ‘spine’, as well as a search by surgeon name.  
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The survival period was calculated from date of operation until date of death or last 

follow-up, obtained from the hospital medical record. Cases of unknown survival were 

clarified via correspondence with the patient’s primary care General Practitioner. 

Inclusion criteria were primary surgical procedure for metastatic spinal disease, and 

completeness of clinical data and imaging necessary to obtain information regarding 

the selected clinical and radiological parameters. There were no further specific 

exclusion criteria. Medical records containing detailed clinical information (including 

diagnosis, histopathology results, documented pre-operative neurological examination, 

functional status, symptomatic pain, narcotic analgesia use) and CT scan and MR 

imaging were available for all 72 patients included in the analysis of risk factors for 

pathological fracture and metastatic epidural spinal cord compression. An additional 

inclusion criterion for the validation of pre-operative prognostic scoring systems was: 

greater than 12-months post-operative follow-up, unless deceased prior. 61 patients 

were subsequently deemed suitable for inclusion in the survival analysis. 

A single vertebral level of tumour involvement was recorded for each patient, and in the 

event of multiple vertebral body metastases the level of most significant disease with 

regards to pathological fracture, vertebral body collapse or spinal cord compression, 

was selected. 

Detailed operation notes were available for each patient via the digital medical record 

to determine, approach (anterior or posterior) and whether or not 

decompression/tumour debulking and/or mechanical stabilisation was performed. 

Review of current literature regarding metastatic cancer to the spine, including current 

scoring systems for survival prognostication and approach to treatment for patients with 

metastatic spine disease5, 7, 11, 17, 18 were used to guide selection of clinical and 

radiological parameters for assessment of association with pathological fracture and 

cord compression Pre-operative clinical and radiologic parameters for each patient 

including lesion site, size, degree of spinal canal encroachment, histopathology results 

and standardised pain and functionality scores were extracted from the digital medical 

record and imaging database and collated for use in both sections of the analysis. 

The methods for the two parts of the study – analysis of risk factors associated with 

pathological fracture and spinal cord compression; and validation of pre-operative 

prognostic scoring systems – are considered separately. 
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5.2 RISK FACTORS FOR PATHOLOGIC FRACTURE AND CORD 

COMPRESSION 

Pathological fracture was defined as cortical disruption, impaction of trabeculae and 

loss of vertebral body height, or vertebral endplate deformity, associated with an area 

of abnormal thinning, expansion or bone destruction.42 

Spinal cord compression was identified from review of T1- and T2 weighted axial and 

sagittal images, and determined to be present where there was effacement of 

cerebrospinal fluid (CSF) around the cord and compression of the spinal cord by 

tumour tissue or bone fragments.55 Figure 1 shows an example of metastatic epidural 

spinal cord compression. 

 

Figure 1.  Metastatic Epidural Spinal Cord Compression. 
Sagittal and axial T2‐weighted MRI images demonstrating a metastatic lesion in the thoracic spine 
causing compression of the spinal cord and effacement of cerebrospinal fluid (CSF); arrow indicating 
interruption to bright white signal of CSF either side of the spinal cord 

 

The 17 radiological and clinical parameters considered in the analysis of risk factors 

associated with pathological fracture and metastatic epidural spinal cord compression 

in patients with spinal metastases can be categorized into the following six categories: 

tumour size, site of metastases, primary tumour type, disease burden, pain and 

functional status, and are detailed below. 



 

87 

5.2.1 RADIOLOGICAL PARAMETERS 

Plain radiographs, computed tomography (CT) scans and magnetic resonance imaging 

(MRI) were used to assess the anatomical level of tumour involvement, size and extent 

of bony involvement calculated as percentage tumour occupancy (%TO) within the 

vertebral body, involvement of individual vertebral components (e.g. pedicle, posterior 

elements, vertebral endplates), lesion morphology (lytic, blastic, mixed), presence or 

absence of pathological fracture, and presence of neural or spinal cord compression. 

Tumour Size 

Figure 2 shows the parameters used to define the tumour size, which was calculated as 

a product of tumour length (TL), width (TW) and height (TH) at maximal cross-sectional 

area of the lesion (tumour volume = TH x TL x TW). Percentage tumour occupancy 

(%TO) was calculated using the formula: (tumour size/vertebral body volume) x100. To 

account for possible collapse in the tumour-involved vertebral body, dimensions were 

estimated as the average of the vertebra at a level above and below that affected e.g. 

estimated vertebral body (VB) width = [VB width above + VB width below]/2. Where 

consecutive vertebral levels were involved by tumour, measurements were taken from 

the closest unaffected vertebral level above and below.  

 

Figure 2.  Tumour Size: Calculation of Percentage Tumour Occupancy 
Sagittal (left) and axial (right) T2‐weighted MR images of breast adenocarcinoma metastasis to 
thoracic spine. Arrows indicate tumour and vertebral body measurements to calculate percentage 
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tumour occupancy (%TO). Tumour height (TH), width (TW), length (TL); Vertebral body height (VH) = 
[anterior (a) + middle (m) + posterior (p) heights]/3; Vertebral body width (VW), length (VL) 

 

Due to the intrinsic variation in vertebral body shape, a result of natural kyphosis and 

lordosis, the vertebral body height was determined by calculation of the average of the 

measurements of anterior, middle and posterior vertebral body heights (Figure 2). The 

unique shape of the atlas and axis (C1 and C2 vertebrae) impedes our ‘standard’ 

vertebral body measurements, and as there was only a single case of C2 involvement 

(without collapse), the C2 vertebral body including dens was measured for calculation 

of percentage tumour occupancy. For the three cases of C3 involvement, C2 

measurements were disregarded and the level below (C4) was used for estimating 

average height and volume. 

Site 

Vertebral level of tumour involvement was detailed according to both anatomical level 

(cervical, thoracic or lumbar spine), and segment mobility of the involved vertebra 

(junctional: occiput-C2, C7-T2, T11-L1, L5-S1; mobile: C3-6, L2-4; and semi-rigid: T3-

10). 

Involvement of individual vertebral components was considered in relation to the 

pedicle, posterior elements, costovertebral joint, superior and inferior vertebral body 

endplates, and 3-column involvement (anterior, middle and posterior columns), as 

shown by the examples in Figure 3. 
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Figure 3.  Site of Tumour Involvement: Individual Vertebral Elements 
Large lytic metastatic lesion of myeloma in the thoracic spine on sagittal and axial cross‐section 
images from CT scan (above) and T2‐weighted MRI (below). Arrows indicate tumour affecting 
posterior half of the vertebral body (VB), posterior elements (PE), pedicle (P) and costovertebral joint 
(CVJ). 

 

Lesion morphology and bone-tumour interaction was determined from appearances on 

MRI and CT scan, and in correlation with tumour histopathology was characterized as 

lytic, blastic or mixed (Figure 4 and Figure 5). 

 

Figure 4.  Blastic Metastatic Lesion 
Typical appearance of blastic metastatic lesions of prostate adenocarcinoma shown on sagittal (A), 
and axial (B) CT images 
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Figure 5.  Lytic Metastatic Lesion 
Typical appearance of lytic metastatic lesion on CT (above) and MRI (below). Note the bony definition 
on the CT and the soft tissue definition on the MRI. 

 

5.2.2 CLINICAL PARAMETERS  

Clinical parameters recorded from the medical case records included primary tumour 

type and growth rate, disease burden as determined by number of vertebral 

metastases, extraspinal bony metastases and visceral metastases, pain and narcotic 

analgesia use and functional status as measured using the Eastern Cooperative 

Oncology Group (ECOG) performance status76 and Karnofsky Performance Status 

(KPS)77 scales. 

Primary Tumour 

Primary tumour type was confirmed from histopathology results of intra-operative tissue 

samples. 
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Primary tumour growth rate was categorized in accordance with that defined by Tomita 

et al. for their scoring system of surgical strategy for spinal metastases: slow growth 

(breast, prostate, thyroid, multiple myeloma, lymphoma), moderate growth (bladder, 

kidney, uterus, sarcoma, other carcinoma), and rapid growth (lung, stomach 

oesophageal, colon, liver, melanoma, primary unknown).17 

Metastatic Disease Burden 

Disease burden was assessed by means of three measures to ascertain the extent of 

metastatic spread: number of vertebral metastases (1, 2, 3, or >3), presence of 

extraspinal bony metastases, and presence of visceral metastases to major internal 

organs (lung, liver, kidney, brain). Sites of metastatic disease were identified from 

review of the patient’s pre-operative imaging, typically combined chest, abdominal and 

pelvis CT scans. In addition bone scintigraphy scans for full body evaluation of bony 

metastatic disease were available for the majority of patients. The extent and location 

of metastatic disease identified on pre-operative imaging was correlated with detailed 

clinical notes and imaging reports contained within the medical record, particularly 

relevant in the case of visceral metastases. 

Pain 

Pain was assessed as both the presence of pain and narcotic analgesia use, the 

details of which were identified from clinical assessment, medication chart, and 

pharmacy documentation within the medical record. The presence of pain was 

determined to be that at the time of hospital admission or referral to the Orthopaedic 

Unit, as documented by the admitting medical officer or referring clinician. No universal 

pain scale was documented in the notes to allow for further detail of pain scores to be 

recorded or used in our analysis. Narcotic analgesia use was assessed as that in the 

weeks preceding hospital admission, rather than immediately prior to operation during 

inpatient admission, as this was considered to be more representative of the prodromal 

clinical situation. The pharmacy ‘medication reconciliation’ forms which detail 

medication usage pre-hospitalisation, during admission, and planned discharge 

medications, were particularly useful for this assessment. 

Functional Status 

Functional status was measured by way of ECOG performance score76 and Karnofsky 

Performance Status score,77 two commonly used scores for the functional assessment 
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of oncology patients. . ECOG and/or KPS scores were typically documented by the 

treating Oncology team or allied health clinician, such as an Occupational Therapist. 

Where scores were not already documented, these were determined from detail 

regarding daily functioning and physical capacity as document in the in-patient 

admission notes, and/or recent Outpatient clinic review or other such correspondence. 

As with narcotic analgesia use, functional status was assessed as that during the 

weeks prior to hospital admission, rather than in the immediate pre-operative period 

where they would most likely be confined to a hospital bed, with assistance for 

activities of daily living (ADLs). 

5.3 SCORING SYSTEMS FOR ANALYSIS 

Of the pre-operative scoring systems discussed in the literature review, seven were 

applied to our patient cohort for retrospective scoring and evaluation: Tokuhashi23, 

revised Tokuhashi7, Bauer5, modified Bauer6, Sioutos11, Tomita17, and van der 

Linden.18  

In a retrospective manner pre-operative scores for each patient for each of the scoring 

systems were calculated. Predicted prognosis and recommended treatment strategy 

according to calculated preoperative score of each scoring system was then recorded 

for each patient. The prognostic value of each scoring system was evaluated by way of 

agreement between predicted and actual survival, as detailed later in this chapter. 

Survival analysis was performed for all seven scoring systems; the original Tokuhashi23 

and Bauer5 scores were primarily included for comparison with their respective revised 

versions. Where estimated survival for the prognostic groups was not already specified 

by the original authors’ of the scoring system, prognosis was determined from the 

reported survival rates of the cohort evaluated within the original presenting article. In 

concordance with prognostic groups outlined by systems such as Revised Tokuhashi7 

and Tomita17, the survival groups were most appropriately allocated in 6-monthly 

intervals, that is, less than 6 months, greater 6 months and greater than 12 months, 

from least favourable to most favourable prognosis. For predicted longer-term 

survivors, the Tomita scoring system includes a fourth prognostic group, for which their 

study results suggest survival of greater than 18 months.17 

Details of survival prognosis and recommended treatment strategy for each of the 

scoring systems have been discussed in the literature review in Chapter 4 and are 

summarised in Table A 1 (in the Appendix). 
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5.4 STATISTICAL ANALYSIS 

The data were compiled and stored in an Excel database (Microsoft corp, Redmond, 

WA, USA) and analysed using IBM SPSS Statistics Standard Version 21.0 and Stata 

Version 12 IC software. 

5.4.1 EVALUATION OF RISK FACTORS FOR PATHOLOGIC FRACTURE AND 

CORD COMPRESSION 

Descriptive statistics were performed to obtain frequency counts and percentages for 

the individual clinical and radiological parameters of the evaluation of risk factors for 

pathologic fracture and cord compression. 

The cross-tabulation technique was employed, and Pearson chi-square and Fisher’s 

exact tests were used to examine the relationship and determine association between 

the selected variable (clinical or radiological parameter), and outcome (pathological 

fracture or cord compression). Fisher’s exact test was used where small sample sizes 

occurred in any of the cells of a 2x2 data table. P-value of < 0.05 was considered 

statistically significant. 

Relative risk (RR) and odds ratios (OR) were calculated where possible (that is, sample 

size greater than zero in all four cells of a 2x2 data table) and are presented for the 

findings of statistical significance.  

5.4.2 VALIDATION OF SCORING SYSTEMS 

Descriptive statistics were performed to obtain frequency counts and percentages for 

the individual clinical and radiological parameters, survival time period, and actual 

surgical treatment for each patient. 

5.4.3 SURVIVAL ANALYSIS 

The survival analysis is comprised of three components: 

1) survival predictive accuracy, 

2) rate of agreement, and 

3) survival distribution. 
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Survival predictive accuracy was calculated by comparison of predicted prognosis 

according to the scoring system – most commonly categorised as less than 6 months, 

greater than 6 months or greater than 12 months – with actual survival period after 

treatment, and reported as percentage correct.  

Crosstabs analysis and calculation of weighted Cohen’s kappa was used to measure 

rate of agreement between predicted and actual survival for each scoring system. The 

value of kappa and strength of agreement can be interpreted as follows: less than 0.21, 

poor agreement; 0.21-0.4, fair agreement; 0.41-0.6, moderate agreement; 0.61-0.8, 

good agreement; 0.81-1.0, very good agreement. 

The kappa statistic measures agreement between two or more observers or 

observations, taking into account the fact that agreement or disagreement will 

sometimes occur simply by chance. A kappa of 0 indicates agreement equivalent to 

chance, whereas a kappa of 1 indicates perfect agreement. A negative kappa value 

does not occur often, and is interpreted to imply that there is no effective agreement 

between the two observers or observations. The use of weighted kappa is preferable in 

the case of ordinal categories, such as the progressively ordered prognostic groups of 

our analysis. The weighted kappa assigns less weight to agreement where categories 

are further apart, for example, the difference between survival prognosis of less than 6 

months and greater than 6 months is not as considerable as that between prognosis 

less than 6 months and greater than 1 year. 

Lin’s concordance correlation coefficient (rho-c) is an additional measure of agreement 

and was calculated to verify the results of the weighted Cohen’s kappa. 

The Kaplan-Meier method is used to estimate event-time distributions, and survival 

curves were generated for each scoring system to determine survival characteristics, 

including median survival and interquartile ranges for the prognostic groups of each 

scoring system. Median rather than mean survival figures are reported as they are 

more appropriate to our data set due to large variance in survival times. 

Log-rank test was used to compare survival times and determine significance between 

prognostic groups within each scoring system, the results of which were verified with 

the Generalised Wilcoxon test. P-value of <0.05 was considered statistically significant. 
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6 RESULTS 

6.1 PATIENT CHARACTERISTICS 

The cohort characteristics are listed in Table 29. There were 58 male and 14 female 

patients. 56 patients had pathological fracture and 50 patients had MESCC. The 

average age at operation was 62.4 years (range 25-86). There were 42 deaths, with a 

median survival of 102 days (range 10-574). Of the remaining 30 patients alive at last 

follow-up, median time to last follow-up was 450 days (range 43-1233). The 

commonest primary cancer was lung (12), followed by prostate (10), myeloma (10) and 

breast (9) cancers (Table 29). Together, these comprised 57% of all cases. The 

remaining primary tumour types were: melanoma (6), renal (5), colorectal (4), bladder 

(3), unknown primary (3), lymphoma (2), HCC (2), cholangiocarcinoma (1), clival 

chordoma (1), haemangioma (1), neuroendocrine (1), oesophageal (1), thyroid (1). 

Table 29.  Cohort Characteristics 

CLINICAL CHARACTERISTICS  NO. CASES  % 

Primary tumour  Lung  12  (17) 

Myeloma  10  (14) 

Prostate  10  (14) 

Breast  9  (12) 

Melanoma  6  (8) 

Renal  5  (7) 

Colorectal  4  (6) 

Bladder  3  (4) 

Unknown primary  3  (4) 

Lymphoma  2  (3) 

Hepatocellular  2  (3) 

Other*  6  (8) 

Vertebral level of 
metastasis 

Cervical  9  (13) 

Thoracic  47  (65) 

Lumbar   16  (22) 

Tumour effect  Pathological fracture  56  (78) 

Cord compression  50  (69) 

Neural compression  50  (69) 

Neurologic deficit  30  (42) 

   * cholangiocarcinoma, clival chordoma, haemangioma, neuroendocrine, oesophageal, thyroid 
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The site of the symptomatic metastasis requiring surgery was most commonly in the 

thoracic spine (65% of patients), followed by the lumbar (22%) and cervical (13%) 

spines. 

All patients underwent spinal decompression and/or instrumented stabilization surgery, 

as shown in Table 30. 

Table 30.  Type of Surgery Performed According to Location  

TYPE OF SURGERY  

VERTEBRAL REGION OF SPINAL METASTASIS 

NUMBER OF CASES (%) 

CERVICAL  THORACIC  LUMBAR 

Anterior corpectomy & stabilization  7 (10)  3 (4)  ‐ 

Posterior decompression alone  ‐  2 (2.5)  ‐ 

Posterior stabilization alone  1 (1.5)  3 (4)  3 (4) 

Posterior decompression & stabilization  ‐  39 (54)  12 (17) 

Anterior & posterior decompression & 
stabilization 

1 (1.5)  1 (1.5)  ‐ 

 

The results in the following section are presented in two parts: 

Part 1: The investigation of clinical and radiological parameters associated with 

pathological fracture and metastatic epidural spinal cord compression: 

 Size: percentage tumour occupancy of the vertebral body: < 25%, 25-50%, 

> 50% 

 Site: anatomical (cervical, thoracic, lumbar); segment mobility (junctional, 

mobile, semi-rigid); vertebral involvement (pedicle, posterior elements, 

costovertebral joint, vertebral endplates, 3-column) 

 Primary tumour: lesion morphology (lytic, blastic mixed); growth rate (slow, 

moderate, rapid) 

 Disease Burden: number of vertebral metastases; presence of extraspinal 

metastases and visceral metastases 

 Pain: presence of; narcotic analgesia use 

 Functional Status: Karnofsky Performance Status; ECOG performance score 

Part 2:  Validation of seven pre-operative prognostic scoring systems for treatment of 

patients with spinal metastases was by of assessment of: 

 Survival predictive accuracy: predicted and actual survival 
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 Rate of agreement: predicted and actual survival 

 Kaplan-Meier survival curves: comparison of survival distribution between 

prognostic groups within each scoring system; actual survival characteristics of 

prognostic groups 

6.2 RISK FACTORS FOR PATHOLOGIC FRACTURE AND CORD 

COMPRESSION 

Seventy two patients were included in the analysis of parameters for association with 

pathologic fracture and cord compression. Results of association between clinical and 

radiological parameters and pathological fracture and MESCC are presented in Table 

32. 

6.2.1 SIZE 

The size of the tumour was calculated as percentage tumour occupancy (%TO) within 

the vertebral body, and categorised as: <25%, 25-50%, and >50% tumour occupancy. 

Incidence of pathological fracture increased with increasing vertebral body tumour 

occupancy; 52% of patients with <25% tumour occupancy (TO), 87% of those with 25-

49% TO, and 91% of those with >50% TO had pathological fracture. A chi square test 

was performed, and there was a statistically significant association between 

percentage of tumour occupancy and pathological fracture (p = 0.004).  Due to 

limitations in sample size, further analysis by pairwise comparison to determine 

statistical differences between each %TO category and association with pathological 

fracture was unable to be performed. No association was found between percentage 

tumour occupancy and MESCC (p = 0.60).  

6.2.2 SITE 

Vertebral Level 

The site of involvement within the vertebral column was considered according to both 

anatomical level (cervical, thoracic, lumbar), and segment mobility (junctional, mobile, 

semi-rigid). No association was found between vertebral (anatomical) level of 

involvement and pathologic fracture (p = 0.56), or MESCC (p = 0.60). No association 
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was also found between vertebral segment mobility and pathologic fracture (p = 0.85), 

or MESCC (p = 0.30). 

Vertebral Involvement 

At the individual vertebral level, the location of tumour involvement was considered with 

respect to specific components of the vertebra: pedicle, posterior elements (transverse 

process, lamina or spinous process), costovertebral joint (thoracic spine only), endplate 

(superior or inferior), and column (anterior, middle, posterior) involvement. There was a 

statistically significant association between vertebral endplate involvement and 

pathological fracture (p = 0.001, RR 2.85, OR 13.76), and 3-column involvement (vs. 2 

or less columns) and pathological fracture (p < 0.001, RR = 4.39, OR 10.71). 

Furthermore, there was a statistically significant association between posterior element 

involvement and MESCC (p = 0.02, RR = 1.51, OR 3.42), and costovertebral joint 

involvement in the thoracic spine and MESCC (p = 0.01). 

No association was found between pedicle involvement and pathologic fracture (p = 

0.64), and results were suggestive only of a relationship between pedicle involvement 

and cord compression (p = 0.08). No association was found between posterior element 

involvement (p = 0.28), or costovertebral joint involvement and pathologic fracture (p = 

0.46). No association was found between endplate involvement and cord compression 

(p = 0.64), or 3-column involvement and cord compression (p = 0.25). 

6.2.3 PRIMARY TUMOUR 

Metastatic Cancer Lesion Morphology 

The metastatic cancer lesion morphology was determined by the appearance of the 

tumour interaction with bone on CT scan and MRI and categorized as lytic, blastic, or 

mixed. No association was found between lesion morphology and pathological fracture 

(p = 0.29), or MESCC (p = 0.74). 

Primary Cancer Growth Rate 

The growth rate and aggressiveness of the cancer was categorized as slow, moderate 

or rapid according to primary cancer histology. There was a statistically significant 

association between tumour growth rate and pathologic fracture (p = 0.02). No 

association was found between tumour growth rate and MESCC alone (p = 0.74). 
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However, there was a statistically significant association between primary cancer 

growth rate and presence of cord or neural compression (p = 0.02). 

6.2.4 DISEASE BURDEN 

The parameters for assessment of disease burden were presence of visceral 

metastases, presence of extraspinal bony metastases, and number of vertebral 

metastases (1, 2, 3, or >3). There was a statistically significant association between 

number of vertebral metastases and pathological fracture (p = 0.02), and near 

statistically significant association between presence of extraspinal bony metastases 

and pathological fracture (p = 0.052, RR 1.29, OR 3). There was no association 

between presence of visceral metastases and pathologic fracture (p = 0.59), however, 

there was a statistically significant association between presence of visceral 

metastases and MESCC (p = 0.002, RR 1.7, OR 5.67). No association was found 

between presence of extraspinal metastases, or number of vertebral metastases, and 

MESCC (p = 0.11; p = 0.27) 

6.2.5 PAIN 

There was a statistically significant association between the presence of pain and 

pathological fracture (p = 0.02, RR 2.46, OR 9), but not for narcotic analgesia usage 

and pathological fracture (p = 0.16). No association was found between the presence 

of pain or narcotic analgesia usage and MESCC (p = 0.26; p = 0.59) 

6.2.6 FUNCTIONAL STATUS 

ECOG score and Karnofsky Performance Status scale assess general well-being and 

activities of daily life, are widely utilized by healthcare professionals in determining 

prognosis and appropriate treatment for cancer patients and have been categorised 

into three major functional groups: good (ECOG 0; KPS 80-100), moderate (ECOG 1-2; 

KPS 50-70), and poor (ECOG 3-4; KPS 10-40). No association was found between any 

of these functional groups and pathological fracture or MESCC. 

6.2.7 RISK FACTORS FOR PATHOLOGICAL FRACTURE 

The most significant parameters associated with increased incidence of pathological 

fracture were classified into three risk factors; 
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1) pain 

2) >25%TO within the vertebral body, and 

3) endplate or 3-column vertebral involvement. 

All patients with pathological fracture had at least one of these risk factors. Incidence of 

pathological fracture increased with higher number of risk factors; 37.5% of patients 

with one risk factor had pathological fracture, 62.5% of patients with two risk factors 

had pathological fracture, and 89.6% of patients with all three risk factors had 

pathological fracture (Table 31). 

Table 31.  Three Risk Factors for Pathological Fracture 

Number of  
risk factors* 

No. of patients WITH pathological 
fracture (% incidence) 

No. of patients WITHOUT 
pathological fracture (% incidence) 

3  43 (89.6%)  5 (10.4) 

2  10 (62.5)  6 (37.5) 

1  3 (37.5)  5 (62.5) 

0  0 (0 )  0 (0) 

*Risk factors were: (i) pain, (ii) > 25% tumour occupancy within the vertebral body,  
and (iii) endplate or 3‐column vertebral involvement 

 

6.2.8 SUMMARY OF FINDINGS 

The parameters identified to be of statistically significant association with pathological 

fracture are: 

 Size, as a percentage tumour occupancy of the vertebral body (p = 0.004) 
 Site: 3-column involvement (p < 0.001); vertebral endplate involvement (p = 

0.001) 
 Primary Tumour: growth rate (p = 0.02) 
 Disease burden: number of vertebral metastases (p = 0.02) 
 Pain, presence of (p = 0.02) 

The parameters identified to be of statistically significant association with metastatic 

epidural spinal cord compression are: 

 Site: posterior element involvement (p = 0.02), costovertebral joint involvement 
(p = 0.01) 

 Disease burden: presence of visceral metastases (p = 0.002) 
 Primary tumour growth rate was found to be associated with the presence of 

spinal cord or nerve root compression (p = 0.02), but not with MESCC alone. 
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Table 32.  Association between Clinical & Radiological Parameters and Pathological Fracture or MESCC 

CATEGORY  VARIABLE  NO. 
CASES 

PATHOLOGICAL FRACTURE  MESCC 

No. cases 

(% incidence) 

Statistical 
signficance 

No. cases 

(% incidence) 

Statistical 
significance 

Size  % tumour occupancy 
within vertebral body 

 <25 

 25‐50 

 >50 

 

 

21 

30 

21 

 

 

11 (52) 

26 (87) 

19 (91) 

 

p = 0.004 

 

 

 

16 (76) 

19 (63) 

15 (71) 

p = 0.60 

Vertebral 
level 

Anatomical level 

 Cervical 

 Thoracic 

 Lumbar 

 

9 

47 

16 

 

7 (78) 

35 (74) 

14 (88) 

p = 0.56 

 

5 (56) 

34 (72) 

11 (69) 

p = 0.60 

Mobility of spinal 
segment 

 Junctional 

 Mobile 

 Semi‐rigid 

 

 

21 

15 

36 

 

 

17 (81) 

12 (80) 

27 (75) 

p = 0.85 

 

 

16 (76) 

8 (53) 

26 (72) 

p = 0.30 

Vertebral 
involvement  3‐column involvement  57  50 (88) 

p < 0.001 

RR 4.39 

OR 10.71 

38 (67)  p = 0.25 

Pedicle  68  53 (78)  p = 0.64  49 (72)  p = 0.08 

Posterior element  47  38 (81)  p = 0.28  37 (79) 

p = 0.02 

RR 1.51 

OR 3.42 

Costovertebral joint   42  32 (76)  p = 0.46  34 (81)  p = 0.01 

Endplate  62  53 (85) 

p = 0.001 

RR 2.85 

OR 13.76 

43 (69)  p = 0.64 

Tumour  Lesion morphology 

 Lytic 

 Blastic 

 Mixed 

 

50 

6 

16 

 

39 (78) 

6 (100) 

11 (69) 

p = 0.29 

 

34 (68) 

5 (83) 

11 (69) 

p = 0.74 

Growth rate  

 Slow 

 Moderate 

 Rapid 

 

32 

11 

29 

 

28 (88) 

5 (45) 

23 (79) 

p = 0.02 

 

22 (69) 

10 (90) 

18 (62) 

Cord or 
neural 

compression

p = 0.02 

Disease 
burden 

No. of vertebral 
metastases 

 1 

 2 

 3 

 >3 

 

 

19 

14 

4 

35 

 

 

14 (74) 

7 (50) 

4 (100) 

31 (89) 

p = 0.02 

 

 

11 (59) 

9 (64) 

2 (50) 

28 (80) 

p = 0.27 

Extraspinal bone 
metastases 

42  36 (86)  p = 0.052  32 (76)  p = 0.11 

Visceral metastases  40  31 (78)  p = 0.59  34 (85) 

p = 0.002 

RR 1.7 

OR 5.67 
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CATEGORY  VARIABLE  NO. 
CASES 

PATHOLOGICAL FRACTURE  MESCC 

No. cases 

(% incidence) 

Statistical 
signficance 

No. cases 

(% incidence) 

Statistical 
significance 

Pain 

Pain (present)  66  54 (82) 

p = 0.02 

RR 2.46 

OR 9 

47 (71)  p = 0.26 

Narcotic analgesia use  46  38 (83)  p = 0.16  32 (70)  p = 0.59 

Functional 
score 

ECOG Performance 
Status 

 Good (0) 

 Moderate (1‐2) 

 Poor (3‐4) 

 

10 

51 

11 

 

7 (70) 

39 (77) 

10 (91) 

p = 0.78 

 

6 (60) 

35 (69) 

9 (82) 

p = 0.76 

Karnofsky 
Performance Status 

 Good (80‐100) 

 Moderate (50‐70) 

 Poor (10‐40) 

 

 

31 

39 

2 

 

 

24 (77) 

30 (77) 

2 (100) 

p = 0.74 

 

 

20  (65) 

29 (74) 

1 (50) 

p = 0.56 

 

6.3 VALIDATION OF PRE‐OPERATIVE PROGNOSTIC SCORING 

SYSTEMS 

6.3.1 PATIENT CHARACTERISTICS 

Sixty one patients (52 male, 9 female) with at least 12 months post-operative follow-up, 

unless deceased prior, were included in survival analysis. Median survival of the 61 

patients was 190 days (range 10-1233). Average age at operation was 62.4 years 

(range 25-85). 

Forty two patients were deceased, for whom median survival was 102 days (range 10-

574).  

For the 19 patients alive at last follow-up, median follow-up time was 707 days, (range 

366-1233). 

The following sections present the analysis of the prognostic scoring systems. 

6.3.2 SURVIVAL PREDICTIVE ACCURACY 

Table 33 shows that the Revised Tokuhashi and Modified Bauer scoring systems had 

the greatest survival predictive accuracy between predicted prognosis and actual post-
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operative survival (72% and 69% respectively), and both performed better than their 

‘original’ versions; 59% and 72% survival predictive accuracy for the Original and 

Revised Tokuhashi scoring systems respectively, and 62% and 69% survival predictive 

accuracy for the Bauer and Modified Bauer scoring systems respectively.  

The Tomita scoring system was the worst performed with only 51% correct survival 

prediction. 

Table 33.  Survival Predictive Accuracy for Each Scoring Systems 

SCORING SYSTEM  SURVIVAL PREDICTIVE ACCURACY 
(I.e. actual survival = predicted) 

(N =  61) 

% CORRECT 

Original Tokuhashi  36  59 

Revised Tokuhashi  44  72 

Bauer  38  62 

Modified Bauer  42  69 

Sioutos  37  61 

Tomita  30  51 

van der Linden  36  59 

 

6.3.3 RATE OF AGREEMENT 

Table 34 shows the rate of agreement between predicted and actual survival for each 

scoring system calculated using weighted Cohen’s Kappa and verified with Lin’s 

concordance correlation coefficient. 

The modified Bauer score had the highest rate of agreement for survival prognosis with 

a weighted Cohen’s kappa score of 0.50 (95% CI: [0.28 - 0.70]) indicating moderate 

agreement. The Revised Tokuhashi, Bauer, and Tomita scoring systems were also 

found to have moderate rate of agreement between predicted and actual survival, 

weighted Cohen’s kappa scores of 0.41, 0.41, and 0.43 respectively. 

In keeping with results of survival predictive accuracy, both the Revised Tokuhashi and 

Modified Bauer scores had a greater rate of agreement than their original versions; 

weighted Cohen’s kappa scores of 0.39 and 0.41 for the original and revised Tokuhashi 

scoring systems respectively, and 0.41 and 0.50 for the Bauer and modified Bauer 

scoring systems respectively. The van der Linden scoring system was the worst 

performed, with only ‘slight’ rate of agreement (weighted Cohen’s kappa = 0.17) 

between predicted and actual survival. 
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Table 34.  Rate of Agreement between Predicted and Actual Survival for Each Scoring System 
calculated using weighted Cohen’s Kappa and verified with Lin’s concordance correlation coefficient 

SCORING SYSTEM  WEIGHTED 
COHEN’S 
KAPPA 

95% CI  INTERPRETATION 
OF AGREEMENT#

 
LIN’S CONCORDANCE 

CORRELATION 
COEFFICIENT 
(RHO‐C) 

95% CI 

Original 
Tokuhashi 

0.39  0.21 ‐ 0.56  Fair  0.39  0.19 – 0.59 

Revised 
Tokuhashi 

0.41  0.24 ‐ 0.62  Moderate  0.41  0.22 – 0.60 

Bauer  0.41  0.23 ‐ 0.58  Moderate  0.41  0.22 – 0.61 

Modified Bauer  0.50  0.28 ‐ 0.70  Moderate  0.50  0.31 – 0.69 

Sioutos  0.26  0.03 ‐ 0.45  Fair  0.26  0.04 – 0.48 

Tomita  0.43  0.23 ‐ 0.63  Moderate  0.43  0.22 – 0.62 

van der Linden  0.17  0.02 ‐ 0.36  Slight  0.17  0.02 – 0.33 

#Interpretation of Kappa: A kappa of 1 indicates perfect agreement, whereas a kappa of 0 indicates agreement equivalent to 
chance. 
< 0                Less than chance agreement 
0.01–0.20   Slight agreement 
0.21– 0.40   Fair agreement 
0.41–0.60   Moderate agreement 
0.61–0.80   Substantial agreement 
0.81–0.99   Almost perfect agreement 

 

6.3.4 KAPLAN‐MEIER SURVIVAL CURVES 

Kaplan-Meier survival curves () were generated for each scoring system to compare 

actual survival outcomes of the prognostic groups. Survival characteristics were 

determined for the prognostic groups of each scoring system – the actual median 

survival was compared with that predicted. 

Survival Distribution (Log‐rank test) 

The results of the log rank test to assess for statistical significance between the life 

expectancy of the prognostic groups within each scoring system are presented in Table 

35. Log rank test demonstrated statistically significant difference between survival of 

the prognostic groups for all but the van der Linden scoring system: Tokuhashi p = 

0.01, Revised Tokuhashi p = 0.000, Bauer p = 0.000, Modified Bauer p = 0.000, 

Sioutos p = 0.009, Tomita p = 0.000, van der Linden p = 0.22. Survival distribution 

between prognostic groups was most significant for the Revised Tokuhashi, Bauer, 

Modified Bauer and Tomita scoring systems (p = <0.001). 
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A) Tokuhashi (original)  B) Revised Tokuhashi 

C) Bauer  D) Modified Bauer 

E) Sioutos  F) Tomita 

G) van der Linden 

Figure 6.  Kaplan‐Meier Survival Curves for the 
Prognostic Groups of Seven Scoring Systems  
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The results of the log rank test to compare survival distribution between prognostic 

groups were verified using the Generalised Wilcoxon test, the results of which are 

presented in Table 35, and confirm the findings of statistical significance stated above. 

Table 35.  Results of Log Rank and Generalised Wilcoxon tests 
to compare survival distribution of the prognostic groups for each scoring system. 

SCORING SYSTEM 

LOG RANK 
(MANTEL COX) 

GENERALISED WILCOXON 
(BRESLOW) 

Chi square  df  p  Chi square  df  p 

Tokuhashi  9.24  2  0.010  10.53  2  0.005 

Revised Tokuhashi  17.84  2  0.000  15.47  2  0.000 

Bauer  17.84  2  0.000  15.47  2  0.000 

Modified Bauer  27.3  2  0.000  22.63  2  0.000 

Sioutos  9.33  2  0.009  8.98  2  0.011 

Tomita  22.23  3  0.000  16.59  3  0.001 

van der Linden  3.06  2  0.217  4.27  2  0.118 

  df = degrees of freedom; p < 0.05 considered statistically significant 

 

Survival Characteristics 

Table 36 details the survival characteristics for each scoring system, generated from the 

Kaplan-Meier survival curves. 

Median survival for the poorest prognostic groups of all scoring systems was less than 

6 months, and is in agreement with that predicted: Tokuhashi, 61 days; Revised 

Tokuhashi, 81 days; Bauer, 58 days; Modified Bauer, 58 days; Sioutos, 58 days; 

Tomita, 61 days; van der Linden, 149 days. 

Median survival for the moderate prognostic group of all except the Modified Bauer and 

Tomita scoring systems was consistent with predicted prognosis of greater than 6 

months: Tokuhashi, 180 days; Revised Tokuhashi, 420 days; Bauer, 181 days; 

Modified Bauer, 146 days; Sioutos, 204 days; Tomita, 102 days; van der Linden, 397 

days. 

Median survival of the most favourable prognostic group for the Original Tokuhashi and 

Sioutos scoring systems was 574 days, and is consistent with predicted prognosis of 

greater than 1 year. Survival figures for the best prognostic groups of the remaining five 

scoring systems were not able to be determined as calculation of median survival time 

requires over 50% of subjects in the group to be deceased. 
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Table 36.  Survival Characteristics of the Prognostic Groups for Each Scoring System 
(patient cohort retrospectively scored for each scoring system and allocated to prognostic 
group accordingly) 

SCORING 
SYSTEM 
(Prognostic 
group, 
months) 

N
 (
P
A
TI
EN

TS
) 

M
EA

N
 S
U
R
V
IV
A
L 

(D
A
Y
S)
 

9
5
%
C
I 

M
IN
IM

U
M
 

SU
R
V
IV
A
L 

2
5
TH
 P
ER

C
EN

TI
LE
 

M
ED

IA
N
 S
U
R
V
IV
A
L 

(D
A
Y
S)
 

7
5
TH
 P
ER

C
EN

TI
LE
 

M
A
X
IM

U
M
 

Original Tokuhashi 

<3  12  186  10‐361  10  18  61  197  1185 

<12  37  480  311‐649  18  56  180  ‐  1233 

>12  12  626  426‐825  114  321  574  ‐  975 

Revised Tokuhashi 

<6  33  254  120‐388  10  37  81  197  1185 

>6  20  667  442‐893  37  170  420  ‐  1233 

>12  8  699  452‐947  114  325  ‐  ‐  975 

Bauer 

<6  20  164  72‐256  10  37  58  197  898 

>6  33  501  324‐678  18  99  181  ‐  1233 

>12  8  894  745‐
1043 

325    ‐  ‐  975 

Modified Bauer 

<6  24  150  71‐228  10  37  58  190  898 

>6  16  357  155‐558  37  99  146  397  1203 

>12  21  928  720‐
1135 

23  574  ‐  ‐  1233 

Sioutos 

<6  13  165  36‐294  10  46  58  181  898 

>6  36  500  330‐670  17  61  204  ‐  1233 

>12  12  586  356‐816  23  99  574  ‐  975 

Tomita 

<6  16  131  69‐193  17  37  61  190  464 

>6  16  292  136‐448  10  46  102  421  898 

>12  2  105  2‐207  52  52  52  157  157 

>18  27  793  592‐994  23  170  ‐  ‐  1233 

VDL 

<6  46  ‐  ‐  10  52  149  ‐  1233 

>6  13  ‐  ‐  46  170  397  ‐  1203 

>12  2  ‐  ‐  381  ‐  ‐  ‐  734 

NB. Some figures unable to be calculated due to inadequate case numbers, as > 50% of subjects in the group need to experience 
the ‘event’ (i.e. death ). 
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Of note, is that the median survival for the Tomita prognostic group ‘greater than 12 

months’ was calculated to be 52 days, which is significantly less than predicted. These 

results however are skewed by the fact that only 2 patients were allocated to this group 

(according to prognostic score), and this result was therefore disregarded from analysis 

or further discussion. 

6.3.5 SUMMARY OF FINDINGS 

The results of the survival analysis to assess the survival predictive accuracy of pre-

operative prognostic scoring systems can be summarised as follows: 

Survival Predictive Accuracy: 

 The Revised Tokuhashi and Modified Bauer scoring systems had the greatest 

survival predictive accuracy between predicted prognosis and actual post-operative 

survival (72% and 69% respectively), and both performed better than their ‘original’ 

versions 

Rate of Agreement: 

 The modified Bauer score had the highest rate of agreement for survival prognosis 

(weighted Cohen’s kappa score = 0.50, moderate agreement) 

 The Revised Tokuhashi, Bauer, and Tomita scoring systems were also found to 

have moderate rate of agreement between predicted and actual survival 

Survival Distribution: 

 Log rank test demonstrated statistically significant difference between survival of 

the prognostic groups for all but the van der Linden scoring system 

 Survival distribution between prognostic groups was most significant for the 

Revised Tokuhashi, Bauer, Modified Bauer and Tomita scoring systems (p = 

<0.001) 

 Median survival for the poorest prognostic groups of all scoring systems was less 

than 6 months, and is in agreement with that predicted 

 Median survival for the moderate prognostic group of all except the Modified Bauer 

and Tomita scoring systems was consistent with predicted prognosis of greater 

than 6 months 
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 Median survival of the most favourable prognostic group for the Original Tokuhashi 

and Sioutos scoring systems was consistent with predicted prognosis of greater 

than 1 year. 
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7 DISCUSSION 

Advances in the diagnosis and management of primary and secondary cancers have 

resulted in longer life expectancies for patients with metastatic disease, with surgical 

treatment goals shifting towards prevention of skeletal and/or neurological 

complications and improved symptom palliation by way of restoring structural integrity 

to tumour-weakened bone and decompressing neural structures involved by cancer, 

thus optimising and maintaining quality of remaining life.2, 9, 19, 63   

Patients with metastatic spine disease typically have a limited life expectancy of 1-2 

years, and difficulty remains in determining those patients who will benefit from surgery 

in terms of both quality of life and survival time period.  

For long bone skeletal metastases, Mirels developed a scoring system to quantify risk 

of pathological fracture, based on a retrospective study of 78 irradiated metastatic bone 

lesions and comprising four characteristics; (i) location of lesion, (ii) degree of pain 

caused by the lesion, (iii) type of lesion (lytic, blastic or mixed) and (iv) size of the 

lesion as quantified by the degree of bony cortical destruction.20 This and other similar 

classification systems are used to recommend prophylactic stabilization of impending 

fractures of long bone metastases.82-84  

Despite ongoing improvement and development in non-surgical treatment of spinal 

metastases, surgery remains the only method for mechanical stabilization and 

immediate spinal cord decompression. In carefully selected patients surgery leads to 

improved clinical outcomes in the domains of pain, neurological dysfunction, daily 

functional capacity and overall quality of life, and may be superior to radiotherapy 

alone.3, 4, 8, 57 Survival prognosis is one of the key factors in selecting patients for 

surgery, such that more extensive metastases warrant surgery if prolonged survival is 

anticipated, however difficulty remains in determining not only those patients who will 

benefit from surgery but also the magnitude of surgery to be performed, with regard to 

both quality of life and survival time period.8 A number of scoring systems aimed at 

prognostication and treatment decision making for patients with spinal metastasis are 

presented in the literature, however amongst them are differences in the clinical and 

radiological parameters assessed, weighted scoring of variables, and prognostication 

and proposed treatment strategies. In addition, there are few validation or comparison 

studies of the prognostic scoring systems presented in the literature. 
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Surgery is intuitively quicker, technically easier and associated with less morbidity if 

performed prior to major fracture displacement. Stabilizing pathologically weakened 

bone and impending fracture may also prevent the extreme pain and limitations to 

ambulatory ability that occur after axial spine fracture. Identification of appropriate 

surgical candidates who are likely to benefit from either prophylactic or symptomatic 

treatment requires an understanding of the physiological effects of tumour metastases 

within the spine, specifically the fracture risk of tumour-involved vertebrae and potential 

for development of neural or spinal cord compression. 

The Spinal Instability Neoplastic Score (SINS) is unique in that it classifies patients for 

surgical consideration based on spinal instability rather than survival prognostication. 

The SINS was developed using an evidence-based and ‘expert consensus’ approach 

and aims to predict stability of spinal lesions to determine potential surgical 

candidates.13 In the setting of proposing an instability score, Fisher et al. comment on 

the need to consider potentially unstable lesions in context with other factors such as 

tumour type and prognosis, again highlighting the complexity in surgical planning for 

patients with spinal metastases.13 

Spinal cord compression and pathologic fracture are major factors in the morbidity of 

metastatic disease, and early recognition and treatment of instability and spinal cord 

compromise before onset of progressive deformity and neurologic sequelae is 

important in order to improve survival time and quality of life of cancer patients.12-15 In 

spite of this, no universally accepted guidelines exist for the management of metastatic 

cancer affecting the spine. 

7.1 PREDICTING RISK OF PATHOLOGICAL FRACTURE AND 

SPINAL CORD COMPRESSION 

While much work has been done on survival prognostication as a means for 

determining treatment, the significance and prediction of factors such as fracture and 

cord compression, in particular with regard to clinical decision making and 

consideration for surgical intervention, is lacking. 

The ability to predict variables such as risk of fracture and cord compression in patients 

with spinal metastases would ideally allow for early identification and intervention for 

patients at greatest risk of symptomatic sequelae, with the hope to minimize associated 

morbidity, and extend the quality of the end of life survival period. 
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Review of the literature identified lesion site and size, pain, primary tumour 

histopathology, degree of spinal cord compression and disease burden as important 

factors associated with pathologic fracture and neurologic deficit in patients with spinal 

metastases, upon which our analysis of risk factors was based.  

7.1.1 PATHOLOGIC FRACTURE IN SPINAL METASTATIC DISEASE 

Tumour Size 

Tumour size is one of the most influential factors correlated to the risk of pathologic 

fracture in long bones as well as pathologic burst fracture in the metastatic spine.13, 20, 

48, 54, 62 The vertebral body is the commonest site of metastatic spinal involvement and it 

has been suggested that it is at risk of pathologic fracture once a critical threshold of 

bone destruction is reached, reported from upwards of 50% of cross-sectional area of 

vertebral body.12, 13, 39, 63 In concordance with others, we found increasing percentage 

tumour occupancy of the vertebral body to be strongly associated with pathologic 

fracture (p = 0.004). 52% of our patients with less than 25% vertebral body tumour 

occupancy had pathologic fracture, compared with 87% of those with 25-50% TO, and 

91% of those with greater than 50% TO.  

Tumour Site 

In the assessment of individual vertebral components, we found that tumour 

involvement of the vertebral body endplates was strongly associated with pathologic 

fracture (p = 0.001), with relative risk of fracture increasing to almost three-fold where 

one or both vertebral body endplates were affected by tumour. Indeed, vertebral 

endplate deformity and involvement by tumour has been shown to be a consistent 

finding in progressive sagittal spinal deformity in patients with metastatic breast cancer, 

and Asdourian et al. conclude the endplates to be the weakest part of the vertebral 

body.12 In a poroelastic finite element model of a metastatically involved spinal motion 

segment used to quantify the effects of tumour location on vertebral body stability and 

burst fracture risk, tumour located near the superior endplate resulted in higher 

maximum axial compression and risk of endplate failure leading to burst fracture, than 

central or inferiorly located defects.14 

In 1983, Denis introduced the concept of the 3-column spine and it’s significance in 

classification of acute spinal injuries, whereby instability is defined as 1) at least two-

column injury; 2) greater than 50% collapse of vertebral body height; 3) greater than 20 
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to 30 degrees of kyphotic angulation; or 4) involvement of the same column in two or 

more adjacent levels.68 The anterior column is formed by the anterior part of the 

vertebral body, anterior longitudinal ligament and anterior annulus fibrosus; the middle 

column is formed by the posterior wall of the vertebral body, posterior longitudinal 

ligament and posterior annulus fibrosus, and the posterior column is formed by the 

alternating posterior bony and ligamentous complexes.68 The biomechanical concept of 

the middle column is relevant to stability, such that complete rupture of the posterior 

ligamentous complex alone is insufficient to result in instability in flexion, extension, 

rotation and sheer force situations, however additional disruption of the PLL and 

posterior annulus fibrosus (middle column) may potentiate instability.68 The 3-column 

theory of spinal stability is commonly used to determine surgical internal fixation of 

acute traumatic spinal fractures due to the potential for progressive collapse, 

translational deformity, and neurological sequelae.40, 68 

Pathologic fractures differ from those of trauma in that they primarily occur from low 

energy mechanism through a weakened area of bone secondary to pre-existing 

abnormality however the concept of spinal stability with respect to anterior, middle and 

posterior columns’ still apply.13 Similarly, pathological destruction of bone by tumour 

affecting all 3-columns of the spine compromises the structural integrity of the vertebral 

column.12, 17, 40 Tomita et al. proposed that spinal instability could be presumed if 

radiologic studies demonstrated vertebral body collapse greater than 50%, progressive 

deformity, three column involvement or involvement of the same column in two or more 

adjacent levels.17 In an evaluation of spinal deformity in metastatic breast cancer, 

vertebral segment subluxation or dislocation was observed when all three columns of 

the vertebral body were involved with tumour in association with vertebral body 

collapse.12 

In the present study, 3-column vertebral involvement by tumour was observed in 79% 

of cases, and was strongly associated with pathological fracture (p < 0.001), 

irrespective of bone lesion morphology (lytic, blastic or mixed). Indeed, 89% of our 

patients who had 3-column involvement by tumour developed pathological fracture, 

with over four times relative risk compared with 1 or 2 column involvement. Therefore, 

lytic destruction of bone by tumour affecting all 3-columns of the spine represents 

instability and necessitates surgical stabilization due to impending collapse and 

translational deformity, if not already occurred, with potential for serious neurological 

sequelae. 
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Mechanical instability occurs with destruction of dominant stabilizing elements of the 

spine, such as the pedicles and posterior elements, however the influence of this on 

vertebral collapse is also dependent on the region of the spine involved, and the 

degree of vertebral body involvement.48 In particular, the dorsal elements of the 

vertebrae provide structural support, such that metastatic involvement predisposes to 

translational or rotational deformity.63 Taneichi et al. identified that costovertebral joint 

rather than vertebral body involvement in the thoracic spine was a more important risk 

factor for collapse, whereas vertebral body lesion size more strongly precipitated 

collapse in the thoraco-lumbar and lumbar spine.48 In our analysis, we considered 

involvement of individual vertebral components in isolation but were unable to identify 

pedicle, posterior element or costovertebral joint involvement to be associated with 

pathological fracture. 

The importance of vertebral body posterior elements in the mechanical stability of the 

spine is further substantiated by the Spinal Instability Neoplastic Score (SINS), of which 

posterolateral involvement of the spinal elements is one of six key assessment 

criterion.13 The SINS considers bilateral pedicle or costovertebral joint tumour 

involvement to be of greater importance than unilateral involvement, reflected in the 

weighted scoring of 3 points for bilateral versus 1 point for unilateral involvement.13 

Our assessment of the vertebral elements did not discriminate between unilateral or 

bilateral involvement, which may have affected our findings. For example, it may be the 

case that bilateral pedicle involvement renders much greater risk of pathological 

fracture than unilateral involvement. Furthermore, the vertebral elements were 

considered in isolation, and may in fact have a combined effect if assessed by 

multivariate regression analysis with other parameters such as tumour size, anatomical 

level of involvement, or spinal segment mobility. Multivariate regression analysis could 

not be applied to our patient cohort due to insufficient numbers for the number of 

variables to be accurately assessed.  

The thoracic spine is involved in approximately 70% of spinal metastases, and 

although the ribcage and costovertebral joints provide additional stiffness and support 

by limiting rotation and flexion, the thoracic and thoraco-lumbar regions may be more 

susceptible to wedge and compression fractures due to natural kyphosis.2, 12, 13, 16, 40, 63 

The semi-rigid spine encompasses the T3-T10 vertebrae; either side, the junctional 

regions of cervicothoracic (C7-T2) and thoracolumbar (T11-L2) spine are subject to the 

transitional forces increasing their risk of instability and deformity, and hence are 

considered to be the most unstable regions of the spine.13 The majority of our patient 
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cohort had metastatic disease involving the thoracic region (65%), however the 

vertebral level of tumour involvement and relative mobility of the spinal segment was 

not associated with pathological fracture. 

Primary Tumour 

Primary tumour histology determines the rate of growth, propensity for and location of 

metastasis, and bone lesion morphology (lytic, blastic or mixed). Destruction of bone by 

cancer in osteolytic lesions weakens its structural integrity and inherently leads to 

greater risk of fracture and vertebral body collapse, and is one of the major criteria in 

Mirels' classification system for impending long bone pathological fracture.3, 13, 20 Bone 

lesion quality is also a component of the Spinal Instability Neoplastic Score; lytic 

lesions carry a greater risk of collapse and score 2 points, while sclerotic lesions of 

blastic metastases score 1 point.13   

Although the majority (70%) of lesions in our cohort were lytic in nature, we did not 

identify an association between lesion type (lytic, blastic or mixed) and pathologic 

fracture.  

It is suggested that paralysis subsequent to cord compression is associated with rapid 

tumour growth or increased tumour load,11, 17, 18, 26 however evidence regarding effect of 

tumour growth rate on risk for pathologic fracture is lacking.  

The incidence of pathological fracture amongst our cohort was 88% for those with slow 

growth tumours, 45% for those with moderate growth tumours, and 79% for rapid 

growth tumours. A statistically significant association between tumour growth rate and 

pathologic fracture (p = 0.02) was identified. 

We were not however able to further delineate the significance of association with 

pathological fracture between tumour growth rate groups due to limitations of our 

cohort size on statistical testing. A pairwise comparison would better assess the 

significance of fracture associated with tumour growth rate, by comparing the tumour 

growth rate groups in pairs to determine where the significance lies; for example 

whether the significance is between the slow and moderate, slow and rapid, or 

moderate and rapid groups. We were able to compare slow growth rate with moderate 

and rapid growth (combined), for which there was a trend for association with 

pathological fracture (p = 0.07). There was no significance between slow and moderate 

(combined) versus rapid growth rate.  
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Rapid growth tumours (Table 3) typically produce lytic lesions, and so the effect of 

tumour growth rate on risk of pathological fracture might be a consequence of the 

aggressiveness of bone destruction by tumour metastases. We know that tumour size 

is one of the most influential risk factors correlated to pathological fracture in the 

spine,13, 20, 48, 54, 62 therefore lesions of a rapid growth tumour might be more likely to 

reach a size at risk of fracture than slow growing tumours. 

Metastatic Disease Burden 

Metastatic disease burden is known to influence survival in patients with spinal 

metastases, and parameters such as extent of bone and spinal metastases and 

presence of visceral metastases are included in several pre-operative prognostic 

scoring systems.5, 7, 11, 17, 18 The influence of disease burden on pathological fracture 

risk and mechanical instability, however, is yet to be determined. In the development of 

the Spinal Instability Neoplastic Score, Fisher et al. acknowledged that the influence of 

contiguous and non-contiguous spinal disease on risk of fracture and instability was 

both difficult to quantify and not fully understood.13 

The effect of low bone mineral density on the surrounding bone quality is known to be 

associated with increased fracture risk in metastatic lesions of the spine,14, 39, 54 but it 

remains uncertain as to how much metastatic disease burden affects bone quality in 

general. We found the number of vertebral metastases to be associated with 

pathological fracture (p = 0.02), with almost two-thirds (63%) of patients with 

pathological fracture having 3 or more vertebral metastases. Furthermore, we also 

found a trend for the presence of extraspinal skeletal metastases to be associated with 

pathological fracture, although this was not statistically significant (p = 0.052). A 

pairwise comparison would better assess the significance of fracture associated with 

extent of vertebral metastases (1, 2, 3 or >3 sites), but was not possible due to 

insufficient patient numbers. 

Pain 

Pain is the commonest presenting symptom of spinal and skeletal metastasis and may 

be mechanical or activity related pain, a consequence of structural weakening and 

impending fracture, or biological non-functional pain, secondary to neurologic 

involvement or local tumour expansion and increased intraosseous pressure within the 

vertebral body.1, 3, 10 Mechanical pain is a consistent feature of oncologic spinal 

instability and considered an important factor in predicting impending pathologic 
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fracture in both the axial as well as appendicular skeleton.3, 13, 20, 40 Consistent with this 

knowledge, we observed a significant association between the presence of pain pre-

operatively and pathological fracture amongst our patient cohort (p = 0.02), however 

this was not able to be further differentiated and quantified by opiate analgesia usage. 

Amongst our patient cohort, narcotic analgesia use was assessed as that in the weeks 

preceding hospital admission, rather than immediately prior to operation during 

inpatient admission, as this was considered to be more representative of the prodromal 

clinical situation. A patient’s analgesic regime however is influenced by many factors 

such as access to and previous involvement with oncologic pain specialists, and 

therefore opiate analgesic use prior to presentation may not accurately reflect the pain 

the patiens is indeed suffering. The use of a pain scale more accurately assessing 

analgesic requirements, such as that utilized by Tomita et al. (no pain; occasional pain 

not requiring medication; occasional narcotic use; severe pain requiring regular 

narcotic analgesics), may help to further delineate an association between risk of 

fracture and degree of pain, as reflected in the use of narcotic analgesics.17 As a result 

of the retrospective nature of our analysis however, a simple yes/no answer with regard 

to the use of narcotic analgesics was deemed the most accurate response obtainable 

following review of the medical record. 

Functional Status 

Functional performance scores are a reflection of a patient’s general condition, and 

inferior ECOG and Karnofsky Performance Status (KPS) scores have been 

demonstrated to be associated with poorer survival prognosis.8, 18, 46, 72, 84 Surgery for 

spinal metastases has been shown to improve KPS scores and functional outcomes.9, 

46 

We did not observe any association between functional scores (ECOG and Karnofsky 

Performance Status) and pathological fracture or MESCC. However, both of these 

scores take into consideration the ability to carry out work duties, physical activity, and 

independence in ambulation and self-care, which are likely more affected by neurologic 

sequelae, systemic disease burden, and side effects of chemo- and radiotherapy, 

rather than pathologic fracture alone. 
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Proposal of 3 Risk Factors for Predicting Risk of Pathological Fracture in Spinal 

Metastases 

In Mirels’ scoring system for quantifying risk of pathological fracture in long bones, a 

score of 9 or more led to pathological fracture in 21 out of 24 cases (87.5%).20 This 

scoring system is frequently used in treatment decision making for long bone 

metastatic lesions, to diagnose impending fracture and thus recommend prophylactic 

fixation. Amongst our patient cohort, using surgery for pathological fracture or MESCC 

as the endpoint, 43 out of 48 patients (90%) with all three of the most statistically 

significant risk factors (pain; >25 % tumour occupancy; vertebral endplate or 3-column 

involvement) had pathological fractures (Table 31).  

We propose that prophylactic or therapeutic decompression and stabilization surgery is 

indicated in patients with spinal metastases causing pain, occupying greater than 25% 

of the vertebral body volume, and involving the vertebral endplate or all three columns 

of the spine. Further investigation in a prospective manner, with the aim to validate the 

use of the three risk factors in determining need for surgery, is required to substantiate 

this proposed criterion. 

 

7.1.2 METASTATIC EPIDURAL SPINAL CORD COMPRESSION 

MESCC either from tumour tissue or retropulsed bony fragments due to pathological 

fracture may result in radicular or global deficits in motor, sensory and autonomic 

neurologic function.10, 16, 40, 41, 45 Ensuing weakness, myelopathy, paralysis and urinary 

and faecal incontinence adversely impacts upon ambulatory ability, functional status 

and quality of life. Bladder and sphincter dysfunction are late manifestations of spinal 

cord compression, and may be irreversible if present for greater than 48 hours.1, 10, 11 

Early detection and/or prevention of MESCC is crucial as pre-treatment neurological 

status is a major factor influencing post-operative functional outcome and survival.1, 10, 

11, 15, 24 The importance of early surgical decompression in the setting of progressive 

neurologic dysfunction in order to prevent or reverse permanent disability emphasizes 

the need for identification of risk factors and predictors of MESCC. 
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Tumour Site 

The initial site of metastatic tumour involvement of the spine is most commonly the 

posterior aspect of the vertebral body, later progressing to the pedicles and posterior 

elements with secondary extension into the epidural space.2 Spinal cord compression 

therefore characteristically occurs anteriorly from an enlarging vertebral body mass, 

with tumour growth through the vertebral neural foramen causing discrete nerve root 

compression occurring less commonly.1, 16 

Consistent with the natural history of the progression of spinal metastases causing 

MESCC, we identified a statistically significant association between posterior element 

involvement and costovertebral joint involvement with MESCC (p = 0.02, p = 0.01 

respectively), with a 1.5 relative risk of MESCC developing in those with tumour 

involvement of the posterior elements of the spine. 

Pedicle loss has been shown to predict spinal cord compression in patients with breast 

and lung carcinoma.45 94% of our patients had tumour involvement of the pedicle, and 

72% of those had spinal cord compression, however the association with pedicle 

involvement and MESCC did not reach statistical significance (p = 0.08). As previously 

discussed, potential sites of tumour involvement were considered in isolation, and 

multivariate regression analysis in a larger cohort may identify combined significance of 

two parameters, such as pedicle involvement in the thoracic spine. 

The thoracic spine is the commonest region of vertebral metastases, and is 

biomechanically more prone to vertebral collapse and spinal cord compression due to 

natural kyphosis and a relatively narrower spinal canal compared with the lumbar and 

cervical spine.10, 16, 44 Of particular importance to neurological consequence is the 

middle thoracic region from T4 to T9/10, due to the presence of a narrow spinal canal 

in conjunction with critical vascular supply to this region of the thoracic spinal cord.44 

Neurological damage may occur subsequent to direct compression to the spinal cord or 

nerve roots from an expanding tumour mass or vertebral bony fragments following 

pathological fracture.2, 16 Indeed, Asdourian et al. observed that in association with 

endstage vertebral body collapse, spinal canal compromise was predominantly the 

result of bony encroachment, either from a bulging posterior wall or retropulsed bony 

fragments, occurring more frequently in the thoracic (76%) than the lumbar (60%) 

spine.12 Although the majority of our patient cohort (65%) had metastatic disease 
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involving the thoracic region, neither anatomical level nor relative segment mobility of 

the vertebral region of tumour involvement was associated with MESCC. 

Tumour Size 

Tumour size is known to be a significant risk factor for pathological fracture, however 

little is reported in the context of MESCC and neurological deficit. In our patient cohort, 

there was no significant association between percentage tumour occupancy of 

vertebral body and MESCC. 

Primary Tumour and Metastatic Disease Burden 

Paralysis subsequent to MESCC has been suggested to be associated with an 

increased tumour load or rapid tumour growth.11, 17, 18, 26 

In a prospective study of factors predicting spinal cord compression in patients with 

metastatic prostate cancer and a normal neurologic examination, Bayley et al. found an 

increased risk of cord compression in those patients with extensive bone metastases 

on bone scan, and hormone refractory disease.45 The presence of visceral metastases 

or rapid development of motor deficits prior to radiotherapy have also been associated 

with poorer functional outcome in patients with MESCC from cancer of unknown 

primary.46 In support of these findings, we observed a statistically significant 

association between presence of visceral metastases and MESCC (p = 0.002), with 

almost two-times the relative risk compared with those patients without visceral 

metastases. Although not associated with MESCC alone, we found the growth rate of 

the primary cancer to be associated with the presence of cord or neural compression (p 

= 0.02). No association however was observed between number of vertebral 

metastases, presence of extraspinal bone metastases, or lesion morphology, and 

MESCC. 

Pain 

Pain is strongly associated with MESCC and usually long precedes motor weakness.3, 

10 Although mechanical pain in particular appears consistently in spinal instability it is 

not considered by some as reliably predictive of spinal cord compression.45, 64 In a 

prospective study of patients diagnosed with MESCC, the vast majority of patients 

reported a similar pattern and sequence of symptoms; localized back pain and/or sharp 

shooting pain progressive over time and aggravated by coughing, sneezing and 

bending.10 However, a prospective study of factors predicting clinically occult spinal 



 

121 

cord compression in patients with metastatic prostate cancer found that neither the 

presence of back pain nor opiate analgesia requirement was predictive of MESCC, 

although the sclerotic nature of prostate carcinoma metastases may be a confounding 

factor.45 Amongst our cohort of patients with a diverse presentation of tumour types, we 

did not identify an association between the presence of pain or opiate analgesia usage 

and MESCC. 

A shortcoming of our assessment of pain is that it was simplified to a yes/no answer 

rather than as a scale rating (such as 1-10) or more specific characterization such as to 

identify mechanical from non-functional pain. Because of the retrospective nature of the 

study, we relied on clinical notes detailing pain, from which the absence or presence of 

pain was inferred. Variation in clinical documentation precluded further detailing of the 

pain as to the exact nature and precipitants. The use of narcotic analgesics was 

chosen as an additional measure with which to consider pain, as this was consistently 

identifiable from clinical records. Prospective enrolment and investigation of patients 

would allow more comprehensive assessment of pain and potential to identify an 

association with MESCC. 

7.2 VALIDATION OF SCORING SYSTEMS FOR THE 

PROGNOSTICATION AND TREATMENT OF PATIENTS WITH 

SPINAL METASTASES 

7.2.1 SURVIVAL ANALYSIS 

The Revised Tokuhashi7, Bauer5, Modified Bauer6 and Tomita17 scoring systems were 

the best performed upon consideration of all three aspects of survival analysis: survival 

predictive accuracy, rate of agreement, and survival distribution. The Revised 

Tokuhashi7 and Modified Bauer6 scoring systems had the greatest survival predictive 

accuracy, and together with Bauer5 and Tomita17 scoring systems, had the highest rate 

of agreement between predicted and actual survival. Furthermore, survival distribution 

between prognostic groups was of greatest statistical significance amongst these four 

scoring systems. 

The Revised Tokuhashi7 and Modified Bauer6 scores performed better than their 

original counterparts with respect to survival predictive accuracy and rate of agreement 

for survival prognostication. 
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Revised Tokuhashi 

Tokuhashi et al. revised their original scoring system to take into account the strong 

influence of primary tumour type on survival by scoring this parameter a maximum 5 

points, and in a combined retrospective and prospective analysis of 246 patients, 

demonstrated greater than 80% consistency between predicted prognosis and actual 

survival of their revised scoring system.7 In an analysis of seven preoperative scoring 

systems, Wibmer et al. report the revised Tokuhashi scoring system to be reliable in 

predicting prognosis, with a statistically significant difference in survival between the 

good and poor prognosis groups (p = <0.0001).71 Furthermore, a recent review of spine 

tumour classification and surgical indications by the Global Spine Tumour Study Group 

(GSTSG) recommends the use of the Revised Tokuhashi evaluation system for its 

ease of use and interpretation.26 

In a study of risk factors affecting survival in patients older than 60 years with spinal 

metastases, Liang et al. found the original Tokuhashi score to be significantly 

correlated with survival time; the 1-year survival rate for scores of 1-4, 5-8 and 9-12 

were 3.7%, 53% and 72% respectively.31 The accuracy of the prognostic groups 

however varied considerably; scores of 1-4 and 9-12 accurately predicted survival in 

78% and 82% of patients, respectively, while scores of 5-8 were accurate in only 41% 

of patients.31 Liang et al. therefore recommend that the Tokuhashi prognostic score 

should not be the only indication for surgical treatment, rather, should be considered 

within a treatment algorithm incorporating assessment of primary tumour type, 

symptoms such as pain and neurologic deficit, and potential for post-operative 

complications.31 

Conversely, Pointillart et al. conducted a prospective study of 142 patients with 

vertebral metastases, and found neither the Original nor Revised Tokuhashi scoring 

systems to be reliable in predicting survival, with overall less than 60% accuracy.8 

Ulmar et al. also report low reliability in survival prediction of the original and revised 

Tokuhashi scoring systems, particularly for those with less than 1 year predicted 

survival.85  

We found the revised Tokuhashi scoring system to have the greatest survival predictive 

accuracy of the scoring systems assessed, however the more sophisticated statistical 

measure of rate of agreement (weighted Cohen’s kappa) demonstrated only moderate 

agreement between predicted and actual survival. Although a statistically significant 

difference in the survival between prognostic groups (log-rank test) of the Original and 
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Revised Tokuhashi scoring systems was identified, we are in agreement with the 

opinion of others31, 85, that while the original and revised Tokuhashi scoring systems are 

useful for prognostic grouping, their individual survival prognostication value is limited.   

Modified Bauer 

Leithner et al. proposed the modified Bauer score, which excludes pathologic fracture 

as a negative prognostic variable, and in a review of the predictive value of seven 

preoperative prognostic scoring systems for spinal metastases, determined it to be 

both practicable and highly predictive, and of best association with survival (P<0.001).6 

In a retrospective survival analysis of preoperative scoring systems, Wibmer et al. 

found the modified Bauer score to provide the most reliable results, and was the only 

scoring system for which a significant difference in the life expectancy of the three 

prognostic groups was identified.71  

Our analysis identified the Modified Bauer scoring system to have the greatest rate of 

agreement between predicted and actual survival, however results for the Bauer and 

Modified Bauer scoring systems were comparable with respect to median survival 

characteristics and log rank test for significance between survival distributions of the 

prognostic groups. The only difference between these two scoring systems is the 

exclusion of pathological fracture as a negative prognostic factor in the Modified Bauer 

Score; the findings reported by Bauer and Wedin of their cohort of patients with spinal 

and extremity metastases, were in fact of an association between pathological fracture 

and poor survival in patients with lower extremity metastases only, not for patients with 

spinal metastases.5 Given the lack of evidence to support the inclusion of pathological 

fracture as a negative prognostic variable in the Bauer scoring system, we would 

preferentially recommend the Modified Bauer scoring system for survival 

prognostication. 

Sioutos 

The Sioutos scoring system scored poorly for both survival predictive accuracy and 

rate of agreement, and is perhaps too simplified with only two outcome measures 

(absent or present) for the three negative prognostic variables scored, rather than the 

weighted scoring common to other scoring systems. In accordance with the findings of 

Leithner et al. we found no correlation between predicted and actual survival for the 

Sioutos score.6 Due to the poor results of accuracy of survival prognostication and the 

lack of treatment guidelines, there is a lack of evidence to support the use of the 
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Sioutos scoring system in survival prognostication or treatment decision making for 

patients with spinal metastases. 

Tomita  

The Tomita scoring system was the worst performed for survival predictive accuracy, 

however scored amongst the highest for rate of agreement between predicted and 

actual survival. Survival distribution between the prognostic groups was also of 

statistical significance, and is in concordance with the findings of Leithner et al. who 

report the Tomita scoring system to have significant prognostic value in survival 

prediction.6 

Conversely, Ulmar et al. did not identify significance between prognosticated and real 

survival when using the Tomita scoring system, however their patient cohort was 

limited to those with renal metastases, and therefore leaves only two weighted 

variables (number of bone metastases and condition of visceral metastases) to 

influence scoring and survival prognostication.22 

Given that the Tomita scoring system had significant findings for rate of agreement and 

Log-rank test for survival distribution which are the more robust statistical tests of our 

analysis, and supported by the findings of Leithner et al. we would recommend the 

Tomita scoring system for survival prognostication.6  

Van der Linden 

The van der Linden scoring system was the worst performed for survival predictive 

accuracy and rate of agreement, and was the only scoring system without statistically 

significant difference between survival of the prognostic groups. Although this study 

comprised the largest cohort (342 patients) amongst the scoring systems analysed, it 

was limited to patients receiving radiotherapy for painful Harrington class I and II 

lesions (minimal bone destruction without neurologic compromise), which represents 

only a select group of patients in the earlier stages of spinal metastatic disease, and 

therefore limits the clinical significance of the application this scoring system to all 

patients with spinal metastases.18 Furthermore, in keeping with this select patient 

cohort without extensive metastatic bony destruction, surgery is only considered for 

those with a predicted good prognosis (group C) in the case of failed or maximal 

radiotherapy.18 Notably there are few similarities with our cohort, who all demanded 

surgical intervention for symptomatic spinal metastatic lesions. 
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In agreement with Leithner et al., we are of the opinion that the differences in severity 

of spinal metastatic disease and treatment strategy preclude direct comparison of 

results presented by van der Linden et al. with other scoring systems such as 

Tokuhashi and Tomita.6 Despite clear presentation of the scoring of prognostic 

variables and total score group allocation, van der Linden et al. fail to provide survival 

prediction of the prognostic groups for others seeking to apply this scoring system to 

their own patients. We consider the overall aptitude and practicality of the van der 

Linden scoring system to be poor. 

Summary 

Results of survival analysis determine the Revised Tokuhashi7, Bauer5, Modified 

Bauer6, and Tomita17 scoring systems to be the best predictors of survival for patients 

with spinal metastases. We must however re-iterate their limited accuracy, and 

recommend their use as a guide only for survival prognostication. With regard to 

surgical decision making, estimated survival is one component of a comprehensive 

assessment towards treatment planning for patients with spinal metastases. 

Other Considerations 

Unless death occurs as a result of direct surgical complication, it is difficult to establish 

the impact of surgery on survival time. More extensive surgery, status of disease 

burden, and poorer pre-operative physiological reserves impact upon post-operative 

recovery times, potential for benefit to quality of life, and survival, such that surgical 

decision making ultimately becomes a risk stratification process.   

Whether or not the physiological stresses of surgery affected post-operative survival 

times amongst our cohort is impossible to determine. The presence of spinal 

metastases however typically represents the latter stages of disseminated metastatic 

disease, and the focus of treatment of these patients is to minimise morbidity and 

optimise quality of life. Furthermore, the majority of scoring systems reviewed were 

devised following retrospective review of a cohort of patients surgically treated for 

spinal metastases. 

7.3 LIMITATIONS AND FURTHER RESEARCH 

This retrospective, single institution study of 72 consecutive patients with symptomatic 

spinal metastases due to pathological fracture and/or MESCC and who underwent 
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spinal decompressive and/or instrumented stabilization surgery allowed us to 

investigate and identify potential risk factors for pathological fracture and MESCC, and 

evaluate the survival prognostic value of pre-operative prognostic scoring systems for 

patients with spinal metastases. 

The cohort size of this study was limited by the fact that we performed a retrospective 

analysis of a cohort from a single institution. Furthermore, the study involves a rather 

select group of patients, that is, patients treated operatively for spinal metastases. Our 

cohort however has similarities to those of the studies used to develop the pre-

operative prognostic scoring systems of our analysis; these studies were typically 

retrospective in nature, of a cohort size less than 100, and involving patients surgically 

treated for spinal metastases. (As detailed in Table 27) 

The Tokuhashi (original),23 Bauer,5 Modified Bauer,6 and Sioutos11 studies had cohort 

sizes of 64, 88, 69, and 109 patients respectively. Tomita et al. performed a 2-stage 

study: 67 patients reviewed retrospectively, 61 enrolled prospectively.17 The Revised 

Tokuhashi involved a total of 246 retrospectively reviewed patients (146 surgery, 82 

conservative).7 The van der Linden study had 342 patients, all treated with 

radiotherapy, and reviewed retrospectively.18 

A larger cohort size would strengthen the statistical power of this study, and the 

breadth of statistical tests with which to analyse data. Where statistical significance 

was identified between grouped parameters, such as for percentage tumour occupancy 

of vertebral body and number of vertebral metastases, further analysis by pairwise 

comparison of the distribution across the groups would provide more detail on how 

significant differences were determined. Furthermore, regression analysis would be 

beneficial to determine a relationship between multiple variables and selected 

outcome. For example, linear regression analysis would allow us to model the 

relationship between pathological fracture, or spinal cord compression and one or more 

variables or prognostic parameters. 

Further analysis of the variables identified using a larger patient cohort would also 

strengthen the significance of the statistical results, and allow calculation of the 

predictive value of the selected parameters to devise a scoring system to guide 

appropriate treatment and surgery in patients with spinal metastases. 

A prospective study incorporating patients receiving both non-operative and surgical 

treatment would more accurately represent the patient population of spinal metastatic 

disease, and would also permit observation of the progression of spinal metastases 



 

127 

over time, with the potential to identify factors early in the course of vertebral 

involvement predictive of pathologic fracture or cord compression. The identification of 

patients non-operatively treated for spinal metastases would require co-ordination with 

an Oncology Unit, as these cancer patients are primarily managed by an Oncologist, 

and often only referred to an Orthopaedic Unit for review of skeletal or spinal metastatic 

lesions where there is concern that they may require operative intervention. 

Further prospective longitudinal studies with greater number of patients are required in 

order to devise further classification and scoring systems that may assist in the 

treatment decision-making process for surgery for spinal metastases, with the aim of 

preventing or reversing the devastating sequelae that occurs when metastatic cancer 

compromises the structural and neural-protective functions of the vertebral column. 
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8 CONCLUSION 

Patients with symptomatic spinal metastases often have a life expectancy limited to 

one or two years and the main goal of treatment is for symptom palliation, specifically, 

to maintain or restore spinal stability, reduce pain and improve or prevent neurologic 

deterioration in order to maintain function and quality of life for the remainder of the 

patient's lifetime. 

Since surgery is the only treatment modality that can acutely stabilize the spine and 

decompress neural elements, pathological fracture causing mechanical instability and 

intractable pain, and symptomatic spinal cord or nerve root compression, are clear 

clinical indications for surgical intervention in patients with spinal metastases. 

Survival prognosis is a key consideration in selecting patients for surgery, however 

accuracy in individual prognostication remains difficult. Specific to patients with spinal 

metastases, there are a number of scoring systems aimed at prognostication and 

treatment decision making, including guidelines for extent of surgery. We found the 

Revised Tokuhashi7, Bauer5, Modified Bauer6 and Tomita17 scoring systems to be the 

best performed for survival analysis across three domains: survival predictive accuracy, 

rate of agreement, and survival distribution. These scoring systems however are more 

useful for the stratification of survival prognostic groups, rather than their survival 

predictive accuracy per se, and should be used as an estimate only in guiding 

treatment planning. 

A need for greater knowledge and understanding of the significance and prediction of 

factors such as pathologic fracture and spinal cord compression was identified. The 

ability to predict those lesions most at risk of pathologic fracture or spinal cord 

compression may assist in the treatment decision-making process for surgery for spinal 

metastases, with the aim of preventing or reversing the devastating sequelae that 

occurs when metastatic cancer compromises the structural and neural-protective 

functions of the vertebral column. 

Tumour size (percentage tumour occupancy of the vertebral body), site (3-column 

involvement; vertebral body endplate involvement), primary tumour growth rate, 

disease burden (number of vertebral metastases), and pain, were of statistically 

significant association with pathologic fracture. 
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Site (vertebral posterior element involvement; costovertebral joint involvement) and 

disease burden (presence of visceral metastases) were of statistically significant 

association with spinal cord compression, and primary tumour growth rate was 

associated with spinal cord or nerve root compression. 

These factors found to be associated with pathological fracture and metastatic epidural 

spinal cord or nerve root compression should be considered in the decision-making 

process for surgery for spinal metastases. Furthermore, patients with spinal 

metastases causing pain, occupying greater than 25% of the vertebral body volume, 

and involving the vertebral body endplate or all three vertebral body columns should be 

considered for prophylactic or therapeutic decompressive and stabilization surgery. 
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APPENDIX 

Table A 1 provides a useful summary of the details of the pre-operative scoring systems 

considered in Sections 4.2 and 4.3. It includes the scoring method, survival prognosis 

and treatment strategies. 

Table A 1.  Pre‐Operative Prognostic Scoring Systems for Patients with Spinal Metastases 

SCORING 
SYSTEM 

PROGNOSTIC VARIABLES (SCORE) 
TOTAL 
SCORE 

PREDICTED 
PROGNOSIS 
(months) 

TREATMENT STRATEGY 

Tokuhashi   General condition (KPS) (0,1,2) 

 Extraspinal bone mets (0,1,2) 

 Number of vertebral body mets 
(0,1,2) 

 Major organ metastasis (0,1,2) 

 Primary site of cancer (0,1,2) 

 Spinal cord palsy (Frankel) (0,1,2) 
TOTAL SCORE: 0‐12 

<5  <3  Palliative surgery 

6‐8  <12  (not specified) 

9‐12  >12  Excisional surgery 

Revised 
Tokuhashi 

 General condition (KPS) (0,1,2) 

 Extraspinal metastasis (0,1,2) 

 Number of vertebral body mets 
(0,1,2) 

 Major organ metastasis (0,1,2) 

 Primary site of cancer (0‐5) 

 Palsy (Frankel) (0,1,2) 
TOTAL SCORE: 0‐15 

0‐8  <6  Conservative 

9‐11  >6 
Palliative surgery – SC 
decompression and stabilisation 

12‐15  >12 
Excisional surgery – enbloc 
resection, curettage, and 
stabilisation 

Bauer 
 

Positive prognostic factors 

 Pathologic fracture (0,1) 

 No visceral metastases (0,1) 

 Solitary skeletal metastases (0,1) 

 Not lung cancer (0,1) 

 Primary cancer breast/kidney/ 
myeloma/lymphoma (0,1) 

TOTAL SCORE: 0‐5 

0‐1  <6  Conservative 

2‐3  >6  Palliative surgery 

4‐5  >12  Excisional surgery 

Modified 
Bauer 

 No visceral metastases (0,1) 

 Solitary skeletal metastases (0,1) 

 Not lung cancer (0,1) 

 Primary tumour breast/kidney/ 
myeloma/lymphoma (0,1) 

TOTAL SCORE: 0‐4 

0‐1  <6  Conservative 

2  >6  Dorsal surgery (palliative) 

3‐4  >12 
Ventral‐dorsal surgery 
(excisional) 

Sioutos   Negative prognostic factors 

 Pre‐operative leg strength 0/5‐3/5 
(0,1) 

 Lung or colon cancer (0,1) 

 Multiple vertebral body disease 
(0,1) 

TOTAL SCORE: 0‐3 

0  >12  Excisional Surgery 

1  >6  Palliative Surgery 

2  <6 
Conservative: Surgery not 
recommended 
 3  <6 
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SCORING 
SYSTEM 

PROGNOSTIC VARIABLES (SCORE) 
TOTAL 
SCORE 

PREDICTED 
PROGNOSIS 
(months) 

TREATMENT STRATEGY 

Tomita   Primary tumour growth rate (1,2,4) 

 Visceral metastases (0,2,4) 

 Bone metastases (1,2) 
TOTAL SCORE: 2‐12 

2‐3  >18  Wide or marginal excision  

4‐5  >12  Marginal or intralesional excision 

6‐7  >6 
Palliative Surgery 
(decompression/stabilisation) 

8‐10  <6  Conservative: Supportive care 

van der 
Linden 

 General condition (KPS) (0,1,2) 

 Primary tumour type (0,1,2,3) 

 Visceral metastases (0,1) 
TOTAL SCORE: 0‐6 

0‐3 
(Group A) 

<6  Radiotherapy 

4‐5 
(Group B) 

>6  Radiotherapy 

6 
(Group C) 

>12  Surgery  ‐ only if imminent 

SINS   Location (0,1,2,3)  

 Pain (0,1,3) 

 Lesion type (0,1,2) 

 Radiographic spinal alignment 
(0,2,4) 

 VB collapse (0,1,2,3) 

 Posterior element involvement 
(0,1,3) 

TOTAL SCORE: 0‐18 

0‐6 

n/a 
n/a 
n/a 

Not stated/Conservative 

7‐12  Warrants surgical consultation 

13‐18  Warrants surgical consultation 

Katagiri   Primary lesion growth rate (0,2,3) 

 Visceral or Cerebral metastases (2) 

 Performance Status (ECOG 3 or 4) 
(1) 

 Previous Chemotherapy (1) 

 Multiple Skeletal Metastases (1) 
TOTAL SCORE: 0‐8 

0‐2 
6 mth 98% 
1 year 89% 

 

Excisional surgery if radiotherapy 
not expected to be effective 

3‐5 
6‐mth 71% 
1‐year 49% 

Anterior or posterior 
instrumentation if radiotherapy 
not expected to be effective 

6‐8 
6 mth 31% 
1 year 11% 

Not good candidates for surgery 
– radiotherapy with supportive 
care is treatment of choice 

Bartels   Gender 

 Location of primary tumour 

 Intended curative treatment of 
primary tumour 

 Cervical location of metastasis 

 Karnofsky Performance Status 
PREDICTIVE MODEL OF HAZARD RATIOS 

Survival prediction calculated using on‐line model 
incorporating hazard ratios of five variables 

OSRI   Primary Tumour Pathology (1,2,4,5) 

 General Condition (2,1,0) 
RISK INDEX: 1‐7 

1  69* 

*85th percentile of survival 
(months). 
No treatment proposal 

2 or 3  30 

4 or 5  12 

6  6 

7  2 
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Table A 2 provides more extended details than Table 32 of the Pearson chi-square and 

Fisher’s exact statistical tests on the study cohort used to determine the association 

between clinical and radiological parameters, and pathological fracture and MESCC. 

Table A 2.  Details of Results of Statistical Tests on the Study Cohort  
(Pearson chi‐square and Fisher’s exact) used to Determine Association between Clinical and 
Radiological Parameters, and Pathologic Fracture and MESCC 

CATEGORY  VARIABLE  N  %  
STATISTICAL SIGNIFICANCE OF ASSOCIATION WITH: 

PATHOLOGIC FRACTURE   CORD COMPRESSION 

Size  % Tumour occupancy 
within vertebral body 

 <25 

 25‐49 

 50‐74 

 >75 

 
 
21 
30 
18 
3 

 
 
29 
42 
25 
4 

X2 (df = 3, N = 72) = 11.35,  
p = 0.01 

X2 (df = 3, N = 72) = 2.36,  
p = 0.50 

Site  Anatomical level 

 Cervical 

 Thoracic 

 Lumbar 

 
9 
47 
16 

 
13 
65 
22 

X2 (df =2, N = 72) = 1.17, 
 p = 0.56 

X2 (df = 2, N = 72) = 1.01, 
 p = 0.60 

Mobility of spinal 
segment* 

 Junctional 

 Mobile 

 Semi‐rigid 

 
 
21 
15 
36 

 
 
29 
21 
50 

X2 (df = 2, N = 72) = 0.33, 
 p = 0.85 

X2 (df = 2, N = 72) = 2.42,  
p = 0.30 

3‐column involvement  57  79 
Fisher’s exact p = 0.000,  
RR 4.39. OR10.71 

Fisher’s exact p = 0.25 

Pedicle  68  94 
Fish p = 0.64, RR1.04,  
OR1.18 

Fish 0.08, RR2.88, OR7.74 

Posterior element  47  65  p = 0.28, RR1.04, OR1.18  p = 0.02, RR1.51, OR 3.42 

Costovertebral joint#  43  92  Fish 0.46, RR0.76  Fish 0.01 

Endplate  62  86  Fisher’s exact p = 0.001  Fisher’s exact p = 0.64 

Primary 
tumour 

Lesion type 

 Lytic 

 Blastic 

 Mixed 

 
50 
6 
16 

 
70 
22 
8 

X2 (df = 2, N = 72) = 2.47,  
p = 0.29 

X2 (df = 2, N = 72) = 0.60,  
p = 0.74 

Growth rate 

 Slow 

 Moderate 

 Rapid 

 
32 
11 
29 

 
45 
15 
40 

X2 (df = 2, N = 72) = 8.44 
p = 0.02 

X2 (df = 2 , N = 72) = 0.60, 
p = 0.74 
 
**Cord or neural 
compression: p = 0.02 

Disease 
burden 

No. of vertebral 
metastases 

 1 

 2 

 3 

 >3 

 
 
19 
14 
4 
35 

 
 
26 
19 
6 
49 

X2 (df = 3, N = 72) = 9.94,  
p = 0.02 

X2 (df = 3,  N = 72) = 3.92, 
p = 0.27 

Extraspinal bone 
metastases 

42   58 
Fisher’s exact p = 0.052  Fisher’s exact p = 0.11 

 

Visceral metastases^^  34  47  Fisher’s exact p = 0.59  Fish 0.002, RR1.7, OR5.67 
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CATEGORY  VARIABLE  N  %  
STATISTICAL SIGNIFICANCE OF ASSOCIATION WITH: 

PATHOLOGIC FRACTURE   CORD COMPRESSION 

 

Pain  Pain (yes)  66  92  Fish 0.02, RR2.46, OR9  Fisher’s exact p = 0.26 

 
Narcotic analgesia use  46  64 

Fisher’s exact p = 0.16 
 

Fisher’s exact p = 0.59 

Functional 
score 

ECOG score 

 Good (0) 

 Moderate (1‐2) 

 Poor (3‐4) 

 
10 
51 
11 

 
14 
71 
15 

X2 (df = 2, N = 72) = 0.50,  
p = 0.78 

X2 (df = 2, N = 72) = 0.55,  
p = 0.76 

Karnofsky Performance 
Status 

 Good (80‐100) 

 Moderate (50‐70) 

 Poor (10‐40) 

 
 
31 
39 
2 

 
 
43 
53 
3 

X2 (df = 2, N = 72) = 0.59,  
p = 0.74 

X2 (df = 2, N = 72) = 1.16,  
p = 0.56 

N = number of cases, % of total 72 cases 
Statistical significance (bold font) p < 0.05 
RR = relative risk, OR = odds ratio 
* Junctional (occ‐C2, C7‐T2, T11‐L1, L5‐S1), Mobile (C3‐C6, L2‐4), Semi‐rigid (T3‐10) 
# Thoracic spine only (total 47 cases) 
^^Major internal organs (lung, liver, kidney, brain) 
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