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Diagnostic Imaging
Imaging Remarks PROS CONS
CECT BRAIN FIRST LINE 1. Fast 1. Limited
2. Can be used with Reconstruction
metallic object ability
2. Poor Resolution
MRI Brain Gold Standard 1. True Multiplanar 1. Motion Artefacts,

2. Unparalleled
Resolution

Metallic objects.
2. Noisy

MR Spectroscopy
Brain

Tumor metabolites can
be assessed

Can differentiate
radiation necrosis and
tumor

1. Limited utility near
bone, vessels and aif
space

2. Variability in
interpretation

MR Profusion

Blood flow and volume
is assessed

Can differentiate from
radiation necrosis and
tumor Progression

Limited utility near
bone, vessels

MR Spectroscopy in diagnosis of Brain Tumors

24 studies

Total of 1013 participants

Sensitivity

Specificity

80.05%

(95% CI=75.97%—-83.59%)

78.46%

(95% CI: 73.40%—-82.78%)

Stratified meta analysis showed higher sensitivity spetificity in child than adult. CSI

[Chemical shift imaging ] had higher sensitivity argingle voxel [SV] had higher specificity.

Current evidence suggests that MRS may be a valuable atjlumagnetic resonance imaging
for diagnosing brain tumors, but requires selection ofbléttechnique and TE value. [ Echo
Times]

Reference : Wenzhi Wang, Yumin Hu. Diagnosti of Magnetic in Brain Tumors: A
Systematic Review and Meta-Analysis.




A. Abubakar et al Magnetic resonance imaging inathérapy treatment target

volumes definition for brain tumours: a systemagiciew and meta-analysis
December 2017 . Journal of Radiotherapy in Practice

Studies included were only those that quantitatigempared computed
tomography (CT) and MRI itarget volume definitionfor
radiotherapy of brain tumours.

Five studies with a total number of 72 patientsanacluded in this review

Conclusion :Brain tumour volumes measured using MRI-
based method for radiotherapy treatment planning were
larger compared with CT defined volumes but the
difference lacks statistical significance.
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Intraoperative Magnetic Resonance Imaging (iMRI)

Defines the tumor’s location, edema, and involvement
of eloquent areas which are crucial tools to determine
the appropriate surgical intervention in every patient

Preoperative Intracperative Postoperative
MRI MRI MRI
[Volume: 31,2 cm?| sl [Volume: 15.8 cm3| sl [ Volume: 0.8 cms |

== s e —

Kazuya Motomura et al Surgical benefits of combined aveatmiotomy and intraoperative
magnetic resonance imaging for gliomas associated Vatjuent areas. Jan 2017.Journal of
Neurosurgery 127(4):1-8

Surgery

Retrospective systematic meta-analysis study
41,000 newly diagnosed GBM patients

Gross total resection (GTR) of high grade gliomas (HGG) and low
grade gliomas (LGG) increases the median survival rate by 200% and
160% respectively, when compared to survival rates for patients
subjected to a subtotal resection (STR)

GTR proved superior over STR

61% increase in likelihood of a one-year survival

51% likelihood of a 12-month progression free
survival

Montserrat Lara-Velazquez et al .Advances in Brain Tugwgery for Glioblastoma in Adults.
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90% threshold of resection
without compromising
functional pathways

When maximal resection is not
feasible, supramarginal

resection (SMR) of the tumor is
an option

SMR is doing resection beyond tumor mass
enhancement displayed by the imaging technique

Innovation in Neurosurgery

Obtaining a maximal cytoreduction while
preserving functional pathways

Radiographic analysis such as Intraoperative
Magnetic Resonance Imaging (Imri)

Awake Craniotomy

Permits the surgeon to monitor and rely on thetionality of patient
while the patient is awake, and thereby increasestent of resection.

Cortical mapping of these areas (through a seirettielectrodes that
stimulate or inhibit cortical functions) remaingtbptimal option to
delineate the relationship of tumor to eloquenteom order to avoid
damage of tissue that can compromise language wemment skills in
patients

Montserrat Lara-Velazquez et al .Advances in Brain Tumegesy for Glioblastoma in Adults. Brain Sci. 2017




WBRT versus Partial Brain RT

!Il ll# $
% & '

concluded that there was no advantage of WBRT

Standard: Partial-brain RT
treatment
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LOW GRADE GLIOMAS

Liang Xia ,Chenyan Fang et al. Relationship betweei@tent of resection

and the survival of patienigh low-grade gliomas: a systematic review and
meta-analysis .

 Relationship between the extent of resection
and the prognosis of low-grade gliomas
updated until March 2017 were systematically
searched in two databases (Pubmed and
EMBASE).

Twenty articles (Pubmed and EMBASE).
Total of 2128 patients were identified




Forest Plot of 10-Year Overall Survival for Gross Total Resection

(GTR) vs Subtotal Resection (STR)

GIR b Odds Ratio Odds Ratlo
StudyorSuborove  Events Total Events Tolal Weight M-H Fixed BS%CI  MHFid 98%C1
Edward G, 1004 5 10 18 6 14i%  281[072,1101) sp—
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Total (98% CI) -] 083 1000% T (542 122) *
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Helarogenety: ChF = 11,38, = 10 (P = 0.33); # = 12% TR P
Tostfor overall ffeck 2= 939 (P < 000001) " GR SR
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Forest Plot of 10-Year Overall Survival for Gross
Total Resection (GTR) vs Biopsy (BX)
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Forest Plot of 10-Year Overall Survival for Subtotal
Resection (STR) vs Biopsy (BX)
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The meta-analysis showed that the 5-year and 10-year associated
with gross total resection (GTR) were higher than those assocet
with subtotal resection (STR). Similarly, as compared with
biopsy(BX), the 5-year and 10-year OS were higher after either GTR||

Conclusions
A greater extent of resection could significantly
increase the OS of patients with low-grade gliomas.
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Optimal timing of radiotherapy

J Manuel Sarmiento, Andrew S Venteicher et al.Early Verlayed Postoperative
Radiotherapy For Treatment Of Low-grade Gliomas




Karim 2002: van den Bent 2005. Results from the multi-institutional, prospective R

Dose of radiotherapy 54 Gy/30 #,1.8 Gy per #, 5# per v

EARLY RT DELAYED RT

OS |7-2YEARS 7.4 YEARS Log-rank P value = 0.873;
HR 0.97, 95% CI1 0.71 to 1.33

PFS|53Y

EARS 3.4 YEARS log-rank P value < 0.0001;
HR 0.59, 95% CI 0.45 to 0.77

jeek
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Seizures
EARLY RT |DELAYEDRT P value
25% 41%, 0.0329
Epilepsy offects the whole family...
/ <
rson with 53$
O *) +% Treatment Recommendations for Adult Patients with

Diffuse Gliomas of Grades Il According to the New WHO Classificatin in 2016 .

Landmark Clinical Trials

RTOG9802 WHO grade Il Post-operative 1] PFS at 5y: 48%,
glioma<40 & observation OS at5y: 93%
neurosurgeon-
determined
GTRn=111
WHO grade 11 RTVvsRT+PCV [l Median PFS (whole):
glioma 40 or 6 4.0yvs. 104y,
STR/PR/ HR 0.50,

Biopsyn = 254 P<0.001

EORTC22033—-| WHO grade Il RT vs Dose- 1] Median PFS (whole):

26033 glioman =477 intense TMZ RT 46 mvs TMZ 39 m,

(21/28) HR (of TMZ vs RT)
1.16,
P=0.22




Treatment Recommendations for Adult Patients withud#f Gliomas of Grades Il According
the New WHO Classification in 2016
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NOA-04 WHO grade IIl RT vs Chemotherapy | Il Median PFS (whole):
glioma (PCV or TMZ) RT 30.6 m vs chemo 31.9 m|
n=318 HR 1.0,
P=0.87
RTOG9402 Anaplstic RT vs PCV 4 + RT 1] Median PFS (whole):
oligodendroglioma / RT1.7yvs PCV+RT 2.6y,
oligoastrocytoma HR 0.69,
n=289 P =0.004
EORTC26951 Anaplstic RT vs RT + PCV 6 mn Median PFS (whole):
oligodendroglioma / RT 13.2 m vs RT + PCV
oligoastrocytoma 24.3m,
n =368 HR 0.66,
P =0.0003
CATNON Anaplastic glioma RT vs RT/TMZ vs 1] |Adjusted OS (adjuvant

without 1p/19q RT + TMZ 12 vs
codeletion RT/TMZ + TMZ 12
n=745

TMZ): HR 0.645, P = 0.0014]

O *) +$

Evidence-based standard of care and treatmen
recommendation for adult diffuse gliomas

-

WHO 2016

Evidence-based
standard of care

Treatment
recommendation

Grade Il

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

RTZ  PCV6
courses

RTZ  PAV 4-
6 courses or PAV
4 courses

RT# or PAV 3-6
courses

Diffuse astrocytoma,
IDH-mutant

unknown (may be) | RTZ  TMZ 6—

RT#  PCV6
courses

12 courses or
RT#/TMZ
TMZ 6—-

12 courses

RT#L radiotherapy 50-54 Gy in 1.8-2.0 Gy fraction, R¥2 radiotherapy 59.4-60
Gy in 1.8-2.0 Gy fraction, PAV 3-6 course® for elderly patients or patients with
minimal residual disease; The number of treatment courses may be personalized
dependent on efficacy, toxicity, and MGMT status.

Evidence-based standard of care and treatment recanendation for adult

diffuse gliomas

WHO 2016 Evidence-based Treatment
standard of care recommendation
Grade Ill Anaplastic PCV 4 courses PAV 4 courses

oligodendroglioma,

RT#2or RT22 PCV 6 | RT220r RT22  PAV

IDH-mutant and courses 4-6courses
1p/19g-codeleted

Anaplastic unknown (may be) RT2  TMZ6-
astrocytoma, RT#2 TMZ 12 12 courses or
IDH-mutant courses or RETMZ | RT#TMZ  TMZ 6—

TMZ 12 courses | 1Z courses

RT#% radiotherapy 50-54 Gy in 1.8-2.0 Gy fraction, RT2 radiotherapy 59.4-60 Gy in 1.8
2.0 Gy fraction, PAV 3-6 course®: for elderly patients or patients with minimal residual
disease; The number of treatment courses may be personalized dependent efficacy,

toxicity, and MGMT status.




Adult Diffuse Glioma Grade Il or Il \

Resectable Lesion (Non
Eloquent area)

Awake Surgery

Eloquent area
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!

Maximum Safe
Resection

Debulking/Residual

Histomorphology , grading,
molecuar diagnosis (IDH
Mutation and ATRAX)

Stereotactic
Biopsy

Histomorphology , grading,
molecuar diagnosis (IDH
Mutation and ATRAX) 1p 19q

for ODG

Confirmed Adult Diffuse Glioma Grade Il or Ill

Not amenable to

Stereotactic
Biopsy

Adult Diffuse Glioma Grade Il or Il g

/ l

J-10

Fav LGG Grade Il Unfav / Aggressive

LGG Grade Il

RT+ TMZ followed by
12 CYCLES Adjuvant
TMZ (55.8GY/31#)

P Progression without
Clinico Transformation

Radiological
Observation Repeat Surgery if
\ feasible

Progression

high grade

withTransformation to

Anaplastic(Grade IIl)

RT+ TMZ followed
by 12 CYCLES
Adjuvant TMZ
(59.4GY/33#)

Salvage RT+ TMZ
followed by 12 CYCLES

Adjuvant TMZ (54GY/30#
to 55.8GY/31#)

Salvage RT+ TMZ
followed by 12 CYCLES
Adjuvant TMZ

(59.4GY/33#)

Glioblastoma Multiformae




RT treatment volume for GBM

Co-registration of pre- and postoperative MRI with
planning CT images

Glioblastoma

Certain brain
wmors .e.g.
glioma have a
distinct
appearance on
MRI scan . With
irregular borders
and necrotic
center
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EORTC treatment volumes (EORTC 22981/22961, 26071/2
(Centric), 26981-22981, and AVAglio trials)

207

Phase 1 (to 60 Gy in 30 fractions)

GTV = Surgical resection cavity plus any residual ghancing tumour
(postcontrast T1 weighted MRI scans).

CTV = GTV plus a margin of 2 cm

PTV = CTV plus a margin of 3-5 mm

80%—-90% of treatment failures occur within this margin

RTOG treatment volumes (RTOG 0525, 0825, 0913, and AVA: IiI)

trials)

Phase 1 (to 46 Gy in 23 fractions)

GTV1 = surgical resection cavity plus any residual enhancing tumour
(postcontrast T1 weighted MRI scans) plus surrounding oedema (hgpintensity
on T2 or FLAIR MRI scans)

CTV1 = GTV1 plus a margin of 2 cm (if no surrounding oedema is presenthé
CTV is the contrast enhancing tumour plus 2.5 cm.

PTV1 = CTV1 plus a margin of 3-5 mm

Phase 2 (14 Gy boost in 7 fractions)

GTV2 = surgical resection cavity plus any residual enhancing tumour
(postcontrast T1 weighted MRI scan

CTV2 = GTV2 plus a margin of 2 cm

PTV2 = CTV2 plus a margin of 3-5 mm

Margins up to 3 cm were allowed in 22981/22961 trial, and 1.5 cm in 26981-22981

trial




‘ One phase Target Delineation for GBM

MRI image , gross total resection. The GTV includes surgaétycand residual
enhancement based on the axial T1 sequence with gadoliniunnéedrid CTV is
a 2 cm expansion in all directions (green line)
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Two phase Target Delineation for GBM|

The initial GTV includes postoperative peritumoral edemadas the axial T2
fluid-attenuated inversion recovery sequence (red line)initied CTV (green line)
includes postoperative peritumoral edema plus a 2 cm expansibrdirections.
The boost GTV includes the surgical cavity and residuamrgment based on the
axial T1 sequence with gadolinium (red line) and the boost CB\2ism
expansion in all directions (green line).

peritumoral
. . . oedema as these
COHTOUI’Ing gUIdE|IHES areas are believed
to contain high
concentrations of
tumour cells

®» RIOG
Phase I-CTV- postoperative peritumoral edema plus a 2 cm margin( low grade 1 cm)
Phase II- CTV- residual tumor plus 2 cm margin

EORTC- 2-3 cm
dosimetric margin
around the tumor
(3s evaluated by
MR




The University of Texas MD Anderson Cancer Cente

usesa?2cm

margin around the gross tumor volume

(GTV), which consists of the resection cavity and an

residual contrast enhancing tumor, but ignoring any

edema
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Conclusion of Studies (Post

operative GBM)

Burger et al; Halperin
etal

The distribution of cells of a GBM cannot be inferred from
CT images, since the peritumoral area of low density can
over- or underestimate the extent of the lesion

Chang et al; Minniti et
al; McDonald et al;
Dobelbower et al

There were no significant differences in relapse patterns
between the two target delineation techniques

The use of this limited-margin RT can significantly
decrease the volume of normal brain tissue that is
irradiated

Concomitant

= adjuvant TMZ

Temozolomide 75 mg/m?/d po during RT,
! and 150-200 mg/m? po days 1-5 / 28 for 6 cycles

Total

30 fractions x 200 cGy
dose 60 Gy

Stupp et al. NEJM 2005
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Zhuouozi Yang et alA comparison between oral chemotherapy combilmed
with radiotherapy and radiotherapy for newly diagnosed glioblastgma
A systematic review and meta-analysis

Five RCTs (1655 patients) were eligible in this

study
*
L
Medan Medon  Age
Period of Mool S snial  nege  Good', RS, BR
i Therapy  patients Male (o) (o) () n Pwlin

05, iR
(% 6) (95% 6

6 2%

5 69

Adjuvant therapy.

CT details Eiigible histology

=]
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Meta-analyses result of survival rate

M (2008) 00202 03642 82% 098048 200)

Kocher
Levin V.A (2008) 01508 01620 227%  0.86{0.62 1.18] -

Michasi D (2001) 01883 01626 204% 083058 1.19] =

Stupp R (2008) 0462 00882 3BO%  0.63{0.53.075) o

Total (95% CI) 100.0%  0.70(0.56, 0.68] .

Tau*0.03; Crié=8.50, dtea (P=0.07); F=53% e ————————
Tost for overall fect: Z=3.04(P=0.002) 0 01 erRr © 100
A
Hazard ratio

Study or suborove _ LoalHazard ratiol __SE_Wel

Kacher M (2008) 01165 02742 167% 09052, 152

Levin V.A (2006) 01863 01785 24.8% 0.83{0.58, 1.18) b |

Michael D (2001) 00043 01708 247%  0.01[0.84, 1.20) %

Stupp R (2008) 05708 00804 330K 0.56(0.47,067] -

Total (85% CI) 1000%  0.75[0.56, 1.01) *

Hetorogeneity: Tau'=0 08; Chi=0.41, di=3 (P=0.02); F=68%

Tast for overail effect: Z=1 92(P=0.08) T . 1 L

progression-free survival

Subgroup Analysis Of OS

Hazard ratio Hazard ratio
o Weight IV, Random, 95% C! IV, Random, 95% CI

11.1TMZ
Athanassiou H (2005) 00821 02308 157% 044028, 0.69] —a—
Kochar M (2008) 00202 03842 82%  096{0.48,200] —_
Stupp R (2005) 0462 00882 330% 063053 0.75] -

cn 56.9%  0.61[0.44, 0.84] *
Heterogenaity. Tau'=0.04; Ch=3.82, df=2 (P=0.15), F=48%
Test for overall effect: 2=3.04(P=0.002)
112¢7
Levin VA (2008) 01508 01620 227%  086{062,1.18) =
Michael D (2001) -0.1863 01620 204%  0.83(0.58, 1.19) -
Subtotal (85% CI) 43.1%  0.85[0.67, 1.07) *
Heterogensity. Tau’=0,00; Ch#=0.02, dfe1 (P=0.68); P=0%
Test for overall effect: Z=1.37(P=0.17)
Total (95% CI) 1000%  0.70(0.56, 0.88] *
Heterogeneity: Taw'=0.03; Ch¥=8 59, df=4 (P=0.07); F=53%
Test for overall effect: Z=3.04(P=0.002) L g e T

‘Test for subgroup differences: Chi'=2 63, of=1(P=0.11), F=61.9%
CTRT were associated with a significant improvement in OS compared with
that of RT. Besides, the risk of death was reduced by 30% in those received
combination of chemotherapy and radiotherapy

STUPP Trial for Elderly GBM

Elderly GBM — Nordic Trial (Age >60yrs)

Nordic Trial Design

RT 60 Gy

Comative survia

MN=Z00Z>»>D

2mozolomide may be an alternative to RT




J.Biau,E.Chautard et al Radiotherapy plus temozidlerm elderly patients
with glioblastoma: a “real-life” report. J.Rad.OR@17

as

Type of surgery # KPS

<70
— z70.p:00012¢

Survival
o

Type of treatment

RPA class

LS — HFAT

\\.Mi S e HERT Tz pr 0014

— WLp:00i4* 23
— W,p:000M" £
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Oral chemotherapy combined with
radiotherapy contributes to the survival in
patients with newly diagnosed GBM

Adjuvant chemotherapy confers a
survival benefit in patients newly
diagnosed with GBM

Doaa M. Al Zayat, Ehab M. Attalla et al. Dosimet@omparison of Intensity-Modulated
Radiotherapy versus Three-Dimensional Conformal Raeliefly for Patients with Brain Tumors .
1 3"'#4 4 1567

Target dose coverage with IMRT planning was better than 3DCRT

planning. If PTV is distant to optical nerves, chiasm and brainsten3D

conformal technique can be applied, and if the PTV is nearby OAR
intensity-modulated treatment technique should be used

M. Ding et al Dosimetric Comparison Between 3DCRT and IMRIng Different
Multileaf Collimators in the Treatment of Brain TursoSpring 2009

Tumors adjacent to (or partially overlapping with) critical structures,
IMRT dramatically spared the volume of the critical structures to be
irradiated.

For large and spherical brain tumors, the smaller collimator leaf widhs
give no significant benefit.




Radiosurgery for Brain Tumors

e Game Ko unitfor
absofuteaceuray of el

RTOG 9305: Newly Diagnosed GBM
Stereotactic Radiosurgery Phase lll Trial

Arm 1

RT - 60Gy / 30 #

BCNU 80mg/m2 D1-3 of RT then
Q8weeks for 6 cycles

Arm 2

SRS followed by

RT - 60Gy / 30 #

BCNU 80mg/m2 D1-3 of RT then
Q8weeks for 6 cycles

SRS Dose
24Gy - Lesion < 2cm
18 Gy- Lesion 2.1 -3 cm
15 Gy - Lesion 3.1-4 cm
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K AMERICAN SO
ONCOLOGY (ASTRO)
RA
Tsao, M.D., Ms M
Jasus A. Havsan, M.D.
<

+ For patients with malignant glioma, there is Level I-lll evidence that the
use of radiosurgery boost followed by external beam radiotherapy and
BCNU does not confer benefit in terms of overall survival, local brain
control, or quality of life as compared with external beam radiotherapy
and BCNU.

+ The use of radiosurgery boost is associated with increased toxicity.
+ For patients with malignant glioma, there is insufficient evidence
regarding benefits / harm of using
radiosurgery at the time progression or recurrence.

stereotactic fractionated radiation therapy in patients with newly
diagnosed or progressive/recurrent malignant glioma




National Imaging features
Cancer of GBM
Grid

(INDIA)

/\
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Resectable Lesion Awake surgery with o
in non eloquent Electrophysiological | < | Lesion in non eloquen
| cortex | guidance cortex
| _—
—
8 * . -
*
(
( 95" (s

National
Cancer Grid
(INDIA)

Favourable
Prognosis

Class IlI-IV
Selected Class V

Radical Concurrent CTRT
with TMZ 60Gy/30#/ 6
weekly Adjuvant 6-12 cycles
of TMZ ( methylated)
Adjuvant 6 cycles of TMZ (
unmethylated)

Other class V and
class VI

Palliative
Hypofractionated
Radiotherapy

If Good Response
adjuvant TMZ

BRAINSTEM GLIOMAS




Thomas Reithmeier, Aanyo Kuzeawu et al. Retrospective analygsof 104 histologically

proven adult brainstem gliomas: clinical symptoms, therapatic approaches and prognostic
factors. BMC Cancer2014

~

Between 1997 and 2007, 104 patients (age > 18 years) with histologicd|

proven gliomas of the brainstem were included in this study frorfive
German centres

<
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Michael C. Oh, Michael E. Ivan et al Adjuvant radiotherapy delays recurence following
subtotal resection of spinal corcEpendymomaS
Neuro-Oncology 15(2):208-215, 2013.
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RT group was twice as long & 02-
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Michael C. Oh, Michael E. Ivan et al Adjuvant radiotherapy delays recurence
following subtotal resection of spinal cord pendymomas Neuro-Oncology
15(2):208-215, 2013.
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Recommended MRI protocol for suspected
medulloblastoma

Minimum desirable (mandatory) acquisitions
1 T1, T2 and FLAIR image:
1. coronal and sagittal T2-sequences of the brain using thin
sections (3mm with O.5-1mm gap) with small field of view and high
matrix

s of the brain

Fat-suppressed T1 spin-echo imaging of the b
plane followed by 3D-FSPGR with contrast. Reconstruction of the

to match the pre-contrast thin sections
I diffusion-weighted ima o of the b "
creening of the entire spine

Proferable (though optional) aquisitions
d T1 spin-echo imaging of the brain all three plan

i-voxel MR spectroscopy of the primary tumor in the posterior
fossa

IADC map reconstruction through the region of interest in posterior
(=,

al gradient-echo MRI perfusion imaging of brain during contrast
jection

| 3D susceptibility-weighted imaging of the brain
Pseudo-continuous 3D-ASL imaging of the brain with correct
post-delay label
Fa pin-echo naging of the ent
in 3 acac with oct T2-weighted and axial

Ny contra nocement for further characterize

pinal leptomeningeal metastases
FLAIR = F suated 3 30 - al;
FSPGR = Fact-cpoiled gradient; ADG = Apparent diffusion co-efficient-
IASL = Arteral spin labeling
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Intra-operative
. L - Photomicrograph
Space occupying lesion in midline

posterior fossa nearly filling the fourth
ventricle.

- Spinal MRIT

* Most sensitive for spinal cord
mets

* Frequency of spinal seeding
at diagnosis is 30-35%.

® M.Cseen in the lumbosacral
and thoracic areas and are
best seen on post-contrast
T1-weighted images.

®* MRl  spine should be
obtained whenever possible
pre-operatively or else at
least 2-3 weeks post-

: [ sagittal and axial MRI, T1 weighted Gadolinium
operatively. contrast enhancement - Medulloblastoma with metastatic
spread to the meninges within the posterior fossa and with
a large intramedullary deposit.
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Neurosurgery

Routine pre-operative ventriculo-peritoneal (VP)
shunt should generally be avoided as definitive
surgical resection readily relieves the obstruction byj
opening the cerebrospinal fluid (CSF) pathways.

(®

.

Complete surgical resection is ideal, by

this may not always be safe or feasible

In such cases, it is recommended to

attempt maximal safe resection leaving

residual tumor behind rather than

aggressive surgical resection that can

precipitate significant morbidity.

Post-operative Neuro-imaging

Post-operative MRI of the brain be |
acquired immediatelyw(ithin 24-48
hours of surgical resection to
accurately identify the extent of
resection and quantify the status @
the residual disease.

Whenever immediate post-operati
neuro-imaging has not been
obtained, it is recommended @it
for 2-3 weeks(but no later than 4-
weeks) to allow resolution of post-
operative changes.




CSF cytology

Mandatory
 Staging
 Risk Stratification

50% of patients with positive spine MRI
studies are asymptomatic and have negative
cytologic results.
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Recommended testing by diagnostic pathology laboratories
for medulloblastoma (Minimum desirable mandatory tests)

/Hematoxylin and eosin(H&E) staining )
Reticulin staining

- J

4 N\
MIB -1 Labelling index ( using Ki-67)

g /

Medulloblastoma, Grade IV tumors

(WHO Classification

Medulloblastoma, classic i ST R

Desmoplastic/nodular
medulloblastoma
Medulloblastoma with extensive
nodularity

Large-cell/anaplastic

medulloblastoma

Medulloblastoma, not otherwise
specified (NOS).




Medulloblastoma, genetically defined
WNT SHH Non WNT/ SHH

Medulloblastoma, WNT-
activated
Medulloblastoma, SHH-
activated and TP53-
mutant
Medulloblastoma, SHH-
activated and TP53-
wildtype
Medulloblastoma, non-
WNT/non-SHH
Medulloblastoma, group 3
Medulloblastoma, group 4.
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JAMA Oncology | Original Investigation 2016
Benjamin H. Kann, MD; Henry S. Park et al PostopeeaRadiotherapy Patterns of Care an
Survival .Implications for Medulloblastoma in Young Chédr

\‘ How are postoperative radiotherapy care patterns
changing in young children with medulloblastoma,

/‘ and what are the survival implications?

/In this national database analysis of 816 children with
medulloblastoma, ages 3 to 8 years, who received postopergtivg
chemotherapy, there was a 15.1% rate of postoperative
radiotherapy deferral overall, and deferral rate increfsea
2004 to 2012.

Postoperative radiotherapy deferral was associated

\With decreased overall survival in this population.

Ve

The analysis suggests that postoperative radiotherapy
deferral is associated with worse survival in this age group,
even in the modern era of chemotherapy

-

Treatment of the entire neuraxis, i.e.
craniospinal irradiation (CSI) followed by
boost irradiation of the tumor bed/posterior
fossa is recommended

CSF Dissemination 14-16%

Being Radiosensitive, Radiotherapy is curative
upto 70% of standard risk patients




Unavailability of linear accelerators locally,
children should ideally be referred in time to an
appropriate higher centre with adequate RT
facility and infrastructure to prevent unnecessary

delays.

29t |ICRO, GKNM, Coimbatore

Indian Society of Neuro-Oncology consensus guidelinesrfthe contemporary management of
medulloblastoma

CT-based three-dimensional (3D)
simulation

« Target volume coverage is more

easily assured and delivery more

reproducible with CT-planned
supine CSI.

« Axial planning CT images should
be acquired from the vertex till th
upper thigh region using 5mm sli
thickness.

CE€l

CTV

Brain and its covering meninges

brain  |till the C2

PTV 5mm isotropic margin around

brain | CTV-brain.

CTV Spinal thecal sac and exiting

spine | nerve roots from the C2 cervical
spine till the lower end of the
thecal sac

PTV 8-10mm isotropic margin is

spine | recommended around the CTV-

spine




29t |ICRO, GKNM, Coimbatore

Organs-at-risk (OARs) for CSlI should include but may not be Inited to eyes, lens,
cochlea, mandible, parotids, thyroid, esophagus, lungs, heart, liver, kiggs, bowel
bag, rectum, bladder, gonads (ovary/testes), and vertebral bodies pluslyis
(surrogate for red bone marrow)

Boost irradiation planning

Low Risk And Pre-operative Tumor-bed With

Standard Risk Appropriate Margins
(Typically 1-1.5cm Around The
Tumor Bed).

High Risk And Very |Irradiation Of The Entire
High Risk Disease |Posterior Fossa Is Presently
Recommended

Posterior Fossa Boost




CSIl and boost plans be summated to produce]
composite treatment plan and final dose-
distribution.

3DCRT with ]
multileaf
collimtors

a
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CSl in supine position

SPINE FIELD
¥1 SET TO INF LIMIT

SPINE FIELD
¥2 =20 CM

[R——
mant s mc L

20Gm
COLLIMATOR

Fixed-field geometry for supine craniospinal irradiation with
set-up isocentre fixed at mid-body of C2-vertebra.
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The field junction over the cervical cord usually § moved weekly
(“feathered”) to avoid over- or underdosage.

The anterior fields are shown and
the gap can be measured directly from the image.

Tumor-bed Boost Following
Craniospinal Irradiation




Radiotherapy prescription

Infants
Age< 3 years

CHEMOTHERAPY deferred till 3

Radiotherapy

years
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I<#

Children 3

C

- 18 years

Low Risk Disease

Reduced dose of CSI
Reduced chemotherapy intensity

Standard Risk Disease

Reduced dose CSI weekly VCR
CSI: 23.4Gy/13#/3wks
PF Boost : 12.6 Gy/7#/1.5 wks
Tx Bed boost: 18 Gy/10#/2wks
Followed by 6 cycles of adjuvant
chemotherapy

HFRT
CSI: 36Gy/36# 1GyB.I.D

( 6-8 hrs gap in between 2 daily
fractions)

Tx Bed Boost: 32 Gy/32# 1GyB.I.D

High Risk Disease/Very High
Risk Disease

Standard CSI
35Gy/21#/4week concurrent
carboplatin during CSI and
tumor bed boost :
19.8Gy/11#/2.5wks

Boost to gross metastatic
deposit: 5.4-9Gy/3-5#
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Mid-axial dose distributions with () 3DCRT (b) IMRT for one of the representative cases. Yellow represents 100%, Red
95% and Blue 70% of the isodose lines. 3DCRT, Three Dimensional Clomal Radiotherapy; IMRT, Intensity Modulated
Radiotherapy.

(@ O]

Results: Mean values of planning target volume (PTV); 8% and PTV5% in IMRT
were 97.19% and 106.07% and for 3DCRT were 96.57% and 106.33%, respectivel
The dose homogeneity was better in IMRT (1.091) as cordpar@DCRT (1.100), but
was not statistically significant (P = 0.341). Confogmiitdex was comparable in both
the plans, i.e., 3DCRT (0.979) and IMRT (0.976) with P = 0.8UIRKT plan provided
reduced mean dose to cochlea relative to the 3DCRT plansth P = 0.032 for the
right cochlea and 0.020 for the left cochledMRT showed no advantage over 3DCRT
in sparing the anterior cranial structures where meaasiw the right and left lens
were 0.61 Gy and 0.56 Gy for IMRT and 0.16 Gy and 0.09 Gy for 3D@&Rpectively.
Conclusions: IMRT technique was able to improve homdgeiredex, spare the
cochleae, but 3DCRT plans were superior in sparing antedaial structures without

compromising the dose to PF.
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Yes, that’s right. There is a light that stops at a certain point anc

releases all of its energy and dissapears.

As soon as the proton beam reaches the cancer tissues,

It destructs the cancer tissues with maximum energy

and subsequently, it becomes completely annihilated.

* TheBraggPeak puon MEDULLOBLASTOMA
- . X-RAY PROTON

Xeray

Dose (%)

x ®
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Proton Craniospinal Radiation Therapy: Rationale and Clinical Evidence
Anita Mahajan, MD University of Texas MD Anderson Cancer Gnter, Houston, TX, USA

Abstract Purpose: To review the existing evideheg supports the use of
proton craniospinal irradiation (p-CSl) in pediatpatients.

Conclusions: Based on the theoretical and eamyjcell outcomes, p-CSI
appears to provide equal tumor control with potlytreduced risk of side
effects when compared with data. Ongoing efforts eghtinue to evaluate
these advantages.
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Comparison of therapeutic dosimetric data from passivelycattered proton and photon

craniospinal irradiations for medulloblastoma. Rebecca M Howell,Anita et al. M.D Anderson cancer centre
Proton CS! improved normal tissue sparing while also providiege homogeneous target coverage than photon CSl for
patients across a wide age and BMI spectrum. Of the 24 paraf¥fet&, Vs, and \i,in the esophagus, heart, liver, thyroid,

kidneys, and lungs) Wilcoxon signed rank test resuls ifetica0 were significantly higher for photon CSI compared to proton
CSI(p 0.05).

Technology comparison

5~100% isodose line




IQ Change Over Time by RT Group

Regression lines of IQ change over time since RT for Boxoup and by CSi/focal
RT, CSI, craniospinal irradiation; IQ, intelligence quotientf#Bproton beam radiation
therapy; RT, radiation therapy; XRT, photon radiation therapy.
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Medulloblastoma, posterior fossa irradiation alone: Dose—volume histogram
comparisons across treatment modalities. (3D = three-dimensiondMRT =
intensity-modulated radiation therapy.)
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Medulloblastoma, composite of craniospinal plus
posterior fossa

Novel Hybrid Scattering- and Scanning-Beam
Proton Therapy Approach

The solid, dashed, and dotted lines denote intensity-medufabton therapy,
hybrid, and passive scattered proton therapy plans.

Chemotherapy

Adjuvant chemotherapy following RT

Adjuvant chemotherapy following surgery in infant
medulloblastoma (<3-years)
Pre-irradiation chemotherapy in infant
medulloblastoma to defer RT (till 3-years)
High-dose chemotherapy with autologous stem-ce
rescue

Concurrent chemotherapy with RTSalvage therapy if
relapsed/recurrent medulloblastoma.
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