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Investigation, management and follow-up of glioma

Investigation, management and follow-up
of glioma

This Evidence Report contains information on 8 review

s relating to the investigation, management and follow-up of glioma. The Evidence Report is
split into 3 sections:

¢ investigation of suspected glioma, which contains 2 reviews

o imaging for suspected glioma

o use of molecular markers to determine prognosis or guide treatment for glioma
e management of glioma, which contains 5 reviews

o initial surgery for suspected low-grade glioma

o further management of newly diagnosed low-grade glioma

o management of newly diagnosed high-grade glioma following surgery or if surgery is
not possible (or has been declined)

o management of recurrent high-grade glioma (recurrent grade Il and grade 1V glioma)
o techniques for resection of glioma

o follow-up for glioma, which contains 1 review
o follow-up for glioma.
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Investigation of suspected glioma

Imaging for suspected glioma

Review question
What is the most effective imaging strategy in newly diagnosed glioma and meningioma?

(Note that this review considers only the portion of the review question relating to glioma; see
Evidence Report B for details on the portion of the review relating to meningioma.)

Introduction

The purposes of imaging at tumour presentation are to:

¢ identify the anatomical extent of tumour

¢ identify tumour relationship to critical brain areas/structures
¢ exclude non-tumour diagnoses

e predict tumour grade/biology/genetics

e predict likely future behaviour to stratify treatment

¢ identify sites for biopsy.

This systematic review explores the evidence for imaging strategies for patients with
radiologically suspected glioma or meningioma. Under consideration are the imaging
techniques, or combination of techniques, that provide the information necessary to make a
putative diagnosis and plan appropriate treatment. MRI is the most commonly used imaging
test after CT, although CT is usually the method by which a tumour is initially suspected and
so MR is used to give more information. Standard structural MRI can be performed in a
number of different ways, including the use of a number of advanced techniques.

PICO table

Table 1: Summary of the protocol (PICO table)

Adults with a radiologically (by CT scan or MRI scan) suspected
glioma (high or low-grade)

¢ Standard MRI alone:

o standard structured MRI (core protocol) +/- contrast (T1 pre
and post contrast and T2)

Plus one of the following advanced tests:

¢ advanced MRI:
o MR Spectroscopy (chemical shift imaging)
o diffusion imaging (DWI/DTI) tensor imaging (DTI)

o perfusion imaging (DSC, DCE, ASL will not be looked at
separately)

o structural imaging

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

Pathology (histology and, where appropriate molecular testing) or
clinical/radiological follow-up if there is not biopsy

11
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Critical:

¢ health related quality of life

e diagnostic test accuracy, including:
o sensitivity
o specificity
o likelihood ratios

For detecting:

o high-grade glioma present (WHO grade Ill and IV) versus
high-grade glioma absent

o low-grade glioma present (WHO grade | and Il) versus low-
grade glioma absent

o high-grade glioma (WHO grade Ill and 1V) versus low-grade
glioma (WHO grade | and Il)

ASL arterial spin labelling;, CT computer tomography; DCE dynamic contrast-enhancement; DSC dynamic

susceptibility contrast; DTI diffusion tensor imaging; DWI diffusion weighted imaging; 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 Organisation.

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

Included studies

Four studies (N=396) were included in the review (Caulo 2014, Law 2003, Qin 2017, and Zou
2011).

The evidence included in this review consisted of retrospective and prospective cohort
studies meeting the PICO criteria and published from 2002 as it was when standard
structured MRI (core protocol) +/- contrast (T1 pre and post contrast and T2) was first used.
Of the included studies, 2 were from China (Zou 2011; Qin 2017), 1 from Italy (Caulo 2014)
and 1 from the USA (Law 2003). The size of the population ranged from 30 (Zou 2011) to
160 (Law 2003).

Studies involved adults with a radiologically (by CT or MRI scan) suspected (high- or low-
grade) glioma. No evidence was retrieved for meningioma. In all studies, adults underwent
standard structured MRI (core protocol) +/- contrast (T1 pre and post contrast and T2) along
with an advanced technique, including: diffusion weighted imaging (DWI), diffusion tensor
imaging (DTI) and perfusion weighted imaging (PWI) (Caulo 2014); magnetic resonance
spectroscopy (MRS) and DTl (Zou 2011); perfusion MRI and proton MRS (Law 2003) or DWI
alone (Qin 2017). In order to assess whether standard MRI or standard MRI in combination
with an advanced MRI technique had more sensitivity to characterise radiologically
suspected glioma and meningioma, the results from both types of strategies are reported in
the guideline review, provided the tests were conducted in the same sample of people.
Studies that reported individual results for standard MRI or an advanced MRI technique were
not included as they were non-comparative and therefore may have been influenced by
factors such as patient characteristics.

No evidence was identified for PET-MRI or PET-CT. Data-driven models were run by the
included studies and numerical cut-off values from the parameters generated by these
advanced techniques were reported and published in the article. This permitted a
determination of the sensitivity and specificity of the different imaging strategies for
identification of high-grade glioma (WHO grade Ill and IV) versus low-grade glioma (WHO
grade | and Il). All the studies used histology as the reference standard.
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Investigation of suspected glioma

This review reports diagnostic accuracy outcomes such as sensitivity and specificity for high-
grade glioma versus low-grade glioma. No evidence was retrieved for high-grade glioma
present versus high-grade glioma absent or for low-grade glioma present versus low-grade
glioma absent. No test-and-treat trials were identified, therefore no patient-reported
outcomes such as quality of life are reported in the review. Data from the included studies
could not be pooled due to differences in imaging strategies, therefore the clinical evidence is
descriptive and is presented study by study.

For details on clinical evidence which met the inclusion criteria of the second part of this
review (on meningioma) see Evidence Report B.

A summary of these studies is provided in Table 2 and the results along with the quality of
the evidence for each outcome are listed in Table 3 - Table 17 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.

Summary of clinical studies included in the evidence review

Table 2 provides a brief summary of the included studies.

Table 2: Summary of included studies

Study
Caulo 2014

Italy

Law 2003

USA

Index test (1) and
index test (2)
Conventional MRI

Pre- and
postgandolinium
enhanced

Three-dimensional
turbo field-echo T1-
weighted

Fluid-attenuated
inversion recovery

T1-weighted fast
field echo

Advanced MRI
imaging
Diffusion-weighted
imaging
Diffusion-tensor
imaging

MR spectroscopy
Perfusion-weighted
imaging
Conventional MRI
1.5 T unit

Reference
standard

Histology

Histology

13

Population

Adults with
radiologically (MRI)
suspected glioma

(N=110)

Adults with
radiologically (MRI)

Outcomes

Sensitivity and
specificity for
identification of
high- versus low -
grade glioma. Each
suspected glioma
was evaluated with
3 different methods:
semi quantitative,
qualitative and
quantitative

Sensitivity and
specificity for
identification of
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Localising sagittal suspected glioma high- versus low -
T1-weighted image (N=160) grade glioma
obtained followed

by non-enhanced

axial T1-weighted,

axial fluid-

attenuated

inversion-recovery,

and T2-weighted

images.

Advanced MRI

Dynamic contrast-
enhanced perfusion

MRI
Qin 2017 Conventional MRI Histology Adults with Sensitivity and
T1-weighted radiologically (MRI) specificity for
China imaging (T1WI) and suspected glioma identification of
T2-weighted (N=66) high- versus low -
imaging (T2WI). grade glioma

Axial contrast-
enhanced T1WI
was repeated after
intravenous
administration of
0.1mmol/kg of
gadolinium contrast
gadopentetate
dimeglumine.

Advanced MRI

DWI scans used the
SE/EPI sequence,
and the diffusion
coefficient of
sensitivity as
selected as 0.1000

s/mm?,
Zou 2011 Conventional MRI Histology Adults with Sensitivity and
T-1 weighted, T-2 radiologically (MRI)  specificity for
China weighted and FLAIR suspected glioma identification of
sequence (N=30) high- versus low -
Advanced MRI grade glioma
MRS imaging
DTI

DTI Diffusion tensor imaging; DWI diffusion weighted imaging; FDG fluorodeoxyglucose; FLAIR Fluid attenuation
inversion recovery; MR magnetic resonance; MRI magnetic resonance imaging; MRS magnetic resonance
spectroscopy; PET CT Positron emission tomography—computed tomography.

See Supplementary Material D for full evidence tables.
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Quality assessment of clinical studies included in the evidence review

The clinical evidence profiles for the discrimination of high-grade glioma versus low-grade
glioma are presented in Table 3 to Table 17.

Table 3: Summary clinical evidence profile for colour map images derived from PWI,
MRS and the following cut-off data: 1.75 rCBV, 1.5 for Choline, 1.5 Cho/NAA
(identification of high-grade glioma versus low-grade glioma)

81.6% 50% Low! Results of semi quantitative
(71t0 90%) (32 to 68%) analysis from Caulo 2014

Cl confidence interval; LR likelihood ratio

" Unclear whether index test results were interpreted without knowledge of the results of the reference standard;
unclear interval between index test and reference standard; unclear whether the study was free of commercial
funding; data driven study: the threshold for a positive test was not pre-specified but determined post-hoc after
assessing the data

Table 4: Summary clinical evidence profile for conventional MRI sequences
(identification of high- versus low-grade glioma)

83% 61% Low! Results of qualitative
(73t091%) (4210 77%) analysis from Caulo 2014
CI confidence interval; LR likelihood ratio
! Interval between index test and reference standard unclear; unclear whether the study was free of commercial

funding; data driven study: the threshold for a positive test was not pre-specified but determined post-hoc after
assessing the data

Table 5: Summary clinical evidence profile for DWI (ADC maps generated), DTI, MRS
(Cho/Cr, NAA/Cr, Cho/NAA, lactate/Cr, and lipids/Cr) and PWI (blood volume
and mean transit maps were generated) with a cut-off value of -0.3096

(identification of high- versus low-grade glioma)

84% 100% Low! Results of quantitative
(74 10 92%) (89 to 100%) analysis from Caulo 2014

ADC apparent diffusion coefficient; Cl confidence interval; LR likelihood ratio

" unclear whether index test results were interpreted without knowledge of the results of the reference standard;
unclear interval between index test and reference standard; unclear whether the study was free of commercial
funding; data driven study: the threshold for a positive test was not pre-specified but determined post-hoc after
assessing the data.

Table 6: Summary clinical evidence profile for DWI (ADC maps generated), DTI, MRS
(Cho/Cr, NAA/Cr, Cho/NAA, lactate/Cr, and lipids/Cr) and PWI (blood volume
and mean transit maps were generated) with a cut-off value of -0.3096
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without including oligodendroglioma (ODG) (identification of high- versus
low-grade glioma)

88% 92% 113 0.13 Low! Results of quantitative
(780 94%) (75t099%) 9 analysis from Caulo 2014

ADC apparent diffusion coefficient; Cl confidence interval; LR likelihood ratio

" unclear whether index test results were interpreted without knowledge of the results of the reference standard;
unclear interval between index test and reference standard; unclear whether the study was free of commercial
funding; data driven study: the threshold for a positive test was not pre-specified but determined post-hoc after
assessing the data.

Table 7: Summary clinical evidence profile for conventional MRI (identification of
high- versus low-grade glioma)

72% 65% Low! Law 2003
(64 to 80%) (48 to 79%)
Cl confidence interval; LR likelihood ratio

" unclear interval between index test and reference test; data driven study: the threshold for a positive test was
not pre-specified but determined post-hoc after assessing the data

Table 8: Summary clinical evidence profile for threshold values for rCBV [perfusion
MRI] (identification of high- versus low-grade glioma)

Minimum 95% 57% Low! Law 2003
C2 error? (89 to (41 to

98%) 73%)
Minimum 297 72% 88% 5.80 0.31 160 Low! Law 2003
C1 error® (64 to (73 to

80%) 96%)
Same 297 72% 88% 6.00 0.31 160 Low! Law 2003
sensitivity (64 to (73 to
as cMRI* 80%) 96%)
Same 218 88% 65% 2.50 0.19 160 Low! Law 2003
specificity (80 to (48 to
as cMRI® 93%) 79%)

ClI confidence interval, cMRI conventional magnetic resonance imaging; LR likelihood ratio; rCBV relative cerebral
blood volume.

" unclear interval between index test and reference test; data driven study: the threshold for a positive test was
not pre-specified but determined post-hoc after assessing the data

2 C2 the percentage of observed data points misclassified

3 C1 1 - (sensitivity)/2. This maximises the average of sensitivity and specificity

4 Same sensitivity as cMRI = the threshold values used for rCBV were adjusted to provide the same sensitivity as
cMRI

5 Same specificity as cMRI= the threshold values used for rCBV were adjusted to provide the same sensitivity as
cMRI
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Table 9: Summary clinical evidence profile for threshold values for Cho/Cr (perfusion
MRS) (identification of high- versus low-grade glioma)

Minimum 97% 13% Low! Law 2003
C2 error? (9310 99%) (0.4 to

27%)
Minimum 1.56  76% 47% 1.4 0.5 160 Low’ Law 2003
C1 errord (67 to 83%) (32 to 64%)
Same 161  72% 50% 14 05 160  Low’ Law 2003
sensitivity (64 to 80%) (34 to 66%)
as cMRI*
Same 1.88 55% 65% 1.5 0.6 160  Low’ Law 2003
specificity (46 t0 64%) (48 to 79%)
as cMRI®

Cho/Cr choline [Cho] / creatine [Cr]; Cl confidence interval, cMRI conventional magnetic resonance imaging; LR
likelihood ratio; rCBYV relative cerebral blood volume.

" unclear interval between index test and reference test; data driven study: the threshold for a positive test was
not pre-specified but determined post-hoc after assessing the data

2 C2 the percentage of observed data points misclassified

3 C1 1 - (sensitivity)/2. This maximises the average of sensitivity and specificity

4 Same sensitivity as cMRI = the threshold values used for rCBV were adjusted to provide the same sensitivity as
cMRI

5 Same specificity as cMRI= the threshold values used for rCBV were adjusted to provide the same sensitivity as
cMRI

Table 10: Summary clinical evidence profile for threshold values for Cho/NAA
(perfusion MRS) (identification of high- versus low-grade glioma)

Minimum 97% 10% Low! Law 2003
C2 error (92 t0 99%) (0.3 to 24%)

Minimum 1.60 74% 63% 190 040 160 Law 2003
C1 error* (65 to 82%) (46 to 77%)

Same 1.66 72% 63% 194 044 160 Law 2003
sensitivity (64 to 80%) (46 to 77%)

as cMRI®

Same 1.78 68% 65% 194 049 160 Law 2003
specificity (58 to 76%) (48 to 79%)

as cMRI®

Cho/NAA Cho/N-acetylaspartate; Cl confidence interval; cMRI conventional magnetic resonance imaging; LR
likelihood ratio; MRS magnetic resonance spectroscopy.
" unclear interval between index test and reference test; data driven study: the threshold for a positive test was
not pre-specified but determined post-hoc after assessing the data

2 The difference between confidence limits was >0.25 for sensitivity

3 C2= the percentage of observed data points misclassified

4 C1= 1 — (sensitivity)/2. This maximises the average of sensitivity and specificity
5 Same sensitivity as cMRI = the threshold values used for rCBV were adjusted to provide the same sensitivity as

cMRI

6 Same specificity as cMRI= the threshold values used for rCBV were adjusted to provide the same sensitivity as

cMRI

17

Brain tumours (primary) and brain metastases in adults: evidence reviews for the

investigation, management and follow-up of glioma July 2018



Investigation of suspected glioma

Table 11: Summary clinical evidence profile for threshold values for rCBV, and
Cho/NAA ratio together (identification of high- versus low-grade glioma)

Minimum 93% 60% Low! Law 2003
C2 error? (87 to 97%) (43 to 75%)
Minimum 71% 93% 10.1 0.3 160  Low’ Law 2003
C1 errord (62 to 79%) (80 to 98%)
Same sensitivity 72% 88% 5.8 0.3 160 Low! Law 2003
as cMRI* (64 to 80%) (73 to 96%)
Same specificity 89% 65% 2.5 0.1 160 Low! Law 2003
as cMRI® (82 to 94%) (48 to 79%)

Cho/NAA Cho/N-acetylaspartate; Cl confidence interval, cMRI conventional magnetic resonance imaging; LR
likelihood ratio; MRS magnetic resonance spectroscopy; rCBYV relative cerebral blood volume.

" unclear interval between index test and reference test; data driven study: the threshold for a positive test was not
pre-specified but determined post-hoc after assessing the data

2 C2 the percentage of observed data points misclassified

3 C1 1 - (sensitivity)/2. This maximises the average of sensitivity and specificity

4 Same sensitivity as cMRI = the threshold values used for rCBV were adjusted to provide the same sensitivity as
cMRI

5 Same specificity as cMRI= the threshold values used for rCBV were adjusted to provide the same sensitivity as
cMRI

Results for MR spectroscopy and DTI

Table 12: Summary clinical evidence profile for conventional MRI (identification of
high- versus low-grade glioma)

72% 67% Very low'2 Zou 2011
(47 to 90%) (35 to 90%)

ClI confidence interval;, MRI magnetic resonance imaging

" Unclear whether the results of the index test were interpreted without prior knowledge of the reference standard;
the conduct or interpretation of the index test could have introduced bias; data driven study: the threshold for a
positive test was not pre-specified but determined post-hoc after assessing the data

2 The difference between confidence limits was >0.25 for sensitivity

Table 13: Summary clinical evidence profile for the combination of apparent diffusion
coefficient (ADC) and N-acetylaspartate/choline ratio (NAA/Cho) [MRS and
DTI] (identification of high- versus low-grade glioma)

83% 100% n/a 0.1 30 Low! Zou 2011
(59 to 96%) (74 to 100%)

ADC apparent diffusion coefficient; Cl confidence interval; LR likelihood ratio; MRl magnetic resonance imaging.

" Unclear whether the results of the index test were interpreted without prior knowledge of the reference standard;
the conduct or interpretation of the index test could have introduced bias; data driven study: the threshold for a
positive test was not pre-specified but determined post-hoc after assessing the data
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Results for conventional MRI (T2 WI - FLAIR GLCM Cluster Shade and T1W1-CE GLCM
Entropy on the T1W1-CE sequence) and DWI (ADC homogeneity on the ADC map)?

Table 14: Summary of clinical evidence profile for T2 WI - FLAIR GLCM Cluster Shade

75% 84.6% Very low'2 Qin 2017
(59 to (65 to 96%)
87%)

ADC apparent diffusion coefficient; Cl confidence interval; DWI diffusion weighted imaging; FLAIR Fluid
attenuation inversion recovery; GLCM Gray level co-occurrence matrix; LR likelihood ratio

! data driven study: the threshold for a positive test was not pre-specified but determined post-hoc after assessing
the data; unclear whether patient flow could have introduced bias; unclear whether the study was free of
commercial funding

2 The difference between 95% CI confidence limits was > 0.25 for sensitivity

Table 15: Summary clinical evidence profile for TTW1-CE GLCM Entropy on the T1W1-
CE sequence

97.5% 80.8% Low! Qin 2017
(87 to (61 to 93%)
100%)

ClI confidence interval; GLCM Gray level co-occurrence matrix; LR likelihood ratio

! data driven study: the threshold for a positive test was not pre-specified but determined post-hoc after assessing
the data; unclear whether patient flow could have introduced bias; unclear whether the study was free of
commercial funding

Table 16: Summary clinical evidence profile for ADC homogeneity on the ADC map

97.5% 80.8% Low! Qin 2017
(87 to (61 to 93%)
100%)

ClI confidence interval; GLCM Gray level co-occurrence matrix; LR likelihood ratio

' data driven study: the threshold for a positive test was not pre-specified but determined post-hoc after assessing
the data; unclear whether patient flow could have introduced bias; unclear whether the study was free of
commercial funding

Table 17: Summary clinical evidence profile for combined features of conventional
MRI, DWI and ADC

90% 89% Low! Qin 2017
(76 to (70 to 98%)
97%)

ClI confidence interval; LR likelihood ratio; MRl magnetic resonance imaging.

@ This study only reported figures for radiomic features found to have statistical differential features for
distinguishing HGG vs LGG
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' data driven study: the threshold for a positive test was not pre-specified but determined post-hoc after assessing
the data; unclear whether patient flow could have introduced bias; unclear whether the study was free of
commercial funding; not all patients underwent DWI

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

Conventional MRI, PWI, MRS, DWI and PWI for differentiation between high- and low-
grade glioma
¢ One retrospective cohort study (N=110) reported that the sensitivity and specificity of:
o PWI and MRS was 81.6% (71 to 90%) and 50% (32 to 68%) respectively (low quality);
o conventional MRI yielded a sensitivity and specificity of 83% (73 to 91%) and 61% (42
to 77%) respectively (low quality evidence);
o ROC analysis of the glioma grading index yielded a sensitivity and specificity of 84%
(74 to 92%) and 100% (89 to 100%) respectively (low quality);

o ROC analysis of the glioma grading index without including oligodendroglioma yielded
a sensitivity and specificity of 88% (78 to 94%) and 92% (75 to 99%) respectively (low
quality evidence).

Conventional MRI, perfusion MRI, and perfusion MRS for differentiation between high-
and low-grade glioma
¢ One retrospective cohort study (N=160) reported that the sensitivity and specificity of:
o conventional MRI was 72% (64 to 80%) and 65% (48 and 79%), respectively (low
quality evidence);
o perfusion MRI (rCBV cut-off of 1.75, minimum c2 error) was 95% (89 to 98%) and 57%
(41 to 73%), respectively (low quality evidence);
o perfusion MRI (rCBV cut-off of 2.97, minimum c1 error) was 72% (64 to 80%) and 88%
(73 to 96%), respectively, (low quality evidence);
o perfusion MRI (rCBV cut-off of 2.97, same sensitivity as cMRI) was 72% (64 to 80%)
and 88% (73 to 96%) respectively (low quality evidence);
o perfusion MRI (rCBV cut-off of 2.18, same specificity as cMRI) was 88% (80 to 93%)
and 65% (48 to 79%), respectively (low quality evidence).
¢ One retrospective cohort study (N=160) reported that the sensitivity and specificity of:
o perfusion MRS (Cho/Cr cut-off of 1.08, minimum c2 error) was 97% (93 to 99%) and
13% (0.4 to 27%), respectively, (low quality evidence);
o perfusion MRS (Cho/Cr cut-off of 1.56, minimum c1 error) was 76% (67 to 83%) and
47% (32 to 64%), respectively, (low quality evidence);
o perfusion MRS (Cho/Cr cut-off of 1.61, same sensitivity as cMRI) was 72% (64 to 80%)
and 50% (34 to 66%), respectively, (low quality evidence);
o perfusion MRI (Cho/Cr cut-off of 1.88, same specificity as cMRI) was 55% (46 to 64%)
and 65% (48 to 79%), respectively, (low quality evidence).

¢ One retrospective cohort study (N=160) reported that the sensitivity and specificity of:
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o perfusion MRS (Cho/NAA cut-off of 0.75, minimum c2 error) was 97% (92 to 99%) and
10% (0.3 to 24%),respectively, (low quality evidence);

o perfusion MRS (Cho/NAA cut-off of 1.60, minimum c1 error) was 74% (65 to 82%) and
63% (46 to 77%),respectively, (low quality evidence);

o perfusion MRS (Cho/NAA cut-off of 1.66, same sensitivity as cMRI) was 72% (64 to
80%) and 63% (46 to 77%),respectively, (very low quality evidence);

o perfusion MRI (Cho/NAA cut-off of 1.78, same specificity as cMRI) was 68% (58 to
76%) and 65% (48 to 79%), respectively, (low quality evidence).

¢ One retrospective cohort study (N=160) reported that the sensitivity and specificity of:

o for threshold values for rCBV, and Cho/NAA ratio together (minimum c2 error) was
93% (87 to 97%) and 60% (43 to 75%),respectively, (low quality evidence);

o perfusion MRS threshold values for rCBV, and Cho/NAA ratio together (minimum c1
error) was 71% (62 to 79%) and 93% (80 to 98%), respectively (low quality evidence);

o threshold values for rCBV, and Cho/NAA ratio together (same sensitivity as cMRI) was
72% (64 to 80%) and 88% (73 to 96%),respectively, (low quality evidence);

o threshold values for rCBV, and Cho/NAA ratio together (same specificity as cMRI) was
89% (82 to 94%) and 65% (48 to 79%), respectively, (low quality evidence).

MR spectroscopy and DTI and conventional MRI for differentiation between high- and
low-grade glioma
¢ One prospective cohort study (N=30) reported that the sensitivity and specificity of:
o conventional MRI was 72% (49 to 90%) and 67% (35 to 90%), respectively;

o the combination of ADC and NAA/Cho [MRS and DTI] was 83% (59 to 96%) and 100%
(74 to 100), respectively (low quality evidence).

Conventional MRI (T2 WI - FLAIR GLCM Cluster Shade and T1W1-CE GLCM Entropy on
the T1W1-CE sequence) and DWI (ADC homogeneity on the ADC map) for
differentiation between high- and low-grade glioma

¢ One retrospective cohort study (N=66) reported that the sensitivity and specificity of:
o T2 WI - FLAIR GLCM Cluster Shade was 75% (59 to 87%) and 84.6% (65 to 96%)
respectively (very low quality evidence);

o T1W1-CE GLCM Entropy on the T1W1-CE sequence was 97.5% (87 to 100%) and
80.8% (61 to 93%), respectively (low quality evidence);

o ADC GLCM homogeneity was 97.5% (87 to 100%) and 80.8% (61 to 93%),
respectively (low quality evidence);

o for the combination of T2 WI - FLAIR GLCM Cluster Shade, T1W1-CE GLCM Entropy
on the T1W1-CE sequence and ADC homogeneity on the ADC map 90% (76 to 97%)
and 89% (70 to 98%), respectively (low quality evidence).

The committee’s discussion of the evidence

Interpreting the evidence
The outcomes that matter most

Patient outcomes, as reflected by the sensitivity and specificity of the diagnostic test, were
considered critical for decision-making in this review. Sensitivity was used to evaluate
imprecision, as an early accurate identification of high-grade glioma confers benefits and
reduces the harmful consequences of a misdiagnosis. Likelihood ratios were also considered
to be critical diagnostic outcomes because they provide information about a test’s usefulness
in assisting the healthcare professional to make a diagnosis. Health-related quality of life
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(especially anxiety) was also considered critical for decision-making, as waiting for additional
imaging tests may delay a diagnosis.

The quality of the evidence

The quality of the evidence ranged from very low to moderate as assessed by a modified
version of GRADE, using the same principles as GRADE for assessing the quality of the
evidence, but a different form of presentation as GRADE is not yet available for diagnostic
questions.

The domain ‘risk of bias’ was assessed with the QUADAS 2 checklist. The identified studies
had serious or very serious risks of bias. Some of the main concerns were related to lack of
information regarding the time interval between the index test and the reference standard
being performed or lack of clarity about whether the index test was interpreted without prior
knowledge of the results of the reference standard. None of the included studies used a pre-
specified threshold for what constituted a positive test result, but rather chose a threshold
based on the study data. This is an important source of bias that is associated with inflated
test accuracy. The committee adjusted for this potential bias by interpreting the data on high-
and low-grade tumour discrimination cautiously, and recommending further MR tests if
appropriate.

No serious issues were found regarding inconsistency (heterogeneity) since only single
studies were included. No serious issues were found regarding indirectness either.

In evaluating the accuracy and staging measures, imprecision was assessed using the 95%
Cl of sensitivity as the primary measure of interest because the harmful consequence of
false negatives (for example, death caused by a WHO grade Il or IV glioma incorrectly
identified as WHO grade | or Il) were considered to be worse than the harmful consequence
of false positives (for instance, unnecessary surgery or treatment on a WHO grade | or grade
Il glioma). Most of the studies were considered to have ‘serious’ imprecision due to wide
(>0.25) differences between the upper and lower limits of the 95% CI.

The committee believed the evidence was of good enough quality enough to make
recommendations on, as it was consistent with their clinical experience.

The committee did not choose to make a research recommendation, as they believed the
evidence base to be sufficient to justify their recommendations given the difficulty of
conducting definitive trials in the area. The committee were aware of ongoing trials in on
advanced scanning techniques and therefore believed that a research recommendation to
help refine their existing recommendations would have a limited marginal impact on future
imaging strategies once these trials had reported.

Benefits and harms

Low to moderate quality evidence from retrospective cohort studies showed that standard
structural MRI has good sensitivity at discriminating high and low-grade gliomas, and
excellent sensitivity and specificity at discriminating tumour from non-tumour. This is
consistent with the committee’s own knowledge and experience. The evidence was complex
and demonstrated that optimal tumour characterisation depended on the exact parameters
set on the MRI machine. The committee determined that these parameters should be left to
the discretion of the operator, as it was not clear from the evidence whether the protocol
used in the study would apply to all types of tumours across all types of machine however
the committee were satisfied that even without the careful optimisation done in these papers
that MRI would have value at identifying clinically important features of the glioma.

Following a consistent imaging protocol can reduce delays by reducing the need for repeat
imaging. However, this could not be demonstrated from published evidence (which should
follow a consistent protocol by definition). To avoid ambiguity the committee recommended
an imaging protocol they believed was the minimum standard for imaging acquisition.
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The committee described how the management of glioma required input from a wide variety
of specialists, particularly in the determination of initial surgery (either for treatment of to get
a biopsy). Consequently as soon as a possible glioma is identified the person with this
glioma should be referred to a specialist multidisciplinary team. The committee explained
how multidisciplinary teams would normally manage a glioma, but that this recommendation
would bring the team together faster, which they hoped would improve the overall quality of
the person’s care.

The committee was concerned about the risk of MR imaging misclassifying low-grade and
high-grade gliomas due to insufficient sensitivity and the potential harmful effect of this, such
as delays in interventions. To help prevent this the committee recommended advanced MRI
techniques, particularly MR perfusion and MR spectroscopy, should be considered for
assessing malignant features in suspected low-grade glioma tumours. This recommendation
was made on the basis of the committee’s clinical experience that these techniques could
sometimes help with classification. The committee considered the extra cost of these
techniques and determined that this could be warranted as the images could show structural
features of the tumour which conventional MRI could not (for example, perfusion hotspots).
These could have a critical impact in planning later treatment.

The potential benefits of accurate diagnosis are improved characterisation of tumours that
leads to different management strategies (for example, high-grade gliomas may require
treatment to begin more quickly, and with different therapies). Other benefits include a better
use of the resources available such as support groups or strategies to help cope with the
symptoms. The committee believe a third benefit may be to empower the person with a brain
tumour, allowing them to participate in long-term planning and to help develop realistic
expectations, which can reduce stress.

The potential harms associated with inaccurate diagnosis are: inappropriate interventions,
such as a low-grade glioma or non-tumour being treated more aggressively than necessary;
or delay in treatment if a high-grade tumour is misclassified as low-grade. The concomitant
morbidity and mortality may increase in both cases. These risks may occur through both the
underuse and overuse of diagnostic imaging tests, and so represent a potential harm of the
recommendations.

The committee discussed the consequences of false negatives (diagnosing a high-grade
glioma as a low-grade glioma) and false positives (diagnosing a low-grade glioma as a high-
grade glioma). In the context of this systematic review, the higher the sensitivity of an
imaging strategy, the more likely it is that a high-grade glioma will be accurately identified. A
higher specificity means an imaging strategy will be more likely to correctly identify a person
with a low-grade glioma as having a low-grade glioma. In any given diagnostic test, there is
normally a trade-off between these accuracy measurements. The committee prioritised
sensitivity, as they wanted to identify as many true cases of high-grade glioma as possible,
since the consequences for underdiagnosing the tumour are usually much worse than
overdiagnosing it.

Cost effectiveness and resource use

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

There is currently variation in practice with different imaging protocols being used by different
centres in different circumstances. For centres currently undertaking a reduced MR protocol
when compared with the committee-recommended core sequences, there may be an
increase in resource use in implementing the guideline recommendations through increased
MR machine time, radiographer and radiologist time. However, these increases in resource
use will be at least partially recouped through a clearer patient pathway reducing the need for
repeat MR imaging; for example, when initial imaging is not compatible with
neuronavigational equipment. Reduction in resource use will also be made through
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reductions in misdiagnosis (leading to reimaging, inappropriate treatment and greater costs
of treating adverse events) given the high sensitivity and specificity of standard structural
MRI.

The committee believed that the recommendations around advanced imaging techniques,
including MR perfusion and MR spectroscopy, may lead to minor increases in resource use
but would not lead to major increases. There would be a large resource impact if hospitals
without this technology were expected to provide it, but it is more likely that patients will be
referred to appropriate specialist centres, where these techniques are usually available, and
performed according to local expertise and experience. As the majority of these patients are
already referred to specialist centres it was thought that any increase in referrals would be
minimal.

While it was unclear what the overall impact on resource use would be, more diagnostically
accurate imaging protocols would lead to increases in both life expectancy and quality of life
in this patient group. Missed diagnoses can lead to potential harmful effects on both length
and quality of life and lead to misuse of resources through inappropriate and potentially
harmful interventions. Even if there were increases in resource use with the
recommendations they would not be large.

Other factors the committee took into account

The committee was aware that imaging provision was variable at the moment. The
recommendations they have made should improve consistency in both specialist and non-
specialist centres (for example district general hospitals).
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Use of molecular markers to determine prognosis or guide
treatment for glioma

Review question

What are the most useful molecular markers to determine prognosis / guide treatment for
gliomas?

Introduction

Molecular markers are used for a variety of important decisions concerning the treatment of
brain tumours, for example confirming the presence/absence of a tumour and improving
stratification of known tumours. For each tumour type, molecular markers can be divided into
3 categories — those which are critical to test for, those which are not critical to test for but
may offer benefit in uncommon cases, and those which offer no benefit if tested for.

Molecular markers are a new and emerging area in the treatment of brain tumours, and so
guidance is needed to bring best practice to the attention of clinicians. It is thought that good
molecular profiling can help to improve outcomes for people with tumours, but to perform
molecular profiling well is difficult.

The objective of this review is to determine if there are any subgroups of patients for whom
molecular markers which are currently regarded as noncritical might be valuable enough to
always offer. Molecular markers of specific interest to the committee were: proto-oncogene
B-Raf / v-Raf murine sarcoma viral oncogene homolog B (BRAF) v600e mutation;
telomerase reverse transcriptase (TERT) promoter mutation; and epidermal growth factor
receptor gene (EGFR) amplification. Other prognostic factors to be taken into account when
evaluating these included isocetrate dehydrogenase (IDH) mutation.

PICO table

Table 18: Summary of the protocol (PICO table)

Adults (aged 16 years and over) with initial glioma at the time of
testing for the molecular markers (i.e., these people do not have
recurrent glioma)

Molecular markers:

o BRAF v600e mutation

e TERT promoter mutation
o EGFR amplification

Analyses of eligible studies should control for the effect of the
other prognostic factors listed below when examining the
prognostic effect of the molecular markers (to examine the
additional prognostic effect of the markers once the effect of other
variables have been taken into account):

e age

e tumour grade

e tumour histological subtype
o treatment (first line)

e |DH mutation

e 1p19Q

Critical:

¢ overall survival
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e progression-free survival

For BRAF v600e mutation group only:

e response to BRAF inhibitors (vemurafenib, daburafenib,
tremetanib)

BRAF proto-oncogene B-Raf / v-Raf murine sarcoma viral oncogene homolog B; EGFR epidermal growth factor
receptor gene; IDH isocetrate dehydrogenase; TERT telomerase reverse transcriptase.

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.

Economic evidence

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

Resource impact

Table 19: Resource impact and unit costs associated with the use of molecular
markers to determine prognosis or guide treatment for glioma

MGMT £90 per test All Wales Genetics Laboratory (2016)
methylation test

1p/19q test £250 per test All Wales Genetics Laboratory (2016)
1DH-1 test £250 per test All Wales Genetics Laboratory (2016)
BRAF Test £85 per test All Wales Genetics Laboratory (2016)

Unit costs only include cost of molecular marker test. Additional time and other costs collecting
samples and interpreting results are not included

Evidence statements

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

Interpreting the evidence
The outcomes that matter most

The committee prioritised only 2 outcomes, which were both critical; overall survival and
progression-free survival. This is because the molecular markers are only helpful if they
guide treatment or inform prognosis, and survival is the best measure of this. The only
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exception to this was in the BRAF group of tumours, where response to BRAF inhibitors is
thought to represent a sufficiently primary endpoint that it could be used.

The quality of the evidence

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

The committee decided that it would be possible to make some weak recommendations on
the basis of their clinical judgement as from their experience molecular markers were an area
of considerable interest to clinicians and people with tumours.

The committee did not make any research recommendations in this area because several
large trials are due to report after publication of the guideline and these should provide an
evidence base relevant to this topic.

Benefits and harms

Molecular markers are a new and evolving area of the treatment of gliomas and they can be
more complex than histology alone. Given the lack of evidence on the effectiveness of these
markers, the committee agreed not to make recommendations listing which molecular
markers should be used, or could be used in certain circumstances. The committee agreed
they would highlight the WHO guidance, which would always be up to date, and contain
technical detail and evidence which could not be reviewed by the committee because it was
outside the scope of the guideline. The committee chose to highlight some markers in
particular (IDH1 and IDH2 mutations, ATRX mutations, 1p/19qg codeletion, histone H3.3
K27M mutations and BRAF fusion genes) to ensure that these tests were consistently
performed, and to provide some guidance for people with tumours on what the molecular
markers are for. The committee emphasised that these tests should only be used where the
result will provide better diagnostic or prognostic information leading to either better targeted
treatment or greater information.

Based on their experience, the committee additionally highlighted MGMT and TERT
mutations as being ones which specifically helped establish prognosis, although they were of
limited relevance in diagnosing the tumour (MGMT) or guiding treatment (TERT). The
committee discussed how people with tumours would probably value the extra prognostic
information from these tests even if they were not strictly required for diagnosis by the WHO
standard.

The technology and understanding of molecular markers is evolving rapidly. In particular,
several molecular markers are available for which there is not currently good evidence that
the results of the marker can be used to guide treatment. The committee recommended that
if such treatment became available that the markers be considered, on the basis of their
clinical experience that similar markers have been useful in the past.

The committee described how there are 3 main benefits to establishing a molecular
diagnosis; it can identify the type of tumour, help inform prognosis and help guide treatment.
Depending on the precise type of tumour and diagnosis these can range from very large and
obvious benefits to benefits of questionable value. Although there was no evidence for the
markers which the committee looked for in this evidence review, the committee pointed to
high quality evidence of the importance of more established markers coming from subgroup
analysis in other reviews in this evidence report.

There are no meaningful harms to establishing a molecular diagnosis from an existing
sample other than cost. However, obtaining a sample for testing requires a biopsy, which can
carry risks for the person with the tumour. While the committee discussed how those with a
tumour appearing high-grade would almost always be offered surgical treatment (and hence
biopsy carries no additional risk), the balance of benefits and harms for people with a tumour
appearing low-grade is discussed in the section on ‘Initial surgery for suspected low-grade
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glioma’. Additionally, the committee discussed how explaining the results of the test to a
person could distress them, particularly if the news was likely to be unwelcome.

The committee concluded that the benefits of establishing a molecular diagnosis far
outweighed the potential harms, especially if surgery is to be undertaken anyway.

Cost effectiveness and resource use

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

Molecular markers are a new technology in the area of brain tumours and consequently there
is large variation in practice across the NHS in England. Some centres already test widely
and routinely while others will do very little. It is inevitable that this recommendation will lead
to an increase in molecular tests being performed with associated costs. The time and costs
of implementing these interventions will vary widely across centres depending on how
mature their programme is.

The committee emphasised that these tests should only be used where the result will provide
better diagnostic or prognostic information leading to either better targeted treatment or
greater information, and a corresponding reduction in anxiety in patients and potential
increase in quality of life. While the committee acknowledged these interventions would be
cost increasing it would be balanced against improvements in quality of life. Molecular testing
is also likely to become more cost effective as new targeted treatments become available
and people better matched with interventions.

Other factors the committee took into account

The committee discussed how it was difficult to ‘future proof’ these recommendations, as the
field was evolving so rapidly. In the future, there may be additional molecular markers
available to clinicians which were not included in the review protocol.

The committee discussed tissue banking for therapeutic and research purposes. The
described how tissue banking for later testing was an integral part of using molecular
information to guide treatment, and that this should be automatically undertaken by anyone
reporting to the WHO standard. However they also described how tissue banking for the
purpose of research was not yet universal. Tissue banking for research would not directly
benefit the individual offering the tissue and therefore the committee decided it was
inappropriate to make a recommendation on the topic. However the committee explained
that many clinicians would want to discuss tissue banking for the purpose of research with
the person with the tumour, and that such discussions could be interesting and empowering
for the person with the tumour.
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Management of glioma

Initial surgery for suspected low-grade glioma

Review question
What is the optimal timing and extent of initial surgery for suspected low-grade glioma?

Introduction

Low-grade gliomas are a heterogeneous group of slow-growing primary brain tumours (WHO
grades | and Il) and account for 20-30% of all gliomas. Median survival varies according to a
number of factors including age, performance status and histological subtype. Grade |
gliomas in adults are a diverse group of tumours which can remain static for prolonged
periods. Their management is often dictated by issues such as seizure control

The committee believe there is an intuitive plausibility to the idea that resecting as much of a
tumour as possible as early as possible leads to better outcomes. However surgical
resection carries risk, and the precise point at which the benefits of resection are outweighed
by the harms of surgery is not well defined. This is complicated by the range and complexity
of factors that can affect the potential benefits of resection or harms of surgery.

This is an important question for NICE as surgery for low-grade gliomas has never been
formally evaluated in a prospective randomised trial. Patients and clinicians may be faced
with the possibility of extended survival after extensive resections but at the risk of
permanent and disabling neurological deficits.

PICO table

Table 20: Summary of the protocol (PICO table)
Adults (aged 16 years and over) with suspected low-grade glioma
on imaging suitable for surgical resection or biopsy
* Biopsy/image-guided biopsy
* Subtotal resection (partial)
* Gross total resection (maximal)
» Each other
* Active monitoring (no surgery/biopsy)
Critical:
e progression-free survival
o epilepsy / seizure control
e neurological function
o Neurological Function Scale or NIH stroke scale
Important:
e overall survival

e time to tumour transformation (from low-grade to high-
grade)

e health-related quality of life.
Of limited importance:

e surgical mortality (intra-operative and 30-day
postoperative)

NIH National Institutes of Health
For further details see the full review protocol in Appendix A.
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Clinical evidence

Included studies

Seven comparative observational studies were included in this review, 3 of which were
conducted in the USA (Alattar, 2017; Schupper, 2017; Youland, 2013), 2 in Germany
(Coburger, 2016; Gousias, 2014), 1 in France (Pallud, 2014) and 1 in China (Yang 2013).
The studies examined overall survival, progression-free survival, malignant progression-free
survival, and neurological function after gross total resection (GTR), subtotal resection
(STR), partial resection (PaR), biopsy (Bx) or no surgery (active monitoring). However, the
patient population in all 7 studies was people with confirmed grade Il glioma (and not
suspected low-grade glioma, as specified in the guideline review protocol). No studies were
found that met the inclusion criteria for patients with suspected low-grade glioma.

A summary of these studies is provided in Table 21 and the results along with the quality of
the evidence for each outcome are listed in Table 22 to Table 28 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.

Summary of clinical studies included in the evidence review

Table 21 provides a summary of the included studies.

Table 21: Summary of included studies

Study

Alattar,
2017

Coburge
r, 2016

Glioma

Grade
oligodendrogl|
ioma

Grade |l
diffuse
astrocytoma /
oligoastrocyt
oma /
oligodendrogl|
ioma

Intervention
groups

-No surgery: N =
438

-Local excision /
Bx: N =550
-STR: N = 557.
-GTR: N = 833.

-Preoperatively
planned GTR: N =
179
-Preoperatively
planned STR: N =
109
-Intraoperative
decision for STR
(despite intended
GTR): N = 64

32

Other treatment

Radiotherapy yes /
no: N =816/ 1491
(not split by
resection group)

N = 57; 22/57
received
chemotherapy only;
25/57 had
radiotherapy only;
10/57 patients
received combined

radiochemotherapy;

5/57 patients had
GTR; 23/57 had

Outcomes

-Overall
survival
(measured as
75S8T =
months at
which 25% of
the patient
population had
died)

-Progression-
free survival
-Neurological
function (new
deficits)

Comments

Serious risk
of bias
(uncon-
trolled con-
founders);
N = 146
aged < 18
years;
Population
had
confirmed,
not
suspected,
LGG

Low risk of
bias;
Population
had
confirmed,
not
suspected,
LGG
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Study

Gousias,
2014

Pallud,
2014

Schuppe
r, 2017

Yang,
2013

Glioma

Grade Il
supra-
tentorial
astrocytoma,
oligodendrogl
ioma or
oligoastrocyt
oma,

Diffuse grade
Il supra-
tentorial
astrocytoma,
oligodendrogl
ioma or
oligoastrocyt
oma,

Grade
astrocytoma

Grade Il
astrocytoma,
oligodendrogl|
ioma, or
oligoastrocyt
oma

Intervention
groups

-Intraoperative
decision for GTR
(despite intended
STR): N =40

- Biopsy: N =11 (as
there were not at
least 50 patients in
this group no more
information will be
reported about it,
although the
analyses are only
reported relative to
biopsy and have
been included as
such. This should
be borne in mind
when evaluating
the results of this

study)

-STR: N = 75.
-GTR: N = 62
-Bx: N =619
-PaR: N =427
-STR: N = 313.
-GTR: N = 150.

-No surgery: N =

1487

-Bx: N = 806
-STR: N =904
-GTR: N =916
-GTR: N = 357.
-STR: N = 474.

Other treatment

failed GTR; 29/57
had STR; 16/57
had recurrent
surgery

STR: 2-4 patients in
this group also had
radiation and/or
chemotherapy

-Radiotherapy: N =
424
-Chemotherapy: N
=251

(not split by
resection group)

Radiotherapy yes /
no: N =2109/ 1884
(not split by
resection group)

Radiotherapy given
/ not given /
unknown: 315/ 70/
445

Chemotherapy
given / not given /
unknown: 106 / 275
/450

(not split by
resection group)

33

Outcomes

-Progression-
free survival
-Malignant
progression-
free survival

-Malignant
progression-
free survival

- Overall
survival:

-Progression-
free survival
-Overall
survival

Comments

Moderate
risk of bias
(unclear re
missing
data);
Biopsy: N =
11;
Population
had
confirmed,
not
suspected,
LGG

Low risk of
bias;
Population
had
confirmed,
not
suspected,
LGG

Serious risk
of bias
(uncon-
trolled con-
founders);
N = 528
aged < 18
years;
Population
had
confirmed,
not
suspected,
LGG

Serious risk
of bias
(uncon-
trolled
confounder;
missing
data);
Population
had
confirmed,
not
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suspected,
LGG
Youland, Gradell -GTR: N = 176. Radiotherapy alone -Progression-  Serious risk
2013 astrocytoma, _Radical STR / chemotherapy free survival of bias
oligodendrogl  (\STR). N = 55. alone / -Overall (uncon-
[olikzHelf STR:N =118 chemotherapy + survival trolled
oligoastrocyt Bx: N - 299 ' radiotherapy / confounder)
oma Bx = observation: 244 / ; Population
13 /88 /226 had
(not split by confirmed,
resection group) not
suspected,
LGG

Bx biopsy; GTR gross total resection; LGG low-grade glioma,; PaR partial resection; rSTR radical subtotal
resection; STR subtotal resection.

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 22 to Table 28.

No meta-analyses were performed either because there were only data from 1 study for the
outcomes within each treatment comparison or, when more than 1 study contributed data to
an outcome within a treatment comparison, because the hazard ratios were adjusted for
different covariates within the individual studies, and thus were not directly comparable.

Table 22: Summary clinical evidence profile for local excision/biopsy compared to no
surgery (active monitoring) for patients with low-grade glioma

Overall survival Not estimable’ Not estimable’ HR 1.69 988 DOOO
Follow-up: NR (1.15to (1 study) very
2.48) low?23.4

ClI confidence interval; HR hazard ratio; NR not reported.

" Event rate not reported

2 Uncontrolled confounders

3 N = 146 were aged < 18 years; population had confirmed, not suspected, low-grade glioma.

4 95% ClI crosses the upper threshold for appreciable benefit (i.e., 1.2 as per the review protocol).

Table 23: Summary clinical evidence profile for subtotal resection (STR) compared to
no surgery (active monitoring) for patients with low-grade glioma
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Overall survival Not estimable? Not estimable’ HR 1.32 3197 DOOO
Follow-up: (1.14 to (1 study) very
minimum 120 1.53) low?23:4
months

ClI confidence interval; HR hazard ratio.

' Event rate not reported

2 Uncontrolled confounders

3 N = 528 were aged < 18 years; population had confirmed, not suspected, low-grade glioma.
495% Cl crosses the upper threshold for appreciable benefit (i.e., 1.2 as per the review protocol).

Table 24: Summary clinical evidence profile for local excision/biopsy compared to
subtotal resection (STR) for patients with low-grade glioma

Overall survival Not estimable? Not estimable’ HR 1.21 1107 POOO

Follow-up: NR (0.83 to (1 study) very
1.76) low?:3:4

Progression- Not estimable’ Not estimable’ HR 0.23 86 POOO

free survival (0.11 to (1 study) very low®

Follow-up: 0.49) and 7,68

median 59 0.87 (0.31

months to 2.42)

Malignant Not estimable’ Not estimable’ HR 0.35 1018 HOOO

progression- (0.15to (2 studies) very

free survival 0.82) and low®:9.10

Follow-up: 59- 0.43 (0.35

82 months to 0.53)

ClI confidence interval; HR hazard ratio; NR not reported; STR subtotal resection.

" Event rate not reported

2 Uncontrolled confounders

3 N = 146 were aged < 18 years; population had confirmed, not suspected, low-grade glioma.

4 The confidence interval includes 0 (no effect) and crosses the upper threshold for appreciable harm (i.e., 1.2 as per the review
protocol).

5 Unclear how much missing data in the study

5 Population had confirmed, not suspected, low-grade glioma

" For 1 of the 2 estimates, the confidence interval includes 0 (no effect) and crosses the upper threshold for appreciable harm
and the lower threshold for appreciable benefit (i.e., 1.2 and 0.8, respectively, as per the review protocol).

8 The authors performed 2 multivariate analyses in which they varied the levels of 1 of the covariates (eloquence of location),
having 2 levels in 1 of the analyses and 3 levels in the other. The former multivariate analysis returned a HR of 0.865 (95% Cl
0.308-2.421), p = 0.78 for STR (v biopsy), whereas the latter analysis returned a HR of 0.234 (95% CI 0.111-0.493), p < 0.001
for STR (v biopsy),

9 Unclear how much missing data in 1 of the studies

' For 1 of the 2 estimates, the confidence interval crosses the lower threshold for appreciable benefit (i.e., 0.80 as per the
review protocol).

Table 25: Summary clinical evidence profile for local excision/biopsy compared to
gross total resection (GTR) for patients with low-grade glioma
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Overall survival Not estimable? Not estimable’ HR 1.06 1383 PHOOO

Follow-up: NR (0.73 to (1 study) very
1.54) low2:34

Progression- Not estimable? Not estimable’ HR 0.04 73 POOO

free survival (0.02 to (1 study) very low®

Follow-up: 0.1) and &

median 59 0.22 (0.07

months t0 0.72)

Malignant Not estimable? Not estimable’ HR 0.05 842 POOO

progression- (0.02 to (2 studies) very low?-8

free survival 0.15) and

Follow-up: 59- 0.22 (0.16

82 months t0 0.32)

ClI confidence interval; HR hazard ratio; NR not reported.

" Event rate not reported

2 Uncontrolled confounders

3 N = 146 were aged < 18 years; population had confirmed, not suspected, low-grade glioma.

4 The confidence interval includes 0 (no effect) and crosses the upper threshold for appreciable harm and the lower threshold for
appreciable benefit (i.e., 1.2 and 0.8, respectively, as per the review protocol).

5 Unclear how much missing data in the study

8 The authors performed 2 multivariate analyses in which they varied the levels of 1 of the covariates (eloquence of location),
having 2 levels in 1 of the analyses and 3 levels in the other. The former multivariate analysis returned a HR of 0.221 (95% CI
0.067-0.723), p = 0.013 for GTR (v biopsy), whereas the latter analysis returned a HR of 0.039 (95% CI 0.016-0.096), p < 0.001

for GTR (v biopsy),

" Population had confirmed, not suspected, low-grade glioma.
8 Unclear how much missing data in 1 of the studies

Table 26: Summary clinical evidence profile for gross total resection (GTR) compared

to subtotal resection (STR) for patients with low-grade glioma

Overall Not estimable’ Not estimable’ HR 0.72 3340 POOO
survival (0.6 to (2 studies) very
Follow-up: 0.85) and low?34
minimum 120 0.78 (0.53

months to 1.16)

Progression-  Not estimable’ Not estimable’ HR 0.44 1074 POOO
free survival (0.27 to (2 studies) very low?
Follow-up: 0.72) and 8,87
mean 52 0.93 (0.75

months to 1.15)

New 200 per 1000 94 per 1000 RR 0.47 243 POOO
neurological (50 to 180) (0.25to (1 study) very low?
deficit 0.9) R
Follow-up:

mean 52

months

ClI confidence interval; HR hazard ratio; NR not reported; OR: odds ratio.

" Event rate not reported

2 Uncontrolled confounders in both studies and missing data in 1 of the studies

3 Population had confirmed, not suspected, low-grade glioma in both studies; in 1 of the studies N = 528 aged < 18 years

4 The confidence interval includes 0 (no effect) and crosses the lower threshold for appreciable benefit (i.e., 0.80 as per the
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review protocol) in 1 of the studies.

5 Uncontrolled confounders and missing data in 1 of the studies

5 One of the studies reports a HR of 0.44 (95% Cl 0.27-0.72), whereas the other study reports a HR of 0.93 (95% CI 0.74-1.15)
" The confidence interval includes 0 (no effect) and crosses the lower threshold for appreciable benefit (i.e., 0.80 as per the
review protocol) in 1 of the studies

8 The confidence interval crosses the lower threshold for appreciable benefit (i.e., 0.80 as per the review protocol)

Table 27: Summary clinical evidence profile for biopsy compared to partial resection

(PaR) for patients with low-grade glioma

Malignant Not estimable’ Not estimable’ HR 0.68 1046 POOO
progression- (0.58 to (1 study) very low?
free survival 0.80)

Follow-up:

mean 82

months

ClI confidence interval; HR hazard ratio.
" Event rate not reported
2 Population had confirmed, not suspected, low-grade glioma

Table 28: Summary clinical evidence profile for gross total resection (GTR)/radical
subtotal resection (rSTR) compared to subtotal resection (STR)/biopsy (Bx)

for patients with low-grade glioma

Overall survival Not estimable’ Not estimable’ RR 0.61 571 DOOO
Follow-up: (0.43 to (1 study) very low?
median 8.7 0.87) B

years

Progression- Not estimable? Not estimable’ RR 0.45 571 DOOO
free survival (0.35to (1 study) very low? 3
Follow-up: 0.58)

median 8.7

years

Bx biopsy; Cl confidence interval; HR hazard ratio; GTR gross total resection; LGG low-grade glioma; PaR partial
resection; RR risk ratio; rSTR radical subtotal resection; STR subtotal resection.

" Event rate not reported

2 Uncontrolled confounder(s)

3 Population had confirmed, not suspected, low-grade glioma

4 The confidence interval crosses the lower threshold for appreciable benefit (i.e., 0.80 as per the review protocol).

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.
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Evidence statements

Local excision/biopsy versus no surgery (active monitoring)

¢ One observational study (N=988) provided very low quality evidence that showed
significantly shorter overall survival in patients treated with no surgery (active monitoring)
compared to patients treated with local excision/biopsy (hazard ratio (HR) = 1.69; 95%
confidence interval (Cl) 1.15-2.48).

Subtotal resection versus no surgery (active monitoring)

¢ One observational study (N=3197) provided very low quality evidence that showed
significantly shorter overall survival in patients treated with no surgery (active monitoring)
compared to patients treated with subtotal resection (HR = 1.32; 95% CI 1.14-1.53).

Local excision/biopsy versus subtotal resection

¢ One observational study (N=1107) provided very low quality evidence that showed no
difference in overall survival in patients treated with local excision/biopsy compared to
patients treated with subtotal resection (HR = 1.21; 95% CI 0.83-1.76). Another
observational study (N=86) provided very low quality evidence that showed either no
difference (HR = 0.87; 95% CI 0.31-2.43) or longer progression-free survival in patients
treated with subtotal resection compared to patients treated with local excision/biopsy (HR
=0.23; 95% CI 0.11-0.49). Two observational studies (N=1018) provided very low quality
evidence that showed significantly longer malignant progression-free survival in patients
treated with subtotal resection compared to patients treated with local excision/biopsy
(HRs = 0.35; 95% CI 0.15-0.82; and HR = 0.43; 95% CI 0.35-0.53).

Local excision/biopsy versus gross total resection

¢ One observational study (N=1383) provided very low quality evidence that showed no
difference in overall survival in patients treated with local excision/biopsy compared to
patients treated with gross total resection (HR = 1.06; 95% CI 0.73-1.54). Another
observational study (N=73) provided very low quality evidence that showed longer
progression-free survival in patients treated with gross total resection compared to
patients treated with local excision/biopsy (in 2 analyses; HR = 0.22; 95% CI 0.07-0.73,
and HR = 0.04: 95% CI 0.02-0.1). Two observational studies (N=842) provided very low
quality evidence that showed significantly longer malignant progression-free survival in
patients treated with gross total resection compared to patients treated with local
excision/biopsy (HR = 0.05; 95% CI 0.02-0.15, and HR = 0.22; 95% CI 0.16-0.32).

Subtotal resection versus gross total resection

e Two observational studies (N=3340) provided very low quality evidence that showed
either no difference (HR = 0.78; 95% CI 0.53-1.16) or longer overall survival in patients
treated with gross total resection compared to patients treated with subtotal resection (HR
=0.72; 95% CI 0.6-0.85). Two observational studies (N=1074) provided very low quality
evidence that showed either no difference (HR = 0.93; 95% CI 0.74-1.15) or longer
progression-free survival in patients treated with gross total resection compared to
patients treated with subtotal resection (HR = 0.44; 95% CI 0.27-0.72). One observational
study (N=243) provided very low quality evidence that showed a significantly lower rate of
new neurological deficits in patients treated with gross total resection compared to
patients treated with subtotal resection (RR = 0.47; 95% CI 0.25-0.9).

Biopsy versus partial resection

¢ One observational study (N=1046) provided very low quality evidence that showed
significantly longer malignant progression-free survival in patients treated with partial
resection compared to patients treated with biopsy (HR = 0.68; 95% CI 0.58-0.80).
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Subtotal resection/biopsy versus gross total resection/radical subtotal resection

¢ One observational study (N=571) provided very low quality evidence that showed
significantly longer overall survival (HR = 0.61; 95% CI 0.43-0.87) and progression-free
survival in patients treated with gross total resection/radical subtotal resection compared
to patients treated with subtotal resection/biopsy (HR = 0.45; 95% CI 0.35-0.58).

The committee’s discussion of the evidence

Interpreting the evidence
The outcomes that matter most

The committee identified 3 outcomes of critical importance: progression-free survival,
epilepsy or seizure control and neurological function as measured by the Neurological
Function Scale or NIH stroke scale. These outcomes were selected as the most direct
measures of the risks of a decision to resect or not resect. Progression-free survival was
preferred to overall survival as it is a better measure of tumour-specific features of the
decision to resect or not.

The committee identified 3 further outcomes as important. These were overall survival, time
to tumour transformation (from low- to high-grade) and health-related quality of life. These
were defined as important because they were also direct measures of the success of a
decision to operate, but were not defined as critical because they are substantially affected
by factors outside the clinician’s control. No evidence was identified for health-related quality
of life.

Surgical mortality was identified as an outcome of limited importance. The committee
accepted it was an important outcome to be considered in whether to offer surgery or not, but
was often influenced by factors independent of the tumour, or factors endogenous to the
tumour but known before the operation (such as tumour size and location) such that a
recommendation based solely on this outcome would not be helpful. No evidence was
identified for surgical mortality.

The quality of the evidence
The quality of the evidence was assessed according to GRADE criteria. Included studies
presented were of very low quality. The committee discussed how the evidence matched
their clinical experience, but added that there were significant gaps in the evidence around
how tumours with different molecular or histological profiles would respond to resection or
biopsy.

More generally, the committee noted that much of the evidence presented was from before
molecular profiling of gliomas was common, and from a time when histological profiling was
less advanced than currently. The committee expected that the evidence would improve as
published studies catch up with clinical best-practice, but added that it is extremely likely that
conducting a resection or biopsy today will lead to better outcomes than reported in the older
studies, as the ability to guide treatment based on molecular profile was not available to
studies begun prior to the last decade or so.

The committee believed that although the evidence was low quality and prospective
comparative data would have been better, it was still sufficient to justify considering resection
or biopsy, as the importance of molecular diagnosis is established in evidence considered
elsewhere in the guidance, such as the section on ‘Management of newly diagnosed high-
grade glioma following surgery or if surgery is not possible (or has been declined)’. The
committee discussed how there was no evidence on the timing of intervention, but that their
experience suggested that there was no benefit to long delays between diagnosis and initial
management and sometimes the possibility of immediately improving symptoms with
resection. The committee therefore recommended that resection take place within six months
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to allow enough time to discuss treatment options with other clinicians and the person with
the tumour, but not introduce unnecessary delays.

The committee chose not to make a research recommendation as they believed that their
clinical consensus was sufficiently embedded that such research would be unlikely to change
practice.

Benefits and harms

The committee discussed how decisions on whether to undertake complete resection,
subtotal resection, biopsy only or no surgery were extremely complicated and based on a
number of factors requiring specialist expertise. Non-expert surgical teams may not
understand the balance of these factors, or have the equipment and specialisms available to
ensure that more radical types of surgery can be safely undertaken. Consequently the
committee agreed that the initial management of surgery for people with low-grade glioma
should be undertaken by a multidisciplinary team with surgical expertise in low-grade glioma,
as the evidence the committee considered was only conducted by expert surgical teams and
the committee did not believe the evidence could be extended to non-expert teams. The
committee explained that referral into this team would happen immediately following
identification of a suspected glioma.

The committee was persuaded by very low quality evidence that resection improved overall
survival and progression-free survival. The committee explained that the amount that would
need to be resected in order to see a benefit was not known exactly, but that >80%-90%
were common clinical estimates. Therefore neither ‘maximal’ nor ‘complete’ resection were
quite adequate to describe the level of resection required, and the committee phrased their
recommendation to allow for surgical clinical judgement. The committee was persuaded by
similar evidence that overall survival was improved by offering a biopsy followed by
appropriate oncological treatment compared to active monitoring, however the committee
observed there was evidence that biopsy was inferior to excision where both options were
available. Overall this led the committee to conclude that resection should be considered,
and that biopsy alone should only be considered if resection was not possible. However if
resection was not possible the committee believed biopsy alone would likely improve
outcomes compared to active monitoring in this situation based on evidence, as well as
being the only current proven technique to assess IDH status based on their clinical
knowledge, and evidence shows IDH status has important prognostic value.

The committee described how there was little evidence that immediate excision improved
outcomes, but on the basis of their clinical experience it was risky to leave a low-grade
glioma untreated for a significant length of time. Consequently they recommended that
surgery be considered as part of initial management, which should therefore mean that
treatment would come within six months.

Evidence for which types of tumour would benefit especially from resection compared to
active monitoring was low quality, and the committee qualified this evidence by identifying
that the balance of risk and harms was likely to favour active monitoring in very low-risk
tumours. They explained that by this they meant tumours which were unlikely to undergo
malignant transformation and in which the surgery to remove them would still carry risk.
However the committee explained that there are only a small number of tumour types which
can be confidently identified as low-risk from imaging alone (for example DNETs and optic
pathway glioma), and in all other tumours molecular and histological subtyping needs to be
undertaken to establish the risk of transformation, meaning that resection should be
undertaken at the same time if possible. This recommendation was based on the
committee’s experience.

The committee discussed how the recommendations might be seen as ambiguous with
respect to people whose tumours have never been treated and who are in follow up but have
no molecular/histological diagnosis (for example, people who have never had surgery).
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Based on the evidence for resection in the initial treatment group and their experience, the
committee agreed that this group could also receive resection if possible. Biopsy to establish
molecular subtype and thereby guide treatment or prognosis may be less important in this
group because tumour behaviour will have become apparent over time since initial discovery
of the tumour. It was thought that this recommendation might also provide guidance for
people with tumours currently receiving active monitoring who experience progression or
new symptoms. This was based on the evidence, and is a clarification of the above
recommendations.

The benefit to resecting a low-grade tumour early and aggressively is that the tumour is
controlled before it has a chance to transform, which should lead to a better life expectancy
and quality of life. Additionally, surgery is the only way to obtain a sample of the tumour for
molecular and histological subtyping (particularly IDH status). Once the subtype of the
tumour is known, the clinician may be able to discuss prognosis more accurately, or alter
treatment decisions in light of the profile of the tumour. Knowing the prognosis can be of
significant quality of life benefit for the person with the tumour, while modifying treatment
decisions on the basis of optimal prognostic molecular information should improve length and
quality of life. This benefit applies even if the tumour is only biopsied or partially resected.

The harms of resecting the tumour are mostly the risks of surgery, but also include the cost
of the operation and the burden on the person with the tumour. Biopsy still carries risks to life
and neurological function, as well as a financial cost. Some people may prefer not to know
the molecular profile of their tumour, unless it can be used to make useful treatment
decisions about care.

The committee balanced the benefits against the risks by prioritising gaining information
about the tumour through biopsy where possible, but only resecting the tumour if the position
of the tumour and its likely growth rate justified the potential side-effects of surgical
intervention. With the additional information about the tumour gained through biopsy the
clinician and person with the tumour can make a more informed decision about balancing
risks and benefits of subsequent treatment.

Cost effectiveness and resource use

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

There is currently large variation in practice across the NHS in England around the treatment
of low-grade glioma. In some centres low-grade glioma is managed by non-specialist surgical
teams. The recommendations will lead to more patients being referred to a specialist
multidisciplinary team. While it is anticipated that the shift in which type of specialist
multidisciplinary team people are referred should be cost neutral in the immediate term it
could potentially lead to greater access to resource intensive intraoperative interventions
including awake craniotomy. While these are all associated with increased costs it could lead
to greater progression-free survival, seizure control and neurological function. All three of
these are likely to be strong determinants of quality of life. Any increase in costs is likely to
be offset by reasonable increases in quality-adjusted life years (QALYS).

The other recommendations are likely to be cost neutral given they largely reflect current
practice. Given the criteria for retroactive biopsies there will be a reduction in their use in
already treated patients for which there is no consensus or evidence on benefit. This will
reduce both costs and potentially reduce harm.

Other factors the committee took into account

The committee did not discuss any factors not already described above.
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Further management of newly diagnosed low-grade glioma

Review question

What is the optimal management (observation, surgery, radiotherapy, chemotherapy, or
combinations of these) for histologically proven low-grade glioma?

Introduction

Though low-grade glioma is a relatively infrequent diagnosis, they occur principally in
younger people and with improved survival long term, quality of life is of paramount
importance. All brain tumour therapies have potential acute and late toxicities so clinical
teams need to balance improving longevity whilst minimising long-term impact on physical,
cognitive and psychological wellbeing.

Management of low-grade glioma remains controversial, with large variations in practice.
Areas of controversy include the role and timing for radiotherapy and chemotherapy and
whether to undertake more aggressive treatment, including surgical intervention, versus
delayed intervention for people with a better prognosis.

PICO table

Table 29: Summary of the protocol (PICO table)

People with newly histologically proven low-grade glioma (grade |
and Il) who have had surgery (resection or biopsy)

o Active monitoring

e Surgery

o Radiotherapy

e Chemotherapy

o Combined treatments involving combinations of the above
(including radiation versus radiation or chemotherapy versus
chemotherapy)

Any of the above-mentioned interventions
Critical:

e overall survival

e cognitive function

¢ neurological function (as measured by the Neurological Function
Scale or NIH stroke scale)

Important:

¢ health-related quality of life

e progression free survival

¢ epilepsy/seizure control

e grade 3 or 4 late toxicity (after 3 months)

NIH National Institutes of Health

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

Included studies

Included studies consisted of phase Il randomised controlled trials (RCTs) enrolling patients
with histologically proven low-grade glioma (LGG) (WHO grade | and Il) who have had
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surgery (resection or biopsy). Overall, interventions of the included studies consisted or
radiotherapy (RT) (and different dosages of this) as well as chemotherapy (lomustine,
temozolomide [TMZ] and the combination of procarbazine, lomustine and vincristine [PCV]).
No studies reported active monitoring.

The identified trials were not deemed suitable for meta-analysis, therefore comparisons from
individual studies have been reported.

A summary of these studies is provided in Table 30 and the results along with the quality of
the evidence for each outcome are listed in Table 31 to Table 36 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.

Summary of clinical studies included in the evidence review

Table 30 provides a brief summary of the included studies.

Table 30: Summary of included studies
Study Population Intervention Comparison

Eyre 1993 N=54 adults RT+CCNU RT
with
histopatholo

Detail(s)

RT: 55-Gy 55-Gy delivered in

EORTC 22844

Karim 1996

gic diagnosis
of LGG.
N=4 (8%)
presented
with grade |
tumour and
N= 50 (92%)
presented
with grade I
tumour

N= 343
adults with
histopatholo
gic diagnosis
of LGG.

N= 206
(60%) with
grade 2
astrocytoma;
N= 32 (9%)
with grade |
(pilocytic)
astrocytoma;
N= 73 (22%)
oligodendrog
lioma and
N=32 (9%)
with mixed
oligoastrocyt
oma

delivered in
32 fractions

Concurrent
CCNU: 100
mg/m? every
6 weeks

Low-dose
RT (45-Gy in
25 fractions)

32 fractions

Kiebert 1998 did a
sub-analysis of this
study and reported
QoL for this
population

High-dose RT
(59.4-Gy in 33
fractions)
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Study
Shaw 2002

Karim 2002

Buckner 2016

Population

N= 203
adults with a
histologic
proof of a
suprarentori
al Kernohan
grade 1 or 2
astrocytoma,
oligodendrog
lioma, or
mixed
oligoastrocyt
oma.

N=10 (5%)
presented
with
Kernohan 1
grade and
N=193
(95%)
presented
with
Kernohan 2
grade

N= 290
adults with a
definite
histopatholo
gic
diagnosis of
LGG.

N=7 (2.4%)
with WHO
grade |
glioma

And N= 173
(59.6%) with
WHO grade
Il glioma

N= 72 (25%)
with
oligodendro
glioma

N=29 (10%)
with mixed-
oligo-
astrocytoma

N=9 (3%)
with
unknown
histology
N= 251
Either > 40
years old

Intervention
Low-dose
RT

(50.4- Gy in
28 fractions)

Early RT
within 8
weeks of the
day of
surgery

54 Gy in 30
fractions

RT + PCV

46

Comparison

High-dose RT
(64.8-Gy in 36
fractions)

Deferred RT

Adults did not
receive any RT
until the tumour
showed
progression
[defined as clinical-
neurologic
deterioration
confirmed by
definitive evidence
of tumour activity
clinically and on
CT scan]

RT alone
administered at

Detail(s)

Brown 2003 and
Laack 2005 did a
subanalysis of this
study and
presented the
cognitive function
and health related
QoL in this
population

van den Bent 2005
provide the results
of this same cohort
at a median of 7.8
years of follow-up

Shaw 2012 was
the initial report
that provided the
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Study Population  Intervention Comparison Detail(s)
with any RT was 54-Gy in 30 efficacy analyses
resection, or administered fractions for, as it was
18-39 years  at 54-Gy in specified in the
old with 30 fractions protocol.
subtotal of 1.8-Gy Prabhu 2014 did a
resection each over a sub-analyses of
with grade 2 period of 6 the above and
astrocytoma, weeks later reported the
oligodendro  procarbazin cognitive function
glioma, or e 60 mg/ m2
oligoastrocyt  grajly day 8-
oma that 21 of each
was cycle
histologically
confirmed ,

. Lomustine

2

pathological 110 mg/m

o orally on day
1 of each
cycle.
Vincristine 4
mg/ m2
(max 2.0
mg) IV days
8 and 29 of
each cycle.
Each cycle
56 days,
max 6
cycles.

Baumert 2016 N=477 T™MZ RT alone Reijneveld 2016
adults with 75 mg/m2 administered at 54  reported the QoL
histologically per day Gy in 28 fractions  and cognitive
confirmed, orally for21 ~ of 1.8 Gy each, 5 function for this
suprarentori  days, days per week, population
al, diffusely,  repeated over a period of 5-
infiltrating every 28 6 weeks, and up to
WHO grade  days for up a maximum
Il glioma. to 12 cycles  treatment period of
N= 167 or until 6.5 weeks.

(35%) disease
astrocytoma  progression
Who grade or
II; N=118 unacceptabl
(24%) e toxicity)P
oligoastrocyt
oma WHO
grade |l
glioma and
N= 192
(40%)
oligodendro
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glioma WHO
grade |l
glioma

CCNU lomustine CT computed tomography; Gy Grays; LGG low-grade glioma; QoL quality of life; RT radiotherapy; TMZ
temozolomide; WHO World Health Organization.

a This was defined as repeated grade 4 haematological toxicity or grade 3-4 non haematological toxicity — with the exception of
alopecia, nausea, and vomiting.

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 (optimal management of low-grade
glioma) are presented in Table 31 to Table 36.

Table 31: RT + CCNU versus RT

Not 54

0s

The median The median POeOO
survival time  survival time in applicable (1 study) very low'?
in the the intervention

control group was 7.4

group was years

4.5 years

1 No details were given about randomisation and allocation concealment methods
2 Only descriptive data without p-values was reported, insufficient details given to assess the MID thresholds and
imprecision

Table 32: Summary clinical evidence profile for low dose (45-Gy) versus high dose

(59.4-Gy)

(05} 314 per 374 per 1000 RR 1.19 343 SIeISIS)
Follow-up: 1000 (279 to 502) (0.89 to (1 study) low!2
median 76 1.60)
months
PFS 407 per 464 per 1000 RR 1.14 343 DOOO
Follow-up: 1000 (362 to 590) (0.89 to (1 study) very low23
median 76 1.45)
months
Adverse events No events No events were Data not 343 POOO
(fatigue, were reported reported (1 study) very low?34
insomnia) reported to allow

calculatio

n
Quality of life Not Not applicable Not 343 DPOOO
(leisure activity applicable estimable (1 study) very low?34

and emotional

functioning)
ClI confidence interval; RR risk ratio; Gy Gray; OS overall survival; PFS progression free survival.
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1 Unclear how randomisation was performed and concealed

2 95% Cl crossed 1 default MID (1.25)

3 Unclear how randomisation was performed and concealed; unclear whether participants and assessors were blinded to
treatment allocation

4 Only descriptive data without p-values was reported, insufficient details given to assess the MID thresholds and imprecision

Table 33: Summary clinical evidence profile for low dose (50.4-Gy) versus high dose
(64.8-Gy)

(O 186 per 69 per 1000 RR 0.37 203 SleISIS)
Follow-up: 1000 (30 to 158) (0.16 to (1 study) low!:2
median 2 0.85)
years?
oS 471 per 405 per 1000 RR 0.86 203 DOPOO
Follow-up: 1000 (296 to 555) (0.63to (1 study) low!:2
median 5 1.18)
yearsP
PFS 314 per 188 per 1000 RR 0.60 203 DOB6
Follow-up: 1000 (113 to 311) (0.36 to (1 study) very low"23
median 2 0.99)
years
PFS 392 per 435 per 1000 RR1.11 203 hOBO6
Follow-up: 1000 (314 to 604) (0.80to (1 study) very low"3+4
median 5 1.54)
years
Toxicity (grade 529 per 418 per 1000 RR 0.79 203 SISISIS)
3,4,and 5)at 1000 (307 to 556) (0.58to (1 study) very low"23
5 years follow- 1.05)
up
Follow-up:
median 6.4
years
MMSE Data not Data not reported Not 97 OO
reported to  to allow calculation  estimabl (1 study) very low"35
allow e
calculation
Cognitive Data not Data not reported Not 20 POOO
function reported to  to allow calculation  estimabl (1 study) very low"36
allow e
calculation

ClI confidence interval; RR risk ratio; Gy Gray; OS overall survival; PFS progression free survival.

aThese data represents the number of people who were alive at a median follow-up of 2 years (RR< 1 favours the low-dose
[50.4 Gy])

bThese data represents the number of people who were alive at a median follow-up of 5 years (RR< 1 favours the low-dose
[50.4 Gy])

1 Unclear how randomisation was concealed

2 95% Cl crossed 1 default MID (0.80)

3 Unclear whether patients and assessors were blinded

4 95% ClI crossed 2 default MIDs (0.80 and 1.25)

5 Data reported narratively, with insufficient details given to assess the MID thresholds and imprecision. Data reported overall
and not per treatment arm (76%, 89% and 89% of adults presented with a stable MMSE score at year 1, 2 and 5, respectively.
Adults with an abnormal score at baseline were more likely to have an improvement in cognitive abilities after radiotherapy)

6 Data reported narratively, with insufficient details given to assess the MID thresholds and imprecision. Analyses of these
battery tests suggested a stable cognitive function amongst those adults who received low-dose (50.4-Gy) radiotherapy and
those who received high-dose radiotherapy (64.8-Gy), although results have not been reported by treatment arm.
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Table 34: Summary clinical evidence profile for early RT versus deferred RT

Time to Not Not appllcable HR 0.71 290 PPpOO
progression applicable (0.52 to (1 study) low?23
Follow-up: 0.97)
median 5 years’
Time to Not Not applicable HR 0.59 303 DPPO
progression applicable (0.45 to (1 study) moderate?
Follow-up: 0.77)
median 7.8
years*
Overall survival Not Not applicable HR 1.04 290 SISISIS)
Follow-up: applicable (0.61 to (1 study) very low?5
median 5 years' 1.77)
Overall survival Not Not applicable HR 0.97 303 POeOO
Follow-up: applicable (0.71 to (1 study) very low25
median 7.8 1.33)
years*

ClI confidence interval; HR hazard ratio; RT radiotherapy

1 Karim 2002

2 Unclear how randomisation was concealed
395% ClI crossed 1 default MID (0.80)

4 van den Bent 2005

5 95% ClI crossed 2 default MIDs (0.80 and 1.25)

Table 35: Summary clinical evidence profile for RT + PCV versus RT

Overall survival (total) Not Not applicable HR 0.59 251
Follow-up: median 11.9  applicable (0.42to (1 study) SISISIS)
years 0.83) low?
Overall survival (grade 2 Not Not applicable HR0.73 65 POOO
astrocytoma) applicable (0.40 to (1 study) very low?3
Follow-up: median 11.9 1.33)
years
Overall survival (grade 2 Not Not applicable HR 0.43 107 PPHOO
oligodendroglioma) applicable (0.23 to (1 study) low?
Follow-up: median 11.9 0.80)
years
Overall survival (grade 2 Not Not applicable HR 056 79 PPOO
oligoastrocytoma) applicable (0.32to (1 study) low?
Follow-up: median 11.9 0.98)
years
Overall survival among Not Not applicable HR 0.42 125 DPOO
those with IDH1 R132H applicable (0.20to (1 study) low?
Mutation 0.88)
Follow-up: median 11.9
years
Progression free survival  Not Not applicable HR 0.50 251 DPPHO
(total) applicable (0.36 to (1 study) moderate’
Follow-up: median 11.9 0.69)
years
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Progression free survival
(grade 2 astrocytoma)
Follow-up: median 11.9
years

Progression free survival
(grade 2
oligodendroglioma)
Follow-up: median 11.9
years

Progression free survival
(grade 2
oligoastrocytoma)
Follow-up: median 11.9
years

Progression free survival
among those with IDH1
R132H Mutation
Follow-up: median 11.9
years

MMSE decline year 1
MMSE decline year 2

MMSE decline year 3

MMSE decline year 5

appllcable

Not
applicable

Not
applicable

Not
applicable

68 per
1000
17 per
1000

21 per
1000

0 per
1000

Not applicable

Not applicable

Not applicable

Not applicable

39 per 1000
(8 to 195)

7 per 1000
(0 to 160)

8 per 1000
(0 to 185)

No events were
reported

HR 0.58 DDOO
(0.33 to (1 study) low!-2
1.02)

HR0.36 107 OPPO
(0.21to (1 study) moderate’
0.62)

HR0.52 79 (CIPISIS)
(0.30to (1 study) low"2
0.90)

HR0.32 125 SPISISIS)
(0.17to (1 study) moderate’
0.60)

RR 0.58

(0.12to 125 ®oo6
2.88) (1 study) very low'2
RR 0.40 110 ISISIS)
(0.02to (1 study) very low'2
9.58)

RR 0.37 91 ISISIS)
(0.02to (1 study) very low'2
8.88)

RR 4.42 47 SISISIS)
(0.22to (1 study) very low"2
87.44)

ClI confidence interval; RR risk ratio; HR hazard ratio; RT radiotherapy; PCV procarbazine, lomustine, vincristine; IDH isocetrate

dehydrogenase

1 Unclear how randomisation was performed and how it was concealed
2 95% Cl crossed 1 default MID (0.80)
395% Cl crossed 2 default MIDs (0.80 and 1.25)

Table 36: Summary clinical evidence profile for TMZ versus RT

Progression free survival
- PFS

Total

Progression free survival
- PFS IDHmt/codel
Follow-up: median 48
months

Not
applicable

Not
applicable

Not applicable

Not applicable
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HR1.16 477 OPOO
(0.90 to (1 study) low'-24
1.5)

HR 1.04 104 SISISIS)
(0.56 to (1 study) very low'3
1.93)
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Progression free survival
- PFS IDHmt/non-codel
Follow-up: median 48
months

Progression free survival
- PFS IDHwt

Follow-up: median 48
months

Global health-related
quality of life - 3 months
Follow-up: median 36
months

Global health-related
quality of life - 6 months
Follow-up: median 39
months

Global health-related
quality of life - 24 months
Follow-up: median 60
months

Global health-related
quality of life - 36 months
Follow-up: median 72
months

MMSE - 3 months
Follow-up: median 36
months

appllcable

Not
applicable

Not
applicable

Not
applicable

Not
applicable

Not
applicable

Not
applicable

Not applicable

Not applicable

The mean
global health-
related quality of
life — 3 months
in the
intervention
group was 6
higher (5.8 to
6.2 higher)*

The mean
global health
related quality of
life at 6 months
in the
intervention
group was 2.5
lower (2.71 to
2.29 lower)*

The mean
global health
related quality of
life at 24 months
in the
intervention
group was 1.6
lower (1.87 to
1.33 lower)*

The mean
global health-
related quality of
life at 36 months
in the
intervention
group was 0.2
lower (2.82 to
2.78 lower)*

The mean
MMSE at 3
months in the
intervention
group was 2.8
lower (2.82 to
2.78 lower)®
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HR 1.86
(1.21to
2.86)

HR 0.67
(0.34 to
1.32)

Not
applicable

Not
applicable

Not
applicable

Not
applicable

Not
applicable

165
(1 study)

49
(1 study)

369
(1 study)

340
(1 study)

205
(1 study)

120
(1 study)

369
(1 study)

S ISISIS)

low!:2

S SISIS)

very low'3

SIS IS

moderate’

S ISPIS)

moderate’

S ISP IO)

moderate’

SPIC ISP I)

moderate’

SPLISIO)

low!
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SIS SIS

low!

MMSE - 6 months The mean 340
Follow-up: median 39 appllcable MMSE at 6 appllcable (1 study)
months months in the

intervention

group was 3

lower (3.02 to

2.98 lower)®
MMSE - 24 months Not The mean Not 205
Follow-up: median 60 applicable MMSE at 24 applicable (1 study)
months months in the

intervention

group was 2.9
lower (2.93 to

2.87 lower)?
MMSE - 36 months Not The mean Not 120
Follow-up: median 72 applicable MMSE at 36 applicable (1 study)
months months in the

intervention

group was 2.9
lower (2.93 to
2.87 lower)?

SIS SIS

low!

SPLISIO)

low!

ClI confidence interval; HR hazard ratio, MMSE mini mental state examination; TMZ temozolomide; RT radiotherapy;
IDHmt/non-codel isocetrate dehydrogenase mutated and 1p/19q co-deleted; IDHmt/non-codel isocetrate dehydrogenase

mutated and1p/19q non co-deleted; IDHwt isocetrate dehydrogenase wild type
1 Unclear how randomisation was concealed, open label trial

2 95% CI crossed 1 default MID (1.25)

395% ClI crossed 2 default MIDs (0.80 and 1.25)

4 Figures represent mean differences between both treatment groups (TMZ versus RT) for global quality of life. Changes
between 5 to 10 represent a small difference, and between 10 and 20 represent a moderate difference (>10 points considered

as clinically relevant)

5 Figures represent mean different between both treatment groups (TMZ versus RT) for MMSE scores. Changes >3 are

considered to be clinically significant

See Appendix F for full GRADE tables.

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 further management of

newly diagnosed low-grade glioma

PCV £137 per week Garside 2007
Chemotherapy

Preparation for £687 NHS reference costs 2015-16 (SC232)
Complex

Conformal

Radiotherapy

Deliver a Fraction £153 per fraction = NHS reference costs 2015-16 (SC512)
of Complex
Treatment on a
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Resource Unit costs Source

Megavoltage
Machine

Evidence statements

RT + CCNU (lomustine) versus RT

Very low quality evidence from 1 randomised controlled trial (N=54) showed no difference
in overall survival between radiotherapy in combination with lomustine - and radiotherapy
alone in adults with a histopathologic diagnosis of low-grade glioma.

Low-dose RT (45-Gy) versus high-dose RT (59.4-Gy)

Low to very low quality evidence from 1 randomised controlled trial (N=343) showed no
difference between low-dose radiotherapy (45-Gy) and high-dose radiotherapy (54.9-Gy)
in overall survival (relative risk (RR) = 1.19, 95% confidence interval (Cl) 0.89-1.60) and
progression free survival (RR = 1.14, 95% CI 0.89-1.45).

A sub-analysis of this sample showed a significant increase in fatigue and insomnia
immediately after radiotherapy, more impairment in leisure time activities, and poorer
emotional functioning at 7-15 months post-randomisation for those who received high-
dose radiotherapy as compared with low-dose radiotherapy. No other significant
differences between the 2 arms were found for the remaining quality of life domains.

Low-dose RT (50.4-Gy) versus high-dose RT (64.8-Gy)

Low to very low quality evidence from 1 randomised controlled trial (N=203) showed a
significant difference in survival (RR = 0.37, 95% CI 0.16-0.85) and time to progression
(RR =0.60, 95% CI 0.36-0.99) in those who received low-dose radiotherapy (50.4-Gy) as
compared to dose who received high-dose radiotherapy at a median of 2 years follow up.
At 5 years follow-up, there were no differences in survival (RR = 0.86, 95% CI 0.63-1.18)
and time to progression (RR = 1.11, 95% CI 0.8-1.54) between adults who received low-
dose radiotherapy as compared to those who received high-dose radiotherapy. No
differences were observed for toxicity (grade 3, 4 and 5) between both treatment arms
(RR=0.79, 95% CI=0.58-1.05).

A sub-analysis of this sample (N=97 adults available with MMSE baseline data) showed
no differences in cognitive function in patients who received low-dose radiotherapy (50.4-
Gy) as compared with those who received high-dose radiotherapy arm (64.8-Gy). Seventy
six per cent, 89% and 89% of adults presented with a stable MMSE score at year 1, 2 and
5 respectively. Adults with an abnormal score at baseline were more likely to have an
improvement in cognitive abilities after radiotherapy. A subset® of these adults (N=20)
were evaluated prospectively at baseline (before radiotherapy) and at 18-month intervals
subsequently with an extensive battery of psychometric tests [MMSE; Wechsler Adult
Intelligence Scale-Revised (WAIS-R); Auditory Learning Verbal Test (AVLT); Benton
Visual Retention Test (BVRT) and Trail-Making Test (TMT)]. Analyses of these battery
tests suggested a stable cognitive function amongst those adults who received low-dose
(50.4-Gy) radiotherapy and those who received high-dose radiotherapy (64.8-Gy),
although results have not been reported by treatment arm.

Early (within 8 weeks after surgery) versus deferred RT

Moderate to very low quality evidence from 1 randomised controlled trial (N=290) showed
an improvement in time to progression in those who received radiotherapy within 8 weeks

¢ These subset of adults differed significantly in extent of resection compared with the main cohort. 18 adults had

only a biopsy (90%) and 2 underwent GTR (10%)
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after surgery as compared with those who received deferred radiotherapy at 5 years
follow-up (HR = 0.71, 95% CI1 0.52-0.97) and at 7.8 years follow-up (hazard ratio (HR) =
0.59, 95% CI 0.45-0.77). There were no differences between the treatment arms in overall
survival at 5 years follow-up (HR = 1.04, 95% CI 0.61-1.77) or at 7.8 years (HR = 0.97,
95% CI1 0.71-1.33) follow-up.

RT + PCV versus RT

Moderate to very low quality evidence from 1 randomised controlled trial (N=251) showed
that those who received radiotherapy in combination with PCV had longer overall survival
(HR =0.59, 95% CI 0.42-0.83) and progression-free survival (HR = 0.50, 95% CI 0.36-
0.69) than those who received radiotherapy alone.

There were no differences between the treatment arms in overall survival (HR = 0.73,
95% CI 0.4-1.33) or progression-free survival (HR = 0.58, 95% CI 0.33-1.02) for those
adults with WHO grade 2 astrocytoma (N=65). Adults with WHO grade 2
oligodendroglioma (N=107) who received radiotherapy and PCV had longer overall
survival (HR = 0.43, 95% CI 0.23-0.80) and progression-free survival (HR = 0.36, 95% CI
0.21-0.62) compared to those who received radiotherapy alone. Adults with WHO grade 2
oligoastrocytoma (N=79) who received radiotherapy and PCV had longer overall survival
(HR =0.56, 95% CI 0.32-0.98) and progression-free survival (HR = 0.52, 95% CI 0.3-0.9)
compared to those who received radiotherapy alone. Adults with IDH1 32H (N=125) who
received radiotherapy and PCV had longer overall survival (HR = 0.42, 95% CI 0.2-0.88)
and progression-free survival (HR = 0.32, 95% CI 0.17-0.6) compared to those who
received radiotherapy alone.

Very low qgyality evidence from 1 randomised controlled trial (N=125) provided very low
quality evidence to show no differences in MMSE decline from baseline to year 1, 2, 3,
and 5 in those who received radiotherapy in combination with PCV as compared to those
who received radiotherapy alone.

TMZ versus RT

Low to very low quality evidence from 1 randomised controlled trial (N=477) showed no
differences in progression-free survival (HR = 1.16, 95% CI 0.9-1.5) between those who
received temozolomide or radiotherapy. Differences in progression-free survival were not
observed either between treatment arms for those with IDHmt/codel (N=104; HR = 1.04,
95% CI1 0.56-1.93) and IDHwt (N=49; HR = 0.67, 95% CIl 0.34-1.32). For those with
IDHmt/non-codel who received radiotherapy, progression-free survival was longer when
compared to those who received temozolomide (HR = 1.86; 95% CI 1.21-2.86).

Moderate quality evidence from 1 randomised controlled trial (N=477) showed global-QLQ
scores were higher in those who received temozolomide, with scores peaking 3 months
after treatment, but within 24 months after intervention, there was no difference in scores
between both groups.

Low quality evidence from 1 randomised controlled trial (N=447) showed that MMSE
scores remained steady across time, with clinically significant difference only observed at
3 months, in favour of those who received temozolomide.

The committee’s discussion of the evidence

Interpreting the evidence

The outcomes that matter most

The aim of this review was to identify the optimal management of histologically proven low-
grade glioma. The committee selected 3 outcomes as being critical: overall survival,
cognitive function and neurological function as these were direct measures of the success of
the interventions. As important outcomes, the committee identified health-related quality of
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life, progression-free survival, impact on tumour-related epilepsy and grade 3 to 4 toxicity as
these are indirect measures of the success of the intervention.

The quality of the evidence

The evidence consisted of 12 randomised controlled trials from six different cohorts of people
with newly diagnosed low-grade glioma (WHO grade | and Il). These studies examined
overall survival, time to progression, quality of life, and toxicity. The quality of the evidence
ranged from very low to moderate as assessed by GRADE. The main sources of bias were a
lack of blinding of outcome assessors and participants (except for objective outcomes, such
as overall survival, which were not downgraded despite lack of blinding) and concealment of
allocation was unreported or unclear. The committee acknowledged the quality of the
evidence, but suggested that it was expected that these studies were subject to bias as it
was not possible to blind the clinicians or the participants of the studies due to the nature of
the treatment.

The committee discussed that most of the trials presented only considered histological
grade, since they were conducted prior to current understanding of the importance of
molecular subtypes of the tumours. They commented that while histological grading is useful,
molecular subtypes are more closely associated with prognosis (correlating with the biologic
behaviour of the tumour) and consequently have important implications for patient
management. Most of the evidence related to WHO grade Il gliomas, with the trials
conducted prior the year 2002, which included mixed WHO grade | and Il gliomas.

The committee determined that despite the sources of bias and the fact the data did not
present the most modern way of categorising low-grade glioma that the evidence was still
robust enough to base recommendations upon. This was because there was no way to
conduct the studies in a blinded fashion, and therefore it was appropriate to use their clinical
expertise to interpret the results.

The committee discussed how there are still some areas of uncertainty for the management
of low-grade gliomas, for instance whether high-risk low-grade glioma (IDH wildtype) would
benefit from the same standard of care as patients with high-grade glioma, so they decided
to make a research recommendation about this.

The committee discussed how active monitoring in combination with another treatment was
specified in the protocol, but no evidence was found for this. Since this is an area of very
significant importance to people with tumours but likely to have a high resource impact if
implemented, the committee made a second research recommendation on supportive care
clinics in addition to standard care.

Benefits and harms

Evidence showed that for high-risk low-grade gliomas, radiotherapy (54Gy administered in
30 fractions of 1.8Gy each) followed by PCV provided a significant increase in survival and
time to progression when compared with radiotherapy alone. This overall effect appeared to
be largest in those with 1p/19g codeletion and IDH mutation (oligodendroglioma), although
the committee added that reliable assessment of 1p\19q status was not possible in the study
on which this was based. The inclusion criterion of the trial reporting the outcomes the
committee based this recommendation on was people aged under 40 years with residual
disease or over 40 with or without residual disease on post-operative MRI scan and the
committee did not believe they could extend the evidence to different subgroups. The
committee concluded that the greatest benefit from this active approach was probably
observed when 1p/19q codeletion was present, but that there also appeared to be benefit for
non-codeleted tumours provided there was IDH mutation and hence made two
recommendations of different strength.
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Based on their experience, the committee concluded that those under 40 years old and
presenting with IDH mutated low-grade glioma, with no residual tumour on postoperative MRI
are less likely to benefit from an immediate treatment, and should be actively monitored, with
regular imaging and clinical assessment to identify tumour progression. This was a balance
of the harms of treatment against the risk of tumour transformation.

Based on moderate quality evidence showing a longer time to tumour progression, improved
seizure control and improved neurological function, the committee recommended
radiotherapy followed by PCV in those with progressive disease on radiology who have not
previously had radiotherapy.

The committee discussed the trials which looked at the different radiotherapy regimens. They
concluded the evidence on this topic was extremely difficult to interpret, as the two studies
appeared to show contradictory outcomes (high dose better in 50.4 Gy versus 64.8 Gy
comparison and worse in 45.0 Gy versus 59.4 Gy comparison). They inferred from the
results higher doses of radiotherapy (59.4Gy to 64.8Gy) do not improve survival when
compared to lower dose radiotherapy (45Gy to 50.4Gy) based on overall outcomes across
both groups in each study, although this was based on their experience as much as the
evidence. However, the trial examining radiotherapy followed by PCV which showed the
most significant benefit across outcomes used 54Gy. For this reason, the committee decided
to make a recommendation to limit the dose to a maximum of 54Gy for IDH-mutated low-
grade gliomas.

The committee discussed case series suggesting the tumour behaviour for histologically
proven low-grade glioma without IDH mutation (IDH wildtype) may be more in keeping with a
glioblastoma, and should be considered when discussing management options. The
evidence was too low quality to make a strong recommendation.

Low-grade gliomas are slow-growing tumours. However, over time most transform into high-
grade gliomas, therefore interventions for low-grade gliomas aim to delay tumour
enlargement and transformation. Consequently, the committee considered that low-grade
gliomas with prognosis closer to a typical grade Il glioma will benefit from radiotherapy
followed by PCV as earlier intervention is associated with extended time to disease
progression (considering radiotherapy within 8 weeks of surgery versus later radiotherapy).
Furthermore, it can help to improve seizure control. One of the potential harms of this
intervention is that radiotherapy can, in the long term, induce steady cognitive decline.
However the committee considered that the survival benefits offset this harm.

For those people with more favourable prognostic factors, the committee considered that an
active monitoring approach would be appropriate. The main benefit is that people may be
well for a prolonged period of time without any symptoms, and active monitoring will not
interfere with this. This means that people are not subjected to the potential risk of radiation-
induced cognitive decline, secondary tumour and other late side effects. However, the
potential risk is that the tumour may grow substantially, and the person would then need an
intervention for a larger lesion which has greater risk of cognitive problems. In addition, the
optimal frequency of monitoring for the tumour is not established as it varies from person to
person.

Cost effectiveness and resource use

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

While the committee thought these recommendations would standardise practice across the
NHS in England and therefore there could be changes in practice, the interventions
recommended (radiotherapy and PCV) are not resource intensive and already widely used.
Some of these recommendations will require molecular marker testing to be able to
implement, which may have an additional resource impact, discussed in the section on ‘What
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are the most useful molecular markers to determine prognosis / guide treatment for
gliomas?’.

Other factors the committee took into account

The committee made an approximate age cutoff in their recommendations. This is based on
moderate quality evidence that this treatment improved overall survival and progression free
survival. The trial upon which this evidence was sourced used the age of 40 as the cutoff for
entry. The committee were therefore sure that there was benefit to offering this treatment to
those aged over 40, but unsure about the benefit of this treatment in those aged under 40
who did not meet the other entry criterion for the trial (residual tumour). Since the committee
were uncertain about the benefits in this group of patients, they agreed that clinical
judgement should be used at around the age cutoff of 40. Taken together, the
recommendations constituting this potential equality issue are proportionate and justified with
respect to the evidence. The committee highlighted that the balance of harms of treatment
versus risk of no treatment favours non-intervention in younger patients and that therefore in
the absence of evidence of benefit, people who are younger than the inclusion criteria for the
trial (with no risk from residual tumour) should be especially considered for a non-intervention
approach. This therefore means different recommendations in different groups are made only
on the basis of differing clinical evidence in these groups.

The committee discussed how treatment options had changed significantly in recent years,
and that those diagnosed prior to the use of these new treatments might be concerned that
their management protocol differed substantially from that set out in the guideline. They
explained that this will usually be to do with the availability of new evidence, especially
molecular markers, but that this is unlikely to present an equality issue, as anyone who is
stable having been treated in the past is unlikely to need further active treatment unless the
tumour progresses. Therefore it was not necessary to make a recommendation about this
group for reasons of equality.
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Management of newly diagnosed high-grade glioma
following surgery or if surgery is not possible (or has been
declined)

Review question

Following surgery, what is the optimal management (radiotherapy, chemotherapy,
combinations of these, or other therapies such as metformin or tumour-treating fields) of
initial high-grade glioma?

Introduction

Glioblastomas (WHO grade IV) and anaplastic
astrocytoma/oligoastrocytoma/oligodendroglioma (WHO grade lll) are the most frequent type
of intrinsic primary brain tumours. Despite a greater understanding of molecular classification
and improvements in treatment, survival — particularly for WHO grade IV tumours — remains
very poor.

The aim of this review is to resolve areas of clinical uncertainty as to the optimal
management of newly diagnosed high-grade glioma.

PICO table

Table 38: Summary of the protocol (PICO table)

People with high-grade gliomas (anaplastic astrocytomas,

anaplastic oligodendroglioma, anaplastic oligoastrocytoma,

gliosarcoma and glioblastoma, transformed low-grade gliomas

that has not previously been treated) who have not previously had

a high-grade glioma.

Specified standard of care in the comparator group plus:

e chemotherapy

e immunotherapy

o biological therapy

o different radiotherapy schedules

o tumour treating fields

e metformin

o statins

» ketogenic diet

e valgancyclovir

e cannabis oil (Sativex)

Glioblastoma (WHO Grade IV)

e <70 years of age + Karnofsky performance status =70:
Surgery/biopsy + radiotherapy + temozolomide

e 270 years of age or Karnofsky performance status <70:
Surgery/biopsy + Radiotherapy

Anaplastic astrocytomal/ oligoastrocytoma/
oligodendroglioma (WHO Grade lll):

e surgery/biopsy + radiotherapy

Critical:

e overall survival.

e progression-free survival / time to progression
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¢ health related quality of life
Important:

¢ neurological adverse events

¢ wound infections

e RTOG grade 3 and/or 4 toxicity
o CTCAE grade 3 and/or 4 toxicity
o fatigue (somnolence)

e cognitive function

CTCAE Common Terminology Criteria for Adverse Events; RTOG Radiation Therapy Oncology Group; WHO
World Health Organization.

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

Clinical evidence

The aim of this review was to determine following surgery, the optimal management
(radiotherapy, chemotherapy, combinations of these, or other therapies such as metformin or
tumour-treating fields) of initial high-grade glioma. A single literature search was conducted
for WHO grade Il (anaplastic astrocytoma, anaplastic oligodendroglioma, anaplastic
oligoastrocytoma, and anaplastic ependymoma) and IV glioma (glioblastoma), however due
to differences in the management of WHO grade Il and WHO grade IV glioma, studies were
reviewed separately. These differences were accounted for by pre-specifying interventional
and comparator groups for included studies. For details, see Table 38.

Given the variability in response to interventions based on molecular markers, where
possible, analyses were stratified accordingly. Pre-specified stratifications were 1p and 19q
chromosomal status (with or without co-deletion); IDH-1 or -2 (isocitrate dehydrogenase 1 or
2) status (with or without mutation); and MGMT (O6-methylguanine-DNA-methyltransferase
status) (with or without methylation).

In studies where a mixed population of WHO grade IIl and IV high-grade glioma were
included, stratified results according to grade of glioma were extracted. Due to the limited
evidence available in stratified adverse events, these results were still extracted, however the
indirectness of the population was accounted for when assessing the quality of the evidence
using GRADE.

In terms of health-related quality of life (HRQoL), a minimal clinically meaningful difference
for the EORTC (European Organization for Research and Treatment of Cancer) QLQ-C30
and QLQ-BN20 scales in brain cancer was considered to be a change of 5 units, in line with
published literature by Maringwa 2010.

Meta-analyses were conducted when appropriate. In the presence of heterogeneity, potential
reasons for heterogeneity were explored and subgroup analyses were conducted when
possible according to the pre-specified groups in the protocol.

Included studies
WHO grade Il glioma

Included studies consisted of Phase Il RCTs and 1 systematic review enrolling patients with
newly diagnosed WHO grade Ill anaplastic astrocytoma, anaplastic oligodendroglioma,
anaplastic oligoastrocytoma, and anaplastic ependymoma. Patients may have undergone
any form of surgery to reach a histological diagnosis (biopsy or resection).

A summary of these studies is provided in Table 39 and the results along with the quality of
the evidence for each outcome are listed in Table 41 to Table 46 below.
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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.

WHO grade IV glioma

Included studies consisted of Phase Ill randomised controlled trials (RCTs) enrolling patients
with newly diagnosed WHO grade |V glioblastoma multiforme (GBM). Patients may have
undergone any form of surgery to reach a histological diagnosis (biopsy or resection).

Current clinical practice has differences in management according to the performance status
and age of the patient. For this reason, the protocol consisted of two different sets of
inclusion criteria. The first set included those who were <70 years old and presented with a
Karnofsky Performance Score (KPS) =70, group in which standard of care is radiotherapy
[RT] in combination with temozolomide [TMZ]. The second set of inclusion criteria, reflected
those adults in in which the standard of care is biopsy in combination with RT. This
corresponds to those adults = 60 years old and/or with a KPS status < 70.

A summary of these studies is provided in Table 40 and the results along with the quality of
the evidence for each outcome are listed in Table 47 to Table 61 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.

Summary of clinical studies included in the evidence review

Table 39 and Table 40 provide a brief summary of the included studies.

Table 39: Summary of included studies for WHO grade Il glioma

Population Interventio Comparato Outcomes
Study n r Comments
Lecavalier- Two RCTs from PCV + Radiothera o OS Cairncross
Barsoum 2014 this Cochrane Radiothera py e PFS 2006:
systematic review  py Chemotherap
were included: (-)rCZrade B y schedule:
e Cairncross 2006 Toxicity pre-RT
(RTOG 9402) Updated
N= 289 * HRQoL 5 tcome data
Newly diagnosed, gddltlonal
AO or AOA (2 out data o 1
of 5 anaplastic Imzafg orip
features) 2rr1]romo(s]omes
KPS > 60 and IDH-1 or
¢ van den Bent 2 mutation
2006 (EORTC status: from
26951) Cairncross
N= 368 2013, 2014
Newly diagnosed, and Wang
AO or AOA (3 out 2010.
of 5 anaplastic van den Bent
features) 2006:

Outcome data
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Study

NOA-04
Wick 2009

RTOG 9813
Chang 2016

Henriksson 2006

Population

e WHO PS: 0-2

N= 274

Newly diagnosed,
AO, AOA, or AA
(3 of 4 anaplastic
features)

KPS >70

N =196

Newly diagnosed,
AO and AA

KPS > 60

N= 122

newly diagnosed
high-grade
astrocytoma;
grade Ill, N=46;
grade IV, N=76
WHO PS: 0-2

Interventio Comparato Outcomes

n

Surgical
resection/
biopsy +
Radiothera
py, followed
by
temozolomi
de or PCV
at
progression

Surgical
resection/
biopsy +
Radiothera
py +
temozolomi
de

Surgical
resection/
biopsy +
estramustin
e +
Radiothera
py

64

r

Surgical
resection/
biopsy +
temozolomi
de or PCV,
followed by
RT at
progression

Surgical
resection/
biopsy +
Radiothera
py +
nitrosourea

*BCNU
80mg/m? or
CCNU
130mg/m?
(upto a
total of 6
cycles)
Surgical
resection/
biopsy +
Radiothera
py

e OS
e PFS
e TTF

e OS
e PFS
e TTF

e Grade >
3 Toxicity

e OS
¢ HRQoL

Comments

supplemented
by data in
sub-studies:
Van den Bent
2013 and
Taphoorn
2007.
Chemotherap
y schedule:
post-RT

For OS and
PFS, results
stratified for
1pand 19 q
chromosomes
, MGMT
methylation,
and IDH-1 or
2 mutation
status

Outcome data
supplemented
by data in
sub-studies:
Wick 2016
For OS, TTF,
and PFS,
results
stratified for
IDH mutant +
1p and 19q
co-deleted
chromosomes

For OS,
results were
stratified to
grade Ill and
\Y
astrocytoma.
Only grade Il
astrocytoma
participants
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Thomas 2001

Malmstréom 2017

N= 674 newly
diagnosed high-
grade
astrocytoma;
grade lll
(anaplastic
astrocytoma),
N=113; grade IV
(GBM), N= 449;
others, N=112
<70 years of age

N= 41 adults with
newly diagnosed,
histologically
confirmed AA.

Surgical
resection/
biopsy +
Radiothera
py + PCV

T™MZ
followed by
RT

T™MZ
(200mg/m2
, days 1-5,
every 28
days)
followed by
RT (60-Gy
in 30
fractions)
N= 12
(60%)
completed
concTMZ*
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Surgical
resection/
biopsy +
Radiothera
py

Standard
RT
(60-Gy in
30
fractions)
N=16
(76.1%)
completed
concTMZ*

e OS

e Median
oS

were included
in the
analyses as
per protocol.
For HRQoL,
results were
not stratified
for grade llI
and IV
astrocytoma.
However, this
was
accounted for
in the GRADE
assessment.

For OS,
results were
stratified to
grade Ill and
v
astrocytoma.
Only grade Il
astrocytoma
participants
were included
in the
analyses as
per protocol.

*2 years and
2 months after
randomisation
, all adults
receive a daily
dose of TMZ
(75mg/m2)
concurrent
with RT
(concTMZ) as
it became
standard of
treatment.
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Study

CATNON TRIAL

van den Bent
2017

Population

N= 745 adults
with newly
diagnosed AA
without 1p-19q
co-deletion.

Interventio
n

Adjuvant
T™MZ

Arm 3: RT
(59.4-Gy in
33
fractions)
followed
with 12
cycles of
adjuvant
TMZ (150-
200mg/m?)
Arm 4: RT
(59.4-Gy in
33
fractions)
with both
concurrent
TMZ

(75/mg/m2)

and 12
cycles of
adjuvant
TMZ (150-
200mg/m2)

Comparato
r

No
adjuvant
T™MZ

Arm 1: RT
alone
(59.4-Gy in
33
fractions)
Arm 2: RT
with
concurrent
daily TMZ
(75/mg/m?)

Outcomes

e OS
adjusted
for:

o age

o perform
ance
status

o 1p loss
of
heteroz
ygosity

o methyla
tion
status

Comments

Ongoing
study —
estimated
primary
completion
date is
January 2022
MGMT status
available for
N=550 (74%)
at the time of
the interim
analysis.

AA anaplastic astrocytoma; AO anaplastic oligoastrocytoma; AOA anaplastic oligodendroglioma; BCNU
lomustine; CCNU lomustine; EORTC European Organisation for Research and Treatment of Cancer; HRQoL
Health-related quality of life; GBM glioblastoma; Gy Gray (unit of radiation); IDH Isocitrate dehydrogenase; KPS
Karnofsky performance status; MGMT O6-methylguanine-DNA-methyltransferase; OS overall survival; PFS
progression free survival, PCV procarbazine lomustine vincristine; RT radiotherapy; RTOG Radiation Therapy
Oncology Group;, TMZ temozolomide; TTF tumour treating fields; WHO World Health Organisation; WHO PS

World Health Organisation performance status.
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Table 40: Summary of included studies for WHO grade IV glioma

Study
Chinot 2014

Taphoorn

2015

Saran 2016

Gilbert 2014

Gilbert 2013

Population

N= 921

Newly diagnosed,
supratentorial
glioblastoma

N= 921

Newly diagnosed,
supratentorial
glioblastoma

N= 921

Newly diagnosed,
supratentorial
glioblastoma

N =621

Newly diagnosed
glioblastoma.
Additional eligibility
criteria included a
Karnofsky
performance status
of at least 70

N= 833

newly diagnosed
Glioblastoma (WHO
grade 4

astrocytoma), KPS >

60

Intervention

Surgical
resection/
biopsy +
chemo-
radiation and
adjuvant
temozolomid
e plus
Bevacizumab

Surgical
resection/
biopsy +
chemo-
radiation and
adjuvant
temozolomid
e plus
bevacizumab

Surgical
resection/
biopsy +
chemo-
radiation and
adjuvant
Temozolomid
e plus
bevacizumab

Surgical
resection +
chemo-
radiation and
adjuvant
temozolomid
e plus
bevacizumab

Surgical
resection/
biopsy +
chemoradiati
on then
adjuvant
dose-dense
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Comparato
r

Surgical
resection/
biopsy +
chemo-
radiation
and
adjuvant
Temozolom
ide

Surgical
resection/
biopsy +
chemo-
radiation
and
adjuvant
temozolomi
de

Surgical
resection/
biopsy +
chemo-
radiation
and
adjuvant
temozolomi
de

Surgical
resection +
chemo-
radiation
and
adjuvant
temozolomi
de

Surgical
resection/
biopsy
+chemoradi
ation then
standard
adjuvant

Outcomes

e OS

o (methylat
ed and
non-
methylated
MGMT)

e PFS

o (methylat
ed and
non-
methylated
MGMT)

e Time to
deterioratio
n (TTD)

e Disease
free
survival
(DFS)

e Adverse
events >
Grade 3
RTOG

e Adverse
events
>10% -
fatigue

e OS
(methylated
and non-
methylated
MGMT)

o PFS

(methylated
and non-
methylated
MGMT)

o Adverse
events
RTOG
grade 3 +4
(fatigue +
wound
dehiscence

)
e OS

(methylated
and non-
methylated
MGMT)

e PFS

Comments

Sub-study of
Chinot 2014

Sub-study of
Chinot 2014

Only resected
(partial or
complete)
patients were
included in
the study, no
biopsy
patients
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Study

Keime-
Guibert
2007

Kim 2011

Nordic trial

Malmstrom
2012

Roa 2004

Population

N= 81

=70 years of age,
newly diagnosed
Glioblastoma or
anaplastic
astrocytoma, KPS of
70 or more

N=76

Newly diagnosed
glioblastomas, KPS
of 70 or more

N=342

Newly diagnosed
glioblastoma, over 60
years of age

N=95

Newly diagnosed
glioblastoma, > 60
years, KPS > 50

Intervention

temozolomid
e (21 days in
28 days for
up to 12
cycles)

Surgical
resection/
biopsy +
supportive
care +
Radiotherapy
(50-Gy in 25
fractions)

Surgical
resection/
biopsy then 2
cycles of
neoadjuvant
nimustine
(ACNU) and
cisplatin
(CDDP) then
radiotherapy
(60-Gy in 30
fractions)
and adjuvant
temozolomid
e

Surgical
resection/
biopsy then
either

6 cycles of
Temozolomid
e

or
Hypofraction
ated
Radiotherapy
(34Gy in 10
fractions)
3-week
abbreviated
course of
Radiotherapy
(40-Gy in 15
fractions)
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Comparato
r
temozolomi
de (5 days
in 28 days
forup to 12
cycles)

Surgical
resection/
biopsy +
supportive
care

Surgical
resection/
biopsy then
radiotherap
y (60-Gy in
30
fractions)
and
adjuvant
temozolomi
de

Standard
radiotherap
y (60Gy in
30
fractions)

Standard
radiotherap
y (60-Gy in
30
fractions)

Outcomes

(methylated
and non-
methylated
MGMT)

e OS
¢ PFS

e Health-
related
quality of
life
(EORTC
QLQ-C30 +
QLQ-BN20)

e OS
e PFS

e Adverse
effects
CTCAE
Grade 3 +
4

e Health
related
quality of
life
(EORTC
QLQ-30 +
BN20)

e OS

e Health
related
quality of
life
[Functional
Assessmen
t of Cancer
Therapy—
Brain
(FACT-Br)
+ KPS]

Comments

Patients with
anaplastic
astrocytoma
were
excluded as
such a small
population
(2%)

Enrolment
ceased after
interim
analysis
revealed a
frequency of
toxicity related
to the
neoadjuvant
chemotherape
utic agents
that is not
acceptable in
modern
cancer
management.
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Study
Roa 2015

CENTRIC
EORTC
26071-22072

Stupp 2014

Stupp 2015

Population

N= 96

Older and/or frail
people diagnosed
with glioblastoma.
Frail patients were
defined as >50 years
old with a KPS of
50% to 70%; older
and frail patients
were defined as >60
years old with a KPS
of 50% to 70%, and
older people were
defined as >65 years
old with a KPS of 80-
100%.

N= 545
Newly diagnosed
Glioblastoma

N= 315

Newly diagnosed,
supratentorial
glioblastoma,
completed standard
concomitant
chemoradiotherapy
with Temozolomide,
KPS > 70.

Prior use of
implanted carmustine
wafers was allowed.

Intervention

Short-course
radiotherapy
(25-Gy in 5
fractions)

Surgical
resection
chemo-
radiation and
adjuvant
temozolomid
e plus
cilengitide
(twice
weekly)

Surgical
resection
/biopsy +
chemo-
radiation and
adjuvant
temozolomid
e till
progression
plus Tumour-
Treating
Fields
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Comparato
r

Commonly
used
radiotherap

y

(40-Gy in
15
fractions)

Surgical
resection
chemo-
radiation
and
adjuvant
temozolomi
de

Surgical
resection
/biopsy +
chemo-
radiation
and
adjuvant
temozolomi
de till
progression

Outcomes

e OS
e PFS

e Health
related
quality of
life — Global
Health
Status
(EORTC
QLQ-30)

e OS
e PFS

e Adverse
effects
RTOG 3 +
4 — fatigue
and
memory
impairment

e OS
e PFS

e Adverse
events
RTOG
Grade 3 +
4

Comments

de Castro
2017 provided
a sub-analysis
of this trial

Very high
drop-out rate
—90%.

Zhu 2017
performed a
sub-analysis
to report
quality of life,
cognitive
function and
performance
status.
Patient
enrolment
occurred only
after the end
of
radiochemoth
erapy, leading
to some
variation in
the delivery of
standard
treatment of
temozolomide
and
radiotherapy.
Patients who
had
progressed
early during
radiochemoth
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Study

Westphal
2015

NOA-08
Wick 2012

Population

N= 142

Newly diagnosed
supratentorial
glioblastoma
multiforme that were
deemed by the
treating
neurosurgeon to be
amenable to
complete resection,
KPS > 70.

N= 373

Newly diagnosed
anaplastic
astrocytoma or
glioblastoma.

Age older than 65
years and KPS of 60
or more.

Intervention

Surgical
resection
/biopsy
chemo-
radiation and
adjuvant
temozolomid
e plus |.V.
Nimotuzuma
b

Surgical
resection/
biopsy +
biopsy/resect
ion then
temozolomid
e alone
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Comparato Outcomes

r

Surgical
resection
/biopsy
chemo-
radiation
and
adjuvant
temozolomi
de

Surgical
resection/
biopsy
then
radiotherap
y (60-Gy in
30
fractions)

Comments

erapy were
not eligible for
randomisation
, thus
excluding
patients with
very poor
prognosis.
Interim
analysis from
the first 315
patients with
at least 18
months
follow-up.
However, for
detailed and
meaningful
subgroup
analysis, the
mature data
of the full data

set will be
needed
(expected end
of 2017).

¢ OS

(methylated

and non-

methylated

MGMT)

PFS

(methylated

and non-

methylated

MGMT)

o Adverse

events

RTOG

Grade 3 +

4

e Pre-

specified

adverse

events —

fatigue and

memory

impairment

¢ OS Indirect

e PFS population:
10.7% of the
included
patients
presented
with
anaplastic
astrocytoma
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Study

ASPECT trial

Westphal
2013

Malmstrom
2017

Perry 2017

Population

N= 236

Newly diagnosed
supratentorial
glioblastoma
multiforme that were
deemed by the
treating
neurosurgeon to be
amenable to
complete resection,
KPS > 70.

N= 103 adults with
newly diagnosed,
histologically
confirmed
glioblastoma
multiforme.

N= 562 older people
(= 65 years old) with
newly diagnosed,
histologically
confirmed
glioblastoma
multiforme

Intervention

Surgical
resection +
radiotherapy
(60-Gy in 30
fractions)
plus
sitimagene
ceradenovec
+ ganciclovir

TMZ followed
by RT

TMZ
(200mg/m2,
days 1-5,
every 28
days)
followed by
RT (60-Gy in
30 fractions)
N=26 (51%)
completed
concTMZ*

RT with
concomitant
and adjuvant
TMZ

Comparato
r

Surgical
resection +
radiotherap
y (60-Gy in
30
fractions)

Standard
RT
(60-Gy in
30
fractions)
N= 36
(69%)
completed
concTMZ*

RT alone

Outcomes

¢ OS

o (methylat
ed and
non-
methylated
MGMT)

e Adverse
events
RTOG
Grade 3 +
4

(O]

e OS
e PFS
e QOL

Comments

The use of
concurrent
and adjuvant
temozolomide
depended on
institutional
policy (65%
control arm
and 49% in
experimental
unit)

*2 years and
2 months after
randomisation
, all adults
receive a daily
dose of TMZ
(75mg/m?)
concurrent
with RT
(concTMZ) as
it became
standard of
treatment.
Standard RT
arm: N= 12
adults from 1
center
received 52-
Gy (36-Gy
whole brain
plus 16-Gy
tumour
boost). One
adult had
palliative RT
(34-Gy in 10
fractions)

N= 3 (0.6%)
of the adults
included
presented
with
anaplastic
oligodendrogli
oma.

ACNU-CDDP chemotherapy with nimustine — cisplatin; concTMZ concurrent temozolomide; CTCAE Common
Terminology Criteria for Adverse events; DFS disease free survival, EORTC European Organisation for Research
and Treatment of Cancer; Gy Gray (unit of radiation);KPS Karnofsky performance status; MGMT O6-
methylguanine-DNA-methyltransferase; OS overall survival; PFS progression free survival; QOL quality of life; RT
radiotherapy; RTOG Radiation Therapy Oncology Group, TMZ temozolomide; TTD time to deterioration ; WHO
World Health Organization.

See Supplementary Material D for full evidence tables.
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Quality assessment of clinical studies included in the evidence review

WHO grade lll glioma
The clinical evidence profiles for Grade Il glioma are presented in Table 41 to Table 46.

Table 41: Summary of clinical evidence profile for RT + TMZ versus RT + a nitrosourea
(NU)

Overall Survival Not applicable Not applicable HR 0.94 196 PPOO

(univariate (0.67to (1 study) low?

analysis) 1.32)

Progression-free  Not applicable Not applicable = HR 0.85 196 SleISIS)

survival (0.61 to (1 study) low?3

(univariate 1.18)

analyses)

Overall Toxicity 758 per 1000 477 per 1000 RR 0.63 195 PPHOO

(> Grade 3) (379 to 606) (0.50 to (1 study) low?23
0.80)

ClI confidence interval;, HR hazard ratio; RR risk ratio; RT radiotherapy; NU nitrosourea.
195% ClI crossed 2 MIDs (0.80 and 1.25)

2 95% ClI crossed 1 MIDs (0.80)

3 Unclear if blinding of participants, personnel, and outcome assessors

Table 42: Summary of clinical evidence profile for RT + PCV versus RT

Overall survival Not applicable Not applicable HR 0.78 1331 DPPHO
(0.67 to (3 studies) moderate’
0.91)
Overall survival Not applicable Not applicable HR 0.58 206 OPDO
with codeletion (0.40 to (2 studies) moderate’
of chromosomes 0.83)
1p + 19qg
Overall survival Not applicable Not applicable HR 0.84 373 DDHDHO
without (0.66 to (2 studies) moderate’
codeletion of 1.06)
chromosomes
1p + 19qg
Overall survival Not applicable Not applicable HR 0.53 81 PPPHO
with IDH-1 (0.30 to (1 study) moderate’
mutation 0.94)
Overall survival Not applicable Not applicable HR 0.78 97 PPPHO
without IDH-1 (0.52 to (1 study) moderate’
mutation 1.17)
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lllustrative comparative risks* (95% No of Quality of
CIl) Relative Participant the
Corresponding effect s evidence
Outcomes Assumed risk risk (95% CI)  (studies) (GRADE)
Overall survival Not applicable Not applicable HR 0.65 136 PPPHO
with methylated (0.43 to (1 study) moderate’
MGMT 0.98)
Overall survival Not applicable Not applicable HR 0.81 47 SlolSlS)
with non- (0.44 to (1 study) low?
methylated 1.49)
MGMT
Overall survival Not applicable Not applicable HR 0.59 156 PPPHO
with IDH-1 or 2 (0.40 to (1 study) moderate’
mutations 0.87)
Overall survival Not applicable Not applicable HR 0.56 66 PPPO
without (0.32 to (1 study) moderate’
codeletion of 0.98)
chromosomes
but with IDH-1
or 2
Overall survival Not applicable Not applicable HR 1.14 54 PPOeO
without IDH-1 or (0.63 to (1 study) low?
2 mutations 2.06)
Progression Not applicable Not applicable HR 0.67 1331 SlsISS)
Free Survival (0.56 to (2 studies) low’-3
0.81)
Progression free  Not applicable Not applicable HR0.45 206 ODHPO
survival with (0.32 to (2 studies) moderate?
codeletion of 0.64)
chromosomes
1p + 19q
Progression free  Not applicable Not applicable HR 0.76 373 PPHOO
survival without (0.61to (2 studies) low'3
codeletion of 0.94)
chromosomes
1p + 199
Progression free  Not applicable Not applicable HR (0.49 81 PPHOO
survival with (0.29 to (1 study) low'3
IDH-1 mutation 0.83)
Progression free  Not applicable Not applicable HR 0.56 97 PPHOO
survival without (0.37 to (1 study) low'-3
IDH-1 mutation 0.85)
Progression free  Not applicable Not applicable HR 0.52 136 ODHPO
survival with (0.35to (1 study) moderate?
methylated 0.77)
MGMT
Progression free  Not applicable Not applicable HR 0.63 47 SloISIS)
survival with (0.34 to (1 study) low'-3
non-methylated 1.17)
MGMT
Health Related Not applicable The mean health Not 257 PPHO
Quality of Life - related quality of applicabl (1 study) moderate?
QLQ-C30 + life - qlg-c30 + glg- e
QLQ-BN20 - bn20 - fatigue
Fatigue HRQoL HRQoL scale (end
scale (end of of RT) in the
RT) intervention
groups was
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lllustrative comparative risks* (95%

cl)

Outcomes Assumed risk

Health Related
Quality of Life -
QLQ-C30 +
QLQ-BN20 -
Fatigue HRQoL
scale (end of RT
+ 1 year)

Not applicable

Health Related
Quality of Life -
QLQ-C30 +
QLQ-BN20 -
Fatigue HRQoL
scale (end of
RT + 2.5 years)

Not applicable

Health Related
Quality of Life -
QLQ-C30 +
QLQ-BN20 -
Nausea and
Vomiting
HRQoL scale
(end of RT)

Not applicable

Health Related
Quality of Life -
QLQ-C30 +
QLQ-BN20 -
Nausea and
Vomiting
HRQoL scale
(end of RT +1
year)

Not applicable

No of
Relative  Participant
Corresponding effect s
risk (95% CI)  (studies)
0.90 lower
(4.93 lower to
3.13 higher)
The mean health Not 133
related quality of applicabl (1 study)
life - qlg-c30 + qlg- e
bn20 - fatigue
HRQoL scale (end
of RT + 1 year) in
the intervention
groups was
0.50 higher
(3.51 lower to
4.51 higher)
The mean health 94
related quality of ~ Not (1 study)
life - qlg-c30 + glg- applicabl
bn20 - fatigue €
HRQoL scale (end
of RT + 2.5 years)
in the intervention
groups was
2.00 lower
(6.01 lower to
2.01 higher)

The mean health Not 257
related quality of applicabl (1 study)
life - qlg-c30 + glg- e

bn20 - nausea

and vomiting

HRQoL scale (end

of RT) in the

intervention

groups was

2.30 higher

(0.29 to 4.31

higher)

The mean health Not 133
related quality of applicabl (1 study)
life - qlg-c30 + glg- e

bn20 - nausea

and vomiting

HRQoL scale (end

of RT + 1 year) in

the intervention

groups was

1.80 higher

(0.20 lower to

3.80 higher)
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Quality of
the
evidence
(GRADE)

SPISPIS IS

moderate3

SISISIS)

moderate3

SISISIS)

moderate?

SPISPISS)

moderate3
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Outcomes
Health Related
Quality of Life -
QLQ-C30 +
QLQ-BN20 -
Nausea and
Vomiting
HRQoL scale
(end of RT + 2.5
years)

Health Related
Quality of Life -
QLQ-C30 +
QLQ-BN20 -
Physical
Functioning
HRQoL scale
(end of RT)

Health Related
Quality of Life -
QLQ-C30 +
QLQ-BN20 -
Physical
Functioning
HRQoL scale
(end of RT + 1
year)

Health Related
Quality of Life -
QLQ-C30 +
QLQ-BN20 -
Physical
Functioning
HRQoL scale
(end of RT + 2.5
years)

lllustrative comparative risks* (95%

Cl)

Assumed risk
Not applicable

Not applicable

Not applicable

Not applicable

Corresponding
risk

The mean health
related quality of
life - qlg-c30 + qlg-
bn20 - nausea
and vomiting
HRQoL scale (end
of RT + 2.5 years)
in the intervention
groups was

0.70 lower

(2.71 lower to
1.31 higher)

The mean health
related quality of
life - qlg-c30 + qlg-
bn20 - physical
functioning
HRQoL scale (end
of RT) in the
intervention
groups was

8.50 higher

(4.06 to 12.94
higher)

The mean health
related quality of
life - qlg-c30 + qlg-
bn20 - physical
functioning
HRQoL scale (end
of RT + 1 year) in
the intervention
groups was

2.50 higher

(2.01 lower to
7.01 higher)

The mean health
related quality of
life - qlg-c30 + qglg-
bn20 - physical
functioning
HRQoL scale (end
of RT + 2.5 years)
in the intervention
groups was

2.20 higher

(2.30 lower to
6.70 higher)
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No of
Relative  Participant
effect s
(95% CI)  (studies)
Not 94
applicabl (1 study)
e
Not 257
applicabl (1 study)
e
Not 133
applicabl (1 study)
e
Not 94
applicabl (1 study)
e

Quality of
the
evidence
(GRADE)

SISISIS)

moderate3

SISISIS)

moderate3

SISPISIS)

moderate?

SPISPISS)

moderate?
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Toxicity - Overall 50 per 1000 644 per 1000 RR 12.97 287 PPPHO
Toxicity (Grade (310 to 1000) (6.24 to (1 study) moderate®
3 or4) 26.97)

ClI confidence interval;, HR hazard ratio; HRQoL Health-related quality of life;

PCV procarbazine lomustine vincristine; HRQoL Health-related quality of life; IDH Isocitrate dehydrogenase
mutations; MGMT O6-methylguanine-DNA-methyltransferase; OS overall survival; PCV procarbazine lomustine
vincristine; RR risk ratio; RT radiotherapy; TMZ temozolomide

195% Cl crossed 1 default MID (0.80)

295% ClI crossed 2 default MIDs (0.80 and 1.25)

3 Unclear blinding of participants, personnel and outcome assessors

Table 43: Summary of clinical evidence profile for estramustine + RT versus RT

Overall survival for Not Not applicable HR 0.99 122 DPPO
Grade llI applicabl (0.92 to (1 study) moderate’
Astrocytoma e 1.07)
Toxicity - Grade Il 44 per 34 per 1000 (6 to RR 0.77 122 POOO
+ 1V 1000 96) (0.13 to (1 study) very low"23
Nausea/vomiting 4.44)
Health Related Not The mean health Not 66 SISISIS)
Quality of Life - applicabl  related quality of life  applicabl (1 study) very
QLQ-30 - Global e - QLQ-30 - global e low" 245
QoL QoL in the
Scale from: 0 to intervention groups
100. was

2.1 higher

(not possible to

calculate CI)

ClI confidence interval; HR hazard ratio; RT radiotherapy; QoL quality of life.

1 Randomisation process nor allocation concealment not described in methods
2 Unblinded to participants, personnel, and assessors

3 95% ClI crossed 2 default MIDs (0.80 and 1.25)

4 Grade lll and IV astrocytoma analysed together, not stratified per grade

5 No SDs were reported to assess the MID thresholds or imprecision

Table 44: Summary of clinical evidence profile for PCV or TMZ + RT on progression
versus RT + PCV or TMZ on progression
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Overall
survival (long-
term analysis,
median follow-
up time 9.5
years)

Not applicable

Progression
free-survival
(long-term
analysis,
median follow-
up 9.5 years)

Not applicable

Time to
treatment
failure (long-
term follow-
up, 9.5 years)

Not applicable

Differential Not applicable

treatment

outcomes? in

IDH mutant +

1p/19q co-

deleted -

Progression-

Free Survival

Follow-up:

median 9.5

years

Differential Not applicable
treatment
outcomesP in
IDH mutant +
1p/19q co-
deleted -
Time-to-
Treatment
Failure
Follow-up:
median 9.5
years

Differential Not applicable

treatment
outcomese in
IDH mutant +
1p/19q co-
deleted -
Overall
Survival
Follow-up:
median 9.5
years

Not applicable

Not applicable

Not applicable

Not applicable

Not applicable

Not applicable

HR 1.11
(0.80 to
1.54)

HR 0.97
(0.74 to
1.27)

HR 0.99
(0.75 to
1.31)

HR 1.30
(0.70 to
2.41)

HR 1.35
(0.68 to
2.68)

HR 0.46
(0.04 to
5.56)

274 S ISISIS)
(1 study) low'2

274 SPISISIS)
(1 study) very low3#
274 SPISISIS)
(1 study) very low3#
68 SPISISIS)
(1 study) very low 34
68 69@@@3 .
(1 study) very low?
68 69@6@1 \
(1 study) very low "

ClI confidence interval; HR hazard ratio; IDH Isocitrate dehydrogenase; RR risk ratio; RT radiotherapy;, TMZ

temozolomide; n/r not reached
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aDifferential treatment outcomes refers to treatment differences in progression free survival in those
with IDH mutant and 1p/19q co-deletion

bDijfferential treatment outcomes refers to treatment differences in time to treatment failure in those
with IDH mutant and 1p/19q co-deletion

cDifferential treatment outcomes refers to treatment differences in overall survival in those with IDH
mutant and 1p/19q co-deletion

1 Unclear risk of allocation concealment and no mention of loss to follow-up

2 95% Cl crosses 1 MID (1.25)

3 95% ClI crosses 2 MIDs (0.80 and 1.25)

4 Unclear risk of allocation concealment, no mention of loss to follow-up, un-blinded

Table 45: TMZ followed by RT versus RT alone

Overall Not Not applicable HR 0.40 41 SlololS)
survival applicable (0.19to (1 study) moderate’
0.84)

ClI confidence interval, HR hazard ratio; RT radiotherapy; TMZ temozolomide
195% ClI crossed 1 default MID (0.80)

Table 46: RT with adjuvant TMZ versus RT without adjuvant therapy

Overall survival Not applicable HR 0.65 745 DDHDHO
appllcable (0.45 to (1 study) moderate’
0.94)
Progression free Not Not applicable HR 0.58 745 PPPHD
survival applicable (0.47 to (1 study) high
0.72)
Adjusted analyses  Not Not applicable HR 4.04 373 PPPHD
for adjuvant TMZ applicable (2.78 to (1 study) high
only - Age (>50 5.87)
y/o versus < 50
ylo)?
Adjusted analyses  Not Not applicable HR 1.36 373 PPPHO
for adjuvant TMZ applicable (0.94 to (1 study) moderate?
only - WHO 1.97)
performance
status score (>0
versus 0)2
Adjusted analyses  Not Not applicable HR 1.56 373 DDHPHO
for adjuvant TMZ applicable (0.84 to (1 study) moderate?
only - 1p loss of 2.90)

heterozygosity
(yes versus no)?
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Adjusted analyses  Not Not applicable HR 1.81 373 [anYasYarYas)
for adjuvant TMZ applicable (144 to (1 study) high
only - Methylated 2.27)

versus non-

methylated MGMT

status @

ClI confidence interval, HR hazard ratio; MGMT O6-methylguanine-DNA-methyltransferase; RT radiotherapy; TMZ
temozolomide; WHO World Health Organization.

aThese analyses correspond to within group differences of those who received RT with adjuvant TMZ

195% Cl crossed 1 default MID (0.80)

295% Cl crossed 1 default MID (1.25)

See Appendix F for full GRADE tables.

WHO grade IV glioma

The clinical evidence profiles for Grade IV glioma are presented in Table 47 to Table 61.

Table 47: Bevacizumab plus TMZ+RT versus TMZ+RT

Overall Not applicable  Not applicable HR 0.99 1542 SISISIS)
survival (0.77 to (2 studies) very low? 23

1.26)
Overall Not applicable  Not applicable HR 1.20 412 POOO
survival (0.42 to (2 studies) very low? 26
MGMT 3.46)
methylated
Overall Not applicable  Not applicable HR 1.02 890 PPPO
survival (0.98 to (2 studies) moderate’
MGMT 1.06)
non-
methylated
Overall Not applicable Not applicable HR 0.93 234 SIoISIS)
survival (0.66 to (2 studies) low!-4
RPA class 1.30)
3
Overall Not applicable  Not applicable HR 0.97 959 PHOPO
survival (0.88 to (2 studies) moderate’
RPA class 1.06)
4
Overall Not applicable Not applicable HR 0.93 335 PPOo
survival (0.73 to (2 studies) low'#4
RPA class 1.19)
5
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Progressio
n free
survival

Progressio
n free
survival
MGMT
methylated

Progressio
n free
survival
MGMT
non-
methylated

Progressio
n free
survival
RPA grade
3

Progressio
n free
survival
RPA grade
4

Progressio
n free
survival
RPA grade
5

Adverse
events
overall -
Grade 23

Wound
complicatio
ns

Fatigue

Not applicable

Not applicable

Not applicable

Not applicable

Not applicable

Not applicable

158 per 1000

11 per 1000

70 per 1000

Not applicable

Not applicable

Not applicable

Not applicable

Not applicable

Not applicable

325 per 1000
(252 to 418)

23 per 1000
(11 to 48)

112 per 1000
(66 to 189)

HR 0.71
(0.58 to
0.87)

HR 0.93
(0.53 to
1.64)

HR 0.59
(0.49 to
0.70)

HR 0.67
(0.49 to
0.91)

HR 0.69
(0.60 to
0.79)

HR 0.71
(0.56 to
0.90)

RR 2.06
(1.60 to
2.65)

RR 2.16
(1.03 to
4.52)

RR 1.60
(0.95 to
2.70)

1542
(2 studies)

412 (2
studies)

890
(2 studies)

234
(2 studies)

959
(2 studies)

335
(2 studies)

911
(1 study)

1514
(2 studies)

603
(1 study)

S SISIS)

very low'35

SISO
very
low?:35.6

SIS IS

moderate’

DOOO

low!3

DOOO

low!5

SIS IS

low!3

SIS IS IS

moderate’

DOOO

low!4

SIS IS

low!3

ClI confidence interval; HR hazard ratio; MGMT O6-methylguanine-DNA-methyltransferase; RR risk ratio; RPA
recursive portioning analysis; RT radiotherapy; TMZ temozolomide.

1 Unclear how allocation concealment was performed

2 P 275%

3 95% ClI crossed 1 default MID (0.80)
4 95% Cl crossed 1 MID (1.25)
5 I? between 50 and 74.99%

6 95% Cl crossed 2 default MIDs (0.8 and 1.25)

Table 48: Nimotuzumab plus TMZ+RT versus TMZ+RT

Outcomes  lllustrative comparative risks* Quality of
(95% ClI) the
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Relative No of evidence
effect Participants = (GRADE)
(95% CI) (studies)

Overall Not Not applicable HR 0.86 142 POOO
survival applicable (0.57 to (1 study) very low'2
1.31)
Overall Not Not applicable HR 0.86 31 POOO
survival applicable (0.27 to (1 study) very low'2
MGMT 2.74)
methylated
Overall Not Not applicable HR 0.80 65 POOO
survival applicable (0.45 to (1 study) very low'-2
MGMT non- 1.42)
methylated
Progression  Not Not applicable HR 0.95 142 PPpOeo
free survival applicable (0.93 to (1 study) low!3
1.14)
Progression Not Not applicable HR 0.93 31 CISISIS)
free survival applicable (0.76 to (1 study) very
MGMT 1.14) low"23
methylated
Grade 3/4 85 per 1000 310 per 1000 RR 3.67 142 OPOO
adverse (134 to 718) (1.58 to (1 study) low'3
events 8.50)
Fatigue 437 per 1000 275 per 1000 RR 1.26 142 DOOO
(188 to 402) (0.90 to (1 study) very
1.76) low1,3.4
Memory 113 per 1000 28 per 1000 RR 0.50 142 DOOO
impairment (9 to 90) (0.16 to (1 study) very
1.59) low"23

ClI confidence interval;, HR hazard ratio; MGMT O6-methylguanine-DNA-methyltransferase; RR risk ratio; RT
radiotherapy; TMZ temozolomide.

" Unclear how randomisation was done, only randomisation by fax was described. High risk of performance bias
295% Cl crossed 2 default MID (0.80 and 1.25)

3 Open label study

495% Cl crossed 1 default MID (1.25)

Table 49: Cilengitide plus TMZ+RT versus TMZ+RT
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Overall Not applicable Not applicable HR 1.02 545 PPPHO

survival (0.81 to (1 study) moderate’
1.28)

Overall Not applicable Not applicable HR 0.63 86 DPpOO

survival (0.31to (1 study) low?

RPA grade 1.28)

3

Overall Not applicable Not applicable HR 1.08 521 Slala]S)

survival (0.84 to (1 study) moderate’

RPA grade 1.39)

4-5

Progression  Not applicable Not applicable HR 0.92 521 SlsISIS)

free survival (0.75 to (1 study) low!:3

1.13)
Grade 3and 579 per 1000 619 per 1000 (544 RR 1.07 521 (1 study) OPPO

4 toxicity to 712) (0.94 to moderate®
1.23)

Fatigue 31 per 1000 53 per 1000 RR 1.72 521 POeOO

(23 to 125) (0.73 to (1 study) very low23

4.02)

Memory 4 per 1000 4 per 1000 RR 0.98 521 POeOO

impairment (0 to 58) (0.06 to (1 study) very low?3
14.91)

ClI confidence interval, HR hazard ratio; RR risk ratio; RPA recursive portioning analysis; RT radiotherapy, TMZ
temozolomide

1 95% ClI crossed 1 default MID (1.25)

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

3 Open label study

Table 50: Summary clinical evidence profile for TMZ+RT plus DD TMZ (150-200 mg/m?)
versus TMZ+RT plus standard TMZ (75-100mg/m?)

Overall Not Not applicable HR 1.03 823 PPPO
survival applicable (0.88 to (1 study) moderate’

1.21)
Overall Not Not applicable HR 1.19 245 PPpOeo
survival for  applicable (0.87 to (1 study) low!2
patients with 1.63)
MGMT
methylated
status
Overall Not Not applicable HR 0.99 517 PPPO
survival for  applicable (0.82 to (1 study) moderate’
patients with 1.20)
MGMT non-
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methylated
status
Progression  Not Not applicable HR 823 POOO
free survival applicable 0.87(0.75 (1 study) very low’34
to 1.01)
Progression  Not Not applicable HR 0.87 245 SISl
free survival applicable (0.66 to (1 study) very low' 34
for patients 1.15)
with MGMT
methylated
status
Progression  Not Not applicable HR 0.88 517 SISl
free survival applicable (0.73 to (1 study) very low’:34
for patients 1.06)
with MGMT
non-
methylated
status
Grade 3-4 342 per 1000 536 per 1000 RR 1.54 720 (1 study) HHOO
toxicity (441 to 626) (1.29 to low’-3
1.83)
Fatigue 34 per 1000 90 per 1000 RR 2.62 45 OPOO
(47 to 170) (1.37 to (1 study) low!3
4.98)

ClI confidence interval; DD dose dense; HR hazard ratio; MGMT O6-methylguanine-DNA-methyltransferase; OS
overall survival; RR risk ratio; RT radiotherapy; TMZ temozolomide.

" Unclear allocation concealment

295% Cl crossed 1 MID (1.25)

3 Not blinded

495% Cl crossed 1 MID (0.80)

Table 51: Summary clinical evidence profile for ceradenovec followed by ganciclovir
plus TMZ+RT versus TMZ+RT

Overall Not applicable HR 1.18 236 DPOO
survival appllcable (0.86 to (1 study) low'-2
1.62)
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Overall Not Not applicable HR 1.40 236 PPOO
survival for  applicable (0.92 to (1 study) low':2
patients 2.13)

with MGMT

non-

methylated

status

Adverse 373 per 1000 582 per 1000 RR 1.56 250 POOO
events (444 to 761) (1.19to (1 study) very low"23
(grade 3 2.04)

and 4)

ClI confidence interval, HR hazard ratio; MGMT O6-methylguanine-DNA-methyltransferase; OS overall survival;
RR risk ratio; RT radiotherapy; TMZ temozolomide

1 Incomplete outcome data, insufficient detail regarding randomisation process

2 95% Cl crossed 1 MID (1.25)

3 Unclear whether outcome assessors were blinded to treatment allocation

Table 52: Summary clinical evidence profile for ACNU-CDDP and TMZ+ RT versus

TMZ+RT
Overall Not Not applicable HR 0.59 82 PPpOeo
survival applicable (0.33 to (1 study) low"2
1.05)
Progressio  Not Not applicable HR 0.76 82 ISISIS)
n free applicable (0.43 to (1 study) very low’ 34
survival 1.34)
Adverse 158 per 684 per 1000 RR 4.33 76 DPOOS low'
events 1000 (417 to 867) (2.64 to (1 study)
grade =3 5.49)

ACNU-CDDP chemotherapy with nimustine — cisplatin; Cl confidence interval; HR hazard ratio; RR risk ratio; RT
radiotherapy; TMZ temozolomide.

" No details on actual randomisation process; no details reported on whether any form of allocation concealment
was used

295% crossed 1 MID (0.80)

395% crossed 2 MIDs (0.80 and 1.25)

4 No blinding of outcome assessors

Table 53: Summary clinical evidence profile for TTF (tumour treating fields) + TMZ
versus TMZ

Overall Not Not applicable HR 0.74 315 PEPO
survival applicable (0.56 to (1 study) moderate’
0.98)
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Progressio  Not Not applicable HR 0.62 315 PPOO
n free applicable (0.43 to (1 study) low':2
survival 0.89)
Fatigue 40 per 1000 40 per 1000 RR 1.00 304 SISISIS)
(12 to 128) (0.31 to (1 study) very low23
3.23)

ClI confidence interval; HR hazard ratio; RR risk ratio; TTFields tumour treating fields; TMZ temozolomide.
195% ClI crossed 1 MID (0.80)

2 Open label study

3 95% ClI crossed 2 MIDs (0.80 and 1.25)

Table 54: Summary clinical evidence profile for TMZ versus standard RT in older
people®

Overall Not applicable HR 0.88 566 SISISIS)

survival appllcable (0.57 to (2 studies) very low':3
1.36)

Overall Not Not applicable HR 0.87 110 POOO

survival for  applicable (0.59 to (1 study) very low25

people 1.28)

between 60

and 70

years old

Overall Not Not applicable HR 0.35 193 PPPHO

survival for  applicable (0.21 to (1 study) moderate?

people =270 0.58)

years old

Overall Not Not applicable HR 0.62 373 PPOO

survival for  applicable (0.42-0.91) (1 study) low?3

MGMT

methylated

versus non -

methylated

Grade 3-4 73 per 1000 84 per 1000 (48to RR 1.14 558 (2 SISISIS)

fatigue 144) (0.66 to studies) very low245
1.97)

Grade 3-4 140 per 1000 184 per 1000 (115 RR 1.31 373 (1 study) [SISISIS)

neurological to 295) (0.82 to very low246

symptoms 2.10)

ClI confidence interval; HR hazard ratio; OS overall survival; RR risk ratio; RT radiotherapy; TMZ temozolomide
1 P>75%

2 some of the patients presented with de-novo anaplastic astrocytoma (3%)

395% ClI crossed 1 default MID (0.80)

4 No blinding of outcome assessors

595% ClI crossed 2 default MIDs (0.80 and 1.25)

695% ClI crossed 1 default MID (1.25)

4 Malmstrom 2012 included people above 60 years and older; Wick 2012 included people 65 years and older
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Table 55: Summary clinical evidence profile for hypofractionated RT versus standard
RT in those aged 60 years over

Overall Not Not applicable HR 0.85 198 DPPO

survival applicable (0.64 to (1 study) moderate’
1.13)

Overall Not Not applicable HR 0.59 198 PPPHO

survival applicable (0.37 to (1 study) moderate’

people > 70 0.94)

years old

Grade 3 Not Not applicable RR5(0.24 190 (1 study) OGO

and 4 applicable to 102.78) very low?23

fatigue

ClI confidence interval; HR hazard ratio; OS overall survival; RR risk ratio; RT radiotherapy.
195% ClI crossed 1 default MID (0.80)

2 No blinding of outcome assessors

395% ClI crossed 2 default MIDs (0.80 and 1.25)

Table 56: Summary clinical evidence profile for RT schedules in older people [60-Gy
versus 40-Gy]

Overall Not Not applicable HR 0.90 96 PPHOO
survival applicable (0.60 to (1 study) low!
1.35)

ClI confidence interval; Gy Gray (unit of radiation); HR hazard ratio; RT radiotherapy.
195% Cl crossed 2 MIDs (0.80 and 1.25)

Table 57: Summary clinical evidence profile for RT schedules in older/frail people [40-
Gy versus 25-Gy]

Overall Not applicable  Not applicable HR 0.95 98 PPOO
survival (0.75t01.2) (1 study) low'-2
Progressi  Not applicable  Not applicable HR 0.99 98 PPHOO
on free (0.80 to (1 study) low'-2
survival 1.23)
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Quality of  Not applicable = The mean quality of Not 37 SISISIS)
life life in the applicable (1 study) very low"34
intervention group
was
3.6 lower
(17.17 lower to 9.97
higher)

ClI confidence interval; HR hazard ratio; Gy Gray; RT radiotherapy.

1 Insufficient details on allocation concealment

2 95% ClI crossed 1 default MID (0.80)

3 unclear whether outcome assessors were blinded to treatment allocation
4 95% ClI crossed 2 default MIDs (+17.6 x + 0.5= + 8.08)

Table 58: Summary clinical evidence profile for subanalysis of RT schedules in
older/frail people [40-Gy versus 25-Gy]?

Median overall Data not Data not reported to Not 61 SISISIS)
survival reported to  allow calculation estimabl (1 study) very
allow e low?25
calculation
Median Data not Data not reported to Not 61 POeOO
progression reported to  allow calculation estimabl (1 study) very
free survival allow e low?3.6
calculation
QoL - 4 weeks Not The mean QOL - 4 Not 61 OO0
after treatment applicable weeks after treatment - applicab (1 study) very low34
— older people older people in the le
intervention groups was
6.5 higher
(0.81 lower to 13.81
higher)
QoL - 8 weeks Not The mean - 8 weeks Not 24 SIeISIS)
after treatment applicable after treatment - older applicab (1 study) very low34
- older people people in the le
intervention groups was
3.1 higher
(4.21 lower to 10.41
higher)

ClI confidence interval; Gy Gray (unit of radiation); OS overall survival;, QoL quality of life; RT radiotherapy.

@This is a subset analysis of RT schedules in older/frail people [40-Gy versus 25-G] (Table 57). This subset
included only those = 65 years old.

" Unclear how randomisation was performed

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

3 Unclear how randomisation was performed and concealed; unclear whether outcome assessors and participants
were blinded to treatment allocation

495% ClI crossed 1 default MID (8.6 [17.2 x £ 0.5 = + 8.6])
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5 Not calculable as only medians have been reported. The median OS in the short course RT arm = 6.8 months
(95% ClI, 4.5-9.1 months) and the median OS in the commonly used RT = 6.2 months (95% CI, 4.7-7.7 months)
6 Not calculable as only medians have been reported. The median PFS in the short course RT arm = 4.3 months
(95% ClI, 2.6- 5.9 months) and the median PFS in the commonly used RT= 3.2 months (95% CI, 0.1-6.3 months)

Table 59: Summary clinical evidence profile for RT and supportive care versus
supportive care

Overall Not applicable Not applicable HR 0.47 85 DODO
survival (0.29 to (1 study) moderate’
0.76)
Progression  Not applicable Not applicable HR 0.28 85 SloISIS)
free survival (0.17 to (1 study) low!:2
0.46)
Quality of Not applicable The mean quality Not 81 SlBISIS)
life (QLQ- of life in the applicable (1 study) low!:2
C30) intervention groups
was
10.50 higher
(9.37 to 11.63
higher)

ClI confidence interval, HR hazard ratio; RT radiotherapy.
" No details on how randomisation was performed or how randomisation concealment was used.
2 Qutcome assessors were aware of treatment allocation

Table 60: TMZ followed by RT versus RT alone

Not

Not applicable HR 1.40 103 DPPO
survival applicable (0.93 to (1 study) moderate’
2.09)

Overall

ClI confidence interval; HR hazard ratio; RT radiotherapy; TMZ temozolomide.
1 95% Cl crossed 1 default MID (1.25)
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Overall survival

Overall survival
patients 65 to 70 y/o

Overall survival
patients 71 to 75 y/o

Overall survival
patients = 76 y/o

Overall survival
MGMT methylated

Overall survival
MGMT non-
methylated
Progression free
survival

Progression free
survival patients 65
to 70 y/o
Progression free
survival patients 71
to 75 y/o
Progression free
survival patients =
76 ylo

Progression free
survival MGMT
methylated
Progression free
survival MGMT non-
methylated

Time to quality of
life deterioration -
Emotional

Time to quality of
life deterioration -
Role

Time to quality of
life deterioration -
Social

Time to quality of
life deterioration -
Cognitive

applicable

Not
applicable

Not
applicable

Not
applicable

Not
applicable

Not
applicable

Not
applicable

Not
applicable

Not
applicable

Not
applicable

Not
applicable

Not
applicable

Not
applicable

Not
applicable

Not
applicable

Not
applicable

Not applicable

Not applicable

Not applicable

Not applicable

Not applicable

Not applicable

Not applicable

Not applicable

Not applicable

Not applicable

Not applicable

Not applicable

Not applicable

Not applicable

Not applicable

Not applicable

89

(0.56 to
0.80)
HR 0.93
(0.68 to
1.27)
HR 0.63
(0.48 to
0.83)
HR 0.53
(0.38 to
0.74)
HR 0.53
(0.38 to
0.74)
HR 0.75
(0.56 to
1.00)
HR 0.50
(0.41 to
0.61)

HR 0.76
(0.55 to
1.05)
HR 0.42
(0.30 to
0.59)
HR 0.49
(0.35 to
0.69)
HR 0.33
(0.23 to
0.47)
HR 0.79
(0.59 to
1.06)
HR 0.86
(0.69 to
1.07)
HR 0.94
(0.76 to
1.16)
HR 0.94
(0.76 to
1.16)
HR 0.84
(0.68 to
1.04)

Table 61: RT with concomitant and adjuvant TMZ versus RT alone

(1 study)

165
(1 study)

231
(1 study)

166
(1 study)

165/354
(1 study)®

189/354
(1 study)®

562
(1 study)

165
(1 study)

231
(1 study)

166
(1 study)

165/354
(1 study)*

189/354
(1 study)*

562
(1 study)

562
(1 study)

562
(1 study)

562
(1 study)

ODDD
high

SIS SIS

low!

SIS IS IS

moderate?

OODD
high

OODD
high

SOODO
moderate?

COPO

moderate?

SIISIO)

low2:3

SODO
moderate?

SDDO
moderate?

SODO
moderate?

SIISIO)

low23

SIISIO)

low23

SIISIO)

low2:3

SIS IS

low2:3

SIS IS

low2:3
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lllustrative comparative

risks* (95% ClI) Relative

Assumed Corresponding effect
Outcomes risk risk (95% ClI)
Time to quality of Not Not applicable HR 1.11
life deterioration - applicable (0.88 to
Constipation 1.40)
Time to quality of Not Not applicable HR 1.00
life deterioration - applicable (0.79 to
Nausea and 1.27)
vomiting
Time to quality of Not Not applicable HR 0.90
life deterioration - applicable (0.73 to

Fatigue

1.11)

Quality of
No of the
Participants evidence
(studies) (GRADE)
562 SVISISIS)
(1 study) lows34
562 SPISISIS)
(1 study) very low'3
562 SPISISIS)
(1 study) low23

Cl confidence interval, HR hazard ratio; MGMT O6-methylguanine-DNA-methyltransferase; OS overall survival;
RT radiotherapy; TMZ temozolomide.
1 95% ClI crossed 2 default MIDs (0.80 and 1.25)
2 95% ClI crossed 1 default MID (0.80)

3 Not blinded

4 MGMT status was obtained from 354 samples (N= 181 from RT+ TMZ and N= 173 from RT alone)

Economic evidence

Included studies

One cost utility and 1 cost effectiveness analysis (Kovic 2015 and Bernard-Arnoux 2016)
were included in the current review of published economic evidence for this topic.

Health economic evidence profile

Table 62: Health economic evidence profile

Stud Popul Compar
y ation ators
Study 1
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Summary of studies included in the economic evidence review

Kovic 2015 is a cost utility study comparing bevacizumab in addition to standard of care to
standard of care alone in patients with newly diagnosed glioblastoma (GBM). The study took
a Canadian healthcare payer perspective and reported outcomes in terms of cost per QALY.
Effectiveness data and resource use was taken from the AVAglio trial (Chinot 2014) reported
in detail in the clinical evidence review. Utility data were taken from a UK general population
using standard gamble techniques. Costs were taken from publically available Canadian
costing data.

Bernard-Arnoux 2016 is a cost effectiveness study comparing standard chemotherapy and
radiotherapy with the addition of tumour treating field therapy compared to standard
chemotherapy and radiotherapy alone in patients with grade 1V astrocytoma. The study took
a French health insurance perspective and reported outcomes in terms of cost per life year
gained. Effectiveness data were taken from EF-14 trial (Stupp 2015) discussed in detail in
the accompanying clinical evidence review.

Both studies were deemed partially applicable to the decision problem that we are
evaluating. This is because they did not take a NHS and PSS perspective.

Both studies were considered to only have minor limitations in terms of methodological
quality. Both studies used the best available evidence and performed a wide range of
deterministic sensitivity analyses as well as a comprehensive probabilistic sensitivity analysis

The base-cases in Kovic 2015 and Bernard-Arnoux 2016 suggested an incremental cost-
effectiveness ratio (ICER) of CA$607,966 per QALY and €596,411 per life year gained
respectively when the addition of the interventions to standard of care alone was compared
to standard of care. This was deemed significantly above a cost per QALY for which
interventions are accepted for the considered perspectives.

Deterministic sensitivity analysis suggested the preferred option was robust to plausible
alternative values across variables of interest with standard of care alone consistently the
preferred option across all alternative assumptions. This was confirmed during probabilistic
sensitivity analysis where both interventions had a 0% chance of being the preferred option,
compared to standard care at the conventionally held cost per QALY thresholds. While
neither study considered a NHS and PSS perspective it was considered that the results
maybe generalizable to other developed nations given the potentially prohibitive costs
associated with both bevacizumab and tumour treating fields (TTF).
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For full economic evidence tables and economic evidence profiles see Appendix H.

Resource Impact

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

Evidence statements

WHO grade lll glioma

RT + TMZ versus RT + NU (nitrosourea)

One randomised controlled trial (N=196) provided low quality evidence that showed no
difference in overall survival (HR=0.94, 95% CI 0.67-1.32) and progression free survival
(HR=0.85, 95% CI 0.61-1.18) between those who received radiotherapy and
temozolomide compared to those who received radiotherapy and a nitrosourea (NU).

Low quality evidence showed a significant decrease in the risk of any grade 3, 4 or 5
adverse events in those who received radiotherapy and temozolomide compared to
radiotherapy and a nitrosourea (NU) (RR=0.63, 95% CI 0.50-0.80).

RT + PCV versus RT (KPS > 60 or WHO 0-2)

Three randomised controlled trials (N=1331) provided moderate quality evidence that
showed radiotherapy and procarbazine, lomustine and vincristine was associated with
longer overall survival compared to radiotherapy only (HR= 0.78, 95% CI1 0.67-0.91).

Low to moderate quality evidence showed longer overall survival in those with codeletion
of chromosomes 1p/19q (HR= 0.58, 95% CI 0.40-0.83), those with IDH-1 mutation
(HR=0.53, 95% CI 0.30-0.94) and those with MGMT methylated status (HR=0.65, 95% CI
0.43-0.98) when receiving radiotherapy and procarbazine, lomustine and vincristine
compared to radiotherapy only. No differences in overall survival were observed between
the treatments in those without codeletion of 1p/19q (HR= 0.84, 95% CI 0.66-1.06),
without IDH-1 mutation (HR= 0.78, 95% CI 0.52-1.17) or with MGMT non-methylated
status (HR= 0.81, 95% CI 0.44-1.49).

Subgroups analyses of 1 randomised controlled trial (N=54 to 156) provided low to
moderate quality evidence that showed that radiotherapy and procarbazine, lomustine and
vincristine was associated with longer overall survival in those with IDH-1 or 2 mutations
(HR= 0.59, 95% CI 0.4-0.87) and in those without codeletion of chromosomes but with
IDH-1 or 2 (HR= 0.56, 95% CI 0.32-0.98) compared to those who received radiotherapy
only. No differences were observed for those without IDH-1 or 2 mutations (HR=1.14, 95%
Cl 0.63-2.06).

Three randomised controlled trials (N=1331) provided low quality evidence that showed
radiotherapy and procarbazine, lomustine and vincristine was associated with longer
progression free survival compared to radiotherapy only (HR= 0.67, 95% CI 0.56-0.81).

Low to moderate quality evidence from 1 sub-analysis showed longer progression free
survival in those with (HR = 0.45, 95% CI 0.32-0.64) or without codeletion of
chromosomes 1p/19q (HR= 0.76, 95% CI 0.61-0.94) who received radiotherapy and
procarbazine, lomustine and vincristine compared with those who received radiotherapy
only.

Low to moderate quality evidence from a sub-analysis showed longer progression free
survival in those with (HR= 0.49, 95% CI 0.29-0.83) and without IDH-1 mutation (HR=
0.56, 95% CI 0.37-0.85) and those with MGMT methylated status (HR= 0.52, 95% CI
0.35-0.77) who received radiotherapy and procarbazine, lomustine and vincristine
compared with those who received radiotherapy only. No significant differences between
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treatment arms were observed in those with MGMT non-methylated status (HR= 0.63,
95% CI1 0.34-1.17).

¢ Moderate quality evidence from 1 randomised controlled trial (N=287) showed that those
who received radiotherapy only showed a significant decrease of grade 3 or 4 toxicity
compared to those who received radiotherapy and procarbazine, carmustine and
vincristine (RR=12.97, 95% CI 6.24-26.97).

e Moderate quality evidence from 1 randomised controlled trial (N=287) showed similar B-
QolL- fatigue scores with the use of PCV and RT compared to RT, with values remaining
constant in the mid-upper range over time. In those who received PCV and RT, mean
values at the end of RT, at 1 year and at 2 years, were -0.90 (95% CI -4.93 to 3.13), 0.50
(95% CI -3.51 to 4.51), and -2.00 (95% CI -6.01 to 2.01), respectively, compared to RT
only.

¢ Moderate quality evidence from 1 randomised controlled trial (N=287) showed similar B-
QoL- nausea and vomiting scores with the use of PCV and RT compared to RT, with
values remaining constant in the mid-upper range over time. In those who received PCV
and RT, mean values at the end of RT, at 1 year and at 2 years, were 2.30 (95% CI 0.29
to 4.31), 1.8 (95% CI -0.20 to 3.80), and -0.7 (95% CI -2.71 to 1.31), respectively,
compared to RT only.

e Moderate quality evidence from 1 randomised controlled trial (N=287) that showed similar
B-QoL- physical functioning scores with the use of PCV and RT compared to RT, with
values remaining constant in the mid-upper range over time. In those who received PCV
and RT, mean values at the end of RT, at 1 year and at 2 years, were 8.50 (95% CI 4.06
to 12.94), 2.5 (95% CI -2.01 to0 7.01), and 2.2 (95% CI -0.30 to 6.7), respectively,
compared to RT only.

Estramustine + RT versus RT

¢ One RCT (N=122) provided moderate quality evidence that showed no differences in
overall survival in those who received estramustine and radiotherapy compared to those
who received radiotherapy (HR= 0.99, 95% CI 0.92-1.07)

¢ Very low quality evidence from 1 randomised controlled trial (N=127) showed similar rates
of grade 3-4 nausea/vomiting after treatment with estramustine and RT and RT alone in a
mixed population of newly diagnosed grade Il and IV initial high-grade glioma (RR=0.77,
95% CI1 0.13-4.44).

¢ Very low quality evidence from 1 randomised controlled trial (N=66) showed similar scores
on the global domain of HRQoL as measured with the QLQ-30 — Global after treatment
with estramustine and RT compared to RT in a mixed population of newly diagnosed
grade Il and IV initial high-grade glioma (mean = 2.1 higher in the estramustne + RT
group; the uncertainty around this result could not be calculated).

PCV or TMZ + RT on progression versus RT + PCV or TMZ on progression

¢ One randomised controlled trial (N=274) provided low to very low quality evidence that
showed no differences in overall survival (HR= 1.11, 95% CI 0.80-1.54), progression free
survival (HR= 0.97, 95% CI 0.74-1.27), or time to treatment failure (HR= 0.99, 95% CI
0.75-1.31) in the ordering of receiving procarbazine, carmustine and vincristine or
temozolomide and radiotherapy on progression as compared to radiotherapy and
procarbazine, carmustine and vincristine or temozolomide on progression.

e One randomised controlled trial (N=68) provided very low quality evidence that showed no
differences in the ordering of receiving the treatments between both groups on
progression in progression-free survival (HR= 1.30, 95% CI 0.70-2.41), time-to-treatment
failure (HR=1.35, 95% CI 0.68-2.68), and overall survival (HR= 0.46, 95% CI 0.04-5.56) in
those who are IDH mutant and 1p/19q co-deleted.
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TMZ followed by RT versus RT alone

Moderate quality evidence from 1 randomised controlled trial (N=41) showed that
temozolomide followed by radiotherapy was associated with longer overall survival
compared with radiotherapy alone (HR= 0.40, 95% CI 0.19-0.84).

RT with adjuvant TMZ versus RT without adjuvant therapy

Moderate to high quality evidence from 1 randomised controlled trial (N=745) showed that
radiotherapy with concurrent and adjuvant temozolomide was associated with longer
overall survival (HR = 0.65 95%CI 0.45-0.94) and progression free survival (HR= 0.58,
95% CI1 0.47-0.72) compared with those who received radiotherapy without an adjuvant
therapy. Amongst those treated under arms with adjuvant temozolomide, age (< 50 years)
(HR=4.04, 95% CI 2.78-5.87) and MGMT methylation (HR= 1.81, 95% CI 1.44-2.27)
status were prognostic factors for extended overall survival. 1p loss of heterozygosity (yes
versus no) (HR= 1.56, 95% CI 0.84-2.90) and WHO performance status (>0 vs 0) (HR=
1.36, 95% CI 0.94-1.97) were not prognostic factors for improvement.

WHO grade IV glioma

Bevacizumab plus TMZ and RT versus TMZ and RT alone

Two RCTs (N= 1542) provided very low quality evidence that showed no difference in
overall survival (hazard ratio (HR) =0.99, 95% confidence interval (Cl) 0.77-1.26) in those
who received the combination of bevacizumab plus temozolomide and radiotherapy
compared to those who received temozolomide and radiotherapy alone.

Very low to moderate evidence from 2 randomised controlled trials showed no differences
in overall survival between treatment arms amongst those with methylated MGMT status
(HR=1.20, 95% CI 0.42-3.46) or non-methylated MGMT status (HR=1.02, 95% CI 0.98-
1.06); or amongst those <50 years old and KPS = 90 (RPA class 3) (HR=0.93, 95% ClI
0.66-1.3); amongst those <50 years old and KPS < 90 (RPA class 4) (HR=0.97, 95% ClI
0.88-1.06);0r amongst those =50 years old and KPS = 70 (RPA class 5) (HR=0.93, 95%
C1 0.73-1.19).

Low quality evidence from 2 randomised controlled trials showed that those who received

the combination of bevacizumab plus temozolomide and radiotherapy experienced longer

progression free survival compared to those who received temozolomide and radiotherapy
alone (HR=0.71, 95% CI 0.58-0.87).

Low to moderate quality evidence from 2 randomised controlled trials showed no
differences in progression free survival between treatment arms amongst those with
methylated MGMT status (HR=0.93, 95% CI 0.53-1.64), and longer progression free
survival in those who received the combination of bevacizumab plus temozolomide and
radiotherapy who had the following prognostic factors (compared to those who received
temozolomide and radiotherapy): MGMT non-methylated (HR=0.59, 95% CI 0.49-0.70);
those <50 years old and KPS 2= 90 (RPA class 3) (HR=0.67, 95% CI 0.49-0.91); those <50
years old and KPS < 90 (RPA class 4) (HR=0.69, 95% CI 0.60-0.79);or those =50 years
old and KPS = 70 (RPA class 5) (HR=0.71, 95% CI 0.56-0.90).

Low quality evidence showed a significant increase in wound complications (RR=2.16,
95% CI 1.03-4.52) and grade 3 and 4 adverse events (RR=2.06, 95% Cl 1.6-2.65) in
those who received bevacizumab plus TMZ and RT compared with TMZ and RT alone,
but no difference in the risk of fatigue between the treatments (RR= 1.60, 95% CI 0.95-
2.70).

Nimotuzumab plus TMZ+RT versus TMZ+RT alone

One randomised controlled trial (N=142) provided very low to low quality evidence that
showed no difference in overall survival (HR= 0.86, 95% CI 0.57-1.31) or progression free
survival (HR= 0.95, 95% CI 0.93-1.14) between those who received nimotuzumab plus
TMZ and RT compared with TMZ and RT alone. Subgroup analyses amongst those with
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MGMT methylated (HR=0.86, 95% CI 0.27-2.74 ) or non-methylated status (HR= 0.80,
95% CI 0.45-1.42) showed no differences between the treatments in overall survival and
no difference in progression free survival between the treatment arms for those with
MGMT methylated status (HR= 0.93, 95% CI 0.76-1.14).

e Very low to low quality evidence showed that in the TMZ and RT alone group, fewer
people experienced grade 3 adverse events as compared to those who received
nimotuzumab plus temozolomide and radiotherapy (RR= 3.67, 95% CI 1.58-8.50), but no
differences between the treatments in fatigue (RR=1.26, 95% CI 0.90-1.76) or memory
impairment (RR=0.50, 95% CI 0.16-1.59).

Cilengitide plus TMZ+RT versus TMZ+RT alone

¢ One randomised controlled trial (N=545) provided very low to moderate quality evidence
that showed no difference in overall survival (HR= 1.02, 95% CI 0.81-1.28) or progression
free survival (HR= 0.92, 95% CI 0.75-1.13) between those who received cilengitide plus
TMZ and RT compared with TMZ and RT alone. No differences were found between the
treatments in overall survival amongst those <50 years old and KPS = 90 (RPA class 3)
(HR=0.63, 95% CI 0.31-1.28) or amongst those <50 years old and KPS = 70 (RPA class
4-5) (HR=1.08, 95% CI 0.84-1.39).

¢ Very low to moderate quality evidence showed no difference between the treatment
groups in grade 3 and 4 toxicity (RR= 1.07, 95% CI 0.94-1.23); fatigue (RR= 1.72, 95% ClI
0.73-4.02) or memory impairment (RR= 0.98, 95% CI 0.06-14.91).

TMZ+RT plus DD TMZ (150-200 mg/m?) versus TMZ+RT plus standard TMZ (75-100mg/m?)

¢ One randomised controlled trial (N=823) provided very low to moderate quality evidence
that showed no difference in overall survival (HR= 1.03, 95% CI 0.88-1.21) or progression
free survival between (HR= 0.87, 95% CI 0.75-1.01) between those who received TMZ
and RT plus dose dense temozolomide compared to those who received TMZ and RT
plus standard temozolomide. In subgroup analyses no differences were found between
the treatments in overall survival for those with MGMT methylated (HR=1.19, 95% CI
0.87-1.63) or non-methylated status (HR=0.99, 95% CI 0.82-1.20) or in progression free
survival for those with MGMT methylated (HR=0.87, 95% CI 0.66-1.15) or non-methylated
status (HR=0.88, 95% CI 0.73-1.06).

¢ Low quality evidence showed that in the TMZ and RT plus standard temozolomide group,
fewer patients experienced grade 3 and 4 toxicities (RR=1.54, 95% CI 1.29-1.83) and
fatigue (RR=2.62, 95% CI 1.37-4.89) compared to those who received TMZ and RT plus
dose dense temozolomide.

Ceradenovec followed by intravenous ganciclovir plus TMZ +RT versus TMZ+RT alone

¢ One randomised controlled trial (N=236) provided very low to low quality evidence that
showed no difference in overall survival (HR= 1.18, 95% CI 0.86-1.62) between those who
received ceradenoved followed by intravenous ganciclovir plus TMZ and RT compared to
those who received TMZ and RT and either for those with MGMT non-methylated status
(HR=1.40, 95% CI 0.92-2.13), whereas treatment with TMZ and RT alone was associated
with a lower risk of grade 3 and 4 adverse events (RR= 1.56 95% CI 1.19-2.04)
compared to treatment with ceradenoved followed by intravenous ganciclovir plus TMZ
and RT alone.

ACNU-CDDP plus TMZ+ RT versus TMZ+ RT alone

e One randomised controlled trial (N=82) provided very low to low quality evidence that
showed no difference in overall survival (HR = 0.59, 95% CI 0.33-1.05), or progression
free survival (HR= 0.76, 95% CI 0.43-1.34) between those who received ACNU-CDDP
plus TMZ and RT compared to those who received TMZ and RT alone, whereas
treatment with TMZ and RT alone was associated with a reduced risk of grade 3 and 4
adverse events (RR=4.33, 95% Cl 2.64-5.49) compared to ACNU-CDDP plus TMZ+RT.
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Tumour treating fields (TTF) + TMZ versus TMZ alone

e One randomised controlled trial (N=315) provided very low to moderate quality evidence
that showed longer overall survival (HR= 0.74, 95% CI1 0.56-0.98) and progression free
survival (HR= 0.62, 95% CI 0.43-0.89) in the tumour treating fields treatment group
compared to the temozolomide only treatment group, but no difference between the
treatments in fatigue (RR=1.00, 95% CI 0.31-3.23).

TMZ versus standard RT in older people

¢ Two randomised controlled trials (N=566) provided very low quality evidence that showed
no differences in overall survival in those who received TMZ compared to those who
received standard RT (HR= 0.88, 95% CI 0.57-1.36). One of this RCTs provided low
quality evidence that showed no differences between both treatment arms for people
between 60 and 70 years old (HR= 0.87, 95% CI 0.59 — 1.28), however moderate quality
evidence showed that in patients aged 70 years or above, overall survival was longer after
treatment with TMZ compared to treatment with RT (HR=0.35, 95% CI 0.21-0.58).

¢ One randomised controlled trial (N=373) provided low quality evidence that showed that
those with MGMT methylated status presented with a longer overall survival as compared
to those with MGMT unmethylated status (HR=0.62, 95% CI 0.42-0.91).

¢ Very low quality evidence showed that there were no differences in grade 3 and 4 fatigue
(RR=1.14, 95% CI 0.66-1.97) or in grade 3 and 4 neurological symptoms (RR = 1.31, 95%
Cl1 0.82-2.10) between the treatment groups.

Hypofractionated RT versus standard RT in those aged 60 years and over

¢ One randomised controlled trial (N=198) provided very low to moderate quality evidence
that showed no differences in overall survival (HR =0.85, 95% CI 0.64-1.13) or grade 3
and 4 fatigue (RR=5, 95% CI 0.24-102.78) between treatment with either hypofractionated
or standard RT. Subgroup analysis of patients aged 70 years or older showed longer
overall survival after treatment with hypofractionated radiotherapy compared to standard
radiotherapy (HR= 0.59, 95% CI 0.37-0.94).

RT schedules in older people [60-Gy versus 40-Gy]

¢ One randomised controlled trial (N=96) provided low quality evidence that showed no
difference in overall survival between those who received 40-Gy or 60-Gy radiotherapy
(HR=0.90, 95% CI 0.60-1.35).

RT schedules in older/frail people [40-Gy versus 25-Gy]

¢ One randomised controlled trial (N= 98) provided low quality evidence that showed no
differences in overall survival (HR = 0.95, 95% CI 0.75-1.2), progression free survival (HR
=0.99, 95% CI 0.8-1.23) or quality of life (mean in the intervention group was 3.6 lower
[17.17 lower to 9.97 higher]) between RT with 40 Gy and 25 Gy.

e Subgroup analyses® (N=61, very low quality evidence) showed no differences in overall
survival in those who received 40-Gy radiotherapy (median survival in the short course RT
arm = 6.8 months [95% CI 4.5-9.1 months];median survival in the commonly used RT =
6.2 months [95% CI, 4.7-7.7 months]) and those who received 25-Gy radiotherapy or in
progression free survival in those who received 40-Gy and those who received 25-Gy
radiotherapy (median progression free survival in the short course RT arm = 4.3 months
[95% CI 2.6- 5.9 months] and the median progression free survival in the commonly used
RT= 3.2 months [95% CI 0.1-6.3 months], whereas the mean quality of life score was
significantly higher in those who received 40-Gy radiotherapy (mean score = 6.50 higher,
95% CI -0.81 to 13.81) as compared to those who received 25-Gy radiotherapy 4 weeks
after treatment, however this difference was no longer significant 8 weeks after treatment
(mean score= 3.1 higher in the intervention group, 95% Cl 4.21-0.41).

¢ This is a subset analysis of RT schedules in elderly/frail patients [40-Gy versus 25-Gy]. It included those = 65
years old.

98
Brain tumours (primary) and brain metastases in adults: evidence reviews for the
investigation, management and follow-up of glioma July 2018



Management of glioma

RT and supportive care versus supportive care

¢ One randomised controlled trial (N=85) provided low to moderate quality evidence that
showed that radiotherapy and supportive care is associated with longer overall survival
(HR=0.47, 95% CI 0.29-0.76), longer progression free survival (HR= 0.28, 95% CI 0.17-
0.46) and higher quality of life (mean score= 10.50, 95% CIl 9.37-11.63) compared with
supportive care.

TMZ followed by RT versus RT alone

¢ One randomised controlled trial (N=103) provided moderate quality evidence that showed
no difference in overall survival between TMZ followed by RT and RT alone (HR= 1.40,
95% CI 0.93-2.09).

RT with concomitant and adjuvant TMZ versus RT (KPS 2 70)

¢ One randomised controlled trial (N=562) provided moderate to high quality evidence that
showed radiotherapy with concomitant and adjuvant temozolomide was associated with
longer overall survival (HR= 0.67, 95% CI 0.56-0.80) and progression free survival(HR=
0.50, 95% CI 0.41-0.61).

¢ Low to high quality evidence from subgroup analyses showed that adults between 71 and
75 years old (HR=0.63, 95% CI 0.48-0.83), those 76 years and older (HR= 0.53, 95% ClI
0.38-0.74), and those with MGMT methylated status (HR= 0.53, 95% CI 0.38-0.74) (high
to moderate quality evidence), who received radiotherapy with concomitant and adjuvant
temozolomide had longer overall survival compared to those who received radiotherapy
only. There were no differences in overall survival in those between 65 and 70 years old
(HR=0.93, 95% CI 0.68-1.27) and those with MGMT non-methylated status (HR= 0.75,
95% CI1 0.56-1).

¢ Low to moderate quality evidence from subgroup analyses showed that adults between 71
and 75 years old (HR=0.42, 95% CI 0.3-0.59), those 76 years and older (HR= 0.49, 95%
Cl1 0.35-0.69), and those with MGMT methylated status (HR= 0.33, 95% CI 0.23-0.47) who
received radiotherapy with concomitant and adjuvant temozolomide experienced longer
progression free survival compared to those who received radiotherapy only. No
differences in progression free survival were observed between the treatments in those
aged between 65 and 70 years old (HR=0.76, 95% CI10.55-1.05) and those with MGMT
non-methylated status (HR= 0.79, 95% CI 0.59-1.06).

¢ Low quality evidence showed no differences in time to quality of life deterioration in any of
the different scales (emotional [HR=0.86, 95% CI 0.69-1.07], role [HR=0.94, 95% CI1 0.76-
1.16], social [HR=0.94, 95% CI 0.76-1.16], cognitive [HR=0.84, 95% CI 0.68-1.04],
constipation [HR= 1.11, 95% CI 0.88-1.4], vomiting [HR=1, 95% CI 0.79-1.27] or
fatigue[HR= 0.9, 95% CI 0.73 to 1.11]) between those who received radiotherapy with
concomitant and adjuvant temozolomide compared to radiotherapy only.

The committee’s discussion of the evidence

Interpreting the evidence
The outcomes that matter most

The committee identified 3 outcomes of critical importance to people with brain tumours.
These were: overall survival, progression-free survival, and quality of life. These 3 outcomes
were selected to provide direct evidence about the effectiveness of an intervention. The
committee discussed how it was sometimes difficult, due to post-treatment changes and
tumour progression looking similar on MRI scans, to determine whether progression-free
survival was the most accurate measure of a treatment effectiveness. They also discussed
how health-related quality of life can be a useful measure to provide more detail on whether
extra-life years were of value to a person with a high-grade glioma. However, quality of life is
often poorly reported.
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The committee identified 5 other outcomes of importance to people with a high-grade glioma.
These were RTOG/CTAE grade 3 and/or 4 toxicity; fatigue; cognitive function; wound
infections, and neurological adverse events. These outcomes were important because they
can have an important detrimental impact on quality of life.

The quality of the evidence

Twenty-three phase Il randomised controlled trials were included in the review. The quality
of the evidence ranged from very low to high as assessed by GRADE. The main sources of
potential bias were: lack of information on the randomisation method used; concealment of
allocation unreported or unclear and lack of blinding of investigators. Objective outcomes,
such as overall survival, was not downgraded for lack of blinding as being aware of the
treatment allocation cannot change the survival rate of the participants. The committee
acknowledged that outcomes that were not objective (such as progression-free survival,
adverse events or quality of life) may be subject to bias, but agreed that it was not possible to
blind the assessors, investigators or participants due to the nature of the interventions used.

The committee believed the evidence was high quality, and consequently made strong
recommendations.

The committee identified that evidence was low quality on whether early referral to palliative
care improves outcomes for people with glioblastoma, which could have a major impact on
quality of life but is also likely to be expensive. The committee determined they could not
make a recommendation in this area without more evidence which leaves a substantial
evidence gap between therapeutic and palliative care for this condition.

Benefits and harms

Management of newly diagnosed grade lll glioma following surgery or where surgery
is not possible (or has been declined)

The committee made all recommendations on temozolomide in accordance with existing
NICE guidance.

Based on some RCT evidence, the committee concluded that radiotherapy and PCV led to
increased overall survival in those with good performance status and grade Ill tumours with
the 1p/19q co-deletion. The committee justified restricting the intervention to those with good
performance status based on the entry criteria to the trial, since they did not think it was
appropriate to extrapolate beyond the results of this trial. The committee justified restricting
the intervention to those with the 1p/19q co-deletion based on evidence showing
improvement in overall survival was only significant in this subgroup.

The committee recommended radiotherapy and PCV for those with grade Ill tumours with the
1p/19q co-deletion based on 2 trials which demonstrated improved survival compared to
radiotherapy alone, with 1 study using radiotherapy before PCV and the other PCV before
radiotherapy. Consequently, the committee concluded the sequence does not appear to
impact on outcome, so the order should be decided based on the preference of the person
with the tumour. The committee noted that most UK centres used radiotherapy then PCV as
this was felt to result in less fatigue and give more time for fertility preservation, but that
these were both preferences that could be discussed with the person with the tumour.

Based on some RCT evidence, the committee concluded that radiotherapy followed by
adjuvant temozolomide chemotherapy increased overall and progression-free survival in
people with good performance status and grade Ill glioma without 1p/19q co-deletion (non-
codeleted). The committee based the number of adjuvant cycles on the protocol of the trial
which reported the positive outcomes compared to radiotherapy alone. The committee
justified the restriction in their recommendation on the basis that this mirrored the inclusion
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criteria for the trial they drew the evidence from. As before, the committee did not believe it
had the ability to extrapolate beyond the inclusion criteria of this trial.

Based on some RCT evidence, the committee concluded that nitrosoureas (for example
CCNU) should not be used concurrently with radiotherapy as it did not improve overall
survival or progression-free survival, but resulted in significant side-effects.

The committee searched for evidence on a number of interventions for grade Il glioma which
they were frequently asked about in clinic. When they found no evidence on these
interventions, they concluded it would be helpful to inform clinicians and people with tumours
of this fact, so that they could have better-informed discussions. The committee emphasised
that there were several other interventions of uncertain benefit not included in this evidence
search — for example Vitamin C — and the non-appearance of a particular therapy on the list
should not be taken as an endorsement of benefit of that therapy.

Grade lll glioma has a variety of prognoses depending on the molecular characteristics.
Unlike grade | or Il glioma, it would be very unusual not to intervene and treat a grade Il
glioma unless the risk of harm to quality of life was very great. In general, the committee
viewed the best balance of benefits and harms occurring when almost all individuals were
treated with some combination of radiotherapy and either PCV or TMZ, with the exact
combination and schedules determined by personal characteristics.

Management of newly diagnosed grade IV glioma (glioblastoma) following surgery or
where surgery is not possible (or has been declined)

The committee made all recommendations on temozolomide in accordance with existing
NICE guidance.

Based on some RCT evidence, which showed an improvement in overall survival and
progression-free survival, the committee recommended that a 6-week course of radiotherapy
with concurrent and adjuvant temozolomide should be offered to people aged 70 years or
younger, with a good performance status, who have undergone maximal safe debulking of
their tumour. The committee based the radiotherapy schedule in this group on the schedule
used in the trial, which they explained was also the standard schedule used in most
treatment centres.

Based on evidence showing an extended overall survival and progression-free survival, the
committee recommended radiotherapy with concurrent and adjuvant temozolomide for
people over the age of 70 years with a good performance status and methylation of MGMT.
The committee based the radiotherapy schedule in this group on evidence demonstrating no
difference in survival between 60 Gy and 40 Gy in this group, and therefore judged that there
was no reason to expose people to greater risk of radiation-induced side-effects if the same
clinical outcomes could be obtained with a lower radiotherapy dose.

There was debate on the role of the addition of temozolomide in this group of people with
unmethylated MGMT as the randomised trial showed marginal improvement in overall
survival, but no improvement in progression free survival. Consequently, for this group of
people the committee suggested the recommendation should be ‘considered’ as other
factors such as extent of surgery or size of radiotherapy volumes need also to be taken into
account when deciding on optimal management. The committee based the radiotherapy
schedule in this group on evidence demonstrating no difference in survival between 60 Gy
and 40 Gy in this group, and therefore judged that there was no reason to expose people to
greater risk of radiation-induced side-effects if the same clinical outcomes could be obtained
with a lower radiotherapy dose.

The committee stressed the importance of performance status in interpreting the outcome of
the trials, particularly in those aged over 70 where there was evidence that performance
status could affect treatment outcomes. They described how the evidence for improvement in
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overall survival was for those with a Karnofsky performance status of 70 or higher.
Consequently, the committee considered that best supportive care alone may be the most
appropriate management strategy for older patients with poor performance status
(particularly if MGMT is unmethylated), who are less likely to derive survival gain from
additional interventions.

Based on their clinical experience the committee concluded they did not have enough
information to make a definitive judgement about the best management for people not in
these defined groups. They recommended a series of potential management options that
they considered to be reasonable treatments, to be considered depending on various factors,
such as; extent of surgery (maximum safe debulking versus biopsy only), performance
status, extent of radiotherapy volume, age, molecular subtype (particularly methylated versus
unmethylated MGMT) and patient preference.

Based on their clinical experience, the committee explained that most clinicians were aware
that performance status may change (both improve and deteriorate) in the period between
surgery and starting radiotherapy, but that this was occasionally forgotten. Since this could
lead to people with tumours being treated with inappropriate management for their pre-
radiotherapy performance score, the committee ensured that this recommendation was given
sufficient prominence to highlight this. Although the committee had no evidence, they argued
that failing to assess a change in performance status could lead to significant harm for the
patient, and so the recommendation could be strong.

Based on very low quality evidence the committee concluded there was no improvement in
overall survival from offering bevacizumab as part of management of a grade IV glioma.
Published cost effectiveness evidence also suggested it was unlikely to be an efficient use of
NHS & PSS resources. The committee therefore recommended against its use.

Based on RCT evidence and published cost effectiveness evidence, the committee
concluded that tumour treating fields did not offer sufficient improvement in overall survival
and progression free survival to justify the additional cost. As this recommendation was
based largely on cost effectiveness considerations, the committee drew on evidence
identified in the health economic evidence review.

The committee searched for evidence on a number of interventions for grade IV glioma
which they were frequently asked about in clinic. When they found no evidence on these
interventions, they concluded it would be helpful to inform clinicians and people with tumours
of this fact, so that they could have better-informed discussions. The committee emphasised
that there were several other interventions of uncertain benefit not included in this evidence
search — for example Vitamin C — and the non-appearance of a particular therapy on the list
should not be taken as an endorsement of benefit of that therapy.

Grade |V glioma has a very poor prognosis, and hence the balance of benefits and harms
will almost always favour intervention. Determining which combination of therapies to give is
extremely complex, since different combinations offer different balances of survival
improvement, quality of life and patient acceptability. In general, the committee viewed the
best balance of benefits and harms occurring when those with higher performance status
and greater response to treatment were treated more intensively, and treatment in those with
lower performance status focussed more on preserving quality of life.

Cost effectiveness and resource use

Grade lll and grade IV glioma

The economic evidence review identified 2 previous economic evaluations for this topic. No
studies were identified which took a NHS and PSS (Personal Social Services) perspective.
All studies were considered to have minor limitations with their methodology.
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One study compared the addition of tumour treating field (TTF) to standard of care (SOC) to
SOC alone from a French public healthcare payer perspective. This study, based on 1 trial
identified in the evidence review, estimated that the addition of TTF to SOC would cost an
additional €185,466 and bring 0.34 life years over the lifetime of 1 person, equal to a cost of
€596,411 per life year gained. This result was robust to probabilistic sensitivity analysis
(PSA) with a zero probability of the addition of TTF being cost effective below a cost per life
year threshold of €100,000. While outcomes in terms of QALY's were not reported the
committee thought the difference would likely be of a similar magnitude to those reported in
life years. The committee thought that the TTF arm of the study may underestimate the
effectiveness of the intervention by not adequately considering any potential long-term
survivors as the follow-up in this study is relatively short, and therefore evidence is lacking to
accurately estimate the size of this potential benefit. Consequently, the study may have
overestimated the size of the incremental cost effectiveness ratio (ICER), but given the
outcomes of the sensitivity analyses it was unlikely to change any conclusions.

The other study identified compared the addition of bevacizumab to SOC to SOC alone from
a Canadian public payer perspective. The study estimated a cost per QALY of CA$607,966
based on outcomes reported in the Avaglio trial with utility values collected from a UK
population. Again, the results were robust to PSA with a cost per QALY threshold of
$210,000 needed before any non-zero probability of the addition of bevacizumab being cost
effective. The committee thought that there was unlikely to be a large difference in QALYs
between the 2 groups given the significant number of grade Ill & IV adverse events and high
cost associated with bevacizumab and therefore a large ICER is to be expected.

The committee discussed how conclusions made from non-UK studies (such as those
predominantly based in the USA) may be different from conclusions that would be drawn if
the trial was conducted in the UK setting. The committee considered that the health
outcomes would be largely similar to what they would expect in a NHS setting given the
evidence identified in the clinical evidence review. The interventions considered were still
likely to be prohibitively expensive if a NHS & PSS perspective was taken and that any ICER
would almost certainly be above thresholds conventionally held by NICE for accepting new
technologies. It was therefore decided these interventions would not be an efficient use of
NHS resources and a ‘do not do’ recommendation was made for both interventions.

No economic evidence was identified for the other interventions covered by the question.
The committee thought that while the recommendation to offer radiotherapy and adjuvant
temozolomide was likely to increase the use of radiotherapy and TMZ with a resulting
increase in costs, this treatment is already widely considered the standard of care in much of
the NHS and thus the overall resource impact was likely to be small. Given that age is a
protected characteristic the discussion around recommendations based on age explicitly did
not consider cost effectiveness. None the less, the recommendation to offer best supportive
care to frail older people will likely be health improving given the reduction in treatment
related adverse events as well as cost saving, avoiding unnecessary and ineffective
treatment.

Other factors the committee took into account

The committee made recommendations with approximate age cutoffs for those with grade IV
glioma. This is based on a variety of very low to moderate quality pieces of evidence showing
this technique improved overall survival and progression free survival in which the age cutoff
for inclusion in the trial was either 65 or 70. The committee discussed how the best quality
evidence typically came from trials with a 70 year cutoff, and therefore agreed that clinical
judgement should be used around this age range. They subgroup analysis show that the
group aged >70 benefit more from the addition of temozolomide to their treatment. Another
trial shows that there is no clinically important difference in outcomes between standard
radiotherapy (60 Gy) and short-course radiotherapy (40 Gy) in those aged >65. Since lower
doses of radiotherapy are likely to lead to better outcomes, the committee justified a
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recommendation to use clinical judgement at around age 70 and over on the basis that there
was specific evidence on optimal treatment in those aged >70 and indirect evidence that the
same therapies at a lower radiotherapy dose would therefore be appropriate in this group.

Taken together, the recommendations constituting this potential equality issue are
proportionate and justified by evidence. While people of different ages are recommended
treatment which is mutually exclusive, these recommendations are only made where there is
evidence that this differentiation will improve outcomes in a particular group. The only case
where there is no related evidence is recommendation 1.2.22, and this does not prevent any
individual receiving any treatment as it is only a weak ‘consider’ recommendation, intended
to highlight the decreasing balance of risks and benefits to treatment as KPS drops (which is
to say, age is not the differentiator of when treatment is recommended and not; KPS is).
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Management of recurrent high-grade glioma (recurrent grade
lll and grade IV glioma)

Review question

What is the optimal management (surgery, radiotherapy, chemotherapy, combinations of
these, or other therapies such as metformin or tumour-treating fields) of recurrent high-grade
glioma?

Introduction

Recurrent high-grade glioma is particularly difficult to treat, since many treatment options will
already have been used at the initial diagnosis of glioma, limiting future use and
effectiveness. Unfortunately the treatment of recurrent high-grade glioma is, therefore, often
ineffective, and additionally there is significant variation in clinical practice at present. The
committee described how people with recurrent high-grade glioma were often very keen to
explore any possible treatment option, which could lead to treatment harms and additional
costs for no clinical benefit.

This review is aimed at identifying whether any management strategy is more effective than
any other in patients with high-grade glioma which has previously been treated.

PICO table

Table 63: Summary of the protocol (PICO table)

People with high-grade gliomas (anaplastic astrocytomas,
anaplastic oligodendroglioma, anaplastic oligoastrocytoma,
gliosarcoma and glioblastoma, not otherwise excluded in the
scope) who have previously had a high-grade glioma

e TMZ
e PCV (procarbazine, CCNU, vincristine)
¢ Single agent nitrosourea (CCNU or BCNU)

o Other systemic anti-cancer agents (including
immunotherapy and viral therapy)

e Metformin

o Statins

o Ketogenic diet

¢ Valgancyclovir

e Cannabis oil (Sativex)

e Tumour-treating fields

e Combinations of the above

o All versus each other
¢ Clinicians choice
e Best supportive care
e Critical:
o overall survival
o progression free survival/time to progression
o health related quality of life
e Important:
o neurological adverse events
o wound infections
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o RTOG grade 3 and/or grade 4 toxicity
o CTAE grade 3 and/or grade 4 toxicity
o fatigue (somnolence)

o cognitive function

BCNU carmustine; CCNU lomustine; CTAE Common Terminology Criteria for Adverse Events PCV procarbaine,
lomustine, vincristine; RTOG Radiation Therapy Oncology Group; TMZ temozolomide.

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

Included studies

Included studies consisted of Phase Il and Ill randomised controlled trials (RCTs) enrolling
patients with recurrent high-grade glioma. Overall, patients underwent magnetic resonance
imaging (MRI) or histology in order to confirm disease progression. All studies included
patients with recurrent World Health Organization (WHQO) Grade IV Glioblastoma (GBM).
There were not identified trials for recurrent WHO Grade IIl — anaplastic astrocytoma (AA),
anaplastic oligodendroglioma (AO), anaplastic oligoastrocytoma (AOA) or gliosarcoma.

Given the great variability in trial characteristics, especially with regard to outcomes and
interventions, the included studies were not deemed suitable for meta-analysis, therefore
separate analyses were required for the different combinations of interventions. See below
an overview of the comparisons included.

A summary of these studies is provided in Table 64 and the results along with the quality of
the evidence for each outcome are listed in Table 65 to Table 78 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.

Summary of clinical studies included in the evidence review

Table 64 provides a brief summary of the included studies.

Table 64: Summary of included studies

REGAL Recurrent CED alone Placebo + Participants had
trial GBM; (N=131) or LOM os previously received
(110mg/m2)  Ap (23) radiation and TMZ
Batchelor =~ Medianage CED+LOM (N =65) Fatigue
2013 = 54 ylo; CED (30 mg
daily, 20 mg
>50% oral daily +

population ~ LOM
had a KPS  110mg/m2)
90-100 (N=129)
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Study Population

Recurrent
GBM;

Dirven
2015

age range:
24 to 77
ylo;

>50%
population
had a WHO
1
Performanc
e Status

Field 2015 Recurrent

GBM;

median
age: 55;

>40%
population
had KPS
70-80

Recurrent
GBM;

Friedman
2009

median
age:55;

>50%
population
had KPS
70-80

RTOG
0625
Gilbert
2016

Recurrent
GBM;

>50% of
the
population
were 2 50
y/o;

>50%
population
had a KPS
70-80.

Recurrent
GBM;

Socha
2016

>50% of
the
population

Intervention

BEV + LOM
90 (N=44)

BEV 10
mg/kg every
2 weeks +
carboplatin
AUC 5 every
4 weeks
(N=60)

BEV
10mg/kg
intravenously
every other
week + CPT-
11 (N=82)

BEV
10mg/kg
intravenously
every other
week + CPT
125mg/m2
very 2 weeks
along with
bevacizumab
(N=57)

Active
treatment
(RT, surgery
or
chemotherap

y)

Comparator

LOM (N=46)
or BEV
(N=50)

BEV 10
mg/kg
monotherapy
(N=62)

BEV
10mg/kg
intravenously
every other
week (N=85)

BEV + TMZ
(N=60)

BSC
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Outcomes

QoL

PFS
0s

AE 2 grade
3 adverse
event

Wound
healing
complicatio
ns

0s
PFS

Wound
healing
complicatio
ns

Aphasia
Fatigue

PFS
0s

PPS
0S

Comments

Sub analyses of Taal
2014

(BELOB trial)

Phase Il trial

Participants had
previously been
treated with TMZ and
RT.

Phase Il trial

Participants had
previously been
treated with standard
RT and received TMZ.

Wefel 2011 reported
the neurocognitive
function of the
participants treated in
this trial.

Phase Il trial

No limits placed on the
number of prior
treatment regimens.
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Study

Stupp 2012

BELOB
trial

Taal 2014

van den
Bent 2009

Population

were 2 65
ylo;

>50%
population
had a KPS
<60%.

Recurrent
GBM;

median age
= 54 y/o;

KPS = 70%

Recurrent
GMB;

age range:
24-77;

>50% of
the
population
had WHO 1

Recurrent
GBM;

median age
= 54 y/o;

>50% of
the

Intervention

TTF
monotherapy
(without
chemotherap
y) (N=120)

BEV + LOM
90 (N=44)

Erlotinib

(N=54)

Comparator

Best
available
chemotherap
y at the local
investigators
discretion
(N=117)

Single-agent
LOM (N=46)
or

Single-agent
BEV (N=50)

TMZ—or
carmustine
(BCNU)
(N=54) if
TMZ was
part of initial
treatment.
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Outcomes

oS

PFS
Cognitive
disorder

0s
PFS
AE

PFS
0s

Comments

Phase Il trial

Prior therapy must
have included RT (with
and without adjuvant
TMZ).

More than 80% of
patients had failed 2 or
more prior lines of
chemotherapy (2
second recurrence)
and 20% of the
patients had failed
bevacizumab therapy
prior to enrolment.

Phase Il trial

Dirven 2015 reported
Qol for participants
included in this trial

Participants had
previously been
treated with TMZ
chemo-radiotherapy

The trial was started
after the negative
ruling of the European
Medicines Agency
regarding the use of
BEV in recurrent GBM,
the trial was modified
into a 3-group study by
the addition of LOM to
the control group —
only results for
BEV+LOM 90 have
been reported

Phase || RCT

Patients could have
previously received a
max of 1 prior
chemotherapy
regimen given as
adjuvant therapy
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Study

Weathers
2016

Wefel 2011

Brem 1995

Kesari
2017

Population

population
had a KPS
90-100

Recurrent
GBM;

>60% of
the
participants
had a KPS
90-100;

>60% of
the
participants
had a KPS
90-100.

Recurrent
GBM;

median
age=55;

>50%
population
had KPS
70-80

N= 222
adults with
recurrent
GBM, AA,
AO or AOA.

N=204 with
radiologicall
y confirmed
disease

progression
(Macdonald
criteria).

Intervention

BEV +
CCNU

(N=33)

BEV
10mg/kg
intravenously
every other
week + CPT-
11 (N=82)

Carmustine
discs (7.7 mg
of carmustine
per wafer for
a maximum
patient dose
of 62 mg)

TTF +
maintenance
chemotherap

y

TTF were
fitted with
four
transducer
arrays placed
on the
shaved
scalp. This
was
connected to
a power-
operated
device set to
generate
alternating
electric fields
of 200 kHz

Comparator

BEV
intravenously
(N=35)

BEV
10mg/kg
intravenously
every other
week (N=85)

Placebo
polymer

Maintenance
TMZ (150-
200 mg/m2
per day for 5
days, every
28 days for
6-12 cycles)
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Outcomes

PFS
0s
AE

Neurocogni
tive
outcome

0S
adjusted for
the
following;
o KPS
o WHO
grade

OS and
grade 3-4
adverse
events

Comments

Phase Il trial

LOM was initially given
at 90 mg/m2 every 6
weeks but was later
reduced to 75mg/m2
following the
occurrence of 17
grade 3 and 7 grade 4
hematologic adverse
events.

Study included
patients at 1st 2nd or
3rd relapse.

Sub analyses from
Friedman 2009

Post-hoc analysis of
the EF-14 trial (Stupp
2012)
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go within the
brain.

Maintenance

TMZ (150-

200 mg/m?

per day for 5

days, every

28 days for

6-12 cycles)
AA anaplastic astrocytoma; AE adverse events; AO anaplastic oligodendroglioma; AOA anaplastic oligoastrocytoma;
AUC area under the concentration-time curve; BEV Bevacizumab; BSC best supportive care; CED Cediranib; CCNU
lomustine; CPT cisplatin; GBM glioblastoma; kHz kilohertz; KPS Karnofsky Performance Status; LOM lomustine; NR
not reported; OS overall survival; PFS progression free survival, PPS post-progression survival, QoL quality of life;
RCT randomised controlled trial, REGAL Recetin in Glioblastoma Alone and With Lomustine; RT radiotherapy; TMZ
temozolomide; TTF tumour treating fields; WHO World Health Organization; y/o years old.

See Supplementary Material D for full evidence tables.
Quality assessment of clinical studies included in the evidence review
The clinical evidence profiles are presented in Table 65 to Table 78.

Table 65: Summary clinical evidence profile for Erlotinib versus TMZ or BCNU

PFS (Erlotinib) Data not Data not reported 110 POeOO
reported to  to allow calculation est|mable4 (1 study) very low?.2:3:4
allow
calculation

PFS Data not Data not reported Not 110 POOO

(BCNU/TMZ) reported to  to allow calculation estimable* (1 study) very low'.234
allow
calculation

OS (Erlotinib) Data not Data not reported Not 110 PPpOeo
reported to  to allow calculation estimable* (1 study) low!-34
allow
calculation

OS ( Data not Data not reported Not 110 PPpOeo

BCNU/TMZ) reported to  to allow calculation estimable* (1 study) low?-34
allow
calculation

BCNU lomustine; Cl: confidence interval; OS overall survival; PFS progression free survival; TMZ temozolomide.
' Selective reporting of outcomes

2 Unclear blinding

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

4 Not calculated as standard deviations or interquartile range of the outcomes were not reported. Median overall
survival in the control group = 7.7 months; median progression free survival = 1.8 months; median overall survival
in the BCNU/TMZ arm= 7.3 months and median progression free survival= 2.4 months
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Table 66: Summary clinical evidence profile for Cediranib alone versus cediranib +

lomustine
(OS] Not Not applicable HR 1.43 260 PPPHO
applicable (0.96 to (1 study) moderate’
2.13)
PES Not Not applicable HR 1.05 260 PPpOO
applicable (0.74 to (1 study) low?
1.49)
Adverse 797 per 1000 606 per 1000 RR 0.76 251 PPPHO
events (518 to 717) (0.65 to (1 study) moderate?®
0.90)
Fatigue 147 per 1000 29 per 1000 RR 0.20 260 PPPD
(19 to 44) (0.13 to (1 study) high
0.30)

ClI: confidence interval; HR: hazard ratio; OS overall survival; PFS progression free survival; RR: risk ratio.
1 95% Cl crossed 1 default MID (1.25)

295% Cl crossed 2 default MIDs (0.80 and 1.25)

395% Cl crossed 1 default MID (0.80)

Table 67: Summary clinical evidence profile for Cediranib + lomustine versus
lomustine + placebo

(OF] Not Not applicable HR 1.15 196 PPHOOS
applicable (0.77 to (1 study) low’
1.71)
PFS Not Not applicable HR 0.76 196 bPPO
applicable (0.53 to (1 study) moderate?
1.08)
Fatigue 94 per 1000 147 per 1000 RR 1.57 193 PPPHO
(62 to 351) (0.66 to (1 study) moderate’
3.74)
Adverse 600 per 1000 762 per 1000 RR 1.27 194 PPPHO
events (612 to 948) (1.02 to (1 study) moderate?
1.58)

ClI confidence interval; HRhazard ratio; OS overall survival; PFS progression free survival, RR risk ratio
195% Cl crossed 2 default MIDs (0.80 and 1.25)

295% Cl crossed 1 default MID (0.80)

395%Cl crossed 1 default MID (1.25)
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Table 68: Summary clinical evidence profile for Bevacizumab versus Bevacizumab +

irinotecan
oS Not Not applicable HR 1.04 163 DPpOO
applicable (0.85 to (1 study) low"2
1.28)
PFS Not Not applicable HR 1.01 163 SIeISIS)
applicable (0.83 to (1 study) low!2
1.22)
Wound healing 13 per 24 per 1000 RR 1.88 163 CICICIS)
complications 1000 (2 to 257) (0.17 to (1 study) very low'3
20.30)
Aphasia 76 per 36 per 1000 RR 0.47 163 POeOO
1000 (9 to 137) (0.12 to (1 study) very low':3
1.80)
Fatigue 89 per 35 per 1000 RR 0.40 163 SISISIS)
1000 (11 to 133) (0.12 to (1 study) very low':3
1.50)

BEV bevacizumab; ClI: confidence interval; HR: hazard ratio; OS overall survival; PFS progression free survival;
RR: risk ratio.

" Unclear how randomisation was performed

295% Cl crossed 1 default MID (1.25)

395% ClI crossed 2 default MIDs (0.80 and 1.25)

Table 69: Summary clinical evidence profile for Bevacizumab / lomustine 90 versus
lomustine

(O Not Not applicable HR 0.68 90 PHPO
applicable (0.42 to (1 study) moderate’
1.10)
PFS Not Not applicable HR 0.58 a0 SlelSIS)
applicable (0.37 to (1 study) low!-2
0.90)
Fatigue 65 per 1000 182 per 1000 RR 2.79 90 DOOO
(52 to 642) (0.79 to (1 study) very low23
9.84)

ClI: confidence interval; HR: hazard ratio; OS overall survival; PFS progression free survival; RR: risk ratio.
1 95% Cl crossed 1 default MID (0.80)

2 Qutcome assessors not blinded

395% ClI crossed 2 default MIDs (0.80 and 1.25)
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Table 70: Summary clinical evidence profile for Bevacizumab / lomustine 90 versus
Bevacizumab

(OS] Not applicable Not applicable HR 0.64 94 PPPHO
(0.40 to (1 study) moderate’
1.02)

PFS Not applicable Not applicable HR 0.60 94 SleISIS)
(0.38 to (1 study) low'-2
0.95)

Fatigue 40 per 1000 170 per 1000 RR 4.55 94 SleISIS)

(41 to 563) (1.02 to (1 study) low?23

20.28)

ClI: confidence interval; HR: hazard ratio; OS overall survival; PFS progression free survival;, RR: risk ratio.
195% ClI crossed 1 default MID (0.80)

2 Qutcome assessors not blinded

395% Cl crossed 1 default MID (1.25)

Table 71: Summary clinical evidence profile for HRQOL for Bevacizumab or lomustine
versus a combination of bevacizumab + lomustine

Lomustine

Bevacizuma
b

Bevacizuma
b+
lomustine

HRQoL Health-related quality of life.

Mean change
from baseline
was of -5.8

Mean change
from baseline
was of 0.6

Mean change
from baseline
was of -4.5

Mean change
from baseline
was of -3.5

Mean change
from baseline
was of —0.9

Mean change
from baseline
was of -1.1

Mean change from
baseline was of 5.3

Mean change from
baseline was of

-15.5

Mean change from
baseline was of
-5.1

"Values are the means from the individual study and are not pooled
2 A higher score represents a higher quality of life
3 The standard deviations were not reported

4 Differences in the mean value of 2 10 points are classified as being clinically meaningful, whereas changes of
>20 points represents a very large effect

5 Not blinded

(1 study)

36
(1 study)

44
(1 study)

SISISIS)

very low8

SISISIS)
very low58

SISISIC)

very low6

6 Only descriptive data reported, insufficient details given to assess the MID thresholds and imprecision
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Table 72: Summary clinical evidence profile for Bevacizumab + carboplatin versus
bevacizumab

PFS Not applicable Not applicable HR 0.92 122 POOO
(0.64 to (1 study) very
1.32) low?-23
(OS] Not applicable Not applicable HR 1.18 122 PPOO
(0.82 to (1 study) low"#
1.69)
Adverse events 581 per 1000 639 per 1000 RR 1.10 120 POOO
grade = 3 (476 to 848) (0.82 to (1 study) very
1.46) low'2:4
Wound healing No events were  No events were Not 120 DPOO
complications reported reported estimable (1 study) low"2
Fatigue 65 per 1000 86 per 1000 RR 1.34 120 [SISISIS)
(25 to 305) (0.38 to (1 study) very
4.73) low?-23

ClI: Confidence interval; RR: Risk ratio; HR: Hazard ratio; OS overall survival;, PFS progression free survival.
" Unclear how randomisation was performed

2 outcome assessors not blinded

395% ClI crossed 2 default MIDs (0.80 and 1.25)

495% ClI crossed 1 default MID (1.25)

Table 73: Summary clinical evidence profile for Bevacizumab + irinotecan versus
bevacizumab + DD TMZ

oS Not applicable Not applicable HR 0.86 117 PPpOeo
(0.64 to (1 study) low!-2
1.15)

PFS Not applicable Not applicable HR 1.03 117 SISl
(0.81 to (1 study) very low34
1.30)

Neurologic 53 per 1000 100 per 1000 RR 1.90 117 SISISIS)

adverse (26 to 381) (0.50 to (1 study) very low35

events 7.24)

Cl: confidence interval; DD dose dense; HR: hazard ratio; OS overall survival; PFS progression free survival;, RR:
Risk ratio; TMZ temozolomide.

" Unclear how randomisation was performed

295% ClI crossed 1 default MID (0.80)

3 Unclear how randomisation was done; outcome assessors not blinded

495% ClI crossed 1 default MID (1.25)

595% ClI crossed 2 default MIDs (0.80 and 1.25)
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Table 74: Summary clinical evidence profile for Low dose bevacizumab + CCNU
(lomustine) versus Standard dose Bevacizumab monotherapy

PFS (patients at Not Not applicable HR 0.71 69 PPHOO
1st 2nd gnd 3 applicable (0.43 to (1 study) low?-23
recurrence) 1.17)
PFS (patients at Not Not applicable HR 0.58 56 PPHOO
1st recurrence applicable (0.31to (1 study) low?:23
only) 1.08)
OS in patients at Data not Data not reported Not 47 POOO
1st recurrence reported to  to allow calculation estimable” (1 study) very low"46
allow
calculation
Adverse events 114 per 31 per 1000 RR 0.27 56 POOO
(grade = 3) 1000 (3 to 257) (0.03 to (1 study) very low"25
2.25)

ClI: Confidence interval; HR: Hazard ratio; MD mean difference; OS overall survival; PFS progression free
survival; RR risk ratio.

' Selective reporting of outcomes

2 Not blinded

395% Cl crossed 1 default MID (0.80)

4 Only descriptive data have been reported, insufficient details given to assess the MID threshold and imprecision
595% crossed 2 default MIDs (0.80 and 1.25)

6 Only descriptive data have been reported, insufficient details given to assess the MID threshold and imprecision
7 Not calculable as only medians have been reported. Median OSin the low dose bevacizumab + lomustine 90
arm= 13.05 months (7.08 to 17.82) and median OS in the bevacizumab monotherapy group= 8.8 (6.42 to 20.22)

Table 75: Summary clinical evidence profile for NovoTTF-100A versus active control

(OS] Not Not applicable HR 0.86 237 PPpOeo
applicable (0.60 to (1 study) low!2
1.23)
PFS Not Not applicable HR 0.81 237 POOO
applicable (0.60 to (1 study) very low?23
1.09)
Cognitive Not Not applicable RR 0.78 237 POOO
disorder (grade  applicable (0.11to (1 study) very low’34
22) 5.46)

ClI: Confidence interval; HR: Hazard ratio; RR risk ratio; OS overall survival;, PFS progression free survival; TTF
tumour treating fields.

" Unclear method of allocation; high risk of attrition bias

295% Cl crossed 1 default MID (0.80)

3 not blinded

495% ClI crossed 2 default MIDs (0.80 and 1.25)
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Table 76: Summary clinical evidence profile for post-hoc analysis® of NOVO-TTF-100A

OS -overall Not applicable Not applicable

OS- patients Not applicable Not applicable

treated with
bevacizumab only

Grade 3/4 adverse 333 per 1000 487 per 1000

events

ClI: confidence interval; HR: hazard ratio; RR risk ratio; OS overall survival; TTF tumour treating fields.

(327 to 723)

+ second line chemotherapy versus second line chemotherapy alone

HR 0.70 204

(0.48 to
1.02)

HR 0.61
(0.37 to
1.01)

(1 study)

204

(1 study)

RR 1.46 204

(0.98 to
2.17)

(1 study)

SIS SIS

low!2

SISPISIS)

low!2

SIISIS)

low!:3

@This is a post-hoc analysis of Stupp 2015 and comprises those patients who experienced tumour progression

after the initial treatment.

1 Unclear how randomisation was concealed

2 95% ClI crossed 1 default MID (0.80)
3 95% ClI crossed 1 default MID (1.25)

Table 77: Summary clinical evidence profile for active treatment (TMZ, surgery,
surgery + TMZ, surgery + RT, RT only) versus best supportive care in older

and/or frail people

Overall survival Not
applicable

Overall survival - Not

age <65 versus  applicable
= 65 years

Overall survival Not

— KPS at relapse applicable
<50% versus

260%

Post- Not
progression applicable
survival

Post- Not
progression applicable

survival - age
<65 versus = 65
years

Not applicable

Not applicable

Not applicable

Not applicable

Not applicable
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HR 0.31
(0.17 to
0.57)
HR 0.91
(0.54 to
1.53)
HR 1.60
(0.93 to
2.73)

HR 0.34
(0.19 to
0.60)

HR
0.75(0.45 to
1.24)

79
(1 study)

79
(1 study)

79
(1 study)
79
(1 study)

79
(1 study)

SICIEIS)

moderate’

SIISIO)

low!:2

SIS SIS

low!:3
(CICISIS)]
low!:4

SIS SIS

low!4
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Post- Not Not applicable HR 0.31 79 PPpOeo
progression applicable (0.17 to (1 study) low!-4
survival — KPS 0.57)

at relapse <50%
versus 260%
ClI: confidence interval;, HR: hazard ratio; KPS Karnofsky performance status; RT radiotherapy; TMZ
temozolomide.
1 Selection criteria for treatment modalities were not consistent- the decision was left to the discretion of doctors
2 95% Cl crossed 2 default MIDs (0.80 and 1.25)
395% ClI crossed 1 default MID (1.25)
4 Not blinded
5 95% ClI crossed 1 default MID (0.80)

Table 78: Summary clinical evidence profile for carmustine polymer versus placebo

polymer
Overall survival Not Not applicable HR 0.83 222 PPHPHO
applicable (0.63 to (1 study) moderate’
1.09)
Overall survival - KPS Not Not applicable HR 0.53 222 PPPHD
270 versus KPS< 70 applicable (0.40 to (1 study) high
0.70)
Overall survival - AA Not Not applicable HR 0.60 ( 222 DPPO
versus GBM applicable 0.40 to (1 study) moderate?
0.90)
Overall survival - Not Not applicable HR 0.39 222 DPDDD
Oligodendroglioma applicable (0.26 to (1 study) high
versus glioblastoma 0.59)

AA anaplastic astrocytoma; Cl Confidence interval; GBM glioblastoma; HR Hazard ratio; KPS Karnofsky
Performance Score.
195% ClI crossed 1 default MID (0.80)

See Appendix F for full GRADE tables.

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.
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Evidence statements

Erlotinib versus TMZ or BCNU

Very low quality evidence from 1 phase Il randomised controlled trial (N=110) showed no
significant differences in overall survival and progression free survival between those who
received erlotinib (median overall survival = 7.7 months; median progression free survival
= 1.8) and those who received temozolomide in combination with lomustine (median
overall survival = 7.3 months; median progression free survival = 2.4).

Cediranib alone versus cediranib + lomustine

Low to moderate quality evidence from 1 phase Il randomised controlled trial (N=251)
showed no difference in overall survival (HR=1.43, 95% CI 0.96-2.13) and progression
free survival (HR=1.05, 95% CI 0.74-1.49) in those who received cediranib alone
compared to those who received cediranib in combination with lomustine.

Moderate to high quality evidence showed a significant reduction in overall adverse
events (RR=0.75, 95% CI 0.65-0.90) and fatigue (RR= 0.20, 95% CI 0.13-0.30) in those
who received cediranib only compared to those who received cediranib in combination
with lomustine.

Cediranib + lomustine versus lomustine + placebo

Low to moderate quality evidence from 1 phase Il randomised controlled trial (N= 196)
showed no difference in overall survival (HR=1.15, 95% CI 0.77-1.71) and progression
free survival (HR=0.76, 95% CI 0.53-1.08) between those who received cediranib in
combination with lomustine compared to those who received lomustine in combination
with placebo.

Moderate quality evidence showed no differences in fatigue between the treatment arms
(RR=1.57, 95% CI 0.66-3.74) and an increased risk of adverse events in those who
received cediranib in combination with lomustine (RR=1.27, 95% CI 1.02-1.58).

Bevacizumab versus bevacizumab + irinotecan
e Low quality evidence from 1 phase Il randomised controlled trial (N=163) showed no

differences in overall survival (HR=1.04, 95% CI 0.85-1.28) and progression free survival
(HR 1.01, 95% CI 0.83-1.22) between those who received bevacizumab compared to
those who received bevacizumab and irinotecan.

Very low quality evidence showed no differences in the risk of wound healing
complications (RR=1.88, 95% CI 0.17-20.3); aphasia (RR= 0.47, 95% CI 0.12-1.80) or
fatigue (RR=0.40, 95% CI 0.12-1.50) between those who received bevacizumab
compared to those who received bevacizumab and irinotecan.

Bevacizumab/lomustine 90 versus lomustine
¢ Low to moderate quality evidence from 1 phase Il randomised controlled trial (N=153)

showed no differences in overall survival (HR=0.68, 95% CI 0.42-1.10) between those
who received bevacizumab in combination with lomustine compared with lomustine alone.
However, this same trial showed longer progression free survival in those who received
bevacizumab in combination with lomustine compared to those who received lomustine
only (HR=0.58, 95% CI 0.37-0.90).

Very low quality evidence showed no differences in fatigue between the treatment arms
(RR=2.79, 95% CI 0.79 - 9.84).

Very low quality evidence showed that quality of life scores remained stable at 2, 4, and 6
weeks after treatment in those who received bevacizumab in combination with lomustine
(mean change from baseline scores= -4.5; -1.1 and -5.1 respectively), with no clinically
significant changes observed. In those who received lomustine only, quality of life scores
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also remained stable, at 2, 4, and 6 weeks after treatment (mean change from baseline
scores= -5.8; -3.5 and 5.3 respectively), with no clinically significant changes observed.

Bevacizumab/lomustine 90 versus bevacizumab

Low to moderate quality evidence from 1 phase Il randomised controlled trial (N=153)
showed no differences in overall survival (HR=0.64, 95% CI 0.40-1.02) between those
who received bevacizumab in combination with lomustine compared with those who
received bevacizumab only. However, this same trial showed longer progression free
survival in those who received bevacizumab in combination with lomustine compared to
those who received bevacizumab only (HR= 0.60, 95% CI 0.38 - 0.95).

Low quality evidence showed that those who received bevacizumab only experienced less
fatigue than those who received bevacizumab in combination with lomustine (RR= 4.55,
95% CI1 1.02-20.28)

Very low quality evidence showed that quality of life scores remained stable at 2, 4, and 6
weeks after treatment in those who received bevacizumab in combination with lomustine
(mean change from baseline scores= -4.5; -1.1 and -5.1 respectively), with no clinically
significant changes observed. In those who received bevacizumab only, there was a
clinically significant decrease in quality of life scores 6 weeks after the intervention (mean
change from baseline = 0.6, -0.9 and -15.5 at 2, 4 and 6 weeks respectively). No other
clinically significant changes were observed.

Bevacizumab + carboplatin versus bevacizumab

Very low to low quality evidence from 1 phase |l randomised controlled trial (N=120)
showed no differences in overall survival (HR= 1.18, 95% CI 0.82-1.69) and progression
free survival (HR= 0.92, 95% CI 0.64-1.32) between those who received bevacizumab in
combination with carboplatin compared to those who received bevacizumab monotherapy.

Low to very low quality evidence showed no differences in the risk of grade =3 adverse
events (RR=1.10, 95% CI 0.82-1.46), wound healing complications (HR not estimable,
none of the groups had any event) or fatigue (RR= 1.34, 95% CI 0.38-4.73) between
those who received bevacizumab in combination with carboplatin compared to those who
received bevacizumab monotherapy.

Bevacizumab + irinotecan versus bevacizumab + DD TMZ

Low to very low quality evidence from 1 randomised controlled trial (N=117) showed no
differences in overall survival (HR= 0.86, 95% CI 0.64-1.15) and progression free survival
(HR =1.03, 95% CI 0.81-1.30) between those who received bevacizumab in combination
with irinotecan or bevacizumab in combination with dose dense temozolomide.

Very low quality evidence showed no differences in the risk of neurologic adverse events
between the treatment arms (RR= 1.90, 95% CI 0.50-7.24).

Low dose bevacizumab + CCNU (lomustine) versus standard dose bevacizumab
monotherapy

Low to very low quality evidence from 1 phase |l randomised controlled trial showed no
differences in progression free survival at 1st, 2nd and 3rd recurrence (N=71) (HR=0.71,
95% CI 0.43-1.17) or at first recurrence (N=56) (HR=0.58, 95% CI 0.31-1.08) between
those who received low dose bevacizumab in combination with lomustine compared to
those who received standard dose bevacizumab monotherapy.

There were also no differences in overall survival at first recurrence (median overall
survival in the low dose bevacizumab + lomustine 90 arm= 13.05 months [7.08 to 17.82]
and median overall survival in the bevacizumab monotherapy group= 8.8 [6.42 to 20.22])
or in adverse events grade = 3 (RR=0.27, 95% CI 0.03-2.25) between the treatment arms.
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Novo-TTF 100A versus active control

¢ Very low to low quality evidence from 1 phase Il randomised controlled trial (N=337)
showed no differences in overall survival (HR= 0.86, 95% CI 0.60-1.23) and progression
free survival (HR=0.81, 95% CI 0.60-1.09) between those who received tumour treating
fields (TTF) compared to those who received active control. Both treatment arms
experienced a similar risk of cognitive disorder (grade = 2; RR= 0.78, 95% CI 0.11-5.46).

TTF + second line chemotherapy versus chemotherapy alone

o A post-hoc analysis analysed people treated under this regimen plus second-line
chemotherapy after first recurrence. Low quality evidence from 1 randomised controlled
trial (N=204) showed that tumour-treating fields (TTF) in combination with second line
chemotherapy had similar effects on overall survival as chemotherapy alone (HR = 0.70,
95% CI1 0.48-1.02). Low quality evidence showed no statistically significant differences in
overall survival (HR=0.61, 95% CI 0.37-1.01) or in risk of grade 3 or 4 adverse events
(RR=1.46, 95% CI1 0.98-2.17) between those who received tumour-treating fields (TTF) in
combination with bevacizumab compared to those who received bevacizumab only.

Active treatment (TMZ, surgery, surgery + TMZ, surgery + RT, RT only) versus best
supportive care in older and/or frail people

¢ Low to moderate quality evidence from 1 randomised controlled trial (N=79) showed that
those who received an active treatment had longer overall survival (HR=0.31, 95% CI
0.17-0.56) and post progression survival (HR=0.34, 95% CI 0.19-0.60) compared to best
supportive care. Low quality evidence from a sub-analysis of this trial showed no
differences in overall survival between those under 65 years old and those 65 years or
older (HR=0.91, 95% CI 0.54-1.53) or between those with a KPS of 50% or less and those
with a KPS of 60% or above (HR = 1.60, 95% CI 0.93 — 2.73). Very low to low quality
evidence from a sub analysis of this trial showed no differences in post progression
survival in those under 65 years old compared to those 65 years or older (HR=0.75, 95%
Cl1 0.45-1.24), and a longer post- progression survival in those with a KPS at relapse of
50% or less compared to those with a KPS of 60% or more (HR=0.31, 95% CI1 0.17-0.57).

Carmustine polymer versus placebo polymer

¢ Moderate quality evidence from 1 randomised controlled trial (N=222) showed no
difference in overall survival for those who received a carmustine polymer compared to
those who received a placebo polymer (HR=0.83, 95% CI 0.63-1.09). Moderate to high
quality evidence from this randomised controlled trial showed that those with the following
prognostic factors experienced longer overall survival: those with a KPS score =270
compared to those with a KPS < 70 (HR=0.53, 95% CI 0.40-0.70), those with anaplastic
astrocytoma compared to those with glioblastoma (HR=0.60, 95% CI 0.40-0.90), and
those with oligodendroglioma compared to those with glioblastoma (HR 0.39, 95% CI
0.26-0.59).

The committee’s discussion of the evidence

Interpreting the evidence
The outcomes that matter most

The committee identified 3 outcomes of critical importance to people with brain tumours,
which were overall survival, progression-free survival and health-related quality of life. These
3 outcomes were prioritised because they all provide direct evidence of the ‘success’ of a
treatment. The committee discussed how it was sometimes difficult to determine whether
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overall survival or progression-free survival was the most accurate measure of a treatment’s
success, and discussed how health-related quality of life was a useful but often poorly
reported outcome measure that provided more detail on whether the extra life-years were of
value to a person with a tumour.

The committee identified 6 other outcomes of importance to people with brain tumours.
These were neurological adverse events, wound infections, RTOG grade 3 or grade 4
toxicity, CTAE grade 3 or grade 4 toxicity, fatigue and cognitive function. These outcomes
were important because they were also measures of the success of a treatment, but were
not critical because they were indirect measures. Significant treatment-related adverse
events indicate that the person with a tumour is unlikely to be experiencing as high a quality
of life as when those events could have been avoided. The adverse events themselves are
sometimes a source of mortality, limiting overall survival.

The quality of the evidence

Eight phase Il RCTs and 5 phase Ill RCTs have been included in this review. The quality of
the evidence was assessed with GRADE. The main sources of bias were: lack of blinding of
investigators and outcome assessors; not reporting the method of randomisation; incomplete
outcome data or selective reporting of outcomes; and systematic differences in withdrawal
between groups. Objective outcomes, such as overall survival, were not downgraded if
participants, outcome assessors or investigators were not blinded to treatment, since being
aware of treatment allocation is unlikely to change the survival rate of the participants
included. The committee acknowledged the bias in the remaining outcomes and suggested
that the bias limited the wider applicability of the evidence.

The committee noted that all the evidence related to grade IV gliomas or a mixed group of
grade lll and IV gliomas. They agreed that it was appropriate to make recommendations for
grade lll and IV gliomas on mixed evidence because the response of the tumour to particular
kinds of treatment was likely to be somewhat similar once it became recurrent (although not
identical) and therefore grade IV recurrent glioma could be regarded as indirect evidence for
grade Il recurrent glioma.

The committee was aware of some ongoing trials which would not be published during
development of the guideline, such as the EORTC 26101 trial looking at CCNU (lomustine)
and bevacizumab. They believed that these trials would be unlikely to significantly alter the
recommendations they had made, but cautioned that the trials could provide definitive
evidence for or against certain treatment options.

The committee determined that the evidence was sufficient to support some weak positive
recommendations and some stronger ‘do not’ recommendations. This was because if there
was no evidence to support the use of particular treatments it was likely to be beneficial to
patients not to suffer the side effects of those treatments, but that most patients would prefer
some treatment if their prognosis was good.

Benefits and harms

The prognosis for people with recurrent high-grade glioma is affected by their performance
status, prior treatment, and the tumour’s molecular markers. For some people the prognosis
can be very limited. Based on their clinical experience and judgement the committee
recommended that clinicians treating patients with recurrent high-grade glioma should take
all of these factors into account (including the person’s wishes) when considering the
possible treatment options. The committee also noted, based on low to moderate quality
evidence, that older or frail people have an improved survival with treatment over supportive
care alone, so these factors should not be the sole determinants of treatment.

Based on some direct evidence for CCNU (lomustine) and indirect evidence for PCV
(evidence supporting the use of individual components of PCV but not all three components
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of PCV together) the committee recommended that the treatment options for people with
recurrent high glade glioma include TMZ, PCV or single agent CCNU (lomustine). The
committee stressed that the choice between TMZ, PCV and CCNU (lomustine) should be
made on the basis of clinical features of the tumour outlined in the recommendation since
there was no evidence to overwhelmingly support one or the other.

The committee made all recommendations on temozolomide in accordance with existing
NICE guidance.

Based on clinical experience and judgement, the committee recommended best supportive
care alone if the person with the tumour is unlikely to benefit from treatment. This was in
order to prevent unnecessary treatment that would not improve the outcome for the person.
The committee set out this recommendation to remind clinicians that symptom management
alone is an option, and empower people with tumours to ask for this if they felt it was right for
them, although they did not have any evidence and so could not make a strong
recommendation.

The committee determined that people with focal recurrent enhancing disease may benefit
from surgery or re-irradiation. There was moderate quality evidence to suggest carmustine
wafers did not have a substantial effect on outcomes (though not of sufficient quality to make
a recommendation either way). The committee agreed that people who had diffuse recurrent
enhancing disease or those with multi-focal recurrent enhancing disease should not be
considered for surgery or radiotherapy and so did not make a recommendation in this group.
Although there was a lack of evidence in this area, the committee was aware of ongoing
trials and so chose not make a research recommendation.

The committee recommended against the use of erlotinib and cediranib as there was no
evidence of effect in either case and the committee believed it was likely to cause side
effects. While there was some limited evidence for bevacizumab on progression free
survival, the committee agreed that this could be explained by the specific method of action
of bevacizumab, so scans appear better but there is no actual impact on overall survival. For
this reason, and because no other effect had been shown, the committee also recommended
against using bevacizumab.

The committee recommended against the use of tumour treating fields on the basis of a
study showing insufficient clinical effectiveness to make the technology cost effective. As the
economic evidence was for newly diagnosed glioma, the committee treated this as indirect
evidence for the non cost effectiveness of tumour treating fields.

The committee searched for evidence on a number of interventions for recurrent glioma
which they were frequently asked about in clinic. When they found no evidence on these
interventions, they concluded it would be helpful to inform clinicians and people with tumours
of this fact, so that they could have better-informed discussions. The committee emphasised
that there were several other interventions of uncertain benefit not included in this evidence
search — for example Vitamin C — and the non-appearance of a particular therapy on the list
should not be taken as an endorsement of benefit of that therapy.

The average survival of somebody who has a recurrent high-grade glioma is around 6
months for grade IV and 12 to 18 months for grade Il (but can vary considerably).
Consequently the benefits of treatment in this population are specifically to extend life by a
further few months, or to improve the quality of life by — for example — preventing degradation
of neurological and cognitive function following diagnosis.

Consequently the clinical decision the committee considered was at what point the benefits
of treatment were offset by the side effects. Side effects included a variety of treatment-
induced adverse events (such as CTAE grade 3 or grade 4 toxicity) and a variety of negative
impacts on the lifestyle of the person with the tumour (such as having to attend hospital
frequently for chemotherapy).
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The committee additionally considered the clinically complex question of using therapies that
were highly unlikely to work (and carried side effects) against the benefit of allowing people
to take control of decisions about their treatment.

The committee balanced these benefits and harms and made recommendations which
should prevent the treatments with the worst ratio of benefits to side effects from being
offered, and should allow clinicians to discuss with people with tumours their preferred profile
of side effects given that there is insufficient evidence to support one treatment over another.

Cost effectiveness and resource use

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

The committee considered that these recommendations would lead to a reduction in
resource use while also potentially improving quality of life.

The recommendations will have little or no impact upon the treatment for the vast majority of
people with high-grade glioma as they are already usual practice in the NHS in England.

The committee highlighted that while very costly treatments such as tumour treating fields,
bevacuzimab, erlotinib and cediranib are not widely used, the recommendations would lead
to a reduction in the number of people receiving these treatments. Even very small
reductions in the frequency of these treatments could lead to significant reductions in costs.
The recommendations will also likely decrease the number of unnecessary adverse events
experienced by people receiving these interventions, again reducing resource use from
treating adverse events and potentially improving quality of life.

Other factors the committee took into account

The committee discussed how the TMZ TA contained recommendations around not
excluding people who had a poor performance status from treatment. The committee agreed
with this sentiment, (though added in discussion that a poor performance status was often an
indication that treatment decisions needed to be taken very carefully). Consequently the
committee did not make a specific recommendation on this topic, as it was already covered
by existing NICE guidance.

Based on their experience the committee was aware that people with brain tumours often
consulted sources of information about their condition that may not be accurate (for example,
websites), and felt it important to state when there was no evidence that a treatment was or
was not effective. The committee noted that prescribing therapies with no underpinning
evidence base and potentially harmful side effects (including offering false hope) was not
recommended. Explanation regarding this should be offered to people with recurrent high-
grade glioma.

The committee had a detailed discussion about the choice of words ‘best supportive care’, as
this can sometimes be interpreted in too vague a sense to be useful for people with brain
tumours. They determined that the current phrasing in close proximity to a reference to
NICE’s end of life care guideline would make it clear what meant by the recommendation,
and that it was unlikely to confuse anyone reading the guideline.
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Techniques for resection of glioma

Review question

What is the most effective method for optimising maximal safe resection of glioma (for
example with 5-ALA, awake craniotomy, intraoperative ultrasound, intraoperative MRI)?

Introduction

Neurosurgical resection is the initial treatment for many gliomas, however — depending on
features of the tumour such as location and shape — removing all of the tumour can be very
difficult. For high-grade tumours, cure is essentially impossible, but benefits for complete or
near-complete (>95%) resection of the tumour have been observed in the committee’s
experience. Similarly for low-grade glioma, survival benefits have been shown for maximal
surgical resection of the non-enhancing tumour. However, increased extent of resection may
increase the risk of post-operative neurological disability from damage to surrounding
eloquent brain. Traditional surgical resective techniques rely on visual assessment by the
operating surgeon, with image guidance using neuro-navigation based on pre-operative
radiological imaging. Resection can be limited by difficulty in discerning tumour from normal
brain tissue and by intra-operative shift of structures as surgery progresses. Adjuncts to
surgery have been introduced to attempt to help maximise the extent and safety of tumour
resection, including 5-Amino-Levulinic Acid (5-ALA) fluorescence, awake craniotomy with
electrophysiological stimulation, intra-operative ultrasound and intra-operative MRI. This
review will examine the effect of these adjunctive techniques on neurosurgical resection of
gliomas and the evidence base for their usage.

PICO table

Table 79: Summary of the protocol (PICO table)
Adults due to undergo surgical resection for glioma (primary
presentation or first surgery)

e Standard craniotomy with techniques (neuronavigation,
microscope)

e Surgical resection guided by:
o 5-ALA (Gliolan)
o awake craniotomy
o subcortical stimulation
o cortical stimulation
o bipolar stimulation
o mono-polar stimulation

e Intraoperative ultrasound
e Intraoperative MRI

¢ Endoscopic resection

e BrainPath

e MRI ablation

Each other
Critical:
e overall survival.

o gross total resection margins (as determined by post-operative
MRI)
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e progression-free survival

e neurological function
o Karnofsky performance status (KPS)
o Neurological Function Scale
o language

Important:
o treatment-related mortality

¢ treatment-related morbidity:
o wound infection
¢ length of surgery

Of limited importance:

e epilepsy / seizure control

5-ALA 5-Amino-Levulinic Acid; iMRI image guided magnetic resonance imaging; MRI magnetic resonance
imaging.

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

Included studies

Included studies consisted of phase Ill randomised controlled trials (RCTs) enrolling patients
due to undergo surgical resection for glioma at primary presentation or first surgery,
presenting with low-grade glioma (LGG), high-grade glioma (HGG) or a mixed combination of
gliomas.

The majority of studies covered image-guided surgery (with the exception of a single study
which used awake craniotomy). The identified trials were not deemed suitable for meta-
analysis, therefore only comparisons from individual studies were considered for inclusion.

Overall, studies were at significant risk of bias, some of them being significantly
underpowered and stopped early.

One Cochrane systematic review examining image-guided surgery for the resection of brain
tumours (Barone 2014) was identified. The Cochrane review compared image-guided
surgery with either surgery without any image guidance or surgery using a different type
image guidance. Patients with a presumed new or recurrent central nervous system (CNS)
tumour (any location or histology) from clinical examination and imaging (CT but ideally
contrast enhanced MRI) were included. The Cochrane review included 4 RCTs and all met
the inclusion criteria for this review also (that is, the target populations in the trials were all
patients with glioma, although 1 trial also included patients with cerebral metastasis [15%;
Willems 2006]; Senft 2011, Stummer 2006, Willems 2006, Wu 2007). However, the
Cochrane review did not include any meta-analyses which, along with the identification of
another 2 eligible studies, meant that the individual RCTs from the Cochrane review were
included instead of the Cochrane review itself in the current evidence review. The 2
additional included studies were not included in the Cochrane review because they were
either published after the Cochrane review (Wu 2014) or covered a different intervention to
the ones considered in the Cochrane review (awake craniotomy; Gupta 2007). Although the
participants included in both Wu 2014 and Senft 2011 received the same interventions,
surgery with iIMRI and surgery with conventional neuronavigation, the studies were not
deemed suitable for meta-analysis as the patient characteristics varied widely (in Wu 2014,
>50% of patients presented with LGG, whereas in Senft 2011, >70% of patients presented
with HGG).
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A summary of these studies is provided in Table 80 and the results along with the quality of
the evidence for each outcome are listed in Table 81 to Table 86 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.

Summary of clinical studies included in the evidence review

Table 80 provides a brief summary of the included studies.

Table 80: Summary of studies included in Barone 2014

Study
Senft 2011

Stummer 2006

Population

2% of patients
presented with
WHO grade |
glioma;

4% of patients
presented with
WHO grade Il
glioma and 94%
with WHO grade
IV glioma.

Mean age (SD) =
55.3 (12.5) in the
iMRI group and
55 (13.6) in the
conventional
microsurgery
group; median
KPS in both
groups was 90.

4% of patients
presented with
WHO grade Il
glioma and 96%
of patients had
WHO grade IV
glioma.

Ages ranged
between 18 and
72 years old;
>70% of the
patients had a
KPS >70.

Intervention

iMRI (N=24)

5-ALA (N=139)

Comparator

Conventional
microsurgery
(N=25)

Conventional
microsurgery with
white light
(N=131)

Outcomes

e Complete
tumour resections

e Adverse events
o PFS

e Complete
resection

e PFS
e OS
e KPS

Willems 2006 17% of patients Surgery with Standard surgery e Gross total
presented with neuronavigation (N=22) removal
WHO grade Il (N=23)
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Wu 2007

Gupta 2007

Wu 2014

Population

Study

glioma; 68% of
patients with
WHO grade IV
glioma and 15%
of patients with
cerebral
metastasis.

Mean age was 60
years old.

Median KPS
score was 80

54% of patients
presented with
WHO grade Il
glioma and 46%
of patients with
WHO grade IV
glioma.

All the patients
had gliomas
involving
pyramidal tracts.
Median age or
KPS have not
been reported.

All patients
presented with
intrinsic lesions of
eloquent cortex
(motor and
speech areas).

Median age was
43 years old. KPS
was not reported

57.4% of patients
presented with
LGG; 42.6%
presented with
HGG.59.7%
presented with
tumours in
eloquent areas;
40.3% of patients
presented with
tumours in
noneloquent
areas.

90% of people
had of people in
the iIMRI group
and 88% in the
neuronavigation
group had a KPS
of 100.

Intervention

DTIl-based
functional

neuronavigation

(N=118)

Awake
craniotomy
(N=26)

iMRI (N=58)
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Comparator

Routine
neuronavigation
(N=120)

Surgery under
general
anaesthesia
(N=27)

Neuronavigation
(N=56)

Outcomes

¢ Neurological
deficits

e Survival

e QoL

e Extent of
resection

e OS

o Postoperative
motor function

e KPS score

e Deteriorated
speech area
lesion

e Deteriorated
motor cortex
lesions

¢ Residual tumour

e KPS

o Rate of gross
total resection

e Extent of
resection

e PFS

e New or
aggravated
language deficits
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5-ALA 5-Amino-Levulinic Acid; HGG high-grade glioma; iMRI intraoperative magnetic resonance imaging, KPS
Karnofsky performance status; OS overall survival; PFS progression free survival; QoL quality of life; WHO World
Health Organization.

Quality assessment of clinical studies included in the evidence review

The clinical evidence profiles for this review question (surgical adjuncts to optimise maximal
safe resection of glioma) are presented in Table 81 to Table 86.

Table 81: Summary clinical evidence profile for 5-ALA versus white light microsurgery

Complete 359 per 1000 646 per 1000 RR 1.80 270 DPOO
tumour (499 to 840) (1.39 to (1 study) low’
resection 2.34)
PFS Not applicable Not applicable HR 0.73 270 SISISIS)
(0.57 to (1 study) very low"2
0.93)
OS - Age <55 Not applicable Not applicable HR 1.04 88 SISICSIS)
(0.64 to (1 study) very low34
1.70)
OS - Age >55 Not applicable Not applicable HR 0.73 182 SISl
(0.53 to (1 study) low?23
1.01)
OS- combined Not applicable Not applicable HR 0.82 270 PPOO
(0.62 to (1 study) low?3
1.08)
Convulsions 8 per 1000 18 per 1000 RR 2.38 270 SISICSIS)
(2 to 205) (0.30 to (1 study) very low'#
26.84)
Grade 3/4 53 per 1000 72 per 1000 RR 1.35 270 POOO
neurological (28 to 183) (0.53 to (1 study) very low'#
AEs 3.43)

AEs adverse events; Cl confidence interval;, OS overall survival;, PFS progression free survival; RR Risk ratio; HR
Hazard ratio; WL white light.

! Outcome assessors not blinded; participants excluded due to major violations of MRI inclusion criteria and due
to histological criteria. High selective reporting of outcomes.

295% Cl crossed 1 default MID (0.80)

3 Participants excluded due to major violations of MRI inclusion criteria and due to histological criteria. High
selective reporting of outcomes.

495% ClI crossed 2 default MIDs (0.80 and 1.25)

Table 82: Summary clinical evidence profile for iMRI versus neuronavigation?®
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Complete 320 per 1000 959 per 1000 RR 1.14 OO

tumour (721 to 1000) (1.06 to (1 study) very low"2

resection 1.87)

Progression 640 per 1000 1000 per 1000 RR 1.85 49 POOO
(653 to 1000) (1.02 to (1 study) very low'2

3.36)

New or 80 per 1000 125 per 1000 RR 1.56 49 POOO

aggravated (23 to 684) (0.29 to (1 study) very low"3

language 8.55)

deficits

ClI: confidence interval; iMRI intraoperative magnetic resonance imaging; PFS progression free survival, RR: risk
ratio.

" Not blinded; unclear risk of attrition bias; study stopped early due to an interim analysis resulting in a reduced
sample size.

295% Cl crossed 1 default MID (1.25)

395% ClI crossed 2 default MIDs (0.80 and 1.25)

a Senft 2011

Table 83: Summary clinical evidence profile for iMRI versus neuronavigation®

Rate of gross 768 per 760 per 1000 (622 RR 0.99 49 PPPO
total resection 1000 to 929) (0.81 to (1 study) moderate’
1.21)

PFS Not Not applicable HR 1(0.96 49 POPO
applicable to 1.04) (1 study) moderate’

New or 232 per 104 per 1000 RR 0.45 49 S ISIS)

aggravated 1000 (42 to 253) (0.18 to (1 study) low!-2

language 1.09)

deficits

ClI: confidence interval; HR: hazard ratio; iMRI intraoperative magnetic resonance imaging; PFS progression free
survival; RR: risk ratio.

" Unclear whether all the pre-determined outcomes have been reported

295% Cl crossed 1 default MID (0.80)

b Wu 2014

Table 84: Summary clinical evidence profile for DTl based functional neuronavigation
versus routine neuronavigation
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Complete 326 per 1000 762 per 1000 RR 2.34 SleISIS)

tumour (479 to 1000) (1.47 to (1 study) low’

resection HGG 3.72)

Complete 618 per 1000 655 per 1000 RR 1.06 129 POOO

tumour (506 to 852) (0.82 to (1 study) very low'2

resection LGG 1.38)

oS Not applicable Not applicable HR 0.57 238 PPOO
(0.33 to (1 study) low34
1.00)

KPS Not applicable Not applicable MD 12 238 POOO
(5.37 to (1 study) very low'5
18.63)

Postoperative 325 per 1000 153 per 1000 RR 0.47 238 PPHOO

motor function (94 to 250) (0.29 to (1 study) low’

deterioration 0.77)

ClI: confidence interval;, DTI diffusion tensor imaging;, HGG high-grade glioma; KPS Karnofsky performance
status; LGG low-grade glioma OS overall survival, RR: risk ratio; HR: hazard ratio.

' High risk of selection bias and incomplete outcome data. Outcome assessors not blinded to intervention
295% Cl crossed 1 default MID (1.25)

3 High risk of selection bias and incomplete outcome data

495% Cl crossed 1 default MID (0.80)

595% ClI crossed 1 default MID (+14) (+0.5 x £28=+14)

Table 85: Summary clinical evidence profile for surgery with neuronavigation versus
standard surgery

Complete 773 per 873 per 1000 (657 to RR 1.13 45 POOO
tumour 1000 1000) (0.85 to (1 study) very low'23
resection 1.48)

Cl: confidence interval; RR: risk ratio.

1 Selective reporting of outcomes; trial significantly underpowered and terminated prematurely; perioperative
evaluations and postoperative motor function and surgical complications conducted by the resident neurosurgeon
and operating neurosurgeon who were not blinded

2 15% of patients presented with cerebral metastases

395% ClI crossed 1 default MID (1.25)
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Table 86: Summary clinical evidence profile for awake craniotomy versus surgery
under general anaesthesia

Deteriorated speech 74 per 1000 153 per 1000 RR 2.08 53 POOO
area lesion - (31 to 770) (0.42 to (1 study) very
Immediate 10.39) low!:24
postoperatively
Deteriorated speech 74 per 1000 135 per 1000 RR 1.56 53 POOO
area lesion - At 3- (42 to 433) (0.26 to (1 study) very
month follow up 6.21) low?-24
Deteriorate motor 74 per 1000 270 per 1000 RR 3.64 53 SISISIS)
cortex lesions - (64 to 664) (0.87 to (1 study) very
Immediate 8.97) low?-23
postoperatively
Deteriorate motor 333 per 1000 383 per 1000 RR 1.15 53 POOO
cortex lesions - At 3- (170 to 660) (0.51to (1 study) very
month follow up 1.98) low!-24
Residual tumour 368 per 1000 523 per 1000 RR 1.42 40 SISISIS)
(236 to 796) (0.64 to (1 study) very
2.16) low"24
KPS score Not The mean KPS Not 53 SISISIS)
applicable score in the applicable (1 study) very
intervention arm low"25

was 7.80 lower
(from 13.25 to
2.35 lower)
ClI: confidence interval; KPS Karnofsky performance status; RR: risk ratio.
" Drop outs not accounted for; no data regarding survival or adverse events has been reported. Outcome
assessors not blinded to intervention
2 One patient presented with a metastatic lesion
395% Cl crossed 1 default MID (1.25)
495% ClI crossed 2 default MIDs (0.80 and 1.25)
595% ClI crossed 1 default MID (-4.15) (8.3 x £0.5=+4.15)

See Appendix F for full GRADE tables.
Economic evidence

Included studies

Four hundred and ninety-six possibly relevant papers were identified. Of these, 8 full-text
papers relating to this topic were obtained for appraisal. Three cost utility analyses (Slof
2015, Eseonu 2017 and Martino 2013) were included in the current review of published
economic evidence for this topic.
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Health economic evidence profile

Table 87: Health economic evidence profile
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Summary of studies included in the economic evidence review

Slof 2015 is a cost utility study comparing fluorescent guided resection with 5-ALA to
conventional white light resection (resection alone) in people with grade Ill and grade IV
glioma. The study took a Spanish healthcare payer perspective and reported outcomes in
terms of cost per QALY. Effectiveness data was taken from retrospective patient records with
a sensitivity analysis using the Stummer 2006 trial effectiveness data described in detail in
the clinical evidence review and de-novo economic model. Utility values were taken from one
UK cost utility analysis comparing intracranial implantation of carmustine wafers as an
adjunct to resection to resection and radiotherapy alone in patients with high-grade glioma. A
publically available database of prices was used to estimate costs in the model.

Both Eseonu 2017 and Martino 2013 compared awake craniotomy to resection under
general anaesthesia. Both reported outcomes in terms of cost per QALY. Eseonu 2017
compared the interventions in a population of adults with WHO grade I, lll and IV glioma.
Effectiveness data was taken from a retrospective case-control study of 40 previous patient
receiving the interventions. Utility data was calculated by dividing Karnofsky performance
status of patients by 100. All costs were taken from one hospitals database.

Martino 2013 studied very similar interventions in patients with WHO grade Il glioma
involving an eloquent area. All patients were in active employment. The study presented two
analyses, one taking a Spanish healthcare payer perspective (direct) and one taking a
Spanish societal perspective (indirect). Costs were reported in US dollars. Effectiveness data
was taken from 11 consecutive patients’ records receiving awake craniotomy which were
matched to 11 retrospective records of patients receiving resection under general
anaesthesia. Utility values were estimated by dividing Karnofsky performance status of
patients by 100. All costs were taken from publically available databases of Spanish unit
costs of healthcare. Losses in productivity for the indirect analysis were assumed to equal
the wage rate of the patient.

All 3 studies were deemed partially applicable to the decision problem. This is because they
did not take a NHS and PSS perspective.

Eseonu 2017 and Martino 2013 were considered to have very serious limitations in terms of
methodological quality. The main limitation in both studies was the lack of exploration of
uncertainty. Slof 2015 was deemed to have potentially serious limitations. The study did not
present any probabilistic sensitivity analysis and was funded by a manufacturer of 5-ALA.

Slof 2015 estimated in the base-case that the addition of 5-ALA to resection would lead to
increase in costs of €1,010 and an increase in QALYs of 0.11 resulting in an ICER of €9,021
per QALY, a value for which technologies are usually adopted in the Spanish healthcare
system. These results were robust to range of one way sensitivity analyses. Even when a
combination of unfavourable assumptions towards 5-ALA was used the ICER equalled
€19,222 per QALY again below the value at which technologies are usually adopted in the
Spanish healthcare system. No probabilistic sensitivity analysis was performed by this study.
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Eseonu 2017 reported that awake craniotomy reduces costs by $11,994 and increases
QALYs by 0.5 compared to resection under general anaesthesia. Martino 2013, when
considering direct healthcare costs, also led to an increase in QALY's through the use of
awake craniotomy (1.9 QALY's) compared to resection under general anaesthesia although
this was at an increased cost of €6,547 per patient. This results in an ICER of €3,500 per
QALY below values for which technologies are often accepted by the Spanish health service.
Again no exploration of uncertainty was undertaken. Limited weight should be given to the
comparison of these studies as different perspectives and methodologies have been used
which may explain conflicting results.

For full economic evidence tables see Appendix H.

Economic model
See Appendix | for full details of economic model.
Overview of Methods

A decision analytical model in the form of a partitioned survival analysis was developed to
estimate the cost effectiveness of the addition of 5-ALA to surgical resection of WHO grade
IV glioma relative to surgical resection alone. The main outcome of the economic model was
incremental cost per QALY of the addition of 5-ALA. A NHS 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.

Clinical data for the model was solely taken from the 1 RCT identified by the clinical evidence
review. This study reported both higher progression free survival and overall survival (not
statistically significant) for 5-ALA. The cost of a vial of 5-ALA was estimated at £1,032 and
the cost of the addition of a surgical microscope was estimated £39,483 with an active
lifespan of 8 years both taken from 1 previous economic evaluation of 5-ALA. The model
tried to estimate outcomes for 2 costing scenarios; A base-case analysis where a centre
already had the module as part of their surgical microscope (and therefore this cost was not
included) and a alternate analysis where the module had to be purchased. Given the
variation in throughput at different centres and difficulty in obtaining information around other
diseases for which 5-ALA is used in the NHS the alternate scenario was difficult to model.
We therefore looked at the number of patients who needed to be treated annually with 5-ALA
for 5-ALA to remain cost effective (if so in the base-case) when the capital costs of
purchasing the module were included. All other costs were taken from NHS Reference
Costs.

Quality of life weights were taken from cost utility study comparing carmustine wafers as an
adjunct to resection to resection with radiotherapy in people with high-grade glioma. This
study used a UK general population sample of 93 people of which 36 responded to this
health state elicitation exercise. Hypothetical health states were developed using the EORTC
QLQ-30 alongside the brain cancer module BC20 and standard gamble techniques used to
estimate quality of life weights. This estimated a quality of life weight for unprogressed and
progressed disease of 0.89 and 0.73 respectively. The committee considered these values to
be higher than would have been expected from their clinical experience so extensive
sensitivity analysis was carried out around them.

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

The addition of 5-ALA to standard resection led to an increase in costs of £1,257 and an
increase in QALYs of 0.14 equating to an ICER of £8,991 per QALY below the NICE
threshold of £20,000 per QALY. (Table 88) The conclusions were consistent when the mean
of the stochastic results were used.
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Table 88: Base-case analysis results

Inc.
Interventi  Life Disc. Disc QAL Inc.
on Months QALY QALY Cost Cost Y COST ICER
Resection 18.58 1.187 1.1504 £1,947 £1,874 Ref Ref
Alone 2
5-ALA 20.75 1.335 1.2903 £3,220 £3,131 0.139 £1257 £8,991
3 8

When module costs were included in the model, even at the highest estimate of cost, a
centre would only need to treat 5 people per year with 5-ALA (for any condition) for it to
remain cost effective. (Figure 1) This is reduced to 4 people per year when the middle or
lower estimates are considered respectively.

Figure 1: Relationship between patient throughput and the ICER
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During deterministic sensitivity analysis 5-ALA was not the most cost effective option in only
2 scenarios for a £20,000 per QALY. Despite poor quality evidence around quality of life the
conclusions were robust to a range of differing assumptions. Even when no difference was
assumed between progressed and unprogressed health states, an assumption that would
strongly bias against 5-ALA, it still remains the preferred option. During probabilistic
sensitivity analysis 84% of iterations were cost effective at a £20,000 per QALY threshold
although all iterations were cost increasing.

Conclusions

Using 5-ALA as an adjunct to surgery strongly appears to be a cost effective use of NHS
resources. When the additional costs of purchasing the necessary module for addition to the
surgical microscope only a small number of patients need to be treated per year for 5-ALA to
remain cost effective for which even small centres should be able to comfortably achieve. 5-
ALA remained the preferred option under deterministic and probabilistic sensitivity analyses
with 5-ALA always being resulting in higher QALY's and higher costs.
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This clinical evidence for the model was based on 1 RCT. The quality of this evidence was
either low or very low as rated by GRADE in the clinical evidence review. Despite these
weaknesses the committee were persuaded by this RCT and their own clinical experience
that 5-ALA was likely to lead to greater percentage of resected glioma and greater
progression free survival and overall survival in line with that reported by the trial. No high
quality evidence around quality of life was identified for the economic model however the
conclusions of the model were robust to a large range of alternative assumptions around
quality of life.

The conclusions were in line with 1 previous economic evaluations of the use of 5-ALA as an
adjunct to resection alone from the perspective of the Spanish healthcare system.

Resource Impact

Unit costs and resource impact presented as part of the de novo economic model.

Evidence statements

5-ALA versus white light microsurgery

Low to very low quality evidence (N=270) from 1 randomised controlled trial showed that
5-ALA was associated with a higher rate of complete tumour resection (relative risk (RR)=
1.80, 95% confidence interval (Cl) 1.39-2.34) and with a longer time to progression
(hazard ratio (HR)= 0.73, 95% CI 0.57-0.93) compared to white light microsurgery. There
were no differences in overall survival between the treatments in those aged 55 years or
below (HR= 1.04, 95% CI 0.64 — 1.70); in those aged over 55 years old (HR= 0.73, 95%
C1 0.53 — 1.01) or in the combined overall survival (HR=0.82, 95% CI 0.62-1.08). There
were no differences in grade 3-4 adverse events as measured by the Common
Terminology Criteria for Adverse Events (CTCAE) (RR= 1.35, 95% CI 0.53-3.43) or in risk
of convulsions in between both groups (RR= 2.38, 95% CI 0.3-26.84).

iMRI versus neuronavigation

Very low quality evidence from 1 randomised controlled trial (N=49) in which >50% of
people presented with WHO grade IV glioma showed that iMRI was associated with a
higher rate of complete tumour resection (RR= 1.14, 95% CI 1.06-1.87) and with a longer
time to progression compared to neuronavigation (RR=1.85, 95%CI 1.02-3.36). There
were no differences in the risk of new or aggravated language deficits between the
treatment arms (RR=1.56, 95% CI| 0.29-8.55). Conversely, low to moderate to moderate
quality evidence from 1 RCT in which > 50% of people presented with WHO grade /Il
gliomas (N=114) showed no differences between iMRI and neuronavigation in the rate of
gross total resection (RR=0.99, 95% CI 0.81-1.21); progression-free survival (HR= 1, 95%
C1 0.96-1.04) and new or aggravated language deficits (RR= 0.45, 95% CI 0.18-1.09).

DTI based functional neuronavigation versus routine neuronavigation in gliomas
involving the pyramidal tracts

Low to very low quality evidence from 1 randomised controlled trial (N=238) showed that
DTI based functional neuronavigation was associated with a higher rate of complete
tumour resection in comparison with routine neuronavigation in those with high-grade
glioma (HR= 2.34, 95% CI 1.47-3.72), but no difference in the rate of complete tumour
resection was observed in those with low-grade glioma (HR= 1.06, 95% CI 0.82-1.38).
Those who received DTI based neuronavigation, had longer overall survival (HR= 0.57,
95% CI 0.33-1) than those who received routine neuronavigation. Those who received
DTI based neuronavigation experienced less postoperative motor function problems
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(RR=0.47, 95% CI 0.29-0.77) and an improved functional status compared to those who
received routine neuronavigation (MD= 12, 95% CI 5.37 to 18.63).

Surgery with neuronavigation versus standard surgery

¢ Very low quality evidence from 1 randomised controlled trial (N=55) showed that surgery
with neuronavigation was associated with a higher rate of complete resection in
comparison with gross total removal (standard surgery) (RR=1.13, 95% CI 0.85-1.48).

Awake craniotomy versus surgery under general anaesthesia

o Very low quality evidence from 1 randomised controlled trial (N=56) showed no
differences in residual tumour rate in those who received awake craniotomy compared to
those who received surgery under general anaesthesia (RR= 1.42, 95% CI| 0.64-2.16).
Very low quality evidence showed that there were no differences in the status of the
speech area lesion either immediately postoperatively (RR 2.08, 95% CI 0.42-10.39) or 3
months postoperatively (RR= 1.56, 95% CI 0.26-6.21). Very low quality evidence showed
that there were no differences in motor cortex lesions either immediately postoperatively
(RR=3.64, 95% CI 0.87-8.97) or at 3 months follow-up (RR=1.15, 95% CI 0.51-1.98).
Very low quality evidence showed that those who received surgery under general
anaesthesia presented with a higher Karnofsky performance status as compared to those
who received awake craniotomy (MD= -7.80, 95% CI -13.25 to -2.35).

The committee’s discussion of the evidence

Interpreting the evidence
The outcomes that matter most

The committee identified 6 outcomes of critical importance: overall survival; gross total
resection margins; progression-free survival; neurological function as measured by
Karnofsky performance status; neurological function as measured by the neurological
function scale; and language outcomes. The committee accepted that it was unusual to
identify 6 outcomes as ‘critical’, but noted that in this case the phenomenon being studied
was so ephemeral that all 6 outcomes were required in order to ensure that all tumour had
been removed (overall survival, gross total resection margins and progression-free survival,
where the success of the removal is based on a holistic interpretation of all 3 outcome
measures) and that no functional brain had been damaged (neurological function and
language, where language is an especially important measure of neurological function).

The committee identified 3 further outcomes as important. These were treatment-related
mortality and morbidity (specifically wound infection), and length of surgery. These were
defined as important because they were indirect measures of the success of surgery, with
longer and more dangerous surgery being taken as a proxy measure for increasing difficulty
in resecting all visible tumour.

The committee identified 1 outcome of limited importance. This was epilepsy/seizure control.
The committee accepted it was of very high importance to people with tumours, but
considered that most people would accept an increase in seizures in exchange for a longer,
higher-quality life on average. There was also little rationale for why any single technique
would worsen seizure control above the baseline effect of surgery.

The quality of the evidence

The quality of the evidence was assessed according to GRADE criteria. Included studies
presented outcomes with evidence classified as very low to moderate quality. The main
sources of bias were lack of information regarding the selection of participants in the studies:
most of the studies stated ‘randomisation’ but did not provide further information about the
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method used, which could have made the selection of participants into each of treatment
groups predictable. Another common source of bias amongst the included studies was the
lack of blinding, although this is expected due to the nature of the interventions in the studies.
Overall, studies did not provide information regarding drop outs, which also accounts for the
very low quality of the evidence reported in some studies.

Given the low quality of evidence, the committee chose to make weak recommendations with
the exception of the recommendation for 5-ALA where an economic model developed for the
guideline allowed them to make stronger recommendations.

The committee chose not to make a research recommendation, as the evidence for 5-ALA
was robust enough to base recommendations on once combined with an economic model,
and all other recommendations were in line with current clinical practice.

Benefits and harms

The committee was persuaded by evidence that using 5-ALA probably improved the extent
of tumour resection and progression-free survival and may also improve overall survival
although the effect was not statistically significant. Health economic analysis suggested that
the use of 5-ALA as an adjunct to surgical resection of high grade glioma would be an
efficient use of NHS resources. The committee discussed how the quality of important
outcomes in this trial were low, but that they still believed that the trial provided enough
evidence to make a strong recommendation because it would have been impossible to blind
the trial and this was a significant reason the trial was downgraded; therefore the trial
represented the best possible quality evidence for this intervention.

The evidence for intraoperative MRI was mixed. One trial showed significantly improved
complete resection rates and rates of tumour progression. A second trial showed no
statistical significance at all. The committee discussed whether these two trials could be
reconciled, as meta-analysis was not suitable for these results. Their conclusion was that
both studies were well conducted, and that therefore the results were unlikely to reflect
statistical chance. However they argued that it was possible for even a well-conducted study
to find a null result, for example if the tumours being operated on were not situated in a
location where MRI would make a definitive clinical difference. This therefore led them to
conclude that it was likely that there were circumstances where intraoperative MRI would
make a difference, and that therefore they favoured the Senft (2011) study for the purpose of
making recommendations.

The committee did not see any evidence for intraoperative ultrasound, but were aware many
centres used this instead of intraoperative MRI. Based on their experience, the committee
concluded that there was unlikely to be a significant difference between the effect of
intraoperative MRI and ultrasound and that therefore clinicians should continue to use
whichever they preferred. This was especially important given the significant capital cost of
replacing an intraoperative ultrasound machine with an intraoperative MRI machine. The
committee added that intraoperative MRI and intraoperative ultersound were not
‘alternatives’, but options to be considered; there may be times when one, neither or both
would be the most clinically appropriate imaging strategy. The recommendations were
therefore drafted to make this clear.

Based on the evidence for MRI and their judgement, the committee concluded that MRI and
ultrasound both had advantages and disadvantages, and both could be used to assess
tumour size, location and resection extent. There was little to choose between them other
than surgical preference and local availability, although there was additional evidence for
MRI compared to ultrasound.

Evidence showed the rate of complete resection, overall survival and postoperative motor
function were all improved by using DTI over conventional neuronavigation. While the
evidence focused on the pyramidal tract, based on their experience the committee agreed
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DTI may be important to prevent damage to all functionally important fibre tracts, though the
technique is not standardised across different MRI platforms.

While evidence was limited, the committee found the evidence on awake craniotomy was in
line with their clinical experience that it could be beneficial in some groups of patients and
harmful in others. The strength of the recommendation was based on the committee’s
conclusion that there was no UK-wide consensus on what areas of the brain the treatment
should be limited to, and they decided that clinical judgement should be used. This therefore
meant the committee focussed on improving the ratio of patients likely to benefit compared to
patients likely to be harmed by the choice of offering awake craniotomy.

When discussing the evidence for awake craniotomy, the committee described how — while
this technique was extremely powerful in preserving language, motor and visual function —
for some patients it was also one of the most anxiety-provoking procedures available through
the NHS. Based on their experience, the committee discussed how the physical and
psychological effects of this could be better managed by both considering the characteristics
of the person who might receive the craniotomy and through better management by the
surgical team.

On the basis of their experience the committee concluded that management should not be
left to the anaesthetist alone, and that a multi-professional team should psychologically
screen and prepare people for this procedure to ensure that there will be no lasting
psychological implications. In general, however, the evidence suggests the procedure is well
tolerated by people with a brain tumour who are correctly prepared psychologically so the
committee did not want to deny a useful procedure just because it was difficult to perform
psychological management. This was based on the committee’s experience.

The benefits of intraoperative imaging are that more tumour can be resected, which is
believed to lead to better outcomes and a reduced rate of reoperation/retreatment.

The harms of intraoperative imaging are that it can be expensive and time consuming. It can
provoke anxiety in a person with a brain tumour if not properly explained to them, especially
if an awake craniotomy is being considered.

Overall, however, the risk of poorer outcomes if insufficient imaging was used led the
committee to recommend the maximum amount of imaging possible, subject to the low
quality of evidence.

The committee discussed a subtle effect where the use of intraoperative imaging might de-
skill surgeons, such that when a particular imaging method was inappropriate the patient
might be harmed. The committee agreed that imaging was so widespread that if such a
deskilling effect occurred in practice it would have been detected already, and therefore the
imaging techniques were viewed as only enhancing surgical skill.

Cost effectiveness and resource use

One previously published economic evaluation was identified around 5-ALA versus standard
resection from a Spanish healthcare payer perspective. Given the potential resource
implications of recommendations around the use of 5-ALA a bespoke economic model was
also created to consider the same decision problem but from a NHS and PSS perspective.
During their deliberations the committee put greater weight on the conclusions from the
bespoke model than the previous evidence although the conclusions were largely the same.

The base-case results of the economic model estimated that using 5-ALA as an adjunct to
resection would lead to an increase of 0.14 QALYs and an increase in costs of £1,257. This
result was robust to a range of deterministic sensitivity analyses. If a £50,000 threshold, a
higher cost per QALY, which NICE consider for interventions which increase life expectancy
by at least 3 months in people in their final 24 months of life relative to current treatment, was

155
Brain tumours (primary) and brain metastases in adults: evidence reviews for the
investigation, management and follow-up of glioma July 2018



Management of glioma

used the robustness of these results increased. Stummer 2006 reported a median overall
survival in the 5-ALA group of 15.2 months and an increase in median overall survival
between the 2 groups of 1.7 months with a 95% upper confidence interval of 4.0 months
increased survival. The criteria for the higher threshold could potentially be met.

The base-case analysis excluded the capital cost of purchasing the module required for the
surgical microscope to be able to use 5-ALA. Even when the higher estimate of this cost of
the module was included in the analysis a centre would need to treat only 5 people per year,
for any condition, with 5-ALA for 5-ALA to remain the most cost effective option. The
committee considered that this could be achieved comfortably by all centres.

The probabilistic sensitivity analysis reinforced the robustness of the results with a 84%
probability that 5-ALA was cost effective at a £20,000 per QALY threshold increasing to 92%
when a £50,000 per QALY threshold was used. All iterations of the probabilistic sensitivity
analysis resulted in 5-ALA being the more costly intervention.

The committee acknowledged that this analysis was based largely on the 1 RCT included in
the clinical evidence review with the quality of this evidence being either very low or low as
rated using GRADE. The committee was persuaded by this evidence and their own clinical
experience that 5-ALA was likely to lead to a greater percentage of resected glioma and
consequently greater PFS and OS in line with that reported by this trial. They therefore
agreed that the conclusions of the model were valid. The committee was confident that
recommending 5-ALA, while being cost increasing, would be an efficient use of NHS
resources.

Two previously published cost utility analyses compared awake craniotomy to surgery under
general anaesthesia craniotomy from a Spanish healthcare payer perspective, with 1
analysis also including societal costs such as foregone wages. The patient groups
considered were grade |l glioma and grade I, lll and IV glioma. Both these studies found
awake craniotomy to be cost effective compared to surgery under general anaesthesia with
one study finding awake craniotomy both cost saving and health improving. The cost saving
was largely driven by a reduction in hospital inpatient days and reduced treatment for
adverse events. Neither study was directly applicable to a NHS setting. Both studies had
potentially serious methodological issues. The committee therefore gave limited
consideration to the conclusions.

The committee considered that cost savings could potentially be achieved as reduction in
bed days and adverse events from awake craniotomy would be true for a UK NHS setting as
much as for a Spanish healthcare setting. Neither study included the cost of providing
specialists to assist before, during and after awake craniotomy. There is currently wide
variation across the NHS in England around the provision of these specialists and this may
add significant costs on top of those considered by the previous economic evidence. On
balance the committee considered awake craniotomy to be an efficient use of NHS
resources although given the absence of evidence from an NHS and PSS perspective and
potential for a significant resource impact a weaker recommendation was made.

The committee acknowledge the difficulty in considering resource impact and cost
effectiveness around intraoperative ultrasound and intraoperative MRI. Both interventions are
associated with very large capital costs especially where operating theatres need to be
adapted or built to allow the movement of patients to an MRI without the need to close up the
patients head. These capital costs could potentially reach the millions of pounds per centre
although the ward and technology are likely to have a long active life span. Therefore, these
fixed capital costs could be spread across a large number of patients albeit with this number
differing largely by centre.

This technology is already available in some centres. In these centres the use of
intraoperative imaging may be no more costly than using post-operative imaging. It may also
reduce the need for post-operative imaging or the need to operate again where optimal
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resection has not been achieved. There would also be less demand on already stretched
imaging services. Some of the cost savings discussed for awake craniotomy above are also
likely to be true for intraoperative imaging with reduced bed days and lower adverse events.

While an economic model would have been useful for formulating recommendations in this
area the committee acknowledged with the available clinical evidence and wide variation in
costs across centres, results of such a model would give uncertain conclusions. The
committee therefore made a consider recommendation around this intervention although it
would almost certainly be cost effective and health improving in centres where the
technology is already available.

Other factors the committee took into account

The committee discussed how their recommendations targeted a range of slightly different
clinical scenarios that might not immediately be apparent to nonspecialists reading the
guideline. Recommendations on 5-ALA, MRI and ultrasound effectively aim to maximise
resection, but these techniques are less accurate in determining whether such a resection
will cause a clinical deficit. Recommendations on awake craniotomy and DTI aim to make
any resection undertaken functionally safe, without specifically adding new information about
which areas should be resected. Consequently the only real way to maximise safe resection
is to use a combination of techniques appropriate to the particular tumour being resected,
and the recommendations reflect this.

The committee described how techniques such as 5-ALA could be used on low-grade
tumours with less success; the committee estimated that around 90% of grade IV tumours
would fluoresce under the 5-ALA technique while around 10% of grade Il tumours would
fluoresce under the same technique. There was some discussion about whether fluorescing
low-grade tumours were in fact hidden high-grade tumours, but it was concluded that there
was insufficient evidence to make a recommendation, especially given the cost of 5-ALA.

The committee discussed the phenomenon of ‘neuroplasticity’, where the region of a brain
that is responsible for a particular function (for example speech), may not be where it would
be assumed to be based on standard neuroanatomical knowledge. A particular function may
in fact have moved to an adjacent brain area due to gradual encroachment by a growing
tumour. Equally importantly, function may have been preserved in an area that appears
unequivocally as tumour on MRI. The committee discussed how they would never resect
such eloquent areas, and cautioned that the only way to detect neuroplasticity reliably was
with functional measures of cognitive performance such as awake craniotomy, possibly aided
by pre-operative measures such as functional MRI, transcranial magnetic stimulation and
neuropsychology. There was insufficient evidence on this phenomenon to make a specific
recommendation, and the committee concluded it would be covered by their
recommendations on functional imaging.

Although the committee repeatedly highlighted the importance of psychological preparation
before and during awake craniotomy to prevent trauma, they added that there were some
people who found the operation quite interesting and enjoyed talking to the surgeons
throughout — the level of support should, therefore, be matched to the needs of the person
undergoing the procedure and the prominence the committee gave to recommendations
ensuring patients are well prepared for the procedure should not be taken to mean all
patients will need extensive preparation.
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Follow-up for glioma

Review question

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

Introduction

Glioma is the most common primary brain cancer in adults. Long-term and progression-free
survival are very dependent on the type and grade of glioma, as well as the extent of
resection and post-operative treatments. Asymptomatic or untreated gliomas may require
follow up with only regular MRI scans (or CT for patients unable to tolerate MRIs). Early
detection and treatment of recurrence may improve outcomes but the impact on overall
morbidity is unknown. If routine imaging is recommended, the preferred image modality,
frequency and duration of scanning is uncertain given the different subtypes of gliomas.

PICO table

Table 89: Summary of the protocol (PICO table)
People treated for glioma

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 computer tomography; MRI magnetic resonance imaging.

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.
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Economic evidence

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

Resource impact

Table 90: Resource impact and unit costs associated with follow-up for glioma
Resource Unit costs Source

NHS reference costs 2015-16 (WF01A)

Follow-Up £188
Appointment

NHS refi ts 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.

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 a research recommendation was important to standardise
practice in this area. 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) but 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.

For full details see Appendix L.
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Benefits and harms

On the basis of their clinical experience and judgement, the committee recommended that
clinical review in a person with glioma might 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 evidence on which to make recommendations about when to
arrange regular clinical review. From reviews on the management of the tumour, however,
the committee believed it had indirect evidence of 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.

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. 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 agreed that there were situations in which advanced MRI techniques might
also be helpful. For example, for newly-diagnosed gliomas advanced imaging techniques can
inform discussions on whether a person’s best option is watchful waiting or early surgery
(see section on ‘Imaging for suspected glioma’). They can also help distinguish between
recurrence of tumour and the after effects of treatment. Therefore this recommendation was
based on their clinical experience, and evidence examined in a separate review on methods
of MRI scanning.

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 this recommendation because in their experience the
potential harms of scanning very frequently were sometimes not appreciated by all clinicians.

The committee recommended clinical review in response to new or changing neurological
symptoms (outside the usual schedule of scans). This is based on the fact that the purpose
of routine follow-up is to identify changes to the tumour in order for treatment to be started
before symptoms arise (if this is possible). 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. 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
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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.

The committee suggested a schedule of scans for a person with glioma as a possible guide
to discuss with the person with the tumour. Although there was no evidence the committee
felt that consensus recommendations would be valuable to help standardise practice and
reduce inequity from clinical variation, and suggested a follow-up schedule that could be
used as a guide. Detail on the link between the committee’s judgement and the
recommendations is given below.

Example initial scanning schedule (all tumour grades)

Based on their clinical experience and judgement, the committee chose to make a
recommendation on a scan within 72 hours following surgery as this gives a post-surgical
baseline, confirms that the intended extent of resection was achieved, and can identify areas
of tissue injury that may otherwise be mistaken for residual or recurrent tumour on later
imaging studies.

The committee also chose to make a recommendation of a scan 3 months following the end
of treatment, consistent with current clinical practice.

Example schedule for grade |

In the judgement of the committee, grade | glioma could sometimes be effectively treated. If
the tumour is effectively treated (no tumour visible on imaging 12 months after treatment) it
may therefore be appropriate to discharge the person from follow-up altogether. However if
tumour is visible on imaging the committee described how the best response was uncertain —
it may also be appropriate to discharge the person from follow-up, but the clinician may want
to ensure no growth or transformation is occurring, in which case a regular but infrequent
follow-up would offer the best balance of risks and benefits. Finally there are certain cases
where even if the tumour is not visible it should still be considered a candidate for follow-up,
for example if the tumour is a completely excised pilocytic astrocytoma the committee
recommended monitoring for recurrencing with an increasing-length imaging interval.

Example schedule for grade Il non codeleted, IDH mutated and grade Il or lll co-deleted

In the experience of the committee, most recurrence in this group occurs within the first 5
years. Therefore they recommended frequent follow-up during this period, followed by a long
period of regular but infrequent follow-up. Ten years after treatment if there is no tumour
recurrence or new side effects there should be a discussion about whether the person with
the tumour can be discharged or whether the schedule of regular but infrequent follow-up
should be maintained. The outcome will depend on clinical features of the tumour and the
committee did not have the evidence to be specific about what should be considered when
making this judgement.

Example schedule for grade Il IDH wildtype, grade Ill non-codeleted and grade IV

In the experience of the committee, the life expectancy of someone with a grade IV glioma or
an astrocytoma was very limited, and was unknown in the case of a grade Il IDH wildtype
tumour. Consequently they suggested that scanning should be initially very frequent, in order
to maximise the potential for and quality of life. If the person with the tumour survives for a
long time, the committee explained that they might assume the tumour was stable
(depending on other clinical factors) and therefore reduce the scanning interval to be more in
line with a grade Il or oligodendroglioma.

Overall benefits and harms

The committee agreed that the overall benefits of the recommendations would be that more
people who have undergone treatment of glioma will have longer overall survival because
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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 results
of uncertain significance). 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 believed their suggested follow-up schedule was a useful guide to balancing
these benefits and harms.

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 acknowledged that a small number of centres may not be using a follow-up
protocol similar or identical to the schedule they recommended, and in these centres
increased follow-up imaging and some service reconfiguration may be needed if the centre
wishes to implement the recommended 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 cost 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 offered appropriate follow up, regardless
of the presence of a disability.

The committee recognised that if the recommendations meant that follow-up scans had to be
undertaken during the weekend then this would incur an additional cost. The committee
therefore decided to use ranges of time for scanning that were at least 3 days long in order to
ensure that weekend scanning could be minimised.
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Appendix A — Review protocols

Review protocol for review 1a - imaging for suspected glioma and meningioma

Field (based on PRISMA-P) Content

Key area in the scope Diagnosing radiologically identified glioma, meningioma and brain metastases.

Actual review question What is the most effective imaging strategy in newly diagnosed glioma and meningioma?

Type of review question Diagnostic

Objective of the review This protocol explores the evidence for imaging strategies for patients with radiologically suspected glioma or

meningioma. Under consideration are the imaging techniques, or combination of techniques, that provide the
information necessary to make a putative diagnosis and plan appropriate treatment. Standard CT will not be
considered further as this is commonly the modality on which the diagnosis is first suspected.

The purpose of this review is to identify the diagnostic accuracy of advanced MRI, PET-CT and PET-MRI for the

characterisation of radiologically suspected glioma and meningioma in addition to standard MRI

Eligibility criteria — Adults with a radiologically (by CT scan or MRI scan) suspected glioma (high or low-grade) or meningioma
population/disease/condition/issue/domain
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Field (based on PRISMA-P) Content
Eligibility criteria — Standard MRI alone:
intervention(s)/exposure(s)/prognostic e Standard structured MRI (core protocol) +/- contrast (T1 pre and post contrast and T2)

factor(s)/ Index test

Standard MRI plus 1 of the following advanced tests:

e Advanced MRI:
o MR Spectroscopy (chemical shift imaging)
o diffusion imaging (DWI/DTI) tensor imaging (DTI)
o perfusion imaging (DSC, DCE, ASL will not be looked at separately)
o structural imaging

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

e PET-MRI
(including FDG: FET, MET, Choline-PET)
Eligibility criteria — comparator(s)/control

or reference (gold) standard e Pathology (histology and, where appropriate molecular testing) or clinical /radiological follow-up if there
is not biopsy

Outcomes and prioritisation
e Quality of life / anxiety

Diagnostic accuracy including:
e sensitivity
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Field (based on PRISMA-P) Content
e specificity
e likelihood ratios

For:
¢ high-grade glioma present (WHO grade Ill and V) versus high—grade glioma absent
¢ low-grade glioma present (WHO grade | and Il) versus low-grade glioma absent

Eligibility criteria — study design e Only published full text English language papers

e Studies published from the year 2002 as it was when standard structured MRI (core protocol) +/-
contrast (T1 pre and post contrast and T2) was first used

Study design:

e cross-sectional studies (>20)

e prospective comparative cohort studies (>20)
e retrospective comparative cohort studies (>20)
e nested case control (1 gate) studies (>20)

Only direct comparisons were considered.
Other exclusion criteria
e Recurrent meningioma, low-grade glioma or high-grade glioma
e Children and young people (under 16 years old)
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Field (based on PRISMA-P) Content

The following list of tumour types:

o
O
O
o
o
O
O

O

neuronal and mixed neuronal-glial tumours

tumours of the pineal region

embryonal tumours

tumours of the cranial and paraspinal nerves

melanocytic tumours

lymphomas

mesenchymal, histiocytic, germ cell, sellar originating and choroid plexus tumours.
brain metastases

Proposed sensitivity/sub-group analysis, Stratification:

or meta-regression e suspected low-grade glioma

e suspected high-grade glioma (grade lll, V)

e suspected meningioma

e axial versus volume imaging
Selection process — duplicate Duplicate screening/selection/analysis will be undertaken for this review. In addition, included and excluded
screening/selection/analysis studies will be cross checked with the committee and with published systematic reviews when available.
Data management (software) Pairwise meta-analyses will be performed using STATA.

STAR will be used for bibliographies/citations, text mining, study sifting, data extraction, and quality
assessment/critical appraisal.

Information sources — databases and dates See Appendix B for full list of databases.
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Field (based on PRISMA-P)

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

Content

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 2002 as it was when standard structured MRI (core protocol) +/-
contrast (T1 pre and post contrast and T2) was first used

Limit to English language only (Medline and Embase). Limit to RCTs and systematic reviews and observational

studies unless overall return is small

Supplementary search techniques: No supplementary search techniques were used

Key papers:

1. Gliomas: Predicting Time to Progression or Survival with Cerebral Blood Volume Measurements at

Dynamic Susceptibility-weighted Contrast-enhanced Perfusion MR Imaging. Meng Law, Robert J.
Young, James S. Babb, Nicole Peccerelli, Sophie Chheang, Michael L. Gruber, Douglas C. Miller, John
G. Golfinos, David Zagzag, and Glyn Johnson Radiology 2008 247:2, 490-498

2. Multimodal MRI in the characterization of glial neoplasms: the combined role of single-voxel MR
spectroscopy, diffusion imaging and echo-planar perfusion imaging. Zonari, P., Baraldi, P. & Crisi, G.
Neuroradiology (2007) 49: 795. doi:10.1007/s00234-007-0253-x

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 full evidence report
A standardised evidence table format will be used, and published as Supplementary Material D.

For details please see evidence tables in Supplementary Material D.
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Field (based on PRISMA-P)

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

Appraisal of methodological quality:
The methodological quality of each study will be assessed using the following checklist:
* QUADAS -l

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.

Minimally important differences:

Default values will be used of: 0.80 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 extraction and
quality assessment was not performed for this review, as it was not prioritised for dual extraction, This was
because the evidence base was complex, and required support from the committee, which served the same
function as dual extraction and quality assessment.

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 guideline.
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Field (based on PRISMA-P)

Describe contributions of authors and
guarantor

Sources of funding/support
Name of sponsor

Roles of sponsor
PROSPERO registration number

Content

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 1d — molecular markers to inform prognosis / guide treatment

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.

1d What are the most useful molecular markers to determine prognosis/guide treatment for gliomas?
Prognostic

Molecular markers are used for a variety of important decisions concerning the treatment of brain tumours, for
example confirming the presence/absence of a tumour and improving stratification of known tumours. For each
tumour type molecular markers can be divided into 3 types — those which are critical to test for, those which are
not critical to test for but may offer benefit in uncommon cases and those which offer no benefit if tested for.

The objective of this review is to determine if there are any subgroups of patients for whom molecular markers
which are currently regarded as noncritical might be valuable enough to always offer.
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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

Eligibility criteria — study design

Content

Adults (aged 16 years and over) with initial glioma at the time of testing for the molecular markers (i.e., these
people do not have recurrent glioma)

Molecular markers:
e BRAF
e TERT
e EGFR

The analyses of eligible studies have to control for the effect of the following other prognostic factors when
examining the prognostic effect of the molecular markers (in order to be able to examine the additional
prognostic effect of the markers once the effect of these variables have been taken into account):

e age

e tumour grade

e tumour histological subtype
e treatment (firstline)

e |IDH mutation

e 1p19Q

Overall survival

Progression free survival

For BRAF group only:
e response to BRAF inhibitors (Vemurafenib, daburafenib, tremetanib)

Only published full text English language papers

Systematic reviews
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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

Data management (software)

Information sources — databases and dates

Identify if an update
Author contacts

Content
Cohort studies (N = 100)

NA
Tumour grade

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 extraction and quality assessment was not performed for this review, as it was not
prioritised for dual extraction, This was because the evidence base was complex, and required support from the
committee, which served the same function as dual extraction and quality assessment.

If 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.

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 2008 as this was when the role of IDH was discovered. Limit to English language only (Medline and
Embase).

Supplementary search techniques: No supplementary search techniques were used.
Not an update
Developer: National Guideline Alliance (NGA-enquiries@rcog.org.uk)
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Field (based on PRISMA-P)

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

Meta-bias assessment — publication bias,
selective reporting bias

Confidence in cumulative evidence
Rationale/context — what is known

Content

NA

For details please see Appendix B of the full evidence report

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

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 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.

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)

Describe contributions of authors and
guarantor

Sources of funding/support
Name of sponsor

Roles of sponsor
PROSPERO registration number

Content

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 rgistered in PROSPERO

Review protocol for review 1c — timing and extent of initial surgery for low-grade glioma

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.

1c What is the optimal timing and extent of initial surgery for suspected low-grade glioma?
Intervention

This review aims to explore the benefits and risks of surgery, including awake craniotomy, for suspected low-

grade gliomas and to determine whether there is sufficient evidence to support a policy of maximal surgical
resection.
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Appendices

Field (based on PRISMA-P) Content

Eligibility criteria — Adults (aged 16 years and over) with suspected low-grade glioma on imaging suitable for surgical resection or
population/disease/condition/issue/domain  biopsy

Eligibility criteria — _ e Biopsy/image-guided biopsy
intervention(s)/exposure(s)/prognostic  Subtotal resection (partial)
factor(s)

e Gross total resection (maximal)

Eligibility criteria — comparator(s)/control or e Each other
reference (gold) standard e Active monitoring (no surgery/biopsy)
Outcomes and prioritisation Critical:

e progression-free survival
e epilepsy / seizure control
e neurological function
o Neurological Function Scale or NIH stroke scale
Important:
e overall survival
e time to tumour transformation (from low-grade to high-grade)
e health-related quality of life.
Of limited importance:
e surgical mortality (intra-operative and 30-day postoperative)

Eligibility criteria — study design Only published full text papers
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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

Data management (software)

Information sources — databases and dates

Content

Systematic reviews

RCTs

Comparative cohort (50 per arm) or observational (50 per arm) studies
None

o |DH status

e 1p\19q status

e histological subtype (astrocytoma versus oligodendroglioma) if applicable
Double sifting, data extraction and methodological quality assessment:

Double sifting will be performed by the systematic reviewer and senior systematic reviewer.

Data extraction, appraisal of methodological quality and GRADE assessment will be performed by the
systematic reviewer.

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.

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

Date limit: 1980, which was chosen because that was when MRI became available and none of the interventions
listed above would be used today without MRI. Limit to English language only where possible (Medline and
Embase). Limit to RCTs and systematic reviews and observational studies unless overall return is small
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Field (based on PRISMA-P)

Content
Supplementary search techniques: No supplementary search techniques were used

Key papers:
1: Le Rhun E, Taillibert S, Chamberlain MC. Current Management of Adult Diffuse
Infilirative Low-grade Gliomas. Curr Neurol Neurosci Rep. 2016 Feb;16(2):15.

2: Hervey-Jumper SL, Berger MS. Maximizing safe resection of low- and high-grade
glioma. J Neurooncol. 2016 May 12. [Epub ahead of print] Review.

3: Duffau H. Long-term outcomes after supratotal resection of diffuse low-grade
gliomas: a consecutive series with 11-year follow-up. Acta Neurochir (Wien). 2016
Jan; 158(1):51-8. doi: 10.1007/s00701-015-2621-3. Epub 2015 Nov 3.

4: Aghi MK, Nahed BV, Sloan AE, Ryken TC, Kalkanis SN, Olson JJ. The role of
surgery in the management of patients with diffuse low-grade glioma: A systematic
review and evidence-based clinical practice guideline. J Neurooncol. 2015

Dec; 125(3):503-30. doi: 10.1007/s11060-015-1867-1. Epub 2015 Nov 3.

5. Shaw EG, Berkey B, Coons SW, Bullard D, Brachman D, Buckner JC, Stelzer KJ,

Barger GR, Brown PD, Gilbert MR, Mehta M. Recurrence following neurosurgeon-determined gross-total
resection of adult supratentorial low-grade glioma: results of a prospective clinical trial. J Neurosurg. 2008
Nov; 109(5):835-41.

6. Jakola AS, Myrmel KS, Kloster R, Torp SH, Lindal S, Unsgard G, Solheim O. Comparison of a strategy

favoring early surgical resection versus a strategy favoring watchful waiting in low-grade gliomas. JAMA. 2012
Nov 14;308(18):1881-8.

7. Watts, C., & Sanai, N. Surgical approaches for the gliomas. In MS Berger, & M. Weller (Eds), Handbook of
Clinical Neurology, Vol 134. 2016. Pages 51-69.
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Field (based on PRISMA-P)

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

Criteria for quantitative synthesis

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

Content

Not an update

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

N/A

For details please see Appendix B of the full evidence report

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

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

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

Minimally important differences

Default values will be used of: 0.80 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.
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Appendices

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
PROSPERO registration number

Content
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 2a — further management of low-grade glioma

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

Type of review question

Content
Managing low-grade glioma

2a What is the optimal management (observation, surgery, radiotherapy, chemotherapy or combinations of
these) for histologically proven low-grade glioma?

Intervention
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Appendices

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

Content

Though low-grade glioma are relatively infrequent diagnosis, they occur principally in younger people and with

improved survival long term quality of life is of paramount importance. All brain tumour therapies have potential
acute and long term toxicities so clinical teams need to balance improving longevity whilst minimising long term
impact on physical, cognitive, psychological wellbeing.

The principal management options are:

1) Watchful waiting where patients are followed up with clinical assessment of symptoms and imaging, usually
with MRI scans.

2) Surgery which can consist of a biopsy only, partial removal or attempted maximal removal (debulking)
3) Radiotherapy which can be delivered using a variety of techniques and doses
4) Chemotherapy

Often the treatments above are used in combination. Which combination should be used and in what situations
is an important clinical question so review of the literature will help provide guidance for clinical teams, patients
and their families.

People with newly histologically proven low-grade glioma (grade | and Il) who have had surgery (resection or
biopsy)

e Active monitoring

e Surgery

e Radiotherapy

e Chemotherapy

e Combined treatments involving combinations of the above (including radiation versus radiation or
Chemotherapy versus chemotherapy)

Any of the above interventions
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Field (based on PRISMA-P) Content
Outcomes and prioritisation Critical:

e overall survival

e cognitive function

¢ neurological function

¢ Neurological Function Scale or NIH stroke scale

Important:
¢ health-related quality of life.

e progression-free survival

o epilepsy / seizure control

o grade 3 or 4 late toxicity (after 3 months)
Eligibility criteria — study design Only published full text English language papers

Systematic reviews
RCTs

Other exclusion criteria Children and young people (up to age 15)

Proposed stratified, sensitivity/sub-group e 1p/19q
analysis, or meta-regression . IDH

e By histological subtype if possible
e Extent of resection (biopsy, subtotal, total)

182

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


http://www.prisma-statement.org/Extensions/Protocols.aspx

Appendices

Field (based on PRISMA-P)

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

Data items — define all variables to be
collected

Methods for assessing bias at
outcome/study level

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

Content

No duplicate screening/selection/analysis will be undertaken for this review as the topic is so technically complex

that the clinical advisor is required to support the reviewer, and is therefore judged to be performing the quality
assurance function of a conventional dual sift.

Pairwise meta-analyses were performed using Cochrane Review Manager (RevMan5).
‘GRADEpro’ was used to assess the quality of evidence for each outcome.

STAR will be used for bibliographies/citations, text mining, and 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 1985 as the radiotherapy techniques used before then are not applicable to current practice. Limit to
English language only (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
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 full evidence report
A standardised evidence table format will be used, and published as Supplementary Material D.
For details please see evidence tables in Supplementary Material D.

Standard study checklists were used to critically appraise individual 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

Content

The risk of bias across all available evidence was 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

Please document any deviations/alternative approach when GRADE isn’t used or if a modified GRADE
approach has been used for non-intervention or non-comparative studies.

For details please see section 6.4 of Developing NICE guidelines: the manual
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 RCTs
. Cochrane risk of bias tool for non-randomised studies

The quality of the evidence for an outcome (i.e. across studies) will be assessed using GRADE.

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

Minimally important differences

Default values will be used of: 0.80 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.

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. Quality control will be performed by the senior systematic reviewer. Dual sifting will be
performed will not be performed.
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Appendices

Field (based on PRISMA-P) Content
Meta-bias assessment — publication bias, For details please see section 6.2 of Developing NICE guidelines: the manual.
selective reporting bias Consider exploring publication bias for review questions where it may be more common, such as

pharmacological questions, certain disease areas, etc. Describe any steps taken to mitigate against publication
bias, such as examining trial registries.

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
quidelines: 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.

PROSPERO registration number Not registered in PROSPERO

Review protocol for review 2c - initial management of high-grade glioma

Field (based on PRISMA-P) Content

Key area in the scope Managing Glioma

Actual review question 2c Following surgery, what is the optimal management (radiotherapy, chemotherapy, combinations of these, or
other therapies such as metformin or tumour-treating fields) of initial high-grade glioma?

Type of review question Intervention
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Appendices

Field (based on PRISMA-P) Content

Objective of the review This review is aimed at identifying whether any management strategy is more effective than any other in patients
with high-grade glioma which has not previously been systemically treated

Eligibility criteria — People with high-grade gliomas (anaplastic astrocytomas, anaplastic oligodendroglioma, anaplastic

population/disease/condition/issue/domain oligoastrocytoma, gliosarcoma and glioblastoma, transformed low-grade glioma that has not previously been
treated, not otherwise excluded in the scope) who have not previously had a high-grade glioma

Also grade Il / IV glioma or the words ‘high-grade glioma’

Eligibility criteria — Specified standard of care in the comparator group plus one or more of the following interventions:
intervention(s)/exposure(s)/prognostic e chemotherapy
factor(s)

e immunotherapy

e biological therapy

o different radiotherapy schedules
e tumour treating fields

e metformin

e statins

e ketogenic diet

e valgancyclovir / Valganciclovir

e cannabis oil (Sativex)

Eligibility criteria — comparator(s)/control or  In people with Glioblastoma who are <70 years of age + Karnofsky performance status 270:
reference (gold) standard o surgery/biopsy + radiotherapy + Temozolomide

In people with Glioblastoma who are 270 years of age or Karnofsky performance status <70:
e surgery/biopsy + radiotherapy
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Field (based on PRISMA-P) Content

In people with an Astrocytoma/ Oligoastrocytoma/ Oligodendroglioma:
e surgery/biopsy + radiotherapy

In all groups, comparator is standard of care versus standard of care plus one or more intervention therapy

Outcomes and prioritisation Critical outcomes:
e overall survival.
e progression-free survival / Time to progression
¢ health Related Quality of Life

Important outcomes:
¢ neurological adverse events

o wound infections
e RTOG grade 3 and/or 4 toxicity
e CTCAE grade 3 and/or 4 toxicity
o fatigue (somnolence)
e cognitive function

Eligibility criteria — study design Only published full text English language papers
Systematic reviews
RCTs (Phase IlI)
Cohort where RCTs are not available

No sample size criteria, 1977 publication date justified because of changes in radiotherapy technique in this year
making comparisons before this not standard of care.
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Field (based on PRISMA-P) Content
Other inclusion exclusion criteria The following list of tumour types:
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, germc cell, sellar originating and chroid plexus tumours

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

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

Mixed treatment populations will not be considered unless treatment outcomes are reported separately for each
treatment arm

Proposed stratified, sensitivity/sub-group Pre-specified Stratification analyses:

analysis, or meta-regression The following populations will be reviewed, analysed and presented separately where possible:
e (lioblastoma
e MGMT Methylation Status
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Field (based on PRISMA-P) Content

age (>65/70 — papers have different cutoffs and their value for ‘high age’ will be used as long as it is 1 of
these 2 values)

e Karnofsky performance status (<70)
e astrocytoma/ oligoastrocytoma/ oligodendroglioma
e 1p\19q codeleted versus non-codeleted
e |DH-1 or 2 mutations
Pre-specified Subgroup analyses:
e Age (>65/70) for astrocytoma/oligastrocytoma/ oligodendroglioma

e Grade 3 versus Grade 4 adverse effects (ie analysing groups that have one type of adverse effect
differently from the other type)

Selection process — duplicate Owing to high stakeholder interest in this question, a complete duplicate review was undertaken where two
screening/selection/analysis reviewers did duplicate screening of the search.

In addition to this formal method of validation, 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 (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

Information sources — databases and dates  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

Limits (e.g. date, study design): Limit to English language only where possible (Medline and Embase). Limit to
RCTs and systematic reviews and observational studies unless overall return is small
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Field (based on PRISMA-P)

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

Criteria for quantitative synthesis

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

Content
Supplementary search techniques: No supplementary search techniques were used

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 full evidence report

A standardised evidence table format will be used, and published as Supplementary Material D.
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
Synthesis of data:

Meta-analysis will be conducted where appropriate using Review Manager.
Minimally important differences

Default values will be used of: 0.80 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.

Double sifting, data extraction and methodological quality assessment
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Field (based on PRISMA-P) Content

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 was performed.

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 i .

guara:ﬂor outl . 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 NGA to develop guidelines for the NHS in England.

PROSPERO registration number Not registered in PROSPERO

Review protocol for review 2d — management of recurrent high-grade glioma
Field (based on PRISMA-P) Content
Key area in the scope Managing Glioma
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Appendices

Field (based on PRISMA-P)
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

2d What is the optimal management (surgery, radiotherapy, chemotherapy, combinations of these, or other
therapies such as metformin or tumour-treating fields) of recurrent high-grade glioma?

Intervention

This review is aimed at identifying whether any management strategy is more effective than any other in patients

with high-grade glioma which has previously been systematically treated
Adults with high-grade gliomas who have previously had a high-grade glioma

e Temozolomide (TMZ)

e Procarbazine, CCNU (lomustine), vincristine (PCV)

¢ Single agent nitrosourea (CCNU) or Carmustine (BCNU)

e Other systemic anti-cancer agents (SACT) (including immunotherapy and viral therapy)
e Metformin

e Statins

e Ketogenic diet

e Valgancyclovir

e Cannabis oil (Sativex)

e Tumour-treating fields

e Combinations of the above

e Bevacizumab

e Surgery (meaning re-resection after first wasn’t comprehensive enough)

e Radiotherapy (RT) [3D conformal RT; intensity-modulated radiation therapy (IMRT); volumetric modulated

arc radiotherapy (VAMT); tomotherapy; stereotactic RT; proton beam treatment; carbon ion treatment; boron

neutron capture; chemoradiation; sequential radiochemotherapy; stereotactic radiosurgery (SRS)]
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Field (based on PRISMA-P) Content
e Gliadel wafers (carmustine)
e Combinations of the above

Eligibility criteria — comparator(s)/control or  There is no accepted comparator in this field. Consequently any of the following comparisons will be accepted:
reference (gold) standard e any intervention versus best supportive care (BSC)
e any specific intervention versus clinicians’ choice of intervention

e any intervention versus any other intervention

Outcomes and prioritisation Critical outcomes:
¢ overall survival (OS)
e progression free survival/time to progression (PFS/TTP)
¢ health related quality of life (HRQoL)

Important outcomes:

e neurological adverse events

¢ wound infections

e RTOG grade 3 and/or grade 4 toxicity
e CTAE grade 3 and/or grade 4 toxicity
o fatigue (somnolence)

e cognitive function

Eligibility criteria — study design Only published full text English language papers
Systematic reviews
RCTs
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Field (based on PRISMA-P) Content
Other inclusion exclusion criteria e Second new surgery
e Children and young people under 16 years old
The following list of tumour types:
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.

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

e 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.

e Mixed treatment populations will not be considered unless treatment outcomes are reported separately
for each treatment arm.

Proposed sub-group analysis e Age (>65/70 — papers report different thresholds for their definition of ‘high age’ and both of these age cutoffs
will be considered)

e IDH 1 or 2 mutant glioma (1p/19q codeleted oligodendroglioma versus noncodelteted astrocytomas)
e MGMT methylation
e Grade lll versus grade IV
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Field (based on PRISMA-P)

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 Primary versus transformed/secondary

Dual sifting was performed by both systematic reviewers. Data extraction and quality appraisal was performed
by one systematic reviewer.

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 (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.

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

Limits (e.g. date, study design): Limit to English language only where possible (Medline and Embase). Limit to
RCTs and systematic reviews unless overall return is small. Date cutoff of 1990 for all publications, as this is
when TMZ came in and as TMZ is recommended in NICE Technology Appraisal it would not be possible to
consider evidence before this. Further date cutoff of 2000 for pharmaceutical-funded Phase Il studies as there is
major risk of bias in these trials which do not make it to Phase III.

Supplementary search techniques: No supplementary search techniques were used
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 full 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

Content
A standardised evidence table format will be used, and published as Supplementary Material D.
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
Synthesis of data:

Meta-analysis will be conducted where appropriate using Review Manager.
Minimally important differences

Default values will be used of: 0.80 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.

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. Quality control will be performed by the senior systematic reviewer. Dual quality
assessment and data extraction was performed on at least 10% of the records.

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
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Field (based on PRISMA-P) Content
Rationale/context — what is known For details please see the introduction to the evidence review in the full guideline.

D ib tributi f auth d
escribe contributions of authors an A multidisciplinary committee developed the guideline. The committee was convened by [add name of

t

guarantor developer] and membership is given in Supplementary Material B in line with section 3 of Developing NICE
quidelines: 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.

PROSPERO registration number Not registered in PROSPERO

Review protocol for review 2b — resection of glioma

Field (based on PRISMA-P) Content

Key area in the scope Managing glioma

Actual review question 2b Which surgical adjuncts optimise maximal safe resection of glioma?

Type of review question Intervention

Objective of the review Adjuncts to surgery have been introduced to attempt to help maximise the extent and safety of tumour resection,

including 5-ALA fluorescence, awake craniotomy with electrophysiological stimulation, intra-operative ultrasound
and intra-operative MRI. This review will examine the effect of these adjunctive techniques on neurosurgical
resection of gliomas and the evidence base for their usage.

Eligibility criteria — Adults due to undergo surgical resection for glioma (Primary presentation or first surgery)
population/disease/condition/issue/domain o | ow-grade glioma
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Appendices

Field (based on PRISMA-P)

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

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

Outcomes and prioritisation

Content
¢ High-grade glioma
¢ Mixed glioma

Surgical resection guided by:
e 5-ALA (Gliolan)

awake craniotomy

o subcortical stimulation
o cortical stimulation

o bipolar stimulation

o mono-polar stimulation
intraoperative ultrasound
intraoperative MRI
endoscopic resection
BrainPath

e MRI ablation

e combinations of the above, for example awake craniotomy and 5-ALA

e Standard craniotomy with standard neuronavigation techniques (eg microscope)
e Advanced technique (ie those in the list of interventions) compared against a different advanced technique

Critical outcomes:
e overall survival.
e gross total resection margins (as determined by post-operative MRI)
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Field (based on PRISMA-P) Content
e progression-free survival
¢ neurological function
o  Karnofsky performance status
¢ Neurological Function Scale
e language
Important outcomes:
e treatment-related mortality
¢ treatment-related morbidity:
o wound infection
e length of surgery
e Of limited importance:
e epilepsy / seizure control

Eligibility criteria — study design e Only published full text papers in English language
e Systematic reviews
e RCTs except in the case of cortical stimulation where:
e Comparative cohort (>30 participants per arm)

¢ Only include papers from 2000 or later, as this date is when standard craniotomy with neuronavigation
techniques started to be used — anything before this date will be of no use as it will not be standard of care

Other exclusion criteria Children and young people (under 16 years old)
Recurrent high or low-grade glioma
The following list of tumour types:

e neuronal and mixed neuronal-glial tumours
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Field (based on PRISMA-P) Content
e tumours of the pineal region
e embryonal tumours
e tumours of the cranial and paraspinal nerves
¢ melanocytic tumours
e lymphomas
e mesenchymal, histiocytic, germ cell, sellar originating and choroid plexus tumours.

Proposed stratified, sensitivity/sub-group Stratification:

analysis, or meta-regression o low-grade glioma

e high-grade glioma

Selection process — duplicate No duplicate screening/selection/analysis will be undertaken for this review as the topic is so technically complex
screening/selection/analysis that the clinical advisor is required to support the reviewer, and is therefore judged to be performing the quality
assurance function of a conventional dual sift.

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 (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

Information sources — databases and dates 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
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Field (based on PRISMA-P)

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

Limits (e.g. date, study design): Limit to English language only where possible (Medline and Embase). Limit to
RCTs and systematic reviews and observational studies unless overall return is small

Supplementary search techniques: No supplementary search techniques were used

Key papers:

Stummer W, Pichimeier U, Meinel T, Wiestler OD, Zanella F, Reulen HJ, ALA-Glioma Study Group.
Fluorescence-guided surgery with 5-aminolevulinic acid for resection of malignant glioma: a randomised
controlled multicentre phase lll trial. The lancet oncology. 2006 May 31; 7(5):392-401.

De Witt Hamer PC, Robles SG, Zwinderman AH, Duffau H, Berger MS. Impact of intraoperative stimulation brain
mapping on glioma surgery outcome: a meta-analysis. Journal of Clinical Oncology. 2012 Apr 23; 30(20):2559-
65.

Leuthardt EC, Lim CC, Shah MN, Evans JA, Rich KM, Dacey RG, Tempelhoff R, Chicoine MR. Use of movable
high-field-strength intraoperative magnetic resonance imaging with awake craniotomies for resection of gliomas:
preliminary experience. Neurosurgery. 2011 Jul 1; 69(1):194-206.

Unsgard G, Solheim O, Lindseth F, Selbekk T. Intra-operative imaging with 3D ultrasound in neurosurgery.
Inintraoperative Imaging 2011 (pp. 181-186). Springer Vienna.

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 full evidence report

A standardised evidence table format will be used, and published as Supplementary Material D.
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:
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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

Content

. 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
Synthesis of data:

Meta-analysis will be conducted where appropriate using Review Manager.
Minimally important differences

Default values will be used of: 0.80 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.

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. Quality control will be performed by the senior systematic reviewer. Dual quality
assessment and data extraction was performed on at least 10% of the records.

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 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.
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Field (based on PRISMA-P) Content

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 5a — follow-up for glioma

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 5a What is the most effective follow-up protocol (including duration, frequency and tests) to detect recurrence
after treatment for glioma?

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

Content

A glioma is the most common primary brain cancer in adults. Long term and progression free survival is very
dependent on the type and grade of glioma, as well as the extent of resection and post-operative treatments.
Oligodendrogliomas have a more favourable outcome than Astrocytomas and molecular markers pay an
increasing role in predicting the behaviour and treatment of these tumours. Asymptomatic / untreated gliomas
may only require follow up with regular MRI scans (or CT for those unable to tolerate MRIs) Scanning routinely
has costs to healthcare resources, patient time and potentially psychological health as well as excess radiation in
those imaged with CT scan. Early detection and treatment of recurrence improves outcomes but is associated
with higher morbidity. If routine imaging is recommended, the preferred image modality, frequency and duration
of scanning is uncertain given the different subtypes of gliomas.

Adults treated for glioma
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:

cognitive function,
treatment for recurrence

overall survival,
e numbers of patients with symptomatic versus asymptomatic presentation

Important:
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Field (based on PRISMA-P)

Eligibility criteria — study design

Other inclusion exclusion criteria

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

Selection process — duplicate
screening/selection/analysis

Data management (software)

Content
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 glioma

Adults treated for:

e high-grade versus low-grade at initial presentation
e grade | versus Il versus Il versus llll

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 was not performed as the review was
not prioritised for dual extraction.

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.
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Field (based on PRISMA-P)

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
Microsoft Word will be used for 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

Limits (e.g. date, study design): Limit to English language only where possible (Medline and Embase). Limit to
RCTs and systematic reviews and cohort studies unless overall return is small

Date limit: 1990 (CT/MRI not available/comparable to present time before 1990) Supplementary search
techniques: No supplementary search techniques were used

Not an update

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

NA

For details please see Appendix B of the full evidence report

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

Name of sponsor

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: 0.80 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.

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

207

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


http://www.prisma-statement.org/Extensions/Protocols.aspx
http://www.gradeworkinggroup.org/
https://www.nice.org.uk/article/pmg20/chapter/6-Reviewing-research-evidence#assessing-the-quality-of-the-evidence
https://www.nice.org.uk/article/pmg20/chapter/6-Reviewing-research-evidence#assessing-the-quality-of-the-evidence
https://www.nice.org.uk/article/pmg20/chapter/1-Introduction-and-overview
https://www.nice.org.uk/guidance/indevelopment/gid-ng10003/documents
https://www.nice.org.uk/article/pmg20/chapter/1%20Introduction%20and%20overview
https://www.nice.org.uk/article/pmg20/chapter/1%20Introduction%20and%20overview

Appendices

Roles of sponsor NICE funds the National Guideline Alliance to develop guidelines for the NHS in England.
PROSPERO registration number Not registered in PROSPERO
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Appendix B — Literature search strategies

Literature search strategy for review 1a - imaging for suspected glioma and
meningioma

Date of initial search: 30/03/2017

Database: Embase 1974 to 2017 March 29, 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: Embase 1974 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 glioma/ or exp astrocytoma/ or oligodendroglioma/

2 exp Glioblastoma/

& 1 or 2 use ppez

4 exp glioma/ use oemezd or exp astrocytoma/ use oemezd

5 (glioma* or glioblastoma* or GBM or gliosarcoma* or astrocytoma* or oligoastrocytoma* or oligodendroglioma* or
oligo?astrocytoma* or xanthoastrocytoma®).tw.

6 or/3-5

7 Meningioma/ use ppez

8 Meningeal Neoplasms/ use ppez

9 exp meningioma/ use oemezd

10 meningioma*.tw.

11 (mening* adj3 (neoplas* or cancer* or carcin* or tumo* or malign* or h?emangiopericytoma* or
h?emangioblastoma*)).tw.

12 or/7-11

13 6 or12

14 Diagnostic Imaging/ use ppez

15 diagnostic imaging/ use oemezd

16 exp Neuroimaging/ use ppez

17 exp neuroimaging/ use oemezd

18 Multimodal Imaging/ use ppez

19 multimodal imaging/ use oemezd

20 Radionuclide Imaging/ use ppez

21 exp brain scintiscanning/ use oemezd

22 Perfusion Imaging/ use ppez

23 Neuronal Tract-Tracers/ use ppez

24 neuronal tract tracer/ use oemezd

25 exp Magnetic Resonance Imaging/ use ppez

26 exp nuclear magnetic resonance imaging/ use oemezd

27 Diffusion Magnetic Resonance Imaging/ use ppez

28 exp Magnetic Resonance Spectroscopy/ use ppez

29 proton nuclear magnetic resonance/ use oemezd

30 magnetic resonance.tw.

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

32 (MR adj2 (imag* or neuroimag* or scan* or spectroscop* or elastogra* or examination)).tw.

33 (magnet* adj2 (imag* or neuroimag* or spectroscop* or scan* or elastogra* or examination)).tw.

34 (magneti?ation adj2 imaging).tw.

35 exp Positron-Emission Tomography/ use ppez
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# Searches

36 positron emission tomography/ use oemezd

37 computer assisted emission tomography/ use oemezd

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

39 positron emission tomogra*.tw.

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

41 (spin adj2 (imag* or neuroimag* or spectroscop® or resonance)).tw.

42 (advanced adj2 (imag* or spectroscop* or neuroimag* or scan* or MR* or NMR*)).tw.
43 (chemical shift adj2 (imag* or spectroscop* or neuroimag* or scan* or MR* or NMR*)).tw.
44 (structural adj2 (imag* or spectroscop* or neuroimag* or scan* or MR* or NMR*)).tw.
45 (functional adj2 (imag* or spectroscop* or neuroimag* or scan* or MR* or NMR*)).tw.
46 (diffusion adj2 (imag* or spectroscop* or tractogra® or neuroimag* or scan* or MR* or NMR*)).tw.
47 (perfusion adj2 (imag* or spectroscop* or neuroimag* or scan* or MR* or NMR* or CT)).tw.
48 ((axial or transverse) adj2 (imag* or neuroimag* or scan* or CT or tomogra*)).tw.
49 (T1W*1 or T2W*1).tw.

50 ((T1 or T2) adj2 (imag* or neuroimag* or scan* or MR* or NMR*)).tw.

51 (DWI or DTI or DSC or DCE or ASL).tw.

52 exp nuclear magnetic resonance imaging agent/ use oemezd

53 dynamic contrast.tw.

54 Fluorodeoxyglucose F18/ use ppez

55 fluorodeoxyglucose f 18/ use oemezd

56 ("18F fluorodeoxyglucose" or FDG).tw.

57 Tyrosine/ use ppez

58 "18F fluoro ethyl tyrosine".tw.

59 18F FET.tw.

60 Methionine/ use ppez

61 methionine ¢ 11/ use oemezd

62 ((11C or "carbon 11") adj methionine).tw.

63 MET PET.tw.

64 Gadolinium DTPA/ use ppez

65 gadolinium pentetate/ use oemezd

66 gadolinium.tw.

67 or/14-66

68 13 and 67

69 limit 68 to english language

70 limit 69 to yr="2002-Current"

71 Letter/ use ppez

72 letter.pt. or letter/ use oemezd

73 note.pt.

74 editorial.pt.

75 Editorial/ use ppez

76 News/ use ppez

77 exp Historical Article/ use ppez

78 Anecdotes as Topic/ use ppez

79 Comment/ use ppez

80 Case Report/ use ppez

81 case report/ or case study/ use oemezd

82 (letter or comment®).ti.

83 or/71-82

84 randomized controlled trial/ use ppez

85 randomized controlled trial/ use oemezd

86 random*.ti,ab.

87 or/84-86

88 83 not 87

89 animals/ not humans/ use ppez

90 animal/ not human/ use oemezd

91 nonhuman/ use oemezd

92 exp Animals, Laboratory/ use ppez

93 exp Animal Experimentation/ use ppez

94 exp Animal Experiment/ use oemezd

95 exp Experimental Animal/ use oemezd
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96
97
98

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
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144

145
146
147
148

Searches

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/88-100

70 not 101

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.

or/103-104,107,109-114 use ppez

or/105-108,110-115 use oemezd

or/116-117

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.

119 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.

121 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.

123 use oemezd

120 or 122

124 or 125

Epidemiologic Studies/

Case Control Studies/

Retrospective Studies/

Cohort Studies/

Longitudinal Studies/

Follow-Up Studies/

Prospective Studies/

Cross-Sectional Studies/

or/127-134 use ppez

clinical study/

case control study/

family study/

longitudinal study/

retrospective study/

prospective study/

cohort analysis/

0or/136-142 use oemezd

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

135 or 143 or 144

118 or 126 or 145

102 and 146

remove duplicates from 147
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Date of initial search: 05/07/2017

Database: The Cochrane Library, Issue 3 of 12, March 2017
Date of re-run: 05/09/2017

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

ID Search

#1 MeSH descriptor: [Glioma] explode all trees

#2 (glioma* or glioblastoma* or gliosarcoma* or astrocytoma* or astroblastoma* or oligodendroglioma* or
oligodendrocytoma* or oligoastrocytoma* or GBM)

#3 (glial near/3 (neoplas™ or cancer® or tumo* or carcin* or malign® or metasta*))

#4 {or #1-#3}

#5 MeSH descriptor: [Meningioma] explode all trees

#6 MeSH descriptor: [Meningeal Neoplasms] explode all trees

#7 meningioma*

#8 (mening* near/3 (neoplas™ or cancer* or carcin* or tumo* or malign* or metasta*))

#9 {or #5-#8}

#10 #4 or #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: [Perfusion Imaging] explode all trees

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

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

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

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

#20 (MR near/2 (imag* or neuroimag* or scan* or spectroscop* or elastogra* or examination))

#21 (magnet* near/2 (imag* or neuroimag* or spectroscop* or scan* or elastogra® or examination))

#22 (magneti?ation near/2 imaging)

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

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

#25 positron emission tomogra*

#26 (PET or PET-CT or PETCT or PET MR*1)
#27 MeSH descriptor: [Spin Labels] explode all trees
#28 (spin near/2 (imag* or neuroimag* or spectroscop* or resonance))

#29 (advanced near/2 (imag* or spectroscop* or neuroimag* or scan* or MR* or NMR*))
#30 (chemical shift near/2 (imag* or spectroscop* or neuroimag* or scan* or MR* or NMR*))
#31 (structural near/2 (imag* or spectroscop* or neuroimag* or scan* or MR* or NMR*))
#32 (functional near/2 (imag* or spectroscop* or neuroimag* or scan* or MR* or NMR*))
#33 (diffusion near/2 (imag* or spectroscop® or tractogra* or neuroimag* or scan* or MR* or NMR*))
#34 (perfusion near/2 (imag* or spectroscop* or neuroimag* or scan* or MR* or NMR* or CT))
#35 ((axial or transverse) near/2 (imag* or neuroimag* or scan* or CT or tomogra*))
#36 (T1W*1 or T2W*1)
(

#37 (T1 or T2) near/2 (imag* or neuroimag* or scan* or MR* or NMR*))
#38 (DWI or DTI or DSC or DCE or ASL)

#39 dynamic contrast

#40 MeSH descriptor: [Fluorodeoxyglucose F18] explode all trees
#41 ("18F fluorodeoxyglucose" or FDG)

#42 MeSH descriptor: [Tyrosine] this term only

#43 "18F fluoro ethyl tyrosine"

#44 18F FET

#45 MeSH descriptor: [Methionine] this term only
#46 ((11C or "carbon 11") and methionine)

#47 MET PET
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#48 MeSH descriptor: [Gadolinium DTPA] this term only
#49 gadolinium

#50 {or #11-#49}

#51 #10 and #50
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Literature search strategy for review 1d — molecular markers to inform prognosis
| guide treatment

Date of initial search: 27/06/2017

Database: Embase 1980 to 2017 Week 26, 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 glioma/ or exp astrocytoma/ or oligodendroglioma/

2 exp Glioblastoma/

& 1 or 2 use ppez

4 exp glioma/ use emez or exp astrocytoma/ use emez

5 (glioma* or glioblastoma* or GBM or gliosarcoma* or astrocytoma* or oligoastrocytoma* or oligodendroglioma* or
oligo?astrocytoma* or xanthoastrocytoma®*).tw.

6 or/3-5

7 Proto-Oncogene Proteins B-raf/ use ppez

8 B Raf kinase/ use emez

9 (BRAF or B-RAF or NS7 or RAFB1).tw.

10 or/7-9

11 Receptor, Epidermal Growth Factor/ use ppez

12 epidermal growth factor receptor/ use emez

13 (epidermal growth factor or egf receptor or (growth factor adj3 receptor) or (erbb-1 adj3 receptor) or (erbb-1 adj3
protein)).tw.

14 (EGFR or ERBB or HER1 or mENA or ERBB1 or PIG61 or NISBD2).tw.

15 or/11-14

16 Telomerase/ use ppez

17 telomerase reverse transcriptase/ use emez

18 telomerase reverse transcriptase.tw.

19 (TERT or hTERT or TERTmut or TP2 or TRT or CMM9 or EST2 or TCS1 or hTRT or DKCA2 or DKCB4 or hEST2
or PFBMFT1).tw.

20 or/16-19

21 10 or 15 or 20

22 6 and 21

23 6 and 10

24 exp Disease Free Survival/ use ppez

25 disease free survival/ use emez

26 survival.tw.

27 exp Prognosis/ use ppez

28 prognosis.tw.

29 exp Survival Rate/ use ppez

30 survival rate/ use emez

31 or/24-30

32 exp Treatment Outcome/ use ppez

33 exp treatment outcome/ use emez

34 ((treatment* or therap*) adj (outcome* or response*)).tw.

35 or/32-34

36 23 and (31 or 35)

37 22 and 31

38 36 or 37

39 limit 38 to english language
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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

limit 39 to yr="2008 -Current"

Letter/ use ppez

letter.pt. or letter/ use emez

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 emez
(letter or comment*).ti.

or/41-52

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

or/54-56

53 not 57

animals/ not humans/ use ppez
animal/ not human/ use emez
nonhuman/ use emez

exp Animals, Laboratory/ use ppez
exp Animal Experimentation/ use ppez
exp Animal Experiment/ use emez
exp Experimental Animal/ use emez
exp Models, Animal/ use ppez
animal model/ use emez

exp Rodentia/ use ppez

exp Rodent/ use emez

(rat or rats or mouse or mice).ti.
or/58-70

40 not 71

remove duplicates from 72

Date of initial search: 27/06/2017

Database: The Cochrane Library, Issue 6 of 12, June 2017

Date of re-run: 07/09/2017

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

#1
#2

#3
#4
#5
#6
#7

#8
#9
#10
#11

MeSH descriptor: [Glioma] explode all trees

(glioma* or glioblastoma* or GBM or gliosarcoma* or astrocytoma* or oligoastrocytoma* or oligodendroglioma* or
oligo?astrocytoma* or xanthoastrocytoma*)

{or #1-#2}

MeSH descriptor: [Proto-Oncogene Proteins B-raf] this term only

(BRAF or B-RAF or NS7 or RAFB1)

MeSH descriptor: [Receptor, Epidermal Growth Factor] this term only

(epidermal growth factor or egf receptor or (growth factor near/3 receptor) or (erbb-1 near/3 receptor) or (erbb-1
near/3 protein))

(EGFR or ERBB or HER1 or mENA or ERBB1 or PIG61 or NISBD2)

MeSH descriptor: [Telomerase] this term only

(telomerase and reverse and transcriptase)

(TERT or hTERT or TERTmut or TP2 or TRT or CMM9 or EST2 or TCS1 or hTRT or DKCA2 or DKCB4 or hEST2
or PFBMFT1)
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#12
#13

{or #3-#11}
#3 and #12 Publication Year from 2008 to 2017

Literature search strategy for review 1c — timing and extend of initial surgery for
low-grade glioma

Systematic reviews and RCTs

Date of initial search: 11/07/2017

Database: Embase 1980 to 2017 Week 28, 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

O~NOO A WN -

10

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

exp Gliomal/su use ppez or exp Astrocytoma/su use ppez or Oligodendroglioma/su use ppez

exp glioma/su use emez or exp astrocytoma/su use emez

1or2

Neoplasm Grading/ use ppez

cancer grading/ use emez

4or5

3and 6

((grade* 2 or two or Il) adj3 (glioma* or astrocytoma* or ganglioglioma* or oligodendroglioma* or oligoastrocytoma*
or oligo-astrocytoma* or xanthoastrocytoma®)).tw.

((grade* 1 or one or I) adj3 (glioma* or astrocytoma* or ganglioglioma* or oligodendroglioma* or oliogastrocytoma*
or oligo-astrocytoma* or xanthoastrocytoma®)).tw.

((low-grade or non-invasive or mixed or premalignant or pre-malignant or atypical or discrete or diffuse or local* or
myxopapillary or pilocytic or cerebellar or pilomyxoid or angiocentric or fibrillary or protoplasmic or chordoid) adj3
(glioma* or astrocytoma* or oligodendroglioma* or oligoastrocytoma* or oligo-astrocytoma* or
xanthoastrocytoma®*)).tw.

or/7-10

exp Neurosurgical Procedures/ use ppez

Neurosurgery/ use ppez

exp Biopsy/ use ppez

Watchful Waiting/ use ppez

Observation/ use ppez

exp Monitoring, Physiologic/ use ppez

or/12-17

exp neurosurgery/ use emez

brain biopsy/ use emez

craniotomy/ use emez

watchful waiting/ use emez

observation/ use emez

physiologic monitoring/ use emez

patient monitoring/ use emez

or/19-25

18 or 26

(craniotom* or craniectom* or lesionectom®).tw.
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29

30
31

32
33

35
36
37
38

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

62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78

79
80
81
82

((partial or subtotal or gross or total or maxim* or extent or extensive or complete or greater or awake or wakeful)
adj3 (ablat* or biops* or cytoreduc* or debulk* or excis* or microsur* or neurosurg* or operat* or procedure* or

resect” or surg*)).tw.

((watch* adj2 wait*) or (wait adj2 see)).tw.

((active or expect* or watch* or patient* or regular* symptom*) adj2 (manag* or monitor* or surveill* or observ* or

control*)).tw.

or/27-31

11 and 32

limit 33 to english language

limit 34 to yr="1980 —Current”
Letter/ use ppez

letter.pt. or letter/ use emez

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 emez
(letter or comment*).ti.

or/36-47

randomized controlled trial/ use ppez
randomized controlled trial/ use emez
random®.ti,ab.

or/49-51

48 not 52

animals/ not humans/ use ppez
animal/ not human/ use emez
nonhuman/ use emez

exp Animals, Laboratory/ use ppez
exp Animal Experimentation/ use ppez
exp Animal Experiment/ use emez
exp Experimental Animal/ use emez
exp Models, Animal/ use ppez
animal model/ use emez

exp Rodentia/ use ppez

exp Rodent/ use emez

(rat or rats or mouse or mice).ti.
or/53-65

35 not 66

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.

0or/68-69,72,74-79 use ppez
or/70-73,75-80 use emez
or/81-82
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#

84 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.

85 84 use ppez

86 (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.

87 86 use ppez

88 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.

89 88 use emez

90 85 or 87

91 89 or 90

92 83 or 91

93 67 and 92

94 remove duplicates from 93

Observational Studies
Date of initial search: 11/07/2017

Database: Embase 1980 to 2017 Week 28, 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

1 exp Glioma/su use ppez or exp Astrocytoma/su use ppez or Oligodendroglioma/su use ppez

2 exp glioma/su use emez or exp astrocytoma/su use emez

3 1or2

4 Neoplasm Grading/ use ppez

5 cancer grading/ use emez

6 4orb5

7 3and 6

8 ((grade* 2 or two or Il) adj3 (glioma* or astrocytoma* or ganglioglioma* or oligodendroglioma* or oligoastrocytoma*
or oligo-astrocytoma* or xanthoastrocytoma®)).tw.

9 ((grade* 1 or one or ) adj3 (glioma* or astrocytoma* or ganglioglioma* or oligodendroglioma* or oliogastrocytoma*
or oligo-astrocytoma* or xanthoastrocytoma®)).tw.

10 ((low-grade or non-invasive or mixed or premalignant or pre-malignant or atypical or discrete or diffuse or local* or
myxopapillary or pilocytic or cerebellar or pilomyxoid or angiocentric or fibrillary or protoplasmic or chordoid) adj3
(glioma* or astrocytoma* or oligodendroglioma* or oligoastrocytoma* or oligo-astrocytoma* or
xanthoastrocytoma*)).tw.

11 or/7-10

12 exp Neurosurgical Procedures/ use ppez

13 Neurosurgery/ use ppez

14 exp Biopsy/ use ppez

15 Watchful Waiting/ use ppez

16 Observation/ use ppez

17 exp Monitoring, Physiologic/ use ppez

18 or/12-17

19 exp neurosurgery/ use emez

20 brain biopsy/ use emez

21 craniotomy/ use emez
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22 watchful waiting/ use emez

23 observation/ use emez

24 physiologic monitoring/ use emez

25 patient monitoring/ use emez

26 or/19-25

27 18 or 26

28 (craniotom* or craniectom* or lesionectom®).tw.

29 ((partial or subtotal or gross or total or maxim* or extent or extensive or complete or greater or awake or wakeful)

adj3 (ablat* or biops* or cytoreduc* or debulk* or excis* or microsur* or neurosurg* or operat* or procedure* or
resect® or surg*)).tw.

30 ((watch* adj2 wait*) or (wait adj2 see)).tw.

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

32 or/27-31

33 11 and 32

34 limit 33 to english language

85 limit 34 to yr="1980 -Current"

36 Letter/ use ppez

37 letter.pt. or letter/ use emez

38 note.pt.

39 editorial.pt.

40 Editorial/ use ppez

41 News/ use ppez

42 exp Historical Article/ use ppez

43 Anecdotes as Topic/ use ppez

44 Comment/ use ppez

45 Case Report/ use ppez

46 case report/ or case study/ use emez

47 (letter or comment*).ti.

48 or/36-47

49 randomized controlled trial/ use ppez

50 randomized controlled trial/ use emez

51 random*.ti,ab.

52 or/49-51

53 48 not 52

54 animals/ not humans/ use ppez

55 animal/ not human/ use emez

56 nonhuman/ use emez

57 exp Animals, Laboratory/ use ppez

58 exp Animal Experimentation/ use ppez

59 exp Animal Experiment/ use emez

60 exp Experimental Animal/ use emez

61 exp Models, Animal/ use ppez

62 animal model/ use emez

63 exp Rodentia/ use ppez

64 exp Rodent/ use emez

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

66 or/53-65

67 35 not 66

68 Epidemiologic Studies/

69 Case Control Studies/

70 Retrospective Studies/

71 Cohort Studies/

72 Longitudinal Studies/

73 Follow-Up Studies/

74 Prospective Studies/

75 Cross-Sectional Studies/

76 or/68-75 use ppez

77 clinical study/

78 case control study/
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79 family study/

80 longitudinal study/

81 retrospective study/

82 prospective study/

83 cohort analysis/

84 or/77-83 use emez

85 ((retrospective* or cohort* or longitudinal or follow?up or prospective or cross section*) adj3 (stud* or research or
analys™®)).ti.

86 76 or 84 or 85

87 67 and 86

88 remove duplicates from 87

Date of initial search: 11/07/2017

Database: The Cochrane Library, Issue 7 of 12, July 2017

Date of re-run: 07/09/2017

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

b

#1 MeSH descriptor: [Glioma] explode all trees and with qualifier(s): [Surgery - SU]

#2 MeSH descriptor: [Astrocytoma] explode all trees and with qualifier(s): [Surgery - SU]

#3 MeSH descriptor: [Oligodendroglioma] explode all trees and with qualifier(s): [Surgery - SU]

#4 {or #1-#3}

#5 MeSH descriptor: [Neoplasm Grading] this term only

#6 #4 and #5

#7 ((grade* 2 or two or Il) near/3 (glioma* or astrocytoma* or ganglioglioma* or oligodendroglioma* or
oligoastrocytoma* or oligo-astrocytoma* or xanthoastrocytoma*))

#8 ((grade* 1 or one or |) near/3 (glioma* or astrocytoma* or ganglioglioma* or oligodendroglioma* or
oliogastrocytoma* or oligo-astrocytoma* or xanthoastrocytoma*))

#9 ((low-grade or non-invasive or mixed or premalignant or pre-malignant or atypical or discrete or diffuse or local* or

myxopapillary or pilocytic or cerebellar or pilomyxoid or angiocentric or fibrillary or protoplasmic or chordoid) near/3
(glioma* or astrocytoma* or oligodendroglioma* or oligoastrocytoma* or oligo-astrocytoma* or

xanthoastrocytoma®*))
#10 {or #6-#9}
#11 MeSH descriptor: [Neurosurgical Procedures] explode all trees

#12 MeSH descriptor: [Neurosurgery] this term only

#13 MeSH descriptor: [Biopsy] explode all trees

#14 MeSH descriptor: [Watchful Waiting] this term only

#15 MeSH descriptor: [Observation] this term only

#16 MeSH descriptor: [Monitoring, Physiologic] explode all trees

#17 (craniotom* or craniectom* or lesionectom®)

#18 ((partial or subtotal or gross or total or maxim* or extent or extensive or complete or greater or awake or wakeful)
near/3 (ablat* or biops* or cytoreduc* or debulk* or excis* or microsur* or neurosurg® or operat* or procedure* or
resect” or surg*))

#19 ((watch* near/2 wait*) or (wait near/2 see))
#20 ((active or expect* or watch* or patient* or regular* symptom*) near/2 (manag* or monitor* or surveill* or observ* or
control*))

#21 {or #11-#20}
#22 #10 and #21 Publication Year from 1980 to 2017

Literature search strategy for review 2a — further management of low-grade
glioma

Date of initial search: 18/07/2017
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Database(s): Embase 1980 to 2017 Week 29, 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(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

27
28

29
30

31
32
33
34
35
36
37

Searches

((grade* 2 or two or 1) adj3 (glioma* or astrocytoma* or ganglioglioma* or oligodendroglioma* or oligoastrocytoma*
or oligo-astrocytoma* or xanthoastrocytoma*)).tw.

((grade* 1 or one or ) adj3 (glioma* or astrocytoma* or ganglioglioma* or oligodendroglioma* or oliogastrocytoma*
or oligo-astrocytoma* or xanthoastrocytoma*)).tw.

((low-grade or low-grade or non invasive or non-invasive or mixed or premalignant or pre-malignant or atypical or
discrete or diffuse or local* or myxopapillary or pilocytic or cerebellar or pilomyxoid or angiocentric or fibrillary or
protoplasmic or chordoid) adj3 (glioma* or astrocytoma* or oligodendroglioma* or oligoastrocytoma* or oligo-
astrocytoma* or xanthoastrocytoma*)).tw.

LGG.tw.

or/1-4

(dt or rt or su or th).fs.

Neurosurgery/ use ppez

exp Neurosurgical Procedures/ use ppez

Surgical Procedures, Operative/ use ppez

exp Biopsy/ use ppez

exp Stereotaxic Techniques/ use ppez

Neuroendoscopy/ use ppez

exp cancer surgery/ use emez

exp neurosurgery/ use emez

tumor ablation/ use emez

brain biopsy/ use emez

craniotomy/ use emez

exp stereotactic procedure/ use emez

((brain or neuro* or intracereb* or intracrani* or crani* or cereb*) adj2 (surg* or microsurg* or manipulat* or
procedur® or operat* or resect* or debulk* or excis* or ablat* or biops* or remov* or aspirat* or shunt*)).tw.
(neurosurg* or craniotom* or craniectom* or lesionectom®).tw.

(ventriculostom* or ventriculocisternostom™).tw.

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

or/6-22

exp Radiotherapy/ use ppez

exp radiotherapy/ use emez

(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* or proton beam or carbon ion or
boron neutron).tw.

((proton* or particle* or hadron or neutron) adj2 (therap* or treatment* or procedure* or modalit*)).tw.

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

Radiation Oncology/ use ppez

(chemoradiotherap* chemo-radiotherap* or chemoradiat* or chemo-radiat* or chemoirradiat* or chemo-irradiat* or
radiochemotherap* or radio-chemotherap®).tw.

or/24-30

exp Antineoplastic Agents/ use ppez

exp antineoplastic agent/ use emez

exp Combined Modality Therapy/ use ppez

multimodality cancer therapy/ use emez

exp combination drug therapy/ use emez

antineoplastic protocols/ use ppez or antineoplastic combined chemotherapy protocols/ use ppez or drug therapy,
combination/ use ppez
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38 ((combin* or concomitant or concurrent) adj2 (therap* or treatment* or regimen* or protocol* or drug* or
agent*)).tw.

39 CCRT.tw.

40 exp chemotherapy/ use emez

41 chemotherap*.tw.

42 ((anticancer or anti-cancer or systemic or antineoplas* or anti-neoplas* or cytotoxi*) adj2 (therap* or treatment* or
regimen* or protocol* or drug* or agent*)).tw.

43 PCV.tw.

44 Lomustine/ use ppez

45 lomustine/ use emez

46 (belustine or ccnu or cecenu or ceenu or lomustine or nsc?79037).tw.

47 Procarbazine/ use ppez

48 procarbazine/ use emez

49 (matulan or natulan or procarbazine).tw.

50 temozolomide/ use emez

51 (temozolomide or temodal or temodar).tw.

52 Vincristine/ use ppez

53 vincristine/ use emez

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

55 or/32-54

56 Watchful Waiting/ use ppez

57 watchful waiting/ use emez

58 Observation/ use ppez

59 observation/ use emez

60 physiologic monitoring/ use emez

61 patient monitoring/ use emez

62 ((watch* adj2 wait*) or (wait adj2 see)).tw.

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

64 or/56-63

65 23 or 31 or 55 or 64

66 5 and 65

67 Letter/ use ppez

68 letter.pt. or letter/ use emez

69 note.pt.

70 editorial.pt.

71 Editorial/ use ppez

72 News/ use ppez

73 exp Historical Article/ use ppez

74 Anecdotes as Topic/ use ppez

75 Comment/ use ppez

76 Case Report/ use ppez

77 case report/ or case study/ use emez

78 (letter or comment*).ti.

79 or/67-78

80 randomized controlled trial/ use ppez

81 randomized controlled trial/ use emez

82 random*.ti,ab.

83 or/80-82

84 79 not 83

85 animals/ not humans/ use ppez

86 animal/ not human/ use emez

87 nonhuman/ use emez

88 exp Animals, Laboratory/ use ppez

89 exp Animal Experimentation/ use ppez

90 exp Animal Experiment/ use emez

91 exp Experimental Animal/ use emez

92 exp Models, Animal/ use ppez

93 animal model/ use emez

94 exp Rodentia/ use ppez
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95 exp Rodent/ use emez

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

97 or/84-96

98 66 not 97

99 limit 98 to english language

100 limit 99 to yr="1985 -Current"

101 Meta-Analysis/

102 Meta-Analysis as Topic/

103 systematic review/

104 meta-analysis/

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

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

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

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

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

110 (search* adj4 literature).ab.

111 (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.

112 cochrane.jw.

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

114 or/101-102,105,107-112 use ppez
115 or/103-106,108-113 use emez
116 or/114-115

117 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.

118 117 use ppez

119 (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.

120 119 use ppez

121 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.

122 121 use emez

123 118 or 120

124 122 or 123

125 116 or 124

126 100 and 125

127 remove duplicates from 126

Date of initial search: 18/07/2017

Database: The Cochrane Library, Issue 7 of 12, July 2017

Date of re-run: 07/09/2017

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

‘b
#1 ((grade* 2 or two or Il) near/3 (glioma* or astrocytoma* or ganglioglioma* or oligodendroglioma* or
oligoastrocytoma* or oligo-astrocytoma* or xanthoastrocytoma*))
#2 ((grade* 1 or one or |) near/3 (glioma* or astrocytoma* or ganglioglioma* or oligodendroglioma* or
oliogastrocytoma* or oligo-astrocytoma* or xanthoastrocytoma*))
#3 ((low-grade or low-grade or non invasive or non-invasive or mixed or premalignant or pre-malignant or atypical or

discrete or diffuse or local* or myxopapillary or pilocytic or cerebellar or pilomyxoid or angiocentric or fibrillary or
protoplasmic or chordoid) near/3 (glioma* or astrocytoma* or oligodendroglioma* or oligoastrocytoma* or oligo-
astrocytoma* or xanthoastrocytoma*))

#4 LGG
#5 {or #1-#4} Publication Year from 1985 to 2017
#6 MeSH descriptor: [Neurosurgery] this term only
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#7 MeSH descriptor: [Neurosurgical Procedures] explode all trees

#8 MeSH descriptor: [Surgical Procedures, Operative] explode all trees

#9 MeSH descriptor: [Biopsy] explode all trees

#10 MeSH descriptor: [Stereotaxic Techniques] explode all trees

#11 MeSH descriptor: [Neuroendoscopy] this term only

#12 (((brain or neuro* or intracereb* or intracrani* or crani* or cereb*) near/2 (surg* or microsurg* or manipulat* or

procedur® or operat* or resect* or debulk* or excis* or ablat* or biops* or remov* or aspirat* or shunt*)) or
neurosurg*® or craniotom* or craniectom® or lesionectom* or ventriculostom* or ventriculocisternostom®)

#13 ((intra-operat* or intraoperat*) near/3 (technolog* or modalit* or procedur* or technique* or method*))
#14 MeSH descriptor: [Radiotherapy] explode all trees
#15 (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* or proton beam or carbon ion or
boron neutron)

#16 ((proton* or particle* or hadron or neutron) near/2 (therap* or treatment* or procedure* or modalit*))

#17 (WBRT or WBI-IMRT or HA-WBRT or LINAC or IMRT or IGRT or XRT or XBT or SRS or SRT or VMAT or 3DCRT
or 3D CRT or CRT or BNCT or CPT)

#18 (chemo*radiotherap* or chemo*radiat* or chemo*irradiat* or radio*chemotherap*)

#19 MeSH descriptor: [Antineoplastic Agents] explode all trees

#20 MeSH descriptor: [Combined Modality Therapy] explode all trees

#21 MeSH descriptor: [Antineoplastic Protocols] explode all trees

#22 MeSH descriptor: [Drug Therapy, Combination] this term only

#23 ((combin* or concomitant or concurrent) near/2 (therap* or treatment* or regimen* or protocol* or drug* or agent*))

#24 chemotherap*

#25 ((anti*cancer or systemic or anti*neoplas* or cytotoxi*) near/2 (therap* or treatment* or regimen* or protocol* or
drug* or agent*))

#26 PCV

#27 MeSH descriptor: [Lomustine] explode all trees

#28 (belustine or ccnu or cecenu or ceenu or lomustine)

#29 MeSH descriptor: [Procarbazine] explode all trees

#30 (matulan or natulan or procarbazine)

#31 (temozolomide or temodal or temodar)

#32 MeSH descriptor: [Vincristine] explode all trees

#33 (citomid or farmistin or leucocristine or oncovin* or onkocristin or vincasar or vincristin* or vincrisul or vintec)

#34 MeSH descriptor: [Watchful Waiting] this term only
#35 MeSH descriptor: [Monitoring, Physiologic] explode all trees

#36 ((watch* near/2 wait*) or (wait near/2 see))
#37 ((active or expect* or watch* or patient* or regular* symptom*) near/2 (manag* or monitor* or surveill* or observ* or
control*))

#38 {or #6-#37}
#39 #5 and #38

Literature search strategy for review 2c¢ - initial management of high-grade
glioma

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

1 exp Glioma/ or exp Astrocytoma/ or Oligodendroglioma/
2 Anaplasia/ or Neoplasm Recurrence, Local/

& secondary.fs.

4 2o0r3

5 1and 4

6

exp Glioblastoma/
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7 5o0r6
8 (glioblastoma* or GBM).tw.
9 gliosarcoma*.tw.

10  ((grade* 4 or four or 1V) adj3 (glioma* or astrocytoma® or oligodendrogli* or oligodendroblastoma* or
oligo?astrocytoma®)).tw.

11 ((grade* 3 or three or lll) adj3 (glioma* or astrocytoma* or oligodendrogli* or oligodendroblastoma* or
oligo?astrocytoma®)).tw.

12 ((high-grade or malignant or invasive or anaplas* or recurr® or transform*) adj3 (glioma* or astrocytoma* or
oligodendrogli* or oligodendroblastoma* or oligo?astrocytoma*)).tw.

13 or/7-12

14  Neurosurgery/

15  exp Neurosurgical Procedures/
16  Surgical Procedures, Operative/
17  exp Stereotaxic Techniques/

18  Neuroendoscopy/

19  surgery.fs.

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

21 (neurosurg* or craniotom* or craniectom?®).tw.

22  (ventriculostom* or ventriculocisternostom®).tw.

23  (intra?operat* adj3 (technolog* or modalit* or procedur* or technique* or method*)).tw.
24 or/14-23

25  exp Radiotherapy/

26  radiotherapy.fs.

27  (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* or proton beam or carbon ion or
boron neutron).tw.

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

29  Radiation Oncology/

30 (chemo?radiotherap* or chemo?radiat* or chemo?irradiat* or radio?chemotherap*).tw.

31 or/25-30

32  exp Antineoplastic Agents/

33  exp Combined Modality Therapy/

34  antineoplastic protocols/ or antineoplastic combined chemotherapy protocols/ or drug therapy, combination/

35  ((combin* or concomitant or concurrent) adj2 (therap* or treatment* or regimen* or protocol* or drug* or agent*)).tw.
36 CCRT.tw.

37  stupp.tw.

38  exp Antibodies, Monoclonal/

39  exp Angiogenesis Inhibitors/

40  exp Vascular Endothelial Growth Factors/

41 Cancer Vaccines/

42  exp Immunotherapy/

43  Oncolytic Virotherapy/

44  exp Antiviral Agents/

45  (virotherap* or anti?viral*).tw.

46  ((virus or viral or anti?virus or anti?viral) adj2 (therap* or treatment* or regimen* or protocol* or agent* or drug*)).tw.
47  (anti?angiogenic or (angiogenesis and inhibit*)).tw.
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48  vascular endothelial growth factor*.tw.
49  (VEGF or VEGFR or VEGF-R).tw.

50  drug therapy.fs.

51 chemotherap™.tw.

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

53  Bevacizumab/

54  (bevacizumab or altusan or avastin).tw.

55  exp Bleomycin/

56  (blanoxan or blenoxane or bleo?cell or bleolem or bleomycin* or peplomycin or phleomycin*).tw.
57  Carboplatin/

58 (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.

59  Carmustine/

60  exp Absorbable Implants/

61 exp Drug Implants/

62  (bcnu or bicnu or carmustine or fivb or gliadel wafer* or nitros?urea* or nitrumon).tw.
63  (cilcane or cilengitide or impetreve).tw.

64  Cisplatin/

65  (biocisplatinum or cddp or cisplatin or cis?diamminedichloroplatinum or cis?platinum or dichlorodiammineplatinum or
platidiam or platino* or platinum).tw.

66  Cyclophosphamide/
67  (cyclophosphamide or cyclophosphan® or cytoxan or endoxan or nsc?26271 or neosar or procytox or sendoxan).tw.
68  Cytarabine/

69  (ara?c or arabinofuranosylcytosine or arabinoside or arabinosylcytosine or aracytidine or aracytine or cytarabine or
cytonal or cytosar*).tw.

70  Dacarbazine/

71 (biocarbazine or carboxamide or dtic or dticdome or d?carbazine or deticene or icdt or nsc?45388).tw.
72  Dactinomycin/

73  (actinomycin or cosmegan or dactinomycin or meractinomycin).tw.

74  Etoposide/

75  (celltop or eposide or eposin or etomodac or etopos* or exitop or lastet or nsc?141540 or onkoposid or riboposid or
toposar or vp?16?213 or vepesid).tw.

76  Ganciclovir/

77  (biolf?62 or bw?759 or cytovene or ganc?clovir or rs?21592 or virgan).tw.

78  (valganc?clovir or cymeval or darilin or patheon or rovalcyte or syntex or valcyt*1 or valixa).tw.
79  (DC?vax or (dentric cell? adj (vaccin* or immunotherap*))).tw.

80 Ifosfamide/

81 (holoxan or ifosfamide or ifosphamide or iso-endoxan or isofosfamide or isophosphamide).tw.
82  (Ipilimumab or yervoy).tw.

83  (irinotecan or campto®).tw.

84  Lomustine/

85  (belustine or ccnu or cecenu or ceenu or lomustine or nsc?79037).tw.

86  Methotrexate/

87  (amethopterin or methotrexate or mexate).tw.

88  Nimustine/

89  (acnu or nimustine or nsc?245382).tw.
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90  (nivolumab or opdivo).tw.

91 Procarbazine/

92  (matulan or natulan or procarbazine).tw.

93  (rindopepimut or rintega).tw.

94  (sitimagene ceradenovec or cerepro).tw.

95  Tamoxifen/

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

98  Teniposide/

99  (nsc?122819 or ten?poside or vm?26 or vumon).tw.

10  Vinblastine/
0

10  (lemblastine or velban or velbe or vinblastin* or vincaleukoblastin®).tw.
1

10  Vincristine/

2

10  (citomid or farmistin or leucocristine or oncovin? or onkocristin or pcv or vincasar or vincristin? or vincrisul or vintec).tw.
3

10  or/32-103

4

10  exp Metformin/

5

10  (dimethylbiguandine or glucophage or metformin).tw.

6

10 105 or 106

7

10  exp Hydroxymethylglutaryl-CoA Reductase Inhibitors/

8

10  (hmg?coa reductase inhibitor* or statin* or (hydroxymethlyglutaryl adj2 inhibitor*)).tw.
9

11 (atorvastatin or lipitor or liptonorm or ci?981).tw.

0

11 (lovastatin or 6?methylcompactin or mk?803 or mevacor or mevinolin or monacolin).tw.
1

11 (meglutol or methylglutar* acid).tw.

2

11 (pravastatin or bristacol or cs?514 or elisor or eptastatin or lipemol or liplat or lipostat or mevalotin or prareduct or
& pravac?ol or pravasin or rms?431 or sq?31000 or selektine or vasten).tw.
11 (rosuvastatin or crestor or zd?4522).tw.

4

11 (simvastatin or mk?733 or synvinolin or zocor).tw.

5

11 or/108-115

6

11 Ketogenic Diet/

7

11 Caloric Restriction/

8

11 Diet, Carbohydrate-Restricted/

9

12 Diet, Protein-Restricted/

0
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12 diet therapy.fs.
1

12 ((calor* or carbohydrate* or protein*) adj2 (low or restrict* or diet*)).tw.

2

12 or/117-122

3

12 Cannabis/

4

12 exp Cannabinoids/

5

12 (cannabi* or hashish* or hemp* or mari?uana* or sativex).tw.
6

12 or/124-126

7

12  exp Electric Stimulation Therapy/

8

12  Electromagnetic Fields/

9

13 ((electr* or tumo* treat*) adj2 (field* or therap* or treatment*)).tw.
0

13  (TTField* or TTF or NovoTTF).tw.
1

13 or/128-131

2

13 Watchful Waiting/

3

13  Observation/

4

13 (watch* adj2 wait*).tw.

5

13 ((active or expect* or symptom* or watch*) adj2 (manag* or monitor* or surveill* or observ* or control*)).tw.
6

13 (best supportive care or BSC).tw.

7

13 supportive care.tw.

8

13 0or/133-138

9

14 or/24,31,104,107,116,123,127,132,139
0

14 13 and 140
1

14 limit 141 to english language
2

14 limit 142 to yr="1977 -Current"
3

14 Letter/
4

14 Editorial/
5

14 News/
6
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14 exp Historical Article/
7

14  Anecdotes as Topic/
8

14 Comment/
9

15  Case Report/
0

15 (letter or comment* or abstracts).ti.
1

15  or/144-151

2

15  Randomized Controlled Trial/ or random*.ti,ab.
3

15 152 not 153

4

15  Animals/ not Humans/

5

15  exp Animals, Laboratory/

6

15  exp Animal Experimentation/

7

15  exp Models, Animal/

8

15  exp Rodentia/

9

16  (rat or rats or mouse or mice).ti.
0

16 or/154-160
1

16 143 not 161

2

16  randomized controlled trial.pt.
3

16  controlled clinical trial.pt.
4

16 pragmatic clinical trial.pt.
5

16  randomi#ed.ab.

6

16  placebo.ab.

7

16  drug therapy.fs.

8

16  randomly.ab.

9

17  trial.ab.

0

17  groups.ab.
1

17 or/163-171
2
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17
3

17
4

17
5

17
6

Clinical Trials as topic.sh.
trial.ti.
or/163-167,169,173-174

162 and 175

Database: Cochrane Library, Issue 11 of 12, November 2016

#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

#30
#31

MeSH descriptor: [Glioma] explode all trees
MeSH descriptor: [Astrocytoma] explode all trees
Oligodendroglioma

{or #1-#3}

MeSH descriptor: [Anaplasia] explode all trees
MeSH descriptor: [Neoplasm Recurrence, Local] explode all trees
#5 or #6

#4 and #7

MeSH descriptor: [Glioblastoma] explode all trees
(glioblastoma* or GBM)

gliosarcoma*

((grade* 4 or four or IV) near/3 (glioma* or astrocytoma* or oligodendrogli* or oligodendroblastoma* or
oligo?astrocytoma*))

((grade* 3 or three or lll) near/3 (glioma* or astrocytoma* or oligodendrogli* or oligodendroblastoma* or
oligo?astrocytoma*))

((high-grade or malignant or invasive or anaplas* or recurr* or transform*) near/3 (glioma* or astrocytoma*
or oligodendrogli* or oligodendroblastoma* or oligoastrocytoma®*))

{or #8-#14}

MeSH descriptor: [Neurosurgery] explode all trees

MeSH descriptor: [Neurosurgical Procedures] explode all trees
MeSH descriptor: [Surgical Procedures, Operative] explode all trees
MeSH descriptor: [Stereotaxic Techniques] explode all trees

MeSH descriptor: [Neuroendoscopy] this term only

Any MeSH descriptor with qualifier(s): [Surgery - SU]

((brain or neuro* or intracereb* or intracrani* or crani* or cereb*) near/2 (surg* or microsurg* or manipulat*
or procedur® or operat* or resect* or debulk* or excis* or ablat* or biops* or aspirat* or shunt*))

(neurosurg* or craniotom* or craniectom* or ventriculostom* or ventriculocisternostom®)
(intraoperat* near/3 (technolog* or modalit* or procedur* or technique* or method*))

{or #16-#24}

MeSH descriptor: [Radiotherapy] explode all trees

Any MeSH descriptor with qualifier(s): [Radiotherapy - RT]

(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* or
proton beam or carbon ion or boron neutron)

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

(chemoradiotherap* or chemoradiat* or chemoirradiat* or radiochemotherap*)
{or #26-#30}
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#32
#33
#34
#35
#36

#37
#38
#39
#40
#41
#42
#43
#44
#45
#46

#AT
#48
#49
#50
#51
#52

#53

#54
#55
#56

#57

#58

#59

#60

#61

#62
#63

Search

MeSH descriptor: [Antineoplastic Agents] explode all trees
MeSH descriptor: [Combined Modality Therapy] explode all trees
MeSH descriptor: [Antineoplastic Protocols] explode all trees
MeSH descriptor: [Drug Therapy, Combination] explode all trees

((combin* or concomitant or concurrent) near/2 (therap* or treatment* or regimen* or protocol* or drug* or
agent™))

(CCRT or stupp)

MeSH descriptor: [Antibodies, Monoclonal] explode all trees

MeSH descriptor: [Angiogenesis Inhibitors] explode all trees

MeSH descriptor: [Vascular Endothelial Growth Factors] explode all trees
MeSH descriptor: [Cancer Vaccines] explode all trees

MeSH descriptor: [Immunotherapy] explode all trees

MeSH descriptor: [Oncolytic Virotherapy] explode all trees

MeSH descriptor: [Antiviral Agents] explode all trees

(virotherap* or anti-viral*)

((virus or viral or anti-virus or anti-viral) near/2 (therap* or treatment* or regimen* or protocol* or agent* or
drug®))

(anti-angiogenic or (angiogenesis and inhibit*))

(vascular endothelial growth factor* or VEGF or VEGFR or VEGF-R)
Any MeSH descriptor with qualifier(s): [Drug therapy - DT]

MeSH descriptor: [Absorbable Implants] explode all trees
chemotherap*

((anti?cancer or systemic or anti?neoplas* or cytotoxi*) near/2 (therap* or treatment* or regimen* or
protocol* or drug*® or agent*))

(bevacizumab or altusan or avastin or blanoxan or blenoxane or bleo cell or bleolem or bleomycin* or
peplomycin or phleomycin* or 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)

MeSH descriptor: [Drug Implants] explode all trees
MeSH descriptor: [Absorbable Implants] explode all trees

(bcnu or bicnu or carmustine or fivb or gliadel wafer* or nitrosourea* or nitrosourea or nitrumon or cilcane
or cilengitide or impetreve or biocisplatinum or cddp or cisplatin or cisdiamminedichloroplatinum or
cisplatinum or dichlorodiammineplatinum or platidiam or platino* or platinum or cyclophosphamide or
cyclophosphan* or cytoxan or endoxan or nsc-26271 or neosar or procytox or sendoxan or ara-c or
arabinofuranosylcytosine or arabinoside or arabinosylcytosine or aracytidine or aracytine or cytarabine or
cytonal or cytosar*)

(biocarbazine or carboxamide or dtic or dticdome or dacarbazine or deticene or icdt or nsc-45388 or
actinomycin or cosmegan or dactinomycin or meractinomycin or celltop or eposide or eposin or etomodac
or etopos* or exitop or lastet or nsc-141540 or onkoposid or riboposid or toposar or vp-16-213 or vepesid)

(biolf-62 or bw-759 or cytovene or gangciclovir or gancyclovir or rs-21592 or virgan or valganciclovir or
valgancyclovir or cymeval or darilin or patheon or rovalcyte or syntex or valcyt* or valixa)

(holoxan or ifosfamide or ifosphamide or iso-endoxan or isofosfamide or isophosphamide or ipilimumab or
yervoy or irinotecan or campto* or belustine or ccnu or cecenu or ceenu or lomustine or nsc-79037 or
amethopterin or methotrexate or mexate or acnu or nimustine or nsc-245382 or nivolumab or opdivo)

(matulan or natulan or procarbazine or rindopepimut or rintega or sitimagene ceradenovec or cerepro or
nolvadex or novaldex or soltamox or tamoxifen or tomaxithen or zitazonium or temozolomide or temodal
or temodar or nsc-122819 or teniposide or vm-26 or vumon or lemblastine or velban or velbe or
vinblastin* or vincaleukoblastin* or citomid or farmistin or leucocristine or oncovin* or onkocristin or pcv or
vincasar or vincristin® or vincrisul or vintec)

(dimethylbiguandine or glucophage or metformin)
MeSH descriptor: [Hydroxymethylglutaryl-CoA Reductase Inhibitors] explode all trees
(hmg-coa reductase inhibitor* or statin* or (hydroxymethlyglutaryl near/2 inhibitor*))
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#64

#65
#66
#67
#68
#69
#70
#71
#72
#73
#74
#75
#76
#17
#78
#79
#80
#81
#82

(atorvastatin or lipitor or liptonorm or ci-981 or lovastatin or 6-methylcompactin or mk-803 or mevacor or
mevinolin or monacolin or meglutol or methylglutar® acid or pravastatin or bristacol or cs-514 or elisor or
eptastatin or lipemol or liplat or lipostat or mevalotin or prareduct or pravacol or pravasin or rms-431 or
sg-31000 or selektine or vasten or rosuvastatin or crestor or zd-4522 or simvastatin or mk-733 or
synvinolin or zocor)

MeSH descriptor: [Ketogenic Diet] explode all trees

MeSH descriptor: [Diet Therapy] explode all trees

((calor* or carbohydrate* or protein*) near/2 (low or restrict* or diet*))
MeSH descriptor: [Cannabinoids] explode all trees

MeSH descriptor: [Cannabis] explode all trees

(cannabi* or hashish* or hemp* or mari?uana* or sativex)

MeSH descriptor: [Electric Stimulation Therapy] explode all trees
MeSH descriptor: [Electromagnetic Fields] explode all trees

((electr* or tumo* treat*) near/2 (field* or therap* or treatment*))
(TTField* or TTF or NovoTTF)

{or #32-#74}

MeSH descriptor: [Watchful Waiting] explode all trees

(watch* near/2 wait*)

((active or expect* or symptom* or watch*) near/2 (manag* or monitor* or surveill* or observ* or control*))
supportive care

{or #76-#79}

#25 or #31 or #75 or #80

#15 and #81 Publication Year from 1977 to 2016

Database: Embase 1974 to 2016 Week 48

O N o b~ ODN -

4 a4 A A A a4 ©
D 0o W N -~ O

=
~

exp glioma/

exp astrocytoma/

1or2

anaplastic carcinoma/

tumor recurrence/ or "oncogenesis and malignant transformation”/
exp "oncogenesis and malignant transformation"/
exp Glioma/ or exp Astrocytoma/

anaplastic carcinoma/

exp "oncogenesis and malignant transformation"/
8or9

7 and 10

glioblastoma/

11 0or12

(glioblastoma* or GBM).tw.

gliosarcoma*.tw.

((grade* 4 or four or 1V) adj3 (glioma* or astrocytoma* or oligodendrogli* or oligodendroblastoma* or
oligo?astrocytoma*)).tw.

((grade* 3 or three or lll) adj3 (glioma* or astrocytoma* or oligodendrogli* or oligodendroblastoma* or
oligo?astrocytoma®)).tw.
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18  ((high-grade or malignant or invasive or anaplas* or recurr* or transform*) adj3 (glioma* or astrocytoma* or
oligodendrogli* or oligodendroblastoma* or oligo?astrocytoma®)).tw.

19 or/13-18

20  exp neurosurgery/

21  exp cancer surgery/

22 surgery.fs.

23  exp stereotactic procedure/
24 tumor ablation/

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

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

27  (ventriculostom* or ventriculocisternostom®).tw.

28  (intra?operat* adj3 (technolog* or modalit* or procedur* or technique* or method*)).tw.
29  or/20-28

30 exp radiotherapy/

31 radiotherapy.fs.

32 (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* or proton beam or carbon ion or
boron neutron).tw.

33 (WBRT or WBI-IMRT or HA-WBRT or LINAC or IMRT or IGRT or XRT or XBT or SRS or SRT or VMAT or 3DCRT or

3D CRT or CRT or BNCT).tw.
34  (chemo?radiotherap* or chemo?radiat* or chemo?irradiat* or radio?chemotherap®).tw.
35  or/30-34

36  exp antineoplastic agent/

37  multimodality cancer therapy/
38 exp combination drug therapy/
39  ((combin* or concomitant or concurrent) adj2 (therap* or treatment* or regimen* or protocol* or drug* or agent*)).tw.
40 CCRT.tw.

41 stupp.tw.

42  exp chemotherapy/

43  exp monoclonal antibody/

44 oncolytic virotherapy/

45  exp antivirus agent/

46  exp cancer vaccine/

47  cancer gene therapy/

48  exp angiogenesis inhibitor/

49  vasculotropin/

50 exp cancer immunotherapy/
51  target cell destruction/

52  drug therapy.fs.

53 chemotherap*.tw.

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

55  (virotherap* or anti?viral*).tw.

56  ((virus or viral or anti?virus or anti?viral) adj2 (therap* or treatment* or regimen* or protocol* or agent* or drug*)).tw.
57  (anti?angiogenic or (angiogenesis and inhibit*)).tw.

58 vascular endothelial growth factor*.tw.
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59
60
61
62
63
64
65

66
67
68
69
70
71
72
73

74
75
76
77

78
79
80
81
82
83
84
85

86
87
88
89
90
91
92
93
94
95
96
97
98
99

10
0

(VEGF or VEGFR or VEGF-R).tw.

bevacizumab/

(bevacizumab or avastin or altusan).tw.

exp Bleomycin/

(blanoxan or blenoxane or bleo?cell or bleolem or bleomycin* or peplomycin or phleomycin®).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/

biodegradable implant/

drug implant/

(bcnu or bicnu or carmustine or fivb or gliadel wafer* or nitros?urea* or nitrumon).tw.
cilengitide/

(cilcane or cilengitide or impetreve).tw.

cisplatin/

(biocisplatinum or cddp or cisplatin or cis?diamminedichloroplatinum or cis?platinum or dichlorodiammineplatinum or
platidiam or platino* or platinum).tw.

cyclophosphamide/
(cyclophosphamide or cyclophosphan* or cytoxan or endoxan or nsc?26271 or neosar or procytox or sendoxan).tw.
cytarabine/

(ara?c or arabinofuranosylcytosine or arabinoside or arabinosylcytosine or aracytidine or aracytine or cytarabine or
cytonal or cytosar*).tw.

dacarbazine/

(biocarbazine or carboxamide or dtic or dticdome or d?carbazine or deticene or icdt or nsc?45388).tw.
dactinomycin/

(actinomycin or cosmegan or dactinomycin or meractinomycin).tw.

dendritic cell vaccine/

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

etoposide/

(celltop or eposide or eposin or etomodac or etopos* or exitop or lastet or nsc?141540 or onkoposid or riboposid or
toposar or vp?16?7213 or vepesid).tw.

ganciclovir/

(biolf?62 or bw?759 or cytovene or ganc?clovir or rs?21592 or virgan).tw.

(valganc?clovir or cymeval or darilin or patheon or rovalcyte or syntex or valcyt*1 or valixa).tw.
ifosfamide/

(holoxan or ifosfamide or ifosphamide or iso-endoxan or isofosfamide or isophosphamide).tw.
ipilimumab/

(Ipilimumab or yervoy).tw.

irinotecan/

(Irinotecan or campto®).tw.

lomustine/

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

methotrexate/

(amethopterin or methotrexate or mexate).tw.

nimustine/

(acnu or nimustine or nsc?245382).tw.
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10  nivolumab/
1

10  (Nivolumab or opdivo).tw.

2

10  procarbazine/

3

10  (matulan or natulan or procarbazine).tw.
4

10  rindopepimut/

5

10  (rindopepimut or rintega).tw.

6

10  sitimagene ceradenovec/

7

10  (sitimagene ceradenovec or cerepro).tw.
8

10  tamoxifen/

9

11 (nolvadex or novaldex or soltamox or tamoxifen or tomaxithen or zitazonium).tw.
0

11 temozolomide/
1

11 (temozolomide or temodal or temodar).tw.

2

11 teniposide/

3

11 (nsc?122819 or ten?poside or vm?26 or vumon).tw.

4

11 vinblastine/

5

11 (lemblastine or velban or velbe or vinblastin* or vincaleukoblastine).tw.
6

11 vincristine/

7

11 (citomid or farmistin or leucocristine or oncovin? or onkocristin or vincasar or vincristin? or vincrisul or vintec).tw.
8

11 or/36-118

9

12 metformin/

0

12  (dimethylbiguandine or glucophage or metformin).tw.
1

12 120 o0r 121
2

12 exp hydroxymethylglutaryl coenzyme A reductase inhibitor/
3

12  (hmg?coa reductase inhibitor* or statin* or (hydroxymethlglutaryl adj2 inhibitor*)).tw.
4

12 (atorvastatin or lipitor or liptonorm or ci?981).tw.
5

12 (lovastatin or 6?methylcompactin or mk?803 or mevacor or mevinolin or monacolin).tw.
6
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12 (meglutol or methylglutar* acid).tw.

7

12  (pravastatin or bristacol or cs?514 or elisor or eptastatin or lipemol or liplat or lipostat or mevalotin or prareduct or
8 pravac?ol or pravasin or rms?431 or sq?31000 or selektine or vasten).tw.

12 (rosuvastatin or crestor or zd?4522).tw.

9

13  (simvastatin or mk?733 or synvinolin or zocor).tw.

0

13 0or/123-130
1

13  ketogenic diet/

2

13 caloric restriction/

3

13  low calory diet/

4

13  low carbohydrate diet/
5

13  protein restriction/

6

13  diet therapy.fs.

7

13  ((calor* or carbohydrate* or protein*) adj2 (low or restrict* or diet*)).tw.
8

13  or/132-138

9

14  exp cannabinoid/

0

14  (cannabi* or hashish* or hemp* or mari?uana* or sativex).tw.
1

14 140 or 141

2

14  exp electrotherapy/

3

14  electromagnetic field/

4

14  ((electr* or tumo* treat*) adj2 (field* or therap® or treatment™)).tw.
5

14  (TTField* or TTF or NovoTTF).tw.
6

14 or/143-146

7

14 watchful waiting/

8

14  conservative treatment/

9

15  clinical observation/

0

15 (watch* adj2 wait*).tw.
;

15  ((active or expect* or symptom* or watch*) adj2 (manag* or monitor* or surveill* or observ* or control*)).tw.
2
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15  (best supportive care or BSC).tw.

3

15  supportive care.tw.

4

15  or/148-154

5

15  0r/29,35,119,122,131,139,142,147,155
6

15 19 and 156

7

15 limit 157 to english language
8

15  limit 158 to yr="1977 -Current"
9

16  letter.pt. or letter/

0

16  note.pt.

1

16  editorial.pt.

2

16  case report/ or case study/
3

16 (letter or comment®).ti.

4

16  or/160-164

5

16  randomized controlled trial/ or random*.ti,ab.
6

16 165 not 166

7

16  animal/ not human/

8

16 nonhuman/

9

17  exp Animal Experiment/

0

17  exp Experimental Animal/
1

17  animal model/

2

17  exp Rodent/
3

17  (rat or rats or mouse or mice).ti.
4

17 or/167-174

5

17 159 not 175

6

17 random*.ti,ab.
7

17  factorial*.ti,ab.
8
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17
©

18
0

18
1

18
2

18
3

18
4

18
5

18
6

18
7

(crossover* or cross over®).ti,ab.

((doubl* or singl*) adj blind*).ti,ab.

(assign* or allocat* or volunteer* or placebo*).ti,ab.
crossover procedure/

single blind procedure/

randomized controlled trial/

double blind procedure/

or/177-185

176 and 186

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

= ©O© 0 N O g b W N -~

11

12

13
14
15
16
17
18
19
20

exp Glioma/ or exp Astrocytoma/ or Oligodendroglioma/
Anaplasia/ or Neoplasm Recurrence, Local/
secondary.fs.

2o0r3

1and 4

exp Glioblastoma/

5o0r6

(glioblastoma* or GBM).tw.

gliosarcoma*.tw.

((grade* 4 or four or 1V) adj3 (glioma* or astrocytoma* or oligodendrogli* or oligodendroblastoma* or
oligo?astrocytoma*)).tw.

((grade* 3 or three or Ill) adj3 (glioma* or astrocytoma* or oligodendrogli* or oligodendroblastoma* or
oligo?astrocytoma*)).tw.

((high-grade or malignant or invasive or anaplas™ or recurr* or transform*) adj3 (glioma* or astrocytoma* or
oligodendrogli* or oligodendroblastoma* or oligo?astrocytoma*)).tw.

or/7-12

Neurosurgery/

exp Neurosurgical Procedures/
Surgical Procedures, Operative/
exp Stereotaxic Techniques/
Neuroendoscopy/

surgery.fs.

((brain or neuro* or intracereb* or intracrani* or crani* or cereb*) adj2 (surg* or microsurg* or manipulat* or procedur*
or operat* or resect* or debulk* or excis* or ablat* or biops* or aspirat* or shunt*)).tw.
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21 (neurosurg” or craniotom* or craniectom®).tw.

22  (ventriculostom* or ventriculocisternostom®).tw.

23  (intra?operat* adj3 (technolog* or modalit* or procedur* or technique* or method*)).tw.
24 or/14-23

25 exp Radiotherapy/

26  radiotherapy.fs.

27  (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* or proton beam or carbon ion or
boron neutron).tw.

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

29  Radiation Oncology/

30 (chemo?radiotherap* or chemo?radiat* or chemo?irradiat* or radio?chemotherap*).tw.

31  0r/25-30

32  exp Antineoplastic Agents/

33  exp Combined Modality Therapy/

34  antineoplastic protocols/ or antineoplastic combined chemotherapy protocols/ or drug therapy, combination/
35 ((combin* or concomitant or concurrent) adj2 (therap* or treatment* or regimen* or protocol* or drug* or agent*)).tw.
36 CCRT.tw.

37  stupp.tw.

38 exp Antibodies, Monoclonal/

39  exp Angiogenesis Inhibitors/

40  exp Vascular Endothelial Growth Factors/

41  Cancer Vaccines/

42  exp Immunotherapy/

43  Oncolytic Virotherapy/

44  exp Antiviral Agents/

45  (virotherap™ or anti?viral*).tw.

46  ((virus or viral or anti?virus or anti?viral) adj2 (therap* or treatment* or regimen* or protocol* or agent* or drug*)).tw.
47  (anti?angiogenic or (angiogenesis and inhibit*)).tw.

48  vascular endothelial growth factor*.tw.

49  (VEGF or VEGFR or VEGF-R).tw.

50  drug therapy.fs.

51  chemotherap*.tw.

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

53  Bevacizumab/

54  (bevacizumab or altusan or avastin).tw.

55  exp Bleomycin/

56  (blanoxan or blenoxane or bleo?cell or bleolem or bleomycin* or peplomycin or phleomycin*).tw.
57  Carboplatin/

58 (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.

59  Carmustine/

60 exp Absorbable Implants/

61  exp Drug Implants/

62  (bcnu or bicnu or carmustine or fivb or gliadel wafer* or nitros?urea* or nitrumon).tw.
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63 (cilcane or cilengitide or impetreve).tw.
64  Cisplatin/

65  (biocisplatinum or cddp or cisplatin or cis?diamminedichloroplatinum or cis?platinum or dichlorodiammineplatinum or
platidiam or platino* or platinum).tw.

66  Cyclophosphamide/
67  (cyclophosphamide or cyclophosphan* or cytoxan or endoxan or nsc?26271 or neosar or procytox or sendoxan).tw.
68  Cytarabine/

69 (ara?c or arabinofuranosylcytosine or arabinoside or arabinosylcytosine or aracytidine or aracytine or cytarabine or
cytonal or cytosar®).tw.

70  Dacarbazine/

71  (biocarbazine or carboxamide or dtic or dticdome or d?carbazine or deticene or icdt or nsc?45388).tw.
72  Dactinomycin/

73  (actinomycin or cosmegan or dactinomycin or meractinomycin).tw.

74  Etoposide/

75  (celltop or eposide or eposin or etomodac or etopos* or exitop or lastet or nsc?141540 or onkoposid or riboposid or
toposar or vp?16?7213 or vepesid).tw.

76  Ganciclovir/

77  (biolf?62 or bw?759 or cytovene or ganc?clovir or rs?21592 or virgan).tw.

78  (valganc?clovir or cymeval or darilin or patheon or rovalcyte or syntex or valcyt*1 or valixa).tw.
79  (DC?vax or (dentric cell? adj (vaccin* or immunotherap®))).tw.

80 Ifosfamide/

81  (holoxan or ifosfamide or ifosphamide or iso-endoxan or isofosfamide or isophosphamide).tw.
82  (Ipilimumab or yervoy).tw.

83  (irinotecan or campto*).tw.

84  Lomustine/

85  (belustine or ccnu or cecenu or ceenu or lomustine or nsc?79037).tw.

86  Methotrexate/

87  (amethopterin or methotrexate or mexate).tw.

88  Nimustine/

89  (acnu or nimustine or nsc?245382).tw.

90 (nivolumab or opdivo).tw.

91  Procarbazine/

92  (matulan or natulan or procarbazine).tw.

93  (rindopepimut or rintega).tw.

94  (sitimagene ceradenovec or cerepro).tw.

95  Tamoxifen/

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

98 Teniposide/

99  (nsc?122819 or ten?poside or vm?26 or vumon).tw.

10  Vinblastine/
0

10  (lemblastine or velban or velbe or vinblastin* or vincaleukoblastin®).tw.
1

10  Vincristine/
2

10  (citomid or farmistin or leucocristine or oncovin? or onkocristin or pcv or vincasar or vincristin? or vincrisul or vintec).tw.
3
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10
4

10
5

10
6

10
7

10
8

10
9

11
0

11
1

11
2

11
3

1
4

11
5

11
6

11
7

11
8

11
9

12
0

12
1

12
2

12
3

12
4

12
5

12
6

12
7

12
8

12
9

or/32-103

exp Metformin/

(dimethylbiguandine or glucophage or metformin).tw.

105 or 106

exp Hydroxymethylglutaryl-CoA Reductase Inhibitors/

(hmg?coa reductase inhibitor* or statin* or (hydroxymethlglutaryl adj2 inhibitor*)).tw.
(atorvastatin or lipitor or liptonorm or ci?981).tw.

(lovastatin or 6?methylcompactin or mk?803 or mevacor or mevinolin or monacolin).tw.
(meglutol or methylglutar* acid).tw.

(pravastatin or bristacol or cs?514 or elisor or eptastatin or lipemol or liplat or lipostat or mevalotin or prareduct or
pravac?ol or pravasin or rms?431 or sq?31000 or selektine or vasten).tw.
(rosuvastatin or crestor or zd?4522).tw.

(simvastatin or mk?733 or synvinolin or zocor).tw.

or/108-115

Ketogenic Diet/

Caloric Restriction/

Diet, Carbohydrate-Restricted/

Diet, Protein-Restricted/

diet therapy.fs.

((calor* or carbohydrate* or protein*) adj2 (low or restrict* or diet*)).tw.

or/117-122

Cannabis/

exp Cannabinoids/

(cannabi* or hashish* or hemp* or mari?uana* or sativex).tw.

or/124-126

exp Electric Stimulation Therapy/

Electromagnetic Fields/
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13 ((electr* or tumo* treat*) adj2 (field* or therap* or treatment™)).tw.
0

13  (TTField* or TTF or NovoTTF).tw.
1

13 0r/128-131

2

13 Watchful Waiting/

3

13  Observation/

4

13  (watch* adj2 wait*).tw.

5

13 ((active or expect* or symptom* or watch*) adj2 (manag* or monitor* or surveill* or observ* or control*)).tw.
6

13  (best supportive care or BSC).tw.

7

13  supportive care.tw.

8

13  0r/133-138

9

14  or/24,31,104,107,116,123,127,132,139
0

14 13 and 140
1

14  limit 141 to english language

2

14  limit 142 to yr="1977 -Current"
3

14  Letter/

4

14  Editorial/

5

14  News/

6

14  exp Historical Article/
7

14  Anecdotes as Topic/
8

14  Comment/

9

15  Case Report/

0

15  (letter or comment* or abstracts).ti.
1

15  or/144-151
2

15 Randomized Controlled Trial/ or random*.ti,ab.
3

15 152 not 153
4

15  Animals/ not Humans/
5
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15  exp Animals, Laboratory/
6

15  exp Animal Experimentation/
7

15  exp Models, Animal/
8

15  exp Rodentia/
9

16  (rat or rats or mouse or mice).ti.
0

16 or/154-160
1

16 143 not 161

2

16  Meta-Analysis/

3

16  Meta-Analysis as Topic/

4

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

5

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

6

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

7

16  (search strateg* or search criteria or systematic search or study selection or data extraction).ab.
8

16  (search* adj4 literature).ab.

9

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

17  cochrane.jw.
1

17  or/163-171
2

Literature search strategy for review 2d — management of recurrent high-grade
glioma
Systematic reviews
Date of initial search: 24/11/2016

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

1 exp Glioma/ or exp Astrocytoma/ or Oligodendroglioma/
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= O oO~NO U WNF

12

13
14
15
16
17
18
19
20

21
22
23
24
25
26
27

28

29

31
32
33
34
35

36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

53

Searches

Anaplasia/ or Neoplasm Recurrence, Local/

secondary.fs.

20r3

1and 4

exp Glioblastoma/

50r6

(glioblastoma* or GBM).tw.

gliosarcoma*.tw.

((grade* 4 or four or 1V) adj3 (glioma* or astrocytoma* or oligodendrogli* or oligodendroblastoma* or
oligo?astrocytoma®)).tw.

((grade* 3 or three or lll) adj3 (glioma* or astrocytoma* or oligodendrogli* or oligodendroblastoma* or
oligo?astrocytoma®)).tw.

((high-grade or malignant or invasive or anaplas® or recurr® or transform*) adj3 (glioma* or astrocytoma* or
oligodendrogli* or oligodendroblastoma* or oligo?astrocytoma*)).tw.

or/7-12

Neurosurgery/

exp Neurosurgical Procedures/

Surgical Procedures, Operative/

exp Stereotaxic Techniques/

Neuroendoscopy/

surgery.fs.

((brain or neuro* or intracereb* or intracrani* or crani* or cereb*) adj2 (surg* or microsurg* or manipulat* or
procedur® or operat* or resect* or debulk* or excis* or ablat* or biops* or aspirat* or shunt*)).tw.
(neurosurg* or craniotom* or craniectom®).tw.

(ventriculostom* or ventriculocisternostom®).tw.

(intra?operat* adj3 (technolog* or modalit* or procedur* or technique* or method*)).tw.

or/14-23

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* or proton beam or carbon ion or
boron neutron).tw.

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

Radiation Oncology/

(chemo?radiotherap* or chemo?radiat* or chemo?irradiat* or radio?chemotherap®).tw.

or/25-30

exp Antineoplastic Agents/

exp Combined Modality Therapy/

antineoplastic protocols/ or antineoplastic combined chemotherapy protocols/ or drug therapy, combination/
((combin* or concomitant or concurrent) adj2 (therap* or treatment* or regimen* or protocol* or drug* or
agent®)).tw.

CCRT.tw.

stupp.tw.

exp Antibodies, Monoclonal/

exp Angiogenesis Inhibitors/

exp Vascular Endothelial Growth Factors/

Cancer Vaccines/

exp Immunotherapy/

Oncolytic Virotherapy/

exp Antiviral Agents/

(virotherap* or anti?viral*).tw.

((virus or viral or anti?virus or anti?viral) adj2 (therap* or treatment* or regimen* or protocol* or agent* or drug*)).tw.
(anti?angiogenic or (angiogenesis and inhibit*)).tw.

vascular endothelial growth factor*.tw.

(VEGF or VEGFR or VEGF-R).tw.

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/
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54
55
56
57

59
60

62
63
64
65

66
67

68
69

70
71
72
73
74
75

76
77
78
79
80
81
82
83
84
85
86
87
88
89

91
92
93
94
95

97
98
99
100
101
102
103

104
105
106
107

Searches

(bevacizumab or altusan or avastin).tw.

exp Bleomycin/

(blanoxan or blenoxane or bleo?cell or bleolem or bleomycin* or peplomycin or phleomycin*).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/

exp Absorbable Implants/

exp Drug Implants/

(bcnu or bicnu or carmustine or fivb or gliadel wafer* or nitros?urea* or nitrumon).tw.

(cilcane or cilengitide or impetreve).tw.

Cisplatin/

(biocisplatinum or cddp or cisplatin or cis?diamminedichloroplatinum or cis?platinum or dichlorodiammineplatinum
or platidiam or platino* or platinum).tw.

Cyclophosphamide/

(cyclophosphamide or cyclophosphan* or cytoxan or endoxan or nsc?26271 or neosar or procytox or
sendoxan).tw.

Cytarabine/

(ara?c or arabinofuranosylcytosine or arabinoside or arabinosylcytosine or aracytidine or aracytine or cytarabine or
cytonal or cytosar*).tw.

Dacarbazine/

(biocarbazine or carboxamide or dtic or dticdome or d?carbazine or deticene or icdt or nsc?45388).tw.
Dactinomycin/

(actinomycin or cosmegan or dactinomycin or meractinomycin).tw.

Etoposide/

(celltop or eposide or eposin or etomodac or etopos* or exitop or lastet or nsc?141540 or onkoposid or riboposid or
toposar or vp?16?7213 or vepesid).tw.

Ganciclovir/

(biolf?62 or bw?759 or cytovene or ganc?clovir or rs?21592 or virgan).tw.

(valganc?clovir or cymeval or darilin or patheon or rovalcyte or syntex or valcyt*1 or valixa).tw.
(DC?vax or (dentric cell? adj (vaccin* or immunotherap®))).tw.

Ifosfamide/

(holoxan or ifosfamide or ifosphamide or iso-endoxan or isofosfamide or isophosphamide).tw.
(Ipilimumab or yervoy).tw.

(irinotecan or campto®).tw.

Lomustine/

(belustine or ccnu or cecenu or ceenu or lomustine or nsc?79037).tw.

Methotrexate/

(amethopterin or methotrexate or mexate).tw.

Nimustine/

(acnu or nimustine or nsc?245382).tw.

(nivolumab or opdivo).tw.

Procarbazine/

(matulan or natulan or procarbazine).tw.

(rindopepimut or rintega).tw.

(sitimagene ceradenovec or cerepro).tw.

Tamoxifen/

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

(temozolomide or temodal or temodar).tw.

Teniposide/

(nsc?122819 or ten?poside or vm?26 or vumon).tw.

Vinblastine/

(lemblastine or velban or velbe or vinblastin* or vincaleukoblastin®).tw.

Vincristine/

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

or/32-103

exp Metformin/

(dimethylbiguandine or glucophage or metformin).tw.

105 or 106
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108 exp Hydroxymethylglutaryl-CoA Reductase Inhibitors/
109 (hmg?coa reductase inhibitor* or statin* or (hydroxymethlglutaryl adj2 inhibitor*)).tw.

110 (atorvastatin or lipitor or liptonorm or ci?981).tw.

111 (lovastatin or 6?methylcompactin or mk?803 or mevacor or mevinolin or monacolin).tw.

112 (meglutol or methylglutar* acid).tw.

113 (pravastatin or bristacol or cs?514 or elisor or eptastatin or lipemol or liplat or lipostat or mevalotin or prareduct or
pravac?ol or pravasin or rms?431 or sq?31000 or selektine or vasten).tw.

114 (rosuvastatin or crestor or zd?4522).tw.

115 (simvastatin or mk?733 or synvinolin or zocor).tw.

116 or/108-115

117 Ketogenic Diet/

118 Caloric Restriction/

119 Diet, Carbohydrate-Restricted/

120 Diet, Protein-Restricted/

121 diet therapy.fs.

122 ((calor* or carbohydrate* or protein*) adj2 (low or restrict* or diet*)).tw.
123 or/117-122

124 Cannabis/

125 exp Cannabinoids/

126 (cannabi* or hashish* or hemp* or mar