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Invasive interventions

Review question

What is the effectiveness of invasive interventions, such as vertebroplasty, kyphoplasty, ab-
lation and surgery, in managing spinal metastases, direct malignant infiltration of the spine or
associated spinal cord compression?

Introduction

Surgical interventions such as vertebroplasty, kyphoplasty, ablation and surgical stabilisation/
decompression are used to relieve pressure on the spinal cord and to stabilise the spine of
people with spinal metastases or direct malignant infiltration. These invasive interventions
differ in their technical details but all aim to reduce symptoms and protect neurological and
functional status. This evidence review aims to compare the effectiveness of different inva-
sive interventions.

Summary of the protocol

Table 1: Summary of the protocol (PICO table)

o Adults with metastatic spinal disease or direct malignant infiltration of
the spine.

o Adults with spinal cord or nerve root compression because of metastatic
spinal disease or direct malignant infiltration.

Surgery:

o Vertebroplasty

o Kyphoplasty

e Ablation

o Surgical stabilisation (for example with metalwork)
o Surgical decompression

¢ In comparison with each other

o No surgery with or without a non-surgical intervention (example external
orthosis or chemotherapy)

Critical

¢ Neurological and functional status including:
o Bowel and bladder function
o Mobility or ambulatory status

e Pain

Important

* Health related Quality of Life

¢ Patient satisfaction

¢ Treatment related adverse events including:
o Severe infections
o Serious adverse events as defined by trials
o Treatment related mortality

o Overall survival

o Spinal stability/deformity

For further details see the review protocol in appendix A.
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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.

Effectiveness evidence

Included studies

Seven studies were included in this review, reporting results from 4 randomised controlled
trials (Berenson 2011; Patchell 2005; Korovessis 2014; Orgera 2014) and 3 observational
studies (de Almeida 2020; Kumar 2022, Zheng 2021).

One randomised controlled trial compared balloon kyphoplasty to non-surgical management
in patients with 1 to 3 painful vertebral compression fractures (Berenson 2011).

One observational study compared spinal laser interstitial thermotherapy to open surgery in
patients with MRI confirmed metastatic epidural spinal cord compression (de Almeida 2020).

One randomised controlled trial compared Kiva implant to balloon kyphoplasty in patients
with end stage disease with evidence of painful osteolytic vertebral metastases in 1 to 5 ver-
tebral bodies (Korovessis 2014).

One observational study compared minimally invasive spine surgery to open spine surgery
(with and without stabilisation) in patients with spinal instability and those with metastatic spi-
nal cord compression (Kumar 2022).

One randomised controlled trial compared vertebroplasty with radiofrequency ablation to ver-
tebroplasty alone in patients with involvement of myeloma in 1 to 3 vertebral bodies of the
thoracic and lumbar spine (Orgera 2014).

One randomised controlled trial compared radiotherapy plus direct decompressive surgical
resection to radiotherapy alone in patients with metastatic spinal cord compression (Patchell
2005).

One observational study compared hybrid therapy to total en bloc spondylectomy in patients
with metastatic spinal cord compression (Zheng 2022).

Two studies were conducted in the United States (de Almeida 2020, Patchell 2005), 1 study
was conducted in sites across Australia, Canada, Europe and the United States (Berenson
2011), 1 study was conducted in China (Zheng 2021), 1 in Greece (Korovessis 2014), 1 in
Italy (Orgera 2014), and 1 in Singapore (Kumar 2022).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 Intervention Comparison Outcomes
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Study
Berenson 2011

Randomised con-
trolled trial

Australia, Canada,
Europe, and the
USA

de Almeida, 2020
Observational

USA

Korovessis 2014

Randomised con-
trolled trial

Greece

Kumar 2022
Observational

Singapore

Population

N=134 cancer pa-
tients with 1-3
painful vertebral
compression frac-
tures.

Age, mean, years
(SD): 63.9 (11.1).

Sex: female, n=75,
male n=59.

N=80 patients with
metastatic epidural
spinal cord com-
pression (MRI
confirmed)

Age, mean, years
(SD): Not reported
for sample overall.

< 50 years n=13;
51 — 60 years
n=31;61-70
years n=25; >71
years n=11.

Sex: female n=19,
male n=61.

N=47 patients with
end stage disease
with evidence (his-
tory, imaging, bi-

opsy) for painful

osteolytic vertebral
metastases in 1 to
5 vertebral bodies.

Age, mean, years
(SD): Kiva group
71 (13), balloon
kyphoplasty group
70 (11).

Sex: female n=26,
male n=21.

N=200 patients
undergoing sur-
gery for thoracol-
umbar metastatic
spine disease.

Age, mean, years
(SD): Minimally

Intervention

Balloon kypho-
plasty

Balloon kypho-
plasty with intro-
ducer tools, inflat-
able bone tamps,
and polymethyl-
methacrylate bone
cement and deliv-
ery devices, by a
percutaneous, bi-
lateral,
transpedicular, or
extrapedicular
method.

Spinal laser inter-

Comparison

Non-surgical man-

agement
Included walking
aids, bed rest,
physical therapy,
etc.

Offered kypho-
plasty after 1
month assess-
ment.

Open surgery

stitial thermother-
apy

Laser ablation is
performed with
real-time in-
traoperative MRI
thermography.

Kiva implant with

Open posterior
stabilisation with
or without decom-
pression

Balloon kypho-

low viscosity
PMMA
Percutaneous uni-
lateral vertebral
augmentation im-
plant - single-use
device in which an
external delivery
handle is used to
deploy the Kiva
implant over a ni-
tinol coil guidewire

Minimally invasive

plasty with high
viscosity PMMA
Balex device —
similar to tradition-
al balloon kypho-
plasty. Wires of 2-
mm diameter are
inserted through
both pedicles of
the damaged ver-
tebra). Then, a
cannula was in-
serted into the
pedicle with ce-
ment filler and
pusher

Open spine sur-

spine surgery
Percutaneous
pedicle screw fixa-
tion or Minimal
access separation
surgery

8

gery

Open posterior
stabilisation with
or without decom-
pression

Outcomes

o Neurological
and functional
status

¢ Pain

¢ Health-related
quality of life

e Spinal stabil-
ity/deformity

e Treatment
related ad-
verse events

e Spinal stabil-
ity/deformity

¢ Neurological
and functional
status

e Pain

e Treatment
related ad-
verse events

Neurological
and functional
status
Treatment

related ad-
verse events

Overall sur-
vival

Spinal metastases and metastatic spinal cord compression: evidence reviews for invasive
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Study

Orgera 2014

Randomised con-
trolled trial

Italy

Patchell 2005

Randomised con-
trolled trial

United States

Zheng 2021
Observational

China

Population
invasive spine
surgery median 63
(range 36-83);
open spine sur-
gery median 59
(range 22-87).
Mean and SD not
reported.

Sex: female
n=100; male,
n=100.

N=36 patients with
myeloma with a
consistent verte-
bral involvement of
multiple myeloma
in 1-3 vertebral
bodies of the tho-
racic and lumbar
spine.

Age, mean, years
(SD): 67.4 (range
51-82). SD not
reported.

Sex: female n=26,
male n=10.

N=101 patients
with metastatic
spinal cord com-
pression.

Age, mean, years
(SD): surgery +
radiotherapy me-
dian 60; radiother-
apy only median
60. Mean, range,
and SD not re-
ported.

Sex: female n=31,
male n=70.

N=157 patients
with solitary radio-
resistant high
grade epidural
spinal cord com-
pression spinal
metastases.

Age, mean, years
(SD): 57.9 (6.6)

Sex: female n=36,

Intervention

Vertebroplasty
with radiofrequen-

Comparison

Vertebroplasty
alone

cy ablation

The vertebroplasty
needle was ad-
vanced with the
use of a sterile
hammer through

the cortical bone in
the anterior third of

the vertebral le-
sion. The ablation
process lasted
between 8 and 10
min.

Surgery plus ra-

Radiotherapy only

diotherapy

Direct decompres-
sive surgery within
24 hours of ran-
domisation fol-
lowed by RT (30
Gy in 10 fractions
administered 14
days after sur-

gery).

Hybrid therapy
Combination of
separation surgery
to provide circum-
ferential decom-
pression of the
spinal cord and
stereotactic radio-
surgery to de-
crease local recur-
rence.

9

30 Gy in 10 frac-
tions beginning
within 24 hours of
randomisation.

Total en bloc

spondylectomy
Details not report-
ed

Outcomes

¢ Neurological

and functional
status

Pain
Treatment

related ad-
verse events

Neurological
and functional
status

Pain (mean
morphine
dose)
Treatment
related ad-
verse events
(30 day mor-
tality)

Overall sur-
vival

Neurological
and functional
status

Pain
Health-related
quality of life
Treatment
related ad-
verse events
Spinal stabil-
ity/deformity

Spinal metastases and metastatic spinal cord compression: evidence reviews for invasive
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Study Population Intervention Comparison Outcomes
male n=121.
Gy: Gray; RT: radiotherapy; PMMA: polymethylmethacrylate; SD: standard deviation

See the full evidence tables in appendix D. No meta-analysis was conducted (and so there
are no forest plots in appendix E).

Summary of the evidence

Total hybrid therapy versus en bloc spondylectomy

There was no important difference between hybrid therapy and total en bloc spondylectomy
in relation to neurological and functional status, pain, treatment related adverse events,
health-related quality of life, or spinal stability/deformity.

No evidence was identified on patient satisfaction, or overall survival for this comparison.

Only 1 study was found relating to this comparison. Outcomes were rated as low to moderate
in quality due to serious levels of imprecision in the effect estimates and a serious risk of bias
in the evidence contributing to the outcomes.

Kiva novel implant with polymethylmethacrylate (PMMA) versus balloon kyphoplasty
with PMMA

There was no important difference between Kiva implant with PMMA and balloon kyphoplas-
ty in relation to neurological and functional status, pain, or treatment related adverse events.

No evidence was identified on health-related quality of life, patient satisfaction, overall sur-
vival, or spinal stability/deformity for this comparison.

Only 1 study was found relating to this comparison. The outcomes were rated as low to high
quality with some ratings downgraded due to very serious or serious levels of imprecision in
the effect estimates.

Balloon kyphoplasty versus non-surgical treatment

Balloon kyphoplasty had important benefits over non-surgical treatment in terms of neurolog-
ical and functional status (disability), pain, quality of life and spinal stability or deformity (ver-
tebral height restoration).

No evidence was identified in relation patient satisfaction.

Only 1 study was found relating to this comparison. The outcomes were rated as moderate to
high quality with some ratings downgraded due to serious levels of imprecision in the effect
estimates.

Minimal access separation surgery versus open posterior stabilisation and decom-
pression

There was no important difference between minimal access separation surgery and open
posterior stabilisation and decompression in relation to neurological and functional status,
treatment related adverse events, or overall survival.

No evidence was identified in relation to pain, health-related quality of life, patient satisfac-
tion, or spinal stability/deformity.

Only 1 study was found relating to this comparison. Outcomes were rated as very low to
moderate in quality due to serious or very serious levels of imprecision in the effect estimates
and a serious risk of bias in the evidence contributing to the outcomes.
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Percutaneous pedicle screw fixation versus open posterior stabilisation

There was no important difference between percutaneous pedicle screw fixation and open
posterior stabilisation in relation to neurological and functional status, treatment related ad-
verse events, or overall survival.

No evidence was identified in relation to pain, health-related quality of life, patient satisfac-
tion, or spinal stability/deformity.

Only 1 study was found relating to this comparison. Outcomes were rated as very low to low
in quality due to serious or very serious levels of imprecision in the effect estimates and a
serious risk of bias in the evidence contributing to the outcomes.

Spinal laser interstitial thermotherapy versus open surgery

Spinal laser interstitial thermotherapy had an important benefit over open posterior stabilisa-
tion in relation to treatment related adverse events, but a possible important harm in relation
to spinal stability/deformity.

No evidence was identified on neurological and functional status, pain, health-related quality
of life, patient satisfaction, or overall survival.

Only 1 study was found relating to this comparison. Outcomes were rated as low to moderate
in quality due to a serious risk of bias in the evidence contributing to the outcomes and im-
precision in the effect estimates.

Vertebroplasty with radiofrequency ablation versus vertebroplasty alone

There was no important difference between vertebroplasty with radiofrequency ablation did
and vertebroplasty alone in relation to neurological and functional status, pain, or treatment
related adverse events.

No evidence was identified in relation to health-related quality of life, patient satisfaction, or
overall survival, or spinal stability/deformity.

Only 1 study was found relating to this comparison. Outcomes were rated as very low to low
quality due to serious risk of bias and serious or very serious levels of imprecision in the ef-
fect estimates.

Radiotherapy and surgery versus radiotherapy alone

Radiotherapy and surgery had an important benefit over radiotherapy alone in relation to
neurological and functional status, and a possible important benefit in treatment related ad-
verse events. There was no important benefit in relation to pain.

No evidence was identified in relation to health-related quality of life, patient satisfaction or
spinal stability/deformity.

Only 1 study was found relating to this comparison. Outcomes were rated as low to moderate
quality. Outcomes were downgraded in quality due to serious or very serious levels of impre-
cision in the effect estimates.

See appendix F for full GRADE tables.
Economic evidence

Included studies

Two economic studies were identified which were relevant to this question (Miyazaki 2017,
Health Quality Ontario 2016). Both studies compared surgical to non-surgical management.
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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.

Summary of included economic evidence

Table 3: Economic evidence profile for surgical versus non-surgical management in

Study
Miyazaki
(2017)
Surgery
(removal
tumour
stabilisa-
tion with
screw rod
system)
versus
non-
surgical
manage-
ment
Health
Quality
Ontario
(2016)
K)Kyphop
lasty
V)Vertebr
oplasty
Versus
Non-
surgical
manage-
ment
NICE
(2023)
K)Kyphop
lasty
V)Vertebr
oplasty
Versus
Non-
surgical
manage-
ment

Limitations  Applicability
Potentially Partially ap-
serious limi-  plicable
tations

Potentially Partially ap-
serious limi-  plicable
tations

Potentially Directly ap-
serious limi-  plicable
tations

Other
comments
Prospective
cohort
study over
1 year with
costing

Markov

model with
5 year time
horizon.

Kyphoplas-
ty and ver-
tebroplasty
not directly
compared.

Retrospec-
tive costing
and QoL
calculations
from one
randomised
controlled
trial with 1
and 5 year
time hori-
zon. Ky-
phoplasty
and verte-

12

Incremental

Costs Effect

US$16 0.405

,955 QAL-
Ys5

K:CA$ K:0.217

7,247 V:0.217

V:CA$

3,869

K:£2,7 K:0.274

11 V:0.274

V:£2,5

94

Cost
effec-
tivens
s
US$42,
003
per
QALY
gained

K:CA$
33,471
V:CA$
17,870

K:£98,
935
V:£94,
644

managing spinal metastases, direct malignant infiltration of the spine or as-
sociated spinal cord compression

Uncertainty

No sensitivi-
ty analysis
reported

Results sen-
sitive to
HRQoL out-
comes

Deterministic
and proba-
bilistic favour
surgical in-
tervention.

Spinal metastases and metastatic spinal cord compression: evidence reviews for invasive
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Study Limitations  Applicability Other Incremental Uncertainty
broplasty
not directly
compared.

Economic model

This review updates the economic model comparing kyphoplasty and vertebroplasty for peo-
ple with myeloma and VCFs created for NICE Guideline NG35 Myeloma: diagnosis and
management published in January 2016. The updated model is reported in appendix I.

The economic model compared vertebroplasty and kyphoplasty to best supportive care in
people with MSCC. The effectiveness parameters in the model were based on the results of
1 study identified in the evidence review (Berenson 2011) and reported outcomes in terms of
cost per QALY adjusted life year. The base-case had a time horizon of 1 year but this was
extended to 5 years during sensitivity analysis. The model took an NHS and PSS perspec-
tive.

Under the conservative estimates in the base-case, the estimated cost per additional QALY
of kyphoplasty and vertebroplasty were greater than values at which NICE usually recom-
mend interventions. However, alternative and less conservative model parameters led to val-
ues less than NICE typically recommend interventions and suggested that both interventions
could be an efficient use of resources.

A number of weaknesses were identified with the model which likely biased against kypho-
plasty and vertebroplasty. The most significant of these were missing costs associated with
best supportive care.

Evidence Statements

Miyazaki 2017 was a cost utility analysis which reported outcomes in terms of cost per QALY
gained for surgical versus non-surgical management for metastatic spinal disease. The study
took a Japanese healthcare payer perspective.

Health Quality Ontario 2016 was a cost utility study which reported outcomes in terms of cost
per QALY gained for kyphoplasty and vertebroplasty versus non-surgical management in a
mixed population of primary and metastatic cancers causing spinal disease.

NICE 2023 was an update of the cost utility study developed for NICE Guideline NG35 Mye-
loma: diagnosis and management. This was a cost utility study which reported outcomes in
terms of cost per QALY gained for kyphoplasty and vertebroplasty versus non-surgical man-
agement in people with MSCC. The study took UK NHS and PSS perspective and reported
costs in UK sterling. Health related quality of life outcomes were mapped from SF-36 out-
comes to EQ-5D.

Both previously published studies found surgical management to be cost effective at their
health care systems willingness to pay threshold. For NICE 2023, surgical management was
cost effective a £20,000 per QALY threshold in all but the most conservative base-case esti-
mates. For Health Quality Ontario 2016 and NICE 2023 this conclusion was robust to sensi-
tivity analysis.

Both previous studies were deemed to be partially applicable to the decision problem with
serious methodological limitations. NICE 2023 was rated as directly applicable with potential-
ly serious limitations.

See Table 3 for the economic evidence profile of the included studies.
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The committee’s discussion and interpretation of the evidence

The outcomes that matter most

Pain and neurological and functional status were chosen as critical outcomes because un-
treated malignant spinal disease can cause severe pain and impaired neurological and func-
tional status. Reduction in pain and preservation of neurological and functional status has a
beneficial impact on health related quality of life so this was considered an important out-
come. Likewise invasive interventions can potentially prolong life, so overall survival was
considered an important outcome.

Patient satisfaction and treatment related adverse events were important outcomes, because
the different approaches may differ in their acceptability and adverse event rates. For exam-
ple minimally invasive surgery may allow for quicker recovery and fewer adverse events than
open surgery. Finally spinal stability/deformity was an important outcome because interven-
tions can use different techniques to reinforce the spine which may be more or less effective
in achieving stability or preventing deformity.

The quality of the evidence

The quality of the evidence was assessed using GRADE and ranged from very low to high.
This was mostly due to some outcomes being downgraded for imprecision around the effect
estimates and a serious overall risk of bias in the evidence contributing to some of the out-
comes.

The committee considered the clinical and economic evidence when drafting recommenda-
tions. They noted that the most appropriate type of surgery would depend for example on the
level of spinal instability, tumour size or anatomical site so every surgery would need to be
tailored to the person’s particular condition. The evidence, however, was related to very spe-
cific populations and mainly compared different types of surgery making it hard to generalise
it to the whole population affected by the condition. The committee therefore also drew on
their expertise and experience to draft recommendations.

Benefits and harms

Based on experience, the committee noted that there are many different factors to consider
that may impact on the success of surgery. This could relate to overall fitness for surgery, but
also prognosis and issues related to primary cancer type and stage. To ensure that all rele-
vant information is taken into account and to make decisions more efficient the committee
recommended discussions should take place, before surgery is offered, between people from
the appropriate specialties within the multidisciplinary team in the MSCC service. This would
usually include the oncologist and spinal surgeon but could also draw on other people’s ex-
pertise where necessary.

The committee discussed, based on experience, that there are people who present to MSCC
services without a known primary cancer type. The committee agreed that establishing this
would be important to establish the need for oncological treatment and follow-up and rec-
ommended radiologically guided biopsy but only if it could make a difference to the man-
agement plan and if an intervention is not needed immediately.

Timing of surgical intervention

There was no evidence about when surgical interventions should be carried out after a per-
son presents with confirmed or suspected MSCC, but the committee agreed that surgery
should be carried out as soon as possible, to prevent neurological decline. Given the lack of
evidence they could not specify exact timeframes and individual circumstances will differ
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when planning the surgical treatment approach. However, they agreed that speed of onset
and rate of progression of neurological symptoms and signs would be indicators of urgency.

The committee discussed that some clinicians use time limits to inform treatment plans for
people with complete paralysis as the only factor. For example if the person has been para-
lysed for a certain length of time then the decision might be made not to offer surgery. They
noted that this was not evidence based and that it is not impossible that some paralysis could
be reversed even if some time has already passed. To address this, they recommended not
to use time cut-offs.

Options for surgical interventions

Interventions to treat spinal metastases or direct malignant infiltration of the spine
without MSCC

The committee agreed that plans for surgery depend on whether there is cord compression
or not, and there was some evidence relating to interventions for both of these groups.

Most of the evidence did not favour one technique over another for people without cord com-
pression. Whilst they did not show differences in relative terms they achieved improved out-
comes from baseline. This was consistent with the committee’s experience that clinical
judgement is important in surgery and there are many factors that may determine which spe-
cific technique would be used (for example, level of spinal instability or tumour size). The
committee decided to recommend a choice of potential interventions that may be suitable
depending on the characteristics of the person’s condition.

The committee acknowledged that there was no evidence related to the prevention of MSCC
for people in people with spinal metastases without pain or instability and they decided to
make a research recommendation on surgery to prevent MSCC to address this (see appen-
dix K for details).

Interventions to treat spinal metastases or direct malignant infiltration of the spine
with MSCC

The evidence on the most effective surgical procedure to treat cord compression was incon-
clusive. Based on experience, the committee noted that there are only 2 interventions that
can be considered. Depending on the person’s condition, surgery would focus on decom-
pression or stabilisation of the spine. The committee could not be prescriptive about one or
the other because the choice would depend on clinical judgement.

Based on experience, the committee recommended stabilisation surgery when there is cord
compression with suspected or proven instability with mechanical pain that is intractable in all
circumstances even if there is a severe neurological deficit. This is done because it is an on-
cological emergency to prevent collapse of the spine.

If surgery cannot be performed because of the prognosis or other factors (which means that
surgery is not indicated), the only other possibility of stabilisation is external spinal support to
attempt to prevent collapse of the spine. No evidence was identified for this but the commit-
tee decided that this would be the only option available to prevent collapse of the spine and
should be offered.

Postoperative radiotherapy

The committee discussed the evidence that radiotherapy and surgery had an important
benefit over radiotherapy alone in relation to neurological and functional status. Health eco-
nomic evidence (see evidence review M) also supported the use of radiotherapy with sur-
gery. Based on this the committee recommended that postoperative radiotherapy should be
offered.
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Cost effectiveness and resource use

The updated economic model concluded that vertebroplasty and kyphoplasty would be a
cost effective option for people with MSCC. Although the base-case suggested that the addi-
tional cost per QALY may not be an efficient use of NHS resources, probabilistic sensitivity
analysis and deterministic sensitivity analysis with less conservative estimates strongly sug-
gested that it would lead to an additional QALY at less than £20,000. Under the one-year
time horizon few iterations were cost saving but the majority were cost effective at a willing-
ness to pay of £20,000 per QALY. Whilst vertebroplasty and kyphoplasty would likely lead to
an increase in costs this was considered acceptable given the improvements in quality of life.
The conclusions of the model were also consistent with the 2 partially applicable economic
evaluations (comparing vertebroplasty, kyphoplasty and stabilisation with screw rod system
to non-surgical management) identified during the search of previous evidence which both
reported increased costs associated with surgery.

As there was no economic evidence identified which directly compared different surgical
techniques but there was evidence that surgery was generally cost effective compared to
non-surgical management, the committee decided to recommend surgery but provided a list
of possible surgical techniques for clinical consideration.

There maybe some additional costs from involving more professionals in treatment plans.
Although this should lead to a reduction in surgery where this is inappropriate and the bene-
fits small. This should lead to efficiencies in treatment and improved quality of life.

Guided biopsy is already widely performed where there is a cancer of unknown primary. The
recommendation should, where it is not already performed, lead to more appropriate treat-
ment decisions leading to cost savings and quality of life improvements through avoiding in-
appropriate or less appropriate treatments. It also reiterates the need that urgent treatment is
not delayed to undertake a biopsy, improving outcomes and quality of life from surgery.

Offering spinal support for those with spinal instability with mechanical pain not controlled by
analgesia and not suitable for surgery was considered the only option for people with these
clinical characteristics. This is largely current practice so resource impact is likely to be small.
If there are centres which do not currently undertake this, prevention of events such as para-
plegia would outweigh any upfront costs.

Other factors the committee took into account

The committee noted that there are two NICE interventional procedures guidelines that have
been published on radiofrequency ablation for palliation of painful spinal metastases so they
decided to cross refer to them (NICE interventional procedures guidance on radiofrequency
ablation for palliation of painful spinal metastases and radiofrequency ablation as an adjunct
to balloon kyphoplasty or percutaneous vertebroplasty for palliation of painful spinal metasta-
ses)

Recommendations supported by this evidence review

This evidence review supports recommendations 1.10.8, 1.11.1 to 1.11.9 and research rec-
ommendation 4 on surgery in the prevention of MSCC for people with spinal metastases
without pain or instability.
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Appendices

Appendix A Review protocols

Review protocol for review question: What is the effectiveness of invasive interventions, such as vertebroplasty, kypho-
plasty, ablation and surgery, in managing spinal metastases, direct malignant infiltration of the spine or associated spinal
cord compression?

Table 4: Review protocol

ID Field Content

0. PROSPERO registration number CRD42021295488

1. Review title Invasive interventions in managing spinal metastases, direct malignant infiltration of the spine or associated
spinal cord compression

2. Review question What is the effectiveness of invasive interventions, such as vertebroplasty, kyphoplasty, ablation and sur-

gery, in managing spinal metastases, direct malignant infiltration of the spine or associated spinal cord
compression?

3. Objective To establish the effectiveness of invasive interventions, such as vertebroplasty, kyphoplasty, ablation and
surgery, in managing spinal metastases, direct malignant infiltration of the spine or associated spinal cord
compression.

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
o Epistemonikos
e International Health Technology Assessment (IHTA) database
e MEDLINE & MEDLINE In-Process
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ID Field

5. Condition or domain being studied
6. Population

7. Intervention

Content

Searches will be restricted by:
e Date 1990 onwards

¢ 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.

Invasive interventions in managing spinal metastases, direct malignant infiltration of the spine or associated
spinal cord compression

Inclusion:

o Adults with metastatic spinal disease or direct malignant infiltration of the spine.

o Adults with spinal cord or nerve root compression because of metastatic spinal disease or direct malignant
infiltration.

Exclusion:

o 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.

Surgery:

¢ Vertebroplasty

o Kyphoplasty

e Ablation
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ID Field Content
¢ Surgical stabilization (for example with metalwork)
e Surgical decompression
8. Comparator ¢ In comparison with each other
¢ No surgery with or without a non-surgical intervention (example external orthosis or chemotherapy)
9. Types of study to be included Experimental studies (where the investigator assigned intervention or control) including:
e Randomised controlled trials
e Non-randomised controlled trials
e Comparative observational studies
o Systematic reviews/meta-analyses of controlled trials.
10. Other exclusion criteria Inclusion:
o Full text papers

o Observational studies should adjust for baseline differences between patients in different intervention
groups in their analyses

Exclusion:
e Conference abstracts

e Articles published before 1990. MRI has made a difference in diagnosis and management since the early
1990s.Surgical techniques have continuously evolved over this time

e Papers that do not include methodological details will not be included as they do not provide sufficient in-
formation to evaluate risk of bias/study quality.

¢ 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- o Neurological and functional status including:
comes) o Bowel and bladder function
o Mobility or ambulatory status
e Pain
13. Secondary outcomes (important ¢ Health related Quality of Life
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ID Field
outcomes)

14. Data extraction (selection and cod-
ing)

15. Risk of bias (quality) assessment

Content

o Patient satisfaction

¢ Treatment related adverse events including:
o Severe infections
o Serious adverse events as defined by trials
o Treatment related mortality

e Overall survival

¢ Spinal stability/deformity

All references identified by the searches and from other sources will be uploaded into EPPI reviewer and
de-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. 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. Disagreements will be resolved via discus-
sion between the two reviewers, and consultation with senior staff if necessary.

Full versions of the selected studies will be obtained for assessment. Studies that fail to meet the inclusion
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.

Risk of bias of individual studies will be assessed using the preferred checklist as described in Appendix H
of Developing NICE guidelines: the manual.

ROBIS tool for systematic reviews

22

Spinal metastases and metastatic spinal cord compression: evidence reviews for invasive

interventions FINAL (September 2023)



FINAL
Invasive interventions

ID Field

16. Strategy for data synthesis

Content
e Cochrane RoB tool v.2 for RCTs and quasi-RCTs

e The non-randomised study design appropriate checklist. For example Cochrane ROBINS-I tool for non-
randomised controlled trials and cohort studies; the EPOC RoB tool for controlled before and after studies.

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

Depending on the availability of the evidence, the findings will be summarised narratively or quantitatively.

Data Synthesis

Where possible, pairwise meta-analyses will be conducted using Cochrane Review Manager software. A
fixed effect meta-analysis will be conducted and data will be presented as risk ratios for dichotomous out-
comes. Peto odds ratio will be used for outcomes with zero events Mean differences or standardised mean
differences will be calculated for continuous outcomes.

Heterogeneity

Heterogeneity in the effect estimates of the individual studies will be assessed using the 12 statistic. 12 val-
ues of greater than 50% and 80% will be considered as significant and very significant heterogeneity, re-
spectively.

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.

Minimal important differences (MIDs)

Default MIDs will be used for risk ratios and continuous outcomes only, unless the committee pre-specifies
published or other MIDs for specific outcomes

For risk ratios: 0.8 and 1.25.

For continuous outcomes:

MID is calculated by ranking the studies in order of SD in the control arms. The MID is calculated as +/- 0.5
times median SD.
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ID Field
17. Analysis of sub-groups
18. Type and method of review

Content

For studies that have been pooled using SMD (meta-analysed): +0.5 and -0.5 in the SMD scale are used as
MID boundaries.

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/

Evidence will be stratified by:
e Spinal metastases/infiltration with vs without cord compression

Evidence will be subgrouped by the following only in the event that there is significant heterogeneity in out-
comes:

o Location of metastasis in spine (cervical, thoracic, lumbar)
e Primary cancer type
e Subgroups listed in the equality impact assessment form: age, race, sex & socioeconomic status

Where evidence is stratified or subgrouped the committee will consider on a case by case basis if separate
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 evidence 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.

Intervention

X

Diagnostic
Prognostic
Qualitative
Epidemiologic

O 0Oood

Service Delivery
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19.
20.
21.

22.
23.

24.

25.
26.

Field

Language
Country
Anticipated or actual start date

Anticipated completion date

Stage of review at time of this
submission

Named contact

Review team members
Funding sources/sponsor

Content

O Other (please specify)

English
England
01/09/21

23/08/23
Review stage
Preliminary searches

Piloting of the study selection process

Formal screening of search results against eligibility criteria
Data extraction

Risk of bias (quality) assessment

Data analysis

5a. Named contact
NICE

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

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

NICE Technical Team
This systematic review is being completed by NICE.
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27.

28.

29.
30.

31.

32.
33.

34.

Field
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

All guideline committee members and anyone who has direct input into NICE guidelines (including the evi-
dence review team and expert withesses) 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 in-
terests, will also be declared publicly at the start of each guideline committee meeting. Before 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 document-
ed. Any changes to a member's declaration of interests will be recorded in the minutes of the meeting. Dec-
larations 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].

https://www.crd.york.ac.uk/prospero/display record.php?RecordIlD=295488

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 social
media channels, and publicising the guideline within NICE.

Invasive interventions; MSCC; vertebroplasty; kyphoplasty; ablation; surgery

X

Ongoing

X

Completed but not published

X

Completed and published

X

Completed, published and being updated
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Discontinued
35.. Additional information N/A
36. Details of final publication WWWw.nice.org.uk

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, Development and Evaluation; HTA: Health Technology Assessment; MID: minimally important difference; NGA: National Guideline
Alliance; NHS: National health service; NICE: National Institute for Health and Care Excellence; RCT: randomised controlled trial; RoB: risk of bias; SD: standard deviation
Remove those abbreviations that are not needed and add any that have not yet been explained.
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Appendix B Search strategy (clinical/economic)

Literature search strategies for review question: What is the effectiveness of
invasive interventions, such as vertebroplasty, kyphoplasty, ablation and sur-
gery, in managing spinal metastases, direct malignant infiltration of the spine
or associated spinal cord compression?

Database: Medline — OVID interface

#

1
2
3

- 2O 0~NOW!;

- O

13

14
15
16

17

18
19

20
21
22

23

25

26
27

29
30
31
32
33

34

35
36
37
38
39
40
41

43
44

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.

(myelopath* or myeloradiculopath* or radiculopath*).ti,ab,hw. or (radicular adj2 (disorder* or syndrome?*)).ti,ab.
(mescc or mscc).ti,ab.

or/1-6

exp Cementoplasty/

Polymethyl Methacrylate/ or Bone Cements/

(kyphoplast* or kyphon or kyphx* or lordoplast* or balloon or BKP).ti,ab.

(cementoplast® or vertebroplast® or ((vertebra* or cement* or plastic*) adj3 (augment* or inject*)) or methyl methacrylate
or methylmethacrylate or polymethyl methacrylate or pmma).ti,ab.

exp Ablation Techniques/

(((laser* or microwave* or micro wave* or radiofrequen* or radio frequen* or thermal) adj3 (ablat* or neurotom* or rhi-
zotom*)) or cryotherap* or thermotherap*).ti,ab. or (ablative or ablation).ti.

exp Internal Fixators/ or Fracture Fixation/ or exp Fracture Fixation, Internal/

(bracing or fixation or instrumentation or metalwork or metal work or osteosynthes* or pinning or plating).ti,ab.
((metal* or steel or titanium) adj3 (bar? or bridge? or cage? or clip* or device* or implant* or nail* or plate? or ribbon* or
rod? or screw* or stent*)).ti,ab.

((bone? or spine or spinal) adj3 (bar? or bridge? or cage? or clip* or device* or implant* or nail* or plate? or ribbon* or
rod? or screw* or stent*)).ti,ab.

Decompression, Surgical/ or exp Diskectomy/ or Laminectomy/

(((surg™ or excis* or operat* or resect*) adj3 (decompres* or fix* or insert* or instabilit* or reconstruct* or reinforc* or
repair* or stabl* or stabili* or support*)) or corpectom* or dis?ectom* or laminectom* or laminoplast* or vertebrec-
tom*).ti,ab.

or/8-19

7 and 20

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.

22 not 23

(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.

24 or 25

21 not 26

limit 27 to english language

limit 28 to yr="1990 -Current"

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/30-35

(controlled clinical trial or pragmatic clinical trial or randomized controlled trial).pt.

drug therapy.fs.

(groups or placebo or randomi#ed or randomly or trial).ab.

Clinical Trials as Topic/

trial ti.

or/37-41

Non-Randomized Controlled Trials as Topic/

(experimental or nonrandom* or non random®*).tw.
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45
46
47
48
49
50

43 or 44

Comparative Studies/ or Follow-Up Studies/ or Time Factors/

(chang* or evaluat* or reviewed or prospective* or retrospective* or baseline or cohort or case series).tw.
46 or 47

36 or 42 or 45 or 48

29 and 49

Health economics search

Database: Medline — OVID interface

1
2

o o bh w

= © © ~

11
12

13
14
15

17
18
19

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 Effectiveness evidence study selection

Study selection for: What is the effectiveness of invasive interventions, such
as vertebroplasty, kyphoplasty, ablation and surgery, in managing spinal me-
tastases, direct malignant infiltration of the spine or associated spinal cord
compression?

Figure 1: Study selection flow chart

Titles and abstracts
identified, N=9047

: <

Full copies retrieved Excluded, N=8918
and _as_s_essed for eli- (not relevant population,
gibility, N=129 design, intervention, com-

parison, outcomes, unable
to retrieve)

y

Publications included Publications excluded
in review, N=7 from review, N=122
(refer to excluded
studies list)
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Appendix D Evidence tables

Evidence tables for review question: What is the effectiveness of invasive interventions, such as vertebroplasty, kyphoplas-
ty, ablation and surgery, in managing spinal metastases, direct malignant infiltration of the spine or associated spinal cord
compression?

Berenson, 2011

Berenson, James; Pflugmacher, Robert; Jarzem, Peter; Zonder, Jeffrey; Schechtman, Kenneth; Tillman, John B; Bastian, Leonard; Ashraf, Talat; Vrionis, Frank;
Cancer Patient Fracture Evaluation (CAFE), Investigators; Balloon kyphoplasty versus non-surgical fracture management for treatment of painful vertebral body
compression fractures in patients with cancer: a multicentre, randomised controlled trial.; The Lancet. Oncology; 2011; vol. 12 (no. 3); 225-35

Study details

Countrylies where Australia, Canada, Europe, and the USA (22 sites).
study was carried out

Study type Randomised controlled trial (RCT). 1:1 ratio, stratified by centre, sex, and cancer type.
Study dates May 2005 and March 2008.
Inclusion criteria o 221 years
e 1-3 painful vertebral compression fractures (T5-L5) clinically diagnosed in conjunction with either plain radiographs or MRI.
e Pain numeric rating score 24
e Roland-Morris disability questionnaire score 210.
Exclusion criteria e Patients with osteoblastic tumours, primary bone tumours (for example, osteosarcoma), or a plasmacytoma at the index verte-

bral compression fracture.

e Patients enrolled in a concurrent phase 1 investigational anticancer treatment study

e Patients with substantial clinical morbidities (aside from vertebral compression fractures and cancer)

e Vertebral compression fracture morphology deemed unsuitable for kyphoplasty by the treating physician (for example, vertebra
plana, comminuted fractures, fractures that did not have cortical integrity or that had posterior wall involvement, or those with
epidural involvement and a tumour noted)

e needed additional surgical treatment for the index fracture

needed treatment with high-dose steroids, intravenous pain medication, or nerve blocks to control chronic back pain unrelated to

index vertebral compression fractures.

Age, mean, years (SD): 63.9 (11.1).

Sex: female, n=75; male n=59.

Estimated symptomatic fracture age, median, months (IQR): kyphoplasty group 3.4 (2.0—6.4); control group 3.5 (1.1-7.1)
Ethnic origin:

Patient characteris-
tics
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White - kyphoplasty group 62; control group 52
Black - kyphoplasty group 2; control group 7
Asian - kyphoplasty group 1; control group 1
Hispanic - kyphoplasty group 1; control group 0
o Other - kyphoplasty group 2; control group 1.
Bisphosphonate use, n: kyphoplasty group 30; control group 33
Steroid use, n: kyphoplasty group 20; control group 25
Underlying cause, n:
o Multiple myeloma - kyphoplasty group 22; control group 27
o Breast cancer - kyphoplasty group 16; control group 12
o Lung cancer - kyphoplasty group 7; control group 4
o Prostate cancer - kyphoplasty group 4; control group 4.
Number of fractures, n:
o 1 -Kkyphoplasty group 24; control group 27
o 2 - kyphoplasty group 18; control group 20
o 3 - kyphoplasty group 26; control group 14
Treatment for cancer, n:
o Radiation (all sites) — kyphoplasty group 39; control group 24
= Spine - kyphoplasty group 16; control group 11 (Number of spinal radiation treatments per patient, mean - ky-
phoplasty group 1.1; control group 1.4)
= Bone - kyphoplasty group 7; control group 14
o Surgery - kyphoplasty group 34; control group 32
o Chemotherapy/hormonal - kyphoplasty group 45; control group 41
o Steroids - kyphoplasty group 20; control group 25.
Status of cancer at baseline, n:
o No evidence — kyphoplasty group 10; control group 10
o Remission — kyphoplasty group 4; control group 7
o Stable — kyphoplasty group 27; control group 22
o Progressive — kyphoplasty group 26; control group 21.

O O O O

Intervention(s)/control Intervention: Balloon kyphoplasty with introducer tools, inflatable bone tamps, and polymethylmethacrylate bone cement and delivery

devices, by a percutaneous, bilateral, transpedicular, or extra-pedicular method.

All patients could receive analgesics, bed rest, bracing, physiotherapy, rehabilitation programmes, walking aids, radiation treat-
ment, and other antitumour therapy at the discretion of treating physicians.

Patients with concurrent osteoporosis or bone metastasis could also receive treatment with calcium, vitamin D supplements, and
antiresorptive or anabolic agents as necessary.

Control group: non-surgical management. Patients in the control group were offered kyphoplasty after the 1-month assessment.

Non-surgical treatments for index vertebral compression fractures, n; p value at 1 month:
Walking aids — kyphoplasty group — baseline 22, 1 month 16; control group — baseline 22, 1 month 23; p = 0.028.
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Duration of follow-up

Sources of funding
Sample size

Other information

Bracing — kyphoplasty group - baseline 9, 1 month 1; control group - baseline 10, 1 month 11; p = 0.001
Wheelchair — kyphoplasty group - baseline - 5, 1 month 1; control group — baseline 3, 1 month 2; p = 0.58

Bed rest — kyphoplasty group — baseline 29, 1 month 15; control group — baseline 32; 1 month 23; p = 0.016
Physical therapy — kyphoplasty group — baseline 11, 1 month 3; control group — baseline 8; 1 month 6; p = 0.18
Any medication — kyphoplasty group - baseline 64, 1 month 34, control group — baseline 51, 1 month 41; p = 0.001
Radiation therapy — kyphoplasty group - baseline 4, 1 month 3; control group 0 — baseline 1, 1 month 4; p = 0.70.

1, 3, 6, and 12 months.
NB As patients in the control group were offered kyphoplasty after the 1-month assessment data from later timepoints have not been
extracted.

Medtronic Spine LLC.

N=134 randomised. Kyphoplasty n=70; non-surgical management n=64.
Data available at 1 month follow-up: Kyphoplasty n=65; non-surgical management n=52.

Patients in the control group were offered kyphoplasty after the 1-month assessment.

38 patients in the control group crossed over to kyphoplasty after the 1-month assessment. No patient in the control group underwent
kyphoplasty before 1 month. Mean crossover time was 47 days (SD 45-4) after study entry, and occurred within 1 week of the 1-month
visit in 21 of the 38 patients who crossed over. There were no differences between the three groups (kyphoplasty, crossover, or control)
in baseline characteristics (data not shown). Of the 104 patients who had kyphoplasty, 84 had general anaesthesia, one had local an-
aesthesia, and 19 had local anaesthesia with conscious sedation.

Roland-Morris disability questionnaire score (0—24)

(B) Karnofsky performance status score (0—100);

(C) SF-36 physical component summary (PCS) score (0—100; normative score for US general population is 50);
(D) SF-36 mental component summary (MCS) score (0—100; normative score for US general population is 50);
(E) reduced activity days within the past 2 weeks;

(F) bed rest days within the past 2 weeks.

Outcomes

Outcome Balloon kyphoplasty, Non-surgical treat-
n=70 ment, n=64

Neurological and functional status — disability — scores (SD) on Roland Morris Questionnaire (follow- 9.1 (1.68) 18 (0.96)

up 1 month post-operative, range 0 — 24, lower scores are better)

Pain — scores (SD) on Numeric Rating Scale (follow-up 1 month post-operative, range 0 — 10, lower 3.3 (0.63) 6.88 (0.38)

scores are better)

Health related quality of life - quality of life - change from baseline in scores (SD) on Short-Form 36 -35 (1.6) =26 (1)

physical component summary (follow-up 1 month post-operative, range 0 — 100, higher scores are bet-

ter)
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Outcome Balloon kyphoplasty, Non-surgical treat-
n=70 ment, n=64

Spinal stability/deformity — improvement in vertebral body height restoration (follow-up 1 month post-

operative, mm) — 2.4(0.83) 0.7 (0.58)
Critical appraisal — Cochrane RoB 2

Section Question Answer
Domain 1: Bias arising from the randomisation process Risk of bias judgement for the randomisation process Low
Domain 2a: Risk of bias due to deviations from the intended interventions Risk of bias for deviations from the intended interventions (effect Low
(effect of assignment to intervention) of assignment to intervention)

Domain 3. Bias due to missing outcome data Risk-of-bias judgement for missing outcome data Low
Domain 4. Bias in measurement of the outcome Risk-of-bias judgement for measurement of the outcome Low
Domain 5. Bias in selection of the reported result Risk-of-bias judgement for selection of the reported result Low
Overall bias and Directness Risk of bias judgement Low
Overall bias and Directness Overall Directness Directly appli-

cable

de Almeida, 2020

de Almeida Bastos, D.C.; Everson, R.G.; de Oliveira Santos, B.F.; Habib, A.; Vega, R.A.; Oro, M.; Rao, G.; Li, J.; Ghia, A.J.; Bishop, A.J.; Yeboa, D.N.; Amini, B.;
Rhines, L.D.; Tatsui, C.E.; A comparison of spinal laser interstitial thermotherapy with open surgery for metastatic thoracic epidural spinal cord compression;
Journal of Neurosurgery: Spine; 2020; vol. 32 (no. 5); 667-675

Study details

Countrylies where USA.
study was carried out

Study type Non-randomised controlled trial. Matched group design.
Study dates January 2010 and December 2016
Inclusion criteria e Preoperative MRI demonstrating epidural spinal cord compression arising from a tumor located in a vertebral body between T2

and T12, with a Bilsky score of 1c, 2, or 3.
e Epidural tumour contained within the boundaries of the posterior longitudinal ligament or periosteum of the dorsal elements.
e Deemed suitable for either treatment modality by senior author.

Exclusion criteria e Severe neurological deficits (Frankel grade A, B, or C)
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Patient characteris-
tics

e Patients unable to undergo MRI (for example., because of a pacemaker).

Age, years, mean (SD): Not reported for sample overall.
< 50 years n=13; 51 — 60 years n=31; 61 - 70 years n=25; >71 years n=11.
Sex: female n=19 male n=61.
Prior treatment, n:
o None - spinal laser interstitial thermotherapy 27; open surgery 25.
o Conventional external-beam radiation therapy - spinal laser interstitial thermotherapy 8; open surgery 13.
o Spinal stereotactic radiosurgery - spinal laser interstitial thermotherapy 2; open surgery 1.
o Conventional external-beam radiation therapy and spinal stereotactic radiosurgery - spinal laser interstitial thermothera-
py 3; open surgery 1.
e Karnofsky Performance Score, n:
o 70 - spinal laser interstitial thermotherapy 26; open surgery 30.
o <70 - spinal laser interstitial thermotherapy 14; open surgery 10.
e Multiple levels, n: Yes - spinal laser interstitial thermotherapy 25; open surgery 27.
e Tumour histology, n:
o Renal cell carcinoma - spinal laser interstitial thermotherapy 17; open surgery 11.
Non-small cell lung cancer - spinal laser interstitial thermotherapy 5; open surgery 6.
Hepatocellular carcinoma - spinal laser interstitial thermotherapy 3; open surgery 3.
Colon - spinal laser interstitial thermotherapy 0; open surgery 4.
Breast - spinal laser interstitial thermotherapy 0; open surgery 2.
Melanoma - spinal laser interstitial thermotherapy 3; open surgery O.
Sarcoma - spinal laser interstitial thermotherapy 3; open surgery 4.
Thyroid - spinal laser interstitial thermotherapy 3; open surgery 4.
Other - spinal laser interstitial thermotherapy 6; open surgery 6.

O O O O O O O O

Intervention(s)/control Open Surgery: All patients underwent circumferential decompression via a standard posterior approach, which included a laminectomy,

unilateral or bilateral facetectomies, and circumferential resection of the epidural tumour. Pedicle screw-rod constructs were used in the
setting of instability. Vertebral body and additional soft tissue resections were performed depending on the location of the tumour and at
the discretion of the surgeon. When necessary, anterior column reconstruction was performed using either polymethylmethacrylate or an
expandable cage.

Spinal Laser Interstitial Thermotherapy: Patient is positioned prone, with arms parallel to the body on the intraoperative MRI (iMRI)
transfer table. Fiducial markers are randomly placed in the dorsal region overlying the area of interest, and the patient is transferred to
the (iMRI) unit where T2- weighted images of the region of interest are obtained, uploaded to the navigation software and used for sur-
face-matching image guidance registration. Image guidance is used to advance a navigated Jamshidi needle to the final target at a dis-
tance of 5-6 mm from the dural edge. Each laser fibre can achieve a 10-mm-diameter sphere of thermal damage; therefore, multiple
needles may need to be positioned in tandem to treat larger tumours. A K-wire is used to exchange the Jamshidi needle for a plastic
access cannula, which allows placement of the laser catheter. The laser ablation is performed with real-time iMRI thermography under
ventilator pause. If stabilisation is required, the patient is removed from the iMRI unit and positioned at a safe distance from the high
magnetic field where percutaneous instrumentation can be inserted using either MRI guidance or standard fluoroscopic technique. In
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Duration of follow-up

Sources of funding
Sample size
Other information

cases of severe osteoporosis, methylmethacrylate augmentation of the screws is performed to increase the purchase in bone, aiming to
achieve a more durable stabilisation.

Follow-up imaging is performed generally 6—12 weeks after SLITT.

The median follow-up time was 13 months (95% CI 9 to 16 months) for all patients. All patients underwent postoperative MRI and were
evaluated as outpatients approximately every 3—4 months.

Not reported.
N=80: Spinal laser interstitial thermotherapy n=40; open surgery n=40.

Groups were matched based on variables that could correlate with local recurrence and/or overall survival. The variables selected were
1) Bilsky score, 2) Karnofsky Performance Scale (KPS) score, 3) age, 4) prior radiation treatment, and 5) adjuvant radiation treatment.

The degree of spinal cord compression before and after open surgery or SLITT was scored according to the 6-point ESCC scale. Pro-
gression-free survival (PFS) was defined as the time between the procedure and local recurrence or last follow-up. Overall survival (OS)
was defined as the time interval between the procedure and patient’s death or censored. Complications were defined as any adverse
event within 30 days related to the procedure. Major complications were defined as medical or surgical complications that required a
prolonged hospital stay or new surgical procedure.

Results:

Treatment related adverse events - complications (any), n: spinal laser interstitial thermotherapy 2/40; open surgery 14/40.

Spinal stability/deformity - reduction in epidural spinal cord compression score, n: spinal laser interstitial thermotherapy 29/40; open sur-
gery 36/40.

Outcomes

Outcome Spinal laser interstitial Open surgery, n=40
thermotherapy, n=40

Treatment related adverse events - complications — any (follow-up: 30 days) n=2/40 n=14/40

Spinal stability/deformity - reduction in Epidural Spinal Cord Compression score (follow-up: post- n=29/40 n=36/40

operative period)

Korovessis, 2014

Korovessis, Panagiotis; Vardakastanis, Konstantinos; Vitsas, Vasilios; Syrimpeis, Vasilios; Is Kiva implant advantageous to balloon kyphoplasty in treating osteo-
lytic metastasis to the spine? Comparison of 2 percutaneous minimal invasive spine techniques: a prospective randomized controlled short-term study.; Spine;
2014; vol. 39 (no. 4); e231-9

Study details
Countrylies where

Greece.
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study was carried out
Study type
Study dates

Inclusion criteria

Exclusion criteria

Patient characteris-
tics

Intervention(s)/control

Randomised controlled trial (RCT)
March 2010 to March 2012.

Patients with end stage disease with evidence (history, imaging evidences, and biopsy) for painful osteolytic vertebral metastases in 1 to
5 vertebral bodies. In addition to vertebral metastases, all patients showed metastases in the axial skeleton and visceral metastases.
Severe back pain refractory or potential of further vertebral deformation and danger for neurological lesion caused by vertebral lesions
secondary to osteolytic metastases.

Significant spinal deformity (for example idiopathic, adult scoliosis), previous spinal operation, spinal infection, spinal canal compromise
due to epidural disease associated/not with neurological impairment, vertebral osteolysis Tomita grade 12 more than 3 (high potential for
cement leakage), radiculopathy, Tomita prognostic score less than 6, and/or uncorrected coagulopathy. Not the erosion of the posterior
vertebral body wall, but the simultaneous infiltration of the posterior vertebral body cortex by the tumor with extension into the spinal ca-
nal was contraindication or vertebral augmentation. Patients, who were treated combined with vertebral augmentation plus spinal in-
strumentation for significant angular deformity caused by metastasis ( > 75%) were excluded. Thus, patients with significant vertebral
wedge deformities due to osteolytic vertebral fractures were not included in this study.

N=47 patients with osteolytic vertebral body metastasis. Diagnosis of bone metastasis definitively secured intraoperatively with
transpedicular bone biopsy (Balex; Taeyeon Medical Co, Ltd, Incheon, Korea).

Age, years, mean (SD): Not reported for sample overall. Kiva group 71 (13), balloon kyphoplasty group 70 (11).
Sex: female n=26, male n=21.

Primary tumour, n:

Lung - Kiva group 6; balloon kyphoplasty group 7.

Colon - Kiva group 9; balloon kyphoplasty group 9.

Breast - Kiva group 8; balloon kyphoplasty group 8.

Tomita prognostic score: Kiva group 6.95 + 0.88 (range, 6-8); balloon kyphoplasty group 7.04 + 0.88 (range, 6-8).
Neurologically intact at admission, n: Kiva group 23; balloon kyphoplasty group 24.

The patients were placed in the prone position on a AcroMed frame. Both Kiva and BK augmentations were performed under biplane
fluoroscopy and under general anaesthesia and continuous neuromonitoring. Biopsy was routinely obtained from all affected vertebrae,
in all patients even when the diagnosis was preoperatively known, prior to augmentation with either balloon kyphoplasty or Kiva. The
hospital stay was 24 hours. Patients were mobilized as soon as tolerable with a light body brace.

Kiva Procedure

The Kiva System is a single-use device in which an external delivery handle is used to deploy the Kiva implant over a nitinol coil guide-
wire. The coil is first advanced through the deployment cannula and into the cancellous portion of the vertebral body using an external
handle. The implant is incrementally advanced over the coil to form a nesting, cylindrical column with an in situ outer diameter of 20 mm.
The implant should be delivered between anterior and middle third of the vertebral body. Up to 4 loops of the implant may be inserted
into the vertebral body for a maximum coil stack height of 12 mm, which re-elevates the endplate, thereby providing the desired verte-
bral fracture reduction. After the coil is retracted, low viscosity radiopaque PMMA cement is injected through the lumen of the polyether-
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Duration of follow-up
Sources of funding

etherketone implant, thereby interlocking the implant to the bone or destructed vertebral body. The manufacturer’s instructions are that
PMMA should be injected unilaterally close to the anterior two-thirds of the vertebral body through a 1.1-mm thick, 14-cm long delivery
needle directly into the PEEK implant. PEEK implant after its implantation, forms a nesting, cylindrical column and through the internal
small holes enables low viscosity PMMA to flow into the hollow PEEK cylindrical column and not outside.

Balloon Kyphoplasty Procedure

The Balex (Taeyeon Medical Co, Ltd) device and technique is very similar to the traditional balloon kyphoplasty. K-wires of 2-mm diame-
ter are inserted through both pedicles of the damaged vertebra. Then, a cannula is inserted into the pedicle with cement filler and push-
er. The position of the cannula is continuously controlled in both planes. Then, an expander is inserted bilaterally and inflated. After
creation of the desired void, PMMA that is a high-viscosity bone cement is slowly injected after removal of the Expander. Inflation of bal-
loons is stopped when 1 of the endpoints of inflation is reached: the pressure reaches over 300 y, the balloon contacts the cortical wall
of the vertebra, or the maximal inflation volume of the balloon is reached. Mean balloon inflation volume was 4.1 mL (range, 1.3-5.5
mL).

All patients in both groups were treated with the same preoperative assessment and postoperative protocol and were mobilized 1 day
postoperatively.

1 month
None reported.

Sample size N=47.
Kiva group n=23.
Balloon kyphoplasty group n=24.
Outcomes
Outcome Kiva novel implant Balloon kyphoplasty
with PMMA, n=23 with PMMA, n=24
Neurological and functional status — disability — Oswestry Disability Index (follow-up: 1 month post- 38 (8) 37 (9)
operative, range 0 — 100, lower scores are better
Pain — Visual Analogue Scale (follow-up 1 month post-operative, range 0 — 10, lower scores are better) 3.2 (2) 3(2.5)
Treatment related adverse events — complications (number of patients) - death, neurological, embolic, n=0/23 n=0/24
or cardiovascular (follow-up: 1 month post-operative)
Treatment related adverse events - number of augmented vertebrae in which cement leakage occurred - n=0/41 n=4/43
recorded radiologically - plain X-rays, CT scans (follow-up: 1 month post-operative)
Critical appraisal — Cochrane RoB 2
Section Question Answer
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Section Question Answer
Domain 1: Bias arising from the randomisation process Risk of bias judgement for the randomisation process Low
Domain 2a: Risk of bias due to deviations from the intended interventions Risk of bias for deviations from the intended interventions (effect Low
(effect of assignment to intervention) of assignment to intervention)
Domain 3. Bias due to missing outcome data Risk-of-bias judgement for missing outcome data Low
Domain 4. Bias in measurement of the outcome Risk-of-bias judgement for measurement of the outcome Low
Domain 5. Bias in selection of the reported result Risk-of-bias judgement for selection of the reported result Low
Overall bias and Directness Risk of bias judgement Low
Overall bias and Directness Overall Directness Directly appli-
cable
Kumar, 2022

Kumar, Naresh; Tan, Jiong H; Thomas, Andrew C; Tan, Joel Y H; Madhu, Sirisha; Shen, Liang; Lopez, Keith G; Hey, Dennis H W; Liu, Gabriel; Wong, HeeKit;
The Utility of 'Minimal Access and Separation Surgery' in the Management of Metastatic Spine Disease.; Global spine journal; 2022; 21925682211049803

Study details

Countryl/ies where Singapore.
study was carried out

Study type Retrospective cohort study. Propensity scoring adjustment analysis was used to address heterogenicity of histological tumour subtypes.
Study dates January 2011 to October 2017.
Inclusion criteria e aged >21 years who underwent surgery for thoracolumbar metastatic spinal disease

e Surgical indications included spinal instability, and MSCC qualified by clinical neurological deficit with evidence of radiological
cord compression.

e Spinal instability was considered ‘present’ if Spinal Instability Neoplastic Score (SINS) was 213 and ‘indeterminate’ if SINS was
between 7 and 12.

e MSCC was classified as Bilsky grade 2 or 3 epidural spinal cord compression and/or the presence of motor weakness and sen-
sory impairment.

Exclusion criteria Exclusion criteria included cervical MSD, revision cases, combined anterior and posterior surgery and patients who underwent combined
open and MISS techniques. En bloc spondylectomy and vertebroplasty/kyphoplasty were also excluded.

Patient characteris- N=200 patients undergoing surgery for thoracolumbar metastatic spine disease.

tics
Age, years, mean (SD): minimally invasive spine surgery median 63 (range 36—83); open spine surgery median 59 (range 22—-87). Mean
and SD not reported.
Sex: female n=100; male n=100.
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Intervention(s)/control Minimally invasive spine surgery, n=61
Open spine surgery, n=139.

n=43 patients with spinal instability.
Open posterior stabilisation, n=15
Percutaneous pedicle screw fixation (PPSF), n=28

n=157 patients with metastatic spinal cord compression.
Open posterior stabilisation and decompression, n=124
Minimal access separation surgery, n=33

Duration of follow-up Not reported.
Sources of funding None reported.
Sample size N=200

Other information Patients with extensive visceral metastasis (>3 areas of solid organ involvement) were preferentially done via a minimally invasive ap-
proach if permitted. Patients with clinical spinal instability alone guided by SINS (pathological fractures requiring fixation with no clinical
and/or radiological compression) were treated with PPSF or open posterior stabilization (OPS) with pedicle screws. Patients with MSCC
guided by Bilsky score (clinical and/or radiological cord compression with or without a fracture) were treated with MASS or open posteri-
or stabilization and decompression (OPSD). Standard spinal instrumentation constructs were utilized; no cemented screws were used.

Outcomes
Outcome Minimal access sepa- Open posterior sta-
ration surgery, n=33 bilisation and de-
compression, n=124
Neurological and functional status - American Spinal Injury Association Impairment Scale score —im-  n=23/33 n=75/115
proved (follow-up: not reported)
Treatment related adverse events - delayed oncological treatment (follow-up: not reported) n=6/33 n=22/124
Treatment related adverse events - medical complications (follow-up: not reported) n=14/28 n=48/124
Treatment related adverse events - surgical complications (follow-up: not reported) n=5/28 n=22/124
Overall survival - survival > 3 months (follow-up: 3 months) n=23/28 n=75/115
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Outcome

Neurological and functional status - American Spinal Injury Association Impairment Scale score - no

change or improved (follow-up: not reported)

Treatment related adverse events - delayed oncological treatment (follow-up: not reported)

Treatment related adverse events - medical complications (follow-up: not reported)

Treatment related adverse events - surgical complications (follow-up: not reported)

Overall survival - survival > 3 months (follow-up: 3 months)

Critical appraisal - ROBIS
Section

1. Bias due to confounding
2. Bias in selection of participants into the study

3. Bias in classification of interventions

4. Bias due to deviations from intended interventions

5. Bias due to missing data
6. Bias in measurement of outcomes
7. Bias in selection of the reported result

Overall bias
Overall bias

Orgera, 2014

Question
Risk of bias judgement for confounding

Risk of bias judgement for selection of participants into

the study

Percutaneous pedicle
screw fixation (PPSF),
n=28

n=28/28

n=2/28
n=9/28
n=1/28
n=20/28

Answer
Low

Moderate

Risk of bias judgement for classification of interventions Low

Risk of bias judgement for deviations from intended in-  Low

terventions

Risk of bias judgement for missing data

Moderate

Risk of bias judgement for measurement of outcomes Low

Risk of bias judgement for selection of the reported re-  Low

sult
Risk of bias judgement
Directness

Moderate

Directly applicable

Open posterior sta-
bilization (OPS),
n=15

n=13/15

n=3/15
n==8/15
n=4/15
n=12/15

Orgera, Gianluigi; Krokidis, Miltiadis; Matteoli, Marco; Varano, Gianluca Maria; La Verde, Giacinto; David, Vincenzo; Rossi, Michele; Percutaneous vertebroplasty
for pain management in patients with multiple myeloma: is radiofrequency ablation necessary?.; Cardiovascular and interventional radiology; 2014; vol. 37 (no.

1); 203-10

Study details
Countryl/ies where Italy.
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study was carried out

Study type Randomised controlled trial (RCT)
Study dates January 2008 to August 2012.
Inclusion criteria e Patients with a consistent vertebral involvement of MM in 1-3 vertebral bodies of the thoracic and lumbar spine.

At least a 3-month history of pain refractory to conservative analgesic therapy, either alone or in combination with chemotherapy
and/or radiation therapy.

e Karnofsky Performance Score >30.
Absence of neurological symptoms indicating radiculopathy or myelopathy.

Exclusion criteria Presence of vertebral involvement in more than 3 levels.

Involvement of the cervical spine

Age younger than 18 years or older than 85 years.

Symptom improvement with analgesic therapy.

Myelopathy in patients with spinal canal compromise due to retropulsion of bone fragments or tumour involvement.
Presence of active local or systemic infections.

Non-correctable coagulopathy.

Known allergy to bone cement or contrast agents.

The diagnosis of myeloma was obtained using standardized clinical criteria; however intraprocedural bone biopsy the time of vertebro-
plasty was performed in all patients. Vertebral body involvement was detected in plain films or cross-sectional imaging, computed to-
mography (CT), or magnetic resonance imaging (MRI).

Patient characteristics Age, mean, years (SD): mean age 67.4 (range 51-82). SD not reported.
Sex: female n=26; male n=10.

Intervention(s)/control 50 vertebroplasty procedures were included in the study.

Twenty-two procedures were performed in group A (8 in the thoracic and 14 in the lumbar spine) and 28 in group B (11 in the thoracic
and 17 in the lumbar spine). A 100 % technical success rate was achieved in all patients of both groups. In all but two cases, the proce-
dure was performed under conscious sedation with the use of intravenous midazolam (1-10 mg) and fentanyl (25-200 Ig). In the two
patients who were unable to tolerate conscious sedation, the procedures was rescheduled and performed under general anaesthesia.
Before the procedure, all patients received a prophylactic dose of intravenous antibiotics (750 mg of cefuroxime).

All procedures were performed under CT-fluoroscopic guidance; it was based on the operator’s choice to use fluoroscopic guidance with
a C-arm in some cases in the CT room. The patient was positioned prone. A posterior percutaneous approach at the thoracic and lum-
bar levels (extrapedicular approach at thoracic levels above T10 and transpedicular approach below T10) was used. The vertebra to be
treated was infiltrated with local anaesthetic (lidocaine 1 %) under strict aseptic conditions in the fluoroscopy suite with the use of a 21-
gauge spinal needle. A small skin incision was made with a blade and the vertebroplasty needle was advanced with the use of a sterile
hammer through the cortical bone in the anterior third of the vertebral lesion. The direction of the needle was adjusted by turning the
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Duration of follow-up

bevelled tip by 90. The needle used in all cases was a 10-gauge vertebroplasty needle (Optimed, Ettlingen, Germany). Through this op-
erative cannula, a biopsy also was performed before procedure in all cases with a sawtooth profile coaxial bone biopsy cannula (Op-
timed, Ettlingen, Germany). A unipedicular or bipedicular approach was performed according to operator’s preference.

In the cases where RFA was selected (group A) the radiofrequency probe was advanced through the access cannula. The RFA system
used in all cases was the Cool-tip (Covidien, Boulder, CO; formerly Tyco Healthcare Valleylab). The generator offers the option of auto-
matic adjustment of energy output according to the tissue impedance. The electrodes used were 17-gauge, straight monopolar 15 or 20
cm with a 2-cm active tip. The electrode was inserted through the cannula until the tip of the electrode reached the anterior third of the
vertebral lesion. The working cannula was then retracted to expose the “active-tip” of the electrode. The output power was set between
100 and 150 W. The impedance rose up after 3 to 5 min; the final local temperature achieved ranged between 55 and 85 C in all cases.
Ablation process lasted between 8 and 10 min. After the completion of ablation, the stylet of the vertebroplasty cannula was inserted
and the cannula was advanced again and slow injection of 2—4 ml of polymethylmethacrylate (PMMA) was performed. The PMMAs
used were Osteopal 40 and Osteopal V (Biomet Deutschland GmbH, Berlin, Germany). The injection was performed with the use of Op-
timed Gangi Cemento-Re Gun (Optimed, Ettlingen, Germany). The PMMA was injected slowly under fluoroscopy or intermittent CT
fluoroscopy with gradual withdrawing of the needle. In case of suspicion of cement extravasation the injection was immediately stopped
and depressurization with the application screw followed. The injection was terminated when at least two thirds of the lytic lesion was
filled. Upon termination, the stylet of the needle was inserted again to empty the residual cement into the vertebral body, and both were
gradually retracted. Immediate CT scanning was performed after the removal of the needle. In the cases that were randomized for ver-
tebroplasty only (group B), injection of PMMA was performed without previous RFA. Patients were kept on strict bed rest for 2 h and
allowed home either the same or the following day.

A unipedicular approach was performed in 17 of 22 (77 %) patients of group A and 23 of 28 (82 %) of group B. Median and mean ce-
ment volumes injected were 3.5 and 3.38 ml (SD = 0.65, SE = 0.13) for group A and 3.75 and 3.48 ml (SD = 0.55, SE = 0.1) for group B
respectively (p = 0.57).

The visual analogue scale was calculated at 24 h postprocedure before patient discharge and 6 weeks after treatment on an outpatient
basis. Analgesic consumption and the presence of neurological involvement also were evaluated immediately after the procedure and at
6 weeks. Follow-up with MRI at 1, 3, and 6 months was performed to exclude the involvement of other vertebral levels

Sources of funding Not reported.
Sample size N=36.
Vertebroplasty with radiofrequency ablation N=18.
Vertebroplasty alone n=18.
Outcomes
Outcome Ver.tebroplasty with Vertebroplasty
radiofrequency abla- | =1
tion, n=18 I, G
Neurological and functional status - disability — scores on Roland Morris Questionnaire (mean [SD], 9.6 (1.2) 9.5 (1).
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Outcome

follow-up: 24 hours, range 0 — 24, lower scores are better)

Vertebroplasty with
radiofrequency abla-
tion, n=18

Vertebroplasty
alone, n=18

8.7 (0.8)

3(0.9)
2.3(0.9)
n=2/18

Answer

Low

Low
Low
Low

Low

Neurological and functional status - disability — scores on Roland Morris Questionnaire (mean [SD] 8.2(1)

follow-up: 6 weeks, range 0 — 24, lower scores are better)

Pain — Visual Analogue Scale (mean [SD] follow-up: 24 hours, range 0 — 10, lower scores are better) 3.4 (1.2)

Pain - Visual Analogue Scale (mean [SD] follow-up: 6 weeks, range 0 — 10, lower scores are better) 2 (0.9)

Treatment related adverse events - cement leakage (follow-up: 6 weeks) n=2/18

Critical appraisal — Cochrane RoB 2

Section Question

Domain 1: Bias arising from the randomisation process Risk of bias judgement for the randomisation process
Domain 2a: Risk of bias due to deviations from the intended interventions Risk of bias for deviations from the intended interventions (effect Low
(effect of assignment to intervention) of assignment to intervention)

Domain 3. Bias due to missing outcome data Risk-of-bias judgement for missing outcome data

Domain 4. Bias in measurement of the outcome Risk-of-bias judgement for measurement of the outcome
Domain 5. Bias in selection of the reported result Risk-of-bias judgement for selection of the reported result
Overall bias and Directness Risk of bias judgement

Overall bias and Directness Overall Directness

Patchell, 2005

Directly appli-
cable

Patchell, R. A.; Tibbs, P. A.; Regine, W. F.; Payne, R.; Saris, S.; Kryscio, R. J.; Mohiuddin, M.; Young, B.; Direct decompressive surgical resection in the treat-

ment of spinal cord compression caused by metastatic cancer: a randomised trial; Lancet; 2005; vol. 366; 643-8

Study details

Countrylies where United States (7 sites).
study was carried out

Study type Randomised controlled trial (RCT)

Stratified according to treating institution, tumour type, ambulatory status, and relative stability of the spine.
Randomisation within strata by permutated blocks was done separately at each institution with a computerised technique, which en-
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Study dates

Inclusion criteria

Exclusion criteria

Patient characteris-
tics

sured immediate randomisation at study entry.
September 1992 to December 2002.

At least 18 years old

Tissue-proven diagnosis of cancer (not of central nervous system or spinal column origin)
MRI evidence of MESCC

General medical status good enough to be acceptable surgical candidates

Expected survival of at least 3 months.

At least one neurological sign or symptom of MESCC (including pain).

Not totally paraplegic for longer than 48 hours before study entry.

Confirmation of MESCC: MESCC defined radiographically as a true displacement of the spinal cord (by an epidural mass) from its nor-
mal position in the spinal canal. MESCC had to be restricted to a single area, which could include several contiguous spinal or vertebral
segments.

Before randomisation, all patients had imaging of the entire spinal cord. The imaging technique consisted of MRI with whole spine sagit-
tal T1 and T2 imaging and axial T1 imaging. Additional MRI techniques were used as clinically appropriate. There was a central review
of all MRI scans for confirmation of MESCC.

e Patients with a mass that compressed only the cauda equina or spinal roots.

o Patients with multiple discrete compressive lesions (unless they had one area of compression and multiple non-compressive le-
sions).

e Patients with certain radiosensitive tumours (lymphomas, leukaemia, multiple myeloma, and germ-cell tumours)

e Patients with pre-existing or concomitant neurological problems not related directly to their MESCC (eg, brain metastases).

e Patients with previous MESCC and those who had received spinal radiation such that they were unable to receive the study
dose.

Age, mean, years (SD): surgery + radiotherapy median 60; radiotherapy only median 60. Mean, range, and SD not re-ported.

Sex: female n=31, male n=70.

Primary tumours (n): lung — radiation 13, surgery 13; breast - radiation 6, surgery 7; prostate - radiation 10, surgery 9; other genitouri-
nary - radiation 6, surgery 5; gastrointestinal - radiation 4, surgery 2; melanoma - radiation 3, surgery 3; head and neck — radiation 2,
surgery 1; unknown -radiation 3, surgery 5; other radiation 4, surgery 5.

Walking at entry (n): Radiation 35; surgery 34.

Continent at entry (n): Radiation 32; surgery 30.

Median Frankel score at entry: Radiation D; surgery D. D=ambulatory but with neurological symptoms.

Median ASIA score at entry: Radiation 90; surgery 89.

Spinal level of compression — Cervical - radiation 5, surgery 8; T1-T6 — radiation 18, surgery 20; T7-T12 — radiation 28, surgery 22.
Position of spinal tumour - anterior — radiation 33, surgery 28; lateral - radiation 11, surgery 9; posterior — radiation 7, surgery 13.
Unstable spine — radiation 18, surgery 20.

Median time between diagnosis of primary tumour and development of MESCC, months: radiation 7; surgery 3.
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Intervention(s)/control

Duration of follow-up

Sources of funding
Sample size
Other information

Median time between development of motor symptoms and treatment of MESCC, days: radiation 12; surgery 10 days.

Radiotherapy only:
e 30 Gy (3 x 10 fractions).
e Started within 24 hours of randomisation.
e Treatments delivered to a port that encompassed one vertebral body above and below the visible lesion.
e Protocol compliance monitored through central review of radiotherapy treatment plans.

Direct decompressive surgery followed by radiotherapy:
Operation within 24 hours of randomisation.
RT delivered as per intervention group, within 14 days after surgery.

Surgical technique:

Protocol did not specify operative techniques or fixation devices. However, the aim of surgery was to provide immediate direct circum-
ferential decompression of the spinal cord. The operation was tailored for each patient depending on the level of the spine involved and
the patient’s circumstances. In general, for anteriorlylocated tumours the approach in the cervical spine was anterior, and in the thoracic
and lumbar spine, depending on the tumour location, the approach was through a transversectomy or anterior approach. For laterally-
located tumours, a lateral approach was used, and for posteriorly-located tumours, a laminectomy was done and any other posterior
elements involved were removed. Stabilisation of tumours in all locations was performed if spinal instability was present; cement (methyl
methacrylate), metallic rods, bone grafting, or other fixation devices were used. Within 1 month of treatment operative reports and plans
for post-surgery radiotherapy to monitor protocol compliance. Patients were given radiotherapy, as in the radiation group, within 14 days
after surgery.

Steroids given on same schedule for both groups. When diagnosed, all patients were given 100 mg dexamethasone immediately, then
24 mg every 6 h until the start of radiotherapy or surgery. Corticosteroids were then reduced and continued until completion of radio-
therapy. Patients with severe diabetes or other relative contraindications to high-dose corticosteroids were treated with reduced doses
when appropriate.

All time dependent endpoints measured from the day of randomisation until death or last follow up.

Overall median follow-up times were 102 days (IQR 0-1940) in the surgery + RT group and 93 days (IQR 0-1117 days) in the radiation
group (p=0.10).

Patients had neurological assessments before treatment, weekly during radiotherapy, and within 1 day after completion of treatment.
Patients then had regular study follow-up assessments every 4 weeks until the end of the trial or death. Patients were also reassessed
at any time they had symptoms suggestive of neurological progression.

Grants from - National Cancer Institute (RO1 CA55256), and National Institute for Neurological Disorders and Stroke (K24 NS502180).
N=101 randomised. Surgery plus radiotherapy n=50. Radiotherapy alone n=51.
The trial was stopped early after a comparison of ambulatory rates between the two groups based on ambulatory status. This compari-
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son yielded a p value of 0.001, which fell below the predetermined significance level for early termination of the trial according to the
O’Brien Fleming rule (p < 0.0054). Because of proven superiority of surgical treatment, the data safety and monitoring committee
deemed the trial should be stopped early.

Spinal stability was ascertained according to Cybulski’s guidelines. Patients with pathological spine fractures or evidence of bone in the
spinal canal were also judged to have spinal instability.

Protocol violations occurred with five patients. In the surgery group, three patients did not receive postoperative radiotherapy and a
fourth patient stopped radiotherapy before receiving the complete course. In the radiation group, one patient was treated with surgery as
well as postoperative radiotherapy.

Ambulatory status results calculated as follows using 2 methods:
e Combined ambulatory rate = Percentage of patients who maintained or regained ability to walk immediately after completion of
radiotherapy.
e Ambulatory time after treatment to give a measure of long-term success.

Patients were deemed ambulatory if they could take at least two steps with each foot unassisted (4 steps total), even if a cane or walker
was needed.

Corticosteroid use assessed by calculating and comparing mean daily dexamethasone equivalent doses.

Pain relief assessed by calculating and comparing mean daily morphine equivalent doses.

Outcomes

Outcome Radiotherapy + sur- _
gery, n=50 Surgery alone, n=51

Neurological and functional status - ambulant after treatment - all patients (follow-up: post-radiotherapy n=42/50 n=29/51

treatment)

Neurological and functional status - ambulant after treatment - patients ambulatory at study entry -all  n=32/34 n=26/35

patients (follow-up: post-radiotherapy treatment)

Neurological and functional status - ambulant after treatment - patients non ambulatory at study entry - n=10/16 n=3/16

all patients (follow-up: post-radiotherapy treatment)

Neurological and functional status - maintenance of continence, median, days (follow-up [median]: ra- 156 days (n=50) 17 days (n=51)

diotherapy and surgery 102 days (IQR 0-1940), radiotherapy alone 93 days (IQR 0-1117)

Neurological and functional status - maintenance of muscle strength (ASIA score) median, days (follow- 566 days (n=50) 72 days (n=51)

up [median]: radiotherapy and surgery 102 days (IQR 0-1940), radiotherapy alone 93 days (IQR 0-1117)

Neurological and functional status - maintenance of functional ability (Frankel score) median, days (fol- 156 days (n=50) 17 days (n=51)

low-up [median]: radiotherapy and surgery 102 days (IQR 0-1940), radiotherapy alone 93 days (IQR 0-
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Outcome s:f;?.:ll%r:py *SU Surgery alone, n=51
1117)

Pain - median [IQR] daily equivalent dose of morphine, mg (follow-up [median]: radiotherapy and sur- 0.4 (0 to 60) 4.8 (0 to 200)

gery 102 days (IQR 0-1940), radiotherapy alone 93 days (IQR 0-1117)

Treatment related adverse events - 30 day mortality (follow-up: 30 days) n=3/50 n=7/51

Overall survival - median overall survival (days) 100 days (n=50) 126 days (n=51)

Critical appraisal — Cochrane RoB 2

Section Question Answer

Domain 1: Bias arising from the randomisation process Risk of bias judgement for the randomisation process Low

Domain 2a: Risk of bias due to deviations from the intended interven- Risk of bias for deviations from the intended interventions (effect of as- Low

tions (effect of assignment to intervention) signment to intervention)

Domain 2b: Risk of bias due to deviations from the intended interven- Risk of bias judgement for deviations from the intended interventions (ef- Low

tions (effect of adhering to intervention) fect of adhering to intervention)

Domain 3. Bias due to missing outcome data Risk-of-bias judgement for missing outcome data Low

Domain 4. Bias in measurement of the outcome 4.4 If Y/PY/NI to 4.3: Could assessment of the outcome have been influ-  Probably no
enced by knowledge of intervention received?

Domain 4. Bias in measurement of the outcome Risk-of-bias judgement for measurement of the outcome Low

Domain 5. Bias in selection of the reported result Risk-of-bias judgement for selection of the reported result Low

Overall bias and Directness Risk of bias judgement Low

Overall bias and Directness Overall Directness Directly appli-

cable
Zheng, 2021

Bibliographic Ref- Zheng, J.; Wu, L.; Shi, J.; Niu, N.; Yang, Z.; Ding, H.; Hybrid Therapy Versus Total en Bloc Spondyectomy in the Treatment of
erence Solitary Radioresistant Spinal Metastases: A Single-center, Retrospective Study; Clinical Spine Surgery; 2021

Study details
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Countryl/ies where
study was carried out

Study type

Study dates
Inclusion criteria

Exclusion criteria

Patient characteris-
tics

Intervention(s)/control

Duration of follow-up
Sources of funding
Sample size

Outcomes

China.

Non-randomised controlled trial

Propensity score matching (1:1 ratio).
January 2012 and May 2019.

Solitary spinal metastases involving the thoracic or lumbar spine, high-grade epidural cord compression (grades 2 and 3)
according to the Bilsky criteria on MRI, tumour histology resistant to radiotherapy, life expectancy of more than 6 months
(Tokuhashi score, 9-11), and good general condition of the patient [Eastern Cooperative Oncology Group Performance
Status score <3].

Incomplete case data, surgical contraindications, poorly controlled primary tumour, tumour combined with other metastat-
ic lesions, and previous spinal tumour resection.

Age, mean, years (SD): 57.9 (6.6)
Sex: female n=36, male n=121.

Hybrid therapy group (n=64)
Primary tumour (%): renal cell carcinoma (37%), thyroid (30%), liver (6%), rectal (6%), colon (16%), melanoma (5%)
Non-ambulatory (ECOG PS 3 or 4): 33%

Total en bloc spondylectomy (n=93)
Primary tumour (%): renal cell carcinoma (36%), thyroid (24%), liver (9%), rectal (10%), colon (14%), melanoma(7%)
Non-ambulatory (ECOG PS 3 or 4): 37%

e Hybrid therapy (HT): spinal separation surgery followed by stereotactic radiosurgery
e Total en bloc spondylectomy (TES)

At least 2 years.
Ningxia Natural Science Foundation Project (NZ16128, 2019AAC03193)
157 (110 included in propensity score matched analysis)
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Outcome . - Total en bloc spon-
Hybrid therapy, n=64 dylectomy, n=93

Neurological and functional status - American Spinal Injury Association impairment scale - improved or n=55/55 n=55/55

preserved score (follow-up: 6 months)

Pain - Visual Analogue Scale (median [IQR], follow-up: 6 months; range — not reported, lower scores are 1 (1 —2) n=64 1(1-2)n=93

better)

Treatment related adverse events — complications (follow-up: perioperative) 10/55 17/55

Health related quality of life - Spine Oncology Study Group Outcomes score (median [IQR] follow-up: 6 37 (36 - 39) n=64 37 (36-56) n=93

months, range 0 to 80; lower scores are better)

Spinal stability/deformity - Spinal Instability Neoplastic Score (postoperative; range 0 to 18; lower 5 (4-5) n=64 5 (4-5) n=93
scores are better)

Critical appraisal - ROBINS-I

Section Question Answer
: : : o . Moderate
1. Bias due to confounding Risk of bias judgement for confounding (Treatment took place over 7 year period -

the hybrid therapy group is more likely to be
more recent however the year of treatment

is not reported for the 2 groups and not ad-

justed for in the analysis. Not clear how pa-
tients were selected for HT or TES groups -
possibly a change in practice over time..)

2. Bias in selection of participants into . o ] o . Low
the study Risk of bias judgement for selection of participants into the
study
3. Bias in classification of interventions o o ) _ Low
Risk of bias judgement for classification of interventions
4. Bias due to deviations from intended o o ] ) Low
interventions Risk of bias judgement for deviations from intended interven-
tions
5. Bias due to missing data Low

Risk of bias judgement for missing data
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Section Question

6. Bias in measurement of outcomes . o
Risk of bias judgement for measurement of outcomes

7. Bias in selection of the reported re- . o ]
sult Risk of bias judgement for selection of the reported result

Overall bias . .
Risk of bias judgement

Overall bias Directness
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Appendix E Forest plots

Forest plots for review question: What is the effectiveness of invasive interventions, such as vertebroplasty, kyphoplasty,
ablation and surgery, in managing spinal metastases, direct malignant infiltration of the spine or associated spinal cord
compression?

No meta-analysis was conducted for this review question and so there are no forest plots.
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Appendix F GRADE tables

GRADE tables for review question: What is the effectiveness of invasive interventions, such as vertebroplasty, kyphoplasty,
ablation and surgery, in managing spinal metastases, direct malignant infiltration of the spine or associated spinal cord
compression?

1 observational | serious’ no serious no serious no serious none 55/55 55/55 RR 1.00 0 fewer MODERATE CRITICAL
(Zheng studies inconsistency | indirectness | imprecision (0.97 to per 1,000
2021) 1.04) (from 30
fewer to
40 more)
1 observational | serious’ no serious no serious serious? none n=64 n=93 not estima- | 0 points LOW CRITICAL
(Zheng studies inconsistency | indirectness ble lower with
2021) (median 1, IQR | (median 1, IQR 1 hybrid
1-2) -2) therapy
(p=0.739)
53
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(Zheng
2021)

(Zheng
2021)

1
(Zheng
2021)

observational
studies

observational
studies

observational
studies

serious’

serious’

serious’

no serious
inconsistency

no serious
inconsistency

no serious
inconsistency

no serious
indirectness

no serious
indirectness

no serious
indirectness

serious®

serious?

serious?

none

none

none

10/55

n=64

(median 37,
IQR 36 - 39)

n=64

(median 5, IQR
4-5)

17/55

n=93

(median 37, IQR

36-56)

n=93

(median 5, IQR
4-5)

RR 0.59
(0.30 to
1.17)

not estima-
ble

not estima-
ble

127 fewer
per 1,000
(from 216
fewer to

53 more)

0 points
lower with
hybrid
therapy
(p=0.435)

0 points
lower with
hybrid
therapy
(p=0.503)

IMPORTANT

IMPORTANT

IMPORTANT

Cl: confidence interval; RR: risk ratio

1. Serious risk of bias in the evidence contributing to the outcomes as per ROBINS-I.

2. Sample size < 300
3. 95% ClI crosses 1 MID
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Table 6: Evidence profile for comparison between Kiva novel implant with polymethylmethacrylate (PMMA) and balloon kyphoplasty
with PMMA

1 (Ko-
rovessis
2014)

1 (Ko-
rovessis
2014)

randomised
trials

randomised
trials

no serious
risk of
bias

no serious
risk of
bias

no serious
inconsistency

no serious
inconsistency

no serious
indirectness

no serious
indirectness

no serious
imprecision

no serious
imprecision

none

none

23

23

24

24

not estima-
ble

not estima-
ble

MD 1 higher
(3.86 lower
to 5.86
higher)

MD 0.20
higher
(1.09 lower
to 1.49
higher)

HIGH

HIGH

CRITICAL

CRITICAL

1 (Ko-
rovessis
2014)

randomised
trials

no serious
risk of
bias

no serious
inconsistency

no serious
indirectness

very serious’

none

0/23

0/24

RD 0.00 (-
0.08 to 0.08)

0 fewer
(from 80
fewer to 80
more)

LOW

1 (Ko- randomised | no serious no serious no serious | very serious?® none 0/41 4/43 RR 0.12 82 fewer IMPORTANT
rovessis trials risk of inconsistency | indirectness (0.01 to per 1,000 LOW
2014) bias 2.10) (from 92
fewer to
102 more)

IMPORTANT

Cl: confidence interval; MD: mean difference; RR: risk ratio; MD: mean difference

1. Absolute effect range crosses 2 MIDs (10 more per 1000 and 10 fewer per 1000)

2. 95% ClI crosses 2 MIDs
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1 (Beren-
son 2011)

1 (Beren-
son 2011)

randomised
trials

randomised
trials

no serious
risk of bias

no serious
risk of bias

no serious
inconsistency

no serious
inconsistency

no serious
indirectness

no serious
indirectness

serious’

serious’

none

none

63

64

Table 7: Evidence profile for comparison between balloon kyphoplasty and non-surgical treatment

50

49

not estimable

not estimable

MD 8.90
lower
(9.39 lower
to 8.41
lower)

MD 3.58
lower
(3.77 lower
to 3.39
lower)

MODERATE

MODERATE

CRITICAL

CRITICAL

1 (Beren-
son 2011)

1 (Beren-
son 2011)

randomised
trials

randomised
trials

no serious
risk of bias

no serious
risk of bias

no serious
inconsistency

no serious
inconsistency

no serious
indirectness

no serious
indirectness

no serious
imprecision

no serious
imprecision

none

none

58

58

47

47

not estimable

not estimable

MD 8.4
higher
(7.7 higher
t0 9.1
higher

MD 11.1
higher
(10.7 high-
erto 11.5
higher)

HIGH

HIGH

IMPORTANT

IMPORTANT

(&)
(o))
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1 (Beren- | randomised | no serious no serious no serious no serious

none 30 33 not estimable| MD 3.10 HIGH IMPORTANT
son 2011) trials risk of bias | inconsistency indirectness imprecision higher
(2.74 lower
to 3.46
lower)
CI: confidence interval; MD: standardised mean difference

1. 95% Cl crosses 1 MID (0.5x control group SD, for Roland Morris Questionnaire 8.95; for pain — Numeric Rating Scale 3.4).

Table 8: Evidence profile for comparison between minimal access separation surgery and open posterior stabilisation and decompres-
sion

1 (Ku- |observational| serious’ no serious no serious no serious none 23/33 75/115 RR 1.01 9 more MODERATE CRITICAL
mar studies inconsistency | indirectness | imprecision (0.92 to 1.12) | per 1,000
2022) (from 74
fewer to
111 more)
1 (Ku- |observational| serious’ no serious no serious | very serious?® none 6/33 22/124 RR 1.02 4 more VERY LOW IMPORTANT
mar studies inconsistency | indirectness (0.45 to 2.32) | per 1,000
2022) (from 98
fewer to
234 more)
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1 (Ku- |observational| serious’ no serious no serious serious® none 14/28 48/124 RR 1.29 112 more LOwW IMPORTANT
mar studies inconsistency | indirectness (0.84 to 1.99) | per 1,000
2022) (from 62
fewer to
383 more)

1 (Ku- |observational| serious’ no serious no serious | very serious?® none 5/28 22/124 RR 1.01 2 more IMPORTANT
mar studies inconsistency | indirectness (0.42 to 2.43) | per 1,000 VERY LOW
2022) (from 103
fewer to
253 more)

1 (Ku- |observational| serious’ no serious no serious serious® none 23/28 75/115 RR 1.07 350 more IMPORTANT
mar studies inconsistency | indirectness (0.82 to 1.39) | per 1,000 LOW
2022) (from 900
fewer to
1,000
more)

ClI: confidence interval; RR: risk ratio

1. Serious risk of bias in the evidence contributing to the outcomes as per ROBINS-|

2. 95% CI crosses 2 MIDs.
3. 95% ClI crosses 1 MIDs

Table 9: Evidence profile for comparison between percutaneous pedicle screw fixation (PPSF) and open posterior stabilization (OPS
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1 (Ku-
mar
2022)

1 (Ku-
mar
2022)

1 (Ku-
mar
2022)

1 (Ku-
mar
2022)

observational
studies

observational
studies

observational
studies

observational
studies

serious’

serious’

serious’

serious’

no serious
inconsistency

no serious
inconsistency

no serious
inconsistency

no serious
inconsistency

no serious
indirectness

no serious
indirectness

no serious
indirectness

no serious
indirectness

serious?

very serious®

serious?

serious?

none

none

none

none

28/28

2/28

9/28 (32.1%)

1/28

13/15

3/15

8/15

4/15

RR 1.16
(0.94 to 1.45)

RR 0.36
(0.07 to 1.91)

RR 0.60
(0.29 to 1.23)

RR0.13
(0.02 to 1.09)

139 more
per 1,000
(from 52

fewer to

390 more)

128 fewer
per 1,000
(from 186
fewer to
182 more)

213 fewer
per 1,000
(from 378
fewer to
123 more)

232 fewer
per 1,000
(from 262
fewer to

24 more)

LOW

VERY LOW

LOW

LOW

CRITICAL

IMPORTANT

IMPORTANT

IMPORTANT
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1 (Ku- |observational| serious’ no serious no serious | very serious® none 20/28 12/15 RR 0.89 88 fewer VERY LOW IMPORTANT
mar studies inconsistency | indirectness (0.63 to 1.26) | per 1,000
2022) (from 296
fewer to
208 more)

Cl: confidence interval; RR: risk ratio

1. Serious risk of bias in the evidence contributing to the outcomes as per ROBINS-I.
2. 95% Cl crosses 1 MIDs

3. 95% Cl crosses 2 MIDs

and open surge

inal laser interstitial thermothera

Table 10: Evidence profile for comparison between s

1 (de |observational| serious' no serious no serious no serious none 2/40 14/40 RR 0.14 301 fewer| MODERATE IMPORTANT
Almeida studies inconsistency | indirectness | imprecision (0.03 to 0.59) | per 1,000
2020) (from 339
fewer to
144 few-
er)

1 (de |observational| serious' no serious no serious serious? none 29/40 36/40 RR 0.81 171 fewer LOwW IMPORTANT
Almeida studies inconsistency | indirectness (0.65 to 1.00) | per 1,000
2020) (from 315
fewer to 0
fewer)
ClI: confidence interval; HR: hazard Ratio; RR: risk ratio
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1. Serious risk of bias in the evidence contributing to the outcomes as per ROBINS-I.

2. 95% Cl crosses 1 MID.

1 (Orge- | randomised | serious*

ra 2014

trials

no serious
inconsistency

no serious

Table 11: Evidence profile for comparison between vertebroplasty with radiofrequency ablation and vertebroplasty alone

MD 0.3 lower

1 (Orge- | randomised | serious* no serious no serious | very serious’ none 18 18 not estimable MD 0.1 higher | VERY LOW CRITICAL
ra 2014) trials inconsistency | indirectness (0.62 lower to
0.82 higher)

1 (Orge- | randomised | serious* no serious no serious serious? none 18 18 not estimable MD 0.5 lower LOW CRITICAL
ra 2014 trials inconsistency | indirectness (1.09 lower to
0.09 higher)

1 (Orge- | randomised | serious* no serious no serious serious? none 18 18 not estimable MD 0.4 higher LOW CRITICAL
ra 2014 trials inconsistency | indirectness (0.29 lower to
1.09 higher)

serious? 18 18 not estimable LOW CRITICAL
indirectness (0.89 lower to
0.29 higher)
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1 (Orge- | randomised | serious* no serious no serious | very serious® none 2/18 2/18 RR 1.00 0 fewer per VERY LOW | IMPORTANT
ra 2014 trials inconsistency | indirectness (0.16 to 6.35) 1,000

(from 93 fewer

to 594 more)

CI: confidence interval, MD: mean difference; RR: risk ratio

1. 95% Cl crosses 1 MID (0.5x control group SD, for Roland Morris Questionnaire £0.5).
2. 95% Cl crosses 2 MIDs (0.5x control group SD, for Roland Morris Questionnaire 0.5).
3. 95% Cl crosses 2 MIDs

4. Serious risk of bias in the evidence contributing to the outcomes as per RoB 2.

Table 12: Evidence profile for comparison between radiotherapy + surgery and radiotherapy alone

1 (Patchell [randomised [no serious [no serious incon- [no serious indi- |serious’ RR 1.48 (1.13| 273 more per 1000 MODERATE CRITICAL
2005) trials risk of bias [sistency rectness to 1.93) (from 74 more to 529
more)

1 (Patchell [randomised [no serious [no serious incon- [no serious indi- |serious’ none 32/34 26/35 |RR 1.27 (1.02| 201 more per 1000 MODRATE CRITICAL
2005) trials risk of bias [sistency rectness to 1.57) (from 15 more to 423
more)
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1 (Patchell
2005)

randomised
trials

1 (Patchell
2005)

randomised
trials

1 (Patchell
2005)

randomised
trials

1 (Patchell [randomised
2005) trials
1 (Patchell {randomised
2005) trials
1 (Patchell [randomised
2005) trials
1 (Patchell [randomised

no serious
risk of bias

no serious
risk of bias

no serious
risk of bias

no serious
risk of bias

no serious
risk of bias

no serious
risk of bias

no serious

no serious incon-
sistency

no serious incon-
sistency

no serious incon-
sistency

no serious incon-
sistency

no serious incon-
sistency

no serious incon-
sistency

no serious incon-

no serious indi-
rectness

no serious indi-
rectness

no serious indi-
rectness

no serious indi-
rectness

no serious indi-
rectness

no serious indi-
rectness

no serious indi-

serious’

serious®

serious®

serious®

serious®

very seri-
ous?

serious’

none 10/16

566 days
(N=50)

none 156 days

(N=50)

none

0.4 (0 to
60)

none 3/50

none

100 days

3/16

200)

7/51

126 days

t0 9.9)

4.00)

7.69)

9.09)

4.8 (0to =

RR 3.33 (1.12

2.13 (1.15 to

3.57 (1.64 to

417 (1.85to0

not estimable

437 more per 1000
(from 23 more to 1000
more)

Median 149 days long-
er

Median 494 days long-
er

Median 494 days long-
er

Median 4.4 mg lower

RR 0.44 (0.12| 77 fewer per 1000
to 1.6) (from 121 fewer to 82
more)

26 days longer with

MODERATE

MODERATE

MODERATE

MODERATE

MODERATE

LOW

MODERATE

CRITICAL

CRITICAL

CRITICAL

CRITICAL

CRITICAL

IMPORTANT

IMPORTANT
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2005) i risk of bias |sistency surgery + RT (p=0.003)
N=50 N=51

ClI: confidence interval; IQR: Interquartile range; mg: milligram; RR: risk ratio; RT: radiotherapy.
195% Cl crosses 1 MID

2 95% Cl crosses 2 MIDs
3 Sample size < 300
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Appendix G Economic evidence study selection

Study selection for: What is the effectiveness of invasive interventions, such
as vertebroplasty, kyphoplasty, ablation and surgery, in managing spinal me-
tastases, direct malignant infiltration of the spine or associated spinal cord
compression?

A global search of economic evidence was undertaken for all review questions in this guide-
line. See Supplement 2 for further information
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Appendix H Economic evidence tables

Economic evidence tables for review question: What is the effectiveness of in-
vasive interventions, such as vertebroplasty, kyphoplasty, ablation and sur-
gery, in managing spinal metastases, direct malignant infiltration of the spine
or associated spinal cord compression?

Table 13: Economic evidence tables

Study
country and
type

Author and
year: Miya-
zaki 2017
Country: Ja-
pan

Type of eco-
nomic analy-
sis: Cost utili-
ty analysis
Source of
funding: Au-
thors declared
that the study
received no
funding. Con-
ducted at Ko-
be University
Hospital, Ja-
pan.

Intervention
and compar-
ator

Intervention:
Surgery. Par-
tial removal of
the tumour
and stabilisa-
tion achieved
using the
screw-rod
system
Comparator:
No surgery.
Intensive ad-
juvant treat-
ment, pallia-
tive care ser-
vices and re-
habilitation.
People re-
ceived
chemotherapy
where clinical-
ly indicated.

Study popu-
lation, design
and data
sources

Population
characteris-
tic: People
with sympto-
matic spinal
metastases
with progres-
sive neurolog-
ical deficits,
spinal instabil-
ity, or intrac-
table pain re-
sistant to con-
servative
care. All of the
cohort were
eligible for
surgical
treatment alt-
hough with
decision on
the person as
to whether to
receive spinal
surgery or not.
Patient char-
acteristics
Age
(MeanzSD)
I:65.1+11.5
C:645+11.0
Sex

I: 74% male
C: 63% male
Health state
value Japa-
nese EQ-5D
(mean and
range):

1: 0.036 £
0.499 ( -0.594
to 0.760)

C: 0.056 +
0.442 (range,

Costs and
outcomes
(descriptions
and values)

Survival
(mean):
Intervention:
370 days
Control:

72 days
Overall sur-
vival at 12
months:
Intervention:
54%
Control:
25%

Mean cost
per partici-
pant (+SD)
Intervention:
US$25,770 +
7750
Control:
US$8615 +
12,273
Difference:
US$16,955

Mean out-
come per
participant
(¥SD):
Intervention:
0.433 £ 0.327
Control: 0.024
+ 0.028
Difference:
0.405
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Results

ICERSs:
US$42,003
per QALY
gained

No subgroup
or sensitivity
analyses were
undertaken.

Comments

Perspective:
Japanese
healthcare
payer
Currency: US
Dollars

Cost year:
2014

Time hori-
zon: 1 Year
Discounting:
N/A
Applicability:
Partly Appli-
cable
Limitations:
Very serious
limitations
Other com-
ments:
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Study Intervention
country and and compar-
type ator

Author and Intervention
year: Health in detail :
Quality Ontar- 1) Kyphoplas-
io 2016

Costs and
outcomes

Study popu-
lation, design
and data
sources
-0.594 to
0.708)

All perfor-
mance scores
(Tokuhashi
score, Katagiri
score, perfor-
mance score,
Barthel index,
Frankel classi-
fication) were
not statistical-
ly significantly
different be-
tween groups.

and values)

Modelling
approach:
Costing
alongside
prospective
cohort study
Source of
baseline da-
ta: 47 con-
secutive pa-
tients (31 sur-
gery, 16 non-
surgery) at
Kobe Univer-
sity hospital,
Japan.
Source of
effectiveness
data: Patient
completed
Japanese EQ-
5D at base-
line, 1, 3, 6
and 12
months.

Source of
cost data:
Medical re-
muneration
records for all
inpatient and
outpatient
care

Source of
unit cost da-
ta: N/A

Population Mean cost
characteris- per partici-
tics: pant:
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Study
country and
type
Country:
Canada

Type of eco-
nomic analy-
sis: Cost utili-
ty

Source of
funding:
Health Quality
Ontario

Intervention
and compar-
ator

ty

2) Vertebro-
plasty
Comparator
in detail:
Non-surgical
management
consisting of
some or all of
analgesics,
bed rest, radi-
ation therapy,
use of braces
and use of
wheelchair

Study popu-
lation, design
and data
sources

People with
primary can-
cers or meta-
static disease
(mixed popu-
lation) leading
to vertebral
collapse.

Mean age: 65
years

Outpatient:
90%

Modelling
approach:

Markov model

Source of
baseline da-
ta:

Berenson
2011 RCT as
discussed in
the clinical
evidence re-
view and pa-
tient records
from 1 hospi-
tal in Ontario
Canada
Source of
effectiveness
data:

Survival was
estimated
from survival
analysis from
254 patients
after spinal
metastases.
The patient
population
was a mix of
those receiv-
ing surgical
and non-
surgical inter-
ventions. Sur-
gical interven-
tion was as-
sumed to
have no sur-
vival benefit.

Utility values
were derived

Costs and
outcomes
(descriptions
and values)

K: CA$24,320
V: CA$20,942
Control:
$17,073
Difference:
K:CA$7,247
V:CA$3,869

Mean out-
come per
participant:
Intervention:
K: 0.414
V:0.414
Control:
0.197
Difference:
0.217
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Results
K:CA$33,471
V:CA$17,870
Subgroup
analysis:
Lung and
breast cancer
only: approx-
imately
CA$50,000
per QALY
Sensitivity
analysis:
Results sensi-
tive to chang-
es in HRQoL
benefit with
ICER increas-
ing to approx-
imately
CA$85,000
per QALY.
Results were
not sensitive
to time hori-
zon, using
standardised
costs or intro-
ducing a mor-
tality benefit to
surgery.

Probabilistic
sensitivity
analysis:
Methods sug-
gest this was
completed but
did not form
part of the
published re-
sults.

Comments
Term Care
Currency:
Canadian dol-
lars

Cost year:
2015

Time hori-
zon: 5 years
Discounting:
5% both cost
and QALYs
Applicability:
Partly appli-
cable
Limitations:
Very serious
limitaions
Other com-
ments: Ky-
phoplasty and
vertebroplasty
were not di-
rectly com-
pared. As-
sumptions of
the model had
effectiveness
identical but
vertebroplasty
was the less
costly inter-
vention mean-
ing if such a
comparison
was appropri-
ate vertebro-
plasty would
be the pre-
ferred option.
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Study
country and
type

Author and
year: NICE
2023

Country: UK

Type of eco-
nomic analy-
sis: Cost utili-
ty

Source of
funding: De-
partment of
Health And
Social Care
For England

Intervention
and compar-
ator

Intervention
in detail :

1) Kyphoplas-
ty

2) Vertebro-
plasty
Comparator
in detail:
Non-surgical
management
consisting of
some or all of
analgesics,
bed rest, radi-
ation therapy,
use of braces
and use of
wheelchair

Study popu-
lation, design
and data
sources

from Short
Form Health
Survey (SF-
36) survey
data from an
RCT of pa-
tients with
cancer related
fractures.
(n=106) This
RCT was the
same as that
reported by
Berenson
2011

Source of
cost data: All
costs of surgi-
cal interven-
tions were
taken from
hospital billing
data from 1
hospital in
Ontario.
Source of
unit cost da-
ta: Cost of
professional
time was tak-
en from On-
tario Schedule
of Benefits for
Physician
Services
Population
characteris-
tics:

People with
primary can-
cers or meta-
static disease
(mixed popu-
lation) leading
to vertebral
collapse.

Mean age: 60
years

Modelling
approach:
Retrospective
costing and
QoL calcula-
tions from one
randomised

Costs and
outcomes

(descriptions
and values)

Mean cost
per partici-
pant:

K: £3,048
V: £2,930
Control:
£337
Difference:
K:£2,711
V:£2,594

Mean out-
come per
participant
(QALYs):
Intervention:
K: 0.4447
V: 0.4447
Control:
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Results

ICERSs (cost
per additional
QALY):
K:£98,935
V:£94,644

Sensitivity
analysis:
Results sensi-
tive to chang-
es in HRQoL,
time horizon
and costs
around NSM.

Probabilistic
sensitivity
analysis:

K: One year
time horizon

Comments

Perspective:
UK NHS+PSS
Currency:
Pound sterling
Cost year:
2021

Time hori-
zon: 1 years
and 5 years
Discounting:
3.5% both
cost and
QALYs
Applicability:
Directly appli-
cable
Limitations:
Very serious
limitations
Other com-
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Study
country and
type

Intervention
and compar-
ator

Study popu-
lation, design
and data
sources

controlled trial

Source of
baseline da-
ta:

Berenson
2011 RCT as
discussed in
the clinical
evidence re-
view

Source of
effectiveness
data:

Survival was
estimated
from a pro-
spective ob-
servational
study of 39
patients re-
ceiving verte-
broplasty in
an NHS set-
ting.

Utility values
were derived
from Short
Form Health
Survey (SF-
36) survey
data from an
RCT of pa-
tients with
cancer related
fractures.
(n=106).
These were
converted to
EQ-5D scores
using a pub-
lished algo-
rithm. This
RCT was the
same as that
reported by
Berenson
2011

Source of
unit cost da-
ta: Unit costs
were taken
from previous
NICE technol-
ogy appraisals
and PSSRU
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Costs and
outcomes
(descriptions
and values)
0.4173
Difference:
0.0274

Results
was below
£20,000 per
QALY in
49.7% of it-
erations in-
creasing to
82.8% for 5
year time
horizon.

V: One year
time horizon
was below
£20,000 per
QALY in
48.1% of it-
erations in-
creasing to
83.4% for 5
year time
horizon.

Comments
ments: Ky-
phoplasty and
vertebroplasty
were not di-
rectly com-
pared. As-
sumptions of
the model had
effectiveness
identical but
vertebroplasty
was the less
costly inter-
vention mean-
ing if such a
comparison
was appropri-
ate vertebro-
plasty would
be the pre-
ferred option.
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Study popu- Costs and

Study Intervention  lation, design outcomes
country and and compar- and data (descriptions
type ator sources and values) Results Comments
Unit Costs of
Health and
Social Care
71
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Appendix | Economic model

Economic model for review question: What is the effectiveness of invasive in-
terventions, such as vertebroplasty, kyphoplasty, ablation and surgery, in
managing spinal metastases, direct malignant infiltration of the spine or asso-
ciated spinal cord compression?

The Cost effectiveness of balloon kyphoplasty and vertebroplasty compared to non-surgical
management for the treatment of vertebral collapse in people with metastatic spinal cord
compression.

Background

Metastatic cancer can lead to tumours in or near the spine leading to collapse of one or more
vertebrae, which causes very serious consequences including acute severe pain. The core
aims of the management of spinal bone disease in metastatic spinal cord compression are
decompression, stabilisation and pain control. Non-surgical management (NSM) consists of
pain management using drugs (analgesics), radiotherapy, immobilisation and external brac-
ing/orthotics as appropriate. Radiotherapy is effective for pain relief and most patients need
one or two fractions; however it may take several weeks for the full effect and some patients
experience a pain ‘flare’ in the early days after treatment.

Faster-acting interventions include procedures such as vertebroplasty (VP) or balloon ky-
phoplasty (BKP), in which plastic cement is injected into the affected vertebrae (vertebral
cement augmentation). These cement techniques can be performed by either surgeons or
non-surgeons (typically radiologists) unlike open spinal surgery which are undertaken by ei-
ther orthopaedic or neurosurgeons. For these reasons cement techniques are referred to as
NSM in clinical practise although for clarity are not included in that definition within this re-
port. Side-effects from cement augmentation are usually mild and temporary but may be
more serious in a few people. More serious adverse events include neurological deficits and
embolic events usually as a result of cement leakage.

There is uncertainty around whether BKP and VP are cost effective when compared to NSM
in people with metastatic spinal cord compression (MSCC). Upfront treatment costs will be
higher with both BKP and VP although could lead to increased quality of life and reduced re-
source use post treatment.

This model updates the economic model considering the same question for people with mye-
loma and vertebral compression fractures created for NICE Guideline NG35 Myeloma:
diagnosis and management published in January 2016. The model has been adapted to
use evidence more applicable to MSCC and to use contemporaneous values for costs and
other model variables where these are available. The clinical and quality of life outcomes in
the model remain the same after the evidence review did not identify any better evidence and
these remain unchanged between the two models.

Economic Model
Aim of Analysis, population, interventions

The aim of the economic analysis was to assess the cost effectiveness of BKP and VP com-
pared to NSM for the treatment of vertebral compression fractures (VCFs) in people with
metastatic spinal cord compression. It was not deemed appropriate to compare BKP directly
to VP as clinical considerations could make one of the treatments clinically inappropriate for
some types of VCFs. Therefore, both BKP and VP were compared only to NSM.
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Type of Analysis, time horizon, perspective

The analysis measures outcomes in quality-adjusted life years (QALYs). We express the in-
cremental cost-effectiveness ratio (ICER) as a cost per QALY.

Two time horizons were used for the economic evaluation-a one year and five year. The one
year analysis covered the duration of Berenson 2011. It was unclear from the accompanying
evidence review whether differences in quality of life remained more than 1 year post sur-
gery. The committee considered that the difference was likely to remain after one year and
until further VCF or death and that the 1 year time horizon would represent a conservative
estimate of any outcomes from cement techniques. Consequently, a 5 year time horizon was
also modelled. As no evidence was identified around the effectiveness of BKP or VP after 1
year, 2 different assumptions were investigated. The first assumption was that the difference
in quality of life between the groups at 1 year would remain for the entirety of the 5 year time
horizon reflecting that increased mobility and reduced pain may continue significantly past 1
year. The second assumption was that in the group with the highest quality of life the differ-
ence would taper down at a constant rate until equal to the comparison group at five years.
This was to reflect that patients were likely to experience further VCFs over the time horizon
which would diminish their quality of life.

The analysis also conservatively assumed that the difference in costs between the two
groups would be identical after the first year. A sensitivity analysis was run for this model
though that also assumed that the difference in costs not attributable to cement techniques,
during the first year, would continue in all years.

A five year time horizon was considered adequate to capture all differences between the two
groups as the majority of patients would have either died or had a secondary VCF during this
time.

All analyses were conducted from a National Health Service (NHS) and Personal Social Ser-
vices (PSS) perspective.

Discounting
All costs and QALY's were discounted at 3.5% per annum.
Sensitivity analysis

For the base case analyses a range of deterministic and threshold sensitivity analyses were
conducted to test the robustness of the results of the economic analysis to different input pa-
rameters. PSA was also conducted around the base case to assess the combined parameter
uncertainty in the model. In this analysis, the values that are utilised in the base case are re-
placed with values drawn from a distribution used to reflect the uncertainty around parameter
estimates. The PSA analysis was run for 10,000 iterations for both BKP and VP and for both
a 1 year and 5 year time horizon.

Clinical input data

The analysis was an economic evaluation based on outcomes and resource use reported in
the 1 RCT identified for vertebral cement augmentation in the accompanying clinical evi-
dence review. (Berenson 2011) The trial compared BKP to NSM for the treatment of painful
metastatic VCFs in 134 people.

The trial was conducted over 22 sites in Australia, Canada, Europe and the USA in patients
aged at least 21 years who had between one and three VCFs as well as scoring at least 4 on
the pain numeric rating score and at least 10 on the Roland-Morris Disability Score. Patients
were excluded if they had osteoblastic tumours, primary bone tumours or plasmacytoma in
the index VCF all people outside of the scope of this guideline. Patients were also excluded if
they were in any phase 1 anticancer trial, had substantial clinical morbidities, were unsuitable
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for BKP or needed significant additional treatment over the considered interventions of NSM
or BKP.

The cohort had an average age of 64 years and was 58% male with an average estimated
symptomatic fracture age of 3.5 months. The trial included cancers other than myeloma with
62% of the trial population having another cancer diagnosis.

The study had a large amount of crossover with the study protocol allowing people random-
ised to NSM to switch to BKP after one month of follow-up. 38 (72%) of the 52 patients ran-
domised to the NSM group crossed over to BKP. Therefore, three groups were presented in
the results by the authors: patients randomised to BKP, patients randomised to NSM who
ultimately received BKP (crossover) and those who continued with NSM (NSM group). The
authors reported no differences in the baseline characteristics of the three groups. Differ-
ences at time of crossover were not reported.

All clinical inputs for the model were based on evidence identified in the accompanying evi-
dence review.

For the base case the clinical outcomes were assumed to be identical between the cement
augmentation interventions based on the committees clinical opinion although they did hy-
pothesise that it was possible that BKP had improved clinical outcomes and greater quality of
life through restoration of lost body height. This potential difference between the two cement
techniques was explored during threshold sensitivity analyses.

Patient groups

RCTs are conventionally analysed using an intention to treat (ITT) approach to reduce bias
due to non-random loss and crossover of participants. The ITT approach analyses patients
by how they were randomised regardless of whether they adhered to the intervention they
were randomised to or not. As the Berenson 2011 trial had large crossover the ITT approach
may underestimate the true differences between the interventions being considered. The
study also did not report the characteristics of the crossover group at the time of crossover
and it was unclear as to whether these people differed to those who remained in the NSM
groups.

Given the reasons above an ‘as treated’ comparison comparing all patients who ultimately
received BKP to those who remained in NSM was chosen as the primary analysis as this
would most accurately estimate the difference in effectiveness between the two groups. It
would also reflect more closely practice within the NHS where patients are likely to have to
wait for cement techniques - by which time most of the people in the NSM arm would have
crossed over to BKP. Consequently, for the purpose of this economic evaluation two further
groups were created from the trial results - a ‘cement technique received’ group pooling the
BKP and crossover groups and an NSM-ITT group pooling the NSM and crossover group
(i.e. those randomised to NSM). In the base case ‘as treated’ approach BKP and crossover
group (cement technique received group) were compared to the NSM group. A secondary
analysis based on ITT principles was also conducted comparing the NSM-ITT group to those
randomised to BKP.

Utilisation of non-surgical interventions for VCFs at one month

The study reported the utilisation of seven non-surgical interventions at baseline and one
month post randomisation between those randomised to BKP and to NSM. The changes in
the use of these interventions are shown in Table 14. Changes in utilisation were statistically
significantly lower (p-value<0.05) for the BKP group in all interventions other than wheelchair
use, physical therapy and radiation therapy. As no patients crossed over before one month
the NSM group was identical for both the ‘as treated’ and ITT analysis.
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Table 14: Percentage change in utilisation of non-surgical interventions between base-
line and one month follow-up.

BKP NSM
Walking Aids -9.0% 1.5%
Bracing -12.7% -1.4%
Wheelchair -4.8% -2.0%
Bed Rest -22.1% -12.9%
Physical Thera- -10.4% -3.6%
Py
Any Medication -40.5% -17.0%
Radiation Ther- -0.9% 11.3%
apy

For the crossover group, the use of non-surgical interventions was assumed to be equal to
BKP for the base case ‘as treated’ analysis but equal to NSM during the ITT analysis. The
difference in utilisation was assumed to be maintained for one year.

Future VCFs

Whilst further VCFs are common in patients receiving both cement techniques and NSM, the
accompanying systematic review found no evidence on whether there was a difference in the
incidence of future VCFs between the interventions. In lieu of evidence it was assumed that
the incidence between the groups was identical. Resultantly, both costs and outcomes of
these future events were assumed identical and were not explicitly included as part of this
economic analysis.

Adverse Events

Device related adverse events were observed during the trial in the BKP group. Two patients
had extravasation, 1 had superficial wound infection and 2 had symptomatic fractures one of
which was as a result of cement leakage. Two patients had arrhythmia, attributable to anaes-
thesia but this was resolved. Adverse events are likely to be rare and the additional costs
and quality of life detriment were likely to be significantly outweighed by underestimates of
costs and quality of life detriments in the NSM arms. Whilst the costs and quality of life det-
riments of these adverse events were not explicitly considered in the economic evaluation,
costs attributable to adverse events of surgery were included (discussed later).

Survival

Survival for the economic analysis was taken from a prospective observational study of out-
comes and survival in 39 patients with myeloma receiving VP in an NHS setting. The popula-
tion had a mean age of 60 years at the time of treatment. The study reported a median sur-
vival of 20 months with a 1 year survival of 90% and 5 year survival of 40%. Survival was as-
sumed to be identical for both the cement techniques and NSM groups given the paucity of
information to the contrary identified by the systematic review. Survival in this group is likely
to be higher than for MSCC although as no difference in survival was assumed between the
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groups and costs were not accrued in the model beyond 1 year the impact of this will be
small. Survival values for each time point are presented in Table 15.

Table 15: Survival after initial treatment

Month Percent of cohort still alive
1 99.1%
3 97.4%
6 94.8%
12 89.6%
24 70.8%
36 66.0%
48 56.8%
60 40.0%

Model structure

A diagram representing the model structure and how the above parameters are combined in
the economic model are presented in Figure 2

Figure 2: Model structure
Vertebroplasty [ Kyphoplasty } { r’:lwgzésguerr?qlgr?'lc }

Alive with or
without
subsequent
vertebral
fractures

Quality of Life

The main measure of health-related quality of life (HRQoL) in the trial was the Short Form
(36) Health Survey (SF-36) physical component summary score (PCS). The SF-36 is a pa-
tient completed generic health survey made up of eight components (vitality, physical func-
tioning, bodily pain, general health perceptions, physical role functioning, emotional role func-
tioning, social role functioning and mental health). These are used to calculate 2 summary
scores, a physical component (PCS) and mental component, on a scale of 0 (worse possible
health) to 100 (best possible health). The change in SF-36 PCS from baseline for the BKP
and NSM group, and from time of treatment for crossover group, is shown in . These were
given a normal distribution and varied across their reported range during probabilistic sensi-
tivity analysis (PSA).
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Table 16: Change in SF-36 PCS score following treatment.

Follow-up 1 Month 3 Month 6 Month 12 Month
BKP 9.2 9.6 8.8 10.6
Crossover 8.8 10.8 10.4 10.6
NSM -0.2 1.2 -0.8 1.2
Cement Technique 9.0 101 9.4 10.6
Received

NSM-ITT 5.7 7.5 7.4 8.3

Changes in the SF-36 PCS were converted to UK population preference EQ-5D weights us-
ing a mapping algorithm. The EQ-5D UK tariff is NICE’s preferred measure of health related
quality of life in adults. This was the only algorithm identified for mapping from mean SF-36
component scores to EQ-5D scores. The algorithm showed good predictive value with pre-
dicted mean EQ-5D score being correct to within 2 decimal places in both datasets used to
build the algorithm and external datasets used in validation. However, the algorithm was not
validated in people with MSCC or cancer although it was shown to have good predictive val-
ue in a range of health conditions associated with VCF including walking impairment and
lower back pain.

Berenson 2011 reported a summary score for the SF-36 PCS whilst the Ara 2008 algorithm
needs the mean individual component scores. The proportion of the change in SF-36 scores
attributable to each of the four physical components were assumed to be identical to that re-
ported in the Fracture Reduction Evaluation (FREE) trial. The FREE trial was an RCT com-
paring BKP and NSM in patients with VCFs across 8 European centres. The proportion at-
tributable to each physical component is shown in table 2. Only the physical component con-
tributions were used and all scores were inflated to sum to 100%.

Table 17: Contribution to overall SF-36 score for each physical component

Contribution(%)

BKP NSM
Physical Functioning 34% 34%
Role limitations due to physical
health -13% -12%
Bodily Pain 55% 56%
General Health Perceptions 24% 22%

Given the changes in the SF-36 score and the contributions to each component in changes
in EQ-5D scores were estimated for the group using the Ara & Brazier algorithm (2008). The
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analysis used reported model ‘Model EQ (1)’ as this did not require an age variable which
was not reported for the NSM group post one month and not reported for the crossover
group at all. The use of the age variable increases the predictive precision by less than 1%.
The converted EQ-5D scores are reported in.

We assumed that all patients started with a baseline quality of life weight of 0.4392 the pre-
treatment mean EQ-5D score based on 11 consecutive patients, receiving VP in an NHS set-
ting. As economic evaluation is primarily an incremental analysis and the choice of baseline
quality of life will have no effect on the incremental results this assumption was not tested
during sensitivity analysis.

Table 18: Estimated EQ-5D scores following treatment

Follow-up Baseline 1 Month 3 Month 6 Month 12 Month
BKP 0.4392 0.4667 0.4679 0.4655 0.4709
Crossover 0.4392 0.4657 0.4717 0.4705 0.4709
NSM 0.4392 0.4386 0.4428 0.4368 0.4428

Cement Technique
Received 0.4392 0.4662 0.4693 0.4674 0.4709

NSM-ITT 0.4392 0.4563 0.4617 0.4613 0.4643

Berenson 2011 also reported a summary score for the mental component of the SF-36 for 1
month post-randomisation showing a mean difference between the groups of 11.1 points
(95% CI 10.7-11.5) between the groups in favour of BKP. As this was only reported at one
month and not for the duration of the trial the contribution of the mental component to overall
quality of life was not included in the base case analysis. A sensitivity analysis was per-
formed giving an additional quality of life increment to those receiving BKP or VP to capture
this non-physical components impact on quality of life. Using the algorithm described above
for SF-36 mental component scores a mean difference in terms of the EQ-5D of 0.054 was
estimated at one month. Assuming that this difference persists over the time horizon of the
model this equated to an additional 0.054 and 0.270 QALYs for patients surviving the entirety
of the 1 year and 5 year time horizons respectively.

Costs

Costs were inflated to 2021 prices, using the hospital & community health services (HCHS)
index and converted using the appropriate purchasing power parity where appropriate. All
costs are presented in

Treatment Costs

The costs of VP were taken from 11 consecutive patients receiving VP for spinal metastases
at 1 NHS hospital. Resource use was collected prospectively using structured questionnaires
and costed using NHS reference costs where possible. For items of equipment an estimation
of their lifespan, number of uses and maintenance costs to calculate a cost per hour per pa-
tient. Staff costs were based on published salaries for consultant radiologist, a registrar in
half of cases, two radiographers and four nurses. Costs of complications, inpatient stay and
drug costs were all included.
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Chew 2013 estimated an average cost of £2213.25 per patient. This consisted of a cost of
£744 for the VP kit and other costs of £1469. Chew 2013 considered this was a likely overes-
timate of the true cost as it was weighted heavily by one patient with widespread metastatic
bronchial carcinoma. An alternate non-kit cost of £1,072 was used during sensitivity analysis
equal to the average cost if all patients were treated as a day case or overnight stay. Treat-
ment costs other than the kit cost were assumed to be identical for both VP and BKP.

The cost of the BKP kit was taken from NICE TA279 looking at BKP and VP in the treatment
of osteoporotic vertebral compression fractures. It noted a list price for a BKP kit including
low viscosity cement of £2800 however it noted an average selling price of £2046. Whilst the
average selling price was deemed the most appropriate to use in the de novo economic
evaluation it was still likely to be an overestimate of the true costs. BKP kit costs are com-
mercially sensitive and likely to differ widely between institutions. This value was therefore
given a wide distribution for PSA.

Non-surgical management costs

The annual cost of analgesic medication was taken from a study estimating the costs associ-
ated with VCFs from an NHS perspective using Hospital Episode Statistics and Personal So-
cial Services Research Unit data. The study estimated an annual cost of pharmaceutical
treatments of £147.

Radiation therapy costs were taken from a cost effectiveness analysis of zoledronic acid in
the prevention of skeletal related events for patients with bone metastases secondary to ad-
vanced renal cell carcinoma. The study estimated an average cost of radiotherapy of £431
using HRG codes and NHS reference costs and considering a NHS and PSS perspective.

Bracing costs of £556 were estimated using correspondence with 1 NHS trust. Costs of
wheelchair and walking aids were taken from PSSRU data. A cost of £103 was used repre-
senting the unit cost of the use of self or attendant propelled chair per year. Physical therapy
costs were estimated from NHS Reference Costs. Six appointments were assumed equal to
a cost of £401.

There was potential resource use that was not covered by the trial. The GDG felt that the
most important missed resource use was doctor and nurse time spent fitting, adjusting and
advising on bracing and wheelchair use and time spent tailoring pharmaceutical treatment for
pain. Previous economic evaluations of spinal interventions found significantly higher re-
source use, post surgery amongst non-surgical arms compared to surgical arms. With a pau-
city of evidence it was difficult to accurately estimate this cost and therefore it was not in-
cluded in the base case model. NSM costs estimated in the base case analysis were most
likely to be a significant underestimate. Therefore, threshold sensitivity analysis was per-
formed around the non-treatment costs to estimate the additional cost needed in the NSM
arm to reduce the cost per QALY to the £20,000, the value at which NICE typically recom-
mend interventions. During PSA a non-specific cost of NSM was added and given a wide
uniform distribution ranging from £0 to an upper estimate of £3947 equal to the total annual
healthcare related cost of VCFs.

Imaging Costs

Costs of imaging pre-treatment were not included in this de novo economic evaluation as
these were assumed to be performed as part of a patient’s regular follow-up and would be
identical between the two groups.

Table 19: Unit costs included in the economic model

Value Source PSA Distribution
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Total Cost BKP £2918 NHS Supply 2021  Gamma(ao=119.7,
=34.0)

Total Cost VP £2800 NHS Supply 2021  Gamma(a=35.4,
=62.5)

Annual cost £147 Puffer 2008 Triangular(£73,£293)

pharmaceutical

treatment

Annual cost ra- £431 Spencer 2022 Triangular(£216,£863)

diotherapy

Annual cost £556 NHS Correspond-  Uniform(£278,£1111)

bracing ence

Annual cost £103 PSSRU 2021 Triangular(£52,£206)

wheelchair

Annual cost £103 PSSRU 2021 Triangular(£52,£206)

walking aids

Annual cost £401 NHS Cost Collec- Gamma(a=25.1,

physical therapy tion 2020 B=12.4)

Annual Non- £0 GDG Estimate Uniform(£0,£3947)

specific NSM

costs

Results

Deterministic Base Case Results-one year time horizon

Table 20 and Table 21 show the base case results for BKP and VP respectively. Both ce-
ment procedures led to an increase in costs and QALYs. Total QALYs are equal between
both cement techniques given the assumptions of the model with BKP having higher incre-
mental costs owing to its increased kit cost. Both incremental cost effectiveness ratios
(ICERSs) are above the NICE threshold of £20,000 per QALY although as noted earlier they
are likely to offer conservative estimates of both incremental QALYs and NSM total costs.

Table 20: Base case deterministic results for balloon kyphoplasty

Outcome BKP NSM Incremental
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Total Cost £3,048 £337 £2,711
Total QALYs 0.4447 0.4173 0.0274
ICER - Cost per QALY gained £98,935

Table 21: Base case deterministic results for vertebroplasty

Outcome VP NSM Incremental
Total Cost £2,930 £337 £2,594

Total QALYs 0.4447 0.4173 0.0274
ICER-Cost per QALY gained £94,644

Deterministic Results five year time horizon

Table 22 and Table 23 show the base case results for BKP and VP respectively when a five
year time horizon is assumed with a continuing difference in quality of life. Whilst the ICERs
are reduced under the longer time horizon they still both remain above £20,000 per QALY.

Table 22: Five year time horizon deterministic results for balloon kyphoplasty

Outcome BKP NSM Incremental
Total Cost £3,048 £337 £2,711

Total QALYs 1.5791 1.4767 0.1026
ICER-Cost per QALY gained £26,438

Table 23: Five year time horizon deterministic results for vertebroplasty

Outcome VP NSM Incremental
Total Cost £2,930 £337 £2,594
Total QALYs 1.5791 1.4767 0.1026
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ICER-Cost per QALY gained £25,291

Stochastic Base Case Results

Table 24, Table 25, Table 26 and Table 27 show the base case stochastic results calculated
from the mean results of the PSA. The stochastic results show an increased cost for NSM
whilst the cement technique costs and QALY's for both groups remain consistent compared
to the deterministic results. This is as a result of the non-specific NSM costs which is set
equal to zero during the deterministic analysis but is always a greater than zero value during
PSA. Other than for BKP in the conservative one year time horizon analysis all ICERs are
now below the NICE £20,000 threshold. As NSM costs were almost certainly underestimated
in the deterministic analysis these results are potentially more reflective of the true cost effec-
tiveness.

Table 24: Base case stochastic results for balloon kyphoplasty one year time horizon

Outcome BKP NSM Incremental
Total Cost £3,062 £2,440 £622

Total QALYs 0.4447 0.4170 0.0278
ICER-Cost per QALY gained £22,429

Table 25: Base case stochastic results for vertebroplasty one year time horizon

Outcome VP NSM Incremental
Total Cost £2,973 £2,377 £170

Total QALYs 0.4447 0.4175 0.0271
ICER-Cost per QALY gained £21,895

Table 26: Base case stochastic results for balloon kyphoplasty five year time horizon

Outcome BKP NSM Incremental

Total Cost £3,062 £2,479 £583
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Total QALYs 1.5791 1.4784 0.1007

ICER-Cost per QALY gained £5,794

Table 27: Base case stochastic results for vertebroplasty five year time horizon

Outcome VP NSM Incremental
Total Cost £2,947 £2,349 £598

Total QALYs 1.5791 1.4784 0.1007
ICER-Cost per QALY gained £5,736

Deterministic sensitivity analysis

Deterministic sensitivity analysis was carried out to test alternate assumptions and how these
influence the results of the economic evaluation (Table 28). The use of a non-kit cost of
£1,072, assuming that all patients are treated on an overnight or outpatient reduced the
ICER for both cement techniques. The ICER only dropped below £20,000 for the VP under
the five year time horizon. The same was true when difference in costs between interven-
tions continued past the first year. The addition of the mental component to the quality of life
scores reduced the ICER below £20,000 for both cement technique options under the five
year time horizon. Tapering of quality of life did not result in either ICER dropping below
£20,000 per QALY.

Table 28: Deterministic sensitivity analysis results-ICER for alternative assumptions

BKP-1 Year BKP-5 year VP-1 Year VP-5 Year
Non-kit cost £77,466 £20,700 £73,174 £19,553
reduced to
£1,072
Mental com- £33,274 £7,269 £31,830 £6,954
ponent added
Difference in N/A £18,374 N/A £17,227
costs continue
post one year
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Tapering quali- N/A £27 477 N/A £25,762
ty of life after 1

year

Threshold Analysis

A threshold analysis was performed to see how much extra NSM needed to cost, per patient,
before the ICER reduced below £20,000 per QALY (Table 29). All the additional costs were
lower than the upper limit of the PSA range.

Table 29: Additional NSM costs required for ICER to be below £20,000 per QALY

1 Year Time Horizon 5 Year Time Horizon
BKP £2163 £660
VP £2045 £543

Threshold analysis also showed that BKP needed to provide an additional 0.001 QALY's over
the lifetime of a patient to give the same ICER when compared to VP. Given the assumptions
of the model this was irrespective of the time horizon.

Intention to treat analysis

An alternative ITT analysis was carried out against all results and deterministic sensitivity
analyses. ITT in all cases significantly increased the cost of the NSM arm (due to the cost of
surgery now added to patients who crossed over) as well as increasing the total QALYs. The
incremental cost and QALYs between cement techniques and NSM were reduced in all sce-
narios although the cost per QALY was generally consistent with the ‘As Treated’ results.
The ITT analysis did not alter the results, in terms of being above or below £20,000 per
QALY, in any scenario. The results of the ITT analysis are presented in Table 30-Table 33

Table 30: Intention to treat deterministic results for balloon kyphoplasty one year time

horizon
Outcome BKP NSM Incremental
Total Cost £3,048 £2,549 £499
Total QALYs 0.4437 0.4380 0.0057
ICER-Cost per QALY gained £86,862
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Table 31: Intention to treat deterministic results for vertebroplasty one year time hori-

Zon
Outcome VP NSM Incremental
Total Cost £2,930 £2,460 £470
Total QALYs 0.4437 0.4380 0.0057
ICER-Cost per QALY gained £81,910

Table 32: Intention to treat deterministic results for balloon kyphoplasty five year time

horizon
Outcome BKP NSM Incremental
Total Cost £3,048 £2,549 £499
Total QALYs 1.5779 1.5551 0.0280
ICER-Cost per QALY gained £26,438

Table 33: Intention to treat deterministic results for vertebroplasty five year time hori-

Zon
Outcome VP NSM Incremental
Total Cost £2,930 £2,460 £598
Total QALYs 1.5779 1.5551 0.0280
ICER-Cost per QALY gained £20,633

Probabilistic sensitivity analysis

Cost effectiveness plane

Despite the ICER for BKP being above the £20,000 threshold compared to NSM, for both the
deterministic and stochastic results, during PSA with a one year time horizon BKP was below
the willingness to pay of £20,000 per QALY in 49.7% of iterations. (Figure 3) Under the five
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year time horizon this figure increased to over 82.8% iterations.(Figure 4) BKP was cost sav-
ing and health improving in 35.8% of iterations for both time horizons. VP was cost effective
at a £20,000 threshold in 48.1% and 83.4% of iterations for the one year and five year time
horizons respectively. (Figure 5 and Figure 6). VP was health improving and cost saving in
35.4% of iterations. For both interventions the majority of iterations were in the North-East
quadrant suggesting a more costly yet effective intervention. These results are echoed in the
cost effectiveness acceptability curves.(Figure 7-Figure 10)

Figure 3: Cost effectiveness plane for balloon kyphoplasty with a one year time hori-
zon
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Figure 4: Cost effectiveness plane for balloon kyphoplasty with a five year time hori-
zon
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Figure 5: Cost effectiveness plane for vertebroplasty with a one year time horizon
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Figure 6: Cost effectiveness plane for vertebroplasty with a five year time horizon
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Figure 7: Cost effectiveness acceptability curve for balloon kyphoplasty with a one

year time horizon
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Figure 8: Cost effectiveness acceptability curve for balloon kyphoplasty with a five

year time horizon
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Figure 9:

Cost effectiveness acceptability curve for vertebroplasty with a one year
time horizon
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Figure 10: Cost effectiveness acceptability curve for vertebroplasty with a five year
time horizon
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Conclusions

The results of the base case analysis showed that BKP and VP were not cost effective over
a one-year time horizon and only VP was cost effective over a five year time horizon. How-
ever, when considering the stochastic results, both cement techniques were shown to be
cost effective over a five-year time horizon with VP also cost effective under a one-year time
horizon. Furthermore, during PSA and under a five-year time horizon both cement tech-
niques were cost effective in the majority of iterations with VP being cost saving and health
improving in 40% of cases.

The results were shown to be particularly sensitive to the costs of NSM. Threshold sensitivity
analysis showed that even if our economic analysis only modestly underestimates the true
cost of NSM or the effectiveness of cement techniques then both VP and BKP would likely
be cost effective.

The main weakness of this economic evaluation was the large amount of crossover in the
underlying RCT. There were wide differences in the estimates of costs, outcomes and cost
effectiveness between the ‘as treated’ and the ‘ITT’ analysis. It is not clear if crossover activi-
ty in the NHS i.e., what proportion of people indicated for NSM would eventually receive sur-
gical intervention. If crossover in the NHS is similar to the trial then the ITT analysis would be
most appropriate but if crossover is limited the ‘as treated’ maybe more accurate. It is also
highlighted by the committee that it was likely that people who crossed over likely had better
clinical indications than those remaining in the NSM group. If this is the case than the differ-
ence in QALY will be overestimated by the model.

The results of this economic evaluation are consistent with the two previous economic evalu-
ations, from perspectives other than the UK NHS and PSS identified by this evidence report,
that considered this review question. That is that vertebroplasty and kyphoplasty were likely
to be cost effective when wider estimates of the cost of NSM were used.
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Appendix J Excluded studies

Excluded studies for review question What is the effectiveness of invasive in-
terventions, such as vertebroplasty, kyphoplasty, ablation and surgery, in
managing spinal metastases, direct malignant infiltration of the spine or asso-

ciated spinal cord compression?

Excluded effectiveness studies

Table 34: Excluded studies and reasons for their exclusion
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Appendix K Research recommendations — full details

Research recommendations for review question: What is the effectiveness of
invasive interventions, such as vertebroplasty, kyphoplasty, ablation and sur-
gery, in managing spinal metastases, direct malignant infiltration of the spine
or associated spinal cord compression?

K.1.1 Research recommendation

What is the effectiveness of surgery in the prevention of MSCC for people with spinal metas-
tases without pain or instability?

K.1.2 Why this is important

Surgery for people with spinal metastases or direct malignant infiltration of the spine is usual-
ly reserved for those with symptomatic spinal cord compression, pain and/or spinal instability.
Surgery at an earlier stage, before pain or instability develops could conceivably prevent
MSCC occurring and lead to better long-term outcomes. The patient may be better able to
tolerate pre-emptive surgery because a less invasive procedure could be needed when the
extent of disease is smaller. However preventative surgery puts a patient at risk of unneces-
sary surgical complications if their spinal disease would never have progressed to sympto-
matic MSCC.

K.1.3 Rationale for research recommendation

Table 35: Research recommendation rationale

MSCC has an adverse impact on quality of life due to severe pain
and adverse neurological and functional status.

Surgery in the prevention of MSCC for people with spinal metas-
tases without pain or instability has been considered in this guide-
line and there is a lack of data.

Determining whether surgical prevention of MSCC is effective for
people with spinal metastases without pain or instability is relevant
to the NHS because it could prevent progression of a condition
which could turn into a medical emergency and risks collapse of
the spine. This would also prevent extra resources being used to
deal with the consequences of MSCC.

Improving cancer survival rates is one of the priorities within the
NHS long term plan: ‘The latest Global Burden of Disease study
shows that the top five causes of early death for the people of
England are: heart disease and stroke, cancer, respiratory condi-
tions, dementias, and self-harm. It also reveals that the slower
improvement since 2010 in years-of-life-lost is “mainly driven by
distinct condition-specific trends, predominantly in cardiovascular
diseases and some cancers’

The PROMPTS randomised trial found that pre-emptive radio-
therapy for people with impending spinal cord compression did not
improve outcomes. However, there is no evidence about surgery
in this situation.

None known

Numbers of people with MSCC are relatively low compared to the
overall number of people with cancer and recruitment may there-
fore be difficult. However, otherwise it would be feasible to carry
out such research - multicentre or multinational study likely to be
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needed.

MSCC: metastatic spinal cord compression

K.1.4 Modified PICO table

Table 36: Research recommendation modified PICO table

People with spinal metastases (with oligometastatic disease) with early radio-
logical signs of impending SCC but without pain, spinal instability or MSCC

Immediate surgery (with or without radiotherapy)
Radiotherapy (with surgery delayed until the onset of pain or spinal instability)

Neurological and functional status
Pain

Quality of life

Adverse events due to treatment

Randomised controlled trial or controlled observational study
2 years

Observational studies will need to adjust for baseline differences in patient
groups such as: site of primary cancer, number of MSCC sites, location of spi-
nal metastases, ambulatory status and performance status

MSCC: metastatic spinal cord compression; SCC: spinal cord compression
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