Taipei VGH Practice Guidelines:

Oncology Guidelines Index Central Nervous System Cancers

Version 2014.6
Table of Content, Staging,

1 p #2014, 05.05
iz p #p - 2014.07.07
iz 7 p # - 2015.08. 10
iz p #p - 2016. 03.07

= AR

—H
|

‘

j b&ﬁ
i

' ¢ 'E E e E = s >

L7 st B %37 p #2016, 09. 05
" e BE @i p 201710, 02
e X i .;_EE— égg Do 2% P 2P - . .

': :l : “'!“-';_ 2y i3 =T p Hp o 2018.09.10

iimp & :2019.09.16
37 #2020 09, 21
i3 p 8 1 2021, 10. 25
a7 p 8 c2022.10. 17

= =5

T

v ’
|

’

5
- ..
L

Manuscript |



Taipei VGH Practice Guidelines: ‘

Version 2014.6
Oncology Guidelines Index

Table of Content, Staging,

Central Nervous System Cancers

Multidisciplinary Team

 Neurosurgeon (Adult & Pediatric)

* Radiation Oncologist

* Neuro-Oncologist & Medical Oncologist
e Pathologist

* Neuro-radiologist (Adult & Pediatric)
e Nurses (Adult & Pediatric)

e (Case Manager (Adult & Pediatric)

e Social Workers (Adult & Pediatric)

* Pharmacist

e Psychiatry

* Dietitian

e Researchers
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Glioblastoma (GBM)

Glioma 27% of all tumors
80% of malig. tumors
 Two variants: giant cell glioblastoma, gliosarcoma
* Treatment:
— Surgery: maximal resection without deficit

— Radiation therapy

— Chemotherapy: Stupp Protocol: CCRT+Adjuvant
Temozolomide or combine Avastin

— Clinical trial
* Prognosis: survival 1-2 yrs with aggressive treatment



Taipei VGH Practice Guidelines: Version 2014.6

Oncology Guidelines Index G | |0 b I aStO ma (G B M) Table of Content, Staging,

Manuscript

Pre-treatment

* Clinical history, physical and neurological exam
 CBC+D/C, PT/aPTT, blood chemistry

* MRI of brain (with/without MR Spectroscopy, Perfusion
study)
* Optional studies
— CT of brain
— FDG PET
— Visual Field
— Neuropsychological test
— Electroencephalography

— Electromyography, somatosensory evoked potential, motor
evoked potential
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PRINCIPLES OF BERAIN TUMOR SURGERY

Guiding Principles

* Gross total resection (GTR) when appropriate
* Minimal surgical morbidity

* Accurate diagnosis

Factors

+ Age

* Performance status (PS)

* Feasibility of decreasing the mass effect with surgery

* Resectability, including number of lesions, location of lesions, time
since last surgery (recurrent patients)

* New versus recurrent tumor

* Suspected pathology — benign vs. malignant, possibility of other non-
cancer diagnoses, [:rru::rjm:tedsI natural history

* For patients with IDHT mutations, there is evidence to suggest that
a supramarginal resection is most ag’}mpriate, which would include
not only enhancing areas but also T2/flair areas when appropriate in
terms of a safe sur%]i-:al approach, with the use of any and all surgical
adjuncts possible.

Options
* GTR where feasible

» Stereotactic biopsy?
* MRI-guided laser interstitial thermal therapy (LITT)*®(category 2B)

» LITT may be considered for patients who are poor surgical candidates
(craniotomy or resection). Potential indications include relapsed brain
metastases, radiation necrosis, and recurrent glioblastoma.

* Open biopsy/debulking followed by planned observation or adjuvant

therapy
* Systemc therapy implants, when indicated (See footnote cc on GLIO-5)
* Carmustine polymer wafer may be placed in the tumor resection cavity
of patients.?

Tissue

+ Sufficient tissue to pathologist for neuropathology evaluation and
molecular correlates

* Frozen section analysis when possible to help with intraoperative
decision-making

* Review by experienced neuropathologist

* Postoperative brain MRI should be performed within 48 hours for
gliomas and other brain tumors to determine the extent of resection.
Postoperative spine MRI should be delayed by at least 2-3 weeks to
avoid post-surgical artifacts.

* The extent of resection should be judged on the postoperative study
and used as a baseline to assess further therapeutic efficacy or tumor
progression.

Surgical Adjuncts

* A number of surgical adjlun-:ts can be considered to facilitate safe
brain tumor surgery, including use of an intraoperative microscope,
frameless stereotactic image guidance, preoperative functional MRI
and/or diffusion tensor imaging (DTI) fiber tracking, awake craniotomy,
motor and/or speech mapping, intraoperative MRI, and intraoperative
fluorescence-guided surgery with 5-ALA.

See refererences on next page

Note: All recommendations are category 2A unless otherwise indicated.

Clinical Trials: NCCHM believes that the best management of any patient with cancer is in a clinical trial. Participation in clinical trials is especially encouraged.
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Treatment Guideline for GBM
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Treatment Guideline for Recurrent GBM
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Principle of Surgery

* Extent of Resection
— Maximal safe microsurgical resection

— Intraoperative neuromonitoring may be used to
reduce morbidity

— 5-ALA, intra-op sonography or MRI may be used to
facilitate adequate resection



Surgical management of newly diagnosed glioblastoma in adults:
role of cytoreductive surgery

Timothy C. Ryken © Bruce Frankel -

Terrance Julien - Jeffrey J. Olson -
I Neurconcol (2008) 89:255-258

Level 11 recommendation

Based on the prospective data available and a general
consensus 1n the retrospective data 1t 15 recommended that
for newly diagnosed supratentorial malignant glhioma n
adults that the "maximal safe resection™ be undertaken (1.e.
the maximal [cytoreductive procedure provided that post-

operative neurological deficit can be minimized).

12



Kaplan-Meier Survival Plots for
Patients Diagnosed With GBM

— Biopsy only, n=25
Extensive resection, n=28
— Extensive resection + XRT, n=46
— 2 95% resection + XRT + Chemo, n=184

401

Survival (%)
o))
e

O T T T 1
0 1 2 3 4

Years following surgery

Fig. 3. Kaplan-Meier survival plots for patients diagnosed with GBM. Curves A, B, and C are historical data from Jelsma
and Bucy published in 1967 before the availability of MRI scans: biopsy only (A), extensive resection (undefined) (B), and
extensive resection followed by radiation therapy (C). Curve D is current data from the M.D. Anderson Cancer

Center on patients with >95% resection (by volumetric MRl measurements) followed by both radiation therapy and
chemotherapy. Although there are essentially no long-term survivors, removal of tumor mass clearly increases longevity.

Holland EC. Proc Natl Acad Sci U S A. 2000:97:6242-6244. 13



Achieving maximally safe resection
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Brain Tumor Pathol. 2022 Mar 22.

Brain Tumor Pathology
https://doi.org/10.1007/510014-022-00428-3

EDITORIAL

The 2021 WHO classification of tumors, 5th edition, central nervous
system tumors: the 10 basic principles

Takashi Komori' -
- -
#IOAFMAEREES LIRS
ar I\FHET
' HRBUMBERE RERSBER

The 10 basic principles

Histogenetic vs. molecular * Combined histological and
classification molecular grading

Integrated diagnosis Pediatric-type vs. adult-type
diffuse gliomas

Essential and desirable
diagnostic criteria Use of type/subtype instead of

entity/variant

NOS and NEC diagnoses
Gene and protein nomenclature

Grading across vs. grading . N
within types DNA methylation profiling and

newly recognized tumor types

Brain Tumor Pathol. 2022 Mar 22.




Table 1 2021 WHO Classification of Tumors of the Central Nervous System. Provisional Entities are in Italics

World Health Organization Classification of Tumors of the Central Nervous System, fifth edition

Gliomas, glioneuronal tumors, and neuronal tumors Glioneuronal and neuronal tumors

Adult-type diffuse gliomas Ganglioglioma

Astrocytoma, IDH-mutant Desmoplastic infantile ganglioglioma / desmoplastic infantile astrocytoma

Oligodendroglioma, IDH-mutant, and 1p/19g-codeleted Dysembryoplastic neuroepithelial tumor

Glioblastoma, IDH-wildtype Diffuse glioneuronal tumor with oligodendroglioma-like features and nuclear clusters
Pediatric-type diffuse low-grade gliomas Papillary glioneuronal tumor

Diffuse astrocytoma, MYB- or MYBL 1-altered ek il e BT ] it

, . \ Myxoid glioneuronal tumor
Angiocentric glioma
. . Diffuse leptomeningeal glioneuronal tumor
Polymorphous low-grade neuroepithelial tumor of the young )
Gangliocytoma
Diffuse low-grade glioma, MAPK pathway-altered Multinodular and vacuolating neuronal tumor

Pediatric-type diffuse high-grade gliomas

Dysplastic cerebellar gangliocytoma (Lhermitte-Duclos disease)

Diffuse midline glioma, H3 K27-altered Central neurocytoma

Diffuse hemispheric glioma, H3 G34-mutant Extraventricular neurocytoma
Diffuse pediatric-type high-grade glioma, H3-wildtype and IDH-wildtype Cerebellar liponeurocytoma

Infant-type hemispheric glioma Ependymal tumors

Circumscribed astrocytic gliomas Supratentorial ependymoma

Pilocytic astrocytoma Supratentorial ependymoma, ZFTA fusion-positive

High-grade astrocytoma with piloid features Supratentorial ependymoma, YAPT fusion-positive

: P ior fi
Pleomorphic xanthoastrocytoma osterior fossa ependymoma

) Posterior fossa ependymoma, group PFA
Subependymal giant cell astrocytoma
. . Posterior fossa ependymoma, group PFB
Chordoid glioma )
Spinal ependymoma
Astroblastoma, MN1-altered . -
Spinal ependymoma, MYCN-amplified

Myxopapillary ependymoma

Subependymoma




Table 1 Diffuse gliomas in WHO CNS 5

Adult-type diffuse gliomas
Astrocytoma, IDH-mutant
Oligodendroglioma, IDH-mutant, and 1p/19qg-codeleted
Glioblastoma, IDH-wildtype
Pediatric-type diffuse low-grade gliomas
Diffuse astrocytoma, MYB-or MYBLI-altered

Angiocentric glioma

Polymorphous low-grade neuroepithelial tumor of the
young

Diffuse low-grade glioma, MAPK pathway-altered
Pediatric-type diffuse high-grade gliomas

Diffuse midline glioma, H3 K27-altered

Diffuse hemispheric glioma, H3 G34-mutant

Diffuse pediatric-type high-grade glioma, H3-wildtype and
IDH-wildtype

Infant-type hemispheric glioma

NA not assigned




CLASSIFICATION OF ADULT-TYPE DIFFUSE GLIOMAS <. Brain

Pathology

WHO 2016 WHO 2021

Diffuse astrocytoma, IDH-mutant

Astrocytoma, IDH-mutant
WHO Grade 2 Diffuse astrocytoma, IDH-wildtype
WHO Grade 2

Diffuse astrocytoma, NOS

[ Anaplastic astrocytoma, IDH-mutant

WHO Grade 3 { [ Anaplastic astrocytoma, IDH-wildtype

[ Anaplastic astrocytoma, NOS

Glioblastoma, IDH-mutant Oligodendroglioma, IDH-mutant

and 1p/19q-codeleted
Glioblastoma, IDH-wildtype
WHO Grade 2

Glioblastoma, NOS
WHO Grade 3

Oligodendroglioma, IDH-mutant and NOS
1p/19g-codeleted a

[ Oligodendroglioma, NOS

WHO Grade 2 {
S = . Glioblastoma, IDH-wildtype
Anaplastic oligodendroglioma, o
WHO Grade 3 IDH-mutant and 1p/19q-codeleted WHO Grade 4

Anaplastic oligodendroglioma, NOS NOS

[ Oligoastrocytoma, NOS
Variable grade - -
[ Anaplastic oligoastrocytoma, NOS Strong relationship

FIGURE 1 Schematic showing how the disease entities from WHO 2016 is now defined in WHO 2021. Solid lines denote strong correlations
between the two classifications, while dotted lines denote how a WHO 2016 disease entity would likely, but not definitively, be defined

Brain Pathology. 2022:;00:¢13062
https://doi.org 1111/bpa.13062




Box2.01 Diagnostic criteria for astrocytoma, IDH-mutant Box2.02 Diagnostic criteria for oligodendroglioma, IDH-mutant and 1p/19g-codeleted

Essential: Essential:

A diffusely infiltrating glioma A diffusely infiltrating glioma

AND AND

IDH1 codon 132 or IDH2 codon 172 missense mutation IDH1 codon 132 or IDH2 codon 172 missense mutation?

AND AND
Loss of nuclear ATRX expression or ATRX mutation Combined whole-arm deletions of 1p and 19q

s . . Desirable:
B Yok o deletions of 1p and 19 DNA methylome profile of oligodendroglioma, IDH-mutant and 1p/19g-codeleted

Desirable: Retained nuclear expression of ATRX

TP53 mutation or strong nuclear expression of p53 in > 10% of tumour cells  TERT promoter mutation

Methylation profile of astrocytoma, IDH-mutant *|DH mutation analysis may not be required when DNA methylome profiling is
Astrocytic differentiation by morphology performed and unequivocally assigns the tumour to the methylation class oligodendro

Box2.03 Diagnostic criteria for glioblastoma, IDH-wildtype

Essential:
An IDH-wildtype, H3-wildtype, diffuse astrocytic glioma
AND
One or more of the following:
* Microvascular proliferation
* Necrosis
TERT promoter mutation
EGFR gene amplification
+7/-10 chromosome copy-number alterations

Desirable:
DNA methylation profile of glioblastoma, IDH-wildtype




Box2.01 Diagnostic criteria for astrocytoma, IDH-mutant

Essential:
A diffusely infiltrating glioma
AND
IDH1 codon 132 or IDH2 codon 172 missense mutation
AND
Loss of nuclear ATRX expression or ATRX mutation
OR
Exclusion of combined whole-arm deletions of 1p and 19q

Desirable:
TP53 mutation or strong nuclear expression of p53 in > 10% of tumour cells

Methylation profile of astrocytoma, IDH-mutant
Astrocytic differentiation by morphology

Table 2. The definition of astrocytoma, IDH-mutant.

+ Astrocytoma, IDH-mutant, grade 2

A diffusely infiltrative astrocytic glioma that is well differentiated and lacks histologic features of anaplasia. Mitotic activity is not detected or low.
Microvascular proliferation, necrosis, and CDKN2A/B homozygous deletions are absent

* Astrocytoma, IDH-mutant, grade 3
A diffusely infiltrative astrocytic glioma that exhibits focal or dispersed anaplasia and displays significant mitotic activity. Microvascular
proliferation, necrosis and CDKN2A/B homozygous deletions are absent

» Astrocytoma, IDH-mutant, grade 4
A diffusely infiltrative astrocytic glioma that exhibits microvascular proliferation or necrosis or CDKN2A/B homozygous deletion or any
combination of these features

Laboratory Investigation (2022) 102:126-133
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Laboratory Quality Solutions

Molecular Biomarker Testing for the

Diagnosis of Diffuse Gliomas
Statements and Strengths of Recommendations

SUMMARY OF RECOMMENDATIONS

Guideline Statement

1. Isocitrate dehydrogenase (IDH) mutational testing must be performed on all diffuse gliomas (DG).

Strength of

Recommendation

Strong
Recommendation

2.

ATRX chromatin remodeler (ATRX) status should be assessed in all IDH-mutant DG unless they
show 1p/19q codeletion.

Strong
Recommendation

Tumor protein p53 (TP53) status should be assessed in all IDH-mutant DG unless they show
1p/9q codeletion.

Conditional
Recommendation

1p/19g codeletion must be assessed in IDH-mutant DG unless they show ATRX loss or TFP53
mutations.

Strong
Recommendation

Cyclin-dependent kinase inhibitor 2A (CDKNZ2A)/cyclindependent kinase inhibitor 28 (CDKNZ2B)
homozygous deletion testing should be performed on IDH-mutant astrocytomas.

Conditional
Recommendation

O-6-methylguanine-DINA methyltransferase (MGMT) promoter methylation testing should be
performed on all glioblastoma (GBM), IDH-wild type (WT).

Strong
Recommendation

For IDH-mutant DG, MGMT promoter methylation testing may not be necessary.

Conditional
Recommendation

. TERT promoter mutation testing may be used to provide further support for the diagnosis of
oligodendroglioma and IDH-WT GBM.

Conditional
Recommendation

For histologic grade 2-3 DG that are IDH-VWT, testing should be performed for whole
chromosome 7 gain/whole chromosome 10 loss, epidermal growth factor (EGFR) amplification,
and telomerase reverse ftranscriptase (TERT) promoter mutation to establish the molecular
diagnosis of glioblastoma (GBM), IDH-WT, grade 4.

Strong
Recommendation

Histone 3 (H3) K27M testing must be performed in DG that involve the midline in the
appropriate clinical and pathologic setting.

Strong
Recommendation

H3 G34 testing may be performed in pediatric and young adult patients with IDH-WT DG.

Conditional
Recommendation

B-Raf proto-oncogene (BRAF) mutation testing (WV600) may be performed in DG that are IDH-
WT and H3-WT.

Conditional
Recommendation

MYB proto-oncogene (MYB)/ MYB-like (MYBL 7) and fibroblast growth factor receptor 1
(FGFR1) testing may be performed in children and young adults with DG that are histologic
grade 2-3 and are IDH-WT and H3-WT.

Conditional
Recommendation

American Pathologists in collaboration with the American Association of Neurcpathologists, Asso

Brat DJ, Aldape K, Bridge JA, et al. Molecular biomarker testing for the diagnosis of diffuse gliomas: Guideline from the College of
iation of Molecular Pathology.

and Society for Neuro-Oncology. Arch Fathol Lab Med. Published online February 17, 2022. doi: 1 858 /arpa.2021-0295-CP

(=]

2022 College of American Pathologists. All rights reserved.
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CDKN2A/B
homozygous
deletion
testing

CDKN2A/B
homozygous
deletion
present?

Substantial
mitotic activity
present?

Astrocytoma,
IDH-mutant
WHO grade 2

Astrocytoma,
IDH-mutant
WHO grade 3

IDH-mutant
astrocytoma

Necrosis
or MVP
present?

Astrocytoma,
IDH-mutant
WHO grade 4

ATRX and
TP53 testing*

ATRX
loss/mut or TP53
ut present?*’,

IDH-mutant
diffuse glioma

1p/19q

codel testing

IDH-mutant
diffuse glioma

IDH-mutant,
1p/19q codel

Oligodendroglioma,

Additional
molecular testing,
as clinically
indicated, e.g.,

Oligodendroglioma,
IDH-mutant
1p/19q codel,
WHO grade 2

Oligodendroglioma,
IDH-mutant
1p/19q codel,
WHO grade 3

Molecular Biomarker Testing for the
Diagnosis of Diffuse Gliomas: Algorithm

IDH1/2
mutational
testing

IDH1/2 mut

present?

H3 G34 mut
present?

Testing for
EGFR amp,
TERTp mut, or
+7/-10 CNA

BRAF, MYB,
MYBL1, FGFR1
testing as clinically
indicated

Diffuse
glioma,
IDH-wildtype

Additional
testing,
as clinically
indicated**

Diffuse
hemispheric glioma,
H3 G34-mutant,
WHO grade 4

Jlar p ) (MVP); A

Blue indicates WHO defined entities; Green i

tests; ltalic i

Abbreviations: ATRX, ATRX chromatin remodeler; BRAF, B-Raf proto-oncogene; CDKN2A, cyclin-dependent kinase inhibitor 2A; CDKN2B, cyclindependent kinase inhibitor 2B;
DGs, diffuse gliomas; EGFR, epidermal growth factor; FGFR1, fibroblast growth factor receptor 1; GBM, glioblastoma; H3, histone 3; IDH, isocitrate dehydrogenase; MGMT, O-6-
melhylguanlne DNA methlytransferase; MYB, MYB proto-oncogene; MYBL1, MYB-like; TERT, telomerase reverse transcriptase; TP53, tumor protein p53; WT, wild-type;

1 (Amp); Mutation (mut); copy number alteration (CNA); MGMT promoter (MGMTp); Codeletion (Codel); TERT Promoter (TERTp)
good practice statements

*Some institutions/laboratories may prefer to perform 1p/19q codeletion as the initial step for IDH-mutant gliomas. See recommendations 2-4 in the guideline manuscript.
**Additional molecular biomarker testing and DNA methylation profiling maybe helpful in establishing a diagnosis for challenging cases

© 2022 College of American Pathologists

IDH-wildtype

ion?
diffuse glioma Age/location?

Pediatric or
young adult
hemispheric

H3 G34 mut
testing

H3 K27M
present?

Neither midline nor
pediatric/young adult

Histologic grade
2/3 IDH-wildtype
diffuse glioma

Necrosis
or MVP
present?

EGFR
amp, TERTp mut,
or +7/-10 CNA
present?

BRAF,
MYB, MYBL1,

PDGFRA, EGFR
alteration present or
positive methylation,

profile?

Diffuse glioma,
altered for MYB,
MYBL1, FGFR1, BRAF,
other MAPK pathway

Glioblastoma,
IDH-wildtype,
WHO grade 4

MGMTp methylation
testing

IHC for
H3K27me3
and EGFR mut
testing

H3K27me3

by IHC and

EGFR mut
present?,

ALK, ROST,
MET, NTRK
alteration testing

ALK,
Pediatric ROS1, MET,

patient?

MYCN, PDGFRA,
EGFR alteration
testing, methylation
profiling

Pediatric-type

high grade glioma

H3/IDH-wildtype,
WHO grade 4

Infant-type
hemispheric glioma

Diffuse
midline glioma,
H3 K27-altered,

WHO grade 4

Brat DJ, Aldape K, Bridge JA, et al. Molecular biomarker testing for the diagnosis of diffuse gliomas: Guideline from the
College of American Pathologists in collaboration with the American Association of Neuropathologists, Association of
Molecular Pathology, and Society for Neuro-Oncology. Arch Pathol Lab Med. Published online February 17, 2022.

doi:10.5858/arpa.2021-0295-CP




Systemic adjuvant chemotherapy with
temozolomide

Systemic adjuvant chemotherapy with temozolomide is standard care for patients with
newly-diagnosed glioblastoma

Oral alkylating agent that readily crosses the blood-brain barrier

Treatment involves a postoperative radio-chemotherapy phase and a subsequent chemotherapy phase?

Radiotherapy 4 weeks 4 weeks 4 weeks 4 weeks 4 weeks 4 weeks
4 18 22 26 30

1 6 10 1 34
\ & ~ J — I
6-week radio-chemotherapy 6-month post-radio-chemotherapy chemotherapy phase

phase (CCRT)

Radio-chemotherapy phase
Radiation therapy: 60Gy to tumour volume plus 2—3cm margin
Temozolomide: 75mg/m?/day for up to 42 days

Post-radio-chemotherapy chemotherapy phase
Temozolomide: 150-200mg/m?/day on days 1-5 for of six 4-week cycles

24
1. Stupp, et al. N Engl J Med 2005



Systemic adjuvant chemotherapy with
temozolomide

Radiation therapy plus temozolomide improves survival versus radiation therapy alone?

Unadjusted HR for death in radiation therapy + temozolomide group
versus radiation therapy group: 0.63 (95% CI: 0.52-0.75)

Radiation therapy plus

Radiation therapy alone temozolomide

Variable (n=286) (n=287)
Median OS, months (95% CI) (11.2-13.0) (13.2-16.8)
0OS, % (95% ClI)

6 months 84.2 (80.0-88.5) 86.3 (82.3-90.3)

12 months 50.6 (44.7-56.4) 61.1 (55.4-66.7)

24 months 10.4 (6.8-14.1) 26.5(21.2-31.7)
Median PFS, months (95% ClI) 5.0 (4.2-5.5) 6.9 (5.8-8.2)
PFS, % (95% CI)

6 months 36.4 (30.8-41.9) 53.9 (48.1-59.6)

12 months 9.1(5.8-12.4) 26.9 (21.8-32.1)

24 months 1.5(0.1-3.0) 10.7 (7.0-14.3)

1. Stupp, et al. N Engl J Med 200525



Adjuvant Treatment With
BCNU Wafers (Gliadel Wafers®)

 BCNU (carmustine)-impregnated biodegradable wafers are implanted in the site of
resection to deliver chemotherapy locally

— Approved for treatment of newly diagnosed and recurrent GBM

» Significantly improved survival seen in phase Il study (N = 240) of patients with
newly diagnosed malignant gliomas

100

80

(o)}
o

Survival (%)
N
o

N
o

0

Ty — BCNU wafers HR: 0.73
= — P b 95% CI: 0.56-0.95
acebo P < .05 (log rank)
Median Survival

Wafers: 13.9 months
Placebo: 11.6 months

(P =.03)

ey T
0O 4 8 12 16 20 24 28 32 36 40 44 48 52

Months From Implant Surgery

Westphal M, et al. Neuro Oncol. 2003;5:79-88.



The emergence of anti-angiogenesis therapy

s K

Blocks production Neutralizes Blocks receptor 0
of VEGF VEGF for VEGF |
{and other (and other

angiogenic

stimulators)

angiogenic
stimulators)

* In the 1970s, proposed that a cancer could be kept in check by cutting
off its blood supply. Encountered significant opposition from the scientific
community. It was widely believed that tumors grew along preexisting
blood vessels.

« Subsequently identified tumor secreted factors that induce angiogenesis.
Therapy developed against these factors. Topic of research in over 1,000

labs.
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Bevacizumab (Avastin)

* Tumor continuously
® Tumor continuously S prociacesa peotein, VEGE

roduces a protein, VEGF

* Avastin attaches to

£ VEGF, preventing it from
A SO binding to receptors
* VEGF binds to * X -
receptors on nearby )( * X '
blood vessels A il DI With Avastin:
* A4 » Existing blood vessels
8., may shrink away from
Bind N r s the tumor
* Binding to receptors ) S Avastin
creates new blood 2200 * New blood vessels‘ may
vessels, which help the - be kept from forming,
tumor grow and spread potentially helping to

keep the tumor from
growing and spreading
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Clinical Application of Bevacizumab

e Avastin (Bevacizumab) 100mg / 4ml
17600 NTD /amp

* Forrelapsed GBM: bevacizumab 10mg per Kg in NS 100ml IV
for 90mins ST D1

g2wks until disease progression or unacceptable toxicity

* noincreased risk of intracranial hemorrhage with the
concurrent use of bevacizumab and anticoagulants

e suspended within 4 to 6 wk of surgery.

 Monitor BP, proteinuria, creatinine every cycle or every other
cycle.

e duration? combination? optimal dosage? patient selection?
Radiographic/Lab response criteria?

Chamberlain M, Cancer, 116:3988-99(2010)



Noninvasive Application of Alternating
Electric Fields in Glioblastoma: A Fourth
Cancer Treatment Modality

By Philip H. Gutin, MD, and Eric T. Wong, MD

Overview: Tumor treating fields (TTF) therapy is a novel
antimitotic, electric field-based treatment for cancer. This
nonchemical, nonablative treatment is unlike any of the estab-
lished cancer treatment modalities, such as surgery, radia-
tion, and chemotherapy. Recently, it has entered clinical use
after a decade of intensive translational research. TTF therapy
is delivered to patients by a portable, battery-operated, med-
ical device using noninvasive transducer arrays placed on the
skin surface surrounding the treated tumor. TTF therapy is

Structures align
within the cell

Cancer cell

Electric fields interfere

now a U.S. Food and Drug Administration (FDA)-approved
treatment for patients with recurrent glioblastoma (GBM) who
have exhausted surgical and radiation treatments. This article
will introduce the basic science behind TTF therapy, its
mechanism of action, the preclinical findings that led to its
clinical testing, and the clinical safety and efficacy data
available to date, as well as offer future research directions on
this novel treatment modality for cancer.

© 2012 by American Society of Clinical Oncology. 1092-9118/10/1-10

Cell death

with cell division
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Table 3. Clinical Evidence Overview

Progression-Free
Survival (PFS)
Trial Phase Overall Survival at 6 Months or
(# of Subiects] (Months) Hazard Median PFS (Weeks)
Indication (Analysis Group) Anlysis TTF Chemo Ratio (p) TTF Chemo P value References
Recurrent GBM (at first re|upse] Phase Il (n = 10) 14.5m 6.0m* Non-randomized 50% 15%* NA Proc Natl Acad Sci U S A,
ITT Analysis 2007°
Recurrent GBM (at second and Phase lll (n = 237) 6.6m 60m HR = 0.86 21.4% 15.2% p =024 J Clin Oncol, 201018
fourth relapse) ITT analysis (p = 0.26) Neuro Oncol, 20117
Recurrent GBM (treated patients only) Phase lll (n = 210) 7.8 m 60m HR = 0.67 26.2% 15.2% p = 0.03 JClin Oncol, 20108
PP Ana?ysis (p = 0.012) Neuro Oneol, 20111°
Recurrent GBM (KPS = 80, age < 61) Phase lll (n = 110) 88 m 6.6 m HR = NA 25.6% 7.7% NA Neuro Oncol, 20107
Subgroup analysis (p < 0.01)
Recurrent GBM (after bevacizumab failure) Phase lll (n = 43) 44m 3.1 m (p = 0.02) NA NA NA Neuro Oneol, 2010%°
Subgroup analysis
Recurrent GBM (TTF versus bevacizumab)  Phase lll (n = 156) 6.6 m 50m HR = 0.65 21% 21% p > 0.05 Neuro Oncol, 20117
Subgroup analysis (p = 0.048)
Newly diagnosed GBM Il (n = 10) 394 m 147 m* (p=0.002) 0% 50%* NA BMC Med Phys, 20097
(together with temozolomide) ITT Analysis 155 w 26 w
Re|apsed advanced NSCLC I (n = 42) 13.8m 82m* NA 28 w 12 w* ESMO, 2010%°
(together with pemetrexed) ITT Analysis ERS, 20108
Expert Opin Investig Drugs,
2010"

Abbreviations: GBM, glioblastoma; ITT, intention to treat; NA, not available (was not reported by the authors); HR, hazard ratio; PP, per protocol; KPS, Karnofsky
performance status; TTF, tumor treating fields; NSCLC, non-small cell lung cancer.

* Qinnala_arm triale with litaratiira ~nantral

31



Taipei VGH Practice Guidelines:

. Ve n 2014.6
Oncology Guidelines Index Glioblastoma (G B |\/|) Table of Content, Staging,
!

Reference
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National Comprehensive Cancer Network : JNCCN.
2019 version 1.

2.Stupp R et al., Lancet Oncol. 2009;10(5):459-66.
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Oct 1;27(28):4733-40.
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Anti-cancer Drugs for
High Grade Gliomas

CCRT

Therapeutic class: Alkylating agent

Generic Name: Temozolomide

Brand Names: Temodal, Tamos

Supply:

Temodal: 20mg; 100mg

Tamos: 20mg; 100mg

Administration: (Oral route)

Newly Diagnosed Glioblastoma

Initial: 75mg/m? daily x 42 days with focal radiotherapy

Cycle 1: 150mg/m? qd x 5 days followed by 23 days without treatment
Cycles 2-6: May increase to 200mg/m? at start of Cycle 2,

[ if nonhematologic toxicity for Cycle 1 is Grade <2 (excluding alopecia,
N/V), absolute neutrophil count (ANC) >1.5 x 10°/L, and platelet count
>100 x 10°/L]




Adjuvant

Therapeutic class: Alkylating agent
Generic Name: Temozolomide
Brand Names: Temodal, Tamos
Supply:

Temodal: 20mg; 100mg

Tamos: 100mg

Administration: (Oral route)

Recurrent Anaplastic Astrocytoma, anaplastic
oligodendroglioma, anaplastic oligoastrocytoma

Initial: 200mg/m? gd x 5 consecutive days/28-day cycle
until disease progression
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Palliative treat
Therapeutic class: Nitrosourea alkylating agent
Generic Name: Carmustine
Brand Names: GLIADEL® Wafer
Supply:
Wafer: 7.7mg carmustine [8°=61.6mg]
Administration:
Intracranial implantation
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* Palliative Vascular endothelial growth factor (VEGF)
inhibitor

Bevacizumab (Avastin ) 100mg/4ml/Vial

Dosage:

10mg/kg, every two weeks

Administration:

Intravenous infusion with 100m| 0.9% NaCl

First infusion: Administer infusion over 90 minutes.

Subsequent infusions: Administer second infusion
over 60 minutes if first infusion is tolerated.

Administer all subsequent infusions over 30 minutes if
infusion over 60 minutes is tolerated.



* Reference:

* Friedman HS, Prados MD, Wen PY, et al.
Bevacizumab alone and in combination with
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1;27(28):4733-40.
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Palliative chemotherapy of Glioma

Regimens (1)

Vinblastine 6 mg/ m? in NS 100ML IVD for 2hrs on D1
Etoposide 100-150 mg/ m? in NS 500 ML IVD for 4 hrs
onD1,2,3

Cisplatin 90 mg/ m? in NS 500ML IVD for 6 hrs on D2 or
Carboplatin( AUC=4-5) 300-450 mg/ m? in NS 250 ML ivd for 2
hrs on D2 every 28 days

Regimens (2)

bevacizumab 10mg per Kg in NS 100ml IV for 90mins ST D1
irinotecan 125mg per BSA in D5W 250ml IV for 2hrs ST D1
Regimens (3)

Temozolomide 150-200 mg/m?2 oral D1-5 g28days
Regimens(4)

Lomustine(CCNU) BSAX110mg Q6W

Vincristine Img in NS 30ml IVD QW
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Treatment Principles of Central
Nervous System Germ Cell Tumor



Germ Cell Tumor
Evaluations

Blood sample of alpha-fetoprotein (AFP) and beta-human chorionic
gonadotropin (B-HCG).

— It is very important for diagnosis and prognosis.

Neuroimaging study requires brain and whole-spine MRI examination.
The above study needs be done pre- and post-operatively and regularly
during follow-up period.

The team work between pediatric neurosurgeons, pediatric neurologist,
radiologist, therapeutic radiologist, and pathologist is very important.



Germ Cell Tumor
Principles of Surgery

* Biopsy for definite diagnosis is necessary.

* The proper location for biopsy should be confirmed after discussion of pediatric
neuro-oncology team. The surgery will be performed under stereotactic guidance.

— Pineal region tumor will easily complicate with
obstructive hydrocephalus. The tumor biopsy and

endoscopic 3" ventriculostomy should be done in one
session.

— |f presumptive diagnosis is established by typical
appearance in MRI and elevation of serum B-HCG (> 10
mIU/ml) with normal serum AFP (< 10 ng/ml), it is

straightforward to perform radiotherapy.

* Radical or gross total removal of intracranial pure germinoma is usually neither
indicated nor necessary.

— Especially if the serum level of AFP and B-HCG is normal.



Therapeutic Classification of Central
Nervous System Germ Cell Tumor

Low risk group
Pure germinoma
“Benign” teratoma (with AFP < 10 ng/ml)

Average risk group
“Malignant” teratoma (with AFP > 10 ng/ml)
Mixed tumors mainly composed of germinoma or teratoma

High risk group

Choriocarcinoma

Yolk sac tumor

Embryonal carcinoma

Mixed tumors of mainly choriocarcinoma, yolk sac tumor, or embryonal
carcinoma



HEETE

(Choriocarcinoma)

HEL T

JR 45 258 4 BE

| A mmEs |

[ SERR 2 S5 1 A S A B }

(non-germinomatous germ cell tumor)

HERG T

(Embryonal Carcinoma)

ectoderm asoderm endoderm
Yolk sac

(endoblast)

A= BE I B8/ R B St s B

(Yolk Sac Tumor) (mature/Immature Teratoma)

Modified from Scheme of Teilum
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Germ Cell Tumor (Germinoma)
Principle of Radiotherapy |

* Treatment volume:
Volume option:
Whole ventricle irradiation (WVI) plus focal boost (FB).
Whole brain irradiation (WBI) plus FB.
Craniospinal irradiation (CSI) plus FB to primary tumor or metastatic sites.

Because focal (primary only) irradiation has highest relapse rate, focal irradiation
is not recommended as first line treatment choice.

W e

* Irradiation Volume definition:

GTV: image enhancement (MR or CT)

CTV (encompassing microscopic region): whole ventricle or whole neuraxis

PTV: consider organ motion or daily setup error, usually 3-5 mm is recommended.

* Radiation dose recommendation:

1.  WVI: 2400 cGy to 3000 cGy (daily fraction size: 180 to 200 cGy).
2. CSI: 1980 cGy to 3600 cGy (Daily fraction size: 150 to 180 cGy).
3.  FB:3000 cGy to 4500 cGy (Daily fraction size: 180 to 200 cGy).



Germ Cell Tumor (Germinoma)
Principle of Radiotherapy Il

e Radiotherapy recommenda

1. In VGHTPE, radiotherapy is the first choice for CNS germinoma because of its high
radiosensitivity.

2.  Forsolitary lesion or lesion number less than two (bifocal; double midline), WVI plus
FB is the first choice. After radiotherapy persistent follow-up is recommended.
Systemic chemotherapy is not standard treatment for this group of patients.

3.  Forinitial dissemination CNS germinoma, CSI plus FB (primary and metastasis) is
recommended as first treatment strategy. Followed systemic chemotherapy is highly
recommended after radiotherapy.

4.  For germinoma arising from basal ganglion, WVI plus FB is the first recommended
protocol. Whole brain irradiation is not routinely recommended unless there is
sufficient evidence of brain seeding.

 The primary therapy is whole-ventricle radiotherapy.

— Craniospinal irradiation is reserved for cases with spinal
dissemination.



Germ Cell Tumor
Principle of Chemotherapy

 Chemotherapy for germinoma is indicated in either of the following
condition

— Multiple lesions (> 3).
— AFP > 10 ng/ml.
— Spinal dissemination.
 Regimen for germ cell tumor is according to “risk stratification” :
Low risk:

Carboplatin 450mg/m? D1+ etoposide 100mg /m? D1-3 (CARE); or
Vinblastine 6.5mg/m? D1, bleomycin 7.5mg /m?D1-2, Etoposide 150mg/m?
D3-5, Cisplatin 90mg /m?D4(VBPE)

Average/high risk:
Ifosphamide/Cyclophosphamide+Cisplatin/Carboplatin+ Etoposide(ICE) or
VBPE



Germ Cell Tumor
References of Chemotherapy
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Germ Cell Tumor (Germinoma)
Surveillance
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Treatment Principles of Central
Nervous System Ependymomas



Protocol

Ependymoma
ST, PF (WHO Il &
1)

< 3 years old > 3 years old

2"d operation then 2"d operation then
[ Non-adjuvant or

- Chemotherapy adjuva.nt. focal focal radiation
chemotherapy and/or focal radiation radiation and/or IV

Total Non-total Total Non-total
resection resection resection resection

(> 24 months old ) | chemotherapy

Recurrence | I
intracranial . .
Focal recurrence . spinal seeding
seeding

Re-irradiation+/-
Re-operation p— Chemotherapy
And/or GKR
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Ependymoma
Principle of Radiotherapy

* Focalirradiation with volume-modulated technique is
sufficient for radiotherapy dose coverage. Craniospinal
irradiation is not treatment principal unless initial
spinal dissemination is observed.

* The recommended dose is ranging from 50 to 60 Gy in
brain area (both definitive and post-operative) with
daily fraction size of 1.6 to 2.0 Gy. In spinal region,
radiation dosage is limited from 45 Gy to 50 Gy with
daily fraction size of 1.6 to 2.0 Gy.

* The dose is prescribed according to the limitation of
adjacent critical organs (including brainstem, optic
nerve, optic chiasma and etc.)
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References of Ependymoma
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Treatment Principles of
Meningiomas



* Meningiomas are the most common benign
intracranial tumor. They originate from arachnoid cap
cells, which are cells within the thin, spider web-like
membrane that covers the brain and spinal cord. The
arachnoid is one of three protective layers, collectively
known as the meninges, which surround the brain and
the spinal cord. The other two layers of the meninges
are the dura mater and pia mater. Although the
majority of meningiomas are benign, these tumors can
grow slowly until they are very large, if left
undiscovered, and, in some locations, can be severely
disabling and life-threatening. Other forms of
meningioma may be more aggressive.



World Health Organization (WHO) Meningioma Classifications

WHO Grade | WHO Grade Il WHO Grade llI
Benign Atypical Malignant
Meningiothelial Chordoid Papillary
Fibrous (fibroblastic) Clear Cell Rhabdoid
Transitional (mixed) Atypical Anaplastic
Psammomatous

Angiomatous

Microcystic

Secretory

Lymphoplasmacyte-rich

Metaplastic
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e Atypical meningiomas (WHO grade II, which account
for 18% of meningioma cases) exhibit increased tissue
and cell abnormalities. These tumors grow at a faster
rate than benign meningiomas and are often
characterized by brain invasion. Atypical meningiomas
have a higher likelihood of recurrence than benign
meningiomas (WHO grade |).

 Malignant meningiomas (WHO grade Ill) show
increased cellular abnormalities and grow at a faster
rate than benign and atypical meningiomas. Malignant
meningiomas are the most likely to invade the brain
and recur more frequently than the other two subtypes.
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MRI :Dural based mass
Homogeneously contrast-enhancing

Dural tail

CSF cleft
Oberve Surgery RT or
(small asymptomatic tumors) (Maximal safe resection) GKRS

¥

Meningioma, postoperative management depends on
grade,extent of resection,and symptoms,as follows:

Gradel:observation or consider RT

Grade2 with complete resection: observation or
consider RT

Grade 2 with incomplete resection :RT

Grade 3 :RT
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Recurrent
meningioma
BIVJIS A VIER
Surgery RT or

GKRS

|

Meningioma, postoperative management depends on
grade,extent of resection,and symptoms,as follows:

Gradel:observation or consider RT

Grade2 with complete resection: observation or
consider RT

Grade 2 with incomplete resection :RT

Grade 3 :RT
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