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- Diagnosis and Differential Diagnosis

- Presurgical mapping by MRI

- Disease and Tx monitoring
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MRI: how does it work?
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Why do we use head coils? 7

4. The computer
processes the data
and an image is
generated
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DC = apparcat diffusion
rcuate fasciculus, BOLD =
|- dependent, CBV = cercbral
blood volume, CNS = central nervous system,
©ST = conticospinal tract, CTV ar-
get volume, DSC = dynamic suscepii
trast, DTI = diffusion tensor imagin
diffusion-weighted, ESM = clestrocortical stim-
ulation mapping, FLAIR = fuid-aticovatcd
inversion recovery, GBM = glioblastoma mul-
tiforme, GTV = gross tumor volume, NAA =
N-scetylaspartate, TE = echo tim
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B Critical Role of Imaging in the
B Neurosurgical and Radiotherapeutic
Management of Brain Tumors'

Introduction
Imaging has played an increasingly crucial role in guiding neurosur-
gical and radiotherapeutic management of brain tumors, especially
since the development of computed tomography (CT) and magnetic
resonance (MR) imaging. In recent years, the evolution of new 1mag-
ing techniques, including diffusion-weighted (DW) imaging, perfusion
MR imaging, spectroscopy, functional MR imaging, and diffusion
tensor imaging (DTI), has not only improved the preoperative assess-
ment of tumors, but has also expanded surgical approaches, aided in
radiation treatment planning, and become a critical tool in evaluating
therapeutic outcomes. The 2012 Oncodiagnosis Panel presented an
overview of how comprehensive MR imaging plays an integral role
in the mulndisciplinary approach to brain tumors. In this article, we
discuss how the use of a variety of imaging techniques can aid in the
diagnosis and appropriate treatment of intracranial lesions.
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MRI Helps Differential
Diagnosis !
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WHITE PAPER

ASFNR Recommendations for Clinical Performance of MR
Dynamic Susceptibility Contrast Perfusion Imaging of the Brain

K Welker, ). Boxerman, '“A_Kalnin, T. Kaufmann, M. Shireishi, and M. Wintermark; for the American Society of Functional
Neureradielgy MR Perfusion Standards and Practice Subcommittee of the ASFNR Clinical Practice Committee

i Table I: S y of ded for DSC perfusion imaging
Acquisition Parameter R d;

o Pulse sequence Generally GRE-EP! rather than SE-EP1
® 10-15 seconds (SE-EP1): mi (ws “as short as

ble) for GRE-EPL generall seconds

TE t LST; 25-38
J Flip angle 0°-70
iy A Temporal coverage 120 Time points

Preload Gd-based contrast agent dose  One-fourth to single dose (0. 0.1 mmol/kg Gd)

TN (particularly for studses performed given 5-10 minutes prior to dynamic imaging

> a4 © with a high flip angle)
Shice thickness
Matrix
Q!
IV catheter gauge

Injection rate

Totat scquisition time

Note: ndicates ga

Why do we do perfusion ?
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New WHO classification (2021)

» 2016 Classification: Central nervous system (CNS) tumors are defined by molecular
markers
» 2021 Classification: Further expands their role

» Histologic and molecular features “layered” diagnosis: e.g. Glioblastoma, IDH-

wildtype
Table 2: Mechanisms of Molecular Alterations in Diffuse Gliomas
Molecular Alteration Function
IDH1 p.R132 or IDH2 IDH mutations generate the oncometabolite 2-hydroxyglutarate, resulting in DNA hypermethylation
p-R172 mutation (G-CIMP phenotype)
ATRX mutation Activates alternative lengthening of telomeres (ALT) pathway to maintain telomere length
TERT promoter mutation Activares tel to maintain tel length
CDEN2A/B homozygous deletion  Results in loss of umor suppressor and cell cycle regulator plé
EGFR amplificarion Activates recepror tyrosine kinase pathway
H3 K27M mutation Histone H3 mutations result in widespread loss of H3 K27-trimethylation and aberrant gene transcription
H3 G34R or G34 V mutarion Histone H3 mutation alters H3 K36 methylation and results in aberrant gene transcription
Note.—IDH = isocitrate dehydrogenase, MAPK = mitogen-activated protein kinase.

Have we got reliable biomarkers for these?

«Lower grade» to «higher grade» glioma progression

 Darker FLAIR signal within T2-bright tumor: indicates IDH1/2 mut, 1p/19q intact genotype
* PPV: 100%, NPV 68%, SS 51%, and SP 100%. [Broen et al., Neuroncol 2018. N=154 LGG]

Astrocytoma grade 4, IDH1-mut,
1p/19g-intact (WHO 2021)
Ex- «secondary» GBM

T2-FLAIR mismatch
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Treatment guidance:

Sparing critical structures

Presurgical Mapping: Benefits

Needed in selected cases were a lesion is close to

critical brain areas

To facilitate therapeutic decisions based on

improved surgical risk estimation
To Optimize Treatment Plans

To Reduce Need for invasive testing (e.g. Wada)




What’s important around it? - Treatment Planning
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What'’s important around it? Foot Movement

COR

Left-Lateralized Language in
A Right-Handed Patient:
(normally expected in 85%)

Verb Generation (p < 0.001, Bonferroni-corr) ‘

Left — Lateralized!

LI =+0.6
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Right-Lateralized Language in
a Right-Handed Patient
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Verb Generation (p < 0.001, Bonferroni-corr)

Right — Lateralized!

LI=-0.35

Optic Patways
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Neurolmaging in glioma follow-up:
Current challenges at MRI

* Pseudoprogression (30%)

* Radionecrosis

* Immunotherapy-related (checkpoint
inhibitors):

* Pseudoresponse, Hyperprogression, Abscopal effect

Delayed Contrast Clearance Analysis
Treatment response assessment maps (TRAMs)
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= slow contrast clearance > no washout - no viable tissue - Necrosis

= fast contrast clearance - washout - viable tissue - Tumor, vessels

5’ post-Gd 75’ post-Gd

GBM following Stupp protocol:

Disentangling admixed viable tumor and inflmma
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