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Investigations - diagnosis

Review question

How effective are radiological imaging techniques in the diagnosis of spinal metastases, di-
rect malignant infiltration of the spine or associated spinal cord compression?

Introduction

The diagnosis of metastatic spinal cord compression or spinal metastases typically requires
radiological imaging. Clinical signs may be the same for malignant and benign spinal disease
in people with known primary cancer. Some people without known primary cancer present
with spinal cord compression as their first symptom. MRI has been the method of choice for
investigating malignant spinal disease and cord compression, due to its ability to identify
metastatic disease within bone, visualise the soft tissue component of lesions and show the
degree of any cord compression. Computed tomography (CT) and fluorodeoxyglucose-
positron emission tomography-computed tomography (FDG-PET-CT) also potentially provide
additional information. This review aimed to summarise the effectiveness of different radio-
logical imaging techniques in the diagnosis of spinal metastases, direct malignant infiltration
of the spine or associated spinal cord compression.

Summary of the protocol

See Table 1 for a summary of the Population, Index test, Reference standard (or Compara-
tor), Target condition and Outcome (PIRTO) characteristics of this review.

Table 1: Summary of the protocol (PIRTO table)

Adults with suspected or confirmed

e metastatic spinal disease

e direct malignant infiltration of the spine.

Adults with suspected or confirmed spinal cord or nerve root compres-
sion because of

e metastatic spinal disease
e direct malignant infiltration of the spine
For diagnosis of spinal metastasis / direct infiltration:
e MRI
o T1 sequences (with/without contrast)
o short T1 inversion recovery (STIR) sequences

o T2 weighted sequences (to show the level and degree of compres-
sion of the cord / lesions within cord)

o Whole spine imaging
e CT (whole spine or other)
e Image guided biopsy (for example for solitary metastasis)
e Plain X-ray
e FDG-PET-CT
For test and treat studies comparisons are:
¢ Routine imaging versus sign/symptom directed
e Delayed versus early imaging
e Different test sequences in comparison with each other

For diagnostic accuracy studies reference standard is:
e Biopsy result / surgical pathology

6
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_ » Clinical and radiological follow up (if no surgery/biopsy done)

o Metastatic spinal disease

e Direct malignant infiltration of the spine

e Spinal cord compression associated with the above
Critical

For test and treat studies:

e Overall survival

e Disease-related morbidity

¢ Neurological/functional status

e Quality of life

For diagnostic accuracy studies:
o Sensitivity, specificity

e Likelihood ratios

e PPV, NPV

Important

¢ Pain

e Time to treatment

e Test-related morbidity, for example:
e Consequences of false positives

¢ Morbidity due to biopsy

o Test failure (incomplete or cancelled test — for example due to anxie-
ty or claustrophobia during MRI)

CT: computed tomography; FDG-PET-CT: fluorodeoxyglucose-positron emission tomography-computed tomog-
raphy; MRI: magnetic resonance imaging; NPV: negative predictive value; PPV: positive predictive value.

For further details see the review protocol in appendix A.

Methods and process

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

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

Diagnostic evidence

Included studies

Twenty studies were included in this evidence review, 1 randomised trial (Dearnaley 2022), 1
observational study (Allan 2009), 3 systematic reviews (Kim 2020, Li 2019, Suh 2018) and
15 diagnostic accuracy studies (Bacher 2021, Husband 2001, Kato 2015, Kim 2000, Laufer
2009, Maeder 2018, Perry 2018, Phadke 2001, Razek 2019, Schmeel 2018, Schmeel 2021,
Shi 2017, Spinnato 2018, Taheri 2017, Zafar 2020).

Test and treat studies

One test-and-treat RCT (Dearnaley 2022) compared screening MRI with no screening MRI in
men at high risk of malignant spinal cord compression.

One study (Allan 2009) compared a rapid MRI referral hotline for suspected malignant spinal
cord compression with usual care.

7
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Diagnostic test accuracy studies

One systematic review (Suh 2018) and 5 additional studies (Maeder 2018, Perry 2018,
Schmeel 2021, Shi 2017, Taheri 2017) evaluated chemical shift MRI for the differential diag-
nosis of malignant and non-malignant bone marrow lesions.

Two systematic reviews (Li 2019, Suh 2018) and 2 additional studies (Bacher 2021, Schmeel
2018) evaluated chemical shift MRI for the differential diagnosis of malignant and non-
malignant vertebral compression fractures.

One systematic review (Li 2019) and 3 additional studies (Kato 2015, Razek 2019, Zafar
2020) evaluated conventional MRI sequences, contrast enhanced MRI and diffusion
weighted imaging for the differential diagnosis of malignant and non-malignant vertebral
compression fractures.

One systematic review (Kim 2020) evaluated FDG-PET-CT or FDG-PET for the differential
diagnosis of malignant and non-malignant vertebral compression fractures.

One study (Husband 2001) evaluated plain radiographs and neurology for the diagnosis of
malignant spinal cord compression and for the impact of MRI on treatment planning.

One study (Kim 2000) reported the diagnostic accuracy of T1-weighted sagittal images alone
for the for the diagnosis of malignant spinal cord compression.

Three studies (Laufer 2009, Phadke 2001, Spinnato 2018) reported the diagnostic yield of
CT-guided biopsy of suspected malignant spinal lesions.

The included studies are summarised in Table 2.

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

Excluded studies

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

Summary of included studies

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

Table 2: Summary of included studies.

Index test Reference stand-
or interven- ard or compari- Target
Study Population tion son condition = Outcomes
Allan 2009 N=424 e Telephone e Control group e MSCC ¢ Neurological
hotline (diagnosis follow- and function-
Retrospec- e Patients with group ing usual care) al status:
tive cohort suspected (quick ac- o Number of
study malignant cess to patients
spinal cord MRI) walking at
UK compression time of di-
referred via agnosis
hotline e Time to
e Patients with treatment:
malignant o Time from
spinal cord referral to
compression diagnosis
(Clinical Re- of MSCC

8
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search and
Audit group)

Age and sex

not reported.
Bacher 2021  N=95
Consecutive
patients un-
dergoing spine
MRI (at a sin-
gle institution)
prior to cemen-
toplasty for
acute vertebral
compression
fractures.

Retrospec-
tive cohort
study

Switzerland

Age, mean,
years (SD): 76
(12) for those
with benign
lesions 63 (12)
for those with
malignant le-
sions

Dearnley N=410

2022

Patients with
metastatic cas-
tration re-
sistant prostate
cancer with
bone involve-
ment.

RCT

UK

Age: (median,
IQR)

MRI group:
74.3 (68.0—
79.3)

Control group:
74.2 (68.5—
79.3)

Sex: male
n=410

Husband N=280

2001

Consecutive
patients with
suspected spi-
nal cord com-
pression un-

Prospective
cohort study

UK

e MRI - sin-
gle sagittal
fast spin
echo T2-
weighted
Dixon se-
quence

e Screening
spinal MRI

¢ Plain radi-
ograph
and neuro-
logical ex-
amination

e Radiological fol-
low-up (radio-
graphs, CT, MRI,
bone scans and
PET-CT studies)
and biopsy re-
sults, follow-up 9
months

e No screening
MRI

¢ Radiological fol-
low-up (MRI car-
ried out as soon
as possible usu-
ally the next day)

9

o Malig-
nant VCF

e MSCC

e MSCC

Accuracy of the
MRI diagnosis:

e Sensitivity/
specificity

e Likelihood
ratios

e PPV, NPV

e Overall sur-
vival

¢ Neurological
and function-
al status

e Quality of life
e Pain

Accuracy of the

X-ray plus neu-

rological exam-

ination diagno-

sis:

o Sensitivity/
specificity

Spinal metastases and metastatic spinal cord compression: evidence reviews for
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Kato 2015

Retrospec-
tive cohort
study

Japan

Kim 2000

Retrospec-
tive cohort
study

USA

dergoing MRI.

Age, median,
years (range):
67 (23 —89)

Sex: female
n=122; male
n=158.

N=200

Patients with
radiologically
apparent col-
lapse of thora-
columbar ver-
tebra due to
metastatic ver-
tebral com-
pression frac-
tures or osteo-
porotic verte-
bral fractures.

Age, mean,
years (SD):
people with
osteoporotic
fractures 73
(11) people
with metastatic
fractures 64

(11)

Sex: female
n=130; male
n=70.

N=57

Consecutive
patients un-
dergoing MR
for clinically
suspected ma-
lignant spinal
cord compres-
sion.

Age, median,
years (range):
49 (22 — 87).

Sex: female
n=26; male

e MRI

e MRI - T1-
weighted
sagittal
images
only

e Biopsy result /
surgical patholo-
ay

e Clinical and radi-
ological follow up
of 60 days (if no
surgery/biopsy
done)

e MRI — complete
imaging studies
of spinal column
(T1and T2
weighted sagittal
images; and T1
and/or T2
weighted axial
images. Based
on agreement in
diagnosis be-
tween 3 radiolo-
gists on exami-
nation of com-
plete imaging
study for each
patient.

10

o Malig-
nant VCF

e MSCC

e Likelihood
ratios

e PPV, NPV

Accuracy of the

MRI diagnosis:

o Sensitivity/
specificity

e Likelihood
ratios

e PPV, NPV

Accuracy of the
MRI diagnosis
for different
spinal metasta-
ses or MSCC
divided accord-
ing to external
and internal
standard :
¢ Sensitivity/
specificity
e Likelihood
ratios

Spinal metastases and metastatic spinal cord compression: evidence reviews for
Investigations — diagnosis FINAL (September 2023)
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Kim 2020

Systematic
review of di-
agnostic ac-
curacy stud-
ies

Laufer 2009

Retrospec-
tive cohort
study

USA

Li 2019

Systematic
review of di-
agnostic ac-
curacy stud-
ies

n=31.

N=274 (in 5
studies)

Patients with
vertebral com-
pression frac-
tures

Age, mean

years: range
60 to 72. SD
not reported

Sex: female
n=92; male
n=182.

N=82

Patients with a
previous diag-
nosis of cancer
undergoing
CT-guided bi-
opsy of sus-
pected malig-
nant spinal
column lesion.

Age, mean,
years (SD): 56.
SD not report-
ed.

Sex: female
n=49; male
n=41.

N=895

Patients with
vertebral frac-
tures

Age: mean
ranged from
54.6 to 69
years across
the studies

Sex: female
n=486; male
n=409.

e FDG-PET

e FDG-
PET/CT

e FDG-PET

e MRI
chemical
shift imag-
ing

e MRI con-
ventional
sequences
plus diffu-
sion
weighted
imaging

¢ MRI con-
ventional
sequences

¢ MRI con-
ventional

e Composite refer-
ence standard of
biopsy, clinical
follow-up and re-
peat imaging

o CT guided biopsy

e Biopsy result /
surgical patholo-
ay

¢ Clinical and radi-
ological follow up
(if no sur-
gery/biopsy
done)

11

o Malig-
nant VCF

o Malig-
nant spi-
nal col-
umn le-
sions

o Malig-
nant VCF

Accuracy of the

FDG-PET or

FDG PET/CT

diagnosis:

¢ Sensitivity/
specificity

e Likelihood
ratios

e Test fail-
ure/success
o diagnostic
yield of bi-
opsy

Accuracy of the

MRI diagnosis:

¢ Sensitivity/
specificity

e Likelihood
ratios

e PPV, NPV

Spinal metastases and metastatic spinal cord compression: evidence reviews for
Investigations — diagnosis FINAL (September 2023)
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sequences
plus con-
trast en-
hanced
images
Maeder 2018 N=121 e MRI - e Biopsy result / o Malig- Accuracy of the
sagittal SE surgical patholo- nant BML MRI diagnosis:
Retrospec- Consecutive Dixon T2- ay e Sensitivity/
tive cohort patients un- weighted 4 Clinical and radi- specificity
study dergoing whole ~ fat-only ological follow up e Likelihood
spine MR for and water-  of at least 8 -
Switzerland  Suspected ver- only imag- months « PPV NPV
tebral metas- Ing. ’
tases. e MRI -
sagittal SE
T1-
Age, mean, i
years (SD): weighted
61.4 (11.8). and SE
Dixon T2-
weighted
Sex: female water-only
”=gg; male images.
n=63.
Perry 2018 N=101 e Opposed o Biopsy result / o Malig- Accuracy of the
phase MRI surgical patholo- nant BML MRI diagnosis:
Retrospec- Patients un- ay e Sensitivity/
tive cohort dergoing op- e Clinical and radi- specificity
study posed-phase ological follow up e Likelihood
MRI of the cer- (if no sur- ratios
USA vical, thoracic, gery/biopsy e PPV. NPV
or lumbar done) up to 2 ’
spine. years
Age, mean,
years (SD):
57.7 (14.1).
Sex: female
n=62; male
n=39.
Phadke 2001 N=78 e CT guided e Cytopathologist's e Malig- e Test fail-
fine nee- assessment of nant spi- ure/success
Retrospec- Patients un- dle aspira- sample adequa- nal le- o diagnostic
tive cohort dergoing CT tion biopsy cy and diagnosis sions yield of bi-
study guided fine (if sample was opsy
needle aspira- adequate)
USA tion biopsy for
vertebral and
intervertebral
lesions (in-
cluded patients
without a
known malig-
12
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Razek 2019

Retrospec-
tive cohort
study

Egypt

Schmeel
2018

Retrospec-
tive cohort
study

Germany

Schmeel
2021

Prospective

cohort study

nancy).

Age: not re-
ported.

Sex: female
n=49; male
n=29.

N=45

Patients with
untreated
compressed
vertebrae un-
dergoing MRI.

Age, mean,
years (SD):
56.14 (7.9).

Sex: female
n=22; male
n=22.

N=37

Consecutive
patients with a
suspected
acute vertebral
compression
fracture or
known primary
malignancy
and suspected
pathological
vertebral com-
pression frac-
ture.

Age, mean,
years (SD):
64.8 (16.5).

Sex: female
n=20; male
n=17.

N=55

Consecutive
patients with
untreated ver-
tebral bone
marrow lesions

e MRI-T1
and T2
weighted
and DTI

e MRI - T2-
weighted.

e MRI - sag-
ittal DWI
and CSE-
based MRI
in addition
to routine
clinical

e Biopsy result /

surgical patholo-
ay

o Biopsy result /

surgical patholo-
ay

e Biopsy result /

surgical patholo-
ay

e Clinical and radi-
ological follow up

(if no sur-
gery/biopsy

13

o Malig-
nant VCF

o Malig-
nant VCF

o Malig-

nant BML

Accuracy of the

MRI diagnosis:

o Sensitivity/
specificity

e Likelihood
ratios

e PPV, NPV

Accuracy of the

MRI diagnosis:

¢ Sensitivity/
specificity

e Likelihood
ratios

e PPV, NPV

Accuracy of the

MRI diagnosis:

o Sensitivity/
specificity

e Likelihood
ratios

Spinal metastases and metastatic spinal cord compression: evidence reviews for
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Germany undergoing spine MRI done) of at least e PPV, NPV
MRI. and chem- 6 months
ical shift
Age, mean, imaging
years (SD): 68
(14).
Sex: female
n=30; male
n=25.
Shi 2017 N=53 e MRI-T1- e Biopsy result/ o Malig- Accuracy of the
weighted surgical patholo- nant BML MRI diagnosis:
Retrospec- « Consecutive Lt g gy o Sensitivity/
tive cohort patients with with and e Clinical and radi- specificity
study spinal hae- without fat ological follow up e Likelihood
mangiomas 2%’?{3"33' (if n3 sur- ratios
i i 3 gery/biopsy
China * Secl)tri](:r?tc;u\}\;\iltﬁ chemical done) of at least * PPV, NPV
. shift imag- 6 months
spinal metas- ;
tases ing, DWI,
and en-
hanced
Age, mean, imaging at
years (SD): 3.0 T MRI.
60.62 (8.23).
Sex: female
n=11; male
n=16.
Spinnato N=32 e CT guided e Histo- o Malig- e Test fail-
2018 biopsy pathologist’s as- nant spi- ure/success
Patients with 1 sessment of nal le- o diagnostic
Retrospec- or more non- sample adequa- sions yield of bi-
tive cohort traumatic ver- cy and diagnosis opsy
study tebral fracture
of unknown
ltaly aetiology.
Age, mean,
years (SD):
57.1 (23.3).
Sex: female
n=19; male
n=13.
Suh 2018 N=591 e MRI e Biopsy result / o Malig- Accuracy of the
chemical surgical patholo- nant BML MRI diagnosis:
Systematic Patients with shiftimag- gy * malig- » Sensitivity/
review of di-  vertebral bone ing e Clinical or radio- nant VCF  specificity
agnostic ac-  marrow lesions logical follow-up e Likelihood
curacy stud-  undergoing (range 1 to 20 ratios
ies MRI months) « PPV, NPV
14
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Age: ranged
from 45 to 68
across studies

Sex: female

n=293; male

n=277 (where

reported).
Taheri 2017  N=51 e MRI—du- e Biopsy result/ o Malig- Accuracy of the

al-phase surgical patholo- nant BML MRI diagnosis:

Prospective  Patients with chemical ay o Sensitivity/
cohort study  vertebral focal shiftimag- « Clinical and radi- specificity

lesions re- ing ological follow up e Likelihood
Iran ferred for rou- (if no sur- ratios

tine MRI of the gery/biopsy e PPV. NPV

spine. done) ’

Age, mean,

years (SD):

52.61 (13.52).

Sex: female

n=23; male

n=28.
Zafar 2020 N=280 e MRI - » Biopsy result/ o Malig- Accuracy of the

Plain and surgical patholo- nant VCF MRI diagnosis:

Prospective  Patients with DWI. gy * Sensitivity/
cohort study  vertebral frac- specificity

tures on digital e Likelihood
Pakistan x ray of spine ratios

showing de- e PPV. NPV

creased verte- '

bral body

height, re-

duced disc

intervertebral

disc space or
collapsed ver-
tebra

Age, mean,
years (SD):
42.61 (11.79).

Sex: female
n=124; male
n=156.

BML: bone marrow lesions; CT: computed tomography; DTI: diffusion-tensor imaging; DWI: diffusion weighted
imaging;, FDG-PET: fluorodeoxyglucose positron emission tomography; MRI: magnetic resonance imaging;
MSCC: metastatic spinal cord compression; NPV: negative predictive value; PPV, positive predictive value; RCT:
randomised controlled trial; SD: standard deviation; VCF: vertebral compression fractures

See the full evidence tables in appendix D, the forest plots in appendix E and the study data

in appendix L.
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Summary of the evidence

Screening MRI verses no screening MRI

Evidence from a randomised trial indicated that screening using spinal MRI for people at high
risk of metastatic spinal cord compression made no important difference to overall survival.
There was also no evidence of important difference in neurological and functional status,
pain or quality of life. The evidence quality ranged from low to high.

MSCC hotline verses usual care

Evidence from an observational study showed a benefit of a telephone hotline compared to
usual care because it enabled rapid referral and diagnosis of patients with suspected MSCC.
Median time from referral to diagnosis was 2 weeks shorter in the telephone hotline group
compared to usual care. Patients referred via the hotline were also more likely to be ambu-
lant at the time of diagnosis. The evidence quality ranged from very low to low.

Chemical shift MRI for the differential diagnosis of malignant and non-malignant ver-
tebral bone marrow lesions

Chemical shift MRI had acceptable (>80%) sensitivity and specificity in the differential diag-
nosis of malignant and non-malignant vertebral bone marrow lesions (BML). Likelihood ratios
indicated that chemical shift MRI is a useful test in this context (positive likelihood ratio [LR+]
> 5 and negative likelihood ratio [LR-] < 0.2). The evidence quality for this was moderate to
high.

FDG-PET for the differential diagnosis of malignant and non-malignant vertebral com-
pression fractures

FDG-PET or FDG-PET-CT had acceptable (>80%) sensitivity for the differential diagnosis of
malignant and non-malignant VCF, but somewhat lower specificity suggesting false positives
would be an issue with this imaging modality. Likelihood ratios indicated that FDG-PET or
FDG-PET-CT was potentially a useful test (LR+ between 2 and 5, LR- <0.2) again indicating
some uncertainty in positive test results. The evidence quality for this was low.

Chemical shift MRI for the differential diagnosis of malignant and non-malignant ver-
tebral compression fractures

Chemical shift MRI had acceptable (>80%) sensitivity and specificity for differential diagnosis
of malignant and non-malignant vertebral compression fractures (VCF). Likelihood ratios in-
dicated that chemical shift MRI is a useful test in this context (LR+ > 5, LR- < 0.2). The evi-
dence quality for this was moderate to high.

Conventional MRI sequences(with or without DWI) for the differential diagnosis of ma-
lignant and non-malignant vertebral compression fractures

Conventional MRI sequences with or without diffusion weighted imaging or contrast en-
hancement had acceptable sensitivity and specificity for differential diagnosis of VCF. Likeli-
hood ratios indicated that conventional MRI sequences with diffusion weighted imaging is a
useful test in this context (LR+ > 5, LR- < 0.2). The evidence quality for this was moderate.
Likelihood ratios indicated that conventional MRI sequences are a useful test in this context
(LR+ > 5, LR- < 0.2). The evidence quality for this was very low to moderate.

Tests for diagnosis of metastatic spinal cord compression

Evidence for imaging diagnosis of spinal cord compression was more limited. One study in-
dicated that T1-weighted sagittal MRI images alone had relatively low sensitivity but high

specificity for spinal cord compression. Likelihood ratios indicated this was potentially a use-
ful test (LR+ > 5, LR- between 0.2 and 0.5). Another observational study found that plain ra-
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diographs plus neurological examination had very low sensitivity but high specificity for spinal
cord compression. The likelihood ratios indicated plain radiographs plus neurological exami-
nation was unlikely to be a useful test for metastatic spinal cord compression (LR+ > 5, LR- >
0.5). The evidence quality for this was low.

Very low quality evidence suggested that CT-guided biopsies of suspected metastatic spinal
lesions do not always provide sufficient material for diagnosis. There was uncertainty, how-
ever, about how often this occurs with reported diagnostic yields ranging from 81% to 99% in
the included studies.

See appendix F for GRADE and modified GRADE tables.
Economic evidence

Included studies

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

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

Excluded studies

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

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

The committee’s discussion and interpretation of the evidence

The outcomes that matter most

Critical outcomes were overall survival, disease related morbidity, neurological/functional sta-
tus and quality of life. This was because prompt and accurate diagnosis should lead to ap-
propriate treatment, avoiding the morbidity caused by spinal cord compression and potential-
ly prolonging life. For this reason, diagnostic accuracy was also a critical outcome.

Pain was an important outcome because it is a common symptom of metastatic spinal dis-
ease with negative impact on quality of life. Time to treatment was an important outcome be-
cause diagnostic uncertainty can delay treatment. Also, referral for specialist tests or dealing
with equivocal test results can cause treatment delays. False positive test results can have
important consequences in this group, leading to unnecessary treatment or biopsy. Morbidity
caused by biopsy was included as an important outcome for this reason. Finally test failure
was included as an important outcome, because sometimes diagnostic tests do not produce
a clear positive or negative result, leading to uncertainty, repeated tests and diagnostic de-
lays.

The quality of the evidence

The quality of the evidence rated using GRADE ranged from low to high. The main issues
that lowered the quality of the outcomes were risk of bias and imprecision.

No evidence was identified relating to CT scans or for the outcomes of disease-related mor-
bidity, pain, consequences of false positives and morbidity due to biopsy.
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Benefits and harms

Radiologist involvement

Based on their knowledge and experience the committee noted that carrying out radiological
imagining of the spine and interpreting the results is complex (for example, selecting the cor-
rect sequencing and, if necessary, supplementary axial imaging) and that the impact of er-
rors may have very serious consequences. In their experience there is also variation in how
urgently results are reported, which can affect starting timely treatment. The committee
agreed that imaging should be overseen by a radiologist. It was discussed that having a ra-
diologist present at all MRI imaging appointments for MSCC would be difficult because of the
urgency in which they would need to be conducted. They noted that it is now possible that
scans can be overseen virtually which means that a radiologist would not necessarily need to
be there in person but could oversee it remotely. Having a radiologist there also means that
they can interpret and report the findings promptly.

The committee discussed the evidence showing an important benefit of a telephone hotline
compared to usual care. They noted that it enabled rapid referral and diagnosis of patients
with suspected MSCC. They agreed that any pathway to urgent MR is useful and there are
service configurations that work in some areas but not others. However, they decided not to
recommend a hotline for MRI because they did not want to be prescriptive about how ser-
vices organise their MRI lists to provide urgent access. They acknowledged that this is ad-
dressed in another part of the guideline that is focused on service configuration to support
urgent MRI diagnosis of MSCC (see evidence review A).

MRI assessment

Based on the evidence and their experience the committee agreed that conventional MRI
sequences (including T1-weighted imaging, T2-weighted imaging and short Tl inversion re-
covery (STIR) sequences) have acceptable sensitivity and specificity (considerably higher
than the committee’s decision threshold of 80%) for identifying metastatic disease within
bone when the correct sequences are used, and they listed the appropriate sequences in
their recommendation. Sagittal T1 and/or STIR sequences of the whole spine would be used
identify spinal metastases. Whereas sagittal T2 weighted sequences (with supplementary
axial imaging) can also show any soft tissue component of the mass and the degree of spinal
cord compression.

The committee discussed the evidence on adding contrast-enhanced MR, diffusion weighted
imaging or chemical shift MRI to conventional sequences which may have a role in differenti-
ating normal versus malignant bone marrow or osteoporotic versus malignant compression
fractures. They were not convinced the evidence supported routinely adding these additional
sequences to conventional MRI because the main role of MRI in this context is to identify the
presence or absence of metastases and involvement of the spinal cord, rather than differen-
tiate benign verses malignant lesions or fractures, however they understood that these addi-
tional sequences may be useful in selected cases and that local protocols or guidelines
would be typically in place for their use.

They recommended not to perform routine MRI in people without symptoms or signs of cord
compression in order to screen for MSCC, because evidence from a randomised trial did not
demonstrate any benefit of surveillance MRIs in people who are asymptomatic but are at
high risk of MSCC.

Other imaging techniques for diagnosis and management

Although there was no evidence about the use of CT in diagnosis of metastatic spinal dis-
ease the committee acknowledged that MRI might be contraindicated in some people (for
instance anyone with metal implants). They considered CT was an appropriate alternative

18
Spinal metastases and metastatic spinal cord compression: evidence reviews for

Investigations — diagnosis FINAL (September 2023)



FINAL
Investigations - diagnosis

(although less sensitive than modern MRI) for imaging the spine in these cases and widely
used for cancer staging. They acknowledged, based on experience that in rare cases there
may be an indication for CT myelography, but this would need to be done in a specialist cen-
tre because it is an invasive procedure which is associated with some risks.

The committee discussed that many patients presenting with symptoms of spinal metastases
or cord compression may have already had plain X-rays as initial investigations, but they
agreed based on their experience that plain X-rays were not as sensitive for detecting meta-
static bone disease as MRI and recommended they should not be used to diagnose or rule
out spinal metastases, direct malignant infiltration (DMI) of the spine or MSCC. There was
also evidence that X-rays and neurological examination would detect less than half of the
cases of spinal cord compression which can accompany spinal metastases.

The committee noted the evidence showing that CT-guided biopsies of suspected metastatic
spinal lesions do not always provide sufficient material for diagnosis. However, they decided
that due to the very low quality there was too much uncertainty about this evidence to base a
recommendation on.

Cost effectiveness and resource use

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

Recommendations for this topic will lead to cost savings with no or limited impact on out-
comes for people receiving these healthcare services. Whilst imaging being overseen by a
radiologist would take up their time and associated costs the consequences of missing im-
portant details would be serious which would accrue larger costs in the long term. Recom-
mendations against routine MRI in people without symptoms or signs of MSCC should re-
duce the number of MRIs undertaken although only a handful of centres are currently per-
forming MRI in these circumstances. RCT evidence suggests this will have no impact upon
outcomes or quality of life for patients.

Recommendations against x-ray, although a less expensive imaging technique should re-
duce costs as the diagnostic utility of them is very limited and MRI diagnostic imaging would
always have to be carried out to get sufficiently detailed information to locate the tumour and
plan treatment.

Recommendations supported by this evidence review
This evidence review supports recommendations 1.5.1 and 1.5.5 to 1.5.9 in the NICE guide-
line.
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Appendices

Appendix A Review protocols

Review protocol for review question: How effective are radiological imaging techniques in the diagnosis of spinal metas-
tases, direct malignant infiltration of the spine or associated spinal cord compression?

Table 3: Review protocol

ID Field Content
0. PROSPERO registration CRD42022303705
number

1. Review title Radiological imaging techniques in the diagnosis of spinal metastases, direct malignant infiltration of the spine
or associated spinal cord compression

2. Review question How effective are radiological imaging techniques in the diagnosis of spinal metastases, direct malignant infil-
tration of the spine or associated spinal cord compression?

3. Objective To establish effective radiological imaging techniques in the diagnosis of 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 Cumulative Index to Nursing and Allied Health Literature (CINAHL)
¢ Database of Abstracts of Reviews of Effects (DARE)

e Embase

e Epistemonikos

e International Health Technology Assessment (IHTA) database

e MEDLINE & MEDLINE In-Process

Searches will be restricted by:
e Date: 1990 onwards (see rationale under Section 10)
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ID Field

5. Condition or domain being
studied

6. Population

7. Intervention/test

Content
e 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.

Radiological imaging techniques in the diagnosis of spinal metastases, direct malignant infiltration of the spine
or associated spinal cord compression

Inclusion:
e Adults with suspected or confirmed
o metastatic spinal disease
o direct malignant infiltration of the spine.
¢ Adults with suspected or confirmed spinal cord or nerve root compression because of
o metastatic spinal disease
o direct malignant infiltration of the spine.

Exclusion:

¢ 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.
¢ Adults with primary bone tumours of the spinal column.
¢ Children and young people under the age of 18.
For diagnosis of spinal metastasis / direct infiltration:
e MRI
o T1 sequences (with/without contrast)
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ID Field Content
o short T1 inversion recovery (STIR) sequences
o T2 weighted sequences (to show the level and degree of compression of the cord / lesions within cord)
o Whole spine imaging
e CT (whole spine or other)
¢ Image guided biopsy (for example for solitary metastasis)

e Plain X-ray
e FDG-PET-CT
8. Comparator/Reference For test and treat studies comparisons are:
standard e Routine imaging versus sign/symptom directed

e Delayed versus early imaging
e Different test sequences in comparison with each other

For diagnostic accuracy studies reference standard is:
¢ Biopsy result / surgical pathology
e Clinical and radiological follow up (if no surgery/biopsy done)
9. Types of study to be included For test and treat studies: experimental studies (where the investigator assigned intervention or control) in-
cluding:
e Randomised controlled trials
e Non-randomised controlled trials
o Systematic reviews/meta-analyses of controlled trials.

For diagnostic accuracy studies, the following designs will be included:
¢ Observational studies (where neither control nor intervention were assigned by the investigator) including:
o Systematic reviews of diagnostic studies.
o Diagnostic accuracy (cross-sectional) studies
10. Other exclusion criteria Inclusion:
o Full text papers
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11.

12.

13.

14.

Field

Context

Primary outcomes (critical
outcomes)

Secondary outcomes (im-
portant outcomes)

Data extraction (selection
and coding)

Content
Exclusion:
e Conference abstracts

e Articles published before 1990. MRI has regularly been used in diagnosis since the early 1990s — patient
cohorts from pre-1990 are unlikely to representative of current cohorts.

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

¢ Non-English language articles
Metastatic spinal cord compression in adults: risk assessment, diagnosis and management (2008) NICE

guideline will be updated by this review question
For test and treat studies:

e Overall survival

¢ Disease-related morbidity

¢ Neurological/functional status

¢ Quality of life

For diagnostic accuracy studies:
¢ Sensitivity, specificity
e Likelihood ratios
e PPV, NPV
e Pain
e Time to treatment
e Test-related morbidity, for example:
o Consequences of false positives
o Morbidity due to biopsy
e Test failure (incomplete or cancelled test — for example, due to anxiety or claustrophobia during MRI)
All references identified by the searches and from other sources will be uploaded into EPPI and de-duplicated.

Titles and abstracts of the retrieved citations will be screened to identify studies that potentially meet the inclu-
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ID Field Content
sion criteria outlined in the review protocol.

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

The full set of records will not be dual screened because the population, interventions and relevant study de-
signs are relatively clear and should be readily identified from titles and abstracts.

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 check-
ing 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 de-
tails (reference, country where study was carried out, type and dates), participant characteristics, inclusion 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 as-
sessed by a senior reviewer.

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

15. Risk of bias (quality) as- Risk of bias of individual studies will be assessed using the preferred checklist as described in Developing
sessment NICE guidelines: the manual.

e ROBIS tool for systematic reviews
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.

Quality assessment of diagnostic accuracy studies will be performed using the following checklist
e QUADAS-2 for diagnostic accuracy studies
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ID Field Content

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

16. Strategy for data synthesis Test and treat review
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 outcomes.
Peto odds ratio will be used for outcomes with zero events. Mean differences or standardised mean differ-
ences will be calculated for continuous outcomes.

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

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

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.

e Forrisk ratios: 0.8 and 1.25.
e For continuous outcomes:
o MID is calculated by ranking the studies in order of SD in the control arms. The MID is calcu-
lated as +/- 0.5 times median SD.
o For studies that have been pooled using SMD (meta-analysed): +0.5 and -0.5 in the SMD
scale are used as MID boundaries.

Diagnostic review:
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ID Field Content

Depending on the availability of the evidence, the findings will be summarised narratively or quantitatively.
Where appropriate, meta-analysis of diagnostic test accuracy will be performed using the metandi package in
STATA and Cochrane Review Manager software.

Sensitivity, specificity, positive and negative likelihood ratios, with 95% Cls will be used as outcomes for diag-
nostic test accuracy. These diagnostic accuracy parameters will be obtained from the studies or calculated by
the technical team using data from the studies.

PPV & NPV will be calculated by combining the summary estimates of sensitivity & specificity with prevalence
estimates.

Validity (for both test & treat and diagnostic accuracy analyses)

The confidence in the findings across all available evidence will be evaluated for each outcome using an adap-
tation of the ‘Grading of Recommendations Assessment, Development and Evaluation (GRADE) toolbox’ de-
veloped by the international GRADE working group: http://www.gradeworkinggroup.org/

17. Analysis of sub-groups Evidence will be stratified by:
e Myeloma versus other cancer types
e Functional status / fitness for treatment

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

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.

18. Type and method of review O Intervention

Diagnostic
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19.
20.
21.

22.
23.

24.

Field

Language
Country

Anticipated or actual start
date

Anticipated completion date

Stage of review at time of
this submission

Named contact

Content

O Prognostic

O Qualitative

O Epidemiologic

O Service Delivery

O Other (please specify)
English

England

01/09/21

23/08/23

Review stage Started
Preliminary searches [v
Piloting of the study selection process v
Formal screening of search results against eligibility criteria [v
Data extraction [v
Risk of bias (quality) assessment [v
Data analysis [v

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

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

5e Organisational affiliation of the review
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ID Field Content
National Institute for Health and Care Excellence (NICE)
25. Review team members NICE Technical Team
26. Funding sources/sponsor This systematic review is being completed by NICE.
27. Conflicts of interest 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 inter-
ests, 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 documented. Any
changes to a member’s declaration of interests will be recorded in the minutes of the meeting. Declarations of
interests will be published with the final guideline.

28. Collaborators 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 guide-
lines: the manual. Members of the guideline committee are available on the NICE website:
https://www.nice.org.uk/quidance/CG75

29. Other registration details N/A
30. Reference/URL for published https://www.crd.york.ac.uk/prospero/display record.php?RecordID=303705
protocol
31. Dissemination plans NICE may use a range of different methods to raise awareness of the guideline. These include standard ap-

proaches 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.

32. Keywords spinal metastases; malignant infiltration of the spine; spinal cord compression; cancer; radiology; imaging; di-
agnosis
33. Details of existing review of N/A
same topic by same authors
34. Current review status O Ongoing
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ID Field Content
O
O
O
35.. Additional information
36. Details of final publication WWWw.nice.org.uk
37. Relevant SRs N/A

Completed but not published

Completed and published

Completed, published and being updated
Discontinued

CDSR: Cochrane Database of Systematic Reviews;, CENTRAL: Cochrane Central Register of Controlled Trials; CT: computed tomography; DARE: Database of Abstracts of
Reviews of Effects; FDG-PET-CT: fluorodeoxyglucose-positron emission tomography-computed tomography; GRADE: Grading of Recommendations Assessment, Develop-
ment and Evaluation; HTA: Health Technology Assessment; MID: minimally important difference; MRI: magnetic resonance imaging; NHS: National health service; NICE: Na-
tional Institute for Health and Care Excellence; NPV: negative predictive value; PPV: positive predictive value; RCT: randomised controlled trial; RoB: risk of bias; SD: standard

deviation.
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Appendix B Search strategy (clinical/economic)

Literature search strategies for review question: How effective are radiological
imaging techniques in the diagnosis of spinal metastases, direct malignant in-
filtration of the spine or associated spinal cord compression?

Database: MEDLINE - OVID interface

W N = 3

o N o o

©

11
12

13
14
15
16

17
18

19
20
21

22
23
24
25
26
27
28
29

30
31
32

33
34
35
36
37
38
39
40

41

42

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 tho-
racic or vertebr* or epidural or extradural or extra dural or ((axon* or neuron* or nerve*) adj2 root)) adj3 (collaps* or
compress* or pinch* or press*)) and (adeno* or cancer* or carcinoma* or chordoma* or intraepithelial* or intra epitheli-
al* or malignan* or metast* or neoplas* or oligometast* or tumo?r*)).ti,ab.

(mescc or mscc).ti,ab.

or/1-5

Diagnostic Imaging/

((diagnos* adj (imag* or radiogra* or scan*)) or ((radiogra* or radiolog*) adj (exam* or imag* or investigat* or scan* or
test*))).ti,ab.

exp Magnetic Resonance Imaging/

(magnetic resonance or DWI or FMRI or MRE or MRI or MRS or NMR* or T1W or T2W or zeugmatogra* or ((diffusion
or echoplanar or functional or magnet* or MR or nuclear or NM or planar or weight*) adj2 (diagnos* or elastogra* or
examin* or imag* or scan* or spectroscop* or tomogra*))).ti,ab.

exp Tomography, Emission-Computed/ or exp Tomography, X-Ray Computed/

(((CAT or CT or comput* or electron beam or FDG or multidetector or multi detector or multislice or multi slice or PET
or positron emission or spiral) adj2 (detect* or diagnos* or exam* or imag* or scan* or tomogra*)) or (FDG adj2 PET) or
MDCT or MSCT or SPECT or spiral CT or tomodensitomet*).ti,ab.

Myelography/

(medullogra* or myelogra*).ti,ab.

Diagnostic Techniques, Radioisotope/ or Radionuclide Imaging/

(((gamma or radionuclide* or radioisotop*) adj2 (diagnos* or imag* or investigat* or scan* or scintigra* or scintimet* or
scintiscan®)) or osteoscintigra®).ti,ab.

Absorptiometry, Photon/

(DEXA or DPX or DXA or ((dual emission or dual energy or dualenergy or photon) adj3 (absorptiomet* or densitomet*
or imag* or photodensitomet* or scan*))).ti,ab.

((bone* or BMD or skelet*) adj (imag* or scan* or scintigra® or scintiscan* or survey*)).ti,ab.

X rays/

(x ray* or xray* or digital radiogra* or discogra* or diskogra* or grenz ray* or plain film* or plain radiogra* or radiodiag-
nos* or radio diagnos* or radioimag* or radiophoto* or roent* or x radiat* or xradiat*).ti,ab.

exp Angiography/ or exp Radionuclide Angiography/

(angiogra* or arteriogra*).ti,ab.

exp Image-Guided Biopsy/

((biops* or sampl*) adj3 ((imag* or scan* or tomogra* or ultraso* or ultra so* or CAT or CT or MR*) adj3 guid*)).ti,ab.
(biops* or sampl*).ti,ab. And dg.fs.

or/7-26

6 and 27

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.

29 not 30

(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.

31 o0r32

28 not 33

limit 34 to english language

limit 35 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.
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43
44
45
46
47
48
49
50
51
52
53
54
55
56
57

58
59
60

or/37-42

36 and 43

(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/45-49

36 and 50

Non-Randomized Controlled Trials as Topic/

(experimental or nonrandom* or non random*).tw.

52 or 53

36 and 54

Comparative Studies/ or Cross-Sectional Studies/ or Follow-Up Studies/ or Time Factors/
(chang* or evaluat* or reviewed or prospective* or retrospective* or baseline or cohort or case series or cross section-
al).tw.

56 or 57

36 and 58

or/44,51,55,59

Economic literature search strategy

Database: MEDLINE — OVID interface

N =

o0k w

= © o~

11
12

13
14
15
16
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: How effective are radiological imaging techniques in the
diagnosis of spinal metastases, direct malignant infiltration of the spine or as-
sociated spinal cord compression?

Figure 1: Study selection flow chart

Titles and abstracts
identified, N=8171

| <

Full copies retrieved Excluded, n=7924
and assessed for eli- (not relevant population,
gibility, n=247 design, intervention, com-

parison, outcomes, unable
to retrieve)

Publications included Publications excluded
in review, n=20 from review, n=227
(refer to excluded
studies list)
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Appendix D Evidence tables

Evidence tables for review question: How effective are radiological imaging techniques in the diagnosis of spinal metasta-
ses, direct malignant infiltration of the spine or associated spinal cord compression?

Allan 2009

Allan L, Baker L, Dewar J, et al. Suspected malignant cord compression — Improving time to diagnosis via a hotline: A prospective audit. British Journal of Can-
cer, 100, 1867-1872, 2009

Study details

Countrylies where
study was carried out

Study type
Study dates

Inclusion criteria

Exclusion criteria

Patient characteris-
tics

Intervention(s)/control

UK

Retrospective cohort study
MSCC hotline established in 2004

Criteria for the suspected MSCC hotline: patient known to have, or strongly suspected to have, cancer; new severe nerve root pain (uni-
lateral or bilateral) and/or new severe localised vertebral pain, especially thoracic; and any new difficulty in walking.

The comparison group came from Clinical Research and Audit Group (CRAG) audit data of people with MSCC from several Scottish
centres.

None reported

N=424

Patients with suspected malignant spinal cord compression referred via hotline and patients with malignant spinal cord com-pression
(Clinical Research and Audit group)

Gender [number of male, female]: not reported

Age, mean (SD): not reported

Myeloma versus other cancer types [percentage with myeloma]: 6% had myeloma in the MSCC hotline group — but not reported in the
comparison group.

Functional status/fitness for treatment [percentage who were ambulant]: Not reported. Ambulant rates at diagnosis of MSCC were re-
ported — see outcomes below.

Hotline group: The referring GP or a hospital doctor speaks directly with a senior clinician on a dedicated phone number. After further
discussion, usually between the hotline clinician and the patient’s oncologist, the hotline clinician decides whether an MRl is required
within 24 h, or the hotline clinician or the patient’s oncologist may arrange to examine the patient before determining whether an urgent
scan is required.

An MRI slot was reserved at the end of each day’s list for hotline referrals (if not used by mid-day it was re-allocated to an urgent in-
patient or an outpatient). Patients with probable MCC presenting after this time were scanned first thing the next morning. An ad hoc on-
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call service was available at weekends and public holidays. Scans were immediately reported on a dedicated proforma by radiologists
with a particular interest in MRI. MRI evidence of MCC was considered to be present if there was any extension into the epidural space
with impingement, displacement or compression of the cord with or without cord signal change. The results were immediately communi-
cated to the clinical team caring for the patient.

Control group: a national Clinical Research and Audit Group (CRAG) prospective audit (324 cases of MCC) whose diagnosis followed
usual care.
Duration of follow-up From symptoms until results of diagnostic MRI.

Sources of funding Macmillan Cancer Relief

Sample size Hotline group N=100 (n=44 with MSCC); comparison group N=324 (all with MSCC)

Outcomes

Outcome Hotline for suspected MSCC, Base- Comparison group (CRAG audit), Base-
line, n=44 line, n=324

Time from GP or a hospital doctor referring the patient to diagnosis, 1 (0to 21) 15 (3 to 66)

days, median (IQR)

Number of patients walking (unaided or with assistance) at time of n=34 n=175

MSCC diagnosis

Critical appraisal — ROBINS-I

Section Question Answer

1. Bias due to confounding Risk of bias judgement for confounding Serious (Analysis not controlled for confound-
ers)

2. Bias in selection of participants into Risk of bias judgement for selection of participants into the study Serious (No information about patients dis-

the study cussed on the hotline but not referred for diag-
nostic tests)

3. Bias in classification of interven- Risk of bias judgement for classification of interventions Low

tions

4. Bias due to deviations from intend- Risk of bias judgement for deviations from intended interventions Low

ed interventions

5. Bias due to missing data Risk of bias judgement for missing data Low

6. Bias in measurement of outcomes  Risk of bias judgement for measurement of outcomes Serious (Unclear how the baseline timepoint

was decided for the comparison group)
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Section Question Answer

7. Bias in selection of the reported Risk of bias judgement for selection of the reported result Low

result

Overall bias Risk of bias judgement Critical. Risk of bias due to confounding, selection
of participants, and measurement of outcomes.

Overall bias Directness Directly applicable

Bacher 2021

Bacher S, Hajdu S, Maeder Y, et al. Differentiation between benign and malignant vertebral compression fractures using qualitative and quantitative analysis of a
single fast spin echo T2-weighted Dixon sequence. European Radiology, 31, 9418-942, 2021

Study details

Countrylies where Switzerland.
study was carried out

Study type Retrospective cohort study
Study dates July 2014 — June 2020.
Inclusion criteria Consecutive patients undergoing spine MRI (at a single institution) prior to cementoplasty for acute vertebral compression fractures.

Exclusion criteria No MRI prior to cementoplasty or 1.5T MRI

No T2-weighted Dixon sequence

History of hematologic neoplasia

Benign vertebral compression fractures but history of malignancy; or malignancy detected =9-month follow-up; or no follow-up

data =29 months available.

Patient characteris- N=95

tics Consecutive patients undergoing spine MRI (at a single institution) prior to cementoplasty for acute vertebral compression fractures.
Age, mean (SD), years: benign 76 (12); malignant 63 (12)
Gender [number of male, female]: benign — male n=23; female n=40; malignant — male n=20; female n=12.
Myeloma versus other cancer types [number with myeloma): 0/95 (0%). Patients with a history of haematologic neoplasms were exclud-
ed.
Functional status/fitness for treatment [percentage who were ambulant]: Not reported.

Index test(s) MRI — single sagittal fast spin echo (FSE) T2-weighted Dixon sequence.
Reference stand- Best value comparator (including biopsy results).
ard(s) Vertebral compression fractures were categorised as benign or malignant based on a best valuable comparator consisting of a consen-

sus reading performed by three observers after the end of readings of all available medical records, radiographs, CT, MRI, bone scans
and PET-CT studies, and biopsy data (biopsy of target vertebra performed during cementoplasty).
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For vertebral compression fractures categorized as benign according to the best valuable comparator, a follow-up of nine months or

more was required, in particular to avoid false negative results of biopsy.

Vertebral compression fractures were therefore considered benign if fulfilling all of the following criteria: no current or past history of ma-
lignancy, no positive biopsy result (biopsy could be absent or negative), no malignancy found at clinical and imaging follow-up of nine
months or more. Vertebral compression fractures were considered malignant if the best valuable comparator based on all data available

was suggestive of a malignant origin.

Duration of follow-up Patients diagnosed with benign vertebral compression fractures were only included if they had follow-up data of greater than 9 months.

Sources of funding  None.
Results See Appendix L

Critical appraisal —- QUADAS-2
Section Question

Patient selection: risk of Could the selection of patients have introduced bias?
bias

Patient selection: ap- Are there concerns that included patients do not match the review ques-
plicability tion?

Index tests: risk of bias  Could the conduct or interpretation of the index test have introduced bias?

Index tests: applicability Are there concerns that the index test, its conduct, or interpretation differ
from the review question?

Reference standard: risk Could the reference standard, its conduct, or its interpretation have intro-
of bias duced bias?

Reference standard: Is there concern that the target condition as defined by the reference
applicability standard does not match the review question?

Flow and timing: risk of Could the patient flow have introduced bias?
bias

Dearnaley 2022

Answer

Low
Low

Low

Low
High — potential incorporation bias as MRI was part of the
composite reference standard

Low

Low

Dearnaley D, Hinder V, Hijab A, et al. Observation versus screening spinal MRI and pre-emptive treatment for spinal cord compression in patients with castration-
resistant prostate cancer and spinal metastases in the UK (PROMPTS): an open-label, randomised, controlled, phase 3 trial. Lancet: Oncology, 23, 501-513,

2022

Study details
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Countrylies where
study was carried out

Study type
Study dates

Inclusion criteria

Exclusion criteria

Patient characteris-
tics

Intervention(s)/control

UK

Randomised controlled trial (RCT)
February 2013 to April 2017

Eligible patients were aged 18 years and older, had a confirmed pathological diagnosis of prostate adenocarcinoma or a clinical diagno-
sis of prostate cancer with osteoblastic bone metastases and a serum prostate specific antigen (PSA) concentration of 100 ng/mL or
higher at any time between diagnosis and randomisation.

Other inclusion criteria were the presence of asymptomatic spinal metastasis, castration-resistant state (defined as PSA >5 ng/dL and

more than 50% increase above the nadir during treatment with a luteinising hormone-releasing hormone analogue or after orchidecto-

my), PSA concentration of more than 5 ng/mL within 21 days before randomisation, life expectancy of 6 months or longer, and Eastern
Cooperative Oncology Group (ECOG) performance status of 0—2.

Presence of any back pain or neurological symptoms from spinal metastases, previous spinal MRI within 12 months from trial entry, pre-
vious external beam radiotherapy to the vertebrae or spinal surgery to treat SCC, and any contraindication for MRI.

N=410

Patients with metastatic castration resistant prostate cancer with bone involvement.
Age at randomisation, years (median, IQR):

MRI group: 74.3 (68.0-79.3)

Control group: 74.2 (68.5-79.3)

Intervention: screening spinal MRI (in men with metastatic castration resistant prostate cancer with bone involvement) to detect and treat
asymptomatic spinal cord compression

Control: No MRI

Duration of follow-up 36 months
Sources of funding Cancer Research UK
Sample size Total: 420
Intervention: 210
Control: 210
Outcomes
Outcome MRI screening, 24 month, n=210 Control, 24 month, n=210 R:flfa:(l:\:e
Overall survival (event is death from any 172/210 174/210 Adj HR
cause) 0.98
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Outcome MRI screening, 24 month, n=210 Control, 24 month, n=210 R:flfaet::\:e

(0.79 to
1.21)!

Neurological and functional status —

g . . 19/210 26/210 Adj HR 0.61 (0.35 to 1.08)’
clinical spinal cord compression

Neurological and functional status —
persistent neurological functional 15/210 23/210 RR 0.73 (0.42 to 1.28)
deficit (Frankel score A-D)

1. Adjusted for time since development of castration-resistant prostate cancer, time since start of continuous hormone treatment, ECOG performance status (0, 1, and 2), and natu-
ral logarithm of PSA concentration.

Outcome Mean (95% CI) difference MRI screening — Control
(Change from baseline to 12 months)

Quality of life — EQ-5D-5L — health state today (range 0 to 100, higher

scores are better) -1.5(-5.7t0 2.7)

Pain — Brief Pain Index — severity (range 0 to 10, lower scores are bet-

ter) 0.4 (0.2 t0 0.9)

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
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Husband 2001
Husband D, Grant K, Romaniuk C. MRI in the diagnosis and treatment of suspected malignant spinal cord compression. British Journal of Radiology 74, 15-23,
2001

Study details

Countrylies where UK.
study was carried out

Study type Prospective cohort study

Study dates Not reported.

Inclusion criteria Consecutive patients with suspected malignant spinal cord compression undergoing MRI at a single institution.
Exclusion criteria Not reported.

Patient characteris- N=280

tics patients undergoing MRI for suspected malignant spinal cord compression

Age, mean (SD), years: range 23 — 89 (median 67). Mean and SD not reported.
Gender [number of male, female]: male n=158; female n=122.

Myeloma versus other cancer types [percentage with myeloma]: Not reported.
Functional status/fitness for treatment [percentage who were ambulant]: Not reported.

Index test(s) Plain radiograph and neurological examination
Reference stand- Radiological follow-up (MRI carried out as soon as possible usually the next day)
ard(s)

Duration of follow-up Not reported.
Sources of funding  Not reported.

Results Diagnostic accuracy — plain radiograph plus neurological examination (N=280)

TP 89, FP 2, FN 112, TN 87 (from which sensitivity, specificity, likelihood ratios as well as PPV and NPV were calculated)

Critical appraisal - QUADAS-2

Section Question Answer
Patient selection: risk of  Could the selection of patients have introduced bias? Low
bias
Patient selection: applica- Are there concerns that included patients do not match the review question? Low
bility
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Section Question Answer

Index tests: risk of bias Could the conduct or interpretation of the index test have introduced bias? Low

Index tests: applicability ~ Are there concerns that the index test, its conduct, or interpretation differ from the High (composite index test of X-ray & neurologi-
review question? cal examination)

Reference standard: risk  Could the reference standard, its conduct, or its interpretation have introduced bias? Low

of bias

Reference standard: ap- Is there concern that the target condition as defined by the reference standard does Low

plicability not match the review question?

Flow and timing: risk of Could the patient flow have introduced bias? Low

bias

Kato 2015

Kato S, Hozumi T, Yamakawa K, et al. META: an MRI-based scoring system differentiating metastatic from osteoporotic vertebral fractures. Spine Journal, 15,
1563-70, 2015

Study details

Countrylies where Japan.
study was carried out

Study type Retrospective cohort study
Study dates April 2004 — September 2011.
Inclusion criteria e Patients with radiologically apparent collapse of thoracolumbar vertebra due to metastatic vertebral fractures or osteoporotic ver-

tebral fractures.

e Evaluated using MRI within 60 days of possible injury.

e 100 cases of metastatic vertebral fracture were selected at random from database. Diagnosis confirmed either by positive biopsy
results or by malignant radiographic changes (progressive expansion of vertebral signal intensity change or spinal canal inva-
sion) observed for more than 60 days after their first presentation associated with a clinical diagnosis of malignancy at other
sites.

e 100 cases of osteoporotic vertebral fractures were selected at random from database. Diagnosis confirmed by eventual reduction
of vertebral signal intensity change and remission of clinical symptoms observed for more than 60 days.

Exclusion criteria e Metastatic vertebral fractures associated with haematologic disorders, including multiple myeloma and malignant lymphoma
e Previously diagnosed metastatic vertebral fractures that had already received irradiation (due to potential to affect MRI appear-
ance).
Patient characteris- N=200
tics Patients with radiologically apparent collapse of thoracolumbar vertebra due to metastatic vertebral compression fractures or osteoporot-
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ic vertebral fractures

Age, mean (SD), years: metastatic vertebral fractures 64 (11); osteoporotic vertebral fractures 73 (11).

Gender [number of male, female]: metastatic vertebral compression fractures — male n=43; female n=57; osteoporotic vertebral fractures
— male n=27; female n=73.

Myeloma versus other cancer types [number with myelomal): 0/200 (0%). Patients with metastatic fractures associated with haematologi-
cal disorders were excluded.

Functional status/fitness for treatment [percentage who were ambulant]: Not reported.

Index test(s) MRI. All images obtained using: Magnetom Avanto 1.5T; Signa Hde 1.5T; or Intera Achieva 1.5T.
Reference stand- Biopsy result / surgical pathology (or clinical and radiological follow-up if no surgery/biopsy was done)
ard(s)

Duration of follow-up 60 days
Sources of funding  None.
Results See Appendix L

Critical appraisal — Critical appraisal - QUADAS-2

Section Question Answer
Patient selection: risk  Could the selection of patients have introduced bias? Low
of bias
Patient selection: ap-  Are there concerns that included patients do not match the review Low
plicability question?
Index tests: risk of bias Could the conduct or interpretation of the index test have introduced Low
bias?
Index tests: applicabil- Are there concerns that the index test, its conduct, or interpretation Low
ity differ from the review question?
Reference standard:  Could the reference standard, its conduct, or its interpretation have  Unclear (not reported if reference standard results interpreted
risk of bias introduced bias? without knowledge of the results of the index test)
Reference standard: Is there concern that the target condition as defined by the reference Low
applicability standard does not match the review question?
Flow and timing: risk of Could the patient flow have introduced bias? Low
bias
Kim 2000

Kim J, Learch T, Colletti P, et al. Diagnosis of vertebral metastasis, epidural metastasis, and malignant spinal cord compression: are T(1)-weighted sagittal imag-
es sufficient? Magnetic Resonance Imaging 18, 819-24, 2000
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Study details

Countrylies where
study was carried out

Study type

Study dates
Inclusion criteria
Exclusion criteria

Patient characteris-
tics

Index test(s)

Reference stand-
ard(s)

Duration of follow-up
Sources of funding

Results

USA

Retrospective cohort study

Not reported.

Consecutive patients undergoing MRI for clinically suspected malignant spinal cord compression at a single institution.
Not reported.

N=57

Consecutive patients undergoing MRI for clinically suspected malignant spinal cord compression

Age, median (range), years: 49 (22 — 87).

Gender [number of male, female]: male n=31; female n=26.

Myeloma versus other cancer types [number with myeloma]: n=10 studies in patients with multiple myeloma.
Functional status/fitness for treatment [percentage who were ambulant]: Not reported.

T1-weighted sagittal images alone (a subset of the complete studies — see reference standard information).

Complete magnetic resonance studies of the spinal column (a complete study consisting of T1-weighted sagittal images, T2-weighted
sagittal images, and T1- and/or T2-weighted axial images). This was divided into ‘external standard’ which is the agreement in diagnosis
between radiologists on examination of complete imaging study for each patient and ‘internal standard’ which is the individual radiolo-
gist’'s diagnosis based on complete imaging study for each patient

Not reported.
Not reported.
Diagnostic findings in cases reviewed (n=94 MRI studies in 57 patients)

Vertebral metastasis n=72; epidural metastasis n=28; cord compression n=22.

Sensitivity and specificity (ability to detect each diagnostic parameter) of T1-weigted sagittal images alone (in comparison to ‘external
standard’ that is agreement in diagnosis between radiologists on examination of complete imaging study for each patient):

Vertebral metastasis — sensitivity 87% (249/288) 95% CI| 82 — 90; specificity 83% (73/88) 95% CI 74 — 89.

Cord compression — sensitivity 70% (62/88) 95% CI 60 — 79; specificity 97% (278/288) 95% CI 90 — 99.

Epidural metastasis — sensitivity 46 (51/112) 95% CI 37 — 55; specificity 89 (236/264) 95% CI 85 — 93.

Sensitivity and specificity (ability to detect each diagnostic parameter) of T1-weigted sagittal images alone (in comparison to ‘internal
standard’ that is individual radiologist’s diagnosis based on complete imaging study for each patient):

Vertebral metastasis — sensitivity 91% (242/265) 95% CI 87 — 94; specificity 80% (89/111) 95% CI 72 — 87.

Cord compression — sensitivity 62% (62/100) 95% 52 — 71; specificity 96% (266/276) 95% CI 93 — 98.

Epidural metastasis — sensitivity 48 % (49/102) 95% 39 — 58; specificity 89% (244/274) 95% CI 85 — 92.
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Critical appraisal - QUADAS-2

Section Question Answer

Patient selection: risk  Could the selection of patients have introduced bias? High (57 patients but 94 MRI studies,

of bias unclear how many studies per pa-
tient)

Patient selection: ap- Are there concerns that included patients do not match the review question? Low

plicability

Index tests: risk of bias Could the conduct or interpretation of the index test have introduced bias? High. (Results for 3 radiologists

pooled - giving artificially narrow con-
fidence intervals for sensitivity and

specificity)
Index tests: applicabil- Are there concerns that the index test, its conduct, or interpretation differ from the review ques- Low
ity tion?
Reference standard:  Could the reference standard, its conduct, or its interpretation have introduced bias? High (Risk of incorporation bias of
risk of bias index test in reference standard)

Reference standard: Is there concern that the target condition as defined by the reference standard does not match the Low
applicability review question?

Flow and timing: risk of Could the patient flow have introduced bias? Unclear. (Some patients had con-
bias trast enhanced MRI)
Kim 2020

Kim S, Lee J. (2020) Diagnostic performance of F-18 FDG PET or PET/CT for differentiation of benign from malignant vertebral compression fractures; A meta-
analysis. World Neurosurgery, 137: €626-e633, 2020

Study details

Countrylies where South Korea
study was carried out

Study type Systematic review of diagnostic accuracy studies
Study dates Included studies were published between 2008 and 2018
Inclusion criteria Studies F-18 FDG PET or PET/CT used to differentiate benign and malignant VCFXx; sufficient data available to reassess the sensitivity
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Exclusion criteria

Patient characteris-
tics

Index test(s)

Reference stand-
ard(s)

Duration of follow-up
Sources of funding
Other information

Outcomes
Outcome

Sensitivity (95% ClI)
Specificity (95% ClI)

and specificity of F-18 FDG PET or PET/CT for the differentiation of malignant VCFxs or the absolute numbers had been provided of the
true-positive, true-negative, false-positive, and false-negative data; and no data overlap.

Duplicated studies were excluded, as were review articles, case reports, conference papers, and letters that did not contain the original
data.

5 studies included in review (N=274)
Age: mean age across studies ranged from 60 to 72 years
Sex Male/female 182/92

e FDG-PET
e FDG-PET-CT
Interpretation was based o SUV-max with cut-off ranging from 2 to 4.75 across studies. FDG dose ranged from 370 to 555 MBq.

e Composite reference standard of biopsy, clinical follow-up and repeat imaging

Not reported
Not reported

5 studies included and assessed with QUADAS-2. None were at high risk of bias. All were at unclear risk of bias for patient selection and
some details of the imaging test were unclear in most of studies. All were at low risk of bias for reference standard and flow & timing.

Pooled results N=274
0.96 (0.82 to 0.99)
0.77 (0.56 to 0.89)

Positive likelihood ratio (95% CI) 4.1 (2.1to0 8)
Negative likelihood ratio (95% ClI) 0.05 (0.01 to 0.23)
Area under the curve (95% ClI) 0.94 (0.92 to 0.96)

Critical appraisal - ROBIS checklist

Section Question Answer
Study eligibility criteria Concerns regarding specification of study eligibility criteria Low
Identification and selection of studies Concerns regarding methods used to identify and/or select studies Low
Data collection and study appraisal Concerns regarding methods used to collect data and appraise studies Low
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Section

Synthesis and findings
Overall study ratings
Overall study ratings

Laufer 2009

Question Answer
Concerns regarding the synthesis and findings Low

Overall risk of bias Low
Applicability as a source of data Fully applicable

Laufer I, Lis E, Pisinski L, et al. The accuracy of [(18) F] fluorodeoxyglucose positron emission tomography as confirmed by biopsy in the diagnosis of spine me-
tastases in a cancer population. Neurosurgery, 64, 107-4, 2009

Study details

Countrylies where USA.

study was carried out

Study type Retrospective cohort study
Study dates 1996 - 2005.

Inclusion criteria

Exclusion criteria

Patient characteris- N=82
tics patients with a previous diagnosis of cancer undergoing CT guided biopsy of suspected malignant spinal column lesion
Age, mean (SD), years: 56. SD not reported.
Gender [number of male, female]: male n=41; female n=49.
Myeloma versus other cancer types [number with myelomal: n=5/82.
Functional status/fitness for treatment [percentage who were ambulant]: Not reported.

Patients with a previous diagnosis of cancer undergoing CT guided biopsy of suspected malignant spinal column lesion (initially
identified via MRI).
Patients who underwent FDG-PET scan within 6 weeks of initial CT guided biopsy.

Radiotherapy of chemotherapy initiated before biopsy.
Clear radiographic and clinical discitis/ osteomyelitis.

Index test(s) FDG-PET.
Reference stand- CT guided biopsy.
ard(s)

Duration of follow-up Not reported.

Sources of funding  Not reported.

Results Insufficient detail to extract diagnostic accuracy data for FDG-PET

Biopsy results (n=82):
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Positive on biopsy n=74
Negative on biopsy n=8.

Biopsy failure rate 1/82
Diagnostic yield: 81/82

Critical appraisal - QUADAS-2

Section Question Answer
Patient selection: risk of bias Could the selection of patients have introduced bias? Low
Patient selection: applicability Are there concerns that included patients do not match the review question? Low
Index tests: risk of bias Could the conduct or interpretation of the index test have introduced bias? Low
Index tests: applicability Are there concerns that the index test, its conduct, or interpretation differ from the review question? Low
Reference standard: risk of bias Could the reference standard, its conduct, or its interpretation have introduced bias? Low

Reference standard: applicability Is there concern that the target condition as defined by the reference standard does not match the review question? Low
Flow and timing: risk of bias Could the patient flow have introduced bias? Low

Li 2019
Li K, Huang L, Lang Z, et al. Reliability and Validity of Different MRI Sequences in Improving the Accuracy of Differential Diagnosis of Benign and Malignant Ver-
tebral Fractures: A Meta-Analysis. American Journal of Roentgenology, 213, 427-436, 2019

Study details

Countrylies where China
study was carried out

Study type Systematic review of diagnostic accuracy studies
Study dates Jan 2000 to Sep 2016
Inclusion criteria Studies related to the differential diagnosis of benign and malignant vertebral fractures by MRI and reference standard (histopathologic

diagnosis or clinical follow-up examination)

Exclusion criteria Abstracts, reviews or conference papers. Studies performed on cadavers or animals, the sample size was less than 20, raw data was not
complete, patients were not examined with MRI and reference standard, the trial was not double-blind and repeated studies.

Patient characteris- N=895 Patients with vertebral fractures

tics Age: mean ranged from 54.6 to 69 years across the studies
Sex: female n=486; male n=409.
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Index test(s) o MRI chemical shift imaging
¢ MRI conventional sequences plus diffusion weighted imaging
¢ MRI conventional sequences
¢ MRI conventional sequences plus contrast enhanced images

Reference stand- Histopathologic diagnosis (from surgery or biopsy) or clinical & radiological follow-up
ard(s)

Duration of follow-up Not reported
Sources of funding  Not reported
Results See Appendix L

Other information 18 studies included and assessed with QUADAS-2. None were at high risk of bias. Flow and timing was unclear in 8/12 studies and
some details of MRI were unclear in 12/18 studies.

Critical appraisal - ROBIS checklist

Section Question Answer

Study eligibility criteria Concerns regarding specification of study eligibility criteria Low
Identification and selection of studies Concerns regarding methods used to identify and/or select studies Low

Data collection and study appraisal Concerns regarding methods used to collect data and appraise studies Low

Synthesis and findings Concerns regarding the synthesis and findings Low

Overall study ratings Overall risk of bias Low

Overall study ratings Applicability as a source of data Fully applicable
Maeder 2018

Maeder Y, Dunet V, Richard R, et al. Bone Marrow Metastases: T2-weighted Dixon Spin-Echo Fat Images Can Replace T1-weighted Spin-Echo Images. Radiol-
ogy, 286, 948-959, 2018

Study details

Countrylies where Switzerland.
study was carried out

Study type Retrospective cohort study
Study dates September 2014 - April 2016.
Inclusion criteria Consecutive patients undergoing whole spine MRI for suspected vertebral metastases at a single institution.
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Exclusion criteria

Patient characteris-
tics

Index test(s)

Reference stand-
ard(s)

Duration of follow-up

Sources of funding
Other information

Results

e History of haematological neoplasia
e Spinal osteosynthesis
e MRI performed with 1.5T scanner
e Incomplete MRI sequences
N=121

consecutive patients undergoing whole spine MRI for suspected vertebral metastases

Age, mean (SD), years: 61.4 (11.8).

Gender [number of male, female]: male n=63; female n=58.

Myeloma versus other cancer types [number with myeloma): 0/121 (0%). Patients with a history of haematological neoplasia were ex-
cluded.

Functional status/fitness for treatment [percentage who were ambulant]: Not reported.

¢ MRI - sagittal SE Dixon T2-weighted fat-only and water-only imaging.
e MRI - sagittal SE T1-weighted and SE Dixon T2-weighted water-only images.

e Best value comparator (including biopsy result where possible). This consisted of consensus reading of all examinations by two muscu-
loskeletal radiologists (performed 1 month after the end of all readings), as well as review of all available medical data. These data in-
cluded clinical, histologic (spinal bone biopsy data, available for 30 patients), biologic, and imaging data.

= 8 months after imaging (mean 15.2 months).
Not reported.

All imaging performed with 3-T scanner. A total of three contiguous sagittal stacks with nonenhanced fast. SE T1-weighted and fast SE
Dixon T2-weighted sequences of the entire spine from the base of the skull to the last sacral piece were performed for all patients. Four
sets of images were routinely reconstructed from the Dixon T2 sequences: in-phase, out-of phase, Dixon T2-weighted water-only, and
Dixon T2-weighted fat-only images, of which only the latter two were considered for our study. Additional sequences performed on a
case-by case basis whenever indicated were considered only for the best valuable comparator. They included contrast material—
enhanced fat-suppressed T1-weighted sequences on the sagittal and axial planes, as well as axial fat suppressed T2-weighted se-
quences.

See Appendix L

Critical appraisal - QUADAS-2

Section Question Answer
Patient selection: risk of bias Could the selection of patients have introduced bias? Low
Patient selection: applicabil- Are there concerns that included patients do not match the review question? Low
ity
Index tests: risk of bias Could the conduct or interpretation of the index test have introduced bias? Low
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Section

Index tests: applicability

Reference standard: risk of
bias

Reference standard: ap-
plicability

Question

Are there concerns that the index test, its conduct, or interpretation differ from the review ques-
tion?

Could the reference standard, its conduct, or its interpretation have introduced bias?

Is there concern that the target condition as defined by the reference standard does not match
the review question?

Flow and timing: risk of bias Could the patient flow have introduced bias?

Perry 2018

Answer

Low
High (Potential for incorporation
bias)

Low

Low

Perry M, and Sebro R. Accuracy of Opposed-phase Magnetic Resonance Imaging for the Evaluation of Treated and Untreated Spinal Metastases. Academic Ra-

diology, 25, 877-882, 2018

Study details

Country/ies where study
was carried out

Study type
Study dates
Inclusion criteria

Exclusion criteria

Patient characteristics

Index test(s)

USA.

Retrospective cohort study
January 2006 - November 2016.
Patients undergoing opposed-phase MRI of the cervical, thoracic, or lumbar spine.

o Patients whose MRI studies did not include opposed-phase sequences.
o Patients whose MRI studies were motion-degraded.
o Patients with lesions confirmed as osteomyelitis or spondylodiscitis.

N=101

Patients undergoing opposed-phase MRI of the cervical, thoracic, or lumbar spine.
Gender [number of male, female]: male n = 39; female n=62.

Age, mean (SD), years: 57.7 (14.1)

Myeloma versus other cancer types [number with myeloma]: n=13.

Functional status/fitness for treatment [percentage who were ambulant]: Not reported.

n=136 lesions identified from n=120 opposed phase MRI studies.

Benign lesions n=25

Untreated metastases n=25

Treated spinal metastases n=86 (radiation n=19; chemotherapy only n=67).
Opposed phase MRI.
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Reference standard(s)

Duration of follow-up
Sources of funding

Results

All examinations performed on 1.5-T or 3-T systems. Opposed-phase gradient recalled-echo images were performed in the sagit-
tal plane, 1.5-T (repetition time [TR] 140—-350 ms, echo time [TE] out-of-phase 2.204—-2.54 ms, TE in-phase 4.373-5.04 ms, slice
thickness 4 mm, interslice gap 0.4-0.8 mm); 3-T (TR 4.82—-173 ms, TE out-of-phase 1.24— 1.28 ms, TE in-phase 2.48-2.56 ms,
slice thickness 4 mm, interslice gap 0.4—0.8 mm).

All images were reviewed using a GE Centricity Picture Archiving and Communication System (PACS) workstation. Region of in-
terest (ROI) measurements were obtained using the PACS ellipse ROl markup tool. The largest possible ROI was placed over the
lesion and the mean S| was recorded on out-of-phase and in-phase sequences. An approximately similar sized ROI (same area)
was placed on the out-of-phase and in-phase sequences. Care was taken to avoid vessels and vertebral body cortex when obtain-
ing ROIs. The SIR of out-of-phase Sl to the inphase S| was then calculated (SIR = mean lesion Sl on out-of-phase MRI se-
quence/mean lesion Sl on in-phase MRI sequence).

e Biopsy result / surgical pathology.
o Clinical and Radiological follow up (if no surgery/biopsy done) up to 2 years.

Lesions were determined to be spinal metastases if there was histologic confirmation of spinal metastases from percutaneous or
surgical biopsies; if there was progression of disease (increase in size of lesion) on subsequent imaging over 2 years; or if there
was decrease in size or imaging appearance of the lesion in response to chemotherapy or radiation therapy.

Lesions were categorized as benign if there was no evidence of change in size or imaging appearance of the lesion for at least 2
years or if there was histologic confirmation that they were benign and there was no history of malignancy. Lesions confirmed as
osteomyelitis or spondylodiscitis were excluded from the study.

2 2 years (for benign lesions).
Not reported.
See Appendix L

Critical appraisal - QUADAS-2

Section Question Answer
Patient selection: risk of bias Could the selection of patients have introduced bias? Unclear
Patient selection: applicability Are there concerns that included patients do not match the review question? Low
Index tests: risk of bias Could the conduct or interpretation of the index test have introduced bias? Low
Index tests: applicability Are there concerns that the index test, its conduct, or interpretation differ from the review question? Low
Reference standard: risk of bias Could the reference standard, its conduct, or its interpretation have introduced bias? Low
Reference standard: applicability Is there concern that the target condition as defined by the reference standard does not match the review ques- Low
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Section Question Answer
tion?

Flow and timing: risk of bias Could the patient flow have introduced bias? Low

Phadke 2001

Phadke D, Lucas D, Madan S. Fine-needle aspiration biopsy of vertebral and intervertebral disc lesions: specimen adequacy, diagnostic utility, and pitfalls. Ar-
chives of Pathology and Laboratory Medicine, 125, 1463-8, 2001

Study details

Countryl/ies where study USA.
was carried out

Study dates January 1994 — February 2000.
Inclusion criteria Not reported.

Exclusion criteria Not reported.

Patient characteristics N=78

Patients undergoing CT guided fine needle aspiration biopsy for vertebral and intervertebral lesions. Included patients with and
without a known primary malignancy.

Age, mean (SD), years: Not reported.

Gender [number of male, female]: male n=29; female n=49.

Myeloma versus other cancer types [number with myeloma]: Not reported.

Functional status/fitness for treatment [percentage who were ambulant]: Not reported.

Index test(s) CT guided fine needle aspiration biopsy.

N=36 patients with vertebral lesions had a history of malignancy at another site. In these cases, FNAB was performed on radiologi-
cally suspected or detected lesions to rule out metastasis.

In the other 42 cases of both vertebral and intervertebral lesions, FNAB was performed as a part of the workup in patients present-
ing with signs and symptoms related to the spine and abnormal radiologic findings.

Reference standard(s) A cytopathologist classified the biopsy as: Positive for malignancy, Suspicious for malignancy, Normal cellular elements present,
with no evidence of malignancy, Unsatisfactory/inadequate for diagnosis or Benign neoplastic lesion.

Duration of follow-up Not reported.

Sources of funding Not reported.

Results Vertebral lesions with a clinical history of malignancy — cytologic diagnosis (n=36)
Positive for malignancy: n=24/36.
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Suspicious for malignancy: n=0/36.

Normal cellular elements present, with no evidence of malignancy: n=5/36.
Unsatisfactory/inadequate for diagnosis: n=4/36.

Benign neoplastic lesions: n=2/36.

Acute inflammatory process: n=1/36.

Vertebral lesions without a clinical history of malignancy — cytologic diagnosis (n=30)
Positive for malignancy: n=11/30.

Suspicious for malignancy: n=0/30.

Normal cellular elements present, with no evidence of malignancy: n=3/30.
Unsatisfactory/inadequate for diagnosis: n=11/30.

Benign neoplastic lesions: n=5/30.

Intervertebral disc lesions — cytologic diagnosis (n=12)

Positive for malignancy: n=0/12.

Suspicious for malignancy: n=0/12.

Normal cellular elements present, with no evidence of malignancy: n=1/12.
Unsatisfactory/inadequate for diagnosis: n=6/12.

Benign neoplastic lesions: n=0/12.

Acute inflammatory process: n=3/12.

Degenerative disc disease: n=2/12.

Vertebral and intervertebral disc lesions — comparison of radiologic impression with cytologic diagnosis (n=48)

Malignant on radiology (n=9) — malignant on cytology n=7; normal cellular elements with no evidence of malignancy n=2.
Indeterminate on radiology (n=30) — malignant on cytology n=13; benign n=6; normal cellular elements with no evidence of malig-
nancy n=4; unsatisfactory/inadequate for diagnosis n=6; suspicious for malignancy n=1.

Benign on radiology (n=9) — benign on cytology n=4; normal cellular elements with no evidence of malignancy n=1; unsatisfacto-
ry/inadequate for diagnosis n=4.

Critical appraisal - QUADAS-2
Section Question Answer
Patient selection: risk of bias Could the selection of patients have introduced bias? Unclear (no de-

tails of inclusion/
exclusion criteria)

Patient selection: applicability Are there concerns that included patients do not match the review question? Low
Index tests: risk of bias Could the conduct or interpretation of the index test have introduced bias? Low
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Section Question Answer
Index tests: applicability Are there concerns that the index test, its conduct, or interpretation differ from the review question? Low
Reference standard: risk of bias Could the reference standard, its conduct, or its interpretation have introduced bias? Unclear (limited

details of diagnos-
tic criteria used by

cytopathologist)
Reference standard: applicability Is there concern that the target condition as defined by the reference standard does not match the review  Low
question?
Flow and timing: risk of bias Could the patient flow have introduced bias? Low

Razek 2009

Razek A, Sherif, F. Diagnostic accuracy of diffusion tensor imaging in differentiating malignant from benign compressed vertebrae. Neuroradiology, 61, 1291-

1296, 2019

Study details
Countryl/ies where study was carried out

Study type

Study dates
Inclusion criteria
Exclusion criteria

Patient characteristics

Index test(s)

Reference standard(s)

Egypt.
Retrospective cohort study

Not reported.
Patients with untreated compressed vertebrae undergoing MRI at a single institution.
Patients whose imaging was of a poor quality.

N=45

Patients with untreated compressed vertebrae undergoing MRI

Age, mean (SD), years: 56.14 (7.9).

Gender [number of male, female]: male n=22; female n=22.

Myeloma versus other cancer types [number with myeloma]: Not reported.

Functional status/fitness for treatment [percentage who were ambulant]: Not reported.

MRI — All patients were examined using routine T1- and T2-weighted MR imaging and DTI of the spine.All MR
images were performed using a 1.5-Tesla scanner.

Images were analysed by two neuroradiologists who were blinded to the clinical presentation and final histo-
pathological results..

e Biopsy result / surgical pathology.
Final diagnosis done with biopsy, performed 10 — 18 days after MRI.
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Duration of follow-up Not reported.
Sources of funding None.
Results See Appendix L

Critical appraisal - QUADAS-2

Section Question Answer
Patient selection: risk of bias Could the selection of patients have introduced bias? Low
Patient selection: applicability Are there concerns that included patients do not match the review question? Low
Index tests: risk of bias Could the conduct or interpretation of the index test have introduced bias? Low
Index tests: applicability Are there concerns that the index test, its conduct, or interpretation differ from the review question? Low
Reference standard: risk of bias Could the reference standard, its conduct, or its interpretation have introduced bias? Low

Reference standard: applicability Is there concern that the target condition as defined by the reference standard does not match the review question? Low
Flow and timing: risk of bias Could the patient flow have introduced bias? Low

Schmeel 2018
Schmeel F, Luetkens J, Feist A, et al. Quantitative evaluation of T2 relaxation times for the differentiation of acute benign and malignant vertebral body fractures.
European Journal of Radiology, 108, 59-65, 2018

Study details

Countryl/ies where study was carried out Germany.

Study type Retrospective cohort study

Study dates February 2015 — March 2018.

Inclusion criteria Consecutive patients with a suspected acute vertebral compression fracture or known primary malignancy and

suspected pathologic vertebral compression fracture.

e >18years

e acute onset of back pain (less than 1 month from admission)

e presence of an acute benign (osteoporotic and/or post-traumatic) or malignant vertebral compression
fracture as determined on routine clinical spine MRI

e histopathologic confirmation of vertebral compression fracture obtained from direct bone biopsy.

Exclusion criteria e Pregnancy
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Patient characteristics

Index test(s)

Reference standard(s)
Duration of follow-up
Sources of funding

Results

Critical appraisal - QUADAS-2

Section

Patient selection: risk of bias
Patient selection: applicability

e Contraindications to MRI (such as non-MR conditional cardiac pacemaker)
e Prior bisphosphonate treatment
o metallic instrumentation of the spine segment under investigation.

N=37

Consecutive patients with a suspected acute vertebral com-pression fracture or known primary malignancy and
suspected pathological vertebral compression fracture.

Gender [number of male, female]: male n=17; female n=20.

Age, mean (SD), years: 64.8 (16.5)

Myeloma versus other cancer types [number with myeloma]: n=7.

Functional status/fitness for treatment [percentage who were ambulant]: Not reported.

Patients were divided into two groups according to underlying pathology.

Group 1 (n=19) patients with acute osteoporotic and/or benign vertebral compression fractures. Diagnosis of
benign vertebral compression fractures was established on the basis of direct biopsy and histopathologic con-
firmation of bone specimens obtained during vertebroplasty or spinal instrumentation.

Group 2 (n=18) patients with neoplastic vertebral compression fractures due to hematological malignancies
(n=8) or vertebral metastasis (n=17). Diagnosis of malignant vertebral compression fractures was established
on the basis of direct bone biopsy and subsequent histopathological confirmation of bone specimens obtained
via CT-guidance, surgery and/or spinal instrumentation.

MRI - T2*-weighted. All imaging was performed on a clinical 3.0-Tesla whole-body MR imager. Routine clinical
MRI of the spine included at least a sagittal T1-weighted spin-echo (450-750/6-12 [repetition time ms
(TR)/echo time ms (TE)]) and T2-weighted turbo spin-echo sequence (3000-5000/80-120 [TR/TE]) as well as a
sagittal T2 spectral-attenuated-inversion-recovery (SPAIR)-weighted turbo spin-echo sequence (3000-5000/80-
120 [TR/TE]).

e Biopsy result / surgical pathology
Not reported.
None.

See Appendix L

Answer
Could the selection of patients have introduced bias? Low
Are there concerns that included patients do not match the review question? Low
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Section Question Answer
Index tests: risk of bias Could the conduct or interpretation of the index test have introduced bias? Low
Index tests: applicability Are there concerns that the index test, its conduct, or interpretation differ from the review question? Low
Reference standard: risk of bias Could the reference standard, its conduct, or its interpretation have introduced bias? Low

Reference standard: applicability Is there concern that the target condition as defined by the reference standard does not match the review question? Low

Flow and timing: risk of bias Could the patient flow have introduced bias? Low

Schmeel 2021

Schmeel F, Enkirch S, Luetkens J, et al. Diagnostic Accuracy of Quantitative Imaging Biomarkers in the Differentiation of Benign and Malignant Vertebral Le-
sions: Combination of Diffusion-Weighted and Proton Density Fat Fraction Spine MRI. Clinical Neuroradiology, 31, 1059-1070, 2021

Study details
Countryl/ies where study was carried out

Study type
Study dates

Inclusion criteria

Exclusion criteria

Patient characteristics

Germany.

Prospective cohort study

June 2018 - September 2019

Consecutive patients with untreated vertebral bone marrow lesions (benign and malignant) undergoing MRI.

Presence of at least one vertebral bone marrow lesion with =21cm in size as determined on routine clinical spine
MRI or at least one of the following indications:

e clinically suspected acute vertebral fracture and acute onset of back pain (<1 month from admission)
e suspected osseous metastasis or malignant spine disease
e and/or persisting localized back pain without typical discogenic radiation for more than 3 months.

e Contraindication for MRI (such as nonconditional cardiac pacemaker)
e previous or concurrent chemotherapy (including angiogenesis inhibitors) and/or radiotherapy
e bisphosphonate and/or growth colony-stimulating factor treatment
e previous surgery and metallic implants in the spine segment under investigation.
N=55

Consecutive patients with untreated vertebral bone marrow lesions (benign and malignant) undergoing MR
Age, mean (SD), years: 68 (14)

Gender [number of male, female]: male n=25; female n=30.

Myeloma versus other cancer types [number with myeloma]: Patients with myeloma were included however the
number of patients is not reported.

Functional status/fitness for treatment [percentage who were ambulant]: Not reported.
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Index test(s) MRI - sagittal DWI (single-shot spin-echo echo-planar with multi-slice short Tl inversion recovery fat suppres-
sion) and CSE-based MRI (gradient-echo 6-point modified Dixon) in addition to routine clinical spine MRI at
1.5T or 3.0T.

Reference standard(s) e Biopsy result / surgical pathology

e Clinical and radiological follow up (if no surgery/biopsy done)

Duration of follow-up = 6 months.

Sources of funding Not reported.

Results See Appendix L

Critical appraisal - QUADAS-2

Section Question Answer
Patient selection: risk of bias Could the selection of patients have introduced bias? Low
Patient selection: applicability Are there concerns that included patients do not match the review question? Low
Index tests: risk of bias Could the conduct or interpretation of the index test have introduced bias? Low
Index tests: applicability Are there concerns that the index test, its conduct, or interpretation differ from the review question? Low
Reference standard: risk of bias Could the reference standard, its conduct, or its interpretation have introduced bias? Low

Reference standard: applicability |s there concern that the target condition as defined by the reference standard does not match the review question? Low
Flow and timing: risk of bias Could the patient flow have introduced bias? Low

Shi 2017
ShiY, Li X, Zhang X, et al. Differential diagnosis of hemangiomas from spinal osteolytic metastases using 3.0 T MRI: comparison of T1-weighted imaging, chemi-
cal-shift imaging, diffusion-weighted and contrast-enhanced imaging. Oncotarget, 8, 71095-71104, 2017

Study details
Countryl/ies where study was China.

carried out

Study type Retrospective cohort study

Study dates October 2013 - November 2015.

Inclusion criteria e history of primary malignancy confirmed by needle biopsy or pathological examination following surgery

e patients with spinal lesions who underwent conventional MRI at 3T as well as DWI with ADC values, chemical-shift im-
aging, and contrast-enhanced imaging
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e CT scanning on the corresponding vertebrae
e =6 months follow-up with either MR or CT imaging
¢ No radiation and chemotherapy history.

Exclusion criteria e spinal lesions complicated with fracture
e lesions without a complete MRI examination
o lesions of osteoblastic metastases.

Patient characteristics N=53
Consecutive patients with spinal haemangiomas or cancer patients with spinal metastases
Spinal haemangioma group (n=27):
n=33 lesions
Age, mean (SD), years: 60.62 (8.23).
Gender [number of male, female]: male n=16; female n=11.
Myeloma versus other cancer types [percentage with myeloma]: NA.
Functional status/fitness for treatment [percentage who were ambulant]: Not reported.

Cancer group (n=26)

n=71 lesions

Age, mean (SD), years: 54.33 (10.66).

Gender [number of male, female]: male n=9; female n=17.

Myeloma versus other cancer types [number with myelomal: 0/26.

Functional status/fitness for treatment [percentage who were ambulant]: Not reported.

Index test(s) MRI - T1-weighted imaging with and without fat suppression, chemical-shift, diffusion-weighted imaging, and enhanced imaging
at3.0 T MRI.
Reference standard(s) e Biopsy result / surgical pathology
e Clinical and radiological follow up (if no surgery/biopsy done) of at least 6 months
Duration of follow-up 6 — 24 months.
Sources of funding ¢ National Natural Science Foundation of China (Grant No.81471640)
e National Natural Science Foundation of China (Grant No. 81371715)
e Beijing Health System High Level Health
e Technical Personnel Training Plan (No. 2013-3-083).
Results See Appendix L
Critical appraisal - QUADAS-2
Section Question Answer
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Section Question Answer
Patient selection: risk of bias Could the selection of patients have introduced bias? Low.
Patient selection: applicability Are there concerns that included patients do not match the review question? Low
Index tests: risk of bias Could the conduct or interpretation of the index test have introduced bias? Low
Index tests: applicability Are there concerns that the index test, its conduct, or interpretation differ from the review question? Low
Reference standard: risk of bias Could the reference standard, its conduct, or its interpretation have introduced bias? Low

Reference standard: applicability |s there concern that the target condition as defined by the reference standard does not match the review question? Low
Flow and timing: risk of bias Could the patient flow have introduced bias? Low

Spinnato 2018
Spinnato P, Bazzocchi A, Facchini G, et al. Vertebral Fractures of Unknown Origin: Role of Computed Tomography-Guided Biopsy. International Journal of Spine
Surgery, 12, 673-679, 2018

Study details

Countryl/ies where study was carried out Italy.

Study type Retrospective cohort study

Study dates Not reported.

Inclusion criteria Patients with 1 or more non-traumatic vertebral fracture of unknown aetiology.
Exclusion criteria Not reported.

Patient characteristics N=32

Patients undergoing CT guided biopsy for vertebral fractures of unknown origin

Age, mean (SD), years: 57.1 (23.3). NB included paediatric patients: 5/32 were under 10 years of age. Not re-
ported how many were younger than 16.

Gender [number of male, female]: male n=13; female n=19.

Myeloma versus other cancer types [number with myeloma]: Not reported.

Functional status/fitness for treatment [percentage who were ambulant]: Not reported.

Index test(s) CT guided biopsy.

Reference standard(s) Histopathologist's assessment of sample adequacy and diagnosis.

Duration of follow-up Not reported.

Sources of funding Not reported.

Results Biopsy specimen of diagnostic standard n=26/32 (Osteopenia n=8/26; multiple myeloma lesions n=6/26; oste-
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Critical appraisal - QUADAS-2

Section Question

omyelitis n=4/26; eosinophilic granuloma n=2/26; lung cancer metastases n=2/26; kidney cancer metastasis
n=1/26; mastocytosis n=1/26; Paget’s disease n=1/26; dysmielopoiesis secondary to a specific systemic dis-

ease n=1/26).

Need for second biopsy n=4/32.
Complication rate n=0/32.

Patient selection: risk of bias  Could the selection of patients have introduced bias?

Patient selection: applicability Are there concerns that included patients do not match the review question?

Index tests: risk of bias Could the conduct or interpretation of the index test have introduced bias?
Index tests: applicability Are there concerns that the index test, its conduct, or interpretation differ from the review ques-
tion?

Reference standard: risk of Could the reference standard, its conduct, or its interpretation have introduced bias?

bias

Reference standard: applica-

Is there concern that the target condition as defined by the reference standard does not match

bility the review question?

Flow and timing: risk of bias  Could the patient flow have introduced bias?

Suh 2018

Answer
Low

High. Included paediatric pa-
tients: 5/32 were under 10 years
of age. Not reported how many
were younger than 16..

Low

Low

Unclear (No detail on criteria for
sample adequacy or histo-
pathology criteria)

Low

Low

Suh C, Yun S, Jin W, et al. Diagnostic Performance of In-Phase and Opposed-Phase Chemical-Shift Imaging for Differentiating Benign and Malignant Vertebral

Marrow Lesions: A Meta-Analysis. American Journal of Roentgenology 211, W1-W10, 2018

Study details

Countryl/ies where study was
carried out

Study type
Study dates

Spinal metastases and metastatic spinal cord compression: evidence reviews for

South Korea

Systematic review of diagnostic accuracy studies
October 2017
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Inclusion criteria

Exclusion criteria

Patient characteristics

Index test(s)
Reference standard(s)
Duration of follow-up
Sources of funding
Results

Other information

Studies in patients with vertebral BMLs or VCFs where MRI was used to differentiate between benign and malignant, histo-
pathologic result or best-value comparator used as reference standard, an original article and enough data to make a 2x2 table

Case reports or case series; review articles, guidelines, consensus statements, letters, editorials, clinical trials and conference
abstracts; studies where opposed-phase images were the index test; studies with insufficient data and studies with overlapping
populations

N=591 in 12 studies

Age, mean, years (SD): ranged from 45 to 68 across studies, SD not reported
Sex: female n=293; male n=277 (where reported in 11 studies).

Myeloma versus other cancer types [number with myeloma]: Not reported.

Functional status/fitness for treatment [percentage who were ambulant]: Not reported.

MRI chemical shift imaging

Histopathologic result of biopsy or surgery or best-value comparator (for example clinical or radiological follow-up)
Ranged from 1 to 20 months

Not reported

See Appendix L

8/12 included studies were prospective, 4/12 retrospective. Risk of bias assessed using QUADAS 2. 2/12 studies were at high
risk of bias due to exclusion criteria and pre-designated cut-off value respectively — others at low risk of bias.

Critical appraisal - ROBIS checklist

Section
Study eligibility criteria

Identification and selection of studies

Data collection and study appraisal

Synthesis and findings
Overall study ratings
Overall study ratings

Taheri 2017

Question Answer
Concerns regarding specification of study eligibility criteria Low
Concerns regarding methods used to identify and/or select studies Low
Concerns regarding methods used to collect data and appraise studies Low
Concerns regarding the synthesis and findings Low
Overall risk of bias Low

Applicability as a source of data Fully applicable

Taheri M, Mirzaei H, Shahhamzei S, et al. Comparison of chemical shift MR imaging findings between vertebral benign and metastatic lesions. International
Journal of Cancer Management 10, e8661, 2017
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Study details

Countrylies where
study was carried out

Study type
Study dates
Inclusion criteria

Exclusion criteria

Patient characteris-
tics

Index test(s)

Reference stand-
ard(s)

Duration of follow-up
Sources of funding

Iran.

Prospective cohort study
2010 - 2012.

Patients with vertebral focal lesions referred for routine MR imaging of the spine at a single institution (cervical, thoracic, lumbosacral
imaging or any combination)

e vertebral lesions with abnormal Sl on conventional MRI or bone nuclear scan
e previous history of malignancy and vertebral lesion
¢ known metastatic vertebral lesions and new onset of acute back pain and tenderness over vertebral column) (less than 20 days).

e Patients who had received radiotherapy.
e Patients for whom adequate follow-up or documentation could not be obtained were excluded from the analysis.

N=51

Patients with vertebral focal lesions referred for routine MR imaging n=116 vertebral focal lesions
Age, mean (SD), years: 52.61 (13.52)

Gender [number of male, female]: male n=28; female n=23.

Myeloma versus other cancer types [percentage with myeloma]: Not reported.

Functional status/fitness for treatment [percentage who were ambulant]: Not reported.

MRI - dual-phase chemical shift MRI. MR imaging was performed for all patients using a 1.5-Tesla superconducting system. Also a
phased array spine coil was used. The following pulse sequences were used for all patients: sagittal T1-weighted spin-echo (400-700/8-
16 [repetition time (TR) msec/echo time (TE) msec]), sagittal T2-weighted fast spin-echo (TR/TE 2000-5000/80-100) fast multi-planar
spoiled gradient-echo MR imaging. Chemical shift sequences for sagittal IP were obtained at RT/ET 100-165/4.2 and OP 100-165/2.4
with breath holding. The flip angle was 30°. For chemical shift MR imaging, the total imaging time was 40 - 50 seconds for the entire
pulse sequence. Sagittal images with a 4-mm section thickness and a 1- mm section gap were obtained for all sequences. The field of
view was 20 cm for cervical vertebrae, 34 cm for thoracic vertebrae, and 24 cm for lumbosacral vertebrae. The matrix was 256 - 192.

e Biopsy result/ surgical pathology
e Clinical and radiological follow up (if no surgery/biopsy done)

On the basis of final clinical diagnosis after follow-up, vertebral lesions were classified as either benign focal lesions or malignant lesions.
Final diagnosis of malignant lesions was proved by biopsy in 27 lesions, 49 of them had known underlying malignancy and metastatic
vertebral lesion and in 11 cases diagnosis was based on clinical basis.

6 - 12 months.
National Foundation of Iranian Elites, Tehran, Iran No. 15/3012 dated 22/7/1389 (14 October 2010).
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Results See Appendix L.

Critical appraisal - QUADAS-2

Section Question Answer
Patient selection: risk of bias Could the selection of patients have introduced bias? Low
Patient selection: applicability Are there concerns that included patients do not match the review question? Low
Index tests: risk of bias Could the conduct or interpretation of the index test have introduced bias? Low
Index tests: applicability Are there concerns that the index test, its conduct, or interpretation differ from the review question? Low
Reference standard: risk of bias Could the reference standard, its conduct, or its interpretation have introduced bias? Low

Reference standard: applicability Is there concern that the target condition as defined by the reference standard does not match the review question? Low

Flow and timing: risk of bias Could the patient flow have introduced bias? Low

Zafar 2020
Zafar U, Malik A, Shahzad |, et al. Diagnostic accuracy of qualitative diffusion weighted MRI of spine in differentiating between benign and malignant vertebral
fractures taking histopathology as gold standard. Pakistan Journal of Medical and Health Sciences 14, 390-392, 2020

Study details

Countrylies where Pakistan.
study was carried out

Study type Prospective cohort study
Study dates July 2016 - June 2017.
Inclusion criteria e Patients with vertebral fractures on digital x ray of spine showing decreased vertebral body height, reduced disc intervertebral

disc space or collapsed vertebra (reported by radiologist)
e Aged between 16 and 60 years

Exclusion criteria o Patients with history of caries spine
e Patients with claustrophobia
e Patients with prosthesis/metal implants.

Patient characteris- N=280

tics Patients with vertebral fractures on digital x ray of spine showing decreased vertebral body height, reduced disc intervertebral disc space
or collapsed vertebra referred for diffusion weighted magnetic resonance imaging
Age, mean (SD), years: 42.61 (11.79).
Gender [number of male, female]: male n=156; female n=124.
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Myeloma versus other cancer types [percentage with myeloma]: Not reported.
Functional status/fitness for treatment [percentage who were ambulant]: Not reported.

Index test(s) MRI - Plain and diffusion weighted imaging with a 1.5-T MR unit and a spine-array surface coil.
The conventional MR imaging protocols included a sagittal T1- weighted turbo spin-echo sequence, sagittal T2- weighted turbo spin-echo
sequences with and without fat suppression, and an axial T2-weighted turbo spin-echo sequence. An axial T1- weighted turbo spin-echo
sequence and axial and sagittal fat-suppressed contrast material-enhanced T1-weighted sequences was performed. A single consultant

radiologist reported the vertebral fracture as benign or malignant lesion without prior knowledge of biopsy results. Data was collected on
structured proforma.

Reference stand- e Biopsy result/ surgical pathology
ard(s)

Duration of follow-up Not reported.
Sources of funding  Not reported.
Results See Appendix L.

Critical appraisal - QUADAS-2

Section Question Answer
Patient selection: risk of bias Could the selection of patients have introduced bias? Low
Patient selection: applicability Are there concerns that included patients do not match the review question? Low
Index tests: risk of bias Could the conduct or interpretation of the index test have introduced bias? Low
Index tests: applicability Are there concerns that the index test, its conduct, or interpretation differ from the review question? Low
Reference standard: risk of bias Could the reference standard, its conduct, or its interpretation have introduced bias? Low

Reference standard: applicability Is there concern that the target condition as defined by the reference standard does not match the review question? Low

Flow and timing: risk of bias Could the patient flow have introduced bias? Low
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Appendix E Forest plots

Forest plots for review question: How effective are radiological imaging techniques in the diagnosis of spinal metastases,
direct malignant infiltration of the spine or associated spinal cord compression?

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

Figure 2: Chemical shift MRI for differential diagnosis of malignant and non-malignant
vertebral bone marrow lesions
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BML: bone marrow lesions; SROC: summary receiver operating characteristic curve

Figure 3: Chemical shift MRI for differential diagnosis of malignant and non-malignant
vertebral compression fractures

Chemical shift MRI for VCF
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Figure 4: Conventional MRI sequences plus contrast enhanced MRI for differential di-
agnosis of malignant and non-malignant vertebral compression fractures

Conventional MRI sequences + CE for VCF
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Figure 5: Conventional MRI sequences plus diffusion weighted imaging for differential
diagnosis of malignant and non-malignant vertebral compression fractures

Conventional MRI sequences + DWI for VCF
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DWI: diffusion weighted imaging; SROC: summary receiver operating characteristic curve; VCF: vertebral com-
pression fractures
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Figure 6: Conventional MRI sequences for differential diagnosis of malignant and
non-malignant vertebral compression fractures

Conventional MRI sequences for VCF
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Appendix F GRADE and modified GRADE tables

GRADE tables for review question: How effective are radiological imaging techniques in the diagnosis of spinal metastases,
direct malignant infiltration of the spine or associated spinal cord compression?

randomised
trials

Dearnaley
2022

Dearnaley|randomised
2022 trials

Dearnaleyjrandomised

Dearnaley|randomised

Dearnaley|randomised
2022 trials

no serious
risk of bias

no serious
risk of bias

no serious

no serious

no serious
risk of bias

no serious in-
consistency

no serious in-
consistency

no serious in-

no serious in-

no serious in-
consistency

no serious
indirectness

no serious
indirectness

no serious

no serious

no serious
indirectness

serious’

serious’

very serious?

2022 trials risk of bias  |consistency indirectness 1.28) fewer to 31 more)

no serious

no serious
imprecision

none

none

none

none

172/210
(84%)

19/210 (9.2%)

15/210

112

107

174/210
(56.9%)

26/210

(12.6%)

23/210

121

111

Table 4: Evidence profile for screening spinal MRI in people at high risk of metastatic spinal cord compression

Adj. HR 0.98
(0.79 to 1.21)?

Adj. HR 0.61
(0.35 to 1.08)°

RR 0.73 (0.42 to

not estimable

not estimable

not estimable

not estimable

30 fewer per 1000 (from 64

1.5 (-5.7 t0 2.7)

0.4 (-0.2 t0 0.9)

MODERATE

MODERATE

LOW

HIGH

HIGH

CRITICAL

CRITICAL

CRITICAL

CRITICAL

2022 trials risk of bias  |consistency indirectness  |imprecision

CRITICAL

Adj: adjusted; Cl: confidence interval;, HR: hazard ratio;, RT: radiotherapy.
195% ClI crosses 1 MID

2 95% ClI crosses 2 MIDs
3 Adjusted for time since development of castration-resistant prostate cancer, time since start of continuous hormone treatment, ECOG performance status (0, 1, and 2), and natural logarithm of PSA

concentration.
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Table 5: Evidence profile for early MRI referral in people with suspected metastatic spinal cord compression

. . . - 232 more per 1,000
no serious incon- | no serious indi- 34/44 (T7%) 175/324 |RR 1.43 (1.18 (from 97 more to 394 CRITICAL

Allan 2009 |Cohort  |very seri-
7 2
sistency rectness serious (54%) to 1.73) more)

ous’

N=44 N=324
Cohort |very seri-| no serious incon- | no serious indi- | no serious im- . Median 14 fewer days
Al 202 study ous’ sistency rectness precision none (median 1 day [0 | (median 15 ot izl (P<0.002) L PRI
to 21]) days [3 to 66])

ClI: confidence interval; MSCC: malignant spinal cord compression; RR: risk ratio
1 Very serious risk of bias as per ROBINS-/
2. 95% ClI crosses 1 MID

nant and non-malignant vertebral bone marrow lesions

Table 6: Evidence profile: tests for differential diagnosis of mali

PPV 90%
[3Lg°:$ 62320] (78% to Serious? | MODERATE
Cohort Range 21to | 0.90[0.86— | 0.85[0.75— ' ' 96%) Not . )
;
10 studies 788 78 0.94] 0.91] o2 NPV 89% serious Not serious Not serious CRITICAL
[0 08-0 17] (83% to Not serious HIGH
e 93%)

BML: bone marrow lesions; Cl, confidence interval; LR+, positive likelihood ratio; LR-, negative likelihood ratio; NPV, negative predictive value; PPV, positive predictive value
1 Douis 2016, El-Samie 2015, Kim 2014, Maeder 2018, Perry 2018, Rathore 2017, Schmeel 2021, Shi 2017, Tadros 2016, Taheri 2017
2 95% ClI of LR+ crosses 1 default MID (2, 5)
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51

125

46

117

37

Cohort
studies

Cohort
studies

Cohort
studies

Cohort
studies

Cohort
studies

274

690

231

782

221

Range 34
to 71

Range 28
to 55

Range 33
to 60

Range 11
to 70

Range 50
to 77

0.96 [0.82—
0.99]

0.89 [0.80—
0.94]

0.89 [0.66—
0.97]

0.84 [0.75—
0.90]

0.93 [0.87—
0.96]

0.77 [0.56—
0.89]

0.86 [0.81—
0.89]

0.89 [0.79—
0.95]

0.88[0.81—
0.92]

0.88 [0.45—
0.99]

Table 7: Evidence profile: tests for differential diagnosis of mali

LR+ 4.1 .
[2.1-8.0] not estimable
LR- 0.05
[0.01— not estimable
0.23]

LR+ 6.28 PPV 84%
[7.83— (78% to
26.88] 88%)

LR-0.14 NPV 92%
[0.07— (85% to

0.23] 95%)

LR+ 8.85 PPV 88%

[3.9- (73% to
17.70] 95%)

LR-0.15 NPV 92%

[0.03— (76% to
0.39] 98%)

LR+ 6.85 PPV 86%
[4.49— (77% to
10.20] 91%)

LR-0.19 NPV 89%
[0.11— (83% to

0.28] 94%)

LR+ 13.4 PPV 92%
[1.69— (82% to
60.00] 97%)

LR- 0.09 NPV 89%
[0.04— (73% to

0.19] 96%)

nant and non-mali

Not
serious

Not
serious

Not
serious

Not
serious

Not
serious

Serious?

Not serious

Not serious

Not serious

Serious?

Not serious

Not serious

Not serious

Not serious

Not serious

nant vertebral compression fractures

Serious®

LOW

Serious*

Not serious

LOW

HIGH

Serious?®

Serious®

MODERATE

MODERATE

Serious*

Serious®

MODERATE

MODERATE

Serious*

Very serious®

MODERATE

VERY LOW

Not serious

MODERATE

CRITICAL

CRITICAL

CRITICAL

CRITICAL

CRITICAL

ClI, confidence interval; LR+, positive likelihood ratio; LR-, negative likelihood ratio; NPV, negative predictive value; PPV, positive predictive value; VCF: vertebral compression frac-

tures

1 Aggarwal 2013, Bredella 2008, Cho 2011, He 2018, Shin 2008 (reported in Kim 2020 systematic review — the results are taken directly from Kim 2020 and were not updated, so
there is no Forest plot)
2 Serious heterogeneity unexplained by subgroup analysis
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395% ClI of LR+ crosses 1 default MID (2, 5)

4 95% CI of LR- crosses 1 default MID (0.2, 0.5)

5 Bacher 2021, Erly 2006, Geith 2012, Kim 2017, Mittal 2016, Ogura 2012, Ovali 2017, Ragab 2009, Schmeel 2018, Zampa 2002, Zidan 2014

6 Arvelo-Perez 2015, Geith 2013, Jung 2003, Pongorsop 2009

7 Bhugaloo 2006, Biffar 2010, Biffar 2011, Geith 2014, Mubarak 2011, Oztekin 2009, Pozzi 2012, Razek 2019, Sung 2014, Wonglaksanapimon 2012, Zafar 2020
7 Kato 2015, Tokuda 2011, Zou 2016

8 95% ClI of LR+ crosses 2 default MIDs (2, 5)

9 Precision estimates based separately on LR+ and LR-

Table 8: Evidence profile: tests for diagnosis of metastatic spinal cord compression

LR+19.70 | PPV 98%
[4.96— (92% to Serious? LOW
Husband | Cohort 0.44 [0.37— | 0.98[0.91— 78.24] 99%) Not i
2001 | study | 2390 e 0.51] 1.00] LR-057 | NPV44% | serious i Sl ERTTEAL
[0.50— (41% to Serious® LOW
0.66] 47%)
LR+ 20.29 .
[10.87- Nrﬁ;gls:' Not serious Low
Kim Cohort 0.71[0.59— | 0.97 [0.94— 37.86] Very )
2000 study 57 23 0.79] 0.98] R 031 ot est serious? NA Not serious CRITICAL
[0.22— r’;’]agfe" Not serious LOW
0.42]

ClI: confidence interval; LR+, positive likelihood ratio; LR-, negative likelihood ratio; MSCC: metastatic spinal cord compression; NPV, negative predictive value; PPV, positive pre-
dictive value
1 Index test is seriously indirect — composite of X-ray and neurological examination
2 95% ClI of LR+ crosses 1 default MID (2, 5)

395% ClI of LR- crosses 1 default MID (0.2, 0.5)

2 Very serious risk of bias per QUADAS-2
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31

Cohort stud-
ie

150

Not reported

Not reported

Median 89% (range

Serious?

Very serious®

Not serious

Serious*

VERY LOW

IMPORTANT

ClI: confidence interval; CT: computed tomography

1 Laufer 2009, Phadke 2001, Spinnato 2018

2 Serious risk of bias per QUADAS-2

3 Very serious heterogeneity unexplained by subgroup analysis
4 Sample size < 300
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Appendix G Economic evidence study selection

Study selection for: How effective are radiological imaging techniques in the
diagnosis of spinal metastases, direct malignant infiltration of the spine or as-
sociated spinal cord compression?

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

Economic evidence tables for review question: How effective are radiological
imaging techniques in the diagnosis of spinal metastases, direct malignant in-
filtration of the spine or associated spinal cord compression?

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

Economic model for review question: How effective are radiological imaging
techniques in the diagnosis of spinal metastases, direct malignant infiltration
of the spine or associated spinal cord compression?

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

Excluded studies for review question: How effective are radiological imaging
techniques in the diagnosis of spinal metastases, direct malignant infiltration

of the spine or associated spinal cord compression?
Excluded diagnostic studies

Table 10: Excluded studies and reasons for their exclusion

Abdel-Wanis, M E; Solyman, Mohamed Tharwat Mahmoud; Hasan,
Nahla Mohamed Ali (2011) Sensitivity, specificity and accuracy of mag-
netic resonance imaging for differentiating vertebral compression frac-
tures caused by malignancy, osteoporosis, and infections. Journal of
orthopaedic surgery (Hong Kong) 19(2): 145-50

Abdullayev, N, Grose Hokamp, N, Lennartz, S et al. (2019) Improve-
ments of diagnostic accuracy and visualization of vertebral metastasis
using multi-level virtual non-calcium reconstructions from dual-layer
spectral detector computed tomography. European radiology 29(11):
5941-5949

Abedi, S.M.; Mardanshahi, A.; Zeanali, R. (2021) Added diagnostic val-
ue of SPECT to evaluate bone metastases in breast cancer patients
with normal whole body bone scan. Caspian Journal of Internal Medi-
cine 12(3): 290-293

Abikhzer, G., Srour, S., Fried, G. et al. (2016) Prospective comparison
of whole-body bone SPECT and sodium 18F-fluoride PET in the detec-
tion of bone metastases from breast cancer. Nuclear Medicine Commu-
nications 37(11): 1160-1168

Abrahm, J.L. (2004) Assessment and treatment of patients with malig-
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No economic evidence was identified for this review. See supplement 2 for further infor-

mation.
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Appendix K Research recommendations — full details

Research recommendations for review question: How effective are radiological
imaging techniques in the diagnosis of spinal metastases, direct malignant in-
filtration of the spine or associated spinal cord compression?

No research recommendations were made for this review question.
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Appendix L Study data - diagnostic accuracy

Diagnostic accuracy data for review question: How effective are radiological imaging techniques in the diagnosis of spinal
metastases, direct malignant infiltration of the spine or associated spinal cord compression?

Key to variables:
Study: study ID

Source: source of data Su 2018 or Li 2019 systematic reviews or our literature search
Population: population tested — people with spinal bone marrow lesions or vertebral compression fractures
Condition: the condition being tested for — either malignant bone marrow lesions or malignant vertebral compression fractures

Imaging_group: type of MRI sequences: chem_shift (chemical shift imaging), conv_dwi (conventional plus diffusion weighted), conv_ce (con-
ventional plus contrast enhanced), conv (conventional sequences)

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

study

Kim 2014
Erly 2006
Douis 2016
El-Samie 2015
Geith 2012
Kim 2017
Ogura 2012
Ragab 2009
Rathore 2017
Tadros 2016
Ovali 2017
Mittal 2016
Zampa 2002

source

Suh 2018
Suh 2018
Suh 2018
Suh 2018
Suh 2018
Suh 2018
Suh 2018
Suh 2018
Suh 2018
Suh 2018
Suh 2018
Suh 2018
Li 2019

population

Bone marrow lesions (BML)

Vertebral compression fractures (VCF)
Bone marrow lesions (BML)

Bone marrow lesions (BML)

Vertebral compression fractures (VCF)
Vertebral compression fractures (VCF)
Vertebral compression fractures (VCF)
Vertebral compression fractures (VCF)
Bone marrow lesions (BML)

Bone marrow lesions (BML)

Vertebral compression fractures (VCF)
Vertebral compression fractures (VCF)
Vertebral compression fractures (VCF)

98

condition

Malignant BML
Malignant VCF
Malignant BML
Malignant BML
Malignant VCF
Malignant VCF
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Malignant BML
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Malignant VCF
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study

Jung 2003
Bhugaloo 2006
Oztekin 2009
Pongorsop 2009
Biffar 2010
Biffar2011
Mubarak 2011
Tokuda 2011
Ogura 2012
Pozzi 2012

Wonglaksanapimon
2012

Geith 2013
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Sung 2014
Zidan 2014
Arvelo-Perez 2015
Zou 2016
Bacher 2021
Kato 2015
Maeder 2018
Perry 2018
Razek 2019
Schmeel 2018
Schmeel 2021
Shi 2017
Taheri 2017
Zafar 2020

source
Li 2019
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Li 2019
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Li 2019
Li 2019

Li 2019
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Li 2019
Li 2019
Li 2019
Lit search
Lit search
Lit search
Lit search
Lit search
Lit search
Lit search
Lit search
Lit search
Lit search

population

Vertebral compression fractures (VCF)
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Vertebral compression fractures (VCF)
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Vertebral compression fractures (VCF)
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