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Investigation, management and follow-up of brain metastases

Investigation, management and follow-up
of brain metastases

This Evidence Report contains information on 5 reviews relating to the investigation,
management and follow-up of brain metastases. The Evidence Report is split into 3 sections:

¢ investigation of suspected brain metastases, which contains 1 review on imaging for
suspected brain metastases

e management of confirmed brain metastases, which contains 3 reviews:
o management of single metastases
o management of multiple metastases
o management of metastases with a mixed population
o follow-up for brain metastases, which contains 1 review on follow-up for brain metastases.

Brain tumours (primary) and brain metastases in adults: evidence reviews for investigation,
management and follow-up of brain metastases July 2018
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Investigation of suspected brain
metastases

Investigation of suspected brain metastases

Review question

What is the most appropriate diagnostic imaging for patients being considered for focal
treatment of their brain metastases?

Introduction

Based on their clinical knowledge, the committee described how there has been substantial
progress in the systemic treatment of primary cancers related to brain metastases such as
lung, breast and melanoma. As a result of these improvements to treatment of primary
cancer, there are expected to be increasing numbers of long-term survivors of these cancers,
and therefore a corresponding increase in the number of people living with brain metastases
as a result of their primary cancer. The committee believes that a major determinant of
treatment is the number of metastases, and therefore it is important to review the evidence
on what techniques best identify the number of metastases, in order that people are better
treated as a result. This review question will focus on what is the most appropriate imaging
strategy for patients being considered for focal treatment of their brain metastases, focusing
primarily on advanced magnetic resonance imaging (MRI) and on studies published since
the year 2000, as this is when MRI technology changed significantly.

PICO table

Table 1: Summary of the protocol

Adults with a radiologically (by CT scan or MRI) suspected brain
metastases

Advanced MRI:

e double dose or triple dose gadolinium contrast agent

e PET-CT (including FDG: FET, MET, Choline-PET)

e PET-MRI (including FDG: FET, MET, Choline-PET)

Standard structural MRI (core protocol) +/- contrast (T1 pre and
post contrast and T2)

Critical:
e number of metastases

If the critical outcome is reported, the following outcomes will be
also considered:

Brain tumours (primary) and brain metastases in adults: evidence reviews for investigation,
management and follow-up of brain metastases July 2018
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Critical:
o overall survival.
e progression-free survival:
o local control (site of metastasis)
o intracranial control (recurrence elsewhere in the brain)
¢ health-related quality of life

Important:
e cognitive function:
o neurological function
o Karnofsky Performance Status (or WHO or ECOG)
¢ Neurological Function Scale
o treatment-related morbidity:
radionecrosis
oedema
postoperative infection
stroke

O O O O

CT computer tomography; ECOG Eastern Cooperative Oncology Group; FDG 2-deoxy-2-(18)fluoro-D-glucose;
FET (18)F-fluoro-ethyl-I-tyrosine; MET (11)C-methionine; MRI magnetic resonance imaging; PET-CT Positron
emission tomography—computed tomography,; PET-MRI positron emission tomography - magnetic resonance
imaging; WHO world health organization. T1 and T2 are not abbreviations but the name of techniques used in
MRI.

Note that while this is classified as a diagnostic review, the outcomes to be evaluated are not
typical of a diagnostic review. This is because the typical approach of evaluating diagnostic
test accuracy against a reference standard (using sensitivity and specificity versus pathology,
for example) would not be appropriate for a small metastasis, since a scan can identify a real
tumour which either moves or disappears before it is biopsied. In these circumstances a
negative biopsy result would not represent the gold standard, and therefore the purpose of
including a list of clinical outcomes is to examine how the outcomes vary with the number of
tumours detected, thus providing indirect evidence of the accuracy of the index test

For further details see the full review protocol in Appendix A.
Clinical evidence

Included studies

The clinical evidence search identified no studies that met the inclusion criteria for this
review.

Excluded studies

Full-text studies not included in this review with reasons for their exclusions are provided in
Appendix K.

10
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Economic evidence

The economic evidence search identified no studies that met the inclusion criteria for this
review.

Resource Impact

No unit costs were presented to the committee as these were not prioritised for decision
making purposes.

Evidence statements

No evidence was identified.
The committee’s discussion of the evidence

Interpreting the evidence
The outcomes that matter most

The committee agreed that the major challenge with the diagnostic imaging of brain
metastases was accurately identifying the disease burden. Since this is done through
knowing the exact number of metastases, the number of metastases was considered a
critical outcome.

If the number of metastases was given, the committee would consider overall survival,
progression-free survival and health-related quality of life as additional critical outcomes as
these directly relate to the effectiveness of subsequent treatment (they are not relevant if the
number of metastases is not known, as they would not add any clinical information). In
addition, treatment-related morbidity, cognitive and neurological function would be
considered important outcomes in the case where the number of metastases was known, as
these are indirect evidence of subsequent treatment effectiveness. As before, these
outcomes are not relevant if the number of metastases is not known.

The quality of the evidence

The clinical evidence search identified no studies that met the inclusion criteria for this
review.

The committee believed it would be appropriate to make recommendations regardless. This
is because while using MRI to investigate tumours is standard practice, the suggested
imaging schedule (extracranial and completed before multidisciplinary team meetings) is not
uniformly conducted at every treatment centre, and the committee believed consensus
recommendations to standardise practice in this area would greatly improve patient
outcomes.

The committee decided not to make a research recommendation, as they believed that
research was too impossible to ethically conduct, owing to the absence of a reference
standard against which to judge results.

11
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Benefits and harms

The benefits of more standardised scanning are that improved knowledge of the number of
metastases can lead to different, more effective management and consequently a reduction
in unnecessary or ineffective treatments. In any given diagnostic test, there is normally a
trade-off between identifying all metastases (sensitivity) and not identifying too many cases
of non-metastases (specificity). The committee believed that these considerations did not
apply to this review on brain metastases; since a small tumour could show up on imaging but
then shrink and disappear by the time of a biopsy, sensitivity and specificity cannot be
estimated reliably. However in the experience of the committee, most tumours which show
up on an MRI scan are clinically significant, and it would be very rare to offer radical
intervention on the basis of an imaging result of uncertain significance. Consequently the
committee believed the balance of benefits and harms greatly favoured recommending
imaging.

For people with radiologically suspected brain metastases, the use of standard structural
MRI was recommended on the basis of clinical experience, since it was the current standard
of care. The committee described how the risk of not offering MRI would be an inability to
correctly assess how many metastases were in the skull, and that clinicians might
recommend harmful treatments on the basis of inadequate information. Therefore the
committee justified a stronger ‘offer’ recommendation on the basis of the potential for large
harms to patients if MRI was not conducted.

For people with radiologically confirmed brain metastases, the committee recommended that
extracranial imaging appropriate to tumour type should be performed before treatment
begins. This recommendation was made on the basis of the committee’s experience. This is
so people do not have inappropriate therapy or treatment that will not work for them because
of their primary tumour. The committee justified the stronger ‘offer’ recommendation on the
basis that not conducting extracranial imaging before treatment begins risks an inappropriate
treatment being selected, which could potentially harm the patient.

Based on their experience, the committee recommended that people should have all imaging
done before referral to neuro-oncology multidisciplinary team meetings, and relevant
biopsies of the extracranial disease taken if this will help determine management. This will
make the multidisciplinary team meeting process more efficient and reduce delays for people
with brain metastases. This was on the basis of the committee’s expertise. The committee
justified the stronger ‘offer’ recommendation on the basis that the multidisciplinary team
would not be able to make any treatment decisions about a person until they have the results
of imaging to base these decisions on. This does not risk harming the patient, but scheduling
the multidisciplinary team meeting before imaging is done would waste clinician time and
NHS resources for no benefit.

Cost effectiveness and resource use

A literature review of published cost effectiveness analyses did not identify any relevant
studies for this topic.

The recommendations will reinforce current best practice and what is already happening
across most centres. The recommendations reinforce the need to complete diagnostic
imaging prior to any neuro-oncology multidisciplinary team meetings which will result in

12
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imaging being performed in a more standardised way without any overall increase in the
number of imaging procedures. While the committee considered that these
recommendations would be cost neutral it was noted that they could be cost saving through
better treatment planning at the multidisciplinary team stage and a consequent reduction in
unnecessary or ineffective treatments.

Other factors the committee took into account

The committee noted the lack of evidence for more advanced MRI techniques and the
increased cost associated with these. The committee decided not to recommend routine
additional imaging sequences as there is currently no evidence that they improve the
diagnosis of brain metastases and introducing new imaging will create delays for people with
brain metastases accessing treatment.

13
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References

The clinical evidence search identified no studies that met the inclusion criteria for this
review.
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Management of confirmed brain
metastases

Management of single brain metastases

Review question

What is the most effective intracranial treatment (surgery, stereotactic radiotherapy, whole
brain radiotherapy or combinations of these) for a single brain metastasis?

Introduction

Brain metastases are the most common intracranial tumours in adults and arise as a
consequence of cancer elsewhere in the body. Uncontrolled brain metastases may cause
headache, neurocognitive dysfunction, seizures and eventually death. Decisions regarding
the most effective treatment for brain metastases require important consideration between
optimising local control, the potential side-effects, overall survival and cost. The number of
people diagnosed with brain metastases is likely to continue to rise as a consequence of the
improvement of systemic treatments for a number of common cancers.

Those diagnosed with a solitary brain metastasis are considered to be in an advantageous
position compared to those with multiple brain metastases, with potential longer survival.
However the optimal treatment strategy is not clear, particularly regarding the balance
between intracranial disease control and neurocognitive sequelae of both the disease and
the treatment. Traditionally single brain metastases were treated with surgical resection with
adjuvant whole brain radiotherapy (WBRT), but in more recent years stereotactic
radiosurgery (SRS) has become the favoured treatment unless, for example, the histology is
uncertain. However, the role of adjuvant WBRT remains controversial, the decision to offer
SRS or surgery is centre dependant, the more novel concept of surgery and then SRS to the
cavity is becoming more common, and the interplay with systemic therapies is unclear. The
development of new guidance regarding the optimal treatment of a solitary metastasis will
help provide clarity and consistency in this area.

PICO table

Table 2: Summary of the protocol (PICO table)
People with a single brain metastasis
e Surgery
o Radiotherapy:
o radiosurgery (1 fraction)
o stereotactic radiotherapy (2-5 fractions)
o whole brain radiotherapy
e Combined therapy (any combination of the above)
o Combination of radiation and drug therapy

[Comparison I« Each other
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_ o Combinations of treatments

Critical:
¢ overall survival.
e progression-free survival
o local control (site of metastasis)
o intracranial control (recurrence elsewhere in the brain)
¢ health-related quality of life

Important:
e cognitive function.
¢ neurological function
o Karnofsky performance status (or WHO or ECOG)
o Neurological Function Scale
¢ treatment-related morbidity.
o radionecrosis
o oedema
o postoperative infection
o stroke

Limited:
steroid (for example dexamethasone) use (duration and dose)

For further details see the full review protocol in Appendix A.
Clinical evidence

Included studies

Seven randomised control trials (N=563) with people with single brain metastases were
included in this review (Brown 2017; Kepka 2016; Mintz 1996; Muacevic 2008; Patchell
1990; Patchell 1998; Roos 2006). Data reported in a secondary publication from 1 of these
trials were also included (Kepka 2017). Two additional randomised control trials provided a
post-hoc analyses of single brain metastases from a pool of multiple metastases (Andrews
2004, Mulvenna 2016). A summary of these trials is provided in Table 3.

Two studies compared whole brain radiation therapy (WBRT) with WBRT combined with
surgery. One study compared WBRT combined with surgery to radiosurgery alone. Four of
the studies assessed adjuvant treatment after resection of a single brain metastasis: 2
compared stereotactic radiosurgery with WBRT and 2 compared WBRT with observation.
One study included a minority (23%) of participants with multiple metastases (2-4) (Brown
2017), whilst the remaining 6 studies specifically included participants with a single
metastasis. No participants had a history of cranial radiation before entry to the trials.

A summary of these studies is provided in Table 3, and the results along with the quality of
the evidence for each outcome are listed Table 4 - Table 12 below.

16
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For further details, see also the study selection flow chart in Appendix C, the evidence tables
for the individual studies in Supplementary Material D and the full GRADE tables in Appendix

F.

Excluded studies

Full-text studies not included in this review with reasons for their exclusions are provided in
Appendix K. Note that there was a single search conducted for all 3 populations considered
in the management brain metastases, therefore the excluded studies list is common for these

3 reviews.

Summary of clinical studies included in the evidence review

Table 3: Summary of included studies

Mean
(range)=
58.8 (19-
82) in the
WBRT+S
RS
groups
and 59.9
(24-90) in
the
WBRT
alone
group
Median
61 years
in SRS
group, 62
years in
WBRT

group

Brown
2017

186
(only a
subgrou
p of
patients
[56%]
with a
single
brain
metasta
sis were
included

)
194

Post-hoc
analysis
100%

77%
(23% had
2-4
metastas
es)

No previous
cranial
radiation.

All
participants
had surgical
resection of
the
metastasis
prior to trial
entry. No
previous
cranial
radiation.
Prior
treatment
with
systemic
therapies
(e.g.
chemothera

py) was
permitted.

17

WBRT

Stereotacti
c
radiosurge
ry to the
tumour
bed

WBRT+SRS

WBRT

6
months

Median
follow up
111
months
for entire
populati
on; 22.6
months
for those
who had
not died.
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Kepka
2016,
Kepka
2017

Mintz
1996

Muacev
ic 2008

Mulven
na
2016

Median
59.5
years

Man 84
(SD)= 58
(9.86) in
the
WBRT
group and
58.9
(8.98) in
the
WBRT +
surgery
group

Mean 64
(SD)=
58.3 (9.6)
in the
WBRT +
surgery
group and
54.3
(11.7)
radiosurg
ery group

Median 162
(range) = (only a
58 subgrou
(38.80)in pof

the best patients
care [30%]
group and with a
60 (42- single
78) inthe  brain

100%

100%

100%

Post-hoc
analysis
100%

All
participants
had surgical
resection of
the
metastasis
prior to trial
entry. No
previous
brain
irradiation.

No previous
cranial
irradiation.
Some
patients
received
other
treatments
for their
primary
tumour,
eg.,
chemothera
py after

treatment of

the brain
metastasis

No history
of previous
cranial
radiotherap

y

Previous
treatment
with
systemic
anticancer
treatment
(chemo
therapy or
tyrosine

18

Stereotacti
c
radiosurge
ry to the
tumour
bed

WBRT

Radiosurg
ery

WBRT+Be
st care

WBRT Median
follow up
29
months
for those
who had
not died.

WBRT + 18

Surgery months

WBRT + 12

Surgery months

Best care 11

(included oral months

dexamethaso

ne; support

from a

specialist

nurse and

access to

specialised
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WBRT+
best care

group

Median
(range) in
the
surgery
+WBRT
=59 (44-
74) and in
the
WBRT
only = 60
(49-73)
Median
60 years
in
radiothera
py group,
58 years
in
observati
on group

Patchel
11990

Patchel
11998

Median
515
years in
radiothera
py group,
65 years
in
observati
on group

Roos
2006

metasta
sis were
included

)

48

95

19

100%

100%

100%

clinical and
palliative
care)

kinase
inhibitors
[TKI]) was
permitted
(with
predefined
washout
periods of 4
weeks for
chemothera
py and 1
week for
TKIs)

No history
of previous
cranial
radiotherap
y. Some
had
previous
treatment
for primary
tumour

WBRT +
Surgery

WBRT

All WBRT Observation
participants
had surgical
resection of
the
metastasis
prior to trial
entry. No
previous
brain
irradiation.

All WBRT
participants
had
undergone
surgery or
radiosurger
y to remove
the
metastasis
prior to trial
entry. No
previous

Observation

19

15-40
weeks

Median
127 and
132
weeks
for each

group

Median
potential
follow up
6.2
years
(range
56—
7.3)
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cranial
irradiation.
SD standard deviation;, SRS stereotactic radiosurgery; WBRT whole brain radiation therapy.

Quality assessment of clinical studies included in the evidence review

Table 4: Summary clinical evidence profile for WBRT and surgery versus WBRT

Deaths within 76 per 1000 77 per 1000 RR 1.02 132 SlololS)
30 days of (70 to 84) (0.93to (2 studies) moderate’
surgery 1.11)
Deaths within 698 per 1000 879 per 1000 RR 1.26 84 PPpOeo
1 year of (698 to 1000) (1to (1 study) low!2
treatment 1.58)
Death dueto 478 per 1000 598 per 1000 RR 1.25 48 POeOO
systemic (354 to 1000) (0.74to (1 study) very low'3
causes 2.14)
Risk of death® Not estimable Not estimable RR22 48 BISISIS)
(1.21to (1 study) low!-2
4)
Morbidity rate 174 per 1000 377 per 1000 RR 2.17 48 BISISIS)
30 days (77 to 1000) (0.44to (1 study) very low’34
10.77)
Quality of life  Not applicable The mean quality of  Not 84 SISl
(Spitzer life (spitzer score) 3 applica (1 study) very low'45
score) 3 months in the ble
months intervention groups
was
1.02 higher
(0.02 lower to 2.06
higher)
Quality of life  Not applicable The mean quality of  Not 84 SISl
(Spitzer life (spitzer score) 4- applica (1 study) very low’#6
6 months in the ble
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score) 4-6 intervention groups
months was

0.17 higher

(0.67 lower to 1.01

higher)
Recurrence 435 per 1000 78 per 1000 RR 0.18 48 DPpOO
original only (17 to 326) (0.04to (1 study) low'#4

0.75)

Recurrence 87 per 1000 111 per 1000 RR 1.28 48 POOO
original and (22 to 655) (0.25to0 (1 study) very low134
distant 7.53)
Recurrence 522 per 1000 198 per 1000 RR 0.38 48 POeOO
original all (83 to 480) (0.16 to (1 study) very low'47
types 0.92)

ClI: confidence interval; RR: relative risk; WBRT whole brain radiation therapy.
@Risk of death was defined as those who died after the beginning of the intervention as compared to those who
were still alive.
1 It was unclear how randomisation was performed and unclear in both studies if allocation concealment was
performed.
2 95% Cl crossed 1 MID (1.25)
3 95% ClI crossed 2 MIDs (0.8 and 1.25)
4 It was unclear if either the participants, assessors or investigators were blinded.
595% Cl crossed 1 MID (0.5x2.19=1.10)
6 95% ClI crossed 1 MID (0.5x1.9=1.0)
7 95% Cl crossed 1 MID (0.8)

Table 5: Summary clinical evidence profile of surgery and WBRT versus radiosurgery

Death at 1 613 per 1000 515 per 1000 RR0.84 64 POOO
year follow up (331 to 797) (0.54to (1 study) very low"2

1.30)
Complete 290 per 1000 6 per 1000 RR 0.02 64 PPOO
response (0 to 96) (0.00to (1 study) low'3
(complete 0.33)
resolution)
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Partial 484 per 1000 924 per 1000 RR 1.91 DPOOS
response (658 to 1000) (1.36 to (1 study) low™3
(tumour 2.68)
volume
reduction
>50%)
Stable 194 per 1000 240 per 1000 RR1.24 64 POOO
disease (199 to 286) (1.03to (1 study) very low':34
(tumour 1.48)
control)
Progressive 32 per 1000 10 per 1000 RR0.31 64 SISICSIS)
disease (any (0 to 239) (0.01to (1 study) very low"23
tumour V 7.42)
increase
>25%)
Freedom 968 per 1000 1000 per 1000 RR 564 64 POOO
from local (697 to 1000) (0.72to (1 study) very low'2
recurrence - 44.20)
1 year
Steroid use 710 per 1000 852 per 1000 RR1.20 64 SISISIS)
(653 to 1000) (0.92to (1 study) very low’:34
1.56)
Acute toxicity 516 per 1000 970 per 1000 RR 1.88 64 OPOO
(<90 days) (686 to 1000) (1.33to (1 study) low"3
2.66)

ClI: confidence interval; RR: relative risk; WBRT whole brain radiation therapy.

1 It was unclear how randomisation was performed and insufficient detail was given on allocation concealment
2 95% Cl crossed 2 MIDs (0.8 and 1.25)

3 It was unclear if either the participants, assessors or investigators were blinded.

4 95% Cl crossed 1 MID (1.25)

Table 6: Summary clinical evidence profile of WBRT and best supportive care versus
best supportive care

Overall Not Not applicable HR 1 (0.73 162 PPHOO
survival applicable to 1.36) (1 study) low!

ClI confidence interval, HR hazard ratio; WBRT whole brain radiotherapy
" Unclear method of allocation concealment. Stratification was not done by number of metastases
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Table 7: Summary clinical evidence profile of WBRT + SRS versus WBRT

Mean overall Data not reported  Data not reported to 186 POOO
survival (months)  to allow allow calculation estlmabl (1 study) very low'2
calculation el

ClI confidence interval; SRS stereotactic radiosurgery; WBRT whole brain radiotherapy

1 Selective reporting of outcomes

2 Only descriptive data reported, insufficient details given to assess the MID thresholds and imprecision

3 Not calculated as SDs were not reported. Mean overall survival in WBRT = 4.9 (n=94); mean overall survival in
WBRT+SRS= 6.5 (n=92), p=0.0390.

Table 8: Clinical evidence profile of Stereotactic radiosurgery versus WBRT for
resected metastasis

Overall survival Not applicable Not applicable HR 1.31 253 POeOO
(median follow up (0.80to (2 studies) very low'-6
22-29 months) 2.15)
Median survival 12.2 months 11.6 months (9.9 to HR 1.07 194 S ISIS)
(median follow-up 18.0) (0.76t0 (1 study) low!
22.6 months) 1.50)
Cumulative 633 per 1000 722 per 1000 (506to RR 1.14 59 POeOO
incidence of 1000) (0.80to (1 study) very low'-2
neurological/ 1.63)
cognitive failure by
2 years
Toxicity events 707 per 1000 509 per 1000 (396to RR 0.72 185 PPpOeo
(any grade) 643) (0.56to (1 study) very low?#4
0.91)
Total intracranial 357 per 1000 578 per 1000 (311to RR 1.62 47 PPOO
progression 1000) (0.87to (1 study) very low?3
3.04)
Relapse in the 250 per 1000 262 per 1000 (97 to RR 1.05 47 POOO
tumour bed 707) (0.39t0 (1 study) very low'2
2.83)
Progression at 214 per 1000 420 per 1000 (173to RR 1.96 47 PPpOeo
new sites in the 1000) (0.81t0 (1 study) low?3
brain 4.76)
Time to 27.5 months 6.4 months (5.16 to HR 245 194 DPPO
intracranial tumour 8.90) (1.62t0 (1 study) moderate?
progression 3.72)
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Median duration of 14.0 months median not yetreach HR 0.56 194 SleISIS)
stable or better (17-6 months tonot ~ (0.32t0 (1 study) low?#4
functional yet reached) 0.96)

independence®

Stable/improved 391 per 1000 539 per 1000 (368to RR 1.38 129 SlsISIS)
LASA (QOL) score 789) (0.94t0 (1 study) low?23

at 6 months 2.02)

Stable/improved 438 per 1000 600 per 1000 (425t0 RR 1.37 129 DPpOO
FACT-Br total 845) (0.97to (1 study) low23
score at 6 months 1.93)

Global quality of Not applicable The mean quality of  Not 58 SlsISIS)
life score at 2 life score was 4.5 applicab (1 study) low'5
months points higher in the le

SRS group (from 8.6
points lower to 17.6
points higher)

Global quality of Not applicable The mean quality of  Not 58 SlsISIS)
life score at 5 life score was 11.4 applicab (1 study) low!5
months points lower in the le

SRS group (from

24.79 points lower to
1.99 points higher)
ClI confidence interval;, FACT-Br Functional Assessment of Cancer Therapy-Brain; HR Hazard ratio; LASA (QOL)
Linear Analog Scale Assessment of Quality of Life; RR relative risk; SRS stereotactic radiosurgery; WBRT whole
brain radiotherapy
195% Cl crossed 2 default MIDs (0.80 and 1.25)
2 |t was unclear whether blinding was performed.
395% ClI crossed 1 default MID (1.25)
495% Cl crossed 1 default MID (0.80)
595% Cl crossed 1 default MID (+33.4 x +0.5= +16.7)
6 Serious inconsistency (1?>50%)
a Defined as the time from randomisation to a drop of greater than 1 SD from baseline in at least 1 of the 6
cognitive tests
c assessed by the Barthel ADL Index as a score that fell by at least 10% below the baseline level.

Table 9: Clinical evidence profile of WBRT versus observation for resected
metastasis

Overall survival 152 per 122 per 1000 RR 0.80 95 OO
Follow-up: median 1000 (44 to 338) (0.29 to (1 study) low’
127-132 weeks 2.22)
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lllustrative comparative risks* Quality of
(95% ClI) Relative  No of the
Assume effect Participants evidence
Outcomes d risk Corresponding risk (95% ClI)  (studies) (GRADE)
Progression free Not Not applicable HR 1.27 19 SISISIS)
survival applicabl (0.46 to (1 study) very low"2
e 3.54)
Median CNS Not Not applicable HR 1.18 19 SISISIS)
failure-free applicabl (0.45 to (1 study) very low'2
survival? e 3.09)
CNS relapseb 778 per 303 per 1000 RR 0.39 19 PPpOeo
1000 (109 to 824) (0.14 to (1 study) low?'3
1.06)
CNS toxicity® Not Not estimable RR 4.55 19 SISISIS)
estimable (0.25 to (1 study) very low'2
83.70)
No brain 304 per 816 per 1000 RR 2.68 95 DPDHO
recurrence 1000 (517 to 1000) (1.70 to (1 study) moderate?
4.23)
Recurrence at site 326 per 42 per 1000 RR 0.13 95 PPPHO
of original 1000 (10 to 170) (0.03 to (1 study) moderate?
metastasis 0.52)
Recurrence at 130 per 61 per 1000 RR 0.47 95 POBO
original metastasis 1000 (16 to 231) (0.12 to (1 study) very low'2
site and distant 1.77)
brain recurrence
Recurrence at 239 per 81 per 1000 RR 0.34 95 PPHOeO
distant brain 1000 (29 to 239) (0.12 to (1 study) low2:3
site(s) only 1.00)
Radiation toxicity = Not Not estimable RR 4.55 19 SISISIS)
grade 3 estimable (0.25to (1 study) very low'2
83.7)

ClI confidence interval;, CNS central nervous system; HR Hazard ratio; RR relative risk; WBRT whole brain
radiation therapy;

1 95% Cl crosses 2 default MIDs (0.80 and 1.25)

2 Unclear method of allocation concealment. Stratification was not done by number of metastases

395% Cl crossed 1 default MID (0.80)

a CNS failure-free survival defined as time to CNS relapse (either radiological or symptomatic, see below), or
CNS toxicity (see below) or death from any cause.

b CNS relapse defined as either radiological (225% increase in the product of diameters of an enhancing lesion at
the index site and/or new enhancing lesions on brain imaging) or symptomatic (new or progressive symptoms of
intracranial disease associated with radiological relapse or treated with surgery or radiosurgery despite a lack of
diagnostic radiological changes or occurring in the terminal phase).

¢ CNS toxicity defined as new or worsening cognitive dysfunction with new/progressive generalised atrophy
and/or diffuse white matter change on CT/MRI. Radiological evidence of CNS relapse had to be absent, and no
intercurrent cause of cognitive dysfunction could be present. Focal CNS toxicity was identified in the presence of
a new/persistent neurological deficit clinically compatible with a focal area of atrophy, a negative thallium/SPECT
scan in the presence of an enhancing lesion, or an excised solitary mass lesion of necrotic tissue.

See Appendix F for the full GRADE tables.
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Economic evidence

Included studies

The search identified 438 possibly relevant papers. Of these, 15 full papers relating to this
topic were obtained for appraisal. 2 papers (Kimmell 2015 and Kim 2017) were included in

the current review of published economic evidence for this topic.

Health economic evidence profile

Table 10: Health economic evidence profile

Stu  Populati
dy on
Study 1

Kim  People

mell  with a
201 single
5 brain

USA metastas
is

Compara
tors

Whole
Brain
Radiother
apy
(WBRT)
Stereotac
tic
Radiosur
gery
(SRS)

Surgery

SRS+WB
RT

Surgery+
WBRT

Surgery+
SRS

Cost
s

$32,
140

$33,
043

$36,
786

$4O’
884

$47,
603

$58,
728

Effe
cts

0.69
QAL
Ys

0.82
QAL
Ys

0.88
QAL
Ys

0.92
QAL
Ys

0.88
QAL
Ys

0.98
QAL
Ys

Incr Incr
cos effec
ts ts
Reference
$903 0.13
QAL
Ys
$4,64 0.19
6 QAL
Ys
$8,74 0.23
4 QAL
Ys
$15,4 0.19
63 QAL
Ys
$26,5 0.29
88 QAL
Ys

ICER

$7,3
77
per
QAL
Y

$25,
514
per
QAL
Y

$39,
117
per
QAL
Y

$82,
769
per
QAL
Y

$91,
856
per
QAL
Y

Uncert
ainty

No
sensitivi
ty
analysis
perform
ed

Applica
bility

Partially
Applica
ble

Limitat
ions

Very
Seriou
S
Limitati
ons.

Comments: The study acknowledges that the patient groups for each intervention were not
homogenous in terms of characteristics likely to predict the efficacy of treatment and no

attempt was made to account for this.

Study 2
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Stu  Populati

dy on

Kim  Hypothet

201 ical

7 cohort of

USA Patients
with
brain
metastas
es from
oligomet
astatic
disease

Compara Cost Effe

tors 3 cts
SRS+WB Not Not
RT repo  repo
rted rted
SRS Not Not
repo  repo
rted rted

Incr Incr
cos effec
ts ts
Reference
$1,0 0.1
27 QAL

Ys

27

ICER

$9,91

Uncert
ainty
Determi
nistic
Sensitiv
ity
Analysi
s:

The
cost
effectiv
eness
of SRS
was
sensitiv
eto
probabil
ity of
cognitiv
e
decline
with it
being
dominat
ed for
probabil
ities of
cognitiv
e
decline
>60%.
The
preferre
d
interven
tion
was
robust
to
change
s to
other
parame
ters.

Probabi
listic
Sensitiv
ity
Analysi
s:

Applica
bility
Partially
Applica
ble

Limitat
ions
Potenti
ally
Seriou
s
Limitati
ons
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Incr Incr
Stu Populati Compara Cost Effe cos effec Uncert Applica Limitat
dy on tors s cts ts ts ICER ainty bility ions

Probabi
lity that
SRS
was the
preferre
d
choice
ata
cost per
QALY
threshol
d of
$10,000
and
$50,000
was
82%
and
92%
respecti
vely.

Comments: No distinction, or reporting of the percentage, of single and multiple metastases.

Summary of studies included in the economic evidence review

Kimmell 2015 is a cost utility study comparing stereotactic radiosurgery (SRS), surgery and
whole brain radiotherapy (WBRT) and combinations of these to each other in people with a
single brain metastasis. The study took a US healthcare payer perspective and reported
outcomes in terms of cost per QALY. Effectiveness data were taken from a systematic
review of the literature. Utility data were informed by clinician opinion. Costs were taken from
publically available US pharmacy costs.

Kim 2017 is a cost utility study comparing SRS to SRS and WBRT in patients with brain
metastases (single and multiple). The study took a US healthcare payer perspective and
reported outcomes in terms of cost per QALY. Effectiveness data were taken from four RCTs
comparing SRS with and without adjuvant WBRT. Utility data were estimated using the
standard gamble technique, from a survey of patients with brain metastases and nurses
involved in their care before and after treatment with either SRS or WBRT. Cost data were
obtained from Medicare reimbursement rates.

Both studies were deemed partially applicable to the decision problem. This is because they
did not take a NHS and PSS perspective.
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Kimmell 2015 was considered to have very serious limitations in terms of methodological
quality. Amongst the limitations were that patient groups which were not necessarily
comparable and no exploration of uncertainty was undertaken.

Kim 2017 was considered to have potentially serious limitations. This was because there was
a lack of clarity around how some model parameters were estimated and incorporated and
because of limited exploration around uncertainty in the model.

In Kimmell 2015 the base-case analysis estimated that surgery and SRS was the most cost
effective treatment option if a cost per QALY threshold of $100,000 was assumed. Surgery
and WBRT was dominated (less effective, more costly) in the analysis. No exploration of
uncertainty was reported for this study.

In Kim 2017 the base-case analysis estimated that SRS alone was cost effective compared
to SRS and WBRT with an incremental cost-effectiveness ratio (ICER) of $9,917 per QALY.
This result was robust during probabilistic sensitivity analysis with the 92% probability that
SRS was the preferred choice at a cost per QALY threshold of $50,000. The preferred choice
was sensitive to the effectiveness (probability of cognitive decline) with SRS alone being
dominated for probabilities above 60%, within the range reported in the RCTs used to inform
the model.

The results of both published economic studies are not strictly comparable given the different
interventions considered by each. Only SRS versus SRS and WBRT was considered by both
studies although in slightly different patient groups. Despite having almost identical
perspectives they reported opposite results. Kimmel 2015 reported SRS and WBRT as both
cost increasing and health improving compared to SRS, while Kim 2017 had SRS alone as
both cost increasing and health improving. A hypothesised explanation for this contradiction,
in the absence of sensitivity analysis by Kimmell 2015 was that Kim 2017 included follow-up
and surveillance costs, increasing costs for the more effective intervention. Kimmell 2017 did
not include these costs.

For full economic evidence tables see Appendix H.

Economic model

A full report of the economic model is available in Appendix I.

Overview of methods

Two decision analytical models in the form of a partitioned survival analysis were developed
to evaluate the relative cost effectiveness of the addition of different adjuncts following the
treatment of a single brain metastasis with either surgery or stereotactic radiosurgery. The
adjuncts considered were whole brain radiotherapy (WBRT) following either initial treatment
or SRS following surgery. The model did not compare the cost effectiveness of initial
treatment with surgery and initial treatment with SRS as whether to initially receive surgery or
SRS would be based on factors such as the size of the metastasis, the location, and the
presence of any comorbidities. The patient group initially receiving SRS would therefore
differ from that of the group receiving surgery and there would be little validity in comparing
their cost effectiveness. The main outcome of the economic model was incremental cost per
QALY of each adjunct compared to the base-case strategy of initial treatment only. A NHS
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and PSS perspective was taken. The model had a time horizon of 5 years which was
deemed sufficient to capture the lifetime of the majority of the cohort as life expectancy in this
group is limited.

Clinical data were derived entirely from 3 RCTs identified in the accompanying systematic
review of clinical evidence. All costs were taken from NHS Reference Costs estimating a unit
cost of the addition of WBRT and SRS as £1,702 and £3,556 respectively. Adverse event
costs were not included in the base-case analysis as these were reasonably common and it
was assumed their treatment cost would be included in NHS Reference Costs. Further or
repeated interventions upon progression of disease were not costed in the base-case
analysis as there were concerns that any cost savings would be through the contraindication
of subsequent effective treatments. A secondary analysis was performed where these costs
were included.

Quality of life weights for unprogressed disease was taken from 1 US study of 67 patients
who received SRS following diagnosis of brain metastases using the EQ-5D-3L quality of life
instrument. From this study a weight of 0.752 was estimated for unprogressed disease.
Quality of life weights for the other disease states were estimated from 1 US study in 24
patients and 31 nurses involved with treatment of brain metastases using the standard
gamble technique. This estimated a quality of life weight of 0.54 and 0.42 for intracranial and
extracranial progression respectively.

All health and cost outcomes were discounted at a rate of 3.5% per annum.

Results of the economic models

The addition of WBRT to either surgery or SRS led to a reduction in life months of 0.27 and a
reduction in QALY's of 0.0156 when compared to surgery or SRS alone. (Table 64 and Table
65) Consequently both interventions are dominated by (are more expensive and less
effective than) the reference case of surgery or SRS alone. The addition of SRS to surgery
also led to greater costs and decreased QALYs. These conclusions were consistent when
salvage therapy costs were used.

Table 11: Initial treatment surgery primary base-case analysis results excluding
salvage treatment costs

Life

Month NMB(£20,00
Intervention s QALY Cost I.QALY ILCOST 0) ICER
Surgery 17.80 0.7675 £ 8,901 Referen Referen Reference Reference

ce ce

Surgery+tWB  17.53 0.7516 £ -0.0159  £1,672 -£ 1,989 Dominated
RT 10,572
Surgery+SR  14.10 0.5267 £ -0.2408 £3,144 £3144 Dominated
S 12,044

ICER incremental cost-effectiveness ratio; QALY quality-adjusted life year; SRS Stereotactic radiosurgery;
WBRT whole brain radiation therapy.
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Table 12: Initial treatment SRS primary base-case analysis results excluding salvage
treatment costs

Life

Month NMB(£20,00
Intervention s QALY Cost ILQALY IL.COST 0) ICER
SRS 17.80 0.7742 £ 5424 Referen Referen Reference Reference

ce ce

SRS+WBRT 17.53 0.7516 £ 7,096 -0.0226 £1,672 -£ 2,124 Dominated

ICER incremental cost-effectiveness ratio; QALY quality-adjusted life year; SRS Stereotactic radiosurgery;
WBRT whole brain radiation therapy.

The results were sensitive to the overall survival for the surgery and SRS group with that
intervention becoming the most cost-effective for values of overall survival within the 95%
confidence interval reported by the pooled estimate of effectiveness reported in the clinical
evidence review. Extensive sensitivity analyses were carried out around quality of life given
the low quality evidence used to inform this important parameter with a large difference
needed between quality of life weights for progressed and unprogressed disease for the
addition of WBRT to become cost effective. These results were robust when probabilistic
sensitivity analysis was carried out with an 82% and 88% probability of surgery alone and
SRS alone being cost effective when a £20,000 per QALY threshold was assumed.

Conclusions

Using either WBRT or SRS as an adjunct to the initial treatment of people with a single brain
metastases does not appear to be a cost effective use of NHS resources in the base-cases
of the 2 models. Surgery and SRS is also the preferred option when overall survival is within
the range of the 95% confidence interval reported by the pooled estimate. This suggest there
may be considerable uncertainty in the model for deciding between surgery alone and
surgery and SRS.

The 2 economic models were largely based around 3 RCTs which did not match the patient
group considered by the model perfectly. The committee thought this would not significantly
impact upon the results or conclusions. No high quality or directly applicable evidence was
identified during a search for quality of life evidence to inform the economic models although
conclusions were robust to sensitivity analyses around these parameters.

It is not possible to compare the results of the guideline economic analysis with that of the
previously identified economic evidence given the different interventions considered,
perspectives and methodologies of the models. However, 1 common comparator was found
between the bespoke guideline models and the published evidence which concurred with the
bespoke guideline model that the addition of WBRT to SRS would not be cost effective.

Resource Impact

Unit costs and resource use was presented to the committee as part of the de-novo
economic model.
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Evidence statements

WBRT and surgery versus WBRT

Two randomised control trials (N=132) provided moderate quality evidence that showed
no differences in mortality within 30 days of surgery (relative risk (RR) = 1.02, 95%
confidence interval (Cl) 0.93-1.11) between WBRT, and WBRT and surgery.

One randomised control trial (N=84) provided low quality evidence that showed no
differences in mortality 1 year after treatment with WBRT compared to WBRT and surgery
(RR=1.26 95% CI 1-1.58).

One randomised control trial (N=48) provided very low quality evidence that showed no
differences in death due to systemic causes between WBRT compared to WBRT and
surgery (RR 1.25, 95% CI 0.74-2.14). This same trial showed that those who received
WBRT had smaller risk of death (RR 2.2, 95% CI 1.21-4.00) and found no differences in
the morbidity rate at 30 days between the treatment arms (RR= 2.17, 95% CI 0.44-10.77,
very low quality).

One randomised controlled trial (N=84) provided very low quality evidence to show no
differences in quality of life at 3 months (mean in the WBRT and surgery= 1.02 higher,
95% CI 0.02 to 2.06) and at 4 to 6 months (mean in the WBRT and surgery = 0.17 higher,
95% CI1-0.67 to 01.01).

One randomised controlled trial (N=48) provided very low to low quality evidence to show
that treatment with WBRT and surgery is more effective at reducing the number of
recurrences at the original site (RR=0.18, 95% CI 0.04 — 0.75) and at original (all site
types) (RR= 0.38, 95% CI 0.16-0.92). However, no difference was found between the 2
treatment arms for the number of brain tumours appearing at distant sites only (RR= 1.28,
95% CI 0.25-7.83).

WBRT and surgery versus radiosurgery

One randomised control trial (N=64) provided very low to moderate quality evidence that
showed that surgery and WBRT are more effective at achieving a complete response
(RR=0.02, 95% CI 0.00-0.33) compared with radiosurgery alone whereas radiosurgery
was associated with more patients who showed a partial response (RR= 1.91, 95% CI
1.36-2.68) and stable disease (RR=1.24, 95% CI 1.03-1.48) compared with surgery and
WBRT and with less acute toxicity (RR= 1.88, 95% CI 1.33-2.66) compared with the
WBRT and surgery.

The treatments did not differ in terms of death at 1 year (RR= 0.84, 95% CI 0.54-1.30),
freedom from local recurrence at 1 year (RR= 5.64, 95% CI 0.72-44.20), progressive
disease (RR=0.31, 95% CI 0.01-7.42, or in the number of patients treated with steroids
(RR=1.20, 95% CI 0.92-1.56).

WBRT and best supportive care versus best supportive care

One randomised control trial (N=162) provided low quality evidence in a post-hoc analysis
that showed no difference in overall survival between WBRT and best supportive care,
and best supportive care alone (HR=1, 95% CI 0.73-1.36).
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WBRT and SRS versus WBRT

¢ One randomised control trial (N=186) provided very low quality evidence in a post-hoc
analysis that showed WBRT and SRS is more effective at prolonging overall survival than
WBRT alone (mean overall survival in the WBRT and SRS group= 6.5 months and mean
overall survival in the WBRT = 4.9 months).

SRS versus WBRT for resected metastasis

¢ Two randomised controlled trials (N = 253) provided very low quality evidence that
showed no difference in overall survival between SRS and WBRT following resection of a
single brain metastasis (HR=1.31, 95% CI1 0.80-2.15). One of these trials (N = 194) also
showed no difference in median survival between the groups (low quality evidence) (HR=
1.07, 95% CI 0.76-1.50).

¢ Very low quality evidence from 1 randomised controlled trial (N = 59) showed no
difference in the cumulative incidence of neurological/cognitive failure by 2 years follow-up
(RR=1.14, 95% CI 0.80-1.63).

o Very low quality evidence from 1 trial (N = 185) showed a significant decrease in the risk
of any radiation toxicity events for those who received SRS as compared with WBRT
(RR=0.72, 95% CI 0.56-0.91).

¢ Very low to low quality evidence from 1 randomised controlled trial (N = 47) showed no
significant differences in total intracranial progression (RR=1.62, 95% CI 0.87-3.04),
relapse in the tumour bed (RR=1.05, 95% CI 0.39-2.83) or progression at new sites in the
brain (RR=1.96, 95% CI 0.81-4.76). Moderate quality evidence from 1 trial showed that
the time to intracranial tumour progression was significantly shorter for those who
received SRS compared with WBRT (HR=2.45, 95% CI 1.62-3.72).

e Low quality evidence from 1 randomised controlled trial showed a significant increase in
the duration of stable or better functional independence for those who received SRS
compared to WBRT (HR=0.56, 95% CI 0.32-0.96). Low quality evidence from 1 trial
showed no differences between the treatment groups in quality of life at 6 months as
measured by both LASA (RR 1.38, 95% CI 0.94-2.02) and FACT-Br (RR= 1.37, 95% CI
0.97-1.93), and a second study provided low quality evidence which showed no
significant difference between the treatment groups at 2 months (mean quality of life in the
SRS arm = 4.5 higher, 95% CI 8.60 to 17.60) or 5 months either (mean quality of life in
the SRS arm = 11.4 lower, 95% CI -24.79 to 1.99), using different scoring systems
(European Organisation for Research and Treatment of Cancer quality of life
questionnaire C30 and BN20 questionnaires [EORTC-QLQ-C30 and QLQ-BN20
questionnaires]).

WBRT versus observation for resected metastasis

¢ One randomised controlled trial (N = 95) provided low quality evidence that showed no
significant difference in overall survival between those who received WBRT and those
who were simply observed following resection of a single brain metastasis (RR=0.8, 95%
Cl1 0.29-2.22). Very low to low quality evidence from 1 randomised controlled trial (N=19)
showed no difference in progression free survival (HR= 1.27, 95% CIl 0.46-3.54), in
median CNS failure-free survival (HR = 1.18, 95% CIl 0.45-3.09), in CNS relapse rate
(RR=0.39, 95% CI 0.14-1.06),CNS toxicity (RR=4.55, 95% CI 0.25-83.7) or radiation
toxicity events grade 3 or above (RR = 4.55, 95% CI 0.25-83.7) between the treatment
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groups. Moderate quality evidence 1 randomised controlled trial (N = 95) showed a
significantly higher proportion of people without any brain recurrence in the group who
received WBRT compared to those who were observed (RR= 2.68, 95% CIl 1.70-4.23).
Recurrence at the site of the original metastasis (RR=0.13, 95% CI 0.03-0.52) was
reduced in the group who received WBRT compared to observation. No difference was
seen for recurrence at both the original site and distant sites (RR=0.47, 95% CI 0.12-1.77)
or for recurrence at distant brain sites (RR=0.34, 95% CI 0.12-1.00).

The committee’s discussion of the evidence

See the committee’s discussion of the evidence in the management of brain metastases with
a mixed population section.

References

See the references in the management of brain metastases with a mixed population section.
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Management of multiple brain metastases

Review question

What is the most effective intracranial treatment (surgery, stereotactic radiotherapy, whole
brain radiotherapy or combinations of these) for multiple brain metastases?

Introduction

Until recently whole brain radiotherapy (WBRT) was the standard treatment for multiple brain
metastases (as the brain has special protection against foreign substances called the ‘blood-
brain barrier’ this prevents systemic treatments alone). WBRT can provide some local control
of intracranial metastases but can cause significant neurocognitive toxicity. This led to the
concept of using single fraction stereotactic radiosurgery (SRS) for multiple lesions which
may reduce the neurocognitive risks but does not treat areas of potential microscopic
disease. Some patients may also have neurosurgery for brain metastases that are causing
significant symptoms or if a tissue diagnosis is needed and these patients may then require
any of the radiotherapy techniques described. For some patients, where overall prognosis is
poor, the optimum management may be best supportive care (BSC) and none of the
interventions described.

PICO table

Table 13: Summary of the protocol (PICO table)
People with multiple brain metastases (=2 metastases)

o Neurosurgery
o Radiotherapy:
o radiosurgery SRS (1 fraction)
o stereotactic radiotherapy SRT (2-5 fractions)
o whole brain radiotherapy (WBRT)
o hippocampal avoidance WBRT

e Chemotherapy or systemic anti-cancer therapy/ treatment
e Combined therapy (any combination of the above)
e Best supportive care
e Each other
Critical:
e overall survival.
e progression-free survival
o local control (site of metastasis)
o intracranial control (recurrence elsewhere in the brain)
¢ health-related quality of life

Important:
e cognitive function.
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e neurological function
o Karnofsky performance status (or WHO or ECOG)
o Neurological Function Scale
¢ treatment-related morbidity.
o radionecrosis
o oedema
o postoperative infection
o stroke

Limited:
o steroid (for example dexamethasone) use (duration and dose)

ECOG Eastern Cooperative Oncology Group scale; SRS Stereotactic radiosurgery; SRT stereotactic
radiotherapy; WBRT whole brain radiation therapy; WHO World Health Organization.

For further details see the full review protocol in Appendix A.
Clinical evidence

Included studies

Six RCTs (N=1191) reported in 7 publications were included in the review (Cao 2015; Chabot
2016; Corn 2008; Knisely 2008; Kondziolka 2000; Pesce 2012; Suh 2006).

In all included studies, WBRT was offered to patients with or without an additional treatment,
including chemotherapy (temozolomide [TMZ]), a radiation sensitizer (verliparib, parp
inhibitor), an EGFR inhibitor (gefitinib [GFB]), cholesterol pathway modifier (efaproxiral), an
immunomodulatory modifier (thalidomide) or radiosurgery.

Five studies included patients with a single metastasis (4 to 19%), but were included in this
review because the number of people with a single metastasis was low (less than 25%, as
described in the protocol). The studies by Cao 2015 and Pesce 2012 included patients who
previously had chemotherapy but not necessarily the type delivered in the study. Suh 2006
included patients (9%) who previously had brain tumour resection. The same data were
published in 2 papers by Kondzioka in 1999 and 2000, the results from 2000 were included
in this review.

A summary of these studies is provided in Table 14, and the results along with the quality of
the evidence for each outcome are listed Table 15 - Table 20 below.

For further details, see also the study selection flow chart in Appendix C, the evidence tables
for the individual studies in Supplementary Material D and the full GRADE tables in Appendix
F.

Excluded studies

Full-text studies not included in this review with reasons for their exclusions are provided in
Appendix K. Note that there was a single search conducted for all 3 populations considered
in the management brain metastases, therefore the excluded studies list is common for these
3 reviews.
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Summary of clinical studies included in the evidence review

Table 14: Summary of included studies

Cao 2015

Chabot 2016

Knisely 2008,
Corn 2008

Kondziolka
2000/Kondziolka
1999

Pesce 2012

Suh 2006

Mean number of
prior
chemotherapy
regimens WBRT:
2.5 WBRT + TMZ
2.9

No prior cranial
radiation or
resection for brain
metastases. About
32% currently
taking EGFR

No prior
radiotherapy or
radiosurgery, no
prior thalidomide

Unclear

No prior irradiation
to brain, yes prior
chemotherapy
(except GFT or
TMZ)

9% had prior brain
tumour resection.
No other prior
brain treatment for
brain metastases,
no chemo in past 7
days or prior
efaproxiral
treatment

WBRT +
Temozolomide
(75
mg/m?/day)

WBRT +
Veliparib
50mg
WBRT +
Veliparib
200mg

WBRT +
Thalidomide

WBRT +
Radiosurgery

WBRT +
Gefitinib (250
mg p.o. daily)

WBRT+
efaproxiral

WBRT

WBRT

WBRT

WBRT

WBRT +
T™MZ (75

mg/m2 p.o.

daily)

WBRT

14 days

45 days

2 years

Not
reported

28 days

2 weeks

EGFR epidermal growth factor receptor; GFT Gefitinib; TMZ temozolomide; WBRT whole brain radiotherapy; p.o.

‘per orem’ or ‘by mouth’.
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Quality assessment of clinical studies included in the evidence review

The clinical evidence profiles for this review question are presented in Table 15 to Table 20.

Table 15: Summary clinical evidence profile for WBRT+ gefitinib versus WBRT +
temozolomide

Median overall Data not reported to ~ Data not POBOO
survival allow calculation reported to allow estlmab (1 study) very
(months) calculation leb low"23
Median time to Data not reported to  Data not Not 59 POeOO
progression allow calculation reported to allow estimab (1 study) very
(months) calculation le” low1234
1 year survival 209 per 1000 375 per 1000 RR 59 POeOO
rates (159 to 885) 1.79 (1 study) very
(0.76 to low'25
4.23)
Withdrew due to 70 per 1000 188 per 1000 RR 59 POOO
toxicity (42 to 835) 2.69 (1 study) very
(0.60 to low"245
11.97)

ClI: confidence interval; RR: risk ratio; TMZ temozolomide, WBRT whole brain radiotherapy.

' It was unclear how participants were randomised or if allocation concealment was performed. Drop outs >20%
were detected in 1 arm.

2 14% of patients had a single metastases.

3 Only descriptive data reported, insufficient details given to assess the MID thresholds and imprecision

4 Neither the participants, investigators nor assessors were blinded

595% Cl crossed 2 MIDs (0.8 and 1.25)

6 Not calculated as only descriptive data have been reported. Median overall survival in WBRT + gefitinib = 6.3
(2.1-14.6); median overall survival in WBRT + TMZ = 4.9 (2.3-5.6)

7 Not calculated as only descriptive data have been reported. Median time to progression in WBRT + gefitinib
=1.8 (1.1-3.9); median time to progression in WBRT + TMZ = 1.8 (1.5-1.8)
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Table 16: Summary clinical evidence profile for WBRT+veliparib versus WBRT

Median Data not Data not reported to Not 307 POOO

overall reported allow calculation estimabl (1 study) very low':23

survival, to allow et

days calculation

Objective 395 per 411 per 1000 RR 1.04 307 SISISIS)

response 1000 (308 to 549) (0.78to (1 study) very

rate 1.39) low"245

Any adverse 874 per 891 per 1000 RR 1.02 308 POOO

event 1000 (821 to 970) (0.94to (1 study) very low'.24
1.11)

Brain 5 per 1000 1 per 1000 RR 0.12 307 SISISIS)

oedema (0 to 3) (0.02to (1 study) very low':24
0.67)

ClI: confidence interval; RR: risk ratio; WBRT whole brain radiotherapy.

" Unclear how randomisation was performed or if allocation concealment was performed.

2 19% of patients had a single metastases

3 Only descriptive data reported, insufficient details given to assess the MID thresholds and imprecision

4 Patients were not blinded and it was unclear if investigators or assessors were blinded.

595% ClI crossed 2 default MIDs (0.8 and 1.25)

6 Not calculated as only medians have been reported. Median overall survival in days for the WBRT group= 185
(137-251); median overall survival in days for the WBRT + veliparib 50g group= 209 (169-264); veliparib 200g +
WBRT = 209 (138-255)

Table 17: Summary clinical evidence profile for WBRT +thalidomide versus WBRT

Death due 337 per 273 per 1000 RR 0.81 176 OO
to brain 1000 (175 to 431) (0.52to (1 study) very low"2
metastases 1.28)
3 month 185 per 131 per 1000 RR0.71 176 OO
rates of 1000 (65 to 262) (0.35t0 (1 study) very low"23
CNS 1.42)
progression
Grade 3-4 120 per 464 per 1000 RR 3.88 176 PPHOO
treatment 1000 (255 to 847) (213to (1 study) low’-3
related AE 7.08)
Cardiovasc  Not Not estimable RR 547 176 POOO
ular-related  estimable (0.27 to (1 study) very low"23
AE 112.33)
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Infection Not estimable® 176 PPHOO
(not estlmable6 est|mabl (1 study) low'-3
necessarily e
post-op)
Quality of Data Data reported Not 176 POOO
life reported insufficient to allow estimabl (1 study) very low':34
insufficient  calculation e’
to allow
calculation
AE adverse events; Cl: confidence interval; CNS central nervous system; RR: risk ratio; WBRT whole brain
radiotherapy.

" Unclear how participants were randomised or if allocation concealment was performed

295% Cl crossed 2 MIDs (0.80 and 1.25)

3 Participants were not blinded but it was unclear if assessors or investigators were blinded.

4 Not calculated as standard deviation of the outcomes were not reported. Mean change from baseline to
endpoint in WBRT arm= -0.53;, mean change from baseline in the WNRT + thalidomide arm= 0.33

5 Only descriptive data were reported, insufficient details to assess MID thresholds and imprecision

6 The event rate was 0 in both groups

Table 18: Summary clinical evidence profile for WBRT and radiosurgery versus WBRT

Median overall Data not Data not reported to Not 27 SISISIS)
survival reported to allow calculation estimabl (1 study) very low'-2
(months) allow e*

calculation
Rate of local 77 per 1000 8 per 1000 RR0.11 27 PPpOeo
failure (2 to 38) (0.02to (1 study) low!3
(including 0.50)
patients who
died)

ClI: confidence interval; RR: risk ratio; WBRT whole brain radiotherapy.

' It was unclear if allocation concealment was performed.

2 Only descriptive data reported, insufficient details given to assess the MID thresholds and imprecision

3 Participants were not blinded, however, investigators and assessors were blinded

“Not calculable as only medians have been reported. Median overall survival in WBRT = 7.5 (4.6-10.4) and
median time of survival in WBRT + radiosurgery = 11 (3.8-18.2).
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Table 19: Summary clinical evidence profile for WBRT+temozolomide versus WBRT

Median Data not Data not reported Not 100 POOO
overall reported to to allow calculation estimable (1 study) very
survival allow calculation 2 low?-23
(months)
Median Data not Data not reported Not 100 POeOoO
progression reported to to allow calculation estimable (1 study) very
free survival allow calculation e low"234
(months)
Complete Not estimable’®  Not estimable” Not 100 GISISIS)
response estimable (1 study) very
|ow1,2,4
Partial 300 per 1000 249 per 1000 RR0.83 66 SISISIS)
response (144 to 438) (0.48 to (1 study) very
1.46) low"248
Stable 520 per 1000 359 per 1000 RR0.69 100 SISISIS)
disease (229 to 567) (0.44 to (1 study) very
1.09) low"249
Progressive 60 per 1000 80 per 1000 RR 1.33 100 POOO
disease (19 to 2339) (0.31to (1 study) very
5.65) low?246
Neurological 240 per 1000 132 per 1000 RR 0.55 100 SISISIS)
symptoms (6 (72 to 235) (0.30to (1 study) very
weeks) 0.98) low?-2:4.9

ClI: confidence interval; RR: risk ratio; WBRT whole brain radiotherapy.

' It was unclear how randomisation was performed or if allocation concealment was conducted.

2 15% of patients had a single metastases.

3 Only descriptive data reported, insufficient details given to assess the MID thresholds and imprecision

4 Participants were not blinded, assessors were blinded but it was unclear if investigators were blinded.

5 Not calculable as only medians were reported. Median overall survival in the WBRT group = 11.1 months (8.3-
15.3); median overall survival in the WBRT + TMZ arm= 9.4 months (7.3-13.4)

6 95% ClI crossed 1 MID (0.8 and 1.25)

795% Cl crossed 1 MID (1.25)

8 Not calculable as only medians were reported. Median progression free survival in the WBRT group = 7.4
months (5.3-13.1); median progression free survival in the WBRT + TMZ arm= 6.8 months (4.6-8.6)

995% ClI crossed 1 default MID (0.8)

0 The event rate was 0 in both groups
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Table 20: Summary clinical evidence profile for WBRT +efaproxiral versus WBRT

Overall survival

Death at 30
days

Death at 6
months

Death at 30
months

Radiographic
progression at

1 year
Clinical

progression at

1 year
Complete
response

Partial
response

Stable or

improving QoL

Stable or

improving KPS

Grade 4
(severe)

adverse events

Not applicable

64 per 1000

604 per 1000

824 per 1000

180 per 1000

512 per 1000

56 per 1000

328 per 1000

152 per 1000

104 per 1000

106 per 1000

Not applicable
49 per 1000
(24 to 100)

538 per 1000
(459 to 622)

808 per 1000
(750 to 882)

207 per 1000
(146 to 295)

492 per 1000
(415 to 584)

106 per 1000
(57 to 196)

351 per 1000
(276 to 446)

163 per 1000
(109 to 242)

131 per 1000
(88 to 194)

125 per 1000
(78 to 199)

(0.38 to
1.56)
RR 0.89
(0.76 to
1.03)
RR 0.98
(0.91 to
1.07)
RR 1.15
(0.81 to
1.64)
RR 0.96
(0.81 to
1.14)
RR 1.89
(1.02 to
3.50)
RR 1.07
(0.84 to
1.36)
RR 1.07
(0.72 to
1.59)
RR 1.26
(0.85 to
1.87)
RR 1.17
(0.73 to
1.87)

(1 study)

515
(1 study)

515
(1 study)

515
(1 study)

515
(1 study)

515
(1 study)

515
(1 study)

515
(1 study)

515
(1 study)

515
(1 study)

529
(1 study)

S ISISIS)

low!:2

SUSISIS)
very

low! 34
SUSISIS)
very
low!35
SISISIS)

low!3

SSISIS)
very
low12.3.6
SISISIS)
very
low?:23
SISISIS)
very
low1:2:3.6
SISISIS)
very
low12:3.6
SISISIS)
very
low12.34
SSISIS)
very
low1:2.3.6
SSISIS)
very
low?:2.3.4

ClI Confidence interval; KPS Karnofsky Performance Status; RR Risk ratio; WBRT whole brain radiotherapy.
1 It was unclear how randomisation was performed or if allocation concealment was performed.

2 It is unlikely the participants were blinded, assessors were blinded but it was unclear if investigators

were blinded.

3 18.5% of patients had a single metastases.
4 95% ClI crossed 2 MIDs (0.8 and 1.25)
595% Cl crossed 1 MID (0.8)
6 95% Cl crossed 1 MID (1.25)

See also Appendix F for the full GRADE tables.
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Economic evidence

The economic evidence search identified no studies that met the inclusion criteria for this
review.

Resource Impact

No unit costs were presented to the committee as these were not prioritised for decision
making purposes.

Evidence statements

WBRT and gefitinib versus WBRT and temozolomide

¢ One randomised controlled trials (N=59) provided very low quality evidence that showed
no differences between those who received WBRT in combination with gefitinib and
WBRT in combination with temozolomide in median overall survival (median overall
survival in WBRT + gefitinib = 6.3 [2.1-14.6]; median overall survival in WBRT + TMZ =
4.9 [2.3-5.6]) or time to progression (median time to progression in WBRT + gefitinib =1.8
[1.1-3.9]; median time to progression in WBRT + TMZ = 1.8 [1.5-1.8]).

¢ One randomised controlled trial (N=59) provided very low quality evidence that showed no
differences in 1 year survival rates (relative risk (RR) =1.79, 95% CI 0.76-4.23), or the
number of those who withdrew due to toxicity (RR= 2.69, 95% CI 2.69, 95% CI 0.60 -
11.97) in those who received WBRT in combination with gefinitib as compared to those
who received WBRT and temozolomide.

WBRT and veliparib versus WBRT

¢ One randomised controlled trial (N=307) provided very low quality evidence that showed
no differences between WBRT alone and WBRT in combination with veliparib in median
overall survival (median overall survival in days for the WBRT group= 185 [137-251];
median overall survival in days for the WBRT + veliparib 50g group= 209 (169-264);
veliparib 200g + WBRT = 209 [138-255]), objective response rate (RR= 1.04, 95% CI
0.78-1.39) and any adverse event rate (RR= 1.02, 95% CI 0.94-1.11) in people with
multiple brain metastases. The incidence of brain oedema was however higher in the
WBRT alone group compared to the WBRT in combination with veliparib group (RR=
0.12, 95% CI 0.02-0.67).

WBRT and thalidomide versus WBRT

¢ One randomised controlled trial (N=176) provided very low to low quality evidence that
showed no differences between WBRT alone and WBRT in combination with thalidomide
in death due to brain metastases (RR= 0.81, 95% CI 0.52-1.28), CNS progression at 3
months (RR=0.71, 95% CI 0.35-1.42), cardiovascular-related adverse events (RR=5.47,
95% CI 0.27-112.23) in people with multiple brain metastases. A higher number of
participants treated with WBRT in combination with thalidomide had grade 3-4 treated
related adverse events compared with WBRT alone (RR= 3.88, 95% CI 2.13-7.08). Very
low quality evidence showed no differences in quality of life scores between both
treatment arms.

WBRT and radiosurgery versus WBRT

¢ One randomised controlled trial (N=27) provided very low quality evidence that showed no
differences in median overall survival (median in the WBRT in combination with
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radiosurgery group =11 (3.8-18.2) and median overall survival in WBRT = 7.5 (4.6-10.4)
between WBRT alone and WBRT in combination with radiosurgery in people with multiple
brain metastases. One randomised controlled trial (N=27) provided low quality evidence
that showed that those who received WBRT in combination with radiosurgery had a
reduced rate of local failure compared to those who received WBRT only RR 0.11

(0.02 to 0.50)
WBRT and temozolomide versus WBRT

¢ One randomised controlled trial (N=100) provided very low quality evidence that showed
no differences between treatment with WBRT and with WBRT in combination with
temozolomide in median overall survival (median overall survival in the WBRT group =
11.1 months [8.3-15.3]; median overall survival in the WBRT + TMZ arm= 9.4 months
[7.3-13.4]), median progression free survival (median progression free survival in the
WBRT group = 7.4 months [5.3-13.1]; median progression free survival in the WBRT +
TMZ arm= 6.8 months [4.6-8.6]), complete response rate (0/50 in both treatment groups),
partial response rate (RR=0.83, 95% CI 0.48-1.46), stable disease rate (RR=0.69, 95% CI
0.44-1.09), and progressive disease rate (RR= 1.33, 95% CI 0.31-5.65), however a higher
number of neurological symptoms were reported in those who received WBRT with
temozolomide compared to WBRT alone (RR=0.55, 95% CI 0.30-0.98).

WBRT and efaproxiral versus WBRT

¢ One randomised controlled trial (N=515) provided very low to low quality evidence that
showed no differences between WBRT alone and WBRT in combination with efaproxiral
in death at 30 days (RR= 0.77, 95% CI 0.38-1.56), death at 6 months (RR=0.89, 95% ClI
0.976-1.03), death at 30 months (RR= 0.98, 95% CI 0.91-1.07), overall survival (HR =
0.87, 95% CI 0.71 to 1.05), radiographic progression at 1 year (RR= 1.15, 95% CI1 0.81-
1.64), clinical progression at 1 year (RR= 0.96, 95% CI 0.81-1.14), partial response (RR=
1.07, 95% CI 0.84-1.36), stable or improving quality of life (RR= 1.07, 95% CI 0.72-1.59),
stable or improving KPS scores (RR= 1.26, 95% CI 0.85-1.84) and the number of grade 4
adverse events (RR=1.17, 95% CI 0.73-1.87) in people with multiple brain metastases.
However, the complete response rate in the WBRT in combination with efaproxiral group
was higher than in the WRT alone group (RR=1.89, 95% CI 1.02-3.50).

The committee’s discussion of the evidence

See the committee’s discussion of the evidence in the management of brain metastases with
a mixed population section.

References

See the references in the management of brain metastases with a mixed population section.
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Management of brain metastases with a mixed population

Review question

What is the most effective intracranial treatment (surgery, stereotactic radiotherapy, whole
brain radiotherapy or combinations of these) for a mixed population of single and multiple
brain metastases?

Introduction

This review was developed by the committee to account for the fact that clinical studies
evaluating intracranial treatment for brain metastases were not restricted to those in which all
participants had a single metastasis (as discussed in the section on the management of
single metastases) or multiple metastases (as discussed in the section on the management
of multiple metastases). The evidence contributed through this review was derived from
studies involving mixed populations (the participants might have a single metastasis or
multiple metastases).

PICO table

Table 21: Summary of the protocol (PICO table)

People with any number of brain metastases not otherwise
covered by review on single or multiple metastases (that is,
populations of people with an unknown mix of single and multiple
metastases will be reported)

o Neurosurgery
o Radiotherapy:
o radiosurgery SRS (1 fraction)
o stereotactic radiotherapy SRT (2-5 fractions)
o whole brain radiotherapy (WBRT)
o hippocampal avoidance WBRT

e Chemotherapy or systemic anti-cancer therapy/ treatment
e Combined therapy (any combination of the above)

e Best supportive care

e Each other

Outcomes are the same as for the review on multiple
metastases, since some outcomes of importance in multiple
metastases are not covered by the outcomes for the single
metastasis review.

Critical:
e overall survival.
e progression-free survival
o local control (site of metastasis)
o intracranial control (recurrence elsewhere in the brain)
¢ health-related quality of life
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Important:

e cognitive function.

¢ neurological function
o Karnofsky performance status (or WHO or ECOG)
o Neurological Function Scale

¢ treatment-related morbidity.
o radionecrosis
o oedema
o postoperative infection
o stroke

Limited:
o steroid (for example dexamethasone) use (duration and dose)

ECOG Eastern Cooperative Oncology Group scale; SRS Stereotactic radiosurgery; SRT stereotactic
radiotherapy; WBRT whole brain radiation therapy; WHO World Health Organization.

For further details see the full review protocol in Appendix A.
Clinical evidence

Included studies

Sixteen RCTs reported in 17 articles (N=2913) on people with mixed brain metastases were
included in the review (Antonadou 2002; Andrews 2004; Verger 2005; Aoyama 2006; Chang
2009; Chua 2010; Kocher 2010/Soffietti 2013; El Gamboa-Vignolle 2012; Sperduto 2012;

Brown 2013; Gantery 2014; Lee 2014; Lim 2015; Brown 2016; Mulvenna 2016; Mahajan

2017). Studies included a population with a mixed number of brain metastases (between 25
and 75% single) or studies of people with brain metastases which was not identified as either
single or multiple. People included in the studies may or may not have received previous

treatment (that is to say, radiosurgery and surgical resection or previous chemotherapy) and
were followed-up between 21 and 66 months, although some trials follow people up until they
died.

A summary of these studies is provided in Table 22 and the results along with the quality of
the evidence for each outcome are listed Table 23 to Table 33 below.

For further details, see also the study selection flow chart in Appendix C, the evidence tables
for the individual studies in Supplementary Material D and the full GRADE tables in Appendix
F.

Excluded studies

Full-text studies not included in this review with reasons for their exclusions are provided in
Appendix K. Note that there was a single search conducted for all 3 populations considered
in the management brain metastases, therefore the excluded studies list is common for these
3 reviews.
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Summary of clinical studies included in the evidence review

Table 22: Summary of included studies

Andrews 331 56% No previous  WBRT WBRT + 4 weeks 24

2004

Antonad
ou 2002

Aoyama
2006

Brown
2016

Brown
2013

Chang
2009

55

67

213

554

58

27%

49%

52%

Unclea
.

57%

cranial
radiation.
Postoperativ
e patients
with either
residual or
distal brain
metastases
remained 3
or fewer.

No prior
chemotherap
y or
radiotherapy
for brain
metastases

Unclear

No prior
resection,
cranial
radiotherapy,
no chemo <7
days
Patients
could have
received
prior therapy
for brain
metastasis,
including
radiosurgery
and surgical
resection
(but no prior
cranial
external
beam
radiotherapy)

Yes,
received
systemic
therapy.
SRS+WBRT:

WBRT

WBRT+SRS

WBRT+SRS

WBRT

radiosurgery

WBRT+TMZ

SRS

SRS

WBRT +
Memantine

SRS+WBRT SRS

a7

4 weeks
WBRT;
TMZ 6
months

2.5 months

2 weeks

24 weeks

4 weeks

months

21
months

60
months

62
months

52
weeks

66
months
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Chua 95
2010

El 60
Gantery
2014

Gamboa 55
-Vignolle
2012

Kocher
2010/Sof
fietti
2013

Lee 80
2014

359

Unclea

70%

Unclea

Unclea

unclea
r<3
versus
.>3

21 (75%)
patients
SRS: 21
(70%)
patients

Yes,

previous
chemotherap
y (81% in the
WBRT +
temozolomid
e arm
versus. 58%
in the WBRT)

No previous
treatment for
brain
metastases.

Excluded if
received
radiotherapy
or surgery for
brain
metastases

Had surgery
or
radiosurgery

No previous
cranial
radiotherapy;
at least 28
days since
any

WBRT + oral
chemotherap

y

WBRT+SRS
WBRT alone

TMZ + WBI

Radiosurgery
/Surgery
+WBRT

WBRT +
epidermal
growth factor
receptor
(EGFR).

48

WBRT

SRS

WBI

Radiosurgery/
Surgery +
observation

WBRT

WBRT 1-
14 days;
TMZ 1-28
days

2-4 weeks

2 weeks

WBRT 2
weeks

WBRT= 5
days/
erlotinib -
until
disease

Until
death

34
months

Until
death,
at least
15
months

The
median
follow-
up time
of

the
survivin
g
patients
was 49
months
in the
WBRT
arm and
40
months
in the
OBS
arm (P
A7).

Until
death
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Lim 2015 98
Mahajan 128
2017

Mulvenn 538
a 2016

chemotherap
y

47% None of
patients had
prior surgical
treatment or
radiotherapy
for brain
metastases
and
leptomeninge
al
metastases
by MRI or
cerebrospinal
fluid
evaluation

62% No
participants
had a history
of previous
radiotherapy
to the brain,
or of
resection of
metastases
(prior to
those
required for
the trial).

Previous
treatment
with systemic
anticancer
treatment
(chemo
therapy or
tyrosine
kinase
inhibitors
[TKI]) was
permitted
(with
predefined
washout
periods of 4
weeks for
chemotherap
y and 1 week
for TKls)

30%

SRS + SRS
Chemothera
py
SRS to the Observation
surgical following
cavity resection of
(following metastases
resection of
metastases)
WBRT+BSC BSC

49

progressio
n

SRS was
administer
edina
single
session

5 to 8 days
WBRT

Median
follow
up
duration
43
months
(0.8 to
56.2)

Median
follow-
up 11.1
months
(IQR 4.8
to 20.4)

Up to 11
months
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Sperduto
2012

Verger
2005

125

82

41%

unclea
r

Prior
resection of a
brain
metastasis
was allowed
if the patient
had a
separate
brain
metastasis
that would be
treated with
SRS

No prior RT

WBRT +
SRS +
receptor
tyrosine
kinase
inhibitor

RT+

WBRT +SRS
+chemothera
py (TMZ)

RT

Chemothera
py (TMZ)

WBRT - 3
weeks.
TMZ - 21
days up to
6 months
(up to
investigato
rs
discretion)

33.6
months

Was 30
delivered 5 weeks(u
times nclear)

weekly, in
10 doses
of 3-Gy, to
a total
dose of 30-
Gy. TMZ
was given
for 2
weeks,
followed by
5 days,
every 28
days.
Between
the end of
concurrent
treatment
and the 5-
day cycles
of TMZ,
there was
a 4-week
interval.
BSC best supportive care; EGFR epidermal growth factor receptor; WBRT whole brain radiotherapy; WBI whole
brain imaging; RT radiotherapy; SRS stereotactic radiosurgery; TMZ temozolomide.

See Supplementary Material D for full evidence tables.

Quality assessment of clinical studies included in the evidence review

The clinical evidence profiles for this review question are presented in Table 23 to Table 33.
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Table 23: Summary of clinical evidence profile for WBRT + BSC versus BSC

Overall survival Not Not applicable HR 1.10 97 PPpOO
applicable (0.93 to (1 study) low!2
1.31)
Quality of life (EQ- 488 per 444 per 1000 RR 0.91 97 POOO
5D) improved or 1000 (288 to 684) (0.59 to (1 study) very low"3
maintained 12 1.4)
weeks
KPS change 12 Not The mean KPS Not 538 SISICIS)
weeks Applicabl  change 12 weeks applicabl (1 study) low!-4
e in the e
intervention
groups was
4.6 higher
(2.13 to 7.07
higher)
Any serious 305 per 332 per 1000 RR1.09 538 SleIcIS)
adverse event 1000 (259 to 424) (0.85 to (1 study) low"2
1.39)
Infection 59 per 63 per 1000 RR1.06 538 SIcICIS)
1000 (33 to 123) (0.55 to (1 study) very low':3
2.06)
Cardiac AE 4 per 7 per 1000 RR 2 538 SISISIS)
1000 (1to 82) (0.18 to (1 study) very low'3
21.93)
Use of 103 per 123 per 1000 RR 1.19 478 POeOO
dexamethasone 8 1000 (74 to 203) (0.72 to (1 study) very low'3
weeks 1.97)

AE adverse events; Cl confidence interval; BSC best supportive care ; KPS Karnofsky Performance Status; HR
hazard ratio; RR risk ratio, WBRT whole brain radiosurgery.

1 Adequate randomisation and allocation concealment. Participants and investigators were not blinded, it was
unclear if assessors were. Unclear reporting bias. Previous treatment with systemic anticancer treatment (chemo
therapy or tyrosine kinase inhibitors [TKI]) was permitted

2 95% Cl crossed 1 MID 1.25

395% Cl crossed 2 MIDs 0.8 and 1.25

4 95% ClI crossed1 MID 6.8 (0.5*13.66)

Table 24: Summary of clinical evidence profile for WBRT + SRS versus WBRT
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Overall survival Datanot Data not reported to 331 POOO
reported  allow calculation estlmabl (1 study) very low"5
to allow eb
calculatio
n

Lesions 77 per 160 per 1000 RR2.08 153 PPOO

complete 1000 (63 to 404) (0.82to (1 study) low23

response 3 5.25)

months

Partial response 538 per 571 per 1000 RR 1.06 153 PO

3 months 1000 (431 to 759) (0.80to (1 study) very low?4

1.41)
Stable lesions 3 218 per 146 per 1000 RR 0.67 153 POOO
months 1000 (74 to 292) (0.34to (1 study) very low24
1.34)

Progression 167 per 107 per 1000 RR 0.64 153 POOO

lesions 3 1000 (47 to 243) (0.28to (1 study) very low24

months 1.46)

Control of 586 per 720 per 1000 RR 1.23 141 DPOO

treated lesion 1 1000 (574 to 908) (0.98to (2 studies) low?3

year 1.55)

KPS Improved 40 per 126 per 1000 RR 3.16 154 SlolSlS)
1000 (36 to 442) (0.91to (1 study) low?23

11.06)
Steroid use 80 per 92 per 1000 RR 1.15 151 OO
increased 1000 (33 to 262) (0.41to (1 study) very low24
3.27)

Acute toxicity 0 per 0 per 1000 RR 326 PPHOO

GRADE 3-4 1000 (0 to 0) 11.41 (1 study) low24

(<90 days) (0.64 to

204.68)

Death due to 309 per 284 per 1000 RR 0.92 286 OO

brain 1000 (198 to 408) (0.64to (1 study) very low?#

metastases 1.32)

Late necrosis 0 per 0 per 1000 RR 259 39 POOO
1000 (0 to 0) (0.11to (1 study) very low24

59.93)

Brain oedema 56 per 56 per 1000 RR 1.01 39 DPHPHO

1000 (48 to 65) (0.87to (1 study) moderate?
1.17)
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Neurological 111 per 113 per 1000 RR 1.02 39 PPOeO
progression >3 1000 (91 to 140) (0.82to (1 study) low?23
months 1.26)

ClI confidence interval, HR hazard ratio; KPS Karnofsky performance status; RR risk ratio; WBRT whole brain
radiosurgery.

1 Unclear reporting bias

2 It was unclear if participants, investigators or assessors were blinded. Unclear reporting bias. No
previous cranial radiation.

395% Cl crossed 1 MID 1.25

4 95% Cl crossed 2 MIDs 0.8 and 1.25

5 Not SDs were reported to assess the MID thresholds and imprecision

6 Not calculable as no SDs have been provided. Mean overall survival in the WBRT+SRS group=5.7
months and mean overall survival in the WBRT group = 6.5 months.

Table 25: Summary of clinical evidence profile for WBRT versus SRS

Local control 222 per 191 per 1000 RR 0.86 EB@@@
1000 (56 to 656) (0.25 to (1 study) very low':2
2.95)
Late radiation 56 per 59 per 1000 RR1.06 39 SleIcIS)
necrosis 1000 (51 to 68) (0.92 to (1 study) low!
1.23)
Brain oedema 48 per 56 per 1000 RR1.17 39 POeOO
1000 (4 to 826) (0.08to (1 study) very low'-2
17.35)
Neurological 111 per 119 per 1000 RR 1.07 39 POOO
progression >3 1000 (99 to 143) (0.89to (1 study) very low'3
months 1.29)

ClI confidence interval; RR risk ratio; SRS Stereotactic radiosurgery; WBRT whole brain radiosurgery

1 Unclear how randomisation was performed; unclear allocation concealment; unclear blinding;
reporting bias

2 95% Cl crossed 2 default MIDs (0.8 and 1.25)

3 95% Cl crossed 1 default MID (1.25)

Table 26: Summary of clinical evidence profile for WBRT + TMZ versus WBRT
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Outcomes
Overall survival?

Median overall
survivalP

Progression free
survival

Complete
response 4 weeks
- 3 months

Partial response 4
wk -3 months

Stable disease 4
wk - 3 months

Progressive
disease 4 weeks -
3months

Neurological fully
functional or
improved

Required
corticosteroids

Died from systemic
disease 21mo

Adverse events
>=3

lllustrative comparative risks*

(95% CI)
Assumed
risk

Not
applicable

Data not
reported
to allow
calculatio
n

Data not
reported
to allow
calculatio
n

79 per
1000

3444 per
1000

326 per
1000

112 per
1000

560 per
1000

913 per
1000

905 per
1000

93 per
1000

Corresponding risk
Not applicable

Data not reported to
allow calculation

Data not reported to
allow calculation

124 per 1000
(59 to 260)

1000 per 1000
(1000 to 1000)

192 per 1000
(59 to 622)

67 per 1000
(27 to 171)

722 per 1000
(549 to 946)

676 per 1000
(502 to 913)

832 per 1000
(660 to 1000)

367 per 1000
(190 to 707)

Relative
effect
(95% CI)

HR 1.14
(0.71 to
1.83)

Not

estimable’
2

Not

estimable’
3

RR 1.58
(0.75 to
3.31)

RR 1.38
(0.98 to
1.94)

RR 0.59
(0.18 to
1.91)

RR 0.60
(0.24 to
1.52)

RR 1.29
(0.98 to
1.69)

RR 0.74
(0.55 to
1.00)

RR 0.92
(0.73 to
1.16)

RR 3.93
(2.04 to
7.58)

No of
Participants
(studies)

95
(1 study)

55
(1 study)

55
(1 study)

182
(3 studies)

102
(3 studies)

182
(3 studies)

182
(3 studies)

103
(2 studies)

48
(1 study)

45
(1 study)

140
(2 studies)

ClI confidence interval; HR hazard ratio; RR risk ratio, WBRT whole brain radiosurgery
aChua 2010 ,>Gamboa-Vignolle 2012

" Unclear randomisation

295% ClI crossed 2 default MIDs (0.8 and 1.25)
3 Unclear randomisation, no blinding (participants, assessors and investigators)
495% ClI crossed 1 default MID (0.8)

5 Unclear randomisation, unclear allocation concealment, open trial

Quality of
the
evidence
(GRADE)

S SISIS)

very low'2

S SISIS)

very low36

S SISIS)

very low56

S SISIS)

very low?8

SISISIS)

very low”8

SPISISIS)
very
low?:8.9

S SISIS)

very low?8

SSISIS)

very low”:1°

SUSISIS)

very low*5

S SISIS)

very low*5

SUSISIS)

very low”!

6 Only descriptive data have been reported, insufficient details provided to assess the MID threshold and

imprecision
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7 95% Cl crossed 1 default MID (1.25)

8 The three trials presented with unclear randomisation and allocation concealment. Two trials presented with
unclear blinding, one with unclear reporting bias and one was an open trial

9 |-square> 50%

10 Both trials presented with unclear randomisation and allocation concealment. One of the trials presented with
unclear patient and investigator blinding and unclear reporting bias. The second was an open trial

1 Both were open trials presented with unclear randomisation. One trial presented with unclear allocation
concealment

12 Not calculable as only medians have been reported. The median overall survival in the intervention arm= 8
months (4.9 to 11.1) and the median overall survival in the control arm=8.1 months (5.9 to 10.1)

13 Not calculable as only medians have been reported. The median progression free survival in the intervention
arm= 11.8 months (4.7 to 18.9) and the median progression free survival in the control arm = 5.6 months (4.9 to
6.2)

Table 27: Summary of clinical evidence profile for SRS + WBRT versus SRS

Survwal time Data not Data not reported to ot 132 @@@@
(median reported  allow calculation estimable (1 study) very low'2
months) to allow =

calculatio

n
Overall survival  Not Not applicable HR 1.02 167 ODPOeO

applicabl (0.75 to (1 study) low37

e 1.38)2

Not Not applicable HR 2.47 58 PPPD

applicabl (1.34 to (1 study) high

e 4.55)p
Brain tumour Data not Data not reported to Not 62 SlelelS)
recurrence at reported  allow calculation estimable (1 study) low!2
distal sites to allow (&
(median calculatio
months) n
Time to Not Not applicable HR 3.60 213 SlolSIS)
intracranial applicabl (2.21 to (1 study) low’
failure e 5.86)
Actuarial brain 753 per 429 per 1000 RR 0.57 190 PPpOeo
tumour 1000 (331 to 557) (0.44 to (2 studies) low?®
recurrence rate 0.74)
12 months
New brain 507 per 325 per 1000 RR 0.64 132 SISISIS)
metastases at 1000 (213 to 492) (0.42 to (1 study) very low'3
distal sites 12 0.97)
months
Actuarial new 642 per 417 per 1000 RR 0.65 132 SISISIS)
brain tumour 1000 (295 to 584) (0.46 to (1 study) very low'3
metastases 12 0.91)
months
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lllustrative comparative risks* No of Quality of
(95% ClI) Relative  Participant the
Assume effect s evidence
Outcomes d risk Corresponding risk  (95% CI) (studies) (GRADE)
Local tumour 670 per 864 per 1000 RR 1.29 426 OO
control rate 1000 (784 to 958) (117 to (4 studies) very low*6
(actuarial) 12 1.43)
months
Distal brain 647 per 879 per 1000 RR 1.36 252 SISISIS)
tumour control 1000 (763 to 1000) (1.18 to (2 studies) very low*5
12 months 1.56)
KPS score >=70 269 per 339 per 1000 RR 1.26 132 OO
1000 (201 to 570) (0.75 to (1 study) very low'34
2.12)
Quality of life Not The mean quality of Not 115 SISISIS)
applicabl life in the intervention  applicabl (1 study) very low”8
e groups was e
11.9 lower
(17.71 to 6.09 lower)
Cognitive 635 per 457 per 1000 RR 0.72 142 POeOO
deterioration 1000 (95 to 1000) (0.15to (2 studies) very
3.53) low?348.9
Neurological 761 per 769 per 1000 RR 1.01 174 PPOO
preservation 1000 (655 to 898) (0.86 to (2 studies) low!°
1.18)
Late toxic 270 per 262 per 1000 RR 0.97 345 PPpOeo
effects GRADE 1000 (232 to 294) (0.86 to (2 studies) low!-11
3-4 1.09)
Edema limbs 0 per 0 per 1000 RR 0.99 213 PPPHO
1000 (0to 0) (0.96 to (1 study) moderate’
1.02)
Late oedema 48 per 48 per 1000 RR 1 42 PPOO
1000 (41 to 54) (0.87 to (1 study) low!2
1.14)
ClI confidence interval; KPS Karnofsky performance status; HR hazard ratio; RR risk ratio; WBRT whole brain
radiosurgery

A Brown 2016

b Chang 2009

1 Unclear allocation concealment and patient blinding. Outcome assessors and investigators were not blinded
2 Only descriptive data reported, insufficient details given to assess the MID threshold and imprecision

3 95% ClI crossed 1 default MID (0.8)

4 95% ClI crossed 1 default MID (1.25)

5 Not blinded

6 Unclear or not blinding (participants, assessors and investigators) in any of the 4 trials included, unclear
randomisation in 1 trial and unclear allocation concealment in 2

7 No patient or outcome assessor blinding

8 95% ClI crossed 1 default MID (+ 0.5 x 24=+ 12)

9 I-square > 80%

10 Both trials had unclear/no assessor blinding and unclear allocation concealment. One trial presented with
unclear randomisation and reporting bias

11 Unclear/not blinding (participants, assessors and investigators) in 2 trials

12 Unclear randomisation, unclear allocation concealment, unclear patient allocation, unclear blinding and high
reporting bias

13 Not calculable as only medians have been reported. The median survival time in the SRS + WBRT group was
7.5 months (0.8-58.7) and the median survival time in the SRS group was 8 months (0.5-57)
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14 Not calculable as only medians have been reported. The median months brain tumour recurrence in distal
sites in the WBRT+ SRS group was 16.2 and the median months in the SRS group was 5.5

Table 28: Summary of clinical evidence profile for SRS + cisplatin or carboplatin
versus SRS

Overall Not Not applicable HR 1.2 98 POOO

survival applicable (0.77 to (1 study) very low'-2
1.89)

Progression Not Not applicable HR 1.44 98 PPpOeo

free survival applicable (0.87 to (1 study) lows34
2.35)

ClI confidence interval; SRS stereotactic radiosurgery.

" Unclear randomisation methods and unclear allocation concealment

2 95% crossed 2 default MIDs (0.8 and 1.25)

3 Unclear randomisation methods, unclear allocation concealment and unclear blinding
495% Cl crossed 1 default MID (1.25)

Table 29: Summary of clinical evidence profile for WBRT + erlotinib versus WBRT

Overall Not Not applicable HR 0.94 80 SISISIS)
survival applicabl (0.58 to (1 study) very low'-2
e 1.53)
Grade 3-4 700 per 700 per 1000 RR 1.00 80 SISISIS)
adverse 1000 (525 to 931) (0.75 to (1 study) very low'2
events 1.33)
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Quality of life  Not The mean quality of life  Not PPPHO
applicabl  in the intervention applicable (1 study) moderate’
e group was
0.05 higher
(0.34 lower to 0.44
higher)
Infection 50 per 125 per 1000 RR 1.13 80 PPpOoO
1000 (25 to 607) (0.92 to (1 study) low!:3
1.38)

ClI confidence interval;, HR hazard ratio; RR risk ratio; WBRT whole brain radiosurgery
1 Unclear sequence generation and high risk of reporting bias

2 95% ClI crossed 2 default MIDs (0.80 and 1.25)

3 95% ClI crossed 1 default MID (1.25)

Table 30: Summary of clinical evidence profile for Surgery/SRS/WBRT versus
SurgeryISRSIobservation

Medlan Data not reported Data not reported to t 359 EB@@
progression- to allow calculation  allow calculation calculab (1 study)
free survival le’ very
(months) low?6
Intracranial 777 per 1000 481 per 1000 RR 0.62 359 PPO
progression (404 to 575) (0.52to (1 study) @)
0.74) low!
Overall Not applicable Not applicable HR 0.98 359 SISIS)
survival (0.78to (1 study) &)
1.23) very
low?3
Serious side 72 per 1000 17 per 1000 RR 0.23 359 PPO
effects (5to 758) (0.07 to (1 study) @)
0.80) low'#
Serious 11 per 1000 2 per 1000 RR 0.20 359 PPHO
infection (0 to 46) (0.01to (1 study) @)
4.16) low’
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Serious 11 per 1000 6 per 1000 RR 0.50 369 EB@@

radionecrosi (1to61) (0.05to (1 study)

s 5.50) Iow1

Quality of Not applicable The mean quality of life Not 65 POO6

life 12 at 12 months in the applicab (1 study) e

months surgery/SRS/WBRT le very
group was low™5
1.9 lower

(3.72 lower to 0.08 lower)
ClI confidence interval; HR hazard ratio; RR risk ratio; SRS stereotactic radiosurgery; WBRT whole brain
radiosurgery
" Unclear how randomisation was performed, not blinded trial
2 Unclear how randomisation was performed
395% ClI crossed 2 default MIDs (0.8 and 1.25)
495% ClI crossed 1 default MID
595% ClI crossed 1 default MID (1.8 x 0.5= + 0.9)
6 Only descriptive data has been reported, insufficient details given to assess the MID threshold and imprecision
7 Not calculable as only medians have been reported median progression-free survival was slightly longer in
patients receiving WBRT (4.6 months; 95% ClI, 3.9 to 6.1 months) compared with those on OBS alone (3.4
months; 95% CI, 3.1 to 3.9 months).

Table 31: Summary of clinical evidence profile for WBRT+SRS+TMZ versus
WBRT+SRS

Overall survival Not Not applicable HR 1.43 84 Sl ISIS)
applicable (0.89 to (1 study) low'-2
2.31)
CNS 159 per 301 per 1000 RR 1.89 84 [SISISIS)
progression 1000 (130 to 687) (0.82 to (1 study) very low?3
rate 6 months 4.32)
New 91 per 200 per 1000 RR 2.20 84 [SISISIS)
metastases 6 1000 (65 to 614) (0.72 to (1 study) very low35
months 6.75)
Steroid use at 6 545 per 447 per 1000 RR 0.82 84 POOO
months 1000 (289 to 698) (0.53 to (1 study) very low35
1.28)
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Serious grade 114 per 400 per 1000 RR 3.52 PPHOO

3-5 toxicity 1000 (161 to 992) (1.42 to (1 study) low?3
8.73)

Brain necrosis Not Not estimable® Not 84 PPHOO

grade 4 estimable (1 study) low?

estimable
6

ClI confidence interval; RR risk ratio; SRS stereotactic radiosurgery; TMZ temozolomide; WBRT whole brain
radiosurgery.

" Unclear allocation concealment

295% Cl crossed 1 default MID (1.25)

3 Unclear allocation concealment and unclear blinding of participants assessors and investigators

495% ClI crossed 1 default MID (0.8)

595% ClI crossed 2 default MIDs (0.8 and 1.25)

6 The event rate was 0 in both groups

Table 32: Summary of clinical evidence profile for WBRT+SRS+erlotinib versus
WBRT+SRS

Overall Not applicable DPOO
survival appllcabl 1.47 (1 study) low!-2
e (0.92 to
2.36)
CNS 159 per 1293 per 1000 RR 85 SISISIS)
progression 1000 (127 to 671) 1.84 (1 study) very
rates 6 (0.80 to low34
months 4.22)
Deterioration 523 per 852 per 1000 RR 85 POOO
in 1000 (627 to 1000) 1.63 (1 study) very
performance 6 (1.20to low?3
months 2.23)
Steroid use at 545 per 415 per 1000 RR 85 OO
6 months 1000 (262 to 655) 0.76 (1 study) very
(0.48 to low3>
1.20)
Serious grade 114 per 487 per 1000 RR 85 PO
3-5 toxicity 1000 (202 to 1000) 4.29 (1 study) low3
(1.78 to
10.38
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Brain necrosis 0 per 0 per 1000 POOO

grade 4 1000 (0to 0) 3.21 (1 study) very
(0.13 to low3#
76.74)

ClI confidence interval; RR risk ratio; SRS stereotactic radiosurgery; WBRT whole brain radiosurgery.
! Unclear allocation concealment

295% Cl crossed 1 default MID (0.18) (0.37 x + 0.5=+ 0.18)

3 Unclear allocation concealment and unclear blinding

495% ClI crossed 2 default MIDs (0.8 and 1.25)

595% ClI crossed 1 default MID (0.80)

695% Cl crossed 1 default MID (1.25)

Table 33: Summary clinical evidence profile for SRS versus observation following
resection of metastases

Medlan overall 18 months 17 months (95% Cl HR1.29 128 DDHOO

survival 13 - 22) (0.84 to (1 study) low!
1.98)

Local 569 per 1000 321 per 1000 (95% HR 0.46 128 SleISIS)

recurrence at Cl 183 to 523) (0.24 to (1 study) low!

12 months 0.88)

Median time to 7.6 months median not reached HR 0.41 128 DPPO

local (95% Cl 15.6 (021 to (1 Study) moderate

recurrence months to not 0.80) 2

reached)

Distant brain 662 per 1000 585 per 1000 (95% HR 0.81 128 [SISISIS)

recurrence at Cl 425 to 748) (0.51 to (1 study) very low?3

12 months 1.27)

ClI confidence interval;, HR hazard ratio; RR risk ratio; SRS stereotactic radiosurgery.
1 Serious risk of bias (no blinding) and serious imprecision

2 Serious risk of bias (no blinding)

3 Serious risk of bias (no blinding) and very serious imprecision

Table 34: Summary clinical evidence profile for WBRT + receptor antagonist

(memantine) versus WBRT
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Outcomes
Overall survival

Progression free
survival

Time to cognitive
failure

Cognitive
function failure 3
months
Cognitive
function failure
15 months
Grade 3-4
adverse events

lllustrative comparative risks*

(95% CI)
Assume
d risk
Not
applicabl
e

Not
applicabl
e

Not
applicabl
e

515 per
1000

667 per
1000

139 per
1000

Corresponding risk

Not applicable

Not applicable

Not applicable

438 per 1000

(309 to 623)

553 per 1000
(267 to 973)

140 per 1000
(92 to 217)

Quality of
Relative  No of the
effect Participants evidence
(95% CI)  (studies) (GRADE)
HR 1.06 508 SIeISIS)
(0.86 to (1 study) low'2
1.31)
HR 1.06 508 SISISIS)
(0.87 to (1 study) very low?3
1.30)
HR 0.78 141 DOOO
(0.62 to (1 study) very low3#
0.99)
RR 0.85 141 SPISISIS)
(0.60 to (1 study) very low?3
1.21)
RR 0.83 18 SISISIS)
(0.40 to (1 study) very low35
1.46)
RR 1.01 508 SISISIS)
(0.66 to (1 study) very low35
1.56)

ClI confidence interval, HR hazard ratio, WBRT whole brain radiotherapy
1 Unclear randomisation method
2 95% ClI crossed 1 default MID (1.25)
3 Unclear randomisation method; unclear whether outcome assessors were blinded to treatment allocation
4 95% ClI crossed 1 default MID (0.8)

5 95% ClI crossed 2 default MIDs (0.8 and 1.25)

See Appendix F for the full GRADE tables.

Economic evidence

The search identified 438 possibly relevant papers. Of these, 15 full papers relating to this
topic were obtained for appraisal. 1 paper (Wernicke 2016) was included in the current
review of published economic evidence for this topic..

Health economic evidence profile

Table 35: Health economic evidence profile

Popula
tion
People
with 1-3
Brains
metast
ases
for
which
surgery
was
clinicall

y

Study
Werni
cke
2016
USA

Compar
ators
Surgery+
Cs-131

Surgery+
SRS

Cost Effe
s cts Incr costs
$19, A:0. Reference
271 78
B:O.
67
$44, A0. $24, A:- A:Surgery
219 47 948 0. +Cs-131
B:0. 31 dominant
45 B:- B:Surgery
0. +Cs-131
22 dominant
62

Incr
effect
s

No
sensiti
vity
analys

is
perfor
med

Uncerta
ICER inty
Partiall Very
y Serious
Applic  Limitatio
able ns.
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identifie
d
Comments:

Summary of studies included in the economic evidence review

Wernicke 2016 is a cost utility study comparing surgery with Cs-131 stranded implanted
seeds with surgery and SRS in patients with 1-3 brain metastases. The study took a US
hospital perspective and reported outcomes in terms of cost per QALY. Effectiveness data
were taken from 1 prospective Phase /Il trial at 1 US centre for the Cs-131. For the SRS
cohort, effectiveness evidence was derived from patient records at the same single centre
who did not participate in the trial. Utility data were either estimated for use in the study or
converted from Karnofsky performance status scores. Cost data were taken directly from
hospital receipts.

This study was deemed partially applicable to the decision problem. This is because they did
not take a NHS and PSS perspective.

Wernicke 2016 was considered to have very serious limitations in terms of methodological
quality. Amongst the limitations the patient groups which were not necessarily comparable
and no exploration of uncertainty was performed. The methods for obtaining parameter
estimates for the model were also not clear.

In Wernicke 2016 the base-case analysis estimated surgery and Cs-131 was both cost
saving and health improving compared to surgery and SRS. No exploration of uncertainty
was reported for this study.

For full economic evidence tables see Appendix H.

Resource Impact

No unit costs were presented to the committee as these were not prioritised for decision
making purposes.

Evidence statements

WBRT and BSC versus BSC

¢ One randomised controlled trial (N=97) provided very low to moderate quality evidence
that showed no significant differences between those who received WBRT and BSC
compared to those who received BSC only in overall survival (hazard ratio (HR)=1.10,
95% confidence interval (Cl) 0.93-1.31), any serious adverse events (relative risk
(RR)=1.09, 95% CI 0.85-1.39); infection (RR= 1.06, 95% CI 0.55-2.06); cardiac adverse
events (RR=2.00, 95% CI 0.18-21.93); or use of dexamethasone (RR= 1.19, 95% CI1 0.72-
1.97)

e One randomised controlled trial (N=97) provided very low quality evidence that showed no
significant differences in quality of life (improved or maintained) (RR= 0.91, 95% CI 0.59-
1.4). KPS change at 12 weeks appeared to be higher in those who received whole brain
radiotherapy in combination with best supportive care compared to those who received
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best supportive care only (mean change in the WBRT and BSC group = 4.60 higher, 95%
Cl 2.13-7.07).

WBRT and SRS versus WBRT

¢ One randomised controlled trial (N=331) provided moderate quality evidence to show no
significant differences in overall survival in those who received WBRT compared to those
who received WBRT and SRS (mean overall survival in the WBRT+SRS group=5.7
months and mean overall survival in the WBRT group = 6.5 months).

¢ Very low to low quality evidence from 1 or 2 randomised controlled trials (N=39-326)
showed no differences between the treatment groups in complete response rate (RR=
2.08, 95% CI 0.82-5.25); partial response rate (RR= 1.06, 95% CI 0.80-1.41); stable
lesion rate (RR= 0.67, 95% CI 0.34-1.34); progression lesion rate (RR=0.64, 95% CI 0.28-
3.51.465); control of treated lesions (RR= 1.23, 95% CI 0.98-1.55); improvement in KPS
(RR=3.16, 95% CI 0.91-11.06); increase in steroid use (RR= 1.15, 95% CI 0.41-3.27);
acute toxicity (RR= 11.41, 95% CI 0.64-204.68); death due to brain metastases (RR=
0.92, 95% CI 0.64-1.532); late necrosis (RR= 2.59, 95% CI 0.11-59.93); brain oedema
(RR=1.01, 95% CI 0.87-1.17) or neurological progression (RR= 1.02, 95% CI 0.82-1.26).

WBRT versus SRS

¢ One randomised controlled trial (N=39) provided very low to low quality evidence that
showed no significant differences between those who received WBRT compared to those
who received SRS in local control (RR= 0.86, 95% CI 0.25-2.95); late radiation necrosis
(RR=1.06, 95% CI 0.92-1.23); brain oedema (RR= 1.17, 95% CI 0.08-17.35) and
neurological progression (RR=1.07, 95% CI 0.89-1.29).

WBRT and TMZ versus WBRT

¢ One randomised controlled trial (N=55) provided very low to moderate quality evidence
that showed no differences in overall survival (HR= 1.14, 95% CI 0.71-1.83); median
overall survival (median overall survival in the intervention arm= 8 months [4.9 to 11.1]
and the median overall survival in the control arm=8.1 months [5.9 to 10.1] ), or
progression free survival (median progression free survival in the intervention arm= 11.8
months [4.7 to 18.9] and the median progression free survival in the control arm = 5.6
months [4.9 to 6.2]) between those who received WBRT compared to those who received
WBRT and TMZ.

¢ Three randomised controlled trials (N=102) provided very low to low quality evidence that
showed no significant differences in complete response rate (RR= 1.58, 95% CI 0.75-
3.31); partial response rate (RR= 1.38, 95% CI 0.98-1. 94); stable disease rate (RR= 0.59,
95% CI 0.18-1. 91) and progressive disease rate (RR= 0.60, 95% CI 0.24-1. 52) between
those who received WBRT compared to those who received WBRT and TMZ.

¢ Two randomised controlled trials (N=103) provided very low quality evidence that showed
no significant differences in neurological outcomes between those who received WBRT
compared to those who received WBRT and TMZ (RR= 1.29, 95% CI 0.98-1.69).

¢ One randomised controlled trial (N=48) provided very low quality evidence that showed no
differences in between those who received WBRT as compared to those who received
WBRT and TMZ in corticosteroids use (RR=0.74, 95% CI 0.55-1.00). There were not
differences in death because of systemic disease (RR=0.92, 95% CI 0.73-1.16).
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Two randomised controlled trials (N=150) provided very low quality evidence that showed
that those who received WBRT experienced fewer grade = 3 adverse events compared to
those who received WBRT and TMZ (RR=3.93, 95% CIl 2.04-7.58).

SRS and WBRT versus SRS

One randomised controlled trial provided low to very low quality evidence showing no
significant differences in the median survival time or brain tumour recurrence at distal
sited between those who received SRS in combination with WBRT and SRS alone
(median survival time in the SRS + WBRT group was 7.5 months [0.8-58.7] and the
median survival time in the SRS group was 8 months [0.5-57] and median months brain
tumour recurrence in distal sites in the WBRT+ SRS group was 16.2 and the median
months in the SRS group was 5.5)

One randomised randomised controlled trial (N=167) provided low quality evidence
showing no significant difference in overall survival between those who received SRS and
WBRT compared to those who received SRS (HR 1.02, 95% CI 0.75-1.38).Conversely, 1
of these trials (N=58) provided high quality evidence to show that those who received
SRS only experienced longer overall survival compared to those who received SRS and
WBRT (HR=2.47, 95% CI 1.34-4.55).

One randomised controlled trial (N=213) provided low quality evidence that showed that
those who received WBRT and SRS experienced a longer time to intracranial failure (HR=
3.60, 95% CI 2.21-5.86) compared to those who received SRS only.

One randomised controlled trial (N=132) provided very low quality evidence that showed
that those who received WBRT and SRS had a lower rate of new brain metastases at
distal sites (RR= 0.64, 95% CI 0.42-0.97) or actuarial new brain tumour metastases (RR=
0.65, 95% CI 0.46-0.91) compared to those who received SRS only.

Four randomised controlled trials (N=426) provided very low quality evidence to show that
those who received WBRT and SRS had a higher local control rate (RR=1.29, 95% ClI
1.17-1.43) and distant brain tumour control (RR=1.36, 95% CI 1.18-1.56) compared to
those who received SRS only.

One randomised controlled trial (N=132) provided very low quality evidence that showed
no differences in KPS score (=70) between those who received WBRT and SRS and
those who received SRS only (RR=1.26, 95% CI 0.75-2.12).

One randomised controlled trial (N=115) provided very low quality evidence that showed
that quality of life was higher at 3 months for those who received SRS compared to those
who received WBRT and SRS (mean quality of life in the WBRT and SRS= 11.9 lower,
95% CI -17.71 to -6.09).

One or 2 randomised controlled trials provided low to moderate quality evidence that
showed no significant differences in the following adverse events between those who
received WBRT and SRS compared to those who received SRS only: cognitive
deterioration (RR=0.72, 95% CI 0.15-3.53); neurological preservation (RR=1.01, 95% CI
0.86-1.18); grade 3 and 4 late toxic effects (RR= 0.97, 95%Cl 0.86-1.09); oedema limbs
(RR=0.99, 95%CI 0.96-1.02) and late oedema (RR=1, 95% CI 0.87-1.14).

SRS and cisplatin or carboplatin versus SRS

One randomised controlled trial (N=98) provided very low quality evidence that showed no
difference in overall survival (HR 1.2, 95% CI 0.77 to 1.89) or progression free survival
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(HR =1.44, 95% CI 0.87 to 2.35) between those who received SRS combined with
cisplatin or carboplatin compared to those who received SRS only

WBRT and erlotinib versus WBRT

¢ One randomised controlled trial (N=80) provided very low to moderate quality evidence
that showed no difference in overall survival (HR = 0.94, 95% CI 0.58-1.53); grade 3 to 4
adverse events (RR= 1, 95% CI 0.75-1.33); quality of life (mean quality of life in the WBRT
and erlotinib= 0.05 higher, 95% CI 0.34 to 0.344) or infection (RR=1.13, 95% CI 0.92 to
1.38) between those who received WBRT and erlotinib compared to those who received
WBRT only.

Surgery, SRS and WBRT versus surgery, SRS and observation

¢ One randomised controlled trial (N=369) provided very low to low quality evidence that
showed slightly shorter median progression free survival (4.6 months; 95% ClI, 3.9 to 6.1
months) in the surgery/SRS/WBRT group relative to the surgery/SRS/observation group
(3.4 months; 95% CI, 3.1 to 3.9 months), whereas the groups did not differ in terms of
overall survival (HR = 0.98, 95% CI 0.78-1.23).

¢ One randomised controlled trial (n=369) provided very low quality evidence that showed
that those who received Surgery/SRS/ observation experienced fewer serious side effects
(RR=10.23, 95% CI 0.07-0.80) that those who received surgery/ SRS/WBRT, but those
who received Surgery/SRS/ observation presented with a higher risk of intracranial
progression (RR= 0.62, 95% CI 0.52-0.74) as compared to those who received surgery/
SRS/WBRT. There were no differences between the treatment groups in serious infection
rate (RR=0.20, 95% CI 0.01-4.16), serious radionecrosis rate (RR=0.50, 95% CI 0.05-
5.50), but quality of life was lower in the surgery/SRS/WBRT group compared to the
surgery/SRS/Observation group (mean quality of life in surgery/SRS/WBRT = 1.90 lower,
95% CI 3.72-0.08)

WBRT, SRS and TMZ versus WBRT and SRS

¢ One randomised controlled trial (N=84) provided very low to low quality evidence that
showed no differences in overall survival (HR 1.43, 95% CI 0.89 to 2.31), CNS
progression rate (RR= 1.89, 95% CI 0.82-4.32), new metastases (RR= 2.20, 95% CI 0.72
to 6.75); steroid use (RR= 0.82, 95% CI 0.53-1.28) or grade 4 brain necrosis (there were
no events in either treatment group) between those who received WBRT/SRS/TMZ and
those who received WBRT and SRS. Those who received WBRT and SRS experienced
less grade 3-5 toxicity (RR= 3.52, 95% CI 1.42-8.73) compared to those who received
WBRT/SRS/TMZ.

WBRT, SRS and erlotinib versus WBRT and SRS

¢ One randomised controlled trial (N=85) provided very low to low quality evidence that
showed no differences in overall survival (HR=1.47, 95% CI1 0.92 to 2.36); CNS
progression rate (RR=1.84, 95% CI 0.80-4.22); steroid use (RR= 0.76, 95% CI 0.48-1.20)
and grade 4 brain necrosis rate (RR= 3.21, 95% CI 0.13-76.74) between those who
received WBRT and SRS compared to those who received WBRT/SRS/erlotinib.

e Those who received WBRT and SRS experienced less deterioration in performance (RR=
1.63, 95% CI 1.20-2.23) and grade 3-5 toxicity (RR= 4.29, 95% CI 1.78-10.38).
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SRS versus observation following resection of metastases

¢ One randomised controlled trial (N = 128) provided very low to low quality evidence that
showed no significant differences in median overall survival time (HR= 1.29, 95% CI 0.84-
1.98) or in distant recurrence rates (HR= 0.81, 95% CI 0.51-1.27) between those who
received SRS and those who were observed after resection of brain metastases. The
same trial did show a significant reduction in local recurrence rates (low quality evidence)
(HR=0.46, 95% CI 0.24 to 0.88), and a longer time to local recurrence (moderate quality
evidence) (HR= 0.41, 95% CI 0.21-0.80) for those who received SRS as compared with
those who were observed.

WBRT and memantine versus WBRT

¢ One randomised controlled trial (n=508) provided low to very low quality evidence that
showed no significant differences in overall survival (HR=1.06, 95% CI 0.86-1.31) or
progression free survival (HR=1.06, 95% CI 0.87-1.30).

¢ One randomised controlled trial provided very low quality evidence that showed longer
time to cognitive failure in those who received WBRT in combination with memantine
compared to those who received WBRT alone (HR=0.78, 95% CI 0.62-0.99).

¢ One randomised controlled trial provided very low quality evidence that showed no
differences in cognitive function failure at three months (RR=0.85, 95% CI 0.60 to 1.21);
cognitive failure at 15 months (RR=0.83, 95% CI 0.40 to 1.46) or grade 3 to 4 adverse
events (RR=1.01, 95% CI 0.66 to 1.56) between those who received WBRT in
combination with memantine or WBRT alone.

The committee’s discussion of the evidence

Interpreting the evidence
The outcomes that matter most

The committee selected 3 outcomes as being critical: overall survival, 2 measures of
progression-free survival (local control and intracranial control) and health-related quality of
life. These outcomes were prioritised because they were either related to length of life or a
direct measure of quality of life.

The committee selected 3 outcomes as being important: cognitive function, 2 measures of
neurological function (Karnofsky Performance Status and Neurological Function Scale) and
several measures of treatment-related morbidity including postoperative infection and
radionecrosis. These outcomes were considered important, as they were indirect measures
of quality of life, as well as representing areas of particular concern for patients. The
committee added steroid use as an outcome of limited importance, as this was a common
response to WBRT.

The quality of the evidence

The evidence consisted of a very large number of studies reporting outcomes rated as low
quality, with no consistent intervention and comparator. The question on single brain
metastases consisted of 5 studies, of which all but 1 outcome for 1 study was ranked as low
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quality evidence. The study which produced outcomes graded moderate showed a difference
in overall survival favouring whole brain radiotherapy and stereotactic radiosurgery over
whole brain radiotherapy alone. The combined mixed-population and multiple brain
metastases review consisted of 22 studies, comparing 18 different sets of interventions and
comparisons. The quality of outcomes reported by these studies was generally low or very
low. The main quality issues noted in these studies were very small sample sizes, no clear
consensus on a ‘gold standard’ comparator and multiple conflicting outcome measures.

The committee discussed how the trial entry criteria for the main study on whole brain
radiotherapy was quite specific; a population of patients with a poor prognosis whose
oncologist was unclear about the efficacy of WBRT. This limited its wider applicability.

The committee agreed that the quality of evidence was high enough to support strong
recommendations. Although evidence for each outcome was generally low or very low
quality, the committee considered that the evidence was consistent with itself, with their
clinical experience and with trials in similar areas, and consequently they believed the
evidence was largely reliable.

The committee chose not to make a research recommendation, as the evidence for
answering this question was robust.

Benefits and harms

The committee agreed that the benefit of these recommendations would be fewer people
receiving harmful and unnecessary treatment. There may also be an effect whereby
clinicians are prompted to consider the most appropriate treatment for groups they might
previously have put on a palliative care plan but who nevertheless may benefit from
treatment (especially in groups of people with <4 metastases). The committee added that the
emphasis on discussing treatment options would likely help to reassure people with brain
tumours, in particular the recognition that treatment has to be individualised.

The harms of offering any intervention are the side effects of treatment. In particular for brain
tumours the harm of offering too much radiation is side effects, and the harm of offering too
little is (lesser) side effects and tumour recurrence. Therefore the committee drafted their
recommendations to try and limit the amount of radiation given to healthy brain tissue, where
possible. In this way the benefit was maximised for the person with a tumour compared to
the risk.

Based on their clinical experience, the committee recommended that when choosing
treatment, clinicians and people with a tumour should take various factors into account,
which they listed. The list was generated using the committee’s knowledge and indirect
evidence from the review — for example the primary tumour site was seen to lead to a
different outcome and therefore it might be appropriate to treat tumours arising from a
different primary site differently. The committee described how leptomeningeal disease and
the preferences of the person with the tumour were extremely important to take into account
because they could substantially alter treatment, but that these considerations could not be
indirectly based on the evidence and were therefore entirely based on the experience of the
committee.

On the basis of their clinical experience the committee described how systematic anti-cancer
therapies might be expected to work for brain tumours. The committee described how
systematic anti-cancer therapies could have very severe side-effects, and therefore the
committee recommended them only if the metastasis was likely to respond and therapy was
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likely to be beneficial. The committee described how germ cell tumours or small cell lung
cancer were examples of primaries which were especially likely to respond.

For people with a single metastasis, the committee recommended treatment with
surgery,stereotactic radiosurgery (SRS) or stereotactic radiotherapy (SRT). This was based
on trials that showed that whole brain radiotherapy (WBRT) plus one of either surgery or
SRS/SRT led to fewer recurrences at the original site and improved overall survival
respectively, and additionally on evidence that WBRT was no better than observation only.
From this the committee concluded that there was indirect evidence that SRS/SRT and
surgery was superior to WBRT or observation.

The committee described how SRS and SRT were techniques which should be selected
between on the basis of which number of fractions was more appropriate. The committee
discussed how there were other radiotherapy modalities on which no evidence was found,
and therefore no recommendation could be made on these modalities.

The committee did not have evidence of when SRS/SRT or surgery should be preferred for
people with a single brain metastasis, and so recommended additional factors to consider
before making the decision on the basis of their experience. Although the committee did not
have any evidence, they discussed how these considerations should be standard practice
and so a weak recommendation to base the decision on a variety of factors was appropriate.

The committee recommended against whole brain radiotherapy following local treatment of a
single metastasis. This was based on evidence that showed that neurological death rate was
improved by withholding whole brain radiotherapy, and health economic analysis. This was
consistent with the committee’s clinical experience.

The committee recommended considering adjuvant stereotactic radiosurgery/radiotherapy to
the surgical cavities for people with 1-3 brain metastases that have been resected. This was
based on evidence showing people who received SRS/SRT had reduced local recurrence
rates and an increase in the time to local recurrence compared with those who were
observed. The committee agreed this evidence was mixed, but argued that there were
plausible reasons to believe irradiation of the surgical cavity should prevent recurrence and
so were persuaded by it. The committee noted that there was no overall increase in survival
in the group that did not receive SRS/SRT. While it was unclear if this finding was clinically
meaningful, the committee argued that lengthening the time to local recurrence would likely
improve quality of life even if it did not extend length of life.

The committee recommended stereotactic radiosurgery/radiotherapy should be considered in
patients with a reasonable prognosis, controlled extracranial disease and a low number of
brain metastases. This was based on evidence for improvement in overall survival and
quality of life. The committee added on the basis of their experience that they only expected
this benefit to be seen if the number and total volume of metastases were taken into account.

The committee made a recommendation to avoid offering whole brain radiotherapy to people
with brain metastases from non-small cell lung cancer who had a poor performance status
and were therefore unlikely to be candidates for additional systemic treatments for their
primary cancer (such as immunotherapy). This was based on a large trial which only
included this group of patients and found no benefit to whole brain radiotherapy versus best
supportive care. The committee discussed how it might be possible to consider whole-brain
radiotherapy in other groups, but determined on the basis of the available evidence that they
could not make this recommendation. As this is considered to be a very specific population,
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the committee did not think it was appropriate to extend this recommendation to other people
with metastases originating from different tumour sites or an improved performance status.

The evidence for the use of whole brain radiotherapy in people with brain metastases from
cancers other than lung cancer and who are not suitable for SRS was mixed. Overall, the
evidence neither favoured nor did not favour whole brain radiotherapy alone. Whole brain
radiotherapy has not been demonstrated to improve survival, and may harm cognition.
However, it can reduce the development of new brain metastases. Therefore the committee
recommended that both WRBT and no WBRT be considered, with the choice of treatment
made after discussion with the person about the potential risks and benefits.

Based on evidence of no statistically significant effect, the committee recommended
memantine should not be offered in addition to whole brain radiotherapy to people with
multiple brain metastases outside clinical trials. The committee also noted that memantine is
not currently licensed for this indication in the UK.

Based on evidence of both benefits and harms, the committee did not believe that the
evidence for a benefit was robust enough to justify the risks of recommending concurrent
systematic therapy. Therefore the committee recommended these treatments only be given
in a research context. However, the committee added that this did not mean systematic
therapy could not be given following treatment, only that the evidence did not support it being
given concurrently. Therefore, such drugs should not be stopped if they are part of the
treatment of the primary tumour site (that is to say, if they would have been given regardless
of the brain metastases).

Cost effectiveness and resource use

Three previously published economic evaluations were identified for this topic. Given they
were not deemed directly applicable to the decision problem, had methodological problems
and came to conflicting conclusions with each other the committee did not think it would be
useful to use this evidence to inform their recommendations.

Two bespoke economic models were developed looking at adjuncts to surgery and SRS in
the treatment of a single brain metastasis to help inform recommendations. The base-case
analysis found that the addition of WBRT to either initial treatment with surgery or SRS would
lead to an increase in costs of approximately £2000 per patient and a small decrease in
QALYs. These results were robust to a range of deterministic and probabilistic sensitivity
analyses, with the addition of WBRT only becoming cost effective for a difference in quality of
life weights between a case where the tumour progressed and a case where it remained
unprogressed that the committee considered to be implausibly large.

Given that WBRT would very likely increase costs and decrease health the committee made
a recommendation not to use WBRT as an adjunct to SRS and surgery. Given there is
currently variation across the NHS in England and numerous centres are using WBRT in this
context, there would likely be reasonable cost savings from this recommendation.

The committee acknowledged that in the base-case analysis that the addition of SRS to
initial surgery would lead to both cost increases and health decreases. It was noted that
during deterministic sensitivity analysis, surgery with SRS became the preferred option for
values of overall survival within the 95% confidence intervals reported in the clinical evidence
review. Using the lower, more favourable, estimate for the hazard ratio of the addition of SRS
to surgery led to an ICER of £22,841 per QALY. Given the uncertainty around this important
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parameter, the reasonable probability that it may be cost effective and the relative newness
of this technique it was agreed that it was reasonable to consider its use.

The committee acknowledged that this recommendation, if followed, would almost certainly
increase resource use with all iterations in the probabilistic sensitivity analysis leading to
increased costs. However, given the arguments above there was a reasonable probability it
would be an efficient use of NHS resources.

All other recommendations for this topic were concerned with the reduction of unnecessary
and harmful interventions in people they would not clinically benefit. These recommendations
would lead to cost savings from the reduction in use of these interventions. It was thought
that with the exception of the addition of SRS to surgery all the recommendations would be
either cost neutral or cost saving with the recommendations as a whole being cost saving.

Other factors the committee took into account

The committee noted that there was a widespread and firmly held belief in patient support
groups (especially online) that whole brain radiotherapy was harmful in metastatic lung and
breast cancer; clinicians should expect to be challenged if they offer it to people with tumour.
The committee reiterated that due to mixed evidence, the role of whole brain radiotherapy in
people with a Karnofsky performance status of 70 or greater was an area of significant
clinical debate. Therefore the committee did not make a recommendation on groups with a
good performance status.

The committee described how for most people, their radiation would be given in a single
dose (stereotactic radiosurgery). However the committee emphasised that there would be
very rare occasions when this would be unsuitable, for example with large metastases that
require hypofractionated stereotactic radiotherapy Although this was consistent with the
evidence, the point at which the switch should be made was impossible to define so the
committee chose not to make a recommendation on this topic.

The committee discussed the evidence regarding whether there was a cut off or threshold
number of brain metastases above which stereotactic radiosurgery should not be offered.
The committee noted that the study on which the recommendation is based had an upper
limit of 3 or 4 metastases, but that there was no clear biological rational for that number.
There is also no clear survival difference between incremental increases in number of
metastases so it is difficult to set an arbitrary maximum. The committee noted that some
centres are able to treat >10 metastases safely and with good outcome. The committee
therefore decided not to make a recommendation regarding the maximum number of
metastases to be treated with stereotactic radiosurgery.
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Follow-up for brain metastases

Review question

What is the most effective follow-up protocol (including duration, frequency and tests) to
detect intracranial recurrence after treatment for brain metastases?

Introduction

People with brain metastases have a substantial risk of developing either local recurrence of
the brain tumour or further brain metastases (distant recurrence) in the first few years after
initial treatment. Detection of asymptomatic recurrence may allow earlier treatment of
recurrence, when there are more treatment options and overall neurological outcome may be
better. However, options will vary depending on the initial treatment used and the overall
prognosis of the person. Follow-up imaging is also helpful to see if treatment has been
effective, and to distinguish between changes due to treatment and tumour regrowth. The
optimal timing and method of monitoring has not been established, which has resulted in
variation in the frequency and content of follow-up programmes. Without evidence of benefit,
scanning should be avoided as there are costs to healthcare resources, people with tumour’s
time and potentially their psychological health and excess radiation if CT scans are used.

PICO table

Table 36: Summary of the protocol (PICO table)
People treated for brain metastases
Follow-up protocol including duration, and frequency of tests (e.g.,
MRI/CT scans)
¢ Any other follow-up protocol
¢ No follow up (wait until patient reports symptoms of recurrence)
Critical:
¢ treatment for recurrence
e overall survival.
e cognition
e symptomatic versus asymptomatic presentation
Important:
¢ health-related quality of life
o neurological outcomes
o seizures

CT computerised tomography; MRI magnetic resonance imaging.

For further details see the full review protocol in Appendix A.
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Clinical evidence

Included studies

The clinical evidence search identified no studies that met the inclusion criteria for this
review.

Excluded studies

Full-text studies not included in this review with reasons for their exclusions are provided in
Appendix K.

Economic evidence

The economic evidence search identified no studies that met the inclusion criteria for this
review.

Resource impact

Table 37: Resource impact and unit costs associated with follow-up for brain
metastases

NHS reference costs 2015-16 (WF01A)

Follow-Up £188
Appointment

NHS ref 2015-16 (RDO1A
MRI Scan £145 S reference costs 2015-16 (RDO1A)

Evidence statements

No evidence was identified.
The committee’s discussion of the evidence

Interpreting the evidence
The outcomes that matter most

The committee designated 4 outcomes as critical. These were cognitive function, treatment
for recurrence, overall survival and the numbers of patients with symptomatic versus
asymptomatic presentation. As the committee was unsure whether identifying early
progression of a tumour would be clinically beneficial, they identified these outcomes as the
easiest to interpret, so that the benefit or harm of treatment would be most obvious on
review.

Health related quality of life was also important, although not critical as the committee agreed
the link between recurrence and health-related quality of life was not as direct.
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The quality of the evidence

The clinical evidence search identified no studies that met the inclusion criteria for this
review.

The committee decided that since the question was so important and the evidence so limited
they would make weak recommendations to provide guidance for clinicians based on their
clinical knowledge.

The committee determined that further research into the most effective follow-up of people
with brain metastases could help to standardise practice. However, they determined that the
major outstanding clinical question was how valuable early detection of recurrence was
compared to later detection. This was true for all 3 questions on follow-up the committee
looked at (for glioma, meningioma and brain metastases). The committee elected to prioritise
glioma as treatment options for recurrence of glioma had significant evidence, so it was more
likely that findings would influence clinical practice. Therefore the committee did not make a
research recommendation on the follow-up of brain metastases.

See Evidence Report A for details of this research recommendation.
Benefits and harms

The committee agreed that the overall benefits of the recommendations would be that more
people who have been treated for brain metastases will have better quality of life because
more recurrences will be picked up while they are still asymptomatic - which is when
recurrences are easiest to treat. However, the committee also recognised that scanning is
associated with psychological stress and anxiety for some people. The committee discussed
whether more frequent scanning would provoke or reduce anxiety in people with brain
tumours, but reached no consensus as it might be different for different people — for example
reassurance of regular contact versus anxiety induction of worrying results (especially false
positives). While there was no absolute balance to be struck — the actual balance in all cases
should depend on individual factors to do with the person — the committee believe their
suggested follow-up schedule is a useful guide to balancing these benefits and harms.

Based on their experience and judgement, the committee recommended clinical review of a
person with brain metastases as this would be useful to detect recurrence, based on
changes in the person’s symptoms and function. Clinical assessment can also lead to
intervention or onward referral, if indicated. This may improve a person’s quality of life by
alleviating symptoms or helping the person develop adaptive strategies. Although the
committee identified no evidence that early detection of changes in clinical status could
improve outcomes, they agreed that failing to detect a change had happened at all could
have severely negative consequences for the person with a tumour. Consequently they
made a strong recommendation for offering a review that could detect recurrence or other
changes in clinical condition, but weaker recommendations on what should be in that review.

The committee identified no direct evidence on which to make recommendations about when
to arrange regular clinical review. However, the committee had indirect evidence from
reviews on the management of the tumour about factors that would make a recurrence more
dangerous. Consequently they made a weak recommendation to consider the factors that
could alter the urgency of the review. The recommendation on taking into account the
person’s preferences was made on the basis of the committee’s experience.
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While there was no evidence for or against the use of MRI or other scans to detect
recurrence, the committee recommended that MRI scanning could be useful to detect
recurrence on the basis that it is standard practice to do this already and that unstandardised
MRI is not as useful as standard structural MRI. As this recommendation was made on the
basis of the committee’s experience it was a weak recommendation. The committee
explained how under certain circumstances not all of the sequence would be necessary, for
example if the tumour had very well-defined characteristics which could be adequately
monitored with only some of the suggested sequence. Consequently they made a weaker
recommendation than for the equivalent sequence in the investigation of the tumour,
because in the investigation of the tumour it is not yet known what characteristics the tumour
will have and therefore clinicians cannot determine if there are any aspects of the sequence
which can be left out whereas in the follow up there is more scope for the use of clinical
judgement in determining which steps were necessary.

The committee recommended advanced MRI techniques for situations where, in their clinical
judgement, it might be helpful to distinguish between recurrence of metastases and the after
effects of treatment. As this recommendation was made on the basis of the committee’s
experience it was a weak recommendation.

Based on their experience, the committee recommended that clinicians be aware that routine
imaging (and waiting for the result) may cause anxiety. In addition, the committee
recommended that the possibility of uncertain results (such as ambiguous growth) be
explained. The committee made these recommendations because in their experience the
potential harms of scanning very frequently were sometimes not appreciated by all clinicians.

The committee recommended clinical review (outside the usual schedule of scans) in
response to new or changing neurological symptoms. This was based on the fact that the
purpose of routine follow-up is to identify changes to the tumour in order to treat these before
they become symptomatic (if this is possible). In addition, the review would represent an
opportunity for the clinician to discuss how the change might affect the risk of negative
effects (such as infection and swelling). The committee discussed how they had not reviewed
the evidence for how long a clinical review could be delayed in the case of new or changing
symptoms and therefore could not specifically recommend a timeframe for review, but
discussed how similar clinical considerations would apply in the case of a changing symptom
as a new cancer referral and that therefore the timing might be related to that in practice.
New or changing symptoms likely mean that the tumour has grown between scans, and
therefore waiting until the next routine scan could limit treatment options. The committee
justified the stronger ‘offer’ recommendation on the basis that changes to neurological
condition could require immediate treatment to prevent death, and so assessment of the
change in order to assess risk could be life saving.

The committee suggested a schedule of scans for a person with brain metastases as a
possible guide to discuss with the person with the tumour. Although there was no evidence
for the most effective follow-up schedule the committee agreed that consensus
recommendations would be valuable to try to help standardise practice and reduce inequity
from clinical variation. The committee based the schedule of scans on a large clinical trial
which was conducted, their clinical experience and a discussion about the likely rate of
recurrence following a long period of no recurrence. In the committee’s experience, most
people with brain metastases treated with stereotactic radiosurgery or surgical treatment
relapse in the first 2 years. Therefore frequent scanning during this period to identify relapse
is recommended, with annual scans until 5 years to identify late relapse.
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The committee discussed whether or not to make recommendations for people who had
been treated with whole brain radiotherapy (WBRT). As this is a diverse group with widely
varying management options it was not possible to make a single recommendation. For
example, in a person who has had WBRT and is now receiving immunotherapy, routine MRI
scanning is appropriate to ensure continuing this therapy is appropriate, whereas for a frail
person with no other options, routine MRI is unlikely to be helpful and may cause distress.

Cost effectiveness and resource use

A literature review of published cost effectiveness analyses did not identify any relevant
studies for this topic.

The committee believed these recommendations to be in line with current practice nationally
and therefore did not think they would lead to any significant change in practice. The
committee acknowledge that a small number of centres may not be using a follow up
protocol similar or identical to the schedule they suggest, and in these centres increased
follow-up imaging and some service reconfiguration may be needed if the centre wishes to
implement this schedule. This would lead to increased costs and resource use although
given the small number of centres this is unlikely to be significant. These additional costs
may also be somewhat offset by quicker identification of recurrence and resultantly more
effective treatment leading to reduced costs of treating adverse events.

Other factors the committee took into account

The committee also discussed that people with physical disabilities might find it difficult to
attend very frequent scanning, and that consideration should therefore be given to alternative
modalities of assessment for these people. They did not make a specific recommendation on
this point as the types of physical disability experienced by people with brain tumours were
very variable, and in not referring specifically to disability the committee believed they would
make it clear that all people with tumours should be followed up in an appropriate way,
regardless of the presence of a disability.
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References

The clinical evidence search identified no studies that met the inclusion criteria for this
review.
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Appendix A — Review protocols

Review protocol for review 1b - imaging strategy for brain metastases

Field (based on PRISMA-P)
Key area in the scope
Actual review question

Type of review question

Objective of the review

Content
Diagnosing radiologically identified glioma, meningioma and brain metastases

1b What is the most appropriate diagnostic imaging for patients being considered for focal treatment of
their brain metastases?

Diagnostic

Note that while this is classified as a diagnostic review, the outcomes to be evaluated are not typical of a
diagnostic review; this is because the typical approach of evaluating diagnostic test accuracy against a
reference standard (using sensitivity and specificity versus pathology, for example) would not be
appropriate for a small metastasis; a scan can identify a real tumour which either moves or disappears
before it is biopsied, and in these circumstances a negative biopsy result would not represent the gold
standard; the purpose of including a list of clinical outcomes is to examine how the outcomes vary with the
number of tumours detected, thus providing indirect evidence of the accuracy of the index test

This protocol explores the evidence for imaging strategies for patients with radiologically suspected brain
metastases. Under consideration are the imaging techniques, or combination of techniques, that provide
the information necessary to make a putative diagnosis and plan appropriate treatment.
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Field (based on PRISMA-P)

Eligibility criteria —
population/disease/condition/issue/domain
Eligibility criteria —
intervention(s)/exposure(s)/prognostic
factor(s)

Eligibility criteria — comparator(s)/control or
reference (gold) standard

Outcomes and prioritisation

Content
Adults with a radiologically (by CT scan or MRI scan) suspected brain metastasis

e Advanced MRI:
o double dose or triple dose Gadolinium contrast agent
o PET-CT (including FDG: FET, MET, Choline-PET)
o PET-MRI (including FDG: FET, MET, Choline-PET)

Standard structural MRI (core protocol) +/- contrast (T1 pre and post contrast and T2)

e Number of metastases

It is recognised that this outcome will be challenging to interpret, but the committee points out that a more
typical reference standard (pathology, for example) would usually not be appropriate for a small metastasis
as a scan can identify a real tumour which either moves or disappears before it is biopsied, and therefore a
negative biopsy result would not be gold standard.

Therefore other outcomes will only be considered in papers containing information on the number of
metastases:

Critical:
e overall survival.
e progression-free survival:
o local control (site of metastasis)
o intracranial control (recurrence elsewhere in the brain)
¢ health-related quality of life
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Field (based on PRISMA-P) Content

Important:
e cognitive function:
o neurological function
o Karnofsky Performance Status (or WHO or ECOG)
¢ Neurological Function Scale
o treatment-related morbidity:
radionecrosis
oedema
postoperative infection
stroke

o O O O

Limited:
Steroid (for example dexamethasone) use (duration and dose)
Eligibility criteria — study design Only published full-text English language papers
Studies published from the year 2000 when MRI technology changed significantly
Study design:
RCTs
Cross-sectional studies (>20)
Observational studies (>20)

Other inclusion exclusion criteria Recurrent meningioma, low grade glioma or high-grade glioma
Children and young people (under 16 years old)

The following list of tumour types:
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Field (based on PRISMA-P)

Proposed stratified, sensitivity/sub-group
analysis, or meta-regression

Selection process — duplicate
screening/selection/analysis
Data management (software)

Information sources — databases and dates

Identify if an update

Content

e neuronal and mixed neuronal-glial tumours

e tumours of the pineal region

e embryonal tumours

e tumours of the cranial and paraspinal nerves

e melanocytic tumours

e lymphomas

e mesenchymal, histiocytic, germ cell, sellar originating and choroid plexus tumours.
Type of gadolinium contrast agent

Type of PET tracer agent

Double sifting, data extraction and methodological quality assessment will not be done.

STAR will be used for generating bibliographies/citations, study sifting, data extraction, and quality
assessment/critical appraisal.
See Appendix B for full list of databases.

Sources to be searched: Medline, Cochrane Central Register of Controlled Trials, Cochrane Database of
Systematic Reviews, Cochrane Database of Abstracts of Reviews of Effectiveness, Health Technology
Database, Embase

Limit to studies published from the year 2000 when MRI technology changed significantly. Limit to English
language only where possible (Medline and Embase). Limit to RCTs and systematic reviews unless
overall return is small

Supplementary search techniques: No supplementary search techniques were used

Not an update.
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Field (based on PRISMA-P)

Author contacts

Highlight if amendment to previous protocol
Search strategy — for one database

Data collection process — forms/duplicate

Data items — define all variables to be
collected

Methods for assessing bias at outcome/study
level

Criteria for quantitative synthesis

Methods for quantitative analysis —
combining studies and exploring
(in)consistency

Content

Developer: National Guideline Alliance (NGA-enquiries@rcog.org.uk)

For details please see section 4.5 of Developing NICE guidelines: the manual.
For details please see Appendix B of the evidence report.

A standardised evidence table format will be used, and published as Supplementary Material D (clinical
evidence tables)

For details please see evidence tables in Supplementary Material D.

Appraisal of methodological quality:
The methodological quality of each study will be assessed using an appropriate checklist:
ROBIS for systematic reviews
. Cochrane risk of bias tool for randomised studies
. Cochrane risk of bias tool for non-randomised studies
For details please see section 6.2 of Developing NICE guidelines: the manual

The risk of bias across all available evidence will evaluated for each outcome using an adaptation of the
‘Grading of Recommendations Assessment, Development and Evaluation (GRADE) toolbox’ developed by
the international GRADE working group

For details please see section 6.4 of Developing NICE guidelines: the manual
The quality of the evidence for an outcome (i.e. across studies) will be assessed using QUADAS —II.

Synthesis of data:
Meta-analysis will be conducted where appropriate.
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Field (based on PRISMA-P) Content
Minimally important differences:

Default values will be used of: 0.8 and 1.25 for dichotomous outcomes; 0.5 times SD for continuous
outcomes, unless more appropriate values are identified by the guideline committee or in the literature.

Data extraction and methodological quality assessment:

Sifting, data extraction, appraisal of methodological quality and GRADE assessment will be performed by
the systematic reviewer. Quality control will be performed by the senior systematic reviewer. Dual quality
assessment and data extraction will be performed when capacity allows.

Meta-bias assessment — publication bias, For details please see section 6.2 of Developing NICE guidelines: the manual.
selective reporting bias

Confidence in cumulative evidence For details please see sections 6.4 and 9.1 of Developing NICE guidelines: the manual
Rationale/context — what is known For details please see the introduction to the evidence review in the full guideline.

Describe contributions of authors and

guarantor A multidisciplinary committee developed the guideline. The committee was convened by [add name of

developer] and membership is given in Supplementary Material B in line with section 3 of Developing NICE
guidelines: the manual.

Staff from [add name of developer] undertook systematic literature searches, appraised the evidence,
conducted meta-analysis and cost-effectiveness analysis where appropriate, and drafted the guideline in
collaboration with the committee. For details please see the methods chapter of the full guideline.

Sources of funding/support [add name of developer] is funded by NICE and hosted by the Royal College of Obstetricians and
Gynaecologists.

Name of sponsor [add name of developer] is funded by NICE and hosted by the Royal College of Obstetricians and
Gynaecologists.
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Field (based on PRISMA-P) Content
Roles of sponsor NICE funds the National Guideline Alliance to develop guidelines for the NHS in England.
PROSPERO registration number Not registered in PROSPERO

Review protocol for review 4a — management of single metastases

Field (based on PRISMA-P) Content
Key area in the scope Managing brain metastases
Actual review question 4a What is the most effective intracranial treatment (surgery, stereotactic radiotherapy, whole brain

radiotherapy or combinations of these) for a single brain metastasis?
Type of review question Intervention

Objecti f th i
Jective ot the review Single brain metastases were traditionally treated with surgery, but new therapies mean that optimal

treatment is now uncertain. A review in this area will help establish what the optimal treatment for a single
metastasis is.

Eligibility criteria — People with a single brain metastasis
population/disease/condition/issue/domain

Eligibility criteria — e Surgery
intervention(s)/exposure(s)/prognostic « Radiotherapy:

factor(s)

radiosurgery (1 fraction)

stereotactic radiotherapy (2-5 fractions)

whole brain radiotherapy

combined therapy (any combination of the above)
combination of radiation and drug therapy

(@)

O O O O
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Field (based on PRISMA-P) Content
Eligibility criteria — comparator(s)/control or e Each other
reference (gold) standard
Outcomes and prioritisation Critical:
e overall survival.
e progression-free survival
o local control (site of metastasis)
o intracranial control (recurrence elsewhere in the brain)
e health-related quality of life

Important:

e cognitive function.

e neurological function
o Karnofsky performance status (or WHO or ECOG)
o Neurological Function Scale

e treatment-related morbidity.
o radionecrosis
o oedema
o postoperative infection
o stroke

Limited:

o steroid (for example dexamethasone) use (duration and dose)
Eligibility criteria — study design Only published full text papers in English language
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Field (based on PRISMA-P)

Other inclusion exclusion criteria

Proposed sensitivity/sub-group analysis,
or meta-regression

Selection process — duplicate
screening/selection/analysis

Content

Systematic reviews

RCTs

Cohort or observational studies where RCTs are not available

Populations including children <16 included will be considered if the number of children is low (<10%) or the
average age of the cohort is high (>40) or results are reported separately for children and adults

Populations with mixed single / multiple metastases will be extracted separately if possible. If results are not
reported by single / multiple subgroup they will be included if they are more than 75% single, included in the
sister review of multiple metastases if they are less than 25% single and included in a ‘mixed’ review if more
than 10% of the population has a metastasis which is not described as either single or multiple or if the
population is between 25% and 75% single.

The following type of cancers are excluded:
e small cell lung cancers

e germ cell tumours

e secondary lymphoma

o metastasis from brain tumours or CNS

As above, studies reporting these tumours will be excluded unless the total number of these types of cancers
is small (<10% in total) or outcomes for included and excluded cancers are reported separately

Studies with an unclear number of metastases will be treated as ‘multiple’ and so excluded from this review
o Size/volume of metastasis <10 v >=10cc

o Site of primary tumour: breast v non-small cell lung v other

e brainstem v elsewhere in brain

Double sifting, data extraction and methodological quality will not be done.

In order to ensure accuracy, all results are checked by a Senior Systematic Reviewer and the excluded
study list is checked by the committee prior to making recommendations.
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Field (based on PRISMA-P)
Data management (software)

Information sources — databases and dates

Identify if an update

Author contacts

Highlight if amendment to previous protocol
Search strategy — for one database

Data collection process — forms/duplicate

Data items — define all variables to be
collected

Methods for assessing bias at
outcome/study level

Content

If pairwise meta-analyses are undertaken, they will be performed using Cochrane Review Manager
(RevManb5).

‘GRADEpro’ will be used to assess the quality of evidence for each outcome.

STAR will be used for bibliographies/citations and study sifting.

Microsoft Word will be used for data extraction and quality assessment/critical appraisal

See Appendix B full list of databases.

No date limit.

A single search will be conducted for management of single, multiple and mixed brain metastases.
Not an update.

Developer: National Guideline Alliance (NGA-enquiries@rcog.org.uk).

For details please see section 4.5 of Developing NICE guidelines: the manual.

For details please see Appendix B of the evidence report.

A standardised evidence table format will be used, and published as Supplementary Material D (clinical
evidence tables).

For details please see evidence tables in Supplementary Material D.

Appraisal of methodological quality:

The methodological quality of each study will be assessed using an appropriate checklist:
o ROBIS for systematic reviews

e Cochrane risk of bias tool for randomised studies

¢ Cochrane risk of bias tool for non-randomised studies

For details please see section 6.2 of Developing NICE guidelines: the manual
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Field (based on PRISMA-P)

Criteria for quantitative synthesis

Methods for quantitative analysis —
combining studies and exploring
(in)consistency

Meta-bias assessment — publication bias,
selective reporting bias

Confidence in cumulative evidence
Rationale/context — what is known

Describe contributions of authors and
guarantor

Sources of funding/support

Content

The risk of bias across all available evidence will evaluated for each outcome using an adaptation of the
‘Grading of Recommendations Assessment, Development and Evaluation (GRADE) toolbox’ developed by
the international GRADE working group

For details please see section 6.4 of Developing NICE guidelines: the manual

Synthesis of data:
Meta-analysis will be conducted where appropriate using Review Manager.

Minimally important differences

Default values will be used of: 0.8 and 1.25 for dichotomous outcomes; 0.5 times SD for continuous
outcomes, unless more appropriate values are identified by the guideline committee or in the literature.

For details please see section 6.2 of Developing NICE guidelines: the manual.

For details please see sections 6.4 and 9.1 of Developing NICE guidelines: the manual
For details please see the introduction to the evidence review in the full evidence review/guideline.

A multidisciplinary committee developed the guideline. The committee was convened by [add name of
developer] and membership is given in Supplementary Material B in line with section 3 of Developing NICE
guidelines: the manual.

Staff from the National Guideline Alliance undertook systematic literature searches, appraised the evidence,
conducted meta-analysis and cost-effectiveness analysis where appropriate, and drafted the guideline in
collaboration with the committee. For details please see Supplementary Material C.

The National Guideline Alliance is funded by NICE and hosted by the Royal College of Obstetricians and
Gynaecologists
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Field (based on PRISMA-P)
Name of sponsor

Roles of sponsor
PROSPERO registration number

Content

The National Guideline Alliance is funded by NICE and hosted by the Royal College of Obstetricians and
Gynaecologists.

NICE funds the National Guideline Alliance to develop guidelines for the NHS in England.
Not registered in PROSPERO.

Review protocol for review 4b — management of multiple metastases

Field (based on PRISMA-P)
Key area in the scope
Actual review question

Type of review question
Objective of the review

Eligibility criteria —
population/disease/condition/issue/domain
Eligibility criteria —
intervention(s)/exposure(s)/prognostic
factor(s)

Content
Managing brain metastases

4b What is the most effective intracranial treatment - surgery stereotactic radiotherapy, whole brain
radiotherapy, combinations of these, or best supportive care) for multiple brain metastases?
Intervention

Until recently whole brain radiotherapy (WBRT) was the mainstay of treatment of multiple brain metastases.
WBRT can offset the morbidity of intracranial metastases but can cause significant neurocognitive toxicity.
This led to the concept of using single fraction stereotactic radiosurgery (SRS) for multiple lesions which may
reduce the neurocognitive risks but does not treat areas of potential microscopic disease. This review will
identify which therapy is most appropriate for people with multiple brain metastases.

People with multiple brain metastases (=2 metastases)

e Neurosurgery
o Radiotherapy:
o radiosurgery SRS (1 fraction)
o stereotactic radiotherapy SRT (2-5 fractions)
o whole brain radiotherapy (WBRT)
o hippocampal avoidance WBRT
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Field (based on PRISMA-P) Content

e Chemotherapy or systemic anti-cancer therapy/ treatment
e Combined therapy (any combination of the above)
e Best supportive care

Eligibility criteria — comparator(s)/control Any intervention compared to any other intervention
or reference (gold) standard
Outcomes and prioritisation Critical:

e overall survival.
e progression-free survival

o local control (site of metastasis)

o intracranial control (recurrence elsewhere in the brain)
¢ health-related quality of life

Important:

¢ cognitive function.

¢ neurological function
o Karnofsky performance status (or WHO or ECOG)
o Neurological Function Scale

e treatment-related morbidity.
o radionecrosis
o oedema
o postoperative infection
o stroke
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Field (based on PRISMA-P) Content

Limited:

o steroid (for example dexamethasone) use (duration and dose)
Eligibility criteria — study design Only published full text papers

Systematic reviews

RCTs

Cohort or observational studies where RCTs are not available

No date or size limit

Other exclusion criteria

Populations including children <16 included will be considered if the number of children is low (<10%) or the
average age of the cohort is high (>40) or results are reported separately for children and adults

Populations with mixed single / multiple metastases will be extracted separately if possible. If results are not
reported by single / multiple subgroup they will be included if they are more than 75% single, included in the
sister review of multiple metastases if they are less than 25% single and included in a ‘mixed’ review if more
than 10% of the population has a metastasis which is not described as either single or multiple or if the
population is between 25% and 75% single.

The following type of cancers are excluded:
small cell lung cancers

germ cell tumours

secondary lymphoma

metastasis from brain tumours or CNS
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Field (based on PRISMA-P) Content

As above, studies reporting these tumours will be excluded unless the total number of these types of cancers
is small (<10% in total) or outcomes for included and excluded cancers are reported separately

Proposed sensitivity/sub-group analysis, e Number of metastases: 2-4 versus >4
or meta-regression e Total volume of metastases: </20 ml > 20 ml (cm3)
e Primary tumour types:
o non-small cell lung
o breast
o melanoma
o renal
o other
Selection process — duplicate Duplicate screening/selection/analysis will not be done.
screening/selection/analysis
In order to ensure accuracy, all results are checked by a Senior Systematic Reviewer and the excluded study
list is checked by the committee prior to making recommendations.

Data management (software) If pairwise meta-analyses are undertaken, they will be performed using Cochrane Review Manager
(RevManb).

‘GRADEpro’ will be used to assess the quality of evidence for each outcome.

STAR will be used for bibliographies/citations and study sifting.

Microsoft Word will be used for data extraction and quality assessment/critical appraisal
Information sources — databases and dates See Appendix B for full list of databases.

No date limit.

A single search will be conducted for management of single, multiple and mixed brain metastases.
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Field (based on PRISMA-P) Content
Identify if an update Not an update.
Author contacts Developer: National Guideline Alliance (NGA-enquiries@rcog.org.uk).

Highlight if amendment to previous protocol For details please see section 4.5 of Developing NICE guidelines: the manual.
Search strategy — for one database For details please see Appendix B of the evidence report.

Data collection process — forms/duplicate A standardised evidence table format will be used, and published as Supplementary Material D (clinical
evidence tables).

Data items — define all variables to be For details please see evidence tables in Supplementary Material D.

collected

Methods for assessing bias at Appraisal of methodological quality:

outcome/study level The methodological quality of each study will be assessed using an appropriate checklist:

e ROBIS for systematic reviews

e Cochrane risk of bias tool for randomised studies

e Cochrane risk of bias tool for non-randomised studies

For details please see section 6.2 of Developing NICE guidelines: the manual

The risk of bias across all available evidence will evaluated for each outcome using an adaptation of the
‘Grading of Recommendations Assessment, Development and Evaluation (GRADE) toolbox’ developed by
the international GRADE working group

Criteria for quantitative synthesis For details please see section 6.4 of Developing NICE guidelines: the manual
Methods for quantitative analysis — Synthesis of data:
combining studies and exploring Meta-analysis will be conducted where appropriate using Review Manager.

(in)consistency

Minimally important differences
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Field (based on PRISMA-P)

Meta-bias assessment — publication bias,
selective reporting bias

Confidence in cumulative evidence
Rationale/context — what is known

Describe contributions of authors and
guarantor

Sources of funding/support
Name of sponsor

Roles of sponsor
PROSPERQO registration number

Content

Default values will be used of: 0.8 and 1.25 for dichotomous outcomes; 0.5 times SD for continuous
outcomes, unless more appropriate values are identified by the guideline committee or in the literature.

For details please see section 6.2 of Developing NICE guidelines: the manual.

For details please see sections 6.4 and 9.1 of Developing NICE guidelines: the manual
For details please see the introduction to the evidence review in the full evidence review/guideline.

A multidisciplinary committee developed the guideline. The committee was convened by [add name of
developer] and membership is given in Supplementary Material B in line with section 3 of Developing NICE
guidelines: the manual.

Staff from the National Guideline Alliance undertook systematic literature searches, appraised the evidence,
conducted meta-analysis and cost-effectiveness analysis where appropriate, and drafted the guideline in
collaboration with the committee. For details please see Supplementary Material C.

The National Guideline Alliance is funded by NICE and hosted by the Royal College of Obstetricians and
Gynaecologists.

The National Guideline Alliance is funded by NICE and hosted by the Royal College of Obstetricians and
Gynaecologists.

NICE funds the National Guideline Alliance to develop guidelines for the NHS in England.
Not registered in PROSPERO.

Review protocol for review 4c — management of brain metastases with a mixed population

Note that this protocol was not initially included in the scope, however the committee determined that limiting their evidence search to only
populations of single or multiple metastases (that is, no populations where some people have a single metastasis and some have multiple
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metastases) was too limiting. Therefore this protocol was drafted to give the committee more evidence on which to base their
recommendations.

Field (based on PRISMA-P) Content
Key area in the scope Managing brain metastases
Actual review question What is the most effective intracranial treatment (surgery, stereotactic radiotherapy, whole brain radiotherapy

or combinations of these) for a mixed population of single and multiple brain metastases?

Type of review question Intervention
S fth .

Objective of the review This review question was not included in the scope, but added by the committee during development. The
reason for this is that the committee found the evidence on those with only one kind of metastasis (single or
multiple) to be limited, but they knew of a number of good quality studies which addressed a population with
a mix of single and multiple metastases. Therefore in making their recommendations, the committee were
able to make more robust judgements, and make judgements on populations with a number of metastases
different from 1 or >1 (for example, 1-3). This should lead to clearer and more applicable recommendations.

Eligibility criteria — People with an unknown number of brain metastases
population/disease/condition/issue/domain

Eligibility criteria — e Neurosurgery
intervention(s)/exposure(s)/prognostic o Radiotherapy:

factor(s)

o radiosurgery SRS (1 fraction)

o stereotactic radiotherapy SRT (2-5 fractions)
o whole brain radiotherapy (WBRT)

o Hippocampal avoidance WBRT

e Chemotherapy or systemic anti-cancer therapy/ treatment
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Field (based on PRISMA-P) Content
e Combined therapy (any combination of the above)
e Best supportive care

Eligibility criteria — comparator(s)/control Any intervention compared to any other intervention
or reference (gold) standard
Outcomes and prioritisation Critical:

e overall survival.
e progression-free survival

o local control (site of metastasis)

o intracranial control (recurrence elsewhere in the brain)
¢ health-related quality of life

Important:

¢ cognitive function.

¢ neurological function
o Karnofsky performance status (or WHO or ECOG)
o Neurological Function Scale

¢ treatment-related morbidity.
o radionecrosis
o oedema
o postoperative infection
o stroke

Limited:
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Field (based on PRISMA-P) Content

o steroid (for example dexamethasone) use (duration and dose)
Eligibility criteria — study design Only published full text papers

Systematic reviews

RCTs

Cohort or observational studies where RCTs are not available

No date or size limit

Other exclusion criteria Populations including children <16 included will be considered if the number of children is low (<10%) or the
average age of the cohort is high (>40) or results are reported separately for children and adults.

Populations with mixed single / multiple metastases will be extracted separately if possible. If results are not
reported by single / multiple subgroup they will be included if they are more than 75% single, included in the
sister review of multiple metastases if they are less than 25% single and included in a ‘mixed’ review if more
than 10% of the population has a metastasis which is not described as either single or multiple or if the
population is between 25% and 75% single.

The following type of cancers are excluded:
e Small cell lung cancers

e Germ cell tumours

e Secondary Lymphoma

e Metastasis from brain tumours or CNS

As above, studies reporting these tumours will be excluded unless the total number of these types of cancers

is small (<10% in total) or outcomes for included and excluded cancers are reported separately
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Field (based on PRISMA-P)

Proposed sensitivity/sub-group analysis,
or meta-regression

Selection process — duplicate
screening/selection/analysis

Data management (software)

Information sources — databases and dates

Identify if an update

Author contacts

Highlight if amendment to previous protocol
Search strategy — for one database

Content
e Number of metastases: 2-4 versus >4
e Total volume of metastases: </20 ml > 20 ml (cm?)
e Primary tumour types:
o non-small cell lung
o breast
o melanoma
o renal
o other
Duplicate screening/selection/analysis was undertaken for this review will not be done.

In order to ensure accuracy, all results are checked by a Senior Systematic Reviewer and the excluded study
list is checked by the committee prior to making recommendations.

If pairwise meta-analyses are undertaken, they will be performed using Cochrane Review Manager
(RevManb).

‘GRADEpro’ will be used to assess the quality of evidence for each outcome.
STAR will be used for bibliographies/citations and study sifting.
Microsoft Word will be used for data extraction and quality assessment/critical appraisal

See Appendix B for full list of databases.
No date limit
A single search will be conducted for management of single, multiple and mixed brain metastases.

Not an update

Developer: National Guideline Alliance (NGA-enquiries@rcog.org.uk).

For details please see section 4.5 of Developing NICE guidelines: the manual.
For details please see Appendix B of the evidence report.
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Field (based on PRISMA-P)
Data collection process — forms/duplicate

Data items — define all variables to be
collected

Methods for assessing bias at
outcome/study level

Criteria for quantitative synthesis

Methods for quantitative analysis —
combining studies and exploring
(in)consistency

Meta-bias assessment — publication bias,
selective reporting bias

Confidence in cumulative evidence
Rationale/context — what is known

Content

A standardised evidence table format will be used, and published as Supplementary Material D (clinical
evidence tables).

For details please see evidence tables in Supplementary Material D.

Appraisal of methodological quality:

The methodological quality of each study will be assessed using an appropriate checklist:
e ROBIS for systematic reviews

¢ Cochrane risk of bias tool for randomised studies

e Cochrane risk of bias tool for non-randomised studies

For details please see section 6.2 of Developing NICE guidelines: the manual

The risk of bias across all available evidence will evaluated for each outcome using an adaptation of the
‘Grading of Recommendations Assessment, Development and Evaluation (GRADE) toolbox’ developed by
the international GRADE working group

For details please see section 6.4 of Developing NICE guidelines: the manual
Synthesis of data:
Meta-analysis will be conducted where appropriate using Review Manager.

Minimally important differences

Default values will be used of: 0.8 and 1.25 for dichotomous outcomes; 0.5 times SD for continuous
outcomes, unless more appropriate values are identified by the guideline committee or in the literature.

For details please see section 6.2 of Developing NICE guidelines: the manual.

For details please see sections 6.4 and 9.1 of Developing NICE guidelines: the manual
For details please see the introduction to the evidence review in the full evidence review/guideline.
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Field (based on PRISMA-P) Content

D i tributi f auth

gl?:rcar:]tzgrcon ributions of authors and A multidisciplinary committee developed the guideline. The committee was convened by [add name of
developer] and membership is given in Supplementary Material B in line with section 3 of Developing NICE
guidelines: the manual.
Staff from the National Guideline Alliance undertook systematic literature searches, appraised the evidence,
conducted meta-analysis and cost-effectiveness analysis where appropriate, and drafted the guideline in
collaboration with the committee. For details please see Supplementary Material C.

Sources of funding/support The National Guideline Alliance is funded by NICE and hosted by the Royal College of Obstetricians and
Gynaecologists.

Name of sponsor The National Guideline Alliance is funded by NICE and hosted by the Royal College of Obstetricians and
Gynaecologists.

Roles of sponsor NICE funds the National Guideline Alliance to develop guidelines for the NHS in England.

PROSPERQO registration number Not registered in PROSPERO.

Review protocol for review 5¢c — follow-up of metastases

Field (based on PRISMA-P) Content

Key area in the scope Follow-up care after treatment for glioma, meningioma or brain metastases

Actual review question 5¢ What is the most effective follow-up protocol (including duration, frequency and tests) to detect recurrence
after treatment for brain metastases?

Type of review question Intervention
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Field (based on PRISMA-P)
Objective of the review

Eligibility criteria —
population/disease/condition/issue/domain

Eligibility criteria —
intervention(s)/exposure(s)/prognostic
factor(s)

Eligibility criteria — comparator(s)/control
or reference (gold) standard

Outcomes and prioritisation

Eligibility criteria — study design

Other inclusion exclusion criteria

Content

To determine what is the most effective follow-up to detect recurrence after treatment of brain metastases

Adults treated for brain metastases

Any follow-up protocol including duration and frequency of any tests (e.g., MRI/CT scans)

Any other follow-up protocol

No follow up (wait until patient reports symptoms of recurrence)

Critical:

e cognitive function,

e treatment for recurrence

e overall survival,

e numbers of patients with symptomatic versus asymptomatic presentation

Important:
e health-related quality of life

Only published full text papers

Systematic reviews
RCTs
Comparative observational studies

We will include papers that have more than 90% of patients who have been treated for brain metastases
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Field (based on PRISMA-P)

Proposed sensitivity/sub-group analysis,
or meta-regression

Selection process — duplicate
screening/selection/analysis

Data management (software)

Information sources — databases and dates

Identify if an update

Author contacts

Highlight if amendment to previous protocol
Search strategy — for one database

Data collection process — forms/duplicate

Content

Adults with:

e metastases arising from lung cancer versus breast cancer versus melanoma versus other cancers (for
lung cancer: non-small cell versus small cell)

e less than or equal to 3 metastases versus more than 3 metastases
e surgery versus stereotactic radiosurgery versus whole brain radiotherapy versus combination of these

Double sifting, data extraction and methodological quality assessment:

Sifting, data extraction, appraisal of methodological quality and GRADE assessment will be performed by the
systematic reviewer. Dual sifting, quality assessment and data extraction will not be done.

If pairwise meta-analyses undertaken, they will be performed using Cochrane Review Manager (RevMan5).
‘GRADEpro’ will be used to assess the quality of evidence for each outcome.
STAR will be used for bibliographies/citations and study sifting.

Microsoft Word will be used for data extraction and quality assessment/critical appraisal

See Appendix B for full list of databases.
Date limit: 1990 (CT/MRI not available/comparable to present time before 1990)

Not an update

Developer: National Guideline Alliance (NGA-enquiries@rcog.org.uk).
Not applicable.

For details please see Appendix B of the evidence report

A standardised evidence table format will be used, and published as Supplementary Material D (clinical
evidence tables).
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Field (based on PRISMA-P)

Data items — define all variables to be
collected

Methods for assessing bias at
outcome/study level

Criteria for quantitative synthesis

Methods for quantitative analysis —
combining studies and exploring
(in)consistency

Meta-bias assessment — publication bias,
selective reporting bias

Confidence in cumulative evidence
Rationale/context — what is known

Content
For details please see evidence tables in Supplementary Material D.

Appraisal of methodological quality:

The methodological quality of each study will be assessed using an appropriate checklist:
e ROBIS for systematic reviews

e Cochrane risk of bias tool for randomised studies

e Cochrane risk of bias tool for non-randomised studies

For details please see section 6.2 of Developing NICE guidelines: the manual

The risk of bias across all available evidence will evaluated for each outcome using an adaptation of the
‘Grading of Recommendations Assessment, Development and Evaluation (GRADE) toolbox’ developed by
the international GRADE working group

For details please see section 6.4 of Developing NICE guidelines: the manual.
Synthesis of data:
Meta-analysis will be conducted where appropriate using Review Manager.

Minimally important differences

Default values will be used of: 0.8 and 1.2 for dichotomous outcomes; 0.5 times SD for continuous outcomes,
unless more appropriate values are identified by the guideline committee or in the literature.

For details please see section 6.2 of Developing NICE guidelines: the manual.

No evidence was identified. No explorations of publication bias were therefore undertaken.
For details please see sections 6.4 and 9.1 of Developing NICE guidelines: the manual.
For details please see the introduction to the evidence review in the full evidence review/guideline.
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Field (based on PRISMA-P) Content
Describe contributions of authors and e . L .
guarantor A multidisciplinary committee developed the guideline. The committee was convened by [add name of

developer] and membership is given in Supplementary Material B in line with section 3 of Developing NICE
guidelines: the manual.

Staff from the National Guideline Alliance undertook systematic literature searches, appraised the evidence,
conducted meta-analysis and cost-effectiveness analysis where appropriate, and drafted the guideline in
collaboration with the committee. For details please see Supplementary Material C.

Sources of funding/support [add name of developer] is funded by NICE and hosted by the Royal College of Obstetricians and
Gynaecologists.
Name of sponsor [add name of developer] is funded by NICE and hosted by the Royal College of Obstetricians and
Gynaecologists.
Roles of sponsor NICE funds [add name of developer] to develop guidelines for the NHS in England.
PROSPERQO registration number Not registered in PROSPERO.
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Appendix B — Literature search strategies

Literature search strategy for review 1b - imaging strategy for brain
metastases
Systematic reviews and RCTs
Date of initial search: 05/07/2017

Database: Embase 1980 to 2017 Week 27, Ovid MEDLINE(R) Epub Ahead of Print,
In-Process & Other Non-Indexed Citations, Ovid MEDLINE(R) Daily and Ovid
MEDLINE(R) 1946 to Present

Date of re-run: 05/09/2017

Database(s): Embase 1980 to 2017 Week 35, Ovid MEDLINE(R) Epub Ahead of
Print, In-Process & Other Non-Indexed Citations, Ovid MEDLINE(R) Daily and Ovid
MEDLINE(R) 1946 to Present

# Searches

1 exp Brain Neoplasms/ use ppez

2 exp brain tumor/ use emez

3 exp Cerebral Cortex/ use ppez

4 exp brain cortex/ use emez

5 exp Brain/ use ppez

6 exp brain/ use emez

7 exp Meninges/ use ppez

8 meninx/ use emez

9 or/1-8

10 exp Neoplasm Metastasis/ use ppez

11 metastasis/ use emez

12 10 or 11

13 9and 12

14 exp Brain Neoplasms/sc use ppez

15 brain metastasis/ use emez

16 meningeal metastasis/ use emez

17 ((brain or cereb* or intracereb* or intracrani* or mening* or brainstem*) adj3 (metasta* or micromet* or macromet*
or oligomet* or spread* or carcinomatosis or carcinosis or secondar* or seeding or seeded or disseminat* or
migrat*)).tw.

18 or/13-17

19 Diagnostic Imaging/ use ppez

20 diagnostic imaging/ use emez

21 exp Neuroimaging/ use ppez

22 exp neuroimaging/ use emez

23 Multimodal Imaging/ use ppez

24 multimodal imaging/ use emez

25 Radionuclide Imaging/ use ppez

26 exp brain scintiscanning/ use emez

27 exp Magnetic Resonance Imaging/ use ppez

28 exp nuclear magnetic resonance imaging/ use emez

29 exp Magnetic Resonance Spectroscopy/ use ppez

30 proton nuclear magnetic resonance/ use emez

31 magnetic resonance.tw.

32 (MRI or MR*1 or NMR*1).tw.
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33 (MR adj2 (imag* or neuroimag* or scan* or spectroscop® or elastogra® or examination)).tw.
34 (magnet* adj2 (imag* or neuroimag* or spectroscop* or scan* or elastogra® or examination)).tw.
85 (magneti?ation adj2 imaging).tw.
36 exp Positron-Emission Tomography/ use ppez
37 positron emission tomography/ use emez
38 computer assisted emission tomography/ use emez
39 (PET adj (scan* or imag” or examination)).tw.
40 positron emission tomogra*.tw.
41 (PET or PET-CT or PET MR*1).tw.
42 (advanced adj2 (imag* or spectroscop® or neuroimag* or scan* or MR* or NMR*)).tw.
43 (structural adj2 (imag* or spectroscop* or neuroimag* or scan* or MR* or NMR*)).tw.
44 (functional adj2 (imag* or spectroscop* or neuroimag* or scan* or MR* or NMR*)).tw.
45 exp nuclear magnetic resonance imaging agent/ use emez
46 dynamic contrast.tw.
47 Fluorodeoxyglucose F18/ use ppez
48 fluorodeoxyglucose f 18/ use emez
49 ("18F fluorodeoxyglucose" or FDG).tw.
50 Tyrosine/ use ppez
51 "18F fluoro ethyl tyrosine".tw.
52 18F FET.tw.
53 Methionine/ use ppez
54 methionine c 11/ use emez
55 ((11C or "carbon 11") adj methionine).tw.
56 MET PET.tw.
57 Gadolinium DTPA/ use ppez
58 gadolinium pentetate/ use emez
59 gadolinium.tw.
60 or/19-59
61 18 and 60
62 limit 61 to english language
63 limit 62 to yr="2000 -Current"
64 Letter/ use ppez
65 letter.pt. or letter/ use emez
66 note.pt.
67 editorial.pt.
68 Editorial/ use ppez
69 News/ use ppez
70 exp Historical Article/ use ppez
7 Anecdotes as Topic/ use ppez
72 Comment/ use ppez
73 Case Report/ use ppez
74 case report/ or case study/ use emez
75 (letter or comment*).ti.
76 or/64-75
77 randomized controlled trial/ use ppez
78 randomized controlled trial/ use emez
79 random*.ti,ab.
80 or/77-79
81 76 not 80
82 animals/ not humans/ use ppez
83 animal/ not human/ use emez
84 nonhuman/ use emez
85 exp Animals, Laboratory/ use ppez
86 exp Animal Experimentation/ use ppez
87 exp Animal Experiment/ use emez
88 exp Experimental Animal/ use emez
89 exp Models, Animal/ use ppez
90 animal model/ use emez
91 exp Rodentia/ use ppez
92 exp Rodent/ use emez
93 (rat or rats or mouse or mice).ti.
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94 or/81-93

95 63 not 94

96 Meta-Analysis/

97 Meta-Analysis as Topic/

98 systematic review/

99 meta-analysis/

100 (meta analy* or metanaly* or metaanaly*).ti,ab.

101 ((systematic or evidence) adj2 (review* or overview*)).ti,ab.

102 ((systematic* or evidence*) adj2 (review* or overview*)).ti,ab.

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

104 (search strategy or search criteria or systematic search or study selection or data extraction).ab.

105 (search* adj4 literature).ab.

106 (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.

107 cochrane.jw.

108 ((pool* or combined) adj2 (data or trials or studies or results)).ab.

109 0r/96-97,100,102-107 use ppez

110 or/98-101,103-108 use emez

111 or/109-110

112 clinical Trials as topic.sh. or (controlled clinical trial or pragmatic clinical trial or randomized controlled trial).pt. or
(placebo or randomi#ed or randomly).ab. or trial.ti.

113 112 use ppez

114 (controlled clinical trial or pragmatic clinical trial or randomized controlled trial).pt. or drug therapy.fs. or (groups or
placebo or randomi#ed or randomly or trial).ab.

115 114 use ppez

116 crossover procedure/ or double blind procedure/ or randomized controlled trial/ or single blind procedure/ or
(assign* or allocat* or crossover* or cross over* or ((doubl* or singl*) adj blind*) or factorial* or placebo* or random*
or volunteer*).ti,ab.

117 116 use emez

118 113 or 115

119 117 or 118

120 111 or 119

121 95 and 120

122 remove duplicates from 121

Observational Studies
Date of initial search: 05/07/2017

Database: Embase 1980 to 2017 Week 27, Ovid MEDLINE(R) Epub Ahead of Print,
In-Process & Other Non-Indexed Citations, Ovid MEDLINE(R) Daily and Ovid
MEDLINE(R) 1946 to Present

Date of re-run: 05/09/2017

Database(s): Embase 1980 to 2017 Week 35, Ovid MEDLINE(R) Epub Ahead of
Print, In-Process & Other Non-Indexed Citations, Ovid MEDLINE(R) Daily and Ovid
MEDLINE(R) 1946 to Present

#  Searches

exp Brain Neoplasms/ use ppez
exp brain tumor/ use emez

exp Cerebral Cortex/ use ppez
exp brain cortex/ use emez

exp Brain/ use ppez

exp brain/ use emez

exp Meninges/ use ppez
meninx/ use emez

or/1-8

©CoO~NOOOPAWN =
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10

12
13
14
15
16
17

18
19

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68

Searches

exp Neoplasm Metastasis/ use ppez

metastasis/ use emez

10 or 11

9and 12

exp Brain Neoplasms/sc use ppez

brain metastasis/ use emez

meningeal metastasis/ use emez

((brain or cereb* or intracereb* or intracrani* or mening* or brainstem*) adj3 (metasta* or micromet* or macromet*
or oligomet* or spread* or carcinomatosis or carcinosis or secondar* or seeding or seeded or disseminat* or
migrat®)).tw.

or/13-17

Diagnostic Imaging/ use ppez

diagnostic imaging/ use emez

exp Neuroimaging/ use ppez

exp neuroimaging/ use emez

Multimodal Imaging/ use ppez

multimodal imaging/ use emez

Radionuclide Imaging/ use ppez

exp brain scintiscanning/ use emez

exp Magnetic Resonance Imaging/ use ppez

exp nuclear magnetic resonance imaging/ use emez

exp Magnetic Resonance Spectroscopy/ use ppez

proton nuclear magnetic resonance/ use emez

magnetic resonance.tw.

(MRI or MR*1 or NMR*1).tw.

(MR adj2 (imag* or neuroimag* or scan* or spectroscop* or elastogra® or examination)).tw.
(magnet* adj2 (imag* or neuroimag* or spectroscop* or scan* or elastogra® or examination)).tw.
(magneti?ation adj2 imaging).tw.

exp Positron-Emission Tomography/ use ppez

positron emission tomography/ use emez

computer assisted emission tomography/ use emez

(PET adj (scan* or imag* or examination)).tw.

positron emission tomogra*.tw.

(PET or PET-CT or PET MR*1).tw.

(advanced adj2 (imag* or spectroscop* or neuroimag* or scan* or MR* or NMR*)).tw.
(structural adj2 (imag* or spectroscop* or neuroimag* or scan* or MR* or NMR*)).tw.
(functional adj2 (imag* or spectroscop* or neuroimag* or scan* or MR* or NMR*)).tw.
exp nuclear magnetic resonance imaging agent/ use emez

dynamic contrast.tw.

Fluorodeoxyglucose F18/ use ppez

fluorodeoxyglucose f 18/ use emez

("18F fluorodeoxyglucose" or FDG).tw.

Tyrosine/ use ppez

"18F fluoro ethyl tyrosine".tw.

18F FET.tw.

Methionine/ use ppez

methionine c 11/ use emez

((11C or "carbon 11") adj methionine).tw.

MET PET.tw.

Gadolinium DTPA/ use ppez

gadolinium pentetate/ use emez

gadolinium.tw.

or/19-59

18 and 60

limit 61 to english language

limit 62 to yr="2000 -Current"

Letter/ use ppez

letter.pt. or letter/ use emez

note.pt.

editorial.pt.

Editorial/ use ppez
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69 News/ use ppez

70 exp Historical Article/ use ppez

71 Anecdotes as Topic/ use ppez

72 Comment/ use ppez

73 Case Report/ use ppez

74 case report/ or case study/ use emez
75 (letter or comment®).ti.

76 or/64-75

77 randomized controlled trial/ use ppez
78 randomized controlled trial/ use emez
79 random*.ti,ab.

80 or/77-79

81 76 not 80

82 animals/ not humans/ use ppez

83 animal/ not human/ use emez

84 nonhuman/ use emez

85 exp Animals, Laboratory/ use ppez
86 exp Animal Experimentation/ use ppez
87 exp Animal Experiment/ use emez
88 exp Experimental Animal/ use emez
89 exp Models, Animal/ use ppez

90 animal model/ use emez

91 exp Rodentia/ use ppez

92 exp Rodent/ use emez

93 (rat or rats or mouse or mice).ti.

94 or/81-93

95 63 not 94

96 Epidemiologic Studies/

97 Case Control Studies/

98 Retrospective Studies/

99 Cohort Studies/

100 Longitudinal Studies/

101 Follow-Up Studies/

102 Prospective Studies/
103 Cross-Sectional Studies/
104 or/96-103 use ppez

105 clinical study/

106 case control study/

107 family study/

108 longitudinal study/

109 retrospective study/

110 prospective study/

111 cohort analysis/

112 or/105-111 use emez

113 ((retrospective$ or cohort$ or longitudinal or follow?up or prospective or cross section$) adj3 (stud$ or research or
analys$)).ti.

114 104 or 112 or 113

115 95 and 114

116 remove duplicates from 115

Date of initial search: 05/07/2017
Database: The Cochrane Library, Issue 7 of 12, July 2017
Date of re-run: 7'" September 2017

Database: The Cochrane Library, Issue 9 of 12, September 2017
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ID Search

#1 MeSH descriptor: [Brain Neoplasms] explode all trees

#2 MeSH descriptor: [Cerebral Cortex] explode all trees

#3 MeSH descriptor: [Brain] explode all trees

#4 MeSH descriptor: [Meninges] explode all trees

#5 {or #1-#4}

#6 MeSH descriptor: [Neoplasm Metastasis] explode all trees

#7 #5 and #6

#8 MeSH descriptor: [Brain Neoplasms] explode all trees and with qualifier(s): [Secondary - SC]

#9 ((brain or cereb* or intracereb* or intracrani* or mening* or brainstem*) near/3 (metasta* or micromet* or

macromet* or oligomet* or spread” or carcinomatosis or carcinosis or secondar® or seeding or seeded or
disseminat* or migrat*))
#10 {or #7-#9}

#11 MeSH descriptor: [Diagnostic Imaging] this term only

#12 MeSH descriptor: [Neuroimaging] explode all trees

#13 MeSH descriptor: [Multimodal Imaging] explode all trees

#14 MeSH descriptor: [Radionuclide Imaging] this term only

#15 MeSH descriptor: [Magnetic Resonance Imaging] explode all trees

#16 MeSH descriptor: [Magnetic Resonance Spectroscopy] explode all trees

#17 (MRI or MR*1 or NMR*1)

#18 (MR near/2 (imag* or neuroimag* or scan* or spectroscop* or elastogra* or examination))
#19 (magnet* near/2 (imag* or neuroimag* or spectroscop* or scan* or elastogra® or examination))
#20 (magneti?ation near/2 imaging)

#21 MeSH descriptor: [Positron-Emission Tomography] explode all trees

#22 (PET near (scan* or imag* or examination))

#23 positron emission tomogra*

#24 (PET or PET-CT or PETCT or PET MR*1)

#25 (advanced near/2 (imag* or spectroscop* or neuroimag* or scan* or MR* or NMR*))
#26 (structural near/2 (imag* or spectroscop* or neuroimag* or scan* or MR* or NMR*))
#27 (functional near/2 (imag* or spectroscop* or neuroimag* or scan* or MR* or NMR*))
#28 dynamic contrast

#29 MeSH descriptor: [Fluorodeoxyglucose F18] explode all trees

#30 ("18F fluorodeoxyglucose" or FDG)

#31 MeSH descriptor: [Tyrosine] this term only

#32 "18F fluoro ethyl tyrosine"

#33 18F FET

#34 MeSH descriptor: [Methionine] this term only

#35 ((11C or "carbon 11") and methionine)

#36 MET PET

#37 MeSH descriptor: [Gadolinium DTPA] this term only
#38 gadolinium

#39 {or #11-#38}

#40 #10 and #39 Publication Year from 2000 to 2017

Literature search strategy for review 4a — management of single
metastases

A single search was conducted for the review questions related to management of
single metastases, multiple metastases and brain metastases with mixed
populations.

Systematic reviews and RCTs

Date of initial search: 04/10/2016
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Database: Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Ovid
MEDLINE(R) Daily and Ovid MEDLINE(R) 1946 to Present

Date of re-run: 07/09/2017

Database: Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Ovid
MEDLINE(R) Daily and Ovid MEDLINE(R) 1946 to Present

= OO ~NOUA~WN = F

o

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
43
44

Searches

exp Brain Neoplasms/

exp Cerebral Cortex/

exp Brain/

exp Meninges/

or/1-4

exp Neoplasm Metastasis/

5and 6

exp Brain Neoplasms/sc

7or8

((brain or cereb* or intracereb* or intracrani* or mening* or brainstem*) adj3 (metasta* or micromet* or macromet*®
or oligomet* or spread* or carcinomatosis or carcinosis or secondar* or seeding or seeded or disseminat* or
migrat®)).tw.

9or10

Neurosurgery/

exp Neurosurgical Procedures/

Surgical Procedures, Operative/

Metastasectomy/

exp Stereotaxic Techniques/

((brain or neuro* or intracereb* or intracrani* or crani*) adj2 (surg* or microsurg* or manipulat* or procedur* or
operat* or resect* or debulk* or excis* or ablat* or biops*)).tw.

(neurosurg* or craniotom* or craniectom* or metastasectom®).tw.

((intra-operat* or intraoperat*) adj3 (technolog* or modalit* or procedur* or technique* or method*)).tw.
or/12-19

exp Radiotherapy/

radiotherapy.fs.

(radiotherap* or radiat* or irradiat* or tomotherap* or radiosurg* or brachytherap* or fractionat* or hyperfraction* or
hypofraction* or gamma knife or cyber knife or cyberknife or xknife or arc therap*).tw.

(WBRT or WBI-IMRT or HA-WBRT or LINAC or IMRT or XRT or XBT or SRS or SRT or VMAT or 3DCRT or 3D
CRT or CRT).tw.

Radiation Oncology/

(chemoradiotherap* or chemo-radiat* or chemo-irradiat*).tw.

or/21-26

exp Antineoplastic Agents/

antineoplastic protocols/ or antineoplastic combined chemotherapy protocols/

exp Antibodies, Monoclonal/ad, tu

Cancer Vaccines/ad, tu

drug therapy.fs.

chemotherap®.tw.

((anti cancer or systemic or anti neoplas* or cytotoxi*) adj2 (therap* or treatment* or regimen* or protocol* or drug*
or agent®)).tw.

Bevacizumab/

(bevacizumab or avastin).tw.

Carboplatin/

(blastocarb or carboplatin or carbosin or carbotec or cbdca or ercar or jm8 or nealorin or neocarbo or nsc24120 or
paraplatin® or platinwas or ribocarbo).tw.

Carmustine/

(bcnu or bicnu or carmustine or fivb or gliadel wafer? or nitrosurea or nitrumon).tw.

cilengitide.tw.

(DCVAX or (dentric cell? adj (vaccin* or immnuotherap®))).tw.

Ifosfamide/

(holoxan or ifosamide or ifosphamide or iso-endoxan or isofosfamide or isophosphamide).tw.
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45
46
47
48
49
50
51
52
53

100
101
102
103
104

(Ipilimumab or yervoy).tw.

(irinotecan or campto or camptosar).tw.

Lomustine/

(belustine or ccnu or cecenu or ceenu or lomustine or nsc79037).tw.
Methotrexate/

(amethopterin or methotrexate or mexate).tw.

(nivolumab or opdivo).tw.

Procarbazine/

(matulan or natulan or procarbazine).tw.

(rindopepimut or rintega).tw.

Tamoxifen/

(nolvadex or novaldex or soltamox or tamoxifen or tomaxithen or zitazonium).tw.
(temozolomide or temodal or temodar).tw.

Vinblastine/

(lemblastine or velban or velbe or vinblastin* or vincaleukoblastine).tw.
Vincristine/

(citomid or farmistin or leucocristine or oncovin? or onkocristin or vincasar or vincristin? or vincrisul or vintec).tw.
or/28-61

exp Combined Modality Therapy/

((combin* or concomitant) adj2 (therap* or treatment* or regimen* or protocol*)).tw.
63 or 64

Watchful Waiting/

Observation/

watchful wait*.tw.

((active or expect* or symptom* or watch*) adj2 (manag* or monitor* or surveill* or observ* or control*)).tw.
(best supportive care or BSC).tw.

or/66-70

20 or 27 or 62 or 65 or 71

11 and 72

limit 73 to yr="1990 -Current"

limit 74 to english language

Meta-Analysis/

Meta-Analysis as Topic/

(meta analy* or metanaly* or metaanaly*).ti,ab.

((systematic* or evidence*) adj2 (review* or overview*)).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).ab.
(search* adj4 literature).ab.

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

cochrane jw.

or/76-84

randomized controlled trial.pt.

controlled clinical trial.pt.

pragmatic clinical trial.pt.

randomi#ed.ab.

placebo.ab.

drug therapy.fs.

randomly.ab.

trial.ab.

groups.ab.

or/86-94

Clinical Trials as topic.sh.

trial.ti.

0or/86-90,92,96-97

85 or 98

75 and 99

Letter/

Editorial/

News/

exp Historical Article/
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105
106
107
108
109
110
111
112
113
114
115
116
117
118
119

Anecdotes as Topic/

Comment/

Case Report/

(letter or comment* or abstracts).ti.
or/101-108

Randomized Controlled Trial/ or random®*.ti,ab.
109 not 110

Animals/ not Humans/

exp Animals, Laboratory/

exp Animal Experimentation/

exp Models, Animal/

exp Rodentia/

(rat or rats or mouse or mice).ti.
or/111-117

100 not 118

Systematic reviews and RCTs

Date of initial search: 04/10/2016

Database: Embase 1980 to 2016 Week 40

Date of re-run: 07/09/2017
Database: Embase 1980 to 2016 Week 35
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S o

12
13
14
15
16
17

18
19
20
21
22
23

24

25

27

exp brain tumor/

exp brain cortex/

exp brain/

meninx/

or/1-4

metastasis/

5and 6

brain metastasis/

meningeal metastasis/

8or9

((brain or cereb* or intracereb* or intracrani* or mening* or brainstem*) adj3 (metasta* or micromet* or macromet*
or oligomet* or spread* or carcinomatosis or carcinosis or secondar* or seeding or seeded or disseminat* or
migrat*)).tw.

7 or10or 11

exp neurosurgery/

exp cancer surgery/

metastasis resection/

exp stereotactic procedure/

((brain or neuro* or intracereb™ or intracrani* or crani*) adj2 (surg* or microsurg* or manipulat* or procedur* or
operat* or resect* or debulk* or excis* or ablat* or biops*)).tw.

(neurosurg* or craniotom* or craniectom* or metastasectom®).tw.

((intra-operat* or intraoperat*) adj3 (technolog* or modalit* or procedur* or technique* or method*)).tw.
or/13-19

exp radiotherapy/

radiotherapy.fs.

(radiotherap* or radiat* or irradiat* or tomotherap* or radiosurg* or brachytherap* or fractionat* or hyperfraction* or
hypofraction* or gamma knife or cyber knife or cyberknife or xknife or arc therap*).tw.

(WBRT or WBI-IMRT or HA-WBRT or LINAC or IMRT or XRT or XBT or SRS or SRT or VMAT or 3DCRT or 3D
CRT or CRT).tw.

(chemoradiotherap* or chemo-radiat* or chemo-irradiat®).tw.

or/21-25

exp antineoplastic agent/
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# Searches

28 exp chemotherapy/

29 monoclonal antibody/ad, dt [Drug Administration, Drug Therapy]

30 cancer vaccine/ad, dt [Drug Administration, Drug Therapy]

31 drug therapy.fs.

32 chemotherap®.tw.

33 ((anti cancer or systemic or anti neoplas* or cytotoxi*) adj2 (therap* or treatment* or regimen* or protocol* or drug*
or agent®)).tw.

34 bevacizumab/

35 (bevacizumab or avastin or altusan).tw.

36 carboplatin/

37 (blastocarb or carboplatin or carbosin or carbotec or cbdca or ercar or jm8 or nealorin or neocarbo or nsc24120 or
paraplatin® or platinwas or ribocarbo).tw.

38 carmustine/

39 (bcnu or bicnu or carmustine or fivb or gliadel wafer? or nitrosurea or nitrumon).tw.

40 cilengitide/

41 cilengitide.tw.

42 dendritic cell vaccine/

43 (DCVAX or (dentri* cell? adj (vaccin* or immnuotherap®))).tw.

44 ifosfamide/

45 (holoxan or ifosamide or ifosphamide or iso-endoxan or isofosfamide or isophosphamide).tw.

46 ipilimumab/

47 (Ipilimumab or yervoy).tw.

48 irinotecan/

49 (Irinotecan or campto or camptosar).tw.

50 lomustine/

51 (belustine or ccnu or cecenu or ceenu or lomustine or nsc79037).tw.

52 methotrexate/

53 (amethopterin or methotrexate or mexate).tw.

54 nivolumab/

55 (Nivolumab or opdivo).tw.

56 procarbazine/

57 (matulan or natulan or procarbazine).tw.

58 rindopepimut/

59 (rindopepimut or rintega).tw.

60 tamoxifen/

61 (nolvadex or novaldex or soltamox or tamoxifen or tomaxithen or zitazonium).tw.

62 temozolomide/

63 (temozolomide or temodal or temodar).tw.

64 vinblastine/

65 (lemblastine or velban or velbe or vinblastin* or vincaleukoblastine).tw.

66 vincristine/

67 (citomid or farmistin or leucocristine or oncovin? or onkocristin or vincasar or vincristin? or vincrisul or vintec).tw.

68 or/27-67

69 multimodality cancer therapy/

70 ((combin* or concomitant) adj2 (therap* or treatment* or regimen* or protocol*)).tw.

71 69 or 70

72 watchful waiting/

73 conservative treatment/

74 clinical observation/

75 watchful wait*.tw.

76 ((active or expect* or symptom* or watch*) adj2 (manag* or monitor* or surveill* or observ* or control*)).tw.

77 (best supportive care or BSC).tw.

78 or/72-77

79 20 or 26 or 68 or 71 or 78

80 12 and 79

81 limit 80 to yr="1990 -Current"

82 limit 81 to english language

83 random*.ti,ab.

84 factorial*.ti,ab.

85 (crossover* or cross over*).ti,ab.

86 ((doubl* or singl*) adj blind*).ti,ab.
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87 (assign® or allocat* or volunteer* or placebo®).ti,ab.

88 crossover procedure/

89 single blind procedure/

90 randomized controlled trial/

91 double blind procedure/

92 0or/83-91

93 systematic review/

94 meta-analysis/

95 (meta analy* or metanaly* or metaanaly*).ti,ab.

96 ((systematic or evidence) adj2 (review” or overview*)).ti,ab.

97 (reference list* or bibliograph* or hand search* or manual search* or relevant journals).ab.
98 (search strategy or search criteria or systematic search or study selection or data extraction).ab.
99 (search* adj4 literature).ab.

100 or/93-99

101 92 or 100

102 82 and 101

103 letter.pt. or letter/
104 note.pt.

105 editorial.pt.

106 case report/ or case study/

107 (letter or comment®).ti.

108 or/103-107

109 randomized controlled trial/ or random™.ti,ab.
110 108 not 109

111 animal/ not human/

112 nonhuman/

113 exp Animal Experiment/

114 exp Experimental Animal/

115 animal model/

116 exp Rodent/

117 (rat or rats or mouse or mice).ti.

118 or/110-117
119 102 not 118

Observational studies
Date of initial search: 04/10/2016

Database: Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Ovid
MEDLINE(R) Daily and Ovid MEDLINE(R) 1946 to Present

Date of re-run: 07/09/2017

Database: Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Ovid
MEDLINE(R) Daily and Ovid MEDLINE(R) 1946 to Present

#  Searches
exp Brain Neoplasms/

exp Cerebral Cortex/

exp Brain/

exp Meninges/

or/1-4

exp Neoplasm Metastasis/

5and 6

exp Brain Neoplasms/sc

7or8
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11
12
13
14
15
16
17

18
19
20
21
22
23

24

25
26
27
28
29
30
31
32

34

35
36
37

39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63

Searches

((brain or cereb* or intracereb* or intracrani* or mening* or brainstem*) adj3 (metasta* or micromet* or macromet*
or oligomet* or spread* or carcinomatosis or carcinosis or secondar* or seeding or seeded or disseminat* or
migrat®)).tw.

9or10

Neurosurgery/

exp Neurosurgical Procedures/

Surgical Procedures, Operative/

Metastasectomy/

exp Stereotaxic Techniques/

((brain or neuro* or intracereb* or intracrani* or crani*) adj2 (surg* or microsurg* or manipulat* or procedur* or
operat* or resect* or debulk* or excis* or ablat* or biops*)).tw.

(neurosurg* or craniotom* or craniectom* or metastasectom®).tw.

((intra-operat* or intraoperat*) adj3 (technolog* or modalit* or procedur* or technique* or method*)).tw.
or/12-19

exp Radiotherapy/

radiotherapy.fs.

(radiotherap* or radiat* or irradiat* or tomotherap* or radiosurg” or brachytherap* or fractionat* or hyperfraction* or
hypofraction* or gamma knife or cyber knife or cyberknife or xknife or arc therap®).tw.

(WBRT or WBI-IMRT or HA-WBRT or IMRT or LINAC or XRT or XBT or SRS or SRT or VMAT or 3DCRT or 3D
CRT or CRT).tw.

Radiation Oncology/

(chemoradiotherap* or chemo-radiat* or chemo-irradiat*).tw.

or/21-26

exp Antineoplastic Agents/

antineoplastic protocols/ or antineoplastic combined chemotherapy protocols/

exp Antibodies, Monoclonal/ad, tu

Cancer Vaccines/ad, tu

drug therapy.fs.

chemotherap®.tw.

((anti cancer or systemic or anti neoplas* or cytotoxi*) adj2 (therap* or treatment* or regimen* or protocol* or drug*
or agent®)).tw.

Bevacizumab/

(bevacizumab or avastin).tw.

Carboplatin/

(blastocarb or carboplatin or carbosin or carbotec or cbdca or ercar or jm8 or nealorin or neocarbo or nsc24120 or
paraplatin® or platinwas or ribocarbo).tw.

Carmustine/

(bcnu or bicnu or carmustine or fivb or gliadel wafer? or nitrosurea or nitrumon).tw.

cilengitide.tw.

(DCVAX or (dentric cell? adj (vaccin* or immnuotherap®))).tw.

Ifosfamide/

(holoxan or ifosamide or ifosphamide or iso-endoxan or isofosfamide or isophosphamide).tw.

(Ipilimumab or yervoy).tw.

(irinotecan or campto or camptosar).tw.

Lomustine/

(belustine or ccnu or cecenu or ceenu or lomustine or nsc79037).tw.

Methotrexate/

(amethopterin or methotrexate or mexate).tw.

(nivolumab or opdivo).tw.

Procarbazine/

(matulan or natulan or procarbazine).tw.

(rindopepimut or rintega).tw.

Tamoxifen/

(nolvadex or novaldex or soltamox or tamoxifen or tomaxithen or zitazonium).tw.

(temozolomide or temodal or temodar).tw.

Vinblastine/

(lemblastine or velban or velbe or vinblastin* or vincaleukoblastine).tw.

Vincristine/

(citomid or farmistin or leucocristine or oncovin? or onkocristin or vincasar or vincristin? or vincrisul or vintec).tw.
or/28-61

exp Combined Modality Therapy/
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64 ((combin* or concomitant) adj2 (therap* or treatment* or regimen* or protocol*)).tw.

65 63 or 64

66 Watchful Waiting/

67 Observation/

68 watchful wait*.tw.

69 ((active or expect* or symptom* or watch*) adj2 (manag* or monitor* or surveill* or observ* or control*)).tw.

70 (best supportive care or BSC).tw.

71 or/66-70

72 20 or 27 or 62 or 65 or 71

73 11 and 72

74 limit 73 to yr="1990 -Current"

75 limit 74 to english language

76 Epidemiologic Studies/

77 Case Control Studies/

78 Retrospective Studies/

79 Cohort Studies/

80 Longitudinal Studies/

81 Follow-Up Studies/

82 Prospective Studies/

83 Cross-Sectional Studies/

84 ((retrospective$ or cohort$ or longitudinal or follow?up or prospective or cross section$) adj3 (stud$ or research or
analys$)).ti.

85 or/76-84

86 75 and 85

87 Letter/

88 Editorial/

89 News/

90 exp Historical Article/

91 Anecdotes as Topic/

92 Comment/

93 Case Report/

94 (letter or comment* or abstracts).ti.

95 or/87-94

96 Randomized Controlled Trial/ or random®.ti,ab.

97 95 not 96

98 Animals/ not Humans/

99 exp Animals, Laboratory/

100 exp Animal Experimentation/

101 exp Models, Animal/

102 exp Rodentia/

103 (rat or rats or mouse or mice).ti.

104 or/97-103
105 86 not 104

Observational studies
Date of initial search: 04/10/2016
Database: Embase 1980 to 2016 Week 40

Date of re-run: 07/09/2017
Database: Embase 1980 to 2016 Week 35

#  Searches
exp brain tumor/

exp brain cortex/

exp brain/

meninx/

S~ OON -
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12
13
14
15
16
17

18

20
21
22
23

24

25
26
27
28
29
30
31
32
33

34
35
36
37

38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

Searches

or/1-4

metastasis/

5and 6

brain metastasis/

meningeal metastasis/

8or9

((brain or cereb* or intracereb* or intracrani* or mening* or brainstem*) adj3 (metasta* or micromet* or macromet*®
or oligomet* or spread” or carcinomatosis or carcinosis or secondar® or seeding or seeded or disseminat* or
migrat®)).tw.

7or10o0r 11

exp neurosurgery/

exp cancer surgery/

metastasis resection/

exp stereotactic procedure/

((brain or neuro* or intracereb* or intracrani* or crani*) adj2 (surg* or microsurg* or manipulat* or procedur* or
operat* or resect* or debulk* or excis* or ablat* or biops*)).tw.

(neurosurg* or craniotom* or craniectom* or metastasectom®).tw.

((intra-operat* or intraoperat*) adj3 (technolog* or modalit* or procedur® or technique* or method*)).tw.
or/13-19

exp radiotherapy/

radiotherapy.fs.

(radiotherap* or radiat* or irradiat* or tomotherap* or radiosurg* or brachytherap* or fractionat* or hyperfraction* or
hypofraction* or gamma knife or cyber knife or cyberknife or xknife or arc therap®).tw.

(WBRT or WBI-IMRT or HA-WBRT or LINAC or IMRT or XRT or XBT or SRS or SRT or VMAT or 3DCRT or 3D
CRT or CRT).tw.

(chemoradiotherap* or chemo-radiat* or chemo-irradiat*).tw.

or/21-25

exp antineoplastic agent/

exp chemotherapy/

monoclonal antibody/ad, dt [Drug Administration, Drug Therapy]

cancer vaccine/ad, dt [Drug Administration, Drug Therapy]

drug therapy.fs.

chemotherap®.tw.

((anti cancer or systemic or anti neoplas* or cytotoxi*) adj2 (therap* or treatment* or regimen* or protocol* or drug*
or agent®)).tw.

bevacizumab/

(bevacizumab or avastin or altusan).tw.

carboplatin/

(blastocarb or carboplatin or carbosin or carbotec or cbdca or ercar or jm8 or nealorin or neocarbo or nsc24120 or
paraplatin® or platinwas or ribocarbo).tw.

carmustine/

(bcnu or bicnu or carmustine or fivb or gliadel wafer? or nitrosurea or nitrumon).tw.

cilengitide/

cilengitide.tw.

dendritic cell vaccine/

(DCVAX or (dentri* cell? adj (vaccin* or immnuotherap®))).tw.

ifosfamide/

(holoxan or ifosamide or ifosphamide or iso-endoxan or isofosfamide or isophosphamide).tw.

ipilimumab/

(Ipilimumab or yervoy).tw.

irinotecan/

(Irinotecan or campto or camptosar).tw.

lomustine/

(belustine or ccnu or cecenu or ceenu or lomustine or nsc79037).tw.

methotrexate/

(amethopterin or methotrexate or mexate).tw.

nivolumab/

(Nivolumab or opdivo).tw.

procarbazine/

(matulan or natulan or procarbazine).tw.

rindopepimut/
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109

(rindopepimut or rintega).tw.

tamoxifen/

(nolvadex or novaldex or soltamox or tamoxifen or tomaxithen or zitazonium).tw.
temozolomide/

(temozolomide or temodal or temodar).tw.

vinblastine/

(lemblastine or velban or velbe or vinblastin* or vincaleukoblastine).tw.
vincristine/

(citomid or farmistin or leucocristine or oncovin? or onkocristin or vincasar or vincristin? or vincrisul or vintec).tw.
or/27-67

multimodality cancer therapy/

((combin* or concomitant) adj2 (therap* or treatment* or regimen* or protocol*)).tw.
69 or 70

watchful waiting/

conservative treatment/

clinical observation/

watchful wait*.tw.

((active or expect* or symptom* or watch*) adj2 (manag* or monitor* or surveill* or observ* or control*)).tw.
(best supportive care or BSC).tw.

or/72-77

20 or 26 or 68 or 71 or 78

12 and 79

limit 80 to yr="1990 -Current"

limit 81 to english language

Clinical study/

Case control study/

family study/

longitudinal study/

retrospective study/

prospective study/

cohort analysis/

((retrospective* or cohort* or longitudinal or follow?up or prospective or cross section* or observation* or
epidemiolog*) adj3 (stud* or research or analys*)).ti.

or/83-90

82 and 91

letter.pt. or letter/

note.pt.

editorial.pt.

case report/ or case study/

(letter or comment*).ti.

or/93-97

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

98 not 99

animal/ not human/

nonhuman/

exp Animal Experiment/

exp Experimental Animal/

animal model/

exp Rodent/

(rat or rats or mouse or mice).ti.

or/100-107

92 not 108

Date of initial search: 04/10/2016

Database: The Cochrane Library, Issue 10 of 12, October 2016
Date of re-run: 07/09/2017

Database: The Cochrane Library, Issue 9 of 12, September 2017
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ID Search

#1 MeSH descriptor: [Brain Neoplasms] explode all trees

#2 MeSH descriptor: [Cerebral Cortex] explode all trees

#3 MeSH descriptor: [Brain] explode all trees

#4 MeSH descriptor: [Meninges] explode all trees

#5 {or #1-#4}

#6 MeSH descriptor: [Neoplasm Metastasis] explode all trees

#7 #5 and #6

#8 MeSH descriptor: [Brain Neoplasms] this term only and with qualifier(s): [Secondary - SC]
#9 #7 or #8

#10 ((brain or cereb* or intracranial or mening* or brainstem*) near/3 (metasta* or micrometa* or macrometa* or

spread* or carcinomatosis or carcinosis or secondar* or seeding or seeded or disseminat* or migrat®))
#11 #9 or #10

#12 MeSH descriptor: [Neurosurgery] explode all trees

#13 MeSH descriptor: [Neurosurgical Procedures] explode all trees

#14 MeSH descriptor: [Surgical Procedures, Operative] explode all trees

#15 MeSH descriptor: [Metastasectomy] explode all trees

#16 MeSH descriptor: [Stereotaxic Techniques] explode all trees

#17 ((brain or neuro* or intracranial or crani*) near/2 (surg* or microsurg* or manipulat* or procedur* or operat* or
resect” or debulk* or excis*))

#18 (neurosurg* or craniotom* or metastasectom®)

#19 ((intra-operat* or intraoperat*) near/3 (technolog* or modalit* or procedur* or technique* or method?))

#20 {or #12-#19}

#21 MeSH descriptor: [Radiotherapy] explode all trees

#22 (radiotherap* or radiat* or irradiat* or radiosurg* or brachytherap* or fractionat* or hyperfraction* or hypofraction* or

gamma knife or cyber knife or cyberknife or xknife or arc therap*)
#23 (WBRT or WBI-IMRT or HA-WBRT or IMRT or XRT or XBT or SRS or SRT or VMAT or 3DCRT or 3D CRT or

CRT)

#24 MeSH descriptor: [Radiation Oncology] explode all trees

#25 (chemoradiotherap* or chemo-radiat* or chemo-irradiat*)

#26 {or #21-#25}

#27 MeSH descriptor: [Antineoplastic Agents] explode all trees

#28 MeSH descriptor: [Antineoplastic Protocols] explode all trees

#29 MeSH descriptor: [Antineoplastic Combined Chemotherapy Protocols] explode all trees

#30 MeSH descriptor: [Antibodies, Monoclonal] explode all trees

#31 MeSH descriptor: [Cancer Vaccines] explode all trees

#32 chemotherap*

#33 ((anti cancer or systemic or anti neoplas* or cytotoxi*) near/2 (therap* or treatment* or regimen* or protocol* or
drug® or agent*))

#34 MeSH descriptor: [Bevacizumab] explode all trees

#35 (bevacizumab or avastin)

#36 MeSH descriptor: [Carboplatin] explode all trees

#37 (blastocarb or carboplatin or carbosin or carbotec or cbdca or ercar or jm8 or nealorin or neocarbo or nsc24120 or
paraplatin* or platinwas or ribocarbo)

#38 MeSH descriptor: [Carmustine] explode all trees

#39 (bcnu or bicnu or carmustine or fivb or gliadel wafer? or nitrosurea or nitrumon)

#40 cilengitide

#41 (DCVAX or (dentri* cell? next (vaccin* or immnuotherap*)))

#42 MeSH descriptor: [Ifosfamide] explode all trees

#43 (holoxan or ifosamide or ifosphamide or iso-endoxan or isofosfamide or isophosphamide)

#44 (Ipilimumab or yervoy)

#45 (irinotecan or campto or camptosar)

#46 MeSH descriptor: [Lomustine] explode all trees

#47 (belustine or ccnu or cecenu or ceenu or lomustine or nsc79037)

#48 MeSH descriptor: [Methotrexate] explode all trees

#49 (amethopterin or methotrexate or mexate)

#50 (nivolumab or opdivo)

#51 MeSH descriptor: [Procarbazine] explode all trees

#52 (matulan or natulan or procarbazine)

#53 (rindopepimut or rintega)

#54 MeSH descriptor: [Tamoxifen] explode all trees
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#55
#56
#57
#58
#59
#60
#61
#62
#63
#64
#65
#66
#67
#68
#69
#70
#71
#72

(nolvadex or novaldex or soltamox or tamoxifen or tomaxithen or zitazonium)

(temozolomide or temodal or temodar)

MeSH descriptor: [Vinblastine] explode all trees

(lemblastine or velban or velbe or vinblastin* or vincaleukoblastine)

MeSH descriptor: [Vincristine] explode all trees

(citomid or farmistin or leucocristine or oncovin? or onkocristin or vincasar or vincristin? or vincrisul or vintec)
{or #27-#60}

MeSH descriptor: [Combined Modality Therapy] explode all trees

((combin* or concomitant) near/2 (therap* or treatment* or regimen* or protocol*))

#62 or #63

MeSH descriptor: [Watchful Waiting] explode all trees

MeSH descriptor: [Observation] explode all trees

watchful wait*

((active or expect* or symptom* or watch*) near/2 (manag* or monitor* or surveill* or observ* or control*))
(best supportive care or BSC)

{or #65-#69}

{or #20, #26, #61, #64, #70}

#11 and #71 Publication Year from 1990 to 2016
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Literature search strategy for review 4b — management of multiple
metastases

A single search was conducted for the review questions related to management of
single metastases, multiple metastases and brain metastases with mixed
populations.

Literature search strategy for review 4c — management of brain metastases
with a mixed population

A single search was conducted for the review questions related to management of
single metastases, multiple metastases and brain metastases with mixed
populations.

Literature search strategy for review 5c — follow-up of metastases
Date of initial search: 22/03/2017

Database: Embase 1974 to 2017 March 21, Ovid MEDLINE(R) Epub Ahead of Print,
In-Process & Other Non-Indexed Citations, Ovid MEDLINE(R) Daily and Ovid
MEDLINE(R) 1946 to Present

Date of re-run: 07/09/2017

Database: Embase 1980 to 2017 Week 36, Ovid MEDLINE(R) Epub Ahead of Print,
In-Process & Other Non-Indexed Citations, Ovid MEDLINE(R) Daily and Ovid
MEDLINE(R) 1946 to Present

# Searches

1 exp Glioma/ use ppez

2 exp Glioma/ use oemezd

8 exp Astrocytoma/ use ppez

4 exp Astrocytoma/ use oemezd

5 Oligodendroglioma/ use ppez

6 exp Glioblastoma/ use ppez

7 (glioma* or glioblastoma* or GBM or gliosarcoma* or astrocytoma* or oligoastrocytoma* or oligodendroglioma* or
oligo?astrocytoma* or xanthoastrocytoma*).tw.

8 or/1-7

9 Meningioma/ use ppez

10 Meningeal Neoplasms/ use ppez

11 exp Meningioma/ use oemezd

12 meningioma®.tw.

13 (mening* adj3 (neoplas* or cancer* or carcin* or tumo* or malign* or h?emangiopericytoma* or
h?emangioblastoma*)).tw.

14 or/9-13

15 exp Brain Neoplasms/ use ppez

16 exp Brain Tumor/ use oemezd

17 exp Cerebral Cortex/ use ppez

18 exp Brain Cortex/ use oemezd

19 exp Brain/ use ppez

20 exp Brain/ use oemezd

21 exp Meninges/ use ppez

22 Meninx/ use oemezd

23 or/15-22
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24
25
26
27
28
29
30
31
32
33

34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

49
50
51
52
53
54
55

56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81

exp Neoplasm Metastasis/ use ppez

metastasis/ use oemezd

24 or 25

23 and 26

exp Brain Neoplasms/sc use ppez

Brain Metastasis/ use oemezd

Meningeal Metastasis/ use oemezd

or/28-30

27 or 31

((brain or cereb* or intracranial or mening* or brainstem*) adj3 (metasta* or micrometa* or macrometa* or spread*
or carcinomatosis or carcinosis or secondar* or seeding or seeded or disseminat* or migrat*)).tw.
32 or 33

8 or14 or 34

exp Recurrence/ use ppez

Neoplasm Recurrence, Local/ use ppez

Disease Progression/ use ppez

cancer recurrence/ use oemezd

recurrent disease/ use oemezd

tumor recurrence/ use oemezd

recurr*.ti.

or/36-42

35 and 43

exp Aftercare/ use ppez

exp aftercare/ use oemezd

(aftercare or "after care" or after-care or follow-up or "follow up" or followup or surveillance).tw.
(after treatment or after-treatment or posttreatment or post treatment or post-treatment or post-therap* or post
therap®).ti,ab.

((post-surg* or post surg* or post-operat* or postoperat® or post operat*) adj1 (evaluat* or monitor* or care)).tw.
(post-hospital* or post hospital* or posthospital* or after hospital* or follow* hospital*).ti,ab.
disease surveillance/ use oemezd

periodic medical examination/ use oemezd

"medical record review"/ use oemezd

exp patient monitoring/ use oemezd

(re-examin* or reexamin or monitor* or periodic examin* or regular examin* or checkup* or check-up* or check
up*).ti,ab.

follow* ti.

or/45-56

44 and 57

limit 58 to english language

limit 59 to yr="1990 -Current"

Letter/ use ppez

letter.pt. or letter/ use oemezd

note.pt.

editorial.pt.

Editorial/ use ppez

News/ use ppez

exp Historical Article/ use ppez

Anecdotes as Topic/ use ppez

Comment/ use ppez

Case Report/ use ppez

case report/ or case study/ use oemezd

(letter or comment*).ti.

or/61-72

randomized controlled trial/ use ppez

randomized controlled trial/ use oemezd

random*.ti,ab.

or/74-76

73 not 77

animals/ not humans/ use ppez

animal/ not human/ use oemezd

nonhuman/ use oemezd
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#
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103

104
105
106
107
108
109

110
111

112
113

114
115
116
117
118
119
120
121
122
123
124
125

Searches

exp Animals, Laboratory/ use ppez

exp Animal Experimentation/ use ppez

exp Animal Experiment/ use oemezd

exp Experimental Animal/ use oemezd

exp Models, Animal/ use ppez

animal model/ use oemezd

exp Rodentia/ use ppez

exp Rodent/ use oemezd

(rat or rats or mouse or mice).ti.

or/78-90

60 not 91

Meta-Analysis/

Meta-Analysis as Topic/

systematic review/

meta-analysis/

(meta analy* or metanaly* or metaanaly*).ti,ab.

((systematic or evidence) adj2 (review* or overview*)).ti,ab.

((systematic* or evidence*) adj2 (review* or overview*)).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).ab.

(search* adj4 literature).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.

((pool* or combined) adj2 (data or trials or studies or results)).ab.

0r/93-94,97,99-104 use ppez

or/95-98,100-105 use oemezd

or/106-107

clinical Trials as topic.sh. or (controlled clinical trial or pragmatic clinical trial or randomized controlled trial).pt. or
(placebo or randomi#ed or randomly).ab. or trial.ti.

109 use ppez

(controlled clinical trial or pragmatic clinical trial or randomized controlled trial).pt. or drug therapy.fs. or (groups or
placebo or randomi#ed or randomly or trial).ab.

111 use ppez

crossover procedure/ or double blind procedure/ or randomized controlled trial/ or single blind procedure/ or
(assign* or allocat* or crossover* or cross over* or ((doubl* or singl*) adj blind*) or factorial* or placebo* or random*
or volunteer®).ti,ab.

113 use oemezd

110 or 112

112 or 114

Cohort Studies/ or Longitudinal Studies/ or Follow-Up Studies/ or Prospective Studies/ or Comparative Study/
117 use ppez

cohort analysis/ or longitudinal study/ or follow up/ or prospective study/ or comparative study/

119 use oemezd

((cohort* or follow-up or follow?up or inciden* or longitudinal or prospective) adj1 (stud* or research or analys*)).tw.
118 or 120 or 121

108 or 115 or 122

92 and 123

remove duplicates from 124

Date of initial search: 22/03/2017

Database: The Cochrane Library, Issue 3 of 12, March 2017

Date of re-run: 07/09/2017

Database: The Cochrane Library, Issue 9 of 12, September 2017
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#1
#2

#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15

#16
#17
#18
#19
#20
#21
#22
#23
#24
#25

#26
#27
#28
#29

MeSH descriptor: [Glioma] explode all trees

(glioma* or glioblastoma* or gliosarcoma* or astrocytoma* or astroblastoma* or oligodendroglioma* or
oligodendrocytoma* or oligoastrocytoma* or GBM)

(glial near/3 (neoplas* or cancer* or tumo* or carcin* or malign* or metasta*))

{or #1-#3}

MeSH descriptor: [Meningioma] explode all trees

MeSH descriptor: [Meningeal Neoplasms] explode all trees

meningioma*

(mening* near/3 (neoplas* or cancer* or carcin* or tumo* or malign* or metasta*))

{or #5-#8}

MeSH descriptor: [Neoplasm Metastasis] explode all trees

MeSH descriptor: [Brain Neoplasms] explode all trees

MeSH descriptor: [Brain] explode all trees

#11 or #12

#10 and #13

((brain or cereb* or intracranial or mening*) near/3 (metasta® or micometasta* or spread* or involvement or
carcinosis or secondar®))

#14 or #15

#4 or #9 or #16

MeSH descriptor: [Recurrence] explode all trees

MeSH descriptor: [Neoplasm Recurrence, Local] explode all trees

recurr*

{or #18-#20}

#17 and #21

MeSH descriptor: [Aftercare] explode all trees

(aftercare or "after care" or after-care or follow-up or "follow up" or followup or surveillance)

("after treatment*" or after-treatment* or posttreatment* or "post treatment*" or post-treatment* or post-therap* or
"post therap™")

((post-surg* or "post surg*" or post-operat* or postoperat* or "post operat*") adj1 (evaluat* or monitor* or care))
(post-hospital* or "post hospital*" or posthospital* or "after hospital*" or "follow* hospital*")

{or #23-#27}

#22 and #28 Publication Year from 1990 to 2017

*N

*n
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Appendix C — Clinical evidence study selection

PRISMA diagram for review 1b - imaging strategy for brain metastases
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Figure 1: Flow diagram of clinical article selection for review 1b - imaging strategy for brain metastases

Titles and abstracts
identified, N=1432

3 ;

Full copies retrieved Excluded, N=1391
an_d .ag.sesse_d for (not relevant population,
eligibility, N= 41 design, intervention,

comparison, outcomes,
unable to retrieve)

Publications included Publications excluded
in review, N= 12 from review, N=29
(refer to excluded
studies list)
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PRISMA diagram for review 4a — management of single metastases

Figure 2: Flow diagram of clinical article selection for reviews 4a, 4b and 4c — management of any number of metastases (these
questions were searched together before being reviewed separately)
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Titles and abstracts
identified, N= 5608

3 ;

Full copies retrieved Excluded, N=5496
and qgsessgd for (not relevant population,
eligibility, N= 112 design, intervention,

comparison, outcomes,
unable to retrieve)

Publications included Publications excluded
in review, N=9 from review, N= 103
(refer to excluded
studies list)
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PRISMA diagram for review 4b — management of multiple metastases

A single search was conducted for the review questions related to management of single metastases, multiple metastases and brain
metastases with mixed populations..

PRISMA diagram for review 4c — management of brain metastases with a mixed population

A single search was conducted for the review questions related to management of single metastases, multiple metastases and brain
metastases with mixed populations.
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PRISMA diagram for review 5c — follow-up of metastases

Figure 3: Flow diagram of clinical article selection for follow up after treatment for glioma, meningioma and brain metastases reviews
(the searches for all three reviews were conducted as one search)
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Titles and abstracts
identified, N= 4453

3 ;

Full copies retrieved Excluded, N=4324
and qgsessgd for (not relevant population,
eligibility, N= 129 design, intervention,

comparison, outcomes,
unable to retrieve)

Publications included Publications excluded
in review, N=0 from review, N= 129
(refer to excluded
studies list)
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Appendix D — Clinical evidence tables
See Supplementary Material D.
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Appendix E — Forest plots

Forest plots for review 1b - imaging strategy for brain metastases

Not applicable - no evidence was identified.
Forest plots for review 4a — management of single metastases

Figure 4: WBRT+ surgery versus WBRT: deaths within 30 days of surgery

WBRT WBRT+Surgery Risk Ratio (Non-event) Risk Ratio (Non-event)
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Mintz 1996 4 43 3 41 62.8% 0.98[0.86, 1.11]
Patchelli 1990 1 23 1 25 37.2% 1.00 [0.89, 1.12]
Total (95% ClI) 66 66 100.0% 0.99 [0.90, 1.08]
Total events 5 4

Heterogeneity: Chi2 = 0.05, df = 1 (P = 0.83); 12 = 0% T T T T T } 1

01 02 0.5 1 2 5 10
Test for overall effect: Z = 0.32 (P = 0.75) Favours WBRT+Surgery Favours WBRT

Figure 5: Stereotactic radiosurgery versus WBRT for resected metastasis:
overall survival

Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Brown 2017 0.0677 0.1745 61.6% 1.07 [0.76, 1.51]
Kepka 2016 0.5878 0.305 38.4% 1.80 [0.99, 3.27]
Total (95% CI) 100.0% 1.31 [0.80, 2.15]

I | | |
Heterogeneity: Tau? = 0.07; Chi*> =2.19,df =1 (P = 0.14); I = 54% ! '

T T
0.01 0.1 1 10 100
Test for overall effect: Z = 1.06 (P = 0.29) Favours SRS Favours WBRT

Figure 6: Stereotactic radiosurgery versus WBRT for resected metastasis:
toxicity events grade 3 or higher

Stereotactic radiosurgery WBRT Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Brown 2017 11 93 17 92 100.0% 0.64 [0.32, 1.29] B
Kepka 2016 0 29 0 30 Not estimable
Total (95% CI) 122 122 100.0% 0.64 [0.32, 1.29] ’
Total events 11 17 | | | |
1

Heterogeneity: Not applicable T T T
o v PP 0.01 0.1 1 10 100

Test for overall effect: Z=1.25 (P =0.21) Favours SRS Favours WBRT

Forest plots for review 4b — management of multiple metastases

Not applicable.
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Forest plots for review 4c — management of brain metastases with a mixed

population

Figure 7: WBRT + SRS versus WBRT: control of treated lesion at 1 year

WBRT+SRS WBRT Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Andrews 2004 41 50 37 52 89.4% 1.15[0.93, 1.43]
El Gantery 2014 9 21 4 18 10.6% 1.93[0.71, 5.22] -1 -
Total (95% CI) 71 70 100.0% 1.23 [0.98, 1.55] ‘
Total events 50 41

Heterogeneity: Chiz = 1.16, df =1 (P = 0.28); I2 = 14%
Test for overall effect: Z = 1.81 (P = 0.07)

0.1

T T T 1
0.5 1 2 5 10

Favours WBRT Favours WBRT+SRS

0.2

Figure 8: WBRT + TMZ versus WBRT: complete response 4 weeks- 3 months

WBRT+TMZ WBRT Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Antonadou 2002 9 24 7 21 88.1% 1.13 [0.51, 2.49]
Gamboa-Vignolle 2012 2 28 0 27 6.0% 4.83 [0.24, 96.16]
Verger 2005 2 41 0 41 5.9% 5.00[0.25, 101.04] -1 -
Total (95% Cl) 93 89 100.0% 1.58 [0.75, 3.31] ’
Total events 13 7

Heterogeneity: Chi = 1.79, df =2 (P = 0.41); I = 0%
Test for overall effect: Z = 1.20 (P = 0.23)

Figure 9: WBRT + TMZ versus WBRT:

0.002

500

T T
0.1 1 10
Favours WBRT Favours WBRT+TMZ

partial response 4 weeks- 3 months

WBRT+TMZ WBRT Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Antonadou 2002 14 24 7 21 23.6% 1.75[0.88, 3.50] T &
Gamboa-Vignolle 2012 20 28 13 27 41.8% 1.48[0.94, 2.34] T
Verger 2005 11 41 11 41 347% 1.00 [0.49, 2.04] —
Total (95% CI) 93 89 100.0% 1.38 [0.98, 1.94] ‘
Total events 45 31

Heterogeneity: Chiz = 1.33, df =2 (P = 0.51); 12 = 0%
Test for overall effect: Z = 1.84 (P = 0.07)

Figure 10:

0.1

T
0.2 0.5 1 2 5
Favours WBRT Favours WBRT+TMZ

WBRT + TMZ versus WBRT: stable disease 4 weeks- 3 months

WBRT+TMZ WBRT Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Antonadou 2002 1 24 5 21 19.5% 0.17 [0.02, 1.38] - v

Gamboa-Vignolle 2012 5 28 12 27 377% 0.40 [0.16, 0.99] —i

Verger 2005 17 4 12 41 429% 1.42[0.78, 2.58]

Total (95% CI) 93 89 100.0% 0.59 [0.18, 1.91]

Total events 23 29

Heterogeneity: Tau? = 0.75; Chiz = 7.95, df = 2 (P = 0.02); I = 75% f f f {
0.001 0.1 1 10 1000

Test for overall effect: Z = 0.89 (P = 0.38)

Brain tumours (primary) and brain metastases in adults: evidence reviews for investigation,
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Figure 11:

WBRT +TMZ versus WBRT: progressive disease 4 weeks- 3

months

WBRT+TMZ WBRT Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Antonadou 2002 0 24 2 21 24.9% 0.18[0.01, 3.47] - &1
Gamboa-Vignolle 2012 1 28 2 27  19.0% 0.48[0.05, 5.01] - 1
Verger 2005 5 41 6 41 56.1% 0.83[0.28, 2.52]
Total (95% Cl) 93 89 100.0% 0.60 [0.24, 1.52]
Total events 6 10
Heterogeneity: Chi? = 1.02, df = 2 (P = 0.60); I2 = 0% ‘ ‘ ‘ ‘

0.001 0.1 1 10 1000

Test for overall effect: Z = 1.08 (P = 0.28)

Favours WBRT+TMZ Favours WBRT

Figure 12: WBRT+TMZ versus WBRT: neurological fully functional or

improved
WBRT+TMZ WBRT Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Antonadou 2002 1 25 9 23 32.6% 1.1210.57,2.21] L

Gamboa-Vignolle 2012 27 28 19 27 67.4% 1.37[1.06, 1.77] .

Total (95% Cl) 53 50 100.0% 1.29 [0.98, 1.69] ‘

Total events 38 28
! 1 1 1 1 ]

Heterogeneity: Chi? = 0.37, df = 1 (P = 0.54); I = 0% ! ! ! ! T !
0.1 0.2 0.5 1 2 5 10

Test for overall effect: Z = 1.84 (P = 0.07)

Figure 13:

Favours WBRT Favours WBRT+TMZ

WBRT+ TMZ versus WBRT: adverse events 23

WBRT+TMZ WBRT Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Chua 2010 3 47 0 48  8.1% 7.15[0.38, 134.67] - ="
Gamboa-Vignolle 2012 17 18 7 27 91.9% 3.64 [1.91, 6.96] -._
Total (95% Cl) 65 75 100.0% 3.93 [2.04, 7.58] ’
Total events 20 7 . . . .
T T

Heterogeneity: Chi? = 0.21, df = 1 (P = 0.65); I? = 0%

Test for overall effect: Z = 4.08 (P < 0.0001)

Brain tumours (primary) and brain metastases in adults: evidence reviews for investigation,
management and follow-up of people with brain metastases July 2018
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Figure 14:

Hazard Ratio

SRS + WBRT versus SRS: overall survival

Hazard Ratio

Study or Subgroup  log[Hazard Ratio] SE IV, Random, 95% CI IV, Random, 95% CI

Brown 2016 0.0198 0.1569 1.02[0.75, 1.39] -+

Chang 2009 0.904218 0.31129 2.47 [1.34, 4.55] t
f f f i
0.01 0.1 1 10 100

Favours SRS + WBRT Favours srs

Figure 15: SRS+ WBRT versus SRS: local tumour control rate (actuarial) at 12

months
SRS + WBRT SRS Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Aoyama 2006 58 65 49 67 33.9% 1.22[1.03, 1.44] =
Brown 2016 82 91 75 103 49.4% 1.24 [1.08, 1.42] L
Chang 2009 28 28 20 30 13.9% 1.49[1.15, 1.92] -
El Gantery 2014 9 21 4 21 2.8% 2.25[0.82, 6.18] ]
Total (95% CI) 205 221 100.0% 1.29 [1.17, 1.43] ‘
Total events 177 148
! 1 1 1 1 ]
T T T T 1

Heterogeneity: Chiz = 3.16, df = 3 (P = 0.37); I?=5%
Test for overall effect: Z = 5.00 (P < 0.00001)

T
0.5 1 2 5 10
Favours SRS Favours SRS + WBRT

01 02

Figure 16: SRS+ WBRT versus SRS: distant brain tumour control at 12 months

SRS + WBRT SRS Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Brown 2016 84 91 72 103 83.3% 1.32[1.15, 1.52] .
Chang 2009 20 28 14 30 16.7% 1.53 [0.98, 2.40] -
Total (95% CI) 119 133 100.0% 1.36 [1.18, 1.56] ’
Total events 104 86

Heterogeneity: Chiz = 0.42, df =1 (P = 0.52); I = 0%
Test for overall effect: Z = 4.26 (P < 0.0001)

1 1 1 ]
T T T 1
0.5 1 2 5 10
Favours SRS Favours SRS + WBRT
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Figure 17: SRS+ WBRT versus SRS: cognitive deterioration

SRS + WBRT SRS Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Brown 2016 44 48 40 63 54.6% 1.44[1.18,1.77] |
Chang 2009 4 20 7 11 45.4% 0.31[0.12, 0.84] —i—
Total (95% CI) 68 74 100.0% 0.72 [0.15, 3.53]
Total events 48 47

Heterogeneity: Tau? = 1.19; Chi? = 10.05, df = 1 (P = 0.002); I = 90%

Test for overall effect: Z = 0.40 (P = 0.69)

Brain tumours (primary) and brain metastases in adults: evidence reviews for investigation,
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Figure 18: SRS+ WBRT versus SRS: neurological preservation

SRS + WBRT SRS Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Aoyama 2006 47 65 47 67 69.8% 1.03 [0.83, 1.28]

El Gantery 2014 19 21 20 21 30.2% 0.95[0.80, 1.12]

Total (95% Cl) 86 88 100.0% 1.01 [0.86, 1.18]

Total events 66 67

Heterogeneity: Chiz = 0.50, df = 1 (P = 0.48); 12 = 0% f f f J f f 1
0.1 0.2 0.5 1 2 5 10

Test for overall effect: Z = 0.08 (P = 0.94) Favours SRS Favours SRS + WBRT

Figure 19: SRS+ WBRT versus SRS: late toxic effects grade 3-4

SRS + WBRT SRS Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Aoyama 2006 4 65 2 67 4.3% 2.06 [0.39, 10.87]
Brown 2016 44 102 46 111 95.7% 1.04 [0.76, 1.42]
Total (95% CI) 167 178 100.0% 1.08 [0.80, 1.48]
Total events 48 48
Heterogeneity: Chi? = 0.64, df = 1 (P = 0.42); I7 = 0% t t T t t
0.005 0.1 1 10 200
Test for overall effect: Z=0.51 (P = 0.61) Favours SRS + WBRT Favours SRS

Forest plots for review 5c¢ — follow-up of metastases

Not applicable - no evidence was identified.
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Appendix F — GRADE tables

GRADE tables for review 1b - imaging strategy for brain metastases

Not applicable - no evidence was identified.
GRADE tables for review 4a — management of single metastases

Table 38: Clinical evidence profile for WBRT and surgery versus WBRT

randomis  serious’ no serious no serious none 4/66 5/66 2 more MODERAT CRITICA
ed trials inconsisten  indirectne  serious (6.1% (7.6%) 1.02 per E L
cy ss imprecisi ) (0.93 1000
on to (from
1.11) 5
fewer
to 8
more)
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randomis  serious' no serious no serious  serious? none 36/41 30/43 181 LO CRITICA
ed frials inconsisten  indirectne (87.8 (69.8%) 126 more
cy Ss %) (1to per
1.58) 1000
(from
0 more
to 405
more)
1 randomis  serious’ no serious no serious very none 15/25 11/23 RR 120 VERY
ed trials inconsisten indirectne  serious?® (60%) (47.8%) 1.25 more LOW
cy ss (0.74  per
to 1000
2.14)  (from
124
fewer
to 545
more)
1 randomis  serious’ no serious no serious  serious? none 2/25 0/23 RR - LOW CRITICA
ed trials inconsisten  indirectne (8%) (0%) 2.2 L
cy Ss (1.21
to 4)
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randomis  very no serious no serious very none 2/25 4/23 VERY CRITICA
ed frials serious" inconsisten indirectne  serious® (8%) (17.4%) 2.17 more LOW L
& cy SS (0.44  per
to 1000
10.77) (from
97
fewer
to
1000
more)
1 randomis  very no serious no serious  serious® none 41 43 - MD VERY CRITICA
ed trials serious® inconsisten indirectne 1.02 LOW L
& cy ss higher
(0.02
lower
to 2.06
higher)
1 randomis  very no serious no serious  serious® none 41 43 - MD VERY CRITICA
ed trials serious! inconsisten indirectne 0.17 LOW L
& cy ss higher
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(0.67

lower

to 1.01

higher)

1 randomis  very no serious no serious no none 2/25 10/23 RR 357 LOW CRITICA
ed trials serious" inconsisten indirectne  serious (8%)  (43.5%) 0.18 fewer L

& cy sS imprecisi (0.04 per

on to 1000

0.75)  (from

109

fewer

to 417

fewer)

1 randomis  very no serious no serious  serious?® none 3/25 2/23 RR 24 VERY CRITICA
ed trials serious® inconsisten indirectne (12%) (8.7%) 1.28 more LOW L

& cy ss (0.25  per

to 1000

7.53) (from
65

fewer

148

Brain tumours (primary) and brain metastases in adults: evidence reviews for investigation, management and follow-up of people with brain metastases
July 2018



Appendices

to 568
more)
1 randomis  very no serious no serious  serious’ none 5/25 12/23 RR 323 VERY CRITICA
ed trials serious" inconsisten indirectne (20%) (52.2%) 0.38 fewer LOW L
& cy ss (0.16  per

to 1000

0.92) (from
42
fewer
to 438
fewer)

' It was unclear how randomisation was performed and unclear in both studies if allocation concealment was performed.
295% Cl crossed 1 MID (1.25)

395% Cl crossed 2 MIDs (0.8 and 1.25)

4 It was unclear if either the participants, assessors or investigators were blinded.

595% Cl crossed 1 MID (0.5x2.19=1.10)

695% ClI crossed 1 MID (0.5x1.9=1.0)

795% ClI crossed 1 MID (0.8)
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Table 39: Clinical evidence profile for surgery and WBRT versus radiosurgery

randomis  serious' noserious  no serious very none 17/33 19/31 VER CRITICAL
ed frials inconsisten indirectne  serious? (51.5%) (61.3%) 0.84 fewer Y
cy Ss (0.54  per LOW
to 1000
1.30) (from
282
fewer
to 184
more)
1 randomis  very no serious no serious no none 33/33 9/31 RR 285 LOW CRITICAL
ed trials serious1 inconsisten indirectne serious (100%) (29%) 0.02 fewer
3 cy ss imprecisi (0.00  per
on to 1000
0.33) (from
195
fewer
to 290
fewer)
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randomis  very no serious  no serious none 0/33 15/31 440 LOW CRITICAL
ed frials serious" inconsisten indirectne  serious (0%) (48.4%) 191 more
€ cy ss imprecisi (1.36  per
on to 1000
2.68) (from
174
more
to 813
more)
1 randomis  very no serious no serious serious* none 0/33 6/31 RR 46 VER CRITICAL
ed trials serious! inconsisten indirectne (0%) (19.4%) 1.24 more Y
€ cy ss (1.03  per LOW
to 1000
1.48) (from
6
more
to 93
more)
1 randomis  very no serious no serious very none 0/33 1/31 RR 22 VER CRITICAL
ed trials serious! inconsisten indirectne  serious? (0%) (3.2%) 0.31 fewer Y
€ cy ss (0.01  per LOW
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to 1000

7.42)  (from
32
fewer
to 207
more)

1 randomis  serious! no serious no serious very none 27/33 30/31 RR 1000 VER CRITICAL
ed trials inconsisten indirectne  serious? (81.8%) (96.8%) 5.64 more Y
cy ss (0.72  per LOW

to 1000

44.20) (from
271
fewer
to
1000
more)

1 randomis  very no serious no serious serious* none 28/33 22/31 RR 142 VER IMPORTA
ed trials serious! inconsisten indirectne (84.8%) (71%) 1.20 more Y NT
€ cy ss (0.92  per LOW
to 1000
1.56) (from
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57

fewer
to 397
more)

1 randomis  very no serious no serious no none 32/33 16/31 RR 454 LOW IMPORTA
ed trials serious" inconsisten indirectne  serious (97%) (51.6%) 1.88 more NT
€ cy sS imprecisi (1.33  per
on to 1000
2.66) (from
170

more
to 857
more)

1 It was unclear how randomisation was performed and insufficient detail was given on allocation concealment

2 95% Cl crossed 2 MIDs (0.8 and 1.25)

3 It was unclear if either the participants, assessors or investigators were blinded.

4 95% ClI crossed 1 MID (1.25)
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Table 40: Clinical evidence profile for WBRT and best supportive care versus best supportive care

1 randomise  very no serious no serious no serious none 80 82 - HR1(0.76 LOW CRITICA

d trials serious inconsistency indirectness imprecision to 1.36) L
1

1 Unclear method of allocation concealment. Stratification was not done by number of metastases.

Table 41: Clinical evidence profile for WBRT+SRS versus WBRT

1 randomise seriou  no serious no serious very none 94 92 Not - VER CRITICA
d trials s risk inconsistency indirectness serious estima Y L
of imprecision ble? LOW
bias’ 2
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1 Selective reporting of outcomes
2 Only descriptive data reported, insufficient details given to assess the MID thresholds and imprecision
3 Not calculated as SDs were not reported. Mean overall survival in WBRT = 4.9 (n=94); mean overall survival in WBRT+SRS= 6.5 (n=92)

Table 42: Clinical evidence profile for Stereotactic radiosurgery versus WBRT for resected metastasis

randomise no serious no serious  very none - - - CRITICAL
d trials seriou inconsistenc indirectnes serious 1.31
srisk y s imprecision (0.80
of bias i to
2.15)
1 randomise no no serious no serious  very none 12.2 11.6 HR - LOW CRITICAL
d trials seriou inconsistenc indirectnes serious months months 1.07
s risk y S imprecision (95% ClI (95% (0.76
of bias i 9.7t016.0) CI9.9 to
to 1.50)
18.0)
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randomise serlou no serious no serious  very none 21/29 19/30 VERY IMPORTAN
d trials inconsistenc indirectnes serious (72.4%) (63.3% 114 more LOW
y s imprecision ) (0.8to per
1 1.63) 1000
(from
127
fewer
to 399
more)
1 randomise seriou  no serious no serious  no serious  none 3.7 months 3.0 HR - MODERAT IMPORTAN
d trials s? inconsistenc indirectnes imprecision (95% ClI months  0.47 E T
y s 3.45 to (95% (95%
5.06) Cl2.86 ClI
to 0.35
3.25) to
0.63)
1 randomise seriou  no serious no serious  serious® none 47/93 65/92 RR 198 LOW IMPORTAN
d trials s? inconsistenc indirectnes (50.5%) (70.7% 0.64 fewer T
y S ) (0.32  per
to 1000
1.29) (from
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64

fewer
to 311
fewer)
1 randomise seriou  no serious no serious  serious?® none 11/19 10/28 RR 221 LOW CRITICAL

d trials s! inconsistenc indirectnes (57.9%) (35.7% 1.62 more

y S ) (0.87  per

to 1000

3.04) (from

46

fewer
to 729
more)

1 randomise seriou  no serious no serious  very none 5/19 7128 RR 12 VERY CRITICAL
d trials s? inconsistenc indirectnes serious’ (26.3%) (25%) 1.05 more LOW

y S (0.39  per

to 1000

2.83) (from

153

fewer
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to 457
more)
1 randomise seriou  no serious no serious  serious® none 8/19 6/28 RR 206 LOW CRITICAL
d trials s? inconsistenc indirectnes (42.1%) (21.4% 1.96 more
y S ) (0.81 per
to 1000
4.76)  (from
41
fewer
to 806
more)
1 randomise seriou  no serious no serious no serious  none 6.4 months 27.5 HR - MODERAT CRITICAL
d trials s? inconsistenc indirectnes imprecision (95% ClI months 2.45 E
y [ 5.16 to (95% (95%
8.90) Cl Cl
14.85- 1.62
not to
reache 3.72)
d)
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randomise serlou no serious no serious  serious* none median not 14.0 CRITICAL
d trials inconsistenc indirectnes yet months 056
y s reached (95% (95%
(95% CI Cig4 Ci
17.6 to 0.32
monthsto ~ 27.0) to
not yet 0.96)
reached)
1 randomise seriou  no serious no serious  serious?® none 35/65 25/64 RR 148 LOW CRITICAL
d trials s? inconsistenc indirectnes (53.8%) (39.1% 1.38 more
y S ) (0.94  per
to 1000
2.02) (from
23
fewer
to 398
more)
1 randomise Seriou no serious no serious  Serious?® none 39/65 28/64 RR 162 LOW CRITICAL
d trials s? inconsistenc indirectnes (60%) (43.8% 1.37 more
y S ) (0.97  per
1000
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to (from

1.93) 13
fewer
to 407

more)

1 randomise Seriou no serious no serious  Serious® none 24 34 - MD 4.5 LOW CRITICAL

d trials s2 inconsistenc indirectnes higher
S 8.6
y (
lower
to 17.6
higher)

1 randomise Seriou no serious no serious  Serious® none 24 34 - MD LOW CRITICAL

d trials s2 inconsistenc indirectnes 11.4
y S lower

(24.79
lower
to 1.99
higher)
1 95% ClI crossed 2 default MIDs (0.8 and 1.25)
2 It was unclear whether blinding was performed.

395% ClI crossed 1 default MID (1.25)
4 95% ClI crossed 1 default MID (0.8)
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5 95% ClI crossed 1 default MID (£33.4 x £0.5= £16.7)
6 Serious inconsistency (>50%)

Table 43: Clinical evidence profile for WBRT versus observation for resected metastasis

randomise No no serious no serious  very none 6/49 7/46 RR 0.8 CRITICAL
d trials seriou inconsistenc indirectnes serious’ (12.2% (15.2%) (0.29 to fewer
s risk y 5 ) 2.22) per
of bias 1000
(from
108
fewer
to 186
more)
1 randomise seriou  no serio