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A 30-something-year-old woman presented 
with complaint of headache.

MR imaging studies showed a non-enhancing, 
multicystic left frontal lobe lesion.

Patient 1



T1

T2

T1+C

T2-FLAIR



• Patient underwent Subtotal Resection at a local hospital
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• Patient underwent Subtotal Resection at a local hospital
• H&Es sent to a ref lab; Dx: Diffuse Astrocytoma, WHO Grade 2
• Subsequent IHC & FISH were performed at 3 different reference 

labs; salient findings: Ki67<1%; negative for 1p/19q codeletion
• Residual tumor treated with Stereotactic Radiosurgery (SRS)
• Surveillance imaging showed NO EFFECT of SRS on residual tumor
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Patient self-referred to MDACC for a second 
opinion on treatment options.

Brief History
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biopsy slides, all reference lab reports, and the 
preoperative MR imaging studies
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As part of standard MDACC procedure, the 
biopsy slides, all reference lab reports, and the 
preoperative MR imaging studies (NOT 
just the reports!) were obtained for review…

by the PATHOLOGIST!
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physician
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This represented the first time in the 
patient’s clinical course that a single 
physician, the Pathologist, had 
assembled and reviewed ALL of the 
relevant clinical data, including, critically, 
the preoperative MR imaging studies.

Brief History



T1

T2

T1+C

T2-FLAIR



What was the 
MDACC Dx?



MILDY HYPERCELLULAR 
WHITE MATTER



Here’s the thing... 



Diagnostic Medicine 
physicians don’t actually 

do anything... 



Diagnostic Medicine 
physicians don’t actually 

do anything... 

But we know stuff.



Stuff that saves 
patient lives 
every day.



“The imaging features of the lesion bear 
resemblance to those seen in the entity 

Tumefactive Dilated Perivascular Spaces”

(redacted)



(redacted)

“The imaging features of the lesion bear 
resemblance to those seen in the entity 

Tumefactive Dilated Perivascular Spaces”



Rohlfs J Neurosurg 2005   PMID 16028777



Stephens J Neurol Sci 2008   PMID 17888454



T2 T2-FLAIR

Stephens et al
PMID: 17888454



MDACC

T2 T2-FLAIR

T2 T2-FLAIR

Stephens et al
PMID: 17888454
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T2 T2 FLAIR

House P et al. J Neurosurg 2004
PMID 15137600



T2 T2 FLAIR

T2 T2 FLAIR

Zacharia T J Neuroimaging 2011
PMID 19888927



T2 T2 FLAIR

T2 T2 FLAIR

Fayeye O et al. Child’s Nerv Sys 2010
PMID 20437240



Tumefactive Perivascular 
Space Alteration

exhibits a

spectrum of morphology 



Tumefactive Perivascular 
Space Alteration

exhibits a

spectrum of morphology 
just like tumors do!



Why was this 
diagnosis so easy to 

make?



NOT because of the distinctive 
histologic features



NOT because of the distinctive 
histologic features

NOT because of a distinctive 
molecular signature



Because the PATHOLOGIST, being a



Because the PATHOLOGIST, being a

Physician-Pathologist



Because the PATHOLOGIST, being a

Physician-Pathologist
was very familiar with the 

IMAGING PRESENTATION
of the entity!



Imaging is
Pathology!



Patient 2
28-year-old male



2009

Histopathologic DX:
Mixed Oligoastrocytoma



What does the next slide show?





DX?



T2/FLAIR MM



ASTROCYTOMA, IDH-MUTANT



DNA Methylation Profiling 
NOT REQUIRED



600-Gene NGS 
NOT REQUIRED



Surrogate Immunophenotyping 
NOT REQUIRED



NOT REQUIRED



ASTROCYTOMA, IDH-MUTANT



Would we treat this 
patient without a tissue-

confirmed diagnosis?



No. 



Biopsy is required. 



For several reasons. 



Preop imaging does NOT give the 
CDKN2A/B status, or data for other 
clinically-relevant markers/targets



Underserved country 
application?



Might there be countries 
that have MR Imaging, but 
no access to PCR/NGS/DNA 

Meth Profiling?



Is there any precedence in countries that do
have all of these advanced technologies 

to treat a newly-identified primary brain mass 
based solely on imaging, without biopsy?



Diffuse Intrinsic Pontine Glioma (DIPG) Spectrum of Imaging Morphology (8 Patients)



All Tissue-Proven IDH-Mutant Diffuse Astrocytoma



The presence of classical unequivocal 
T2/FLAIR Mismatch in an adult patient with a 
diffuse glioma has a positive predictive value 

for IDH-Mutant Diffuse Astrocytic Disease 
approaching 100% 



The presence of classical unequivocal 
T2/FLAIR Mismatch in an adult patient with a 
diffuse glioma has a positive predictive value 

for IDH-Mutant Diffuse Astrocytic Disease 
approaching 100% 

By comparison, the positive predictive value 
of preop imaging for DMG, H3 K27-Altered 

is only about 85% 



Patient 3
57-year-old male



Molecular Signature 
Surrogate 

Immunophenotyping



p53 protein IHC
(whole mount)



p53 protein IHC



p53 protein IHC



p53 protein IHC

How do we know 
that this p53 IHC 
stain is Negative?



Referring Institution Path Report

“p53: NEGATIVE”



p53 protein IHC

Who are you going to believe?



p53 protein IHC

Who are you going to believe?
Your lying eyes…



p53 protein IHC

Who are you going to believe?
Your lying eyes…
or an Outside Institution Report?



p53 protein IHC

WE MUST EVALUATE    

DATA
NOT OSI REPORTS!



p53 protein IHC

MDACC Path Report



For the Residents 
and Fellows…



OSI Dx: Minimum

8%
Serious Discrepancy



So … if you are not 
identifying errors in …



Patient 4
1-year-old female



T1 T1 +C T2



Note: Very Poor Contrast Uptake



Prominent Internal Veins!

mIP SWI



MR Spectroscopy



Proton MR Spectroscopy

MR 
Spectroscopy

MRS



Measurable Proton 
Metabolites 

•Choline 3.2 ppm
•Creatine 3.0 ppm
•NAA 2.0 ppm
•Lipid/Lactate 0.9-1.4



MR Spectroscopy

Cho

Cr
NAA

Lactate



Proton MR Spectroscopy

Up is good (normal) 
Down is bad (tumor)



Proton MR Spectroscopy

Up is good (normal) 

“Up” = Hunter’s Angle = 45° Upslope
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Proton MR Spectroscopy

Lipid/Lactate 
peak



Cho

Cr
NAA

Lactate

Proton MR Spectroscopy

Lactate peak
TE 144



Our patient



Our patient



Our patient



Our patient



Our patient



Our patient



Poor Contrast Uptake High-Grade MRS



























Differential 
Diagnosis?

























•Age
•Gender
•History
•Anatomic Location (including Neurosurgeon’s intraoperative observations)

• Imaging Characteristics (CT, MRI, PET-CT, MRS, Perfusion Metrics)

•Histologic Features (Cytologic Prep, Frozen Section, FFPE)

•Differentiation Markers (IHC)

•Molecular Signature (IHC / FISH  / PCR / NGS / DNA Methylation Profiling)

8 Data Spheres 
Integrated Oncologic 

Diagnosis



Molecular Signature
Age

Gender

Anatomic 
Location

Imaging Characteristics

Differentiation 
Markers

Clinical History

Morphology

























Email from community 
hospital Neuro-Oncologist

Patient 5



Email from community hospital Neuro-Oncologist

“Would you mind having a look at the pathology slides for a patient 
of mine who had a right inferior frontal brain tumor resection in 
2004? The diagnosis was Oligodendroglioma, WHO Grade II, but 
subsequent testing was negative for 1p/19q codeletion. The patient 
did not receive chemotherapy or radiation therapy; I have just been 
following him with surveillance imaging, and there still has been no 
sign at all of recurrence after almost 15 years. The tumor had a 
funny look on the preop scans, kind of ‛lumpy’ looking.”



Data for 4 Venn Diagram Spheres! 
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•Age
•Gender
•History
•Anatomic Location (including Neurosurgeon intraop findings)

• Imaging Characteristics (CT, MRI, PET, MRS, Perfusion Studies)

•Histologic Features (Cytologic prep, Frozen section, FFPE)

•Differentiation Markers (IHC)

•Molecular Signature (IHC / FISH  / PCR / NGS / Methylation Profiling)

8 Data Spheres of the Venn Diagram Model for 
Oncologic Integrated Diagnosis



•Age
•Gender
•History: No Rx; 15 years of PFS
•Anatomic Location: Inferior frontal lobe
• Imaging Characteristics: “Lumpy” 
•Histologic Features: Oligodendroglioma
•Differentiation Markers (IHC)

•Molecular Signature (IHC / FISH  / PCR / NGS / Methylation Profiling)

8 Data Spheres of the Venn Diagram Model for 
Oncologic Integrated Diagnosis



Data for 4 Venn Diagram Spheres! 
“Would you mind having a look at the pathology slides for a patient 
of mine who had a right inferior frontal brain tumor resection in 
2004? The diagnosis was Oligodendroglioma, WHO Grade II, but 
subsequent testing was negative for 1p/19q codeletion. The patient 
did not receive chemotherapy or radiation therapy; I have just been 
following him with surveillance imaging, and there still has been no 
sign at all of recurrence after almost 15 years. The tumor had a 
funny look on the preop scans, kind of ‛lumpy’ looking.”

For the prepared mind, 
the most likely diagnosis 
can be reached from the 
data in these 4 spheres!



…without looking at a 
single H&E slide!



My response (less than 5 minutes after reading the email)
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My response (less than 5 minutes after reading the email)

I just looked at the preop imaging - my assistant 
has requested the slides, and I'll certainly look at 
them when they come in, but I already know 
what it is - in my humble opinion the preop MR 
imaging is diagnostic

It's a Septal-Caudate DNET
(Myxoid Glioneuronal Tumor)



T1



T1 T2-FLAIR



T1 T2-FLAIR

“Botryoidal” T2/FLAIR 
Mismatch Sign



Baisden AJSP PMID 11257624MDACC



Coronal plane - centered in the septal nuclei
Larger examples expand dorsally into the lateral ventricle and 
ventrolaterally, undercutting the basal ganglia in an 
“L-Shaped” or “Hockey Stick” configuration

Pt 1 Pt 2 Pt 3



Patient 6
5-year-old male





T1 T1 + C SWI















Multiple Bilateral Supratentorial and Infratentorial DVAs
Developmental Venous Anomalies



DIAGNOSIS?







DIAGNOSIS?



ERG



ERG



ERG



CD34







Highly Elevated Mitotic Activity



Ki67 antigen (MIB1)

























Vascular Proliferation at the Tumor/Brain Interface in a Checkerboard Pattern



Differentiation Marker 
Immunophenotyping



Desmin



Molecular Signature 
Surrogate 

Immunophenotyping



ATRX



ATRX



H3 K28me3 (K27me3)



H3 K28me3 (K27me3)



p53



p53



p53



TLE1



Summary

• 5-year-old male
• Circumscribed hemorrhagic mass in the left frontal lobe
• Multiple bilateral supratentorial and infratentorial developmental venous anomalies (DVAs, 

“venous angiomas”)
• Compact circumscribed spindle-cell tumor with highly elevated cell proliferation indices
• Bizarre giant cell component
• Scattered cells with conspicuous brightly-eosinophilic cytoplasmic droplets
• Patchy delicate reticulin deposition
• Organizing hemorrhage with hematoiden, hemosiderin, granulation tissue and macrophages
• Florid microvascular proliferation at the tumor/brain interface in a checkerboard pattern
• Patchy, but unequivocal, cytoplasmic desmin expression
• Strong diffuse nuclear p53 protein expression (indicative of a TP53 mutation)
• Strong diffuse nuclear TLE1 expression



Molecular Signature
Age

Gender

Anatomic 
Location

Imaging Characteristics

Differentiation 
Phenotype

Clinical History

Morphology



Where is the patient from?



PERU



DIAGNOSIS?



redacted



redacted



redacted





























redacted















TP53



TP53

p53 protein





CANCER 2021  PMID 34674226 



PMID 32692439

2021



PMID 32291395



PMID 30649606



PMID 31620849



PMID 34677675



PMID 30953130



Modern Pathology 2021  PMID: 34599283



Molecular Signature
Age

Gender

Anatomic 
Location

Imaging Characteristics

Differentiation 
Markers

Clinical History

Morphology

8 Data Sphere Model for Oncologic Diagnosis 

Diagnosis



There has never been a 
more exciting time to be 

working in the field of 

Neuro-Oncologic 
Diagnostic Medicine!



Thank You!
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