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Neuroimaging in Neuro-oncology
Indications:

1) Tumor diagnosis

2) Preoperative treatment planning

3) Intraoperative imaging

4) Postoperative care and treatment response.



CURRENT PROBLEMS WITH ANATOMIC
IMAGING

Highly sensitive but nonspecific
Cannot reliably differentiate tumor and treatment effects

Unable to guide specific targeted therapy

Cannot assess early therapy failure & predict clinical outcome
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IMAGING HAS TO DOABETTER JOB IN....

Characterizing brain tumor biology

Guiding therapy

Assessing therapeutic-response————————————
Detecting early treatment failure

Distinguishing tumor progression &treatment effects

Predicting clinical outcome



ROUTINE ANATOMIC MRI SEQUENCES

TIW........ anatomy
T2W......pathology
FLAIR...more pathology
STIR....fat vsblood
GE/SWI...blood,calcium,flowing blood
MRA/MRCV...vasculature

DWI....acute stroke, hypercelluarity




TUMOR PATHOLOGY ON MRI'|S MOST OFTEN

SEEN AS:




PCNSL' IMMUNOCOMPETENT
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SHORT T2
(HYPOINTENSITY)

Iron within necrosis

Hemosiderin (chronic bleed)
Deoxyhemoglobin (acute bleed)
Melanin

Ferritin

Calcification

High nucleus:cytoplasm ratio (PNET,

lymphoma)

Dense cellularity
Macromolecule content
Fibrocollagenous stroma
Mucin (colon carcinoma)
High protein content (Craniopharyngeoma)
Fast flowing blood (Hemangioblastoma, GBM)
Air

SHORT T
(HYPERINTENSITY)

Melanin

Manganese

Iron

Calcium

Copper

High protein (colloid cyst)
Methemoglobin (subacute blood)

“Fat-(lipoma, dermoid)

Cholesterol

Paramagnetic agent (gadolinium)
Flow-related enhancement

in tumor vessel



INTRACRANIAL LIPOMA VS. BLEED
FAST MRI
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BRAIN METASTASES: MELANOMA




Transition from

Anatomy —> Physiology —> Biology



ADVANCED NEUROIMAGING

Diffusion-weighted imaging / DTI
Proton MR Spectroscopy

Functional MRI
Perfusion-weighted imaging

Intraoperative MRI
Ultra-high field MRI






CONTRAST ENHANCEMENT ON MRI IS NONSPECIFIC!
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PSEUDOPROGRESSION POST
CHEMORADIOTHERAPY




BEVACIZUMAB + IRINOTECAN FOR
RECURRENT GLIOBLASTOMA

T1-Gd response

Vredenburgh JJ et al. JCO 2007; 25: 4722
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DWI IN NEURO-ONCOLOGY

* tumor differential diagnosis
e tumor grade and cellularity

* postoperative injury
* Integrity of white matter tracks




EPIDERMOID CYST




EPIDERMOID CYST!
DECREASED WATER DIFFUSION
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PRE-OP
25 Y/O MAN PRESENTING WITH RIGHT SIDED WEAKNESS
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Recurrent GBM



SUSCEPTIBILITY WEIGHTED IMAGING



Mean

ADC

Apparent Diffusion Coefficient

DNET Astrocytoma GBM Primary CNS Meningioma
Lymphoma

Pilnevtic Ananlactic PNET Srhwannma




Fiber Tracking- Visualization of WM Tracts by DT/

Pyramidal Tract



DIFFUSION TENSOR IMAGING
(DTI)
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METASTASIS WITHOUT INVASION OF
CORTICOSPINAL TRACT



GBM WITH INVASION OF CORTICOSPINAL
TRACT
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MRS IN NEURO-ONCOLOGY

Preoperative
1.Ditferentiate high grade from low-grade gliomas
2 Differentiate GBM-related “edema” from metastases-related “edema”
3.refinement of pre-operative differential diagnosis
a.abscess
b.tuberculoma
c.tumefactive demyleinating lesion

4.diagnose meningioma
5.diagnose PCNSL

Perioperative
1.Localize for stereotactic biopsy
2.determination of extent of resection
3.Multivoxel MRS to predict radiotherapy volumes

Postoperative
1.monitor malignant transformation of low grade tumors

2.monitoring of response to treatment
3.Differentiating recurrent GBM from radiation necrosis




NORMAL MRS 1

Myoinsitol Creatine Glutamine/glutamate N-acetyl aspartate



Decreased NAA signal in neoplasms is from reduced or absent
production of these metabolites because normal neurons have
been destroyed or displaced by the neoplastic process

Elevated choline peak is a surrogate marker of increased cell
membrane turnover caused by tumor growth or normal cell
destruction or may at least in part be elevated because of
increased production through phospholipase upregulation.

The relative anaerobic environment of many neoplasms and
derangements in glucose metabolism result in incomplete
glucose breakdown and likely account for the elevated lactate
signal
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GBM, TUMOR EXTENSION BEYOND
ENHANCEMENT



MULTI VOXEL MRS
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PERFUSION MRI:
CLINICAL APPLICATIONS

Glioma grading (astrocytomas only)
Image-guided biopsy

Primary vs Secondary brain tumor
Tumor vs Treatment effect
Tumor-mimicking lesions



Perfusion MR

Grade 2 astro

Grade 3 astro




THREE GOALS OF PRESURGICAL FUNCTIONAL
MRI'INCLUDE:

to determine the feasibility of surgical treatment and risk for
inducing neurologic deficits,

to select patients-for-intraoperative-cortical-stimulation, which

would be indicated when a functional area is included within the
lesion or at the radiological boundary

to provide guidance for functional neuronavigation based on
preoperatively acquired structural information using MRI
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G. Glover, Dept. of Radiology



THREE GOALS OF PRESURGICAL FUNCTIONAL MRI
INCLUDE:

to determine the feasibility of surgical treatment and risk for
inducing neurologic deficits,

to select patients for intraoperative cortical stimulation, which
would be indicated when a functional area is included within
the lesion or at the radiological boundary

to provide guidance for functional neuronavigation based on
preoperatively acquired structural information using MRI



A 31-year-old women operated 1 year ago for a
oligoastrocytoma located in the superior aspect
of the left middle frontal gyrus. Asymptomatic

Arrows point to
NEW lesion

g



4000

LIRIRINTINT)

3000

2000

1000

—=1000

12000
10000/
SO0
SHR

BOOCY
4000y

2000

. . PEPE BTN PR P .
3.71 3.09 2.48 1.87 1.25 0.64




Descriptiv

TN, AN M4

Functional MRI in the sagittal plane using descrlptlve naming (H)
indicates activation in the left premotor cortex just below the
enhancing lesion (arrow). For right hand activation (I) was found
adjacent to the posterior margin of the post-op cyst, that was normal
on MRS

OOPS
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IOMRI SYSTEMS

0.12 to 3T Tesla




GBM
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IOMRI

Resection control
Maintain navigational

accuracy despite brain shift

Complication avoidance

1.5T pre-op image

0.15T MRI taken in OR



BRAIN SHIFT
(EFFECT ON STEREOTACTIC LOCALIZATION)

Tissue shift occur in surgery due to:

* Tumor decompression

* Collapse of brain around
operative site

* Loss of cerebrospinal fluis em -

* Cortical swelling Brain Shift by ioMRI



INFILTRATION HYPOXIA ANGIOGENESIS

DIFFUSION e PERFUSION

S. Chang et al




COMPREHENSIVE BRAIN IMAGING -TUMOR

FiberTrak Perfusion

—

MRS







Thank you for your

patience !




Diffuse Astrocytic and Oligodendroglial Tumors

— (1) Preliminary Typing and Grading (Histomorphology)

Grade
Growth pattern Lineage > i
diffusely infiltrative -—> astrocytic, oligodendroglial “-—> n:\(;tlgsa;: tmgbsggzﬁgfle;nggfr '
cirumscribed/solid ependymal, other : s *

(pseudopalisading) necrosis

WHO grade I - lll WHO grade IV WHO grade IV
Diffuse midline glioma

(2) Molecular Testing

IDH mutant IDH mutant or WT IDH mutant IDH wild type IDH wild type IDH mutant IDH wild type
Nuclear ATRX Nuclear ATRX Nuclear ATRX Nuclear ATRX Nuclear ATRX Nuclear ATRX Nuclear ATRX
retained retained or lost lost retained retained lost retained or lost
1p19q codeleted 1p19q f:c;de:eted 1p19q intact 1p19q intact 1p19q intact 1p19q intact 1p19q intact
or intac

H3-K27M mutant

—  (3) Final Integrated Diagnosis

WHO grade Il or Il

IDH mutant WHO grade llor lll | WHO grade Il or lll WHO grade IV WHO grade IV

Tpioa codéteted IDH mutant IDH wild type IDH wild type IDH mutant e

H3-K27M mutant

—{ (4) Additional Molecular Alterations

EGFR amplifcation TP53 mutant HIST 1H3B/C
TERTp mutant TP53 mutant EGFRull -10g H3F3A
CIC mutatnt
FUBP1 mutant TERTp mutant
+7/-10

MGMT promoter methylation
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Radiation

. Months — years after RT * ~2-6 months after RT . Months - years after RT
. RANO: T1W is >25% 1, T2/FLAIR is 1, new lesion, { clinical * Damage to oligodendrocytes, transient . T2W MRI: “cut pepper” appearance
status interruption of myelin synthesis

. Imaging: * More common in MGMTm

. T1 Gd+ MRI: Ring-like enhancement * Imaging:

. T2W: hyperintense core, surrounding edema *  T1W Gd+ MRI: Ring-like enhancement

. ADC map from DWI: hypointense signal surrounding ¢« T2W MRI: hyperintense around ring

hyperintense core « DWI: 1 diffusion around ring

. DW!I: | diffusion around ring
. MR perfusion: P blood volume

Choline Creatine (Cr) N-acetylasparate Lactate, lipids
MRS (Cho) ATP recycler (NAA) (Lac / Lip)

Cell membrane Neuron metabolite =~ Trauma metabolite
Amount component

@NicholasZaorsky
@DanTrifMD

4 3 2 1 Chemical shift (PPM)



T1-POST

DSC-MRI
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