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» Conventional MRI Role

* Physiology based MRI
« Diffusion/Tractography
* Perfusion
* MRS
* fMRI

« Clinical Challenges for MR Imaging
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Perfusion

Hybrid-Imaging
PET/CT
PET/MRT

Molecular
imaging

Classification of Brain Tumors

CNS consists of :  neurons

neuroglia
(astrocytes, oligodendrocytes, microglia, ependyma, choroid epithelium)

* the majority of brain tumors arise from the neuroglia and are
included under the broad term of gliomas ( 40-50% of all primary
and metastatic intracranial tumors)

* primary CNS lymphoma
* metastatic disease

* benign cystic masses (arachnoid, epidermoid, dermoid, colloid)



Intracranial Tumors

v Primary neoplasms

astrocytoma, oligodendroglioma, GBM

v Metastases

lung, breast, melanoma

v Non-glial tumors

meningioma, lymphoma, pineal tumors

Supratentorial Intra-axial Neoplasms

Adults

v'metastases
v'gliomas
vlymphoma

v'sarcoma

Children
v’ ganglioglioma/cytoma
v/ DNET
v’ neuroblastoma (PNET)

v’ pilocytic astrocytoma

Diagnostic Process

Traditional criteria to establish the diagnosis

v Age: adults - children

v’ Location: intra-, extra- axial
supra-, infra- tentorial

v Morphology - (CT-MRI) :
margins
edema intratumoral cyst necrosis
hemorrhage calcifications melanin
vascularity cellularity
pattern of enhancement

Infratentorial Intra-axial Neoplasms

Adults Children

v'metastases v astrocytoma
v'hemangioblastoma v medulloblastoma
v'gliomas v  ependymoma

v brain stem glioma
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Metastatic disease

* 30-40% of intracranial tumors
(lung - breast - melanoma - Gl tract)

* hematogenous spread - multiple lesions
corticomedullary junction
surrounding vasogenic edema

enhancement : 4 dose of contrast

Magnetization Transfer (MT)

Metastatic disease

* 30-40% of intracranial tumors

(lung - breast - melanoma - Gl tract)
* hematogenous spread - multiple lesions
* corticomedullary junction

* surrounding vasogenic edema

-Vasogenic edema




Metastatic disease

* 30-40% of intracranial tumors
(lung - breast - melanoma - Gl tract)
* hematogenous spread - multiple lesions
* corticomedullary junction
* surrounding vasogenic edema
* enhancement: " dose of contrast

Magnetization Transfer (MT)

Gliomas

* heterogeneous group of tumors : astrocytoma
(pilocytic-anaplastic-GBM), oligodendroglioma,
ependymoma-subependymoma, choroid plexus papilloma

* 50% of solitary supratentorial masses

* middle age, male: female = 3:2

» |, grade astrocytomas (WHO grades I-)

* " grade astrocytomas (WHO grades IlI-1V)

Low grade astrocytoma

“minimal or no edema
*non-hemorrhagic
‘enhancement uncommon
- calcification in 15-20%

Triple dose
GD-DTPA
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Glioblastoma multiforme - GBM

e the most common glioma (55%)
 dismal prognosis (optimal treatment < 1 year)
e primary (de novo) or secondary GBM

« diffusively infiltrating tumor with various degree of
enhancement

Anaplastic astrocytoma  butterfly or multi-centric appearance
- moderate mass effect

" neovascularity
“irregular enhancement

Imaging findings consistent with malignancy-
aggressive behavior

significant peritumoral edema
necrosis

infiltrative pattern

hemorrage

M cellularity

. . - significant edema
J blood brain barrier

-intratumoral hemorrhage
‘necrosis
-marked enhancement
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Post-contrast

Meningioma

v falx, sphenoid wings, parasellar region,
olfactory groove, CP angle

v calcifications (20-50%)

v hyperostosis (20%)

v’ “dural tail” sign

v women 40-70 yrs




2/10/19

Lymphoma

v'B-cell, non Hodgkin

v'formerly rare, with increasing frequency in the era of
immunosuppression and AIDS (10%)

v'deep - subependymal location, corpus callosum

v'highly cellular tumor : 9 CT, J T2 and ADC

Lymphoma Limitations of Conventional MRI

v exact limits of tumor extension
v' tumor behavior - grading
v' DDx
v primary tumor from metastasis
v' residual or recurrent tumor vs radiation necrosis

v Neoplastic versus non - neoplastic lesions




Physiology Based MR Techniques

Diffusion Imaging
Perfusion Imaging
MR Spectroscopy

Functional MRI
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Diffusion Imaging
Microstructural information

v DDx : - non neoplastic lesions (abscess - epidermoid)
v'Tumor types or grades ( J ADC in 4 grade tumors)
inverse correlation between diffusivity and tumor cellularity

v'Tumor extension : - vasogenic edema-tumor infiltration

Diffusion Tensor Imaging (DTI - Fiber Tractography) :

* WM tracts - presurgical planning

( deformation - displacement - infiltration )

DIFFUSION MODELS IN TISSUES
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Tumor Cellularity - DWI

Tissue cellularity or fluid with increased viscosity
results in restricted diffusion pattern and presents
with low ADC values

Tissue necrosis, gliosis or free moving fluids results in
elevated diffusion pattern and high ADC values

High grade tumors are heterogeneous with areas of
hypercellularity and areas of necrosis

Whole Tumor ADC Histograms




Whole Tumor ADC Histograms

Dynamic susceptibility contrast (DSC) MRI

Perfusion is the delivery nutrients and oxygen via blood to the
brain tissue

An intravenous bolus injection of gadolinium-based contrast agent
is given while the patient is in the scanner and the scan is running

This bolus gives a strong susceptibility effect on the MR signal
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Perfusion Imaging
Microvascularity - angiogenesis

v Tumor margins (rCBV, CBF, MTT)
v /M rCBV correlates with 1 grade of malignancy
v'Guidance stereotactic biopsy
v'DDx : - solitary meta vs glioma
- lymphoma vs toxoplasmosis (AIDS)
* non neoplastic lesions (MS-abscess)
v'"Monitoring follow-up: - recurrent tumor vs radiation necrosis
- antiangiogenic treatment

Dynamic susceptibility contrast (DSC) MRI

v’ Parameters that can be estimated include
® Relative blood volume and blood flow, rBV and rBF.
« Time to peak (TTP), mean transit time (MMTT) and leakage.

v’ Pathology changes the perfusion in the affected areas,

® Tumors typically have increased blood volume.



Dynamic susceptibility contrast (DSC) MRI

e Cerebral blood volume the most
used parameter for tumor evaluation

* Need to normalize the CBV values

* Normalize to CBV in unaffected brain
tissue

Dynamic susceptibility contrast (DSC) MRI
nBV Histograms

Pilocytic Astrocytoma, grade |
— -Diffuse Astrocytoma, grade Il
——Anaplastic Astrocytoma, grade Il

<~ Glioblastoma, grade IV

Relative frequency

*Emblem et al. Radiology 2008

Dynamic susceptibility contrast (DSC) MRI
Leakage Correction

Dynamic susceptibility contrast (DSC) MRI

nBV Histograms
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MR Spectroscopy MR Spectroscopy

Biochemistry - metabolism Normal vs Tumor Angle

Normal Angle Reversed

v'Grading of tumor : ( 1 Cho L NAA = P grade)
v'Guide stereotactic biopsy
v'DDx: - tumor

* necrosis

- edema
v'Monitoring follow-up:

- recurrent tumor vs radiation necrosis

MR Spectroscopy -GBM fMRI

BOLD: Blood Oxygen Level Depended
/ Increased Neuronal Activity => Increased Metabolism => Increase Blood Flow

The number of red blood cells carrying oxygen (oxyhaemoglobin) increases in the small

blood vessels of the brain => increase of the T2* constant
Lipids

activated

Diamagnetic
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fMRI Basic Aspects

v" Monitor T2* contrast during cognitive task
e.g. acquire 20-40 slices every 5 seconds

v' Design experiment to have alternating blocks (epochs) of
task and control condition

v Look for statistically significant signal intensity changes
correlated with task blocks

L. StealthStation™
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Clinical Challenges

v’ Detection, Localization, Morphology

v’ Characterization — Grading — Progression

v Differential Diagnosis
v’ Preoperative Mapping
v’ Surgical excision planning — margins
v Tumor relationship with adjacent structures
v’ Stereotactic Biopsy Guidance
v’ Assessment of therapeutic response
v’ Post chemoradiation therapy evaluation

v Dd radiation necrosis from tumor recurrence

2 StealthStation*
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Clinical Challenges

v’ Detection, Localization, Morphology

Characterization — Grading — Progression

Differential Diagnosis
Preoperative Mapping
Surgical excision planning — margins
Tumor relationship with adjacent structures
Stereotactic Biopsy Guidance
Assessment of therapeutic response
Post chemoradiation therapy evaluation

Dd radiation necrosis from tumor recurrence
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Clinical Challenges Clinical Challenges

4 v’ Detection, Localization, Morphology
v’ Detection s - v Characterization — Grading — Progression

v’ Localization Differential Diagnosis

v £ Preoperative Mapping
Morphology : 3 Surgical excision planning — margins

Margins 3 Tumor relationship with adjacent structures
Edema

Intratumoral cyst - Stereotactic Biopsy Guidance

Necrosis S ) - .
Hemorrhage - i / N Assessment of therapeutic response

Calcifi ca tions / v \ § G Post chemoradiation therapy evaluation
Melanin 2\ 4
Fat f A\ Dd radiation necrosis from tumor recurrence

Pattern of enhancement

Tumor Grading: Cellularity Tumor Grading: Neovascularity

Grade | Grade Il Grade Il Grade IV

Low Grade Glioma

High Grade Glioma




Tumor Grading: Neovascularity
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rCBV threshold 1.75

specificity PPV
57.5% 87.0%

Law et al, AJNR 24:1989-1998,2003

Tumor Grading

Oligodendrogliomas
rCBV :1.29-9.24
(median:3.68, sd: 2.39)

Astrocytoma
rCBV :0.48 - 1.34
(median:0.92, sd: 0.27)

Tumor rCBV derived from DSC Perfusion Studies
distinguishes two low grade gliomas

Cha S,AJNR 2005
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Histogram nBV

Summary:

ControlTracking Number: 4-9-2731-ECR

Activity: Sclntiic Paper (alk : 7min.+ 2min.dscussion)
Current DatefTimo: 1111312013 352:30 Al

histogram metrics quantifcation study

Author Block K. Niorad', VK. Katsaros?, G. Maniis', K. Marias', G.
Stantzalis?, N. Papanikoleou'; Irakion, Crefe/GR, ZAthens/GR.

[ ————
Results: Both V30 (threshold value: 0.478) and Median (threshold value:
0.671) histogram metrics were resulted in 86.11% sensitivity and 100%
specificity, to discriminate high form low grade gliomas, however the V30
AUROC was higher than that of Median (0.949 and 0929, respectively).

lesions, Dynamic Susceptibity Conirast (DSC) pefuson was appled inall
patert

In the tumor volume. Minimum, maximum, mean, standard deviaton,

modian, 6%, 30%, 70% and 951% percontios, s wol as, normalizod poak
hoignt o the BV hstograms woro calculatod for bt groups. Rosultng nB

istogram metrics.

0671) itogram metrics were resubed n 86.11% sensitvty and 100%.
specifcy, to discriminate high form low grade glomas, however the V30
AUROC was higher tan tha of Median (0949 and 0629, respeciively).

method for the diferntaton between low and high rade ollomas.

Glioma Grading based on Histogram Analysis: Comparison between A t Diffusion Coeffici rmalized Blood
Volume metrics
Vasileios K. Katsros”, Katerna Nikforki, George Ml « i’ George Stranjls',and Nikolaos Papanikoliou
(Universiyof Athens, Athens, Athens, Grecce, MRI, An- Cancér Oncology Hospial S1. Sawas ", Athens, Athens, Greece, N. Papaniolaon and Asociates LLC, STAP-C,
FORTH, Crete, Greece, ‘Compuctional Medicin Laboratos, sttt of Conputer Sience, FORTH, Crete, Greece

‘Target Audience:
Clinicians, Biomedical Engincers, Physicist

Purpose
To compare the diagnostic accuracy of Apparent Diffusion Coefficient (ADC) to normalized Blood Volume (aBV) histogram metrics in
differentiating low from high grade gliomas

Patients and Methods:

Forty four patients (22 female, 22 male) with histologically confirmed gliomas were included. Group A comprised 10 patients with low
grade gliomas (all grade IT) while group B comprised 34 4 grade 111 and 30 grade IV). Three-d 1 tumor segmentation
was based on intensity level clustering in T2 FLAIR for the non enhancine lesians or nost cantrast T1 weishted imases for the enhancine

Results:

For BV, both V30 (threshold value: 0.454) ) and Median (threshold value: 0.671) histogram metrics were resulicd in 85.29% sensidivity
and 100% specificity, to discriminate high from low grade gliomas, however the V30 AUROC was higher than that of Median (0.962 and
0941, respectively). For ADC, V30 (threshold value: 0.94X 10" mm?/sec) proved better than Median (threshold value: 1.09 X10°

mm’/s

histogram metrics showing 55.88% sensitivity and 90% specificity, to discriminate high from low grade gliomas

both V30 (threshold value: 0.454) ) and Median (threshold value: 0.671) histogram metrics were resulted in 85.20% sensitivity
and 100% specificity, to discriminate high from low grade gliomas, however the V30 AUROC was higher than that of Median (0,962 and
0941, respectively). For ADC, V30 (threshold value: 0.94X10° mm/sec) proved better than Median (threshold value: 1.09 X10°
mm/sec) histogram metrics showing 55.88% sensitivity and 90% specil te high from low grade gliomas.
Conclusions:
Normalized Blood Volume and Apparent Diffusion Coeflicient histogram analysis shows clear predominance of BV in comparison o
ADC, as an accurate method for the differentiation between low and high grade gliomas.
References:
"Emblem KE, Nedregaard B, Nome T, et al. Glioma Grading by Using Histogram Analysis of Blood Volume Heterogeneity from MR-
derived Cerebral Blood Volume Maps. Radiology 2008;247:808-817
Hilario A, Ramos A, Perez-Nufiez A, et al. The Added Value of Apparent Diffusion Coefficient to Cerebral Blood Volume in the
Preoperative Grading of Diffuse Gliomas. AINR 2012;3: 701707




Tumor Grading: Histogram Analysis

Tumor Grading: Metabolic Profile

Cho/Cr, Cho/NAA increases with tumor grade

* Moderate TE is better than short TE (due to longer Cho T2 of
tumors)

ml is typically increased in LG gliomas

Lipid concentrations in short TE increase with grade

and if present at long TE may indicate HG gliomas

High Cho/Cr ratio and elevated lipid levels are also a

characteristic of malignant meningiomas and mets

Peritumoral Cho/Cr ratios are higher in HG tumors

than mets

Tumor Grading: Histogram Analysis

Axial FLAIR
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Axial T1 SE

NG\ A
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Axial T2 TSE

V) O

Axial T1 SE post contrast DWI b1000
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Leakage Corrected rCBV Map

rCBV ratio=5.7

Chemical Shift Imaging Single Voxel Spectroscopy Te=30ms
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Single Voxel Spectroscopy Te=135ms Tumor Progression

« -,

- ¥ ‘3\
Py
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Tumor Progression

Cho/Cr = 1.31 Cho/Cr =87
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Clinical Challenges Differential Diagnosis Primary
m Secondary Tumors

v’ Detection, Localization, Morphology
v’ Characterization — Grading — Progression

A . ’ v Vasogenic peritumoral edema presents with low
v Differential Diagnosis

Preoperative Mapping rCBV and low Cho/Cr, Cho/NAA, while malignant
Surgical excision planning — margins edema from primary tumors presents with high
Tumor relationship with adjacent structures rCBV and Cho/Cr, ChO/NAA due to tumors

Stereotactic Biopsy Guidance infiltration

Assessment of therapeutic response
Post chemoradiation therapy evaluation

Dd radiation necrosis from tumor recurrence v" Metastasis have typical lipid peaks due to necrosis

low rCBV in peritumoral edema

iMA 5761

Metastasis

. A
high rCBV in peritumoral‘édg%a )
~

"\, tumor infiltration

ppm

21
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Metastasis Metastasis

Differential Diagnosis Tumor - mimicking
lesions

gray matter heterotopia

brain infarct

brain abscess

demyelinating diseases ( MS - ADEM )
vascular lesions - aneurysms

hematoma

22



Acetate

A

Clinical Challenges

v’ Detection, Localization, Morphology
v’ Characterization — Grading

v’ Differential Diagnosis

v’ Preoperative Mapping

v’ Surgical excision planning — margins
v Tumor relationship with adjacent structures

Stereotactic Biopsy Guidance

Assessment of therapeutic response
Post chemoradiation therapy evaluation

Dd radiation necrosis from tumor recurrence

Alanine

l"“""’\w\«"’\/\/k1

00 ppm

Amoebic abscess

HG Glioma : DTI — Fractional Anisotropy

2/10/19
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Displacement | Invasion
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Disruption
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HG Glioma : DTI - Fiber Tracking HG Glioma : DTI - Fiber Tracking - fMRI

— : F

HG Glioma : Fiber Tracking - fMRI Clinical Challenges

v’ Detection, Localization, Morphology
v’ Characterization — Grading — Progression
v’ Differential Diagnosis
v’ Preoperative Mapping
v’ Surgical excision planning — margins
v’ Tumor relationship with adjacent structures
v’ Stereotactic Biopsy Guidance

Assessment of therapeutic response
Post chemoradiation therapy evaluation

Dd radiation necrosis from tumor recurrence

26
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DCE-T1 Perfusion (permeability map) guided
DSC-T2* Perfusion guided biopsy planning __ biopsy planning

Biopsy planning in Gliomatosis Cerebri

T1-W + Gad™ %

GBM and [ :
Gliomatosis Cerebri W |/ \ \
!

/

|
i
1

N\

Methionine PET
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Clinical Challenges Assessment of therapeutic response

v’ Detection, Localization, Morphology

v’ Characterization — Grading — Progression . - _— .
g g v Perfusion and DWI are providing insights into tumor

v Differential Diagnosis behavior that are not available from conventional MRI and
v’ Preoperative Mapping will likely be more important for assessment of tumor
v’ Surgical excision planning — margins response to therapy

v’ Tumor relationship with adjacent structures
v T1 DCE Perfusion (Ktrans, Kep) can be used to assess

v' Radiotherapy Plannin
Py 8 therapeutic response

v’ Stereotactic Biopsy Guidance

v' Assessment of therapeutic response v" Whole tumor histograms on ADC and rCBV are essential for
v’ Post chemoradiation therapy evaluation therapeutic response assessment

v Dd radiation necrosis from tumor recurrence

Longitudinal Tumor Analysis

GBM Tumor

28
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nBV Longitudinal Assessment

ADC Longitudinal Assessment

A

Feb 2012 Sept 2012 Feb2013

Longitudinal Tumor Analysis Longitudinal Tumor Analysis

Medulloblastoma

29



Assessment of therapeutic response

v’ Differentiation  of radiation necrosis from recurrent
disease may be based on low rCBV and absence of NAA
and Cho peaks found on perfusion and MRS

v Low ADC indicates tumor recurrence while high ADC is
present in radiation necrosis

v  The significant reduction of FA with loss of color in
diffusion directional maps is indicative of tumor
recurrence

POST GD TIW
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Ktrans > 0.08 min-!
Relanse of GBM (FTB) 53.8% of 68.87 cm3

GB Recurrence

DWI b1000

Shah R et al. Radiographics 2012;32:1343-1359

Radiation Necrosis

DWI b1000-

Shah R et al. Radiographics 2012;32:1343-1359
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Radiation Necrosis

49 years old female patient

Fibrillary Astrocytoma Grade Il of the right
frontal lobe with focal motion seizures of
the left hand
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CONVENTIONAL CE MRI
DOES THE LESION ENHANCE?
No

MAGNETIC RESONANCE SPECTROSCOPY DIFFUSION MAGNETIC RESONANCE IMAGING
IS THERE ELEVATION OF CHOINAA OVER 2.27 1S DIFFUSION FACILITATED OVER 1.1/100MM'/ADC?

No

P
M Low grade

neoplasm or

{[F] Encephalits
——

Differential
Diagnosis
Algorithm

ADC: x10° mm?%s
rCBV: ml/100 g

PPERFUSION MAGNETIC RESONANCE IMAGING
IS PERFUSION INCREASED OVER 1.75 r/CBV?

Yes Yes No

[ Low grade ‘gh Grade Neo@) M TDL or Abscess
[ Abscess

MAGNETIC RESONANCE SPECTROSCOPY
IS THERE PERI-ENHANCEMENT INFILTRATION OVER 1 CHOINAA?

Al-Okaili RN et al,
.. No |Yes Radiology 2007

~. M Me\asiasws.-{ High Grade Glios
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'C-1080 Protocol combining advanced and functional MRI with neuropsychological
evaluation for paent-tallored therapy decision and treatment of brain masses

Results
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Personal information
Dr. Vasicios K. Katsaros, MD, PhD Radiologist -

Whole Tumor ADC Histogram

ADVANCES / PERSPECTIVES of

ADVANCED MRI

core ikl ok

Mean Variance Std Kurtosis
1698,24 60561,934 246,0933 | 3,873

N, PAPANIKOLAOU & ASSOCIATES
A Powerful Team behind the Scene
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Whole Tumor nBV Histogram Diffusion Kurtosis

togram

N’.‘ PAPANIKOLAOU & ASSOCIATES
S5 A Powerful Team behind the Scene

Intravoxel Incoherent Motion (IVIM) MR Spectroscopy LC model Analysis

Slice#6 Row#5 Col#t 03066901302) Series/Acq=62/3 (2013 02.19 15.35)
TRITE/NS=1500/30/6 (M 043Y, 105Kg) head general (AG. SAVVAS HOSPITAL)

. LGMosel (Verson 6 2.07) Copyright 5. Provencher.  Ref agn. Reson. Med 30.572-679 (1993) 222013 1450

: Courtesy of Dr. S. Bisdas
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DTI/DSI - Fiber Tracking

Thank you very much for your attention !!!

Conclusions

MRI : Imaging modality of choice

Clinical Challenges Conv MRI Perfusion MRS

Detection, Localization,
Morphology
Characterization — Grading

Differential Diagnosis
Preoperative Mapping
Radiotherapy Planning
Stereotactic Biopsy Guidance

Assessment of therapeutic
response

fMRI
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