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Objectives

1. Review common brain tumors and treatments

2. Review the role of anti-seizure medication
(ASM)} and steroid use in brain tumor patients

3. Discuss guidelines and best practices for
supportive care of brain tumor patients
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Case Example

* 36 y/o RHM to OPD for tx options for recently dx astrocytoma
« May had problems expressing himself

« June/July inappropriate behavior

* MVA July 12th (probable complex partial seizure (CPS))

* Next wk R hand tingling, expressive speech problems

* CT/MRI LF mass (came only w preop CT)

* s/p STR July 17th at outside facility- no post op MRI

* Pathology: anaplastic astrocytoma (new WHO has removed)

« Steroids DC 3 days post op

* On phenytoin (PHT) for probable sz

NWOOA 2073

Large LF mass

L-R shift

Sign Vasogenic edema
Compression LF horn

CT Brain w/o preop: NO post op scan completed!

NWOOA 2025
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p ; Recent Case From Brain Tumor
ostop MRI’s Conference — another outside case
« Complete a post op MRI w/i 48 hours of surgery
« why? Decreased artifact, need to compare tx affect
* >48 hours: increased artifact
PREOP: Axial Postopwio GAD  Postopw GAD
I T1+GAD 2 whsJaler.s Enhancement related
10 DWI changes
9 10
Postop MRI ASM: Phenytoin
* Prospective study 60 high grade glioma patients » Still the go to drug for some neurosurgeons?
* Serlal CT/MRI 1 to 5 days postop * Most now using Levetiracetam {Keppra) at our
* GAD MR helpful If performed w/I 1-3 days postop Institution
* Limited surgically induced enhancement and minimized N : :
interpretivegdiiﬂ‘éulliex Generic vs. brand.nan.1e dosing for'PHT
« MRI superlor to CT scan ¢« Understand the kinetics MM- nonlinear
« Evaluated surg P of resection vs. Imaging * Monitor free vs. bound
findings of degree of resection « Comfort and IV formulation
* Neurosurgeons estimate less accurate than postop
imaging by a factor of 3
* FDA warning in 2008 on suicidality and ASM use
Albert F, et al Neurosurgery 1994,34,45-61 Mwvo0u 1028
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Phenytoin

* 1998 FDA approved generic PHT capsule (Parke-Davis)

* State Minnesota: B to G switch w/o physician notification
* 8 patients w increased sz after conversion to generic PHT
* Mean reduction of 13% in bioavailability to brand name
* XPHT brand name: 17.7mg/L vs. 12.5mg/L w generic

* Have to ask patients what they are taking

urbburdi ot al Lomr phemytom sean kvl ws pevscvss swaieed i brard o genric phenyioms Newackegs 200463 LV 10800
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Seizures and Brain Tumors
» ~200,000 Metastases dx per year
* ~60,000 Primary tumors dx per year

* ~20-40% seizure prior to or after initial dx (depends on tumor type
and grade and risk could be 80% or more)

» Should everyone go on anti-seizure medication?

WO it
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Practice Parameter from the AAN Prophylactic ASM
* Anticonvulsant prophylaxis in patients with newly diagnosed brain * There is little argument about using ASMs once a seizure has
tumor. Report of the Quality Standards Subcommittee of the occurred and future seizures are predictable
American Academy of Neurology.
* M.J.Glantz, B.F. Cole, P.A, Forsyth, L.D. Recht, PY. Wen, M,C. Chamberlain, 5.A. . f h . . f - A
Grossman, and J.G. Cairncross., Neurology. 2000; 54:1886-1893, Our focus here is on prevention o the first seizure
* Walbert T., R.A, Harrlson, D, Schiff, E.K. Avila, M, Chen, P. Kandula, J.W, Woo
Lee, E. Le Rhun, G.H.J. Stevens, M. A. Vogelbaum, W. Wick, M. Weller, P, Y. Wen,
E. R. Gerstner, SNO and EANO practice guideline upd Antic I
prophylaxis in patients with newly diagnosed braln tumors. Neuro-oncology Vol
23 Issue 11 Pg 1835-1844, 2021. https://dol.org/10.1093/neuonc/noab152
NWOOA 2025 AWOO it
15 16
Prophylactic ASM Prophylactic ASM
o i * It has been reported that seizure frequency is
* Why prevent an initial seizure?: inversely related to the degree of malignancy

- it may occur at a time during the course of the disease process - oligodendrogliomas (who 1) 81%
when it will constitute a severe hazard to the patient - astrocytomas 66%

- permanent structural changes forming an epileptic focus may ; -
result from repetitive stimulation (kindling), preventing early ependymomas 50% At
seizures may reduce the risk of establishing a seizure focus - GBM 42% NEH

- IDH1/2 mut increased sz ."._'[K y
et M. Updeneg bn svsoristion with indscraniel tumnen, Arte Pypuhla, ddeussl Scond Suppl §:)-149, 1952
wwoou s f—
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Perioperative Use of ASM

* A Prospective Randomized Trial of Perioperative
Seizure Prophylaxis in Patients with
Intraparenchymal Braln Tumors.

« Wu AS et al J Neurosurg 2013;118:873-83

+ METHODS: Patients with braln tumors {(metastases or
gliomas) who dld not have selizures and who were
undergolng craniotomy for tumor resectlon were
randomized to recelve either phenytoln for 7 days after
tumor resection {prophylaxis group) or no selzure
prophylaxis {observation group).

Hw0O Ik

Perioperative Use of ASM

* RESULTS: The lnal was closed be!ore completion nl lu!ull b!auu
Hayeslan mu
dats Ttar babill O'ﬂﬂﬂ!lhtillhﬂ
end of the study pmpmlun would pmua sugedlor to observation and 3
prababillty of 0.297 that there would be insufficient evidence at the end
of the trial to choose sither arm as superlor.
* The incldence of all selzures was 18% in the observatlon group and 24%
In the prophylaxis group {p = 0.51).
Impartantly, the incidences of early selzures (< 30 dlvs afnr :urgerv) was
la‘K Inﬂ;« oheervation group with 10% In the iyl group
p =1.0|

. is group i y more adverse events
11!% w1 0%, p <D0,

+ Walbert T., R.A, Harrison, D. Schiff, E.K. Avila, M, Chen, P. Kandula,lw
Woa Le, E- Le Rhun, G.H. | Stevens, M. A. Vogelbawm, W. Wick, M
Wallar, 2. Y. Wan, E, k. Gerstrer, SND and EAND practice guidefing
update: Anticommulsant prophylaxls in patients with newly diagnosed
brnin tumors. Naurc-oncology Vol 23 lssue 11 Pg 1835-1844, 2021,
hittps:/{dol.org/10.1083/nevant /noak152

Nwoos Juih
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Drug delivery to the CNS:
ASMs and chemotherapy
affected

Wwoou §ois

How much drug gets there?

Rx reaching
brain tumor

Enzyme Inducing Antiseizure Drugs
and the Hepatic P450 System

wwoonios  Courtesy Skip Grossman
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How much drug gets there?

Rx reacaing
brain tumor

Enzyme Inducing Antiseizure Drugs ‘
and the Hepatic P450 System

Commvesy Sp Grossman

Drug Metabolism

* Major route : liver

» Many meds affect the metabolism of chemotherapy drugs by the
liver
* Faster —i.e., meds that induce liver enzymes. Example: phenytoin
{Dilantin™)
« Slower — valproic acid (Depakote™}); large quantities of grapefruit juice
* Not at all - levatirectam (Keppra™}

HwOOR 1028
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How much drug gets there?

Rx reaching

‘raln tumor

Antiseizure Medications
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Recommendations Recommendation |
* In patients with newly dx brain tumors, antiseizure medications are * In patients with brain tumors who have not had a seizure, tapering
not effective in preventing first seizures. Because of their lack of and discontinuing ASM after the first postoperative week is
efficacy and their potential side effects, prophylactic appropriate, particularly in those patients who are medically stable
anticonvulsants should not be used routinely in patients with newly and who are experiencing side effects
diagnosed brain tumors
wosH 3831 Twoou38i1
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Question
Summary Cont’d
A newly diagnosed Glioblastoma patient comes to see you
in Neurology Clinic post op day 7. She has never had a
« AAN/SNO/EANO do not recommend ASM prophylaxis for newt seizure and Is on levitiracetam 500mg bid and
b in/t m/r tient prophylaxi rnewly dx dexamethasone 4mg bid. You would recommend all of the
rain tumor patients following EXCEPT: (which is false)
* Think of brain tumors as a chronic disease
* Minimize drug interaction by selecting the ASM best for your 1) Wean the dexamethasone to off If tolerated -T
patient when they are required 2) Wean off the levetiracetam -T
3) When the dexamethasone is taken twice a day, you
recommend breakfast and lunch -T
4) Tell her she wlll be on levitiracetam life long -F
NWOOR s NWOOS 1413
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Answer # 4

« M JLGiantz, BF. Cole, PA Forsyth, L.D Recht, PY. Wen, M.C.
Chamberiain, S A. Grossman, and 1.G. Cairncross. Neurofogy. 2000;

* Recommend weaning the ASM 7-10 days post op.

DEVELOPMENT OF ASMs

ASM approved by FDA slnce 1980
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NWOOA 205 * Condrion specific epdepsy
Dexamethasone
o
a synthetic tlcal steroid, Is a white ta practlcally whitc,
udorless, crystalline powder 5
Cortiyone, 25
o CEE Hydrocortisone, 200
Prednisolone, 5§
e osey u'.x;_vs.‘ ;1::.' Prednisone, 5
L Dveadrans, Dexamethasone, 0.75
Methylprednisolone, 4
1woA 2025 Hwoon 1013
Dexamethasone . .
Steroid Interactions
+ Dexamethasone is most often utilized for
symptomatic and first-line treatment of brain * Decadron is a CYP3A4 inducer- meaning it affects how drugs are
tumor for several reasons, including the fact that broken down in the liver (i.e.: could affect other drugs patients take-
it is the most potent steroid, has the best CNS like seizure medication or chemotherapy)
penetration, the least mineralocorticoid side
effects, the least protein-bound steroid and has a
long biologic half-life {24~36 h): Norden AD, wen pv,
Kesari S, Brain metastases. Curr. Opin. Neurol. 18{6},279-292 (2005).
towo0i 1001 Jwoou st
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Dexamethasone 4mg Q 6 Stamp

« Dr. French in the early 1960s selected dexamethasone at 16mg a day

{amg Q 6 hours)- still in practice today

« "Don’t think, you will only weaken the team”, and “fly the
mission as directed”- Asa Wilbourn MD, CCF =

+ Let's actually think about what makes sense ‘
» If the ¥z life is >24 hrs., why are we giving it 4 times a day?

Wwooa JiTH

Dexamethasone Dosing

» Randomized study of 4, 8 and 16 mg/day dosing of dexamethasone

* Found no advantage to higher dosing in patients who were not feit to
be in impending danger of cerebral herniation

* Dexamethasone dosage of 8 mg/day {Group 1) was compared to
16 mg/day {Group 2}, followed by a comparison of 4 mg/day [Group
3) versus 16 mg/day {Group 4).

+ Both groups showed an i there was no signifi

diHerence in KPS improvement comparing the 8-mg group versus the
16-mg group at day 7

* In the second trlal, again both groups showed Improvement.
However, no significant difference between the 4- and 16-mg group

+ Slde effects {Cushingoid changes and extremity edema) occurred
more frequently In the 16 mg/day versus the 4 mg/day group at
Day 28

- Vem O« setanon tumarg
e o o 1 18w 6 s s eclops 44143 473080

HWOOA 1025
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Steroid Side Effects (Dose and Time .
Dependent) Steroids Summary
Fiacw T I e - Dexamethasone is the steroid of choice for brain tumor patients to
v - Cotbigs syime tx edema
et . Q;.uh.m. - Constant re-evaluation
B vese o Pt a3 + Recommend H2 blocker (decrease Gl risks?) =
s Hrmpiipea! « AM loading (long ¥: life) @
Rammarin ) oot pmc) T = « Look for thrush
B  Dut + Think bone health- Ca/VitD for long term use
2 bneckh e + PJP prophylaxis (pentamidine/Bactrim) if extended use
© sy 3 Greadeie + Can use Bevacizumab to wean steroids
: uaa FRrT— + ? Boswellia to help decrease edema- inhibits § Lipoxygenase (LO)
Haadachn 1 Bruithg
Calasa + elngledasla
oo -
39 40
Glioblastoma (GBM) (no more
multiforme)
- _w’ ‘“‘{'l
h ,r? .', i'
h
)"'f'ra;
ook MLE or IZ 15-. 20mlhs f‘rom g;wzm
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Nosological shift to a classification based on
both phenotype and genotype
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WHO CLASSIFICATION OF TUMORS: 2021

Conlra) Horuonia System
Turmanes
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Genetics of Malignant Astrocytomas

-13q/ ARb
-17p/ApS3 -19q +PDGFa receptor
+PDGFa. ~ -Tpl-1q _, +PDGFA __
-22q +MDM2 -10-,-10q

IDH1 mut

LGA {WHO Znot {WHO 3 notlll)  GBM (WHO 4 not IV)- (DH1 wt

ny No longer anaplastic + VEGF
TEGIR EGFRuiii
-Ii';l||.;ll|{,|/J
NwoOR 1078 Coutesy Dr Bametl and modilid
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Gliomas are hard to kill

Will discists Focused Ultrasoand latar:

Kay I treting the fiair signal, the suppased
closed [latact| barrier: can we

Tncrease penetratlon af chemotharapy?

G Dr Vogelbaum

o
iR

STUPP REGIMEN: GBM STD of CARE

Cument Theraples- STUPP Regimen

|

) '

1
ARERC
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Stupp Protocol: Update

S-yuar 08 (7o)

Hasard wtio 0,63 [0.53 - 0.75]

P< 00004

siie e
244 7R
TR Y]

Question
A 60 year old female with an unremarkable past medical
history p with progressive headaches. {

studies show a large right frontal mass which on gross total
resectlon shows a Glloblastoma (GBM}. Initlal standard of
care for thls patlent Is which of the following?

1) Radlatlon therapy alone
2) Chemotherapy alone
3) Combined radlation and ch n

4) Hospice

NWoOR FHE
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Answer# 3
* The current initial standard of care for newly diagnosed
glioblastoma patients age 18-70 years is the combination of
radiation and chemotherapy (Temodar) on the Stupp Regimen.
* Roger Stupp et al. Radiotherapy pius Concomitant and Adjuvant Temozolomide for Glioblastoma.
N EnglJ Med 2005; 352:987-99
» Trick question?
* NCCN Guidelines rec evaluating all GBM patients for clinical trials
w00 2025
51 52
Astrocytoma Drug Resistance to MGMT
Temozolomide: MG MT X .
* DNA repair enzyme in tumors
A * Repairs DNA that has been methylated by alkylating agents (e.g.,
06-Methylguanine-DNA temozolomide or BCNU, CCNU)
Methyltransferase « When the MGMT gene is methlyated, no MGMT is produced (gene
silencing)- this is better for the patients; unmethylated worse prog
* Therefore, when present and active, cells are resistant to these
drugs
MGMT = O6-M¢ DNA Me
NWOOA 2015 MOMT » O8-Jethryiguanine-DNA mnmwnn“
53 54
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OfS-Methylguanine-DNA
Methyltransferase (MGMT)

TMZ, alkylating agent, methylates Of-guanine

NH,
MGMT »
+ DNA Repalr enzyme glé m_m_él,,
= Removes alkyl-groups o, co
from L/}oon
« Linked with resistance ™Z Methyltraneferase
to alkylating agent ™
1herapy (TMZ) o RH
H G — 8§ —CH—CH
I
ﬁﬁlm .
Guanine O0H
Irreversible Inacilvatlon
NWOOA 7015

MGMT and Survival

+ From EORTC 26981 Trial: The MGMT promotor was methylated in
45% of 206 tumors. A clear survival benefit was noted among
patients whose tumors contained a methylated MGMT promotor
(ie decreased resistance mechanism) treated w TMZ+XRT compared
to radiotherapy alone (21.7 mths vs 15.3 mths).

HWOOA 2025
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GBM Overall Survival according to
Methylation of MGMT promoter

Hegl M. NEJM 352:997-1003, 2005 NWOOA 2025

What to do with MGMT unmethylated
patients?

» Checkmate CA209-498: A Randomized Phase 3 Open Label Study of Nivolumab
vs Te Each in Combination with Radiatlon Therapy In Newly
Diagnosed Adult Subjects with Unmethylated MGMT (tumor 06-methylguanine
DNA methylatransferase) Glloblastoma

* Hypothesls: Treatment with radiatlon therapy plus | b (RT + Nlvol b)
wlll improve overall survival {OS) compared with radiation therapy plus
temozolomlde {RT + TMZ) in subjects with newly diagnosed unmethylated
MGMT GBM- unfortunately was a negative trial.

NWOOH §018
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The NovoTTF 100A System- Optune

Fonkem E, Wong ET. Exp Rev Neurolher 2012;12:895-899
HWOOA 7025

Tumor Treating Fields

+ Use of electric fields as an anti-mitotic therapy for cancer
patients

* Invented by: Dr. Yoram Paltl, professor emeritus at the
Technion in Israel

« Manufactured by Israeli company Novocure under the
trade name Optune (formerly NovoTTF-100A)

« Approved hr the U.S. Food and Drug Mmini;tra;ig;i
(FDA) in April 2011 for the treatment of patients wit
recurrent globlastoma

*» Optune was approved by the FDA for newly diagnosed
glioblastoma on Oct. 5, 2015

HWOOR 0Tk
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* NovoTTF Therapy mechanism of action
« Antimitotic at end cell cycle

» Clinical trial data:
EF-07 pllot study; N=10; mOS 36mths
EF-11 phase Ill trlal; randomized TTF vs Chemo post
Stupp; OS sim but QOL increased TTF

PRIDe: All tx patlents; Med OS 9.6mths

Phase Il post Stupp TMZ vs TTF+TMZ-
the TTF+TMZ gp mean 0S ~ 20mths

NWO0A 1023

Conclusion

1. The NovoTTF-100A System shows comparable
efficacy with cytotoxic chemotherapies in GBM
patients

2. Patients treated with NovoTTF-100A experience
lower toxicity than those treated with
chemotherapies

3. When TTF are combined with TMZ post XRT/TMZ
median OS is increased to ~ 20mths

NWOOA 2028

61 62
Oligodendroglioma
Dourv Valley Portugal
63 64
Oligodendroglioma Oligodendrogliomas
A
.
et Lt ;‘
-: ¥ :;,‘!}! -,Q ""; M
g-‘- "_-" ’-'-:__ it ". I. ] )
H&E: Classic “fried egg” LGO | Adwpinc olenatghama WO Geste Il |
65 66
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Oligodendroglioma: New WHO need Chromosome 1p FISH PCR
t {1p;19q) and IDH1 mutation for classification

* 1p/19q codeletion B s Rk e
caused by 1p 19q
translocation t(1p;19q) ‘l L

Turmon DHA = Lows of |niesoryyonty

_

L M

TR UERE (1R
3

Jenkins RB_ Cancer Res. 66.9852-61, 2008704 1015 NwoOk fork
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9402 Study Design
{pure & mixed histologies)

R
A
Experimental Arm
Age <50 vs. 2 50 N Experimental Al
D Intensive-PCV x 4
KPS 60-70 vs. 280 (¢] {q 6 wks) then RT
M
Degree of I |\ Standard Arm RT
anaplasia z
E

1-PCV = procarbazine, CCNU (lomustine) and vineristine —s SURVIVAL

NWOOA 2075

69 70
Overall Survival by R, with 1p/19q co- Conclusions from Long Term
deleteocol Results
100 7
» Patients with 1p/19q co-deleted tumors live
F L'*-\;_“;:n_g; significantly longer after PCV+RT
E -_-,‘.‘L —, * Replacing PCV with TMZ?
z Medlan Survival .L“\ ...
3 POVART: 147 years "y
a RT alone: 7.3 years
(4 |
O 25
- e 1'?'“] 13
0 :_E?v'"' 9 @ I pfi.-?n.:u, 0.9%)
e 1 2 3 4 % 6 7 B8 % 10 11 1
Toars afler Randomization
AWk 18R NWOOk JIY
71 72
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Oligodendroglioma Survival

* CCF experience with oligodendrogliomas
* N=96
Prognosis related to allefic loss 1p and 19q

Improved survival so longer time to deal with seizures-start
thinking of brain tumor as a chronic disease

Kanner et al J Neurosurgery 2086y104:542-550

Tanzania

WWOOR FEIY

73 74
el aagY , o
R Angiogenesis in Tumor Growth
. =) ]
N |
A o’ 1 i » Father of angiogenesis
S -;n‘»&f\Ms::ﬁiﬁ in tumor biology
AT ==
R e
N o o « Seminal paper in NEJM
7 - . described the
“angiogenic process”
(1971)
* Born In Cleveland
Judah Folkman (1833-2008)
HWOOA 1025
75 76
The Angiogenic Process .
Abnormal vessels in GBM
Endathelial cell
activation and survival
(eg, VEGF, bl
- Ill nsa;;m“ ll|.Iul=_=llnl
‘\N‘&' A l6g, MMs, UPAR)
» =, et Leaky
= % e — .%‘: m:l‘lt;‘:‘n Poor circulation
(e, VEGF hFGF) Hypoxia .
; Tube formation Angiogenesis
44— elongation, &
remadelin
{ea, ntegnns,
mm’zr m‘____ﬂ::rrau:‘m Normal brain vessels Brain lumor vessels
anglogenesis . w“;lm‘l
MME = maliix melalioproleinase. uPAR = urokinese- % vasculature 1aln RK el 2l Angiogenesis in brain lumours NatRev Newroscl 1007 Aug 8(3) 610 22 Review
type plasminogen activator receplor. i, (Ang-1, TGFp)
Gritosn sod Molema Prarmecol Ry 200052217 MWEBLIWL NGy NWOOA 2015
77 78
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Bevacizumab Binds VEGF:
A Key Mediator of Angiogenesis
&£ h One of the most potent

and predominant
o+ VEGF proanglogenic signal?

« Recamblnant humanized§4
manaclonel IgG, Ab'

= Recognizes all
Isoforms of VEGF?

* Half-life ~20 days
(range, 11-50 days)!Bevacizumab

Binding and activation
of VEGF receptor?

Endothelial cell
ctivation®

/I-I
survial Frolfaratien Miation
NV o eration  SHaeakof
e : i
ANGIOGENESIS
1 Avastn® (bevecizumab) Pt Decembe
2 Pre o u Cancer Ros 1007 57 4500 N
3 Fertara &1 3 Nel Med 20030600 WWOOR Y

Bevacizumab (B) and CPT-11(C) in the Treatment of
Relapsed Malignant Glioma®*

* 21 pts (11 GBM, 10 other high grade gliomas)
* Median no of prlor Rx: 3 (2-10)

* 6-wk cycle, B: 5 mE{kg. every other wk x 2, C: 125 mg/m?
everywk x 4, 2wkrest

« Overall RR ~ 43%

« 1CR, 8 PRs, 115D

“Strask- Vance, Warld Federation of Meeting and i Fath
o the Eutopans Aaanailon 1o Neute ey My Sk 300, g, Ul Fgam

HWOOH 1018
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PRE-TREATMENT POST-TREATMENT
T4 FLAIR T FLAIR

Axial gadolinium-enhanced
T1-weighled and fluid-
attenuated inverslon-
recovery {(FLAIR) images of
4 selected patients {from
top lo bottom, Patients 1,
2, 3, and 5) with radiation
necrosis obtained before
and after bevacizumab
treatment

Adverse Events
Associated With Bevacizumab

Serious adverse events

* Gl perforation® = Hyparterive crivla: PALS

* Wound heallng complications® = Nephrotle syndrome
« Hemarrhage® - Ariarisl thromboembolic
Bvents

Most common adverse events of any severity

- Asthenla Nauses Eplstoxis
- Pain - Vomiting * Dyspnea
« Abdominal pain + Anorexls = Enfollalive dermatitls
- Hypertension - Stomatitls Protelnuria
* Dlarrhes - Canstipation - Upper resplratory
infection
Hesdache
w004 2075
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Bevacizumab: Upfront GBM Studies

+ 2 RCT of upfront bevacizumab (Avastin) plus Stupp Regimen were
completed. Both were negative trials for improving OS- not typically
given upfront

Chinot OL, Wich W, Mason W, et al. plus for newly di

N Engl J Med, 2014; 370: 709- 722.

Gllbert MR, Dignam JJ, TS, etal. A trial of for newly
N Engl § Med. 2014; 370: 699- 708,

HWOOu 1033

HwOOs FIY
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Laser Interstitial Thermal Therapy - LITT

* Uses LASER scatter to heat brain
« Bare fiber optics
« 1994 — Kahn, Schwarzmaier et al.
¢+ 1998 - Morrison, Jolesz et al.
* Limitations:

* Char

* Directlonality

* Heat conduction prediction /
monitoring

WO 1021

LITT - Background

* Heat kills cell
* (43-55 *C) Apoptosls, necrosis
* transmembrane protelns, meking lipld bllayer
* {>57 "C} Coagulation

Flesse et

85 86
Real-Time Thermal Dosimetry Thermal Damage Threshold AutoLITT & IMRIS Integration
(TDT)
.l;' - .
[ Outer ” T Y
| Boundary — M
| Tas 2min :
D-amage
. Bl Area
[Ty | T 120
| Tua 60min_|
87 88

24 Hours 3 Miheazes 1 Year 24 Mths

Cingulate GBM — Newly Dx'd

3 mthscorzeas 7 mths 12 mths 14 mths

89

90

11/7/2025
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Thalamic GBM

Pre-op  Post-op 3 Mths 6 Mths 9 Mths

WWOOK FEEY

NWOO0# 301

91 92
Ultrasound (US o
(US) Ultrasound: Principles
* Ultrasonic waves are sound waves that propagate through matter w i ., 5
frequencies typlcally above 20,000Hz * During MRgFUS a small target is heated w US rays, a technique
« Ultrasound was used for submarine detection in WwWI called sonication
* High Intensity Focused Ultrasound (HiFU) for intracerebral ablation was » Tx at an intensity of 100-10,000 Watt/cm? to max energy
p'oneere,d by the Fry brothers accumulation and cause coagulation necrosis
« Used 4 piezoelectrode transducers to pinpoint leslons R ) )
* HIFU originally guided by US but limited guidance accuracy and real-time * For intracranial tx, a piezoelectrode transducer converges US energy
temperature monitoring {1-3 MHz) to target tissue
* Intraop MRI could use magnetic resonance gulded focused ultr d . ° i
(MRsF%S}: real-time Image acquisition of target; can measure sonication S temgerature of >56 °C for 2 sec or more Iead;_t_c_) cpazulapve
p d ine ablated volume by T2-weighted fast spin echo necrosis
sequences * Result is cell death
93 94
MRgHiFU Applications
* Functional NSG: target thalamus, subthalamus or Basal Ganglia for
treatment of neuropathic pain, Parkinson's Disease and essential
tremor (2016 FDA Approval)
* CNS neoplasms: GBM- ongoing trials
wwoow 101
95 96
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Low Intensity Focused Ultrasound (LiFU): Opening
the Blood Brain Barrier (BBB)

» MRGFUS is used to non-invasively open the blood brain barrier

« Utilize 1024 individual transducer elements around skull w real-time
Image guldance

« LiFU delivers <1% of energy required for thermal ablation by
interacting w IV injected microbubbles (Definity™) to create a
temporary opening of the BBB

« Due to low energy the volume of BBB opening can be expanded and
customized for shape and location (on the trial completed ~ 110cc vol)

+ Animal studies: barrier is open ~ 8 hrs. w/o axonal or neuronal injury

NWOOR FUfh

Definity™

« Oscillation of the microbubbles causes mechanical effects on the
capillaries in the target area, resulting in a transient loosening of the
blood-braln barrler {penetrable gaps In tight endothellal Junctions).
{Interest in developing FUS specific microbubble)

w00k Jih

97 98
F P ¢ Frame Placement
rame riacemen g 3
Frame is placed low
Halreut
Shave | Bladder will ill w water
For cooling
99 100
Treatment is Completed in MRI
Detinity"™
Transducer In place
Wiatar Sath
Need esceliant Neuro-radiciogy staff
and techniclans
am:qunii.. NwoOk Bt
101 102
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Case Planning

Defined treatment area and sonication

Sonlcation

FUS Beams

Vol target Lx: max 110 cc Sonication

NWDO4 I

103 104

Patient X: s/p 6 cycles BBBO and IV carboplatin Symptom Management

Work with a multidisciplinary team- ounce of prevention

Allows discussion of clinical trial options

NWOOR 1021

L3 Clavoland Clinic

Hvvoon 2
105 106
Setting the Stage Supportive Care
+ Most randomized controlled trials {RCTs) p indi that * Goal of supportive care in glioma patients: to improve the QOL of patients
# treatments do not improve n\rimﬂl survival, !hny Rﬂg\m shown to prolang IIn and caregivers and reduce symptom burden
period od of g'r‘pgu:mq lrue'iuwlvn:.ﬂhmot VUL NG Piene 3 blot of hevagizuma plus R o . ) ) )
« It is_cruclal that patient lavel of functioning and well-being is maintained * Really talking about Palliative care (PC) whose goal s not primarily aimed
during that progression-free period. at prolongation of life or cure. xuuou a s ream -
+ Maintenance or improvement of health-related guality of life (HRQoL) is one b RO ) BN St
of the main treatmsnt goals in this patient graup * Some data in lung cancer patients that PC can affect length of survival. o
0 Bcth gnatment and disease progression may cause a further deterioration saa The b It ey
. 5539 patients from prev, published phase |l and il RCT with at least * Looking at patients physical, cognitive, mood, social and spiritual
baseline HRQoL scures had a msdtan t|me from randomization to needs
ress‘:&n Iof 76m ;mm?mmmmm halih-rela )i dualil al
&‘g ig'?ﬁ, '325'6“3&' "‘Mm S R T * The World Health Organization {WHO) states that PC is applicable
. N = S e
. élm“ttrr‘alf of the includaél patients eixtpenenced a deterioration in HRQoL early in the course of illness and only 14% who require it, receive it
uring their progression-free survival time « PC involvement ma .
. y not only improve symptom management and
:vreogl‘ab‘rﬁeﬂitgnd? Aibetter;job,oljmalntaining|HRQoli(how foldstermine;disease caregiver satisfaction but also reduce health COStS zamsmann ¢« sietecuveness
3 Azed ive care 2 STiematic teview lzms 145 Thes. M
Ioas 0Th 3 Cleveland Clinic s

107 108
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Supportive Care

* NCCN Guideli for pati i nice for

ntent PLEpraw-glamas palitat.pdt

ngen.orapatien:
» Updated Cancer-Related Fatigue, version 2.2024- published Oct 202023

« Look for brain tumor or cancer support groups for patients- if you do not

have one, consider the American Brain Tumor Association (ABTA). s 5.
Daniely M, Manias ©. o ol & qestative analyals of 8 banents G ariess of supped groups lor palisals
with bialm tumiass a0 their casegividi. Supparn Case Cancer.

« ABTA offers supportive CareLine staff, Patient & Caregiver Mentor Support,
and an online support community.

L3 Clavaland Ciliie

Supportive Care

+ EANO-ESMO Clinical Practice Guideline for Brain Tumors: Steraids

logical and i of primary and seconttlry brain tumors:

EAND- ESMD Clinical Practice B ines for pi

and

p
follow-up Rolh et al Annals of Oncology Vol 32 Issue 2, P171-1 82, 2021:
DOl:https://doi.org/10.1016/j.annonc.2020.11.003

Evidence linking sterold use to Inferior
survival In glioblasioma: Pitter KL et al L al
Corticosterolds compromlse survival In
glloblastoma. Braln. 2018; 139: 1456-1471

Immunolherapy approaches for primary
and metastatlc brain lumors in which
steroid uss may be detrimental owais W
«l al. Immunotherapy response ascassment In
neuro-ancology: a report of Ihe RANO working

group.
Lancel Oncal. 2015; 16; e534-e642

€] Ciwvetany Cliniy

004 2023
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Boswellia serrata (BS)

44 patients with primary or secondary malignant cerebral tumors were
randomly assigned to radiotherapy plus either BS 4200 mg/day or
placebo

Reduction of cerebral edema of >75% was found in 60% of patients
receiving BS and in 26% of patients receiving placebo (P = .023)

BS did not have a significant impact on quality of life or cognitive

function

Kirste 8, #d 4| Baswedls sasrata acts on cervbral edema in I Iremeated it il (umotel s eespactie, randomized, placebo-
eneralied, doutée-hilnd pllol Lrisl. Cancey. 2011 Aug 157 ume) 3180185, sl 10.1002/c: B 2041 Feb 1. PALD: 21287538

Dr Chao uses GNC Boswellia extract 450mg 3 tabs tid (Personal
Communication)

Group at Swedish were using Boswin Gold 4000 mg daily (Personal
Communication)

Wwoon 101k

NWOO Y

L2 Creveiand Ciinic
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Supportive Care
* EANO-ESMO Clinical Practice Guideline for Brain Tumors: Seizures

* Lifetime risk for sz with diffuse glioma exceeds 50% with possible link to IDH1
MULATEONS S H o 4l Muten] 1081 and stz in palkedls sl gilsma, Meinsiogy 3097, 00 188811013

= ~ 20% brain mets presenl with sz and tumor control is best predictor of autcome,
Wu A et al Risk factors foi preagsistive vaizima and los of seleie capdiol in palisnls undergaing sgery fai
eianlatie healn tumoes. Wodd Bedroniaig. 2017; 104: 120-128

m Moved away fram using the term anti epileptic drug (AED) to

3 . T. Antl seizure madication (ASM)

(===

L3 Clivvaland Chnle

gt

Supportive Care: Seizures

N
et s raar
FEmanE etk
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Electroencephalogram (EEG)

If uncertain if patients' “event” is a seizure, consider an EEG

Can be routine (20 min), prolonged (2 hours) or can consider
ambulatory EEG 24-72 hrs., or in-patient video EEG monitoring

Recordings of a clonkc selzure of the right
™ arm, EEG: C3 and PJ placed according to
: 1he International 10/20 System. Lt-STN1 and
Lt-STN2: (depth elecirode). EMG: bipolar
recording of the right biceps muscte, Note
1he polyspikezwave patiern In the cortical
EEG.

£ cimymiand Clinie b 1Y

Anti-seizure Medication (ASM): Practice
Parameter from the AAN, SNO and EANO

= Anticonvulsant prophylaxis in patients with newly diagnosed brain
tumor. Report of the Quality Standards Subcommittee of the
American Academy of Neurology. M.J.Glantz, B.F. Cole, P.A. Forsyth, L.D.
Recht, PY. Wen, M.C. Chamberlain, 5.A. Grossman, and J.G. Calrncross.
Neurology. 2000; 54:1886-1893.

« Walbert T., R.A. Harrlson, D. Schiff, E.K. Avila, M. Chen, P. Kandula, J.W. Woo
Lee, E. Le Hhun G.H.J. Stevens, M. A. Vogelbaum, w Wick M. Weller, P. Y. Wen,
E.R. Gumruer. SNO and EANO practice Ideli Antlc

{ with newly di d brain tumors. Neuro-oncology Vol

In
23 Issue 11 Pg 1835-1844, 2021, https s://dol.org/10, 1093/nevonc/noab152

* No Class | evidence for the routine use of ASM In newly dx brain tumor patients
that have never had a seizure

NWOOA 2078
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End Of Life and ASM Use

May have impaired consciousness, swallowing difficulties

Intranasal midazolam and rectal diazepam have shown similar
efficacy in the acute treatment of seizures in non tumor patients wosu u
N Intranasal midazolam ve rectal dRESPAR fOf the RO Urastmenl o Scuts Seizures in pediairic paents wiih epilepsy Archives of
Ppadiatrics & adolescam Bediclne 2010; 164(8): TAT-S3

Prospective study among 25 glioma patients, intranasal midazolam

appeared to be a feasible way to treat acute SEIZUres xoexos sa st Amiepuspic
Gru) reatmeit in the end of e of glioma patients: a feasibity study. Supporfive faie & calicer | Gffisiad joumas of e Mellmationn
Aszacizlion of Suppornive Cars In Cancer 2016; 24(4f: 16338

Options include: Subcutaneous mi subcut levetir
{unlicensed 100mg/ml), and subcutaneous phenobarbital are suitable
alternatives to oral treatment. Intramuscular phenobarbital in patients
assisted at home can be an option.

3 Clavaland Clinie

Discuss ASM Precautions

Discuss driving and other sz related limitations

For patients on ASM discuss mood at each visit: FDA in 2008 came out and
reported an increased risk of suicide thought or behavior for patients on
ASM so ask

L3 clovatand Clinic MO0 2025
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MHa Lang Bay NE Viatnam

NWOOR {0f%

Supportive Care

EANO-ESMO Clinical Practice Guideline for Brain Tumors: Neurocognitive Impairment

* Memory and executive functioning are the most lrequently impaired domains, wefel Js. et al
Neurocognliive funciloning and genetic varlalion In pailents with primary brain lumors. Lancet Oncol. 2016; 17; e97-2108

¢ Validated neuropsychological tests: Hopkms verbal learning test for verbal memory,
Rey-Osterrieth figure test { uclion, visual memory). :onlrolled oral
word associalion test (verbal fluency). Slroop les! 3
and the trail making test (:

* Prevention is helpful: awake i or ing of eloq brain fi i may
preserve cognitive and neurological integrity, Limited dose per Iraction and lower
overall radialion dose, focal RT instead of whole bram radlotherapy (WBRT) and

hippocampal sparing during WBRT. Addlng may d g decline
* Difficult to ize use of Y ine or pezil
* Phase Il trial of newly dx GBM patients, proton therapy vs IMRT did not prevent cog
failure a1 48 MihS. uomnua Muro-anc 2031
B

Cognitive Rehab may offer benefits. Gehring K et al Cognitive rshabliitation In patlents with gliomas: a

T3 Clevaland Clinic HAOOR 2028
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Supportive Care

¢ EANO-ESMO Clinical Praclice Guideline for Brain Tumors: Venous
Thromboembalism and Stroke

* Venous ism (VTE) Is i in cancer pali witha

particularly high risk in braln tumor patients. Petterson T M et al Risk of site-speckic
cancer In Incldent venous thromboembolism: a population-based study. Thromb Res. 2015; 135: 472478

+ Recurrent VTE may be observed In a third (27%) of glioblastoma patlents
Edwin N.C. et al, Recutreni venous Ihromboemboilem In glioblasioma. Thromb Res. 2019; 137: 184-188

Supportive Care

* EANO-ESMO Clinical Practice Guideline for Brain Tumors: Venous
Thromboembolism and Stroke

. Once lhe dlagnosls ol VTE has been confirmed, anticoagulation should starl
5 (e.g. LMWH) are recommended for
and y p ion of VTE in with aclive cancer

for 3-6 months, including those with brain tumors. Ay c. & al. Antithrombolic Iherapy
fot prophylaxls and Lreaimenl of venous thrombosmbollsm In patients with cancer: review of Lhe literature on
currenl pisciice and emeiging opllons, ESMO Open. 2017; 2: £000189

*In an inci of i hemorrhage of 3%-5%
has been reported under prophylactic LMWH. Perty JR. e al. PRODIGE: a randomized

placebo-controlied tlal of datleparin low-molecular-weight heparin thiomboprophylaxla In patients with
newly diagnosed malignant glioma. J Thromb Haemosl, 2010; 8: 1865-1965

Risk of i ge far | with birain treated
with peutit i is p! not il Hunter BD. et al

anticoagulation far the Lreatment of venous thromboembolism In plllem: with brain metaslases: a meta-
anslysls and systematic review. 3 Thromb Thrombolyals. 2017; 44: 392388

.

L] clavaland ciinie e N

Supportive Care

EANO-ESMO Clinical Practice Guideline for Brain Tumors: Veious
Thromboemboelism and Stroke

*In glloma patlenls strokes are noi associated with the WHO grade and do not differ

YPES. Seidel C.etal A analysls of vascular complicationt in 3,683
glloma pallents from the German Glioma Network, J Neural, 2013; 260: 847856

* Primary brain tumor patients, the main causes of ischemic siroke include the late

of RT and hyp states. Seldel C. et al, A comprehansive analysis of
vascular compilcalions In 3,689 glioma patients from the German Glloma Network. J Neurol. 2013; 260; B47-65
. i may ly I the risk of stroke,

No speclilc data are avallable on brain metastasls patients.

. Ti ic agents such as 1lssue in patlents with
malignant braln tumors le g drugs should be considered
for secondary prophyluls asIn the general ischemic stroke patient population

Other vascular Include i posterlor
Induced troke-ilk

migralne atiacks after R’T (SMART) syndrome, Moya Moya-like vasculopathy and microbleeds.

L3 Crivwmland Glmir

NWOOA 2015
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Supportive Care: Fatigue
« Cancer related faligue not well undersiood but common in brain tumor patients
affecting up to 90% of malignant glioma patients at some point
. MOA lhought to involve |ncreased blood levels of inflammalory cytokines
neur fon and d. levels of ine and
tryplophan
. Phar ic or non phar ic (physit ise or cognitive

behavioral therapies)

No evidence suggesnng a 5|gn|fcant benefit from modafinil, armodafinil,
for the of fatigue in stable brain tumor

pa!lenls after trealmem

Cochrane review dld not find strong evidence to support any pharmacolagical or

for fatigue in palients with brain tumors peys wat
mmnwulmumammawmmmw The Cochrana detahass of Sysamatic rvviews 2016; 4:

Inkerventions.
Cdot1aTs,

HWOOR Ji%
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Supportive Care/Symptom Management: Fatigue

» NCCN Patient Guideli i yo i behavioral t} ¥
{(‘.'E!.T} usmg l:ogmhva restmcturlna ta no ce stress pmducmg or other
, using p of paying attention in the
:urrﬂn\ CBT for sieep hygiene, bright white

light therapy, seemg nutritionist, medication review

Amencan Ginseng? Mayo study in 2013: decreased cancer related fatigue
whﬁ 000rn o day of pure g'found American G[nueng Barton o, |. ol 84 (3003) Wineensin
h % gl Mun 1 Impraus caeelelled mlﬂn A randan .quuurem-
angar Snalitite, 105 L6), 2501230, 18188 ncli
. L mhy i the Mansgement of Cancer-Rylated Fatigue: An nl.@ulu Review. J Adv Pract Oncol, 2021
May;’ ﬂll'l lﬂ-‘ll ﬁll 108004/ a0, 2031.124.5 Eput 2021 y 1, PR 77; PEACID: PMCETRI2ST.

Exermse may also lmpruvn cognmvn function and fatigue. 34 WHO gradus 1/l
glioma group or an active

contral gmup. Enrcusad 3 times mrwnnk for 2045 minutes, wilh modemn to vigorous
Intensity, during & months. cenisg K, « s gt

5 AICiE
anca in i with slabie ||Dl‘l ..ﬂ(“ Neuro Onaod 2099 Jan 1 m“ W"‘b dal:
AT T, P SR PHACST Pl 55 'ft

w00k 2088 e
Summary Symptom Management: Conclusions
* Image patlent 24-48 hours post op Work with a multidisciplinary team- ounce of prevention
* AAN/SNO/EANO do not rec routine fong term ASM prophylaxls - hiRineT Brosd i ¢ 5 bl
* Sterofds should have am loading and constant reevaluation lomas are infillrating tumors so broad spectrum of symptoms are possible
* Conslder trials for GBM patients Consider Palliative Care and support groups for your patienls
+ Std care for GBM Is XRT+TMZ on Stupp Regimen +\-TTF Steroid use should be constantly evaluated for need, side effects and dosing; not
* 1p19q co-deietion Is prognostic marker and deflnes everyone needs the "neurosurgi:al stamp"; role for Boswellia?
oligodendrogllamas
« IDH1 Is prognostic marker i y is not for newly dx tumor patients.

MGMT methylation |s treatiment marker

* Bevaclumab decreases braln edema but tumor atfect? Upfront trials
negatlve for D5

Laser Iﬁtersmlal thermal therapy {Neuroblate} putsanother tool In

' FUS to open the BBB may provide a new way of getting
drugs into the CNS

For GBM always think clinical trials

HWOOA 1028

Wide variety of rnedul:ation optlons Discuss sz precautions

Neurocognitlve problems and faligue are
CBT, Exercise, role for American Ginseng?

psych testing;

Venous thromb bolism (VTE) is i in cancer p follow Ix algorithms
Strokes are often related to late radlatlon side effects (bevacuumab increased risk).
Risk of p I on ion must be

T) Cloveland Ciinic
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The Cleveland Clinic
Brain Tumor Center

A Team Approach to
Individualized Care

I

131

130

22



