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Abstract

Systemic assessment is a pillar in the neurological, oncological, mechanical, and systemic 

(NOMS) decision-making framework for the treatment of patients with spinal metastatic disease. 

Despite this importance, emerging evidence relating systemic considerations to clinical outcomes 

following surgery for spinal metastatic disease has not been comprehensively summarised. We 

aimed to conduct a scoping literature review of this broad topic. We searched MEDLINE, 

Embase, Scopus, Cochrane Central Register of Controlled Trials, Web of Science, and CINAHL 

databases from Jan 1, 2000, to July 31, 2021. 61 articles were included, accounting for a total 

of 22 335 patients. Preoperative systemic variables negatively associated with postoperative 
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clinical outcomes included demographics (eg, older age [>60 years], Black race, male sex, 

low or elevated body-mass index, and smoking status), medical comorbidities (eg, cardiac, 

pulmonary, hepatic, renal, endocrine, vascular, and rheumatological), biochemical abnormalities 

(eg, hypoalbuminaemia, atypical blood cell counts, and elevated C-reactive protein concentration), 

low muscle mass, generalised motor weakness (American Spinal Cord Injury Association 

Impairment Scale grade and Frankel grade) and poor ambulation, reduced performance status, 

and systemic disease burden. This is the first comprehensive scoping review to broadly summarise 

emerging evidence relevant to the systemic assessment component of the widely used NOMS 

framework for spinal metastatic disease decision making. Medical, surgical, and radiation 

oncologists can consider these findings when prognosticating spinal metastatic disease-related 

surgical outcomes on the basis of patients’ systemic condition. These factors might inform a 

shared decision-making approach with patients and their families.

Introduction

An estimated 10% of patients with cancer will develop symptomatic spinal metastatic 

disease; of the patients that do, up to 50% will require treatment and 5–10% will require 

surgical intervention.1 Surgery for spinal metastatic disease is indicated for decompression 

of the neural elements, restoration of biomechanical stability, and relief of intractable 

pain.2 Preservation of ambulatory status and decreasing mortality have been shown in large 

prospective trials.1

Patients undergoing surgery for spinal metastatic disease are increasingly old (>60 years) 

and frail, necessitating consideration of their physical reserve and their ability to tolerate 

surgery.2 Failure to do so could result in preventable morbidity and mortality.3 Oncological 

measures of physical reserve include the Kamofsky performance score (KPS) and Eastern 

Cooperative Oncology Group (ECOG) performance status. Scoring systems (eg, the 

Tokuhashi score) accounting for the burden of malignancy and neurological status have 

been developed to facilitate the surgical candidate selection process and estimate overall 

survival.4 Furthermore, decision frameworks provide a common language across disciplines 

to facilitate the development of multimodal treatment plans. Neurological, oncological, 

mechanical, and systemic considerations are pillars in the widely used neurological, 

oncological, mechanical, and systemic (NOMS) framework.2

Medical, surgical, and radiation oncologists routinely evaluate patients’ systemic condition 

when assessing their ability to tolerate palliative surgery.2 Despite the inherent importance 

of systemic assessment in the context of spinal metastatic disease, emerging evidence 

relating to systemic variables and postoperative outcomes has not been comprehensively 

summarised. We aimed to systematically conduct a scoping review of this broad topic. 

Identifying impactful systemic variables represents a first step towards the development of 

evidence-based tools for prognosticating spinal metastatic disease-related surgical outcomes 

on the basis of patients’ systemic condition.
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Methods

Study design

The AO Spine Knowledge Forum Tumor group—an international group of spine oncology 

surgeons and oncologists seeking to advance the care of patients with spinal metastatic 

disease—systematically conducted a scoping review using a framework derived from Arksey 

and O’Malley, according to the Preferred Reporting Items for Systematic Reviews and Meta-

Analyses Extension for Scoping Reviews (PRISMA-ScR) checklist (appendix pp 1–4).5 A 

review protocol is not published before scoping reviews.5 A formal and transparent scoping 

review was deemed more suitable than a systematic review for several reasons in accordance 

with published6 methodological recommendations: (1) emerging evidence relating systemic 

variables and clinical outcomes following surgical treatment of spinal metastatic disease 

has not been comprehensively summarised and it was unclear what types of evidence 

were available regarding this broad topic; (2) given the substantial heterogeneity in study 

designs (eg, tumour histologies, treatment strategies, and outcome measures) used across 

the general spinal metastatic disease-related literature; (3) we did not intend to critically 

appraise or address the appropriateness or effectiveness of specific spinal metastatic disease-

related practices or treatments; and (4) we aimed to broadly map and summarise the spinal 

metastatic disease literature pertaining to preoperative systemic variables influencing a wide 

range of postoperative clinical outcomes.

Research question

Among adults (≥18 years) surgically treated for spinal metastatic disease, what preoperative 

systemic variables influence postoperative clinical outcomes?

Study selection

A two-stage screening process was used to select studies. Abstracts were independently 

screened by two reviewers (MAM and CJT) using the inclusion and exclusion criteria 

detailed in table 1. Duplicates were removed manually. Full texts selected for citations 

were assessed for eligibility. In cases of disagreement, consensus was reached through open 

discussion and detailed review of the full text. Reference lists of included full-text articles 

were manually searched (by MAM).

Data collection and summary

Data collection was independently done by two reviewers (MAM and CJT) using a 

standardised extraction form that was reviewed and refined by all authors before use 

(appendix p 7). Study characteristics are detailed in table 2 and the appendix (pp 8–18). 

Clinical outcomes were not restricted or predefined given the exploratory nature of this 

scoping review. Independent systemic variables and respective clinical outcomes affected 

are described in table 3 and the appendix (pp 19–32). Institution and database of published 

studies were used to avoid inclusion of duplicate data. We did not include multiple studies 

using the same cohort; instead, only a single respective study with the largest sample and the 

longest follow-up was included.
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For the purpose of summarisation, table 3 and appendix (pp 19–32) group results 

together according to dichotomised independent systemic variables, as presented in the 

respective articles. For example, studies that dichotomised the independent variable of age 

(eg, comparing the influence of age greater or less than 60 years on a given clinical 

outcome) and found that the older age group negatively predicted outcomes (eg, the group 

>60 years of age) would be included under the grouping of older age. Similarly, this 

grouping was done for elevated body-mass index (BMI), low BMI, elevated Charlson 

Comorbidity Index, higher American Society of Anesthesiologists physical status class, 

worse ECOG performance status, worse health-related quality of life (HRQOL), worse 

Oswestry Disability Index, and for most biochemical parameters. This grouping was 

performed for two reasons: (1) given the substantial variability in exact cutoff values used 

to dichotomise independent systemic variables from study to study; and (2) it allowed the 

data to be summarised concisely. Specific cutoff values for all systemic variables are fully 

described in the data extraction tables (appendix pp 8–32).

Comparative meta-analyses are not typically performed as part of scoping reviews.5 

Specifically, a meta-analysis would not be indicated given the broad topic, unclear evidence 

types available, and substantial heterogeneity in study designs (eg, surgical indication and 

approach, tumour histology, and oncological treatment regimens).

Evidence appraisal

Evidence quality was assessed using the Oxford Centre for Evidence-Based Medicine Levels 

of Evidence tool.25 Quality assessment was performed by two independent reviewers (MAM 

and CJT). In cases of disagreement, consensus was reached through open discussion and a 

detailed review of the full text. Article bias is not typically assessed according to PRISMA-

ScR guidelines.5

Results

Literature search and data extraction

Our initial database search yielded 4295 articles after duplicates were removed. Titles 

and abstracts were screened, and 4025 articles were excluded. 270 full-text articles were 

obtained and assessed for eligibility. 209 full-text articles were excluded. Data were 

extracted from 61 full-text articles.3,4,12,8–24,26–67 The PRISMA flow diagram summarises 

the selection process (figure 1).

Study characteristics

Study characteristics are detailed in table 2 and the appendix (pp 8–18). The 61 included 

studies had a combined total of 22 335 patients. The mean study cohorts contained 366 

patients (867· 6) and 63% (16· 1) were men. The mean age (weighted average) at time of 

surgery was 60–4 years (SD 2·15). Data included in this Review are mainly from North 

American (28 [46%] of 61 studies), Asian (23 [38%]), and European (10 [16%]) cohorts. 

Prospective cohort studies represent 7% (n=4) of the data,11,16–18 whereas retrospective 

cohort studies account for 93% (n=57).

MacLean et al. Page 5

Lancet Oncol. Author manuscript; available in PMC 2023 January 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Cohort characteristics

Cohort characteristics are detailed in table 2 and the appendix (pp 8–18). All patients were 

diagnosed with spinal metastatic disease. Surgical indications were not mutually exclusive 

(ie, patients could have more than one indication for surgery) and included progressive 

neurological dysfunction (49 [80%] of 61 studies), intractable pain (20 [33%] studies), 

spinal instability (12 [20%] studies), and general oncological resection (eight [13%] studies). 

Surgical approach was reported for 9834 (44·0%) of 22335 patients and included anterior, 

posterior, or combined antero-posterior approaches (table 2). Surgical intervention data were 

reported for 19945 (89·3%) patients. Intervention types were not mutually exclusive and 

included decompression with or without fusion, corpectomy, and spondylectomy (table 2). 

Most studies pooled both cervical and thoracolumbar spinal metastases and did not control 

for previous radiotherapy or chemotherapeutic regimens. 52 (85%) of 61 studies included 

either multiple tumour histologies (46%) or a single tumour histology (39%). Nine (15%) 

studies did not report tumour histology.7,9,10,13,14,15,24,28,53 Histology data were available 

for 9984 patients, with lung, kidney, breast, and prostate tumours being the most frequently 

reported (table 2, appendix pp 8–18).

Clinical outcomes

Survival (eg, overall survival, 30-day survival, and 90-day survival) was the most 

common postoperative clinical outcome investigated (40 [66%] of 61 studies), followed 

by complications (20 [33%] studies),7–11,14,18,20,23,24,26,28,30,34,45,50,53,55,60,62 neurological 

function and ambulation (ten [16%] studies),17,22,23,32,42,48,52,58,61,65 and HRQOL (one 

[2%] study; table 3, appendix pp 19–32).3 Complications were commonly reported as 

“any”, “minor” (Clavien-Dindo grade I–II),68 “major” (Clavien-Dindo grade III—IV)or 

more specifically (eg, venous thromboembolism, urinary tract infection, blood transfusions, 

hardware failure, surgical site infections, or by organ system; table 3, appendix pp 21–32). 

Clinical outcomes were stratified by time course (survival) and severity (complications) in 

the appendix (pp 19–22).

Systemic variables influencing postoperative clinical outcomes

Study characteristics—We identified studies reporting statistically significant 

(p<0·05), negative associations between survival (eg, overall survival, progression-

free survival, and 30-day survival) and systemic variables including 

demographics (17 studies);11,12,15,16,19,23,29,31,38,43,51,56,57,59,64,66,67 medical comorbidities 

(four studies);15,23,31,51 biochemical abnormalities (six studies);14,15,18,19,31,46 

generalised motor weakness or poor ambulation (ie, American Spinal 

Cord Injury Association Impairment Scale grade, and Frankel grade; 18 

studies);11,12,15,19,21,31,36,41,42,46,47,51,56,57,59,64,67 reduced overall level of function 

or performance status (16 studies);12,15,16,18,23,30,31,36,38,41–43,46,56,64,66 and 

increased systemic disease burden (12 studies; table 3, appendix pp 19–

32).4,16,21,30,31,35,36,38,39,42,51,54 Demographics (ten studies),7,20,23,28,53,60,62,9–11 medical 

comorbidities (nine studies),8,13,23,24,26,28,30,53,60 and biochemical abnormalities (nine 

studies)8–10,14,15,18,28,53,60 also negatively affected complication rates (table 3, appendix 

pp 21–32).
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Demographics—Older age (ie, >60 years) negatively influenced survival in ten 

studies.23,29,31,38,43,51,56,59,64,67 Older age was also associated with an increased rate of 

any complications in four studies.10,11,60,62 Kanda and colleagues3 reported that older age 

was associated with worse HRQOL on the EuroQol-5D. Schuss and colleagues53 reported 

an association between younger age (<60 years) and an increased complication rate.

Low BMI, weight loss, and low muscle mass (eg, psoas size) were associated with worse 

survival (overall, 30 day, and 90 day),19,23,29,15 worse neurological function,23 and an 

increased rate of complications.23 Elevated BMI negatively influenced overall survival in a 

single study.16 Cheung and colleagues7 reported that elevated BMI negatively influenced the 

rates of pulmonary complications, venous thromboembolism, and urinary tract infections. 

They reported that an elevated BMI was favourably associated with reduced length of 

hospital stay and red blood cell transfusions.7

Male sex was associated with worse overall and 30-day survival (five studies),11,12,16,31,66 

any complications,28 reduced rate of red blood cell transfusions,9 a KPS of 70 or lower,37 

and with an ambulatory status at the time of discharge from hospital.65

De la Garza Ramos and colleagues10 examined racial disparities in spinal metastatic disease-

related oncological morbidity and found that Black race was associated with an increased 

rate of any and minor complications.

Smoking was negatively associated with overall survival31,57 and any complications,10 

including surgical site infections.20

Generalised motor weakness and ambulation—Worse American Spinal Cord 

Injury Association Impairment Scale grade, Frankel grade, or generalised motor weakness 

negatively affected survival.11,12,15,21,31,36,46,47,54,56,57,59,64,67 These variables were also 

significantly associated with an increased 30-day complication rate,53 pressure sores,11 

and venous thromboembolism.24 Worse preoperative strength and ambulation, as reported 

descriptively in the studies, was significantly associated with worse postoperative 

ambulatory status (four studies),48,52,65,22 worse functional status,3 increased length 

of hospital stay,11 and decreased likelihood of being discharged from the hospital.22 

Preoperative non-ambulatory status was significantly associated with postoperative non-

ambulatory status (four studies)17,48,52,65 and worse motor function.42

Performance status and physical status—Higher American Society of 

Anesthesiologists physical status class was significantly associated with increased 

complication rates,28,53 including surgical site infections,20 red blood cell transfusion,9 and 

length of hospital stay.28

Lower KPS (typically <80) and partial or full dependence on another individual for activities 

of daily living were associated with worse survival (six studies).23,31,33,43,46,47 These 

variables were significantly associated with increased rates of postoperative complications 

(four studies),10,23,53,60 including wound-related re-operations.34 Lower KPS was associated 

with worse postoperative ambulatory status (three studies)22,58,65 and decreased likelihood 

of being discharged from the hospital.22
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Worse performance status, measured using ECOG performance status, was associated with 

worse survival (11 studies).12,15,30,36,38,41,42,46,56,64,66 Longo and colleagues45 reported an 

association between worse preoperative ECOG performance status and hardware failure (eg, 

screw pullout or loosening, cage migration, progressive kyphosis, or an otherwise noticeable 

instrumentation deficit detectable on radiographic imaging). He and colleagues36 found 

increased preoperative ECOG performance status was associated with worse progression-

free survival.

Worse physical functioning on the Short-Form 36 questionnaire (a 36-item survey that is 

routinely used to assess quality of life) was associated with worse overall survival in a single 

study.16

Medical comorbidities—Elevated Charlson Comorbidity Index scores were negatively 

associated with overall survival (three studies),15,31,51 any complications (three 

studies),28,30,60 and venous thromboembolism.24 Clinical outcomes were negatively affected 

by the following medical comorbidities: ambulation by urinary and bowel dysfunction;65 

hospital readmission by inflammatory conditions, hypertension, and renal dysfunction;13 

30-day survival of liver disease,23 overall survival of cardiac disease,23 30-day survival 

of stroke,23 90-day survival of diabetes,23 overall survival of pathological fractures,31 and 

overall survival of pulmonary disease;23 development of at least one major peri-operative 

complication by pathological fractures,8 pulmonary disease,8 cardiac disease,8,23 and 

diabetes;26,53 length of hospital stay by cardiac disease;28 neurological dysfunction by 

stroke;23 and poor outcome (KPS <70) at discharge by urinary dysfunction.37

Biochemical abnormalities—Hypoalbuminaemia was negatively associated with 

survival (five studies)14,15,18,19,46 and complications (six studies),8–10,14,28,60 including red 

blood cell transfusion (two studies),14,9 sepsis,14 length of hospital stay (two studies),14,28 

and decreased likelihood of being discharged from hospital.14 Overall survival was 

negatively affected by elevated serum monocyte count,31 serum neutrophil count,15 

neutrophil-to-lymphocyte ratio,15 platelet-to-lymphocyte ratio,15 and serum globulin,31 

thrombocytopenia,15 thrombocytosis,15 and anaemia.15 Complication rates were negatively 

associated with anaemia,8 coagulopathy,8 electrolyte imbalance,8,15 and elevated C-reactive 

protein concentrations.18,60

Systemic disease burden—Visceral metastases and uncontrolled systemic disease 

were negatively associated with overall survival (11 Studies)16,21,30,31,35,36,38,39,42,51,54 and 

progression-free survival.36

HRQOL and disability—A single study reported worse HRQOL, measured on the 

EuroQoL-5D, was associated with worse overall and less than 3-month survival.12,16 

Worse functional disability, as measured on the Oswestry Disability Index, was negatively 

associated with overall survival.16

Evidence appraisal

Most (60 [98%]) of the 61 included studies constitute level 4 evidence according to the 

Oxford Centre for Evidence- Based Medicine Levels of Evidence tool, as they were either 
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retrospective series or included multiple tumour histologies, surgical approaches, or surgical 

interventions. A single cohort study provided level 2b evidence.21 Retrospective data 

related to studies of larger sample size (>1000 patients) were frequently obtained through 

national registry databases, without specific details pertaining to treatment regimen, surgical 

approach, or tumour histology (eg, American College of Surgeons National Surgical Quality 

Improvement Program,7,9,10,14 and Healthcare Cost and Utilization Project Nationwide 

Readmission Database13).

Discussion

Systemic assessment is a pillar in the widely used NOMS framework for spinal metastatic 

disease-related decision making.2 Here, to our knowledge, we present the first scoping 

review to comprehensively summarise emerging literature on systemic variables associated 

with postoperative spinal metastatic disease-related clinical outcomes (figure 2, table 3, 

appendix pp 8–32). 61 full-text articles were included, accounting for 22 335 patients. 

Overall survival7,9–11,14,18,20,24,26,28,30,34,45,50,53,55,60,62 and complications16,21,22,31,42,48,65 

were the most frequently analysed outcomes. Systemic variables negatively associated 

with clinical outcomes included older age, low or elevated BMI, low muscle mass, male 

sex, Black race, smoking status (smoker), generalised motor weakness, non-ambulatory 

status, higher American Society of Anesthesiologists physical status class, worse KPS, 

worse ECOG performance status, medical comorbidities (eg, Charlson Comorbidity 

Index scores; urinary and bowel dysfunction; inflammatory conditions; pathological 

fractures; previous stroke; diabetes; and cardiac, renal, vascular, hepatic, and pulmonary 

disease), and biochemical abnormalities (eg, anaemia, coagulopathy, electrolyte imbalance, 

hypoalbuminaemia, and atypical blood cell counts). Medical, surgical, and radiation 

oncologists might consider these findings when prognosticating spinal metastatic disease-

related surgical outcomes on the basis of a patient’s systemic condition. These factors might 

also guide a shared decision-making approach with affected individuals and their families.

Surgery for spinal metastatic disease

Surgery for spinal metastatic disease can improve pain, neurological function, HRQOL, 

and survival.1 Compared with non-operative management, surgery decreases the likelihood 

of the patient losing ambulatory function.69 Surgery combined with radiotherapy improves 

ambulatory function and survival when compared with radiotherapy alone.1 Our AO Spine 

Knowledge Forum Tumor group provides a strong recommendation for urgent surgical 

decompression for patients who have neurological deficits from solid spinal metastatic 

disease resulting in loss of ambulation, in the absence of medical and oncological 

contraindications.70

Prognosticating clinical outcomes

Existing prognostic survival-related scoring systems have been evaluated for predictive 

value and are becoming out of date.71 New scoring tools should improve the accuracy of 

risk stratification and outcome prognostication for patients undergoing spinal metastatic 

disease-related surgery. Shortcomings of these systems include poor accuracy, failure to 

incorporate systemic assessment, and construction using retrospective, non-contemporary 
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data without validation in a large prospective dataset.16,71 Eight commonly cited prognostic 

scoring systems were externally validated for clinical accuracy, revealing that all have low 

concordance between predicted and actual survival.16 In 2019, a 12-variable risk calculator 

was developed by the Global Spine Tumor Study Group and has been likened to well-

established calculators for assessing the risk of stroke and cardiovascular disease.72

Currently, there is no widely accepted tool for prognosticating surgical outcomes on the 

basis of the systemic condition of patients with spinal metastatic disease; the variables 

identified herein might be considered during the development of such a tool. Although 

previous literature has focused on postoperative survival, we have summarised emerging 

evidence pertaining to postoperative HRQOL, complication rates, adverse event avoidance, 

length of hospital stay, and likelihood of hospital discharge. Future studies could consider 

examining additional clinically relevant outcomes of interest, such as the time between 

surgery and patients’ non-surgical oncological care (ie, exploring the effect of delays in 

receipt of further care).

Predicting postoperative HRQOL

HRQOL is an inherently important consideration in spinal metastatic disease-related 

decision making.69 Fehlings and colleagues69 published the prospective AO Spine North 

America Metastatic Epidural Spinal Cord Compression study, which represents the highest 

quality available data showing improved HRQOL after surgery for focal, symptomatic 

spinal metastatic disease. Although preserved neurological function might improve HRQOL 

following surgery, few studies have examined the ability of other preoperative factors to 

predict postoperative HRQOL. Kanda and colleagues3 reported that older age (>70 years) 

and elevated Katagiri score predicted worse HRQOL following surgery for spinal metastatic 

disease. An international AO Spine study revealed Frankel or American Spinal Cord Injury 

Association Impairment Scale grades; ambulatory function; healthy bowel, bladder, and 

sexual function; KPS; and EuroQoL-5D scores each predicted postoperative HRQOL.73 

Nater and colleagues74 developed and validated the first clinical prediction model of survival 

and HRQOL for patients 3 months after surgery for spinal metastatic disease with epidural 

compression. Given the heterogeneity of clinical presentation and outcomes, such prognostic 

models might assist in tailoring a personalised medicine approach to surgical decision 

making.74 Together, these findings highlight the need for research pertaining to systemic 

variables that predict postoperative HRQOL.

Spinal metastatic disease and frailty

Older patients (aged >60 years) with multiple comorbidities constitute a substantial portion 

of patients with cancer. Advanced age and comorbidities are considered by surgeons 

when determining whether patients might tolerate invasive procedures. These variables 

might increase susceptibility to complications.11 Despite this concern, a role for surgery 

in older patients with spinal metastatic disease has been suggested. Among patients 

older than 60 years of age undergoing surgery for spinal metastatic disease, improved 

neurological function and performance status have been reported.3 In this scoping review, 

we identified ten studies reporting that older age negatively influenced postoperative 

survival.23,29,31,38,43,51,56,59,64,67 We identified additional demographics (eg, male sex, 
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race, elevated or low BMI, and being a smoker) that negatively affected survival in ten 

studies.11,12,15,16,19,23,29,31,57,66

Frailty can be considered a state of susceptibility to decline after experiencing a stressor, or 

as an index of accumulating deficits.11 Such indices are calculated by dividing the number 

of health deficits present in an individual by the number of health deficits measured.75 

Health deficits might broadly include, but are not limited to, medical comorbidities, 

biochemical abnormalities, overall level of function, and systemic disease burden. Frailty 

was not objectively defined across the studies included in this Review. At the time of 

this Review, the only objective, composite measure of frailty, designed specifically for 

use among patients with spinal metastatic disease, is the Metastatic Spinal Tumor Frailty 

Index.8 By definition, however, this index is not a frailty index as it includes surgical and 

pathological variables.

Frailty has performed well as an outcome predictor in spinal surgery;76 however, that has not 

been the case in spinal metastatic disease. Bourassa-Moreau and colleagues75 reported that 

a modified frailty index did not accurately predict postoperative adverse events in patients 

undergoing surgery for spinal metastatic disease. We propose that this issue might relate 

to the use of a modified frailty index, which does not capture patients’ systemic condition 

and functional status—variables known to be of crucial importance in oncology populations. 

Our Review highlights systemic variables and patient factors that affect clinical outcomes 

and could be particularly useful towards deriving a frailty measure that is specific to spinal 

metastatic disease.

Advances in personalised therapies for spinal metastatic disease

Selecting appropriate therapy for the individual patient is essential in the era of personalised 

medicine. With the advent of personalised oncology, prospective studies with homogeneous 

cohorts should be done to improve the quality of evidence available for decision making.71 

Evolving personalised therapies have been derived from advances in genetic subtyping, 

immunotherapy, radiation techniques, and separation surgery.71 Novel scoring systems 

should stratify risk, accounting for genetic subtypes influencing prognosis (eg, BRAF 
mutation and melanoma).71 Frail patients with poor prognoses, who might not be candidates 

for standard surgical therapy, could benefit from the reduced morbidity associated with 

minimally invasive techniques, such as percutaneous cement augmentation or pedicle screw 

insertion, vertebral body stenting or support, and radiofrequency ablation.1

Limitations

This scoping review has several limitations, many of which are inherent to the nature of such 

a review. The broad, exploratory nature of this Review was purposeful; we included studies 

that varied in design, methods, and outcome. We have, however, captured emerging evidence 

relevant to the systemic assessment component of the widely used NOMS framework for 

spinal metastatic disease decision making. Given that the objective of this Review was 

to summarise systemic variables and their influence on postoperative outcomes, we did 

not intend to draw comparison with the relative effect of oncology-related variables (eg, 

tumour histology, staging, and number of metastases) on postoperative clinical outcomes. It 
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is possible that oncology-related variables influence outcomes to a greater extent than do 

systemic variables, as has been previously suggested.16 Lastly, this Review does not discern 

the effect size of systemic variables on outcomes, or the comparative effectiveness of many 

possible treatment options.

Conclusions

To our knowledge, this is the first comprehensive scoping review to broadly summarise 

emerging evidence relevant to the systemic assessment component of the widely used 

NO MS framework for spinal metastatic disease decision making. Independent systemic 

variables negatively influencing postoperative outcomes included various demographics, 

medical comorbidities, biochemical abnormalities, generalised motor weakness, poor 

ambulation, reduced performance status, and increased systemic disease burden. This 

Review could represent a first step towards the development of an evidence-based tool for 

prognosticating spinal metastatic disease-related surgical outcomes on the basis of patients’ 

systemic condition. Moreover, the literature synthesis presented in this scoping review can 

guide clinical management and inform a shared decision-making process with patients and 

their families.
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Search strategy and selection criteria

References for this scoping Review were identified through searches on MEDLINE, 

Embase, Scopus, Cochrane Central Register of Controlled Trials, Web of Science, and 

CINAHL databases. We searched the terms “surgery”, “spinal”, “metastasis”, “systemic”, 

“disease”, and “frailty”. We included terms related to medical comorbidities, biochemical 

abnormalities performance status, physical function, and frailty synonyms (full search 

strategy: appendix pp 5–6). Only papers in English were reviewed. To survey this broad 

topic, capture emerging evidence, and account for the evolution of surgical techniques, 

the search included papers published between Jan 1,2000, and July 31,2021. Inclusion 

and exclusion criteria are described in table 1.
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Figure 1: Study selection
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Figure 2: An adapted NOMS decision-making framework for spinal metastatic disease: 
preoperative systemic considerations and negatively affected clinical outcomes
ESCC=epidural spinal cord compression. HRQOL=health-related quality of life. 

NOMS=neurological, oncological, mechanical, and systemic.
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Table 2:

Summary of characteristics of included studies

Number of patients Included studies (n=61)

Cohort characteristics

Number of patients 22 335

Sex (%)

 Male 14 071 (63%)

 Female 8264 (37%)

Mean number of patients per study 366

Age at surgery (years)

 Weighted mean 60·4 (SD 2·15)

Cohort geography

Asian 23 (38%)

North American 28 (46%)

European 10 (16%)

Study types

Prospective cohorts 4 (7%)

Retrospective cohorts 57 (93%)

Surgical indications*

Neurological dysfunction 49 (80%)

Intractable pain 20 (33%)

Spinal instability 12 (20%)

General oncological treatment 8 (13%)

Surgical approach (patients)

Patients for which approach is reported 9 834 (44·0%)

Anterior 808 (8·3%)

Posterior 8 090 (83·6%)

Combined 934 (9·7%)

Surgical intervention (patients)*

Patients for which intervention is reported 19 945 (89·3%)

Decompression with or without fusion 15 924 (79·8%)

Corpectomy 1 583 (7·9%)

Spondylectomy 299 (1·5%)

Tumour histology

Number of studies reporting histology 52 (85%)

Not reported 9 (15%)

Single tumour 24 (39%)

Multiple tumour 28 (46%)

Tumour histology type (patients)

Total patients for which histology is reported 9 984 (44·7%)

Lung 3 065 (30·7%)
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Number of patients Included studies (n=61)

Kidney 1 764 (17·7%)

Breast 1 582 (15·9%)

Prostate 1 411 (14·1%)

Other (not specified) 672 (6·7%)

Hepatobiliary 362 (3·6%)

Thyroid 337 (3·4%)

Colorectal 160 (1·6%)

Outcomes examined*

Survival 40 (66%)

Complications (any) 20 (33%)

Neurological function, ambulation, or mobility 10 (16%)

Non-home discharge or length of stay 4 (7%)

Health-related quality of life 1 (2%)

Data refer to studies and are given as n (%), unless otherwise stated.

*
Not mutually exclusive: patients could have more than one indication for surgery, surgical intervention, or outcome examined.
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