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Case Presentation

38yo previously healthy
female

presented to the ED with
severe headaches

experienced diminished smell
and taste over the course of
one year.

flat affect and decreased
smell.
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Intraaxial tumors:
* LGG: JPA, Astrocytoma, Oligodendroglioma
* HGG: Grade III Astrocytoma, Anaplastic

Oligodendroglioma, GBM

PRE OPERATIVE

2cm 2-4cm

4cm brain adjacent from tumor Distant
tumor to tumor edge brain

Ratio of tumor cells 11 1:10
to total cells

Percentage of tumor 92% 6%
cell population

At diagnosis 103 — 1019 cells




Extent of Resection and Survival after
Resection of Low Grade Astrocytoma

Neurosurgery 63(4):700-7, 2008
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Perspective:
Glioblastoma Multiforme (GBM)

» Walker et al (J Neurosurg,
1978) reported a median
survival of 10 months

* Stupp et al (NEJM, 2005)
median survival of 14.6
months
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Intraop Movie: Motor Mapping
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Fic. 2. Estimated Kaplan—Meier plot of survival after primary resec-
tion of AAs (mixed oligoastrocytoma excluded). Both GTR and NTR
were associated with a survival benefit versus STR. Gross-total resec-
tion versus NTR was not associated with improved survival. After GTR,
NTR., or STR, median survival was 58, 46, and 34 months, respectively.
The 5-year survival for patients undergoing GTR, NTR, and STR was
42, 41, and 12%, respectively.



Extent of Resection and Survival after
Resection of Malignant Astrocytoma
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Extent of Resection and Survival after
Resection of Malignant Astrocytoma
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If MAXIMAL surgical
resection is the goal, then
what is the effect on
survival for patients with

malignant gliomas who
acquire surgically
induced neurological
deficits?



Association of Surgically
Acquired Deficits and Survival

Primary Resection of GBM

Percent survival

0 T 7 T 1 1
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— No New Post-Op Deficits
— New Post-Op Motor Deficit

- New Post-op Language Deficit
McGirt et al 2010



Intraoperative set up

* OR set up

* Surgical navigation

* Draping patient
« EMG Recordings
e Brain Mapping
» Ticket placement
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Intraoperative
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39

L. Temporal

Astrocytoma

Chinese
English

Infant
5Yrs

2 sites arrested both
languages

Quinones-Hinojosa et al Neurosurgery, 2004
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Radiotherapy plus Concomitant
and Adjuvant Temozolomide for Glioblastoma
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No. at Risk
Radiotherapy 286 240 144 59 23
Radiotherapy 287 246 174 109 57
plus temo-
zolomide

Figure 1. Kaplan—Meier Estimates of Overall Survival According to
Treatment Group.

The hazard ratio for death among patients treated with radiotherapy plus temo-
zolomide, as compared with those who received radiotherapy alone, was 0.63
(95 percent confidence interval, 0.52 to 0.75; P<0.001).

R. Stupp et al, 2005




Table 1. Summary of Current Treatments for Malignant Gliomas.*

Type of Tumor
Newly diagnosed tumors
Glioblastomas (WHO grade IV)

Anaplastic astrocytomas (WHO
grade I1I)

Anaplastic oligodendrogliomas
and anaplastic oligoastrocy-
tomas (WHO grade Ill)

Recurrent tumors

Therapy

Maximal surgical resection, plus radiotherapy, plus concomitant and adjuvant
TMZ or carmustine wafers (Gliadel)

Maximal surgical resection, with the following options after surgery (no ac-
cepted standard treatment): radiotherapy, plus concomitant and adjuvant
TMZ or adjuvant TMZ alonet

Maximal surgical resection, with the following options after surgery (no ac-
cepted standard treatment): radiotherapy alone, TMZ or PCV with or with-
out radiotherapy afterward, radiotherapy plus concomitant and adjuvant
TMZ, or radiotherapy plus adjuvant TMZ 1

Reoperation in selected patients, carmustine wafers (Gliadel), conventional
chemotherapy (e.g., lomustine, carmustine, PCV, carboplatin, irinotecan,
etoposide), bevacizumab plus irinotecan, experimental therapiesi




Overall Survival after Resection of GBM
at the Johns Hopkins Hospital
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Cell-of-Origin: Differentiated Glial or Stem or Progenitor Cells

Olig2 expression (100%) Wen and Kesari, NEJM 2008

gy | OH 1p, 49, 19g
=gy EGFR overexpressed
PDGF/PDGFR overexpressed

\

Low-Grade Oligodendroglioma (5-10 yr)*

(WHO Grade Il)
P16Ink4a/P14ARF loss
RB mutated (~65%)
gy P53 mutated
PTEN loss
LOH 9p, 10g
CDK4/EGFR/MYC amplified
VEGF overexpressed

\J
Anaplastic Oligodendroglioma (3-5 yr)*
(WHO Grade lll)




Cell-of-Origin: Differentiated Glial or Stem or Progenitor Cells

Olig2 expression (100%) Wen and Kesari, NEJM 2008
EGFR amplified (~40%)

melp-|  EGFR overexpressed (~60%)
EGFR mutated (~20-30%)
MDM2 amplified (~10%)
MDM2 overexpressed (>50%)
LOH 10q (~70%)
P16Ink4a/P14ARF loss (~30%)
PTEN mutated (~40%)

PI13K mutated/amplified (~20%)
RB mutated

VEGF overexpressed

Y
Primary Glioblastoma (12-15 mo)*

(WHO Grade IV)



Cell-of-Origin: Differentiated Glial or Stem or Progenitor Cells

Olig2 expression (100%) Wen and Kesari, NEJM 2008
meep P53 mutated (>65%)

PDGFA/PDGFR-« overexpressed (~60%)

\
Low-Grade Astrocytoma (5-10 yr)*
(WHO Grade II)

LOH 19q (~50%)
RB mutated (~25%)
CDK4 amplified (15%)
MDM2 overexpressed (10%)
P16Ink4a/P14ARF loss (4%)
y LOH 11p (-30%)
Anaplastic Astrocytoma (2-3 yr)*

(WHO Grade Ill)
LOH 10q (~70%)
DCC loss (~50%)
PDGFR-a amplified (~10%)
PTEN mutated (~10%)

PI13K mutated/amplified (~10%)
Y VEGF overexpressed

Secondary Glioblastoma (12-15 mo)*
(WHO Grade IV)
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International weekly journal of science

www.nature.com/nature
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Brain Tumor Stem Cells
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Neural stem cells
(NSCs) Brain tumor stem cells (BTSCs)

Migratory capabilities

Continuous self-renewal

Multi-potentiality

Affinity for basement membranes Long term propagation

Cell markers: nestin, CD133, Sox2
musashi, MELK

Molecular pathways: Notch, PTEN,
Shh-Gli, Wnt-B-catenin

Dual phenotypic labeling

Regulatory pathways:
EGF and PDGF
signaling

Quinones and Chaichana, Exp Neurol 2007



Brain Tumors: Conclusions
Little over 100 years since brain
surgery for tumors started
Noncancerous vs Cancerous

Cancerous:

— Low vs High Grade

— Primary vs secondary

— Mutations

Surgery: Mapping, Navigation,
Awake cranis

Brain tumor dispersal still a challenge

Appears to be population of cancer
stem cells in malignant brain tumors




Rodent Brain Lateral wall of

anterior horn
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Could the SVZ be the origin of some Brain Tumors?

Quinones and Chaichana, Exp Neurol 2007
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CLINICAL STUDIES

ASSOCIATION OF SURGICALLY ACQUIRED MOTOR
AND LANGUAGE DEFICITS ON OVERALL SURVIVAL
" AFTER RESECTION OF GLIOBLASTOMA MULTIFORME

OBJECTIVE: Balancing the benefits of extensive tumor resection with the consequence
of potential postoperative deficits remains a challenge in malignant astrocytoma sur-
gery. Although studies have suggested that increasing extent of resection may benefit sur-
vival, the effect of new postoperative deficits on survival remains unclear. We set out to
determine whether new-onset postoperative motor or speech deficits were associated
with survival in our institutional experience with glioblastoma multiforme (GBM).

METHODS: We retrospectively reviewed records of all patients (age range, 18-70 years;
Karnofsky Performance Scale score, 80-100) who had undergone GBM resection
between 1996 and 2006 at a single institution. Survival was compared between patients
who had experienced surgically acquired motor or language deficits versus those who
did not experience these deficits.

RESULTS: Three hundred six consecutive patients (age, 54 + 11 years; median Karnofsky
Performance Scale score, 80) underwent primary GBM resection. Nineteen patients
(6%) developed surgically acquired motor deficits and 15 (5%) developed surgically
acquired language deficits. Median survival was decreased in patients who acquired
language deficits (9.6 months; P < 0.05) or motor deficits (9.0 months; P < 0.05) ver-
sus patients without surgically acquired deficits (12.8 months). Two-year survival was
8% and 0% for patients with surgically acquired motor or language deficits, respec-
tively, versus 23% for patients without new-onset deficits.

CONCLUSION: In our experience, the development of new perioperative motor or
language deficits was associated with decreased overall survival despite similar extent
of resection and adjuvant therapy. Although it is well known that surgically induced
neurological deficits affect quality of life, our results suggest that these surgical mor-
bidities may also affect survival. Care should be taken to avoid surgically induced
deficits in the management of GBM.
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Rodent Brain SVZ
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Craniotomy
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