
CNS$PATH:$Brain$Tumors$
$

NORMAL$CORTEX$ PRIMARY$NEUROGLIAL$TUMOR:$Glioma$ METASTATIC$TUMOR$
− NEUROPIL>LIKE(background:(delicate(meshwork(of(

neuronal(&(glial(processes(
− Astrocytes:$large,(irregular(nuclei(
− Oligodendrocytes:(open(chromatic(pattern;(uniform,(

round(nuclei(
− Pyramidal$neurons:$large,(open(vesicular(nucleus$

o Neurofilament$protein$+$(intermed.(filament(in(
neurons)$

− Diffuse,(poorlyMdefined(infiltrating(border(
− NEUROPIL>LIKE(background(resembling*normal*cortex(
− GFAP+$(intermediate(filament(in(neuroglial(tumors)(

− Sharp,$well>demarcated$border$
− “PavementMlike”(EPITHELIAL(appearance($
− Cytokeratin+$(epithelial)$
− Mostly-from-BREAST-or-LUNG-primary$

$
Note:$“Malignant”(means(rapidly*growing.(“Benign”(means(slowly*growing.(
!
!
!

! !

BRAIN$
TUMORS$

Primary(Neuroglial(Tumors(–(Gliomas(
Astrocytic(Tumors(

1. Pilocytic(Astrocytoma((Grade(1)(
2. Ganglioma(((Grade(1)(
3. Astrocytoma((Grade(2)(
4. Anaplastic(Astrocytoma((Grade(3)(
5. Glioblastoma(Multiforme((Grade(4)(

Oligodendroglial(Tumors(
6. Oligodendroglioma((Grade(2)(
7. Anaplastic(Oligodendroglioma((Grade(3)(
8. Glioblastoma(with(oligodendroglial(differentiation((Grade(4)(
9. Mixed(OligoMastrocytomas(

Ependymal(Tumors(
10. Papillary(
11. Anaplastic(

Medulloblastoma/PNET(Family(of(Tumors(
12. Medulloblastoma(
13. Supratentorial(PNET(
14. Pineoblastoma(
15. Retinoblastoma(
16. Atypical(Teratoid/Rhabdoid(Tumor((AT/RT)(

NonMNeuroglial(Tumors(
Metastatic(carcinoma(
Primary(NonMNeuroglial(Tumors(

Meningioma$
Schwannoma$
Pituitary$Adenoma$

Primary(CNS(Lymphoma(
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Non>Neuroglial'Tumors:'Meningiomas!(22q11'of'NF2);!Adults'
− BENIGN!tumor!arising!from!meningothelial!cells!of!arachnoid!matter,!usually!attached!to!dura!

!
14>16.$MENINGIOMAS$(Grade$1):$S100>,$EMA+$

TRANSITIONAL$MENINGIOMA$(G1)$ PSAMMOMATOUS$MENINGIOMA$(G1)$ FIBROUS$MENINGIOMA$(G1)$
Transitional-btwn-fibroblastic-&-meningothelial-pattern-

**MENINGOTHELIAL$WHORLS$
Nuclear$Pseudo>inclusions:$cleared(cytoplasm(

(

**PSAMOMMA$BODIES**$
HWhen-meningothelial-whorls-degenerate-&-calcify-

(

Elongated$spindle$cells$(FIBROBLASTS)$
with$extensive$collagen$deposition$between$them$

(

!
!

17>20.$MENINGIOMAS$(Grade$2$&$3):$S100>,$EMA+$
PAPILLARY$MENINGIOMA$

GRADE$2$
HEMANGIOPERICYTIC$
MENINGIOMA$(G2)$ ATYPICAL$MENINGIOMA$ MENINGEAL$FIBROSARCOMA$

(G3)$(Malignant$Meningioma)$
WORSE$prognosis$ WORSE$prognosis$ BRAIN$INVASION$ $

Papillary$pattern$

$

MENINGOTHELIAL$WHORLS$
+$delicate$RETICULIN$network$

$

TUMOR$NECROSIS$+$
hypercellular$+$pleomorphic$+$↑N/C$ratio$
+$sheeting-architecture-(loss-of-whorls)$

+$MITOTIC$INDEX$>$4/10$

$

Frank$anaplasia$(sarcoma>like)$
MITOTIC$INDEX$>$20/10$

$
! !

Transitional meningioma
Psammomatous meningioma Fibrous meningioma

Papillary meningioma
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Non>Neuroglial'Tumors:'Schwannoma!
!

21.$SCHWANNOMA:$S100+,$EMA>$(opposite-of-Meningioma**)$
Adults;$PONTOCEREBELLAR$ANGLE**$

DEFINITION$ Usually(BENIGN(tumor(arising(from(Schwann$cells$of(CRANIAL$&$PERIPHERAL$NERVES$
HISTOLOGY$

(

(

(
! !

Schwannoma

Lacy-reticular-pattern-with-degenerative-changes-
$
BIPHASIC:$
1.$Antoni$A$areas:$more(solid(tumor,(composed(of(SPINDLE$CELLS,$resembling*
fibroblastic*meningioma;*elongated,(CIGAR>SHAPED$NUCLEI$
2.$Antoni$B$areas:$loose,(vacuolated(tumor(

VEROCAY$BODIES:$palisading(stacks(of(elongated(CIGARMSHAPED(
NUCLEI(with(nuclearMfree((pink)(areas(on(either(side(of(them(

Use(the(RETICULIN$STAIN(to(distinguish(Schwannoma(from(Fibrous(Meningioma(
MSchwannomas(have(extensive-delicate-reticulin-network-surrounding-each-cell-
>Meningiomas(has(dense-bands-of-reticulin-surrounding-groups-of-cells-
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Primary'Neuroglial'Tumors:'Oligodendroglial!Tumors!!!!!!!!!!!!!!!!!!!!!!(Note:!there!is!no!Grade!1!Oligodendroglial!tumor)!
'*Loss'of'1p'&'19q:'Better!prognosis!than!Astrocytic!Tumors!
!

$ 6.$OLIGODENDROGLIOMA$(GRADE$2)$
Adults$

7.$ANAPLASTIC$OLIGODENDROGLIOMA$(GRADE$3)$
Adults$

CLINICAL$COURSE$ Curable- -(

RADIOLOGY$ NON>enhancing,$intra>axial$ (

GROSS$ WellMcircumscribed(gelatinous(mass$ $

HISTOLOGY$ FRIED>EGG$appearance$+$CHICKEN>WIRE$capillary$pattern$
+$DYSTROPHIC$CALCIFICATIONS$

$$$$ $

MORE$cellular$&$pleomorphic$+$MITOTIC$FIGURES$
Can*have*tumor*necrosis*+*endothelial*proliferation*(like*glioblastoma)*

$
TREATMENT$ Same(as(for(comparable(grade(astrocytic(tumor$ *

!
!
!

$ 8.$GLIOBLASTOMA$WITH$OLIGODENDROGLIAL$
COMPONENT$(GRADE$4)$

Adults$

9.$MIXED$OLIGODENDROGLIOMA$
Adults$

HISTOLOGY$ Astrocytic$tumor$with$MILD$“Fried>egg”$population$

$

Astrocytic$tumor$as$significant$fraction$of$total$#$of$tumor$cells$

$
!
! !
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• Circumscribed
• Cystic
• Calcified
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!
5.$GLIOBLASTOMA$MULTIFORME$(GRADE$4):$GFAP+$

Adults;$Cerebral$Hemispheres$
PRESENTATION$ “Patient(brought(to(ER(with(new$onset$seizure.(She(recovers(from(the(seizure.(MRI(shows(large,(expanded(mass(lesion(displacing(the(rest(of(the(brain.”(
CLINICAL$COURSE$ Poor(prognosis;(death(within(5(years(

MOLECULAR$BIO$ PRIMARY$GLIOBLASTOMA(
1.(**CLASSICAL:$EGFR(amplification/overexpression**(
2.$Mesenchymal:$NF1(mutation$
3.$Neural:(EGFR(amplification/overexpression(
4.(Proneural:$PDGF>A$overexpression,$IDH>1$activating$mutation$(R132H)(

SECONDARY$GLIOBLASTOMA$
P53$mutation,$PDGF>A$overexpression$most$common$
Other(mutations:(MGMT,(VEGF,(Telomerase(

RADIOLOGY$ Large,(expanded,(infiltrating-mass(lesion(
GROSS$

(
HISTOLOGY$

(
TREATMENT$ Surgery,(radiotherapy,(&(chemotherapy(–(NOT-with-intent-to-cure,-only*resecting*what*can*be*removed*(“gross*total*resection”)*in*order*to*improve*prognosis*

!
! !

TUMOR$NECROSIS$+(surrounded(by$PSEUDOPALISADING$tumor(cells(
(
ENDOTHELIAL$PROLIFERATION((in(response(to(trophic(factors(secreted(by(the(tumor)(

PoorlyMdefined(border(
Diffuse$INFILTRATION$across$the$corpus$collosum$–$“BUTTERFLY$LESION”$
(
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Primary'Neuroglial'Tumors:'Astrocytic!Tumors'
!

$ 1.$PILOCYTIC$ASTROCYTOMA$(GRADE$1):$
GFAP+$

Pediatric$(<20$y/o);$Cerebellum,$Hypothalamus,$Optic$Nerve$

2.$GANGLIOGLIOMA$(GRADE$1):$
GFAP+,$Neurofilament$protein+$

Adults;$Temporal$Lobe$
PRESENTATION$ Ataxia,(PROJECTILE$VOMITING,(vision(loss$ Long$history$of$SEIZURES$unresponsive(to(traditional(seizure(treatments(

COURSE$ GOOD$PROGNOSIS,(especially*when*it*occurs*in*the*Cerebellum!- BENIGN((slow(growing)(
RADIOLOGY$ TP53$mutation$ NON>enhancing$tumor(
HISTOLOGY$ Thick$“hair>like”$processes$&$ROSENTHAL$BODIES$

Biphasic:(Dense(compact(areas(+(Looser,(vacuolated(areas(w/(cysts$

$

Glial$tumor$cells((resembling*normal*neurons)(+$Astrocytic$tumor$cells$

$
!
!
!

$ 3.$ASTROCYTOMA$(GRADE$2):$GFAP+$
Adults;$Cerebral$Hemispheres$

4.$ANAPLASTIC$ASTROCYTOMA$(GRADE$3):$GFAP+$
Adults$

PRESENTATION$ Seizures,(headache,(focal(deficits$ (

CLINICAL$COURSE$ BENIGN((slowMgrowing);$expected(to(live(5M10(years(
Progress-to-malignant-Anaplastic-Astrocytoma-

Prognosis(is(much(WORSE(than(astrocytoma(
Progress-to-Glioblastoma-(

RADIOLOGY$ NON>enhancing$lesion$ ENHANCING(tumor(
HISTOLOGY$ MODERATELY$pleomorphic$+$hypercellular$+$NO$mitotic$figures$

$

VERY$pleomorphic$+$VERY$hypercellular$+$MITOTIC$FIGURES*$

$
TREATMENT$ “Watchful(waiting”(or(radiotherapy$ Radiotherapy(followed(by(chemotherapy/surgery(

**This*is*why*diagnosis*is*so*important*because*the*treatment*is*different!!*
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Primary'Neuroglial'Tumors:'Ependymoma!Tumors!
!

10.$EPENDYMOMA:$GFAP+$
Adults;$Spinal$Cord:$GOOD$PROGNOSIS$

Pediatrics;$Intracranial$(Posterior$Fossa,$4th$Ventricle):$POOR$PROGNOSIS$
CLINICAL$COURSE$ May*progress*to*Anaplastic*Ependymoma*

MOLECULAR$BIO$ ADULT:$SPINAL$CORD$EPENDYMOMA(
Gain$of$7,$Loss$of$22$
NF2$mutation$
HOX$upregulation$

PEDIATRIC:$INTRACRANIAL$EPENDYMOMA$
Gain$of$1q,$loss$of$6q$
CDKN2A$deletion$
NOTCH$upregulation(

HISTOLOGY$ CLASSIC$FEATURE:$“NUCLEAR>FREE$ZONE”$or$GLIO>VASCULAR$ROSETTES$around$capillaries$
Tumor(cells(have(uniform,$round$nuclei((

(
(

(
TREATMENT$ For$PEDIATRIC$POSTERIOR$FOSSA$EPENDYMOMAS$–$Gross$total$resection$is$very$important!$$

!
! !

Papillary ependymoma

PAPILLARY$EPENDYMOMA$
When(ependymomas(grow(into(the(VENTRICLES,$
they(take(on(a(PAPILLARY$PATTERN!$
**Absence(of(mesenchymal(stroma(around(BVs(

DDx$of$Papillary$Lesion$in$Ventricles:$
MEpendymoma(
MChoroid(plexus(tumor((papilloma(or(carcinoma)(
MPapillary(meningioma(
(

Aplastic$Ependymoma(

5

B ad T ent: UMHS Sp ing 2024

7

rad Trent: UMHS Spring 2024Brad Trent: UMHS Spring 2024



Primary'Neuroglial'Tumors:'Medulloblastomas!&!Primitive!Neuroectodermal!Tumors!(PNETs)!
*Small'round'blue'cell'neoplasms'
!

$ 11.$MEDULLOBLASTOMA$
Children;$Cerebellum$

12.$RETINOBLASTOMA$
Most$common$intraocular$tumor$in$Children$

CLINICAL$COURSE$ Poor$prognosis;$highly-malignant- Presents(with(leukocoria(
MOLECULAR$BIO$ WNT$mutation$! $β >catenin$overexpression$

SHH$mutation$! $MycN$amplification$
RB1(mutation(

HISTOLOGY$ Small$round$blue$cell$tumor$
HOMER>WRIGHT$PSEUDOROSETTES$(**No$central$lumen!)$

$$$ $

Small$round$blue$cell$tumor(
FLEXNER>WINTERSTEINER$ROSETTES$(**Has$central$lumen!)$
Tumor*cells*encircle*blood*vessels*with*necrosis*+*Dystrophic-Calcification*

(
!
!

12.$ATYPICAL$TERATOID/RHABDOID$TUMOR$(AT/RT):$Loss$of$INI1$
LESS$THAN$3$YEARS$OLD;$POSTERIOR$FOSSA$

CLINICAL$COURSE$ Highly*malignant*tumor*

MOLECULAR$BIO$ Loss$of$INI1$expression$(

HISTOLOGY$ PROMINENT$MITOTIC$ACTIVITY$

(
Loss$of$ILI1((((((((((((((Medulloblastoma(control((INI1+)(

!

Homer-Wright rosettes
(Medulloblastoma)
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Craniopharyngioma
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Non>Neuroglial'Tumors!
!

13.$METASTATIC$CARCINOMA:$GFAP+,$Cytokeratin+$
DEFINITION$$ Most(often(from(a(BREAST(or(LUNG(primary(carcinoma(

GROSS$

((
MORPHOLOGY$

(
TREATMENT$ Treatment(with$intent$to$cure:(resection,(chemotherapy,(radiation(

!
!
! !

Sharp,$well>demarcated$border$$

Reactive(neuroglial(tissue(
GFAP+$

Epithelial(appearance,(encapsulated(=(met(
Cytokeratin+$
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