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Prognostic tools - spinal instability

Review question

What is the prognostic value of validated scoring systems in evaluating spinal instability in
people with spinal metastases or direct malignant infiltration of the spine, with or without spi-
nal cord compression?

Introduction

Scoring systems to evaluate spinal instability in people with spinal metastases or direct ma-
lignant infiltration of the spine can be used to inform surgical decision making and to aid
communication within the multidisciplinary team. The review aims to evaluate the accuracy of
such scoring systems.

Summary of the protocol

See Table 1 for a summary of the Population, Index test (clinical prediction model) and Out-
come (PIO) characteristics of this review.

Table 1: Summary of the protocol (PIO table)
¢ Adults with:
o metastatic spinal disease
o direct malignant infiltration of the spine
¢ Adults with confirmed spinal cord or nerve root compression because of
o metastatic spinal disease
o direct malignant infiltration.

o Multivariable prognostic tools such to predict spinal stability, for example:
o Spine Instability Neoplastic Score (SINS)
o MM (multiple myeloma) spinal stability scoring system

Critical

Accuracy of the scoring system for:

¢ Spinal stability

Important

Accuracy of the scoring system for:
¢ Neurological and functional status
e Quality of life

¢ Pain

¢ Performance status

e Evidence of cord compression

¢ Spinal deformity

For further details see the review protocol in appendix A.

Methods and process

This evidence review was developed using the methods and process described in Develop-
ing NICE guidelines: the manual. Methods specific to this review question are described in
the review protocol in appendix A and the methods document (supplementary document 1).

Declarations of interest were recorded according to NICE’s conflicts of interest policy.
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Prognostic evidence

Included studies

Two studies were included for this review, 1 systematic review (Kim 2021) and 1 retrospec-
tive cohort study (Ehresman 2020) which was used to update the meta-analysis of the sys-
tematic review.

Both studies evaluated the accuracy of the Spinal Instability Neoplastic Score (SINS) to pre-
dict vertebral compression fractures after treatment in patients with spinal metastases.

The included studies are summarised in Table 2.

See the literature search strategy in appendix B and study selection flow chart in appendix C.

Excluded studies

Studies not included in this review are listed, and reasons for their exclusion are provided in
appendix K.

Summary of included studies

Summaries of the studies that were included in this review are presented in Table 2.

Table 2: Summary of included studies.

Study Population Clinical prediction tool Outcomes
Ehresman 2020 N=105 e SINS to predict VCF Accuracy of the scoring
system for spinal stabil-
Retrospective Patients with spinal metas- ity:
cohort study tasis treated with SBRT or ¢ Sensitivity
neurosurgery e Specificity
USA

Age, mean (SD) years: 61.2
(SD not reported)

Sex: female n=48, male

n=57.
Kim 2021 N=7 studies including 798 e SINS to predict VCF Accuracy of the scoring
patients system for spinal stabil-
Systematic re- ity:
view People with spinal metas- e Sensitivity
tasis treated with SBRT or e Specificity

International conventional RT

Age, mean (SD) years:
mean ages of the patients
included across studies
ranged from 57 to 67 (SD
not reported)

Sex: not reported.

RT: radiotherapy; SBRT: stereotactic body radiotherapy,; SD: standard deviation; SINS: spinal instability neo-
plastic score; VCF: vertebral compression fractures

See the full evidence tables in appendix D, the forest plots in appendix E and for study data
see appendix L.
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Summary of the evidence

The evidence was limited to studies validating the SINS score to predict vertebral compres-
sion fractures (VCF) following treatment. The evidence indicates that SINS score of 7 or
more has a sensitivity of 75% and specificity of 58% for the prediction of new VCF after
treatment.

The positive likelihood ratio of 1.8 indicates that SINS score of 7 is not a useful test for identi-
fying those who will develop VCF. The negative likelihood ratio of 0.44 suggests SINS score
of 7 is a potentially useful test for identifying those who will not develop VCF.

Assuming that 20% of patients will develop a VCF, a SINS score of 7 or more has a positive
predictive value of 31% and a negative predictive value of 90%. This means that 31% of pa-
tients in the SINS = 7 group go on to develop VCFs, whereas 90% in the SINS <7 group do
not develop VCF. This suggests that SINS <7 may be useful for identifying people at lower
VCEF risk but SINS = 7 is not particularly useful for identifying people at high VCF risk.

The quality of the evidence for these outcomes was low.

See appendix F for full GRADE tables.
Economic evidence

Included studies

A systematic review of the economic literature was conducted but no economic studies were
identified which were applicable to this review question.

A single economic search was undertaken for all topics included in the scope of this guide-
line. See supplement 2 for details.

Excluded studies

Economic studies not included in this review are listed, and reasons for their exclusion are
provided in supplement 2.

Economic model

No economic modelling was undertaken for this review because the committee agreed that
other topics were higher priorities for economic evaluation.

The committee’s discussion and interpretation of the evidence

The outcomes that matter most

The critical outcome for this review was accuracy of the scoring system for predicting spinal
stability. An unstable spine typically requires surgical intervention or immobilisation, so an
accurate assessment of the risk of spinal instability contributes to decisions about treatment,
in particular avoiding over or under treatment. The committee thought that these scoring sys-
tems might also be able to predict some of the consequences of an unstable spine including
neurological and functional status, quality of life, pain, performance status, evidence of cord
compression and spinal deformity. The accuracy of these predictions was an important out-
come.
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The quality of the evidence

The quality of the evidence was assessed using modified GRADE and was of low quality.
This was because of a serious risk of bias in the included studies and serious imprecision in
the pooled outcome.

The evidence was limited to a single scoring system (SINS) at a single threshold and there
was no evidence about using these scoring systems to predict neurological and functional
status, quality of life, pain, performance status, evidence of cord compression and spinal de-
formity.

There was no evidence about the calibration of SINS, that is how well the score on SINS re-
lates to absolute risk of spinal instability.

Due to the low quality of the evidence the committee made a weaker recommendation for
scoring systems making the use of this optional rather than routine. The committee based
this recommendation on their experience and knowledge of other scoring systems as well as
the evidence about SINS.

Benefits and harms

The committee discussed the evidence that suggests that SINS <7 may be useful for identify-
ing people at low vertebral compression fracture risk. They agreed that a scoring system for
spinal stability could be a helpful addition to clinical assessment, informing management de-
cisions (for example if the spine is stable people would no longer have to be immobilised)
and is likely to improve patient outcomes. Whilst they acknowledged that the test did not reli-
ably identify people at high risk (it did not meet their agreed decision thresholds for a useful
test), they thought it had value in prompting less experienced clinicians to assess and think
about the main features needed to determine spinal stability. Scoring systems also allow as-
sessments to be formalised and standardised, documented and audited, helping to improve
sharing of information between healthcare professionals.

They did not want to limit their recommendation to the SINS scoring system, because they
acknowledged that other scoring systems may be developed or SINS could be revised or
updated. They therefore decided to mention SINS as an example.

Cost effectiveness and resource use

No economic evidence was identified for this topic from the systematic search of previously
published evidence. The committee considered cost effectiveness based on their own expe-
rience and knowledge.

The committee considered based on their own experience that a scoring system would lead
to the standardisation of assessment and may speed up assessments reducing the time
needed by clinicians. Standardised assessments with better documentation and auditing may
also speed up treatment decision making and prevent repeated assessments where the orig-
inal was insufficient or where documentation cannot be located. The committee thought there
may be some initial upfront costs from implementing scoring systems and documentation
systems, but these are likely to be small and a one off.

Evidence was weak around how effective the identified scoring systems were for spinal in-
stability. However, the committee considered, based on their clinical experience, that they
may improve the efficiency of treatment decisions around MSCC. This will lead to improved
quality of life and potential cost savings through the avoidance of inappropriate or less effec-
tive interventions.
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Recommendations supported by this evidence review

This evidence review supports recommendation 1.9.1 in the NICE guideline.

References — included studies
Prognostic

Ehresman 2020

Ehresman, J, Schilling A, Pennington Z, et al. A novel MRI-based score assessing trabecular
bone quality to predict vertebral compression fractures in patients with spinal metasta-
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Kim 2021

KimY, Lee C, Yang S, et al. Accuracy and precision of the spinal instability neoplastic score
(SINS) for predicting vertebral compression fractures after radiotherapy in spinal metastases:
a meta-analysis. Scientific reports, 11, 5553, 2021
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Appendices

Appendix A Review protocols

Review protocol for review question: What is the prognostic value of validated scoring systems in evaluating spinal in-
stability in people with spinal metastases or direct malignant infiltration of the spine, with or without spinal cord com-
pression?

Table 3: Review protocol

ID Field Content

0. PROSPERO registration number  CRD42022326751

1. Review title The prognostic value of scoring systems for spinal instability in people with spinal metastases or direct
malignant infiltration of the spine.

2. Review question What is the prognostic value of validated scoring systems in evaluating spinal instability in people with
spinal metastases or direct malignant infiltration of the spine, with or without spinal cord compression?

3. Objective To establish the prognostic value of validated scoring systems in evaluating spinal instability in people
with spinal metastases or direct malignant infiltration of the spine, with or without spinal cord compres-
sion.

4. Searches The following databases will be searched:

e Cochrane Central Register of Controlled Trials (CENTRAL)

e Cochrane Database of Systematic Reviews (CDSR)

e Cumulative Index to Nursing and Allied Health Literature (CINAHL)
e Embase

e Epistemonikos

e International Health Technology Assessment (IHTA) database

e MEDLINE & MEDLINE In-Process

Searches will be restricted by:
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ID Field

5. Condition or domain being studied
6. Population

7. Presence or absence of a prog-

nostic, risk or predictive factor

Content

o Date: 1990 onwards (see rationale under Section 10)
¢ English language studies

e Human studies

Other searches: Inclusion lists of systematic reviews

With the agreement of the guideline committee, the searches will be re-run between 6-8 weeks before
final submission of the review and further studies retrieved for inclusion.

The full search strategies for MEDLINE database will be published in the final review.
Spinal instability relating to spinal metastases, direct malignant infiltration of the spine, spinal cord com-
pression.
Inclusion:
o Adults with:
o metastatic spinal disease
o direct malignant infiltration of the spine
o Adults with confirmed spinal cord or nerve root compression because of
o metastatic spinal disease
o direct malignant infiltration.

Exclusion:
¢ Adults with suspected metastatic spinal disease and suspected direct malignant infiltration of the spine.

¢ Adults with spinal cord compression because of primary tumours of the spinal cord, meninges or nerve
roots.

o Adults with spinal cord compression because of non-malignant causes.
o Adults with primary bone tumours of the spinal column.

o Children and young people under the age of 18.

Multivariable prognostic tools to predict spinal stability, for example:
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ID Field

8. Confounding factors

9. Types of study to be included
10. Other exclusion criteria

Content

¢ Spine Instability Neoplastic Score (SINS)

o MM (multiple myeloma) spinal stability scoring system
e Primary tumour type

¢ Performance status

e Bone metastases

e Bone lesion

e Number of involved vertebrae

¢ Neurological status

e Tumour location on spine

¢ Spine alignment

¢ Bone density and existing fractures

¢ Pain

Observational studies (where neither control nor intervention were assigned by the investigator) including:
o Systematic reviews of observational studies.

¢ Prospective and retrospective cohort studies

e Case control studies

Prospective study designs will be prioritised over retrospective study designs. Population-based studies
and multicentre studies will be prioritised.

Inclusion:

o Full text papers

o Validated clinical prediction tools will be prioritised for inclusion (where the scoring system has been
evaluated in a separate population than that used to derive the model)

Exclusion:

e Conference abstracts
e Articles published before 1990. MRI has regularly used in diagnosis since the early 1990s. IMRT was
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ID Field Content
not commercially available until 1994.

o Papers that do not include methodological details will not be included as they do not provide sufficient
information to evaluate risk of bias/ study quality

¢ Studies using qualitative methods only
¢ Non-English language articles

11. Context Metastatic spinal cord compression in adults: risk assessment, diagnosis and management (2008) NICE
guideline will be updated by this review question

12. Primary outcomes (critical out- Accuracy of the scoring system for:
comes) « Spinal stability
13. Secondary outcomes (important Accuracy of the scoring system for:
outcomes) ¢ Neurological and functional status
e Quality of life
e Pain

¢ Performance status
e Evidence of cord compression
e Spinal deformity

14. Data extraction (selection and All references identified by the searches and from other sources will be uploaded into EPPI and de-
coding) duplicated.

Titles and abstracts of the retrieved citations will be screened to identify studies that potentially meet the
inclusion criteria outlined in the review protocol.

Dual sifting will be performed on at least 10% of records; 90% agreement is required. Disagreements will
be resolved via discussion between the two reviewers, and consultation with senior staff if necessary.

The full set of records will not be dual screened because the population, interventions and relevant study
designs are relatively clear and should be readily identified from titles and abstracts.
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ID Field
15. Risk of bias (quality) assessment
16. Strategy for data synthesis

Content

Full versions of the selected studies will be obtained for assessment. Studies that fail to meet the inclu-
sion criteria once the full version has been checked will be excluded at this stage. Each study excluded
after checking the full version will be listed, along with the reason for its exclusion.

A standardised form will be used to extract data from studies. The following data will be extracted: study
details (reference, country where study was carried out, type and dates), participant characteristics, inclu-
sion and exclusion criteria, details of the interventions if relevant, setting and follow-up, relevant outcome
data and source of funding. One reviewer will extract relevant data into a standardised form, and this will
be quality assessed by a senior reviewer.

PICOTS will be extracted from each study. For prediction models, development stage and validation sta-
tus will be extracted.

Risk of bias of individual studies will be assessed using the preferred checklist as described in Develop-
ing NICE guidelines: the manual.

Quality assessment of individual studies will be performed using the following:
e PROBAST tool for clinical prediction models

The quality assessment will be performed by one reviewer and this will be quality assessed by a senior
reviewer.

Depending on the availability of the evidence, the findings will be summarised narratively or quantitative-
ly.

Data Synthesis

Where possible meta-analysis to combine the effect estimates across studies for each clinical prediction
model will be conducted, if studies have comparable populations.

We will extract either OR HR; however we will conduct separate meta-analysis for those studies reporting
OR and those reporting HR, as it is inappropriate to pool OR and HR.

If no meta-analysis is conducted a narrative summary of the available results for each factor will be pro-
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ID Field Content
vided.

Calibration and discrimination will be assessed for clinical description models.

Heterogeneity in the effect estimates of the individual studies will be assessed using the 12 statistic. 12
values of greater than 50% and 80% will be considered as significant and very significant heterogeneity,
respectively.

In the case of serious or very serious unexplained heterogeneity (remaining after pre-specified subgroup
and stratified analyses) meta-analysis will be done using a random effects model.

Default MIDs will be used for odds ratios, unless the committee pre-specifies published or other MIDs for
specific outcomes

e For odds ratios and hazard ratios: 0.8 and 1.25.

Validity
The confidence in the findings across all available evidence will be evaluated for each outcome using an
adaptation of the ‘Grading of Recommendations Assessment, Development and Evaluation (GRADE)
toolbox’ developed by the international GRADE working group: http://www.gradeworkinggroup.org/
7. Analysis of sub-groups Evidence will be stratified by:
e Primary cancer type
o Ambulant versus non ambulant patients
¢ Neurological symptoms versus none
o Bladder and bowel symptoms

Where evidence is stratified or subgrouped the committee will consider on a case by case basis if sepa-
rate recommendations should be made for distinct groups. Separate recommendations may be made
where there is evidence of a differential effect of interventions in distinct groups. If there is a lack of evi-
dence in one group, the committee will consider, based on their experience, whether): it is reasonable to
extrapolate and assume the interventions will have similar effects in that group compared with others.
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ID

18.

19.
20.
21.
22.
23.

24.

Field
Type and method of review

Language

Country

Anticipated or actual start date
Anticipated completion date

Stage of review at time of this
submission

Named contact

Content

O Intervention

O Diagnostic

Prognostic

O Qualitative

O Epidemiologic

O Service Delivery

O Other (please specify)

English

England

09/09/21

23/08/23

Review stage Started Completed
Preliminary searches ™ v
Piloting of the study selection process ™ ™
Formal screening of search results against eli- ] ™
gibility criteria

Data extraction W v
Risk of bias (quality) assessment ™ ™
Data analysis v v

5a. Named contact: National Institute for Health and Care Excellence (NICE)

5b Named contact e-mail: metastaticspinal@nice.org.uk
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25.
26.

27.

28.

29.
30.

31.

32.
33.

34.

Field

Review team members
Funding sources/sponsor

Conflicts of interest

Collaborators

Other registration details

Reference/URL for published pro-
tocol

Dissemination plans

Keywords

Details of existing review of same
topic by same authors

Current review status

Content
5e Organisational affiliation of the review: National Institute for Health and Care Excellence (NICE)
National Institute for Health and Care Excellence (NICE) Technical Team

This systematic review is being completed by the National Institute for Health and Care Excellence
(NICE).

All guideline committee members and anyone who has direct input into NICE guidelines (including the
evidence review team and expert witnesses) must declare any potential conflicts of interest in line with
NICE's code of practice for declaring and dealing with conflicts of interest. Any relevant interests, or
changes to interests, will also be declared publicly at the start of each guideline committee meeting. Be-
fore each meeting, any potential conflicts of interest will be considered by the guideline committee Chair
and a senior member of the development team. Any decisions to exclude a person from all or part of a
meeting will be documented. Any changes to a member's declaration of interests will be recorded in the
minutes of the meeting. Declarations of interests will be published with the final guideline.

Development of this systematic review will be overseen by an advisory committee who will use the review
to inform the development of evidence-based recommendations in line with section 3 of Developing NICE
guidelines: the manual. Members of the guideline committee are available on the NICE website: [NICE
guideline webpage].

N/A

https://www.crd.york.ac.uk/prospero/display record.php?RecordID=326751

NICE may use a range of different methods to raise awareness of the guideline. These include standard
approaches such as:

¢ notifying registered stakeholders of publication
¢ publicising the guideline through NICE's newsletter and alerts

e issuing a press release or briefing as appropriate, posting news articles on the NICE website, using so-
cial media channels, and publicising the guideline within NICE.

Humans; Prognosis; Spinal Neoplasms; Spine
N/A

O Ongoing
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ID Field Content
Completed but not published
O Completed and published
O Completed, published and being updated
O Discontinued
35.. Additional information N/A
36. Details of final publication WWW.nice.org.uk

CHARMS: CHecklist for critical Appraisal and data extraction for systematic Reviews of prediction Modelling Studies;, CDSR: Cochrane Database of Systematic Reviews;
CENTRAL: Cochrane Central Register of Controlled Trials; DARE: Database of Abstracts of Reviews of Effects; GRADE: Grading of Recommendations Assessment, Devel-
opment and Evaluation; HR: hazard ratio; HTA: Health Technology Assessment; IMRT: intensity modulated radiotherapy; MID: minimal important difference; MRI: magnetic
resonance imaging; NHS: National health service; NICE: National Institute for Health and Care Excellence; OR: odds ratio;, PROBAST: Prediction model Risk Of Bias ASsess-
ment Tool; RCT: randomised controlled trial; RoB: risk of bias; SD: standard deviation
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Appendix B Search strategy (clinical/economic)

Literature search strategies for review question: What is the prognostic value
of validated scoring systems in evaluating spinal instability in people with spi-
nal metastases or direct malignant infiltration of the spine, with or without spi-
nal cord compression?

Database: Medline — OVID interface

#

1
2
3

10

12
13
14

15
16
17
18
19
20

22
23

24

25
26
27
28

30
31
32
33
34
35
36
37
38
39

41
42
43
44
45

47

Searches

Spinal Cord Compression/

exp Spinal Cord Neoplasms/ or Spinal Neoplasms/

((cauda equina or cervical* or cervicothoracic or cord* or coccyx or duralsac* or dural sac* or intervertebr* or lumbar or
lumbosac* or lumbo sac* or medulla* or orthothoracic or sacral or sacrum or spinal or spine* or thecal sac* or thoracic
or vertebr* or epidural or extradural or extra dural) adj3 (infiltrat* or invad* or invasion or metast* or oligometast*)).ti,ab.
(((cauda equina or cervical* or cervicothoracic or cord* or coccyx or duralsac* or dural sac* or intervertebr* or lumbar or
lumbosac* or lumbo sac* or medulla* or orthothoracic or sacral or sacrum or spinal or spine* or thecal sac* or thoracic
or vertebr* or epidural or extradural or extra dural or ((axon* or neuron* or nerve*) adj2 root)) adj3 (collaps* or com-
press* or pinch* or press*)) and (adeno* or cancer* or carcinoma* or chordoma* or intraepithelial* or intra epithelial* or
malignan® or metast* or neoplas* or oligometast* or tumo?r*)).ti,ab.

(mescc or mscc).ti,ab.

or/1-5

Algorithms/ or exp Decision Support Techniques/ or Health Status Indicators/ or exp "Severity of lliness Index"/ or Mod-
els, Statistical/ or Nomograms/

(algorithm* or framework™ or index or indices or instrument* or model* or nomogra* or protocol* or rule* or scale* or
score* or scoring or statistic* or system* or tool*).ti,ab,kw.

(anzuategui or bauer or bollen or buddhasothorn or BSH-MSCC or ECOG or frankel or karnofsky or katagiri or harring-
ton or lei or linden or MSTFI or NESMS or NOMS or north or OSRI or rades or SINS or sioutos or SORG or tokuhashi
or tomita or weinstein or WBB).ti,ab,kw.

or/7-9

6 and 10

exp Prognosis/

(predict* or prognos*).ti.

((predict* or prognos*) adj2 (calculat* or calibrat* or classif* or criteria or discriminat* or estimat* or evaluat* or factor* or
measur* or multivariab* or multi variab* or outcome* or reclassif* or stratif* or valid* or value* or variab*)).ab.

exp Mortality/ or Survival/ or exp Survival Analysis/

((predict* or prognos*) adj3 (death? or life expectan* or mortality or surviv*)).ti,ab.

validation study.pt.

or/12-17

11 and 18

meta-analysis/ or meta-analysis as topic/ or "systematic review"/

(meta analy* or metanaly* or metaanaly* or ((evidence or systematic*) adj2 (overview* or review*))).ti,ab.

(reference list* or bibliograph* or hand search* or manual search* or relevant journals).ab.

(search strategy or search criteria or systematic search or study selection or data extraction or (search* adj4 litera-
ture)).ab.

(medline or pubmed or cochrane or embase or psychlit or psyclit or psychinfo or psycinfo or cinahl or science citation
index or bids or cancerlit).ab.

cochrane.jw.

or/20-25

19 and 26

Observational Studies as Topic/

Observational Study/

Epidemiologic Studies/

exp Case-Control Studies/

exp Cohort Studies/

Cross-Sectional Studies/

Controlled Before-After Studies/

Historically Controlled Study/

Interrupted Time Series Analysis/

Comparative Study.pt.

case control$.tw.

case series.tw.

(cohort adj (study or studies)).tw.

cohort analy$.tw.

(follow up adj (study or studies)).tw.

(observational adj (study or studies)).tw.

longitudinal.tw.

prospective.tw.

retrospective.tw.

cross sectional.tw.
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48
49
50
51

52
53
54

55
56
57
58

or/28-47

19 and 48

27 or 49

letter/ or editorial/ or news/ or exp historical article/ or Anecdotes as Topic/ or comment/ or case report/ or (letter or
comment*).ti.

randomized controlled trial/ or random*.ti,ab.

51 not 52

(animals/ not humans/) or exp animals, laboratory/ or exp animal experimentation/ or exp models, animal/ or exp ro-
dentia/ or (rat or rats or mouse or mice).ti.

53 or 54

50 not 55

limit 56 to english language

limit 57 to yr="1990 -Current"

Health economics search

Database: Medline — OVID interface
-—

ook w

= © o~

11
12

13
14
15
16
17
18

exp Spinal Cord Neoplasms/ or Spinal Neoplasms/

((spine or spinal or vertebr*) adj2 (adeno* or cancer* or carcinoma* or intraepithelial* or intra epithelial* or malignan* or
neoplas* or tumo?r*)).tw.

((spine or spinal or vertebr*) and (metast* or oligometast*)).tw.

or/1-3

Spinal Cord Compression/

((cauda equina or cervical* or cervicothoracic or cord* or coccyx or duralsac* or dural sac* or intervertebr* or lumbar or
lumbosac* or lumbo sac* or medulla* or orthothoracic or sacral or sacrum or spinal or spine* or thecal sac* or thoracic
or vertebr* or epidural or extradural or extra dural or ((axon* or neuron* or nerve*) adj2 root)) and (collaps* or com-
press* or pinch* or press*) and (adeno* or cancer* or carcinoma* or chordoma* or intraepithelial* or intra epithelial* or
malignan* or metast* or neoplas* or oligometast* or tumo?r*)).tw.

(myelopath* or myeloradiculopath* or radiculopath*).tw,hw. or (radicular adj2 (disorder* or syndrome*)).tw.

(mescc or mscc).tw.

or/5-8

((adeno* or cancer* or carcinoma* or intraepithelial* or intra epithelial* or malignan* or metast* or neoplas* or tumo?r*)
adj3 (escap* or infiltrat* or invasiv* or metast* or spread*) adj5 (cauda equina or cervical* or cervicothoracic or cord* or
coccyx or duralsac* or dural sac* or intervertebr* or lumbar or lumbosac* or lumbo sac* or medulla® or orthothoracic or
sacral or sacrum or spinal or spine* or thecal sac* or thoracic or vertebr* or epidural or extradural or extra dural or ((ax-
on* or neuron* or nerve*) adj2 root))).tw.

or/4,9-10

Economics/ or Value of life/ or exp "Costs and Cost Analysis"/ or exp Economics, Hospital/ or exp Economics, Medical/
or Economics, Nursing/ or Economics, Pharmaceutical/ or exp "Fees and Charges"/ or exp Budgets/

(cost* or economic* or pharmacoeconomic®).ti.

(budget* or financ* or fee or fees or price* or pricing* or (value adj2 (money or monetary))).ti,ab.

(cost* adj2 (effective* or utilit* or benefit* or minimi* or unit* or estimat* or variable*)).ab.

or/12-15

11 and 16

limit 17 to english language

limit 18 to yr="2005 -Current"
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Appendix C Prognostic evidence study selection

Study selection for: What is the prognostic value of validated scoring systems
in evaluating spinal instability in people with spinal metastases or direct ma-
lignant infiltration of the spine, with or without spinal cord compression?

Figure 1: Study selection flow chart

Titles and abstracts
identified, N=5656

| <

Full copies retrieved Excluded, n=5439
and assessed for eli- (not relevant population,

gibility, n=217 design, intervention, com-
parison, outcomes, unable
to retrieve)
Publications included Publications excluded
in review, n=2 from review, n=215
(refer to excluded
studies list)
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Appendix D Evidence tables

Evidence tables for review question: What is the prognostic value of validated scoring systems in evaluating spinal instabil-
ity in people with spinal metastases or direct malignant infiltration of the spine, with or without spinal cord compression?

Ehresman 2020

Ehresman, J, Schilling A, Pennington Z, et al. A novel MRI-based score assessing trabecular bone quality to predict vertebral compression frac-
tures in patients with spinal metastasis. Journal of Neurosurgery: Spine, 32, 499-506, 2020

Study details

Countryl/ies where USA

study was carried out

Study type Retrospective cohort study

Study dates 2012 to 2019

Inclusion criteria Patients who had undergone either radiation therapy or surgical intervention at Johns Hopkins Hospital, at least 18

years old, had a diagnosis of spinal metastasis, had undergone T1- weighted non—contrast-enhanced MRI of the lum-
bar spine without previous lumbar instrumentation, had presented with no more than one previous VCF, and had at-
tended follow-up examinations for at least 6 months after the diagnosis of spine metastasis.

Exclusion criteria Early surgical intervention at the index level, before the lesion could be monitored for at least 6 months. Presentation
with multiple compression fractures or a diagnosis of infection.

Patient characteristics N=105
Sex [male/female]: 57/48
Age, mean (SD), years: 61.2 (not reported)
Primary cancer types [percentage of each]: Not reported.
Ambulant patients [percentage who were ambulant]: Not reported.
Patients with neurological symptoms [percentage with neurological symptoms]: Not reported.
Patients with bladder or bowel symptoms [percentage with bladder/bowel symptoms]: Not reported.

Predictors e SINS (at threshold of 7)
e VBQ (a new MRI-based prediction model - not included in our analysis due to lack of external validation)

Reference standard Repeated MRI every 3 months for the 1st year of spinal metastases diagnosis, every 4 months for the 2nd year, and
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every 6 months thereafter.

Type of prediction Model development (VBQ model) and external validation (SINS model) study.
study

Duration of follow-up Median 26 months for those with VCF and 34 months for those without VCF
Setting Tertiary care

Sources of funding Not reported

Results See Appendix L Study data

Critical appraisal - PROBAST tool

Section Question

Selection of participants Risk of bias for selection of participants

Selection of participants Concerns about applicability of selection of participants
Predictors or their assessment Risk of bias for predictors or their assessment

Predictors or their assessment Concerns about applicability of predictors or their assessment
Outcome or its determination Risk of bias for outcome or its determination

Outcome or its determination Concerns about applicability of outcome or its determination
Analysis Risk of bias for analysis

Overall Risk of bias and Applicability Risk of bias
Overall Risk of bias and Applicability Concerns about applicability
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Answer

Unclear (Limited to patients treated with
SBRYT or surgery. Patients were excluded
if they had early surgical intervention,
before the lesion could be monitored for
6 months. Those with multiple fractures
at presentation were excluded.)

Unclear. Potentially a lower risk group.

Unclear (The SINS score was calculated
retrospectively using medical records, so
the investigators would have known the
outcome (blinding not mentioned).)

Low
Low
Low
Low
Unclear
Unclear
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Kim 2021

Kim Y, Lee C, Yang S, et al. Accuracy and precision of the spinal instability neoplastic score (SINS) for predicting vertebral compression fractures
after radiotherapy in spinal metastases: a meta-analysis. Scientific reports, 11, 5553, 2021

Study details

Country/ies where
study was carried
out

Study type
Study dates
Inclusion criteria

Exclusion criteria

Patient characteris-
tics

Predictors
Reference standard

Type of prediction
study

Duration of follow-
up
Setting

Systematic review includes studies from Canada, USA, Japan, Korea, Spain, Brazil and international multicentre studies.

Systematic review of retrospective cohort studies
Search was done in January 2020. Included studies were published from 2011 to 2018

Published studies that:
o used the SINS to predict VCFs in patients with spinal metastases
e reported the numbers of patients for 2 or 3 SINS categories and the number of VCFs
o studies that used data with sufficient information to assess true-positive (TP; fracture in the unstable group), true-
negative (TN; no fracture in the stable group), false-positive (FP; fracture in the stable group), and false-negative
(FN; no fracture in the unstable group) cases.

Duplicate studies, narrative reviews, letters, editorials, comments, and case reports. Studies were also excluded if they in-
cluded primary tumours, used the SINS to predict other outcomes (such as overall survival); or did not report target out-
comes.

7 studies (N=798 patients) reported the accuracy of the SINS: Cunha 2012, Sahgal 2013, Thibault 2014, Thibault 2015, Aiba
2016, Shi 2018 and Lee 2018. People with spinal metastasis treated with SBRT or conventional RT.

Most studies included multiple primary cancer types, but Thibault (2014, 2015) was limited to renal cancer, Aiba (2016) NSC
lung cancer and Lee (2018) colorectal cancer.

Age, mean (SD), years: mean age of the included patients by study ranged from 57 to 67 years (SD not reported).

Sex [male/female]:: not reported

SINS (at threshold of 7)
MRI
Model external validation

Mean follow up ranged from 5.9 months to 12.3 months

Tertiary care
25

Spinal metastases and metastatic spinal cord compression: evidence reviews for Prognostic
tools — spinal instability FINAL (September 2023)


https://doi.org/10.1038/s41598-021-84975-3
https://doi.org/10.1038/s41598-021-84975-3

FINAL
Prognostic tools — spinal instability

Sources of funding Not reported

Results See Appendix L Study data
Critical appraisal — ROBIS checklist
Section Question Answer
Study eligibility criteria Concerns regarding specification of study eligibility = Low
criteria
Identification and selection of studies Concerns regarding methods used to identify and/or Low
select studies
Data collection and study appraisal Concerns regarding methods used to collect data Unclear. (Details of treatment [such as type of
and appraise studies RT] not provided).
Synthesis and findings Concerns regarding the synthesis and findings Unclear. (Between study heterogeneity not ad-
dressed. No funnel plot or sensitivity analyses.)
Overall study ratings Overall risk of bias Unclear
Overall study ratings Applicability as a source of data Fully applicable
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Appendix E Forest plots

Forest plots for review question: What is the prognostic value of validated scoring systems in evaluating spinal instability in
people with spinal metastases or direct malignant infiltration of the spine, with or without spinal cord compression?

This section includes forest plots only for outcomes that are meta-analysed. Outcomes from single studies are not presented here; the quality as-
sessment for such outcomes is provided in the GRADE profiles in appendix F.

Figure 2: Accuracy of Spinal Instability Neoplastic Score (at a threshold of 7) to pre-
dict vertebral compression fractures

SINS threshold 7
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SROC: summary receiver operating characteristic curve.

Data from Kim (2021) systematic review updated with Ehresman (2020)
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Appendix F Modified GRADE tables

GRADE tables for review question: What is the prognostic value of validated scoring systems in evaluating spinal instability
in people with spinal metastases or direct malignant infiltration of the spine, with or without spinal cord compression?

Table 4: Evidence profile for Spinal Instability Neoplastic Score to predict vertebral compression fractures

LR+ 1.80 [1.45— —
Median 18 ) ) 26 Serious LOW
82 COh?SSStUd' 1373 (range 11 0'7g 5[3%16 € 0'53 ([3%]4 € IR :)44 0.35 Serious® Not serious Not serious CRITICAL
to 53) ' ' el [0-35- Serious® Low

ClI, confidence interval; LR+, positive likelihood ratio; LR-, negative likelihood ratio; VCF: vertebral compression fractures

1. Precision ratings based on positive and negative likelihood ratios

2. Ehresman 2020, Kim 2021 systematic review (Aiba 2016, Cunha 2012, Lee 2018, Saghal 2013, Shi 2018, Thibault 2014, Thibault 2015)
3. Serious risk of bias as per ROBIS and PROBAST

4. LR+ 95% ClI crosses 1 default MID (2,5)

5. LR- 95% Cl crosses 1 default MID (0.2,0.5)
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Appendix G Economic evidence study selection

Study selection for: What is the prognostic value of validated scoring systems
in evaluating spinal instability in people with spinal metastases or direct ma-
lignant infiltration of the spine, with or without spinal cord compression?

No economic evidence was identified which was applicable to this review question.
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Appendix H Economic evidence tables

Economic evidence tables for review question: What is the prognostic value of
validated scoring systems in evaluating spinal instability in people with spinal
metastases or direct malignant infiltration of the spine, with or without spinal
cord compression?

No evidence was identified which was applicable to this review question.
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Appendix | Economic model

Economic model for review question: What is the prognostic value of validated
scoring systems in evaluating spinal instability in people with spinal metasta-
ses or direct malignant infiltration of the spine, with or without spinal cord
compression?

No economic analysis was conducted for this review question.
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Appendix J Excluded studies

Excluded studies for review question: What is the prognostic value of validated
scoring systems in evaluating spinal instability in people with spinal metasta-
ses or direct malignant infiltration of the spine, with or without spinal cord
compression?

Excluded prognostic studies

Table 5: Excluded studies and reasons for their exclusion

Ahmed, A Karim; Goodwin, C Rory; Heravi,
Amir; Kim, Rachel; Abu-Bonsrah, Nancy; San-
key, Eric; Kerekes, Daniel; De la Garza Ramos,
Rafael; Schwab, Joseph; Sciubba, Daniel M;
Predicting survival for metastatic spine disease:
a comparison of nine scoring systems.; The
spine journal; 2018; vol. 18 (no. 10); 1804-1814

Abbouchie, Hussein, Chao, Michael, Tacey,
Mark et al. (2020) Vertebral fractures following
stereotactic body radiotherapy for spine metas-
tases. Journal of medical imaging and radiation
oncology 64(2): 293-302

Afsar, Afifa; Qadeer, Mohsin; Sharif, Salman
(2017) Surgically treated spinal metastases: Do
prognostic scores have a role?. Surgical neurol-
ogy international 8: 158

Aiba, Hisaki, Kimura, Tomoki, Yamagami, Taka-
ya et al. (2016) Prediction of skeletal-related
events in patients with non-small cell lung can-
cer. Supportive care in cancer : 24(8): 3361-7

Amelot, A., Cristini, J., Salaud, C. et al. (2017)
Overall survival in spine myeloma metastases:
Difficulties in predicting with prognostic scores.
Spine 42(6): 400-406

Anonymous. (2022) Erratum to: Validation and
simplification of a score predicting survival in
patients irradiated for metastatic spinal cord
compression (Cancer, 116, 15, (3670-3673),
10.1002/cncr.25223). Cancer 128(3): 633-634

Anzuategui, Pedro Reggiani, Cunha, Luiz Anto-
nio Munhoz da, Mello, Glauco Jose Pauka et al.
(2019) Spinal Metastasis Surgery: A Proposal
for a Predictive Model of Morbidity and Mortality.
Revista brasileira de ortopedia 54(6): 665-672

Aoude, A, Fortin, M, Aldebeyan, Sulta et al.
(2018) The revised Tokuhashi score; analysis of
parameters and assessment of its accuracy in
determining survival in patients afflicted with
spinal metastasis. European spine journal,
27(4): 835-840

Aoude, Ahmed and Amiot, Louis-Philippe (2014)

A comparison of the modified Tokuhashi and

Outcomes do not match review protocol — over-
all survival not spinal stability

Outcomes do not match review protocol— does
not report data relevant to prognostic value of a
scoring system

Outcomes do not match review protocol — does
not report data relevant to prognostic value of a
scoring system

Outcomes do not match review protocol — does
not report data relevant to prognostic value of a
scoring system

Outcomes do not match review protocol — does
not report data relevant to prognostic value of a
scoring system

Index test does not match review protocol - does
not report on the prognostic value of a validated
clinical tool

Index test does not match review protocol - does
not report on the prognostic value of a validated
clinical tool

Outcomes do not match review protocol — does
not report data relevant to prognostic value of a
scoring system

Outcomes do not match review protocol — does
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Tomita scores in determining prognosis for pa-
tients afflicted with spinal metastasis. Canadian
journal of surgery. Journal canadien de chirurgie
57(3): 188-93

Armstrong, Terri S, Gning, Ibrahima, Mendoza,
Tito R et al. (2010) Reliability and validity of the
M. D. Anderson Symptom Inventory-Spine Tu-
mor Module. Journal of neurosurgery. Spine
12(4): 421-30

Atkinson, R.A., Davies, B., Jones, A. et al.
(2016) Survival of patients undergoing surgery
for metastatic spinal tumours and the impact of
surgical site infection. Journal of Hospital Infec-
tion 94(1): 80-85

Balain, B; Jaiswal, A; Trivedi, J M; Eisenstein, S
M; Kuiper, J H; Jaffray, D C; The Oswestry Risk
Index: an aid in the treatment of metastatic dis-
ease of the spine.; The bone & joint journal;
2013; vol. 95b (no. 2); 210-6

Balagamwala, Ehsan H, Miller, Jacob A, Reddy,
Chandana A et al. (2018) Recursive partitioning
analysis is predictive of overall survival for pa-
tients undergoing spine stereotactic radiosur-
gery. Journal of neuro-oncology 137(2): 289-293

Bartels, R.H.M.A., Feuth, T., Rades, D. et al.
(2011) External validation of a model to predict
the survival of patients presenting with a spinal
epidural metastasis. Cancer and Metastasis Re-
views 30(2): 153-159

Bartels, Ronald H M A, de Ruiter, Godard,
Feuth, Ton et al. (2016) Prediction of life expec-
tancy in patients with spinal epidural metastasis.
Neuro-oncology 18(1): 114-8

Bollen, Laurens, Groenen, Karlijn, Pondaag,
Willem et al. (2017) Clinical Evaluation of the
Spinal Instability Neoplastic Score in Patients
Treated With Radiotherapy for Symptomatic
Spinal Bone Metastases. Spine 42(16): e956-
€962

Bollen, Laurens; Wibmer, Christine; Van der
Linden, Yvette M; Pondaag, Willem; Fiocco,
Marta; Peul, Wilco C; Marijnen, Corrie A M; Nel-
issen, Rob G H; Leithner, Andreas; Dijkstra,
Sander P D; Predictive Value of Six Prognostic
Scoring Systems for Spinal Bone Metastases:
An Analysis Based on 1379 Patients.; Spine;
2016; vol. 41 (no. 3); e155-62

Bongers, Michiel E R, Karhade, Aditya V, Vil-
lavieja, Jemma et al. (2020) Does the SORG
algorithm generalize to a contemporary cohort of
patients with spinal metastases on external vali-
dation?. The spine journal, 20(10): 1646-1652

Buergy, Daniel, Siedlitzki, Lena, Boda-
Heggemann, Judit et al. (2016) Overall survival
after reirradiation of spinal metastases - inde-
pendent validation of predictive models. Radia-
tion oncology (London, England) 11: 35

not report data relevant to prognostic value of a
scoring system

Outcomes do not match review protocol — does
not report data relevant to prognostic value of a
scoring system

Outcomes do not match review protocol — does
not report data relevant to prognostic value of a
scoring system

Outcomes do not match review protocol — over-
all survival

Publication type — conference abstract

Outcomes do not match review protocol — does
not report data relevant to prognostic value of a
scoring system

Outcomes do not match review protocol — does
not report data relevant to prognostic value of a
scoring system

Outcomes do not match review protocol — does
not report data relevant to prognostic value of a
scoring system

Outcomes do not match review protocol — over-
all survival

Index test does not match review protocol - does
not report on the prognostic value of a validated
clinical tool

Outcomes do not match review protocol — does
not report data relevant to prognostic value of a
scoring system
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Excluded economic studies

No economic evidence was identified for this review. See supplementary material 2 for fur-
ther information.
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Appendix K Research recommendations — full details

Research recommendations for review question: What is the prognostic value
of validated scoring systems in evaluating spinal instability in people with spi-
nal metastases or direct malignant infiltration of the spine, with or without spi-
nal cord compression?

No research recommendations were made for this review question.
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Appendix L Study data (thresholds and
true positive, false positive, false negative,
true negative values)

Study data extracted for review question: What is the prognostic value of vali-
dated scoring systems in evaluating spinal instability in people with spinal me-
tastases or direct malignant infiltration of the spine, with or without spinal cord
compression?

Key to variables:

study: study ID (including source systematic review if applicable)
scoring_system: clinical prediction tool used

threshold: threshold value used to dichotomise stable/unstable predictions
follow_up: median follow up (months) for spinal stability outcome

TP, FP, FN, TN: true positive, false positive, false negative, true negative

Table 6: Study data extracted

scor- thresh-
study ing_system old follow_up TP FP FN TN
Ehresman 2020 SINS 7 30 36 9 20 40
Aiba 2016 (Kim  SINS 7 10 12 15 3 17
2021)
Cunha SINS 7 54 14 58 5 90
2012(Kim 2021)
Lee 2018 (Kim SINS 7 10 21 42 1 83
2021)
Saghal 2013 SINS 7 11.5 44 168 13 185
(Kim 2021)
Shi 2018 (Kim SINS 7 5.9 36 116 14 83
2021)
Thibault 2014 SINS 7 12.3 8 16 2 35
(Kim 2021)
Thibault 2015 SINS 7 8 29 89 5 64
(Kim 2021)
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