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Purpose of review

This article discusses commonly encountered medical and neurological complications in patients with brain
tumors and highlights recommendations for their management based on updated evidence.

Recent findings

Use of dexamethasone is correlated with worse prognosis in patients with glioblastoma, and in brain
metastases, high doses may lead to increased side effects without additional clinical benefit. There are
multiple antiseizure medications (ASM) to choose from and possible interactions and toxicity must be
considered when choosing an agent. Additionally, there is growing interest in the use of AMPA receptor
blockers as ASM in patients with brain tumors. Nonpharmacological strategies for the management of
fatigue remain paramount. Cognitive decline is common after whole brain radiation (WBRT) and
hippocampal-sparing WBRT results in superior cognitive outcomes. Venous thromboembolism is a common
complication and there is growing evidence on the use of direct oral anticoagulants (DOACs) in this
population.

Summary

There is evolving evidence on the management of medical and neurological complications in patients with
brain tumors. These complications, require early identification and multidisciplinary collaboration and
expertise.
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INTRODUCTION

Primary malignant brain tumors occur in 7.02 per
100000 people and carry a high morbidity and
mortality [1]. Brainmetastases are farmore common
and occur in 10–40% of patients with cancer and
with improving systemic therapies, their number is
expected to grow [2]. Regardless of their primary
etiology, patients with brain tumors are at a high
risk of medical and neurological complications
including progressive symptoms from vasogenic
edema, seizures, fatigue, mood disorders, cognitive
decline, and venous thromboembolism (VTE). This
review discusses these complications and highlights
updated evidence and recommendations for their
evaluation and management.
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MANAGEMENT OF VASOGENIC EDEMA

Peritumoral edema occurs in brain tumors because
of disruption of blood–brain barrier permeability
and can lead to focal neurological symptoms and
elevation in intracranial pressure. The management
of peritumoral edema has relied on the use of
rs Kluwer Health, Inc. All rights rese

t © 2024 Wolters Kluwe
steroids since the 1950s; and dexamethasone has
long been the agent of choice due its excellent oral
bioavailability and lack of mineralocorticoid effect
(which minimizes electrolyte disturbances) [3,4].

However, the effectiveness of steroids in improv-
ing symptoms must be weighed against their dele-
terious effects. Their use can result in Cushing’s
syndrome, weight gain, hyperglycemia, diabetes,
proximal myopathy, osteoporosis, gastritis, arterial
hypertension, and psychiatric side effects including
insomnia, irritability, and depression [5]. Moreover,
dexamethasone use was associated with worse
rved. www.co-neurology.com

r Health, Inc. All rights reserved.
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KEY POINTS

� Prophylactic antiseizure medications are not
recommended in brain tumor patients who have not
experienced seizures.

� We recommend dosing dexamethasone daily or twice
daily and limiting its use to those patients who have
symptoms attributable to vasogenic edema.

� We recommend nonpharmacological strategies for the
management of fatigue in all patients with
brain tumors.

� Hippocampal-sparing WBRT results in improved
cognitive outcomes, and we recommend the use of
memantine in patients receiving WBRT.

� Either DOACS or LMWH can be considered for the
management of VTE in this population

Neoplasms
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overall survival (OS) and progression-free survival
(PFS) in patients with glioblastoma in two meta-
analyses; and in brain metastases, higher doses
may result in increased side effects without an
increased clinical benefit [6–8].

Typical dexamethasone doses used range from 4
to 16mg/day. However, dosing frequency is based
on little evidence and remains varied across special-
ties and institutions. In 1961, Galicich et al. [9]
reported clinical improvement in 13 out of 14
patients treated with an initial bolus of 10–40mg
of dexamethasone followed by 4mg every 6h. Since
then, dosing dexamethasone every 6h became
standard practice among most institutions. In
1991, Weissman et al. [10] reported on administra-
tion of dexamethasone twice daily in patients with
brain metastases undergoing radiation with good
effectiveness. However, dosing every 6h remains
standard practice in many institutions. Due to the
long half-life of the drug, there is little rationale for
dosing every 6h and sustained benefit has been
shown in glioma animal models with twice daily
dosing [11]. Moreover, dosing every 6h requires
disturbing sleep for medication administration,
which is especially important given the high prev-
alence of fatigue among patients with brain tumors.
For patients with brain metastases, a joint American
Society of Clinical Oncology (ASCO)/Society for
Neuro-Oncology (SNO) expert panel recommended
an initial dose of dexamethasone 4–8mg/daily for
patients with mild symptoms and up to 16mg/daily
for severe symptoms [12].

Thus, we advocate for limiting the use of steroids
in patients with brain tumors to thosewho are symp-
tomatic and where we attempt to identify the small-
est beneficial dose and use it for the shortest amount
658 www.co-neurology.com
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of time possible. Moreover, our recommendation is
to consolidate dexamethasone doses to once or twice
daily, rather than every 6h as we consider it to be
noninferior and to promote sleep [13].

Patients who require steroids for a prolonged
time or at high doses are especially susceptible to side
effects and require special consideration. There is an
increased risk of Pneumocystis jirovecii pneumonia
and prophylaxis with either trimethoprim sulfame-
thoxazole, atovaquone, dapsone, or pentamidine
should be considered in patients who may require
steroids for more than 4weeks [4,14]. Additionally,
steroids lead to an increased risk of osteoporosis,
which is also increased by some antiseizure medica-
tions (Table 1) [15,16

&

]. Thus, in patientswho require
dexamethasone doses larger than 0.5mg/day for
more than 3months, calcium and vitamin D supple-
mentation should be started, and fracture risk assess-
ment with dual-energy x-ray absorptiometry (DXA)
or spinal x-ray is recommended [17]. Moreover, in
thosewho require high doses of steroids, use of anH2
inhibitor or proton pump inhibitor is encouraged for
prevention of gastritis, gastrointestinal hemorrhage,
and peptic ulcers [4]. In patients with high steroid
requirements, bevacizumab (which targets vascular
endothelial growth factor) can be considered as a
steroid-sparing agent. Importantly, it does not
impact OS and may limit clinical trial eligibility,
however, results in symptomatic improvement [18–
20]. Although this must be weighed against its risks,
which include hypertension, hemorrhage, gastroin-
testinal (GI) perforation, VTE, and ischemic stroke
[21,22]. Additionally, bevacizumab has been studied
for themanagementof radiationnecrosiswithmulti-
ple trials reporting a benefit [23–26].
SEIZURES

The prevalence of seizures in patients with brain
tumors varies depending on histology and tumor
location and ranges from20 to94% [27]. Importantly,
seizures are more common in isocitrate dehydrogen-
ase (IDH)-mutant gliomas than in glioblastoma or
brain metastases, and there is an inverse correlation
between the tumor growth rate and seizure frequency
[28]. Moreover, 2-hydroxyglutarate, which is pro-
duced by the IDH mutation has been shown to
increase neuronal activity and epileptogenesis and
this effect can be reversed with the use of IDH inhib-
itors in preclinical models [29].

In 2000, the American Academy of Neurology
assessed the role of prophylaxis with antiseizure
medications (ASM) in patients with brain tumors
and concluded that, outside of the perioperative
period, there was no role for seizure prophylaxis
in patients who do not have a history of seizures
Volume 37 � Number 6 � December 2024

ealth, Inc. All rights reserved.



Ta
b
le

1
.
A
nt
is
ei
zu

re
m
ed

ic
at
io
n
fo
rm

ul
at
io
ns
,
m
ec
ha

ni
sm

s
of

ac
tio

n
w
ith

ad
di
tio

na
lc
on

si
de

ra
tio

ns
an

d
re
po

rt
ed

TR
E
se
iz
ur
e
re
sp
on

se
ra
te
s

A
nt
is
ei
zu

re
m
ed

ic
a
ti
o
n

Fo
rm

u
la
ti
o
n/

a
p
p
ro

v
ed

fo
r
ch

ild
re
n

P
ri
m
a
ry

m
ec

h
a
ni
sm

o
f
a
ct
io
n

M
o
st

co
m
m
o
nl
y
re
p
o
rt
ed

si
d
e
ef
fe
ct
s

Se
ri
o
u
s
si
d
e
ef
fe
ct
s

R
ep

o
rt
ed

ef
fi
ca

cy
fo
r
u
se

a
s
m
o
n
o
th
er
a
p
y
in

TR
E

A
d
d
it
io
n
a
l
co

n
si
d
er
a
ti
o
n
s

Br
iv
ar
ac

et
am

Ta
bl
et
,
liq

ui
d,

i.v
./
ye

s
Bi
nd

s
to

SV
2
A

(a
sy
na

pt
ic

ve
si
cl
e
g
ly
co

pr
ot
ei
n)

Fa
tig

ue
,
di
zz

in
es
s,

an
xi
et
y,

ag
ita

tio
n,

de
pr
es
si
on

H
yp

er
se
ns
iti
vi
ty

re
ac

tio
ns

N
ot

re
po

rt
ed

--

C
ar
ba

m
az

ep
in
e

Ta
bl
et
,
liq

ui
d/

ye
s

N
a
þ
ch

an
ne

lb
lo
ck
in
g

Tr
an

sa
m
in
iti
s,

hy
po

na
tre

m
ia
,

bl
oo

d
dy

sc
ra
si
as
,
ra
sh
/S

JS
,

na
us
ea

,
vo

m
iti
ng

A
pl
as
tic

an
em

ia
,
he

pa
to
to
xi
ci
ty
,

hy
po

na
tre

m
ia
,
ra
sh
/T

EN
/S

JS
,

hy
pe

rs
en

si
tiv
ity

re
ac

tio
ns
,

de
cr
ea

se
d
bo

ne
de

ns
ity

(u
se

>
1
0
ye

ar
s)

6
m
o
se
iz
ur
e
fr
ee

do
m
:

2
8
%

[3
0
]

1
2
m
o
se
iz
ur
e
fr
ee

do
m
:

3
0
–5

5
%

[3
0
]

C
Y
P3

A
4
,
C
Y
P2

B6
,
C
Y
P2

C
8
,

C
Y
P2

C
9
,
C
Y
P1

A
2
,
U
G
T1

A
4

in
du

ce
r

M
ay

ca
us
e
bo

ne
m
ar
ro
w

su
pp

re
ss
io
n

C
en

ob
am

at
e

Ta
bl
et
/n

o
N
a
þ

ch
an

ne
lb

lo
ck
in
g

En
ha

nc
in
g
G
A
BA

Fa
tig

ue
,
di
zz

in
es
s,

hy
pe

rk
al
em

ia
Q
T
sh
or
te
ni
ng

,
dr
ug

re
ac

tio
n

w
ith

eo
si
no

ph
ili
a

N
ot

re
po

rt
ed

C
Y
P2

C
1
9
in
hi
bi
to
r,
C
Y
P3

A
4
/5

,
C
Y
P2

B6
in
du

ce
r

C
lo
ba

za
m

Ta
bl
et
,
liq

ui
d/

ye
s

G
A
BA

A
-re

ce
pt
or

ag
on

is
t

Fa
tig

ue
,
di
zz

in
es
s,

dr
y
m
ou

th
,
na

us
ea

So
m
no

le
nc

e,
se
da

tio
n

N
ot

re
po

rt
ed

N
-d
es
m
et
hy

lc
lo
ba

za
m
,
th
e

m
et
ab

ol
ite

ca
n
be

m
on

ito
re
d

fo
r
to
xi
ci
ty

Es
lic
ar
ba

ze
pi
ne

Ta
bl
et
,
liq

ui
d/

ye
s

N
a
þ
ch

an
ne

lb
lo
ck
in
g

H
yp

on
at
re
m
ia
,
ra
sh
/S

JS
,

so
m
no

le
nc

e,
na

us
ea

,
fa
tig

ue
Ra

sh
/T

EN
/S

JS
,
hy

po
na

tre
m
ia
,

he
pa

to
to
xi
ci
ty
,
bl
oo

d
dy

sc
ra
si
as
,

de
cr
ea

se
d
T3

/T
4

N
ot

re
po

rt
ed

C
Y
P2

C
9
in
hi
bi
to
r

G
ab

ap
en

tin
Ta
bl
et
,
liq

ui
d/

ye
s

Bi
nd

in
g
a
2
d
C
a
ch

an
ne

l
su
bu

ni
t

D
iz
zi
ne

ss
,
fa
tig

ue
,
pe

ri
ph

er
al

ed
em

a,
w
ei
g
ht

g
ai
n,

at
ax

ia
N
on

e
N
ot

re
po

rt
ed

Su
bs
tra

te
fo
r
a
pr
ot
ei
n

tra
ns
po

rt
er

lik
el
y
re
du

ci
ng

br
ai
n
av

ai
la
bi
lit
y
[3
1
]

La
co

sa
m
id
e

Ta
bl
et
,
liq

ui
d,

i.v
./
ye

s
N
a
þ
ch

an
ne

lb
lo
ck
in
g

D
iz
zi
ne

ss
,
g
ai
ti
ns
ta
bi
lit
y,

he
ad

ac
he

,
fa
tig

ue
,

pr
ol
on

g
ed

PR
in
te
rv
al

PR
pr
ol
on

g
at
io
n,

sy
nc

op
e,

ra
sh
/

TE
N
/S

JS
,
di
zz

in
es
s,

at
ax

ia
6
m
o
se
iz
ur
e
fr
ee

do
m
:
5
5
–

6
7
%

M
on

ito
r
fo
r
ar
rh
yt
hm

ia
s

La
m
ot
ri
g
in
e

Ta
bl
et
,
or
al

di
ss
ol
vi
ng

ta
bl
et
/y

es
N
a
þ
ch

an
ne

lb
lo
ck
in
g

Ra
sh
/S

JS
in
so
m
ni
a
(if

ta
ke
n
at

ni
g
ht

as
b.
i.d

.
do

si
ng

),
bl
oo

d
dy

sc
ra
si
as

Ra
sh
/T

EN
/S

JS
,
bl
oo

d
dy

sc
ra
si
as
,
an

g
io
ed

em
a,

br
on

ch
os
pa

sm

N
ot

re
po

rt
ed

N
ee

d
fo
r
sl
ow

tit
ra
tio

n
M
ay

be
be

ne
fic

ia
lf
or

m
oo

d
Re

la
tiv
el
y
sa
fe

in
pr
eg

na
nc

y

Le
ve
tir
ac

et
am

Ta
bl
et
,
liq

ui
d,

i.v
./
ye

s
Bi
nd

s
to

SV
2
A

(a
sy
na

pt
ic

ve
si
cl
e

g
ly
co

pr
ot
ei
n)

Irr
ita

bi
lit
y,

de
pr
es
si
on

,
an

xi
et
y,

ag
g
re
ss
io
n,

fa
tig

ue
,
lig

ht
he

ad
ed

ne
ss

Su
ic
id
al

id
ea

tio
n,

de
pr
es
si
on

6
m
o
se
iz
ur
e
fr
ee

do
m
:
3
9
–

9
6
%

[3
0
]

6
m
o
se
iz
ur
e
re
du

ct
io
n
�

5
0
%
:
7
1
–1

0
0
%

[3
0
]

H
ig
he

r
ri
sk

of
ps
yc
hi
at
ri
c
si
de

ef
fe
ct
s
in

fr
on

ta
ll
ob

e
tu
m
or
s

[3
2
]

Re
la
tiv
el
y
sa
fe

in
pr
eg

na
nc

y

O
xc
ar
ba

ze
pi
ne

Ta
bl
et
,
liq

ui
d/

ye
s

N
a
þ
ch

an
ne

lb
lo
ck
in
g

H
yp

on
at
re
m
ia
,
fa
tig

ue
,
lig

ht
he

ad
ed

ne
ss
,
w
ei
g
ht

g
ai
n,

al
op

ec
ia
,
na

us
ea

H
yp

on
at
re
m
ia
,
ra
sh
/T

EN
/S

JS
1
2
m
o
se
iz
ur
e
fr
ee

do
m
:

4
0
%

1
2
m
o
se
iz
ur
e
re
du

ct
io
n

�5
0
%
:
8
8
%

C
Y
P2

C
1
9
in
hi
bi
to
r
an

d
w
ea

kl
y

in
du

ce
s
C
Y
P3

A
4

Pe
ra
m
pa

ne
l

Ta
bl
et
,
liq

ui
d/

ye
s

A
M
PA

an
ta
g
on

is
m

D
iz
zi
ne

ss
,
ve
rt
ig
o,

fa
tig

ue
,

ag
g
re
ss
iv
en

es
s,

ag
ita

tio
n,

ir
ri
ta
bi
lit
y,

an
xi
et
y,

na
us
ea

Ps
yc
hi
at
ri
c
si
de

ef
fe
ct
s,

ho
m
ic
id
al
/s
ui
ci
da

l
id
ea

tio
n

N
o
st
ud

ie
s

Ph
en

ob
ar
bi
ta
l

Ta
bl
et
,
liq

ui
d,

i.v
./
ye

s
En

ha
nc

in
g
G
A
BA

D
ro
w
si
ne

ss
,
fa
tig

ue
,
ve
rti
g
o
,

ha
bi
tf
or
m
in
g
,
bl
oo

d
dy

sc
ra
si
as
,

co
g
ni
tiv
e
sl
ow

in
g
,
ra
sh
/S

JS

W
ith

dr
aw

al
se
iz
ur
es
,

he
pa

to
to
xi
ci
ty
,
C
N
S

de
pr
es
si
on

,
ra
sh
/T

EN
/S

JS
,

bl
oo

d
dy

sc
ra
si
as

N
o
st
ud

ie
s

C
Y
P1

A
,
C
Y
P2

A
6
,
C
Y
P2

B,
C
Y
P2

C
,
C
Y
P3

A
,
U
G
T
in
du

ce
r

In
cr
ea

se
s
st
er
oi
d
cl
ea

ra
nc

e
[3
1
]

Management of brain tumor patients Ospina and Wen

D
ow

nloaded from
 http://journals.lw

w
.com

/co-neurology by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0h
C

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dgG
j2M

w
lZ

LeI=
 on 11/15/2024
1350-7540 Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved. www.co-neurology.com 659

Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.



Ta
b
le

1
(C
on

tin
ue
d
)

A
nt
is
ei
zu

re
m
ed

ic
a
ti
o
n

Fo
rm

u
la
ti
o
n/

a
p
p
ro

ve
d

fo
r
ch

ild
re
n

P
ri
m
a
ry

m
ec

ha
ni
sm

o
f
a
ct
io
n

M
o
st

co
m
m
o
nl
y
re
p
o
rt
ed

si
d
e
ef
fe
ct
s

Se
ri
o
u
s
si
d
e
ef
fe
ct
s

R
ep

o
rt
ed

ef
fi
ca

cy
fo
r
u
se

a
s
m
o
n
o
th
er
a
p
y
in

TR
E

A
d
d
it
io
n
a
l
co

n
si
d
er
a
ti
o
n
s

Ph
en

yt
oi
n

Ta
bl
et
,
liq

ui
d,

i.v
./
ye

s
N
aþ

ch
an

ne
lb

lo
ck
in
g

Tr
an

sa
m
in
iti
s,

ra
sh
/S

JS
at
ax

ia
,

dy
sa
rth

ri
a

Ra
sh
/T

EN
/S

JS
,
he

pa
to
to
xi
ci
ty
,

bl
oo

d
dy

sc
ra
si
as
,
g
in
g
iv
al

hy
pe

rp
la
si
a,

ly
m
ph

ad
en

op
at
hy
,
ar
rh
yt
hm

ia
s

1
2
m
o
se
iz
ur
e
fr
ee

do
m
:

4
9
–
6
4
%

[3
0
]

En
zy

m
e-
in
du

ci
ng

ag
en

t
In
cr
ea

se
s
st
er
oi
d
cl
ea

ra
nc

e
[3
1
]

Ri
sk

of
bi
rt
h
de

fe
ct
s

Pr
eg

ab
al
in

Ta
bl
et
,
liq

ui
d/

ye
s

Bi
nd

in
g
a
2
d
C
a
ch

an
ne

l
su
bu

ni
t

D
ro
w
si
ne

ss
,
se
da

tio
n,

w
ei
g
ht

g
ai
n,

bl
oo

d
dy

sc
ra
si
as

Pe
ri
ph

er
al

ed
em

a,
an

g
io
ed

em
a,

hy
pe

rs
en

si
tiv
ity

re
ac

tio
ns

1
2
m
o
se
iz
ur
e
fr
ee

do
m
:

7
5
%

[3
0
]

–

Pr
im

id
on

e
Ta
bl
et
/y

es
En

ha
nc

in
g
G
A
BA

N
/A

H
yp

er
se
ns
iti
vi
ty

re
ac

tio
n,

th
ro
m
bo

cy
to
pe

ni
a,

m
eg

al
ob

la
st
ic

an
em

ia

N
/A

N
ot

re
co

m
m
en

de
d
du

e
to

si
m
ila

r
SE

s
as

ph
en

ob
ar
bi
ta
l
an

d
m
or
e
di
ffi
cu
lt
to

m
on

ito
r

Ti
ag

ab
in
e

Ta
bl
et
/y

es
,
>
1
2
ye

ar
s
ol
d

En
ha

nc
in
g
G
A
BA

Li
g
ht
he

ad
ed

ne
ss
,
fa
tig

ue
,

an
xi
et
y,

tre
m
or
,
di
ar
rh
ea

,
de

pr
es
si
on

C
N
S
de

pr
es
si
on

,
ra
sh

N
o
st
ud

ie
s

Si
de

ef
fe
ct
s
ar
e
co

m
m
on

ly
re
po

rte
d

To
pi
ra
m
at
e

Ta
bl
et
,
sp
ri
nk
le
s/
ye

s
N
aþ

ch
an

ne
lb

lo
ck
in
g
,

en
ha

nc
in
g
G
A
BA

,
A
M
PA

an
ta
g
on

is
m

W
ei
g
ht

lo
ss
,
w
or
d-
fin

di
ng

di
ffi
cu
lty
,
ps
yc
ho

m
ot
or

sl
ow

in
g
,
m
et
ab

ol
ic

ac
id
os
is
,

pa
ra
st
he

si
as
,
g
la
uc
om

a

A
cu
te

an
g
le

cl
os
ur
e
g
la
uc
om

a,
ne

ph
ro
lit
hi
as
is
,
ra
sh
/T

EN
/S

JS
,

ol
ig
oh

yd
ro
si
s
w
ith

he
at

st
ro
ke

6
m
o
se
iz
ur
e
fr
ee

do
m
:

5
9
%

1
2
m
o
se
iz
ur
e
fr
ee

do
m
:

5
7
–
7
1
%

[3
0
]

C
Y
P3

A
4
in
du

ce
r

Va
lp
ro
ic

ac
id

Ta
bl
et
,
liq

ui
d,

i.v
./
ye

s
>
1
0

ye
ar
s
ol
d

N
aþ

ch
an

ne
lb

lo
ck
in
g
,

en
ha

nc
in
g
G
A
BA

,
bl
oc

ki
ng

T-
ty
pe

C
a

ch
an

ne
ls

W
ei
g
ht

g
ai
n,

ha
ir
lo
ss
,
fa
tig

ue
,

hy
pe

ra
m
m
on

em
ia
,

tra
ns
am

in
iti
s,

tre
m
or
,

th
ro
m
bo

cy
to
pe

ni
a,

ra
sh
/S

JS

H
yp

er
am

m
on

em
ia
,

he
pa

to
to
xi
ci
ty
,
ra
sh
/T

EN
/S

JS
th
ro
m
bo

cy
to
pe

ni
a

6
m
o
se
iz
ur
e
fr
ee

do
m
:

6
5
%

6
m
o
se
iz
ur
e
re
du

ct
io
n

�5
0
%
:
7
7
%

1
2
m
o
se
iz
ur
e
fr
ee

do
m
:

3
0
–
5
7
%

1
2
m
o
se
iz
ur
e
re
du

ct
io
n

�
5
0
%
:
7
5
–
8
6
%

[3
0
]

C
Y
P2

C
9
,
U
G
T1

A
4
in
hi
bi
to
r
(a
nd

w
ea

k
in
hi
bi
to
r
of

C
Y
P2

C
1
9

an
d
C
Y
P3

A
4
)

Si
g
ni
fic

an
t
ri
sk

of
bi
rt
h
de

fe
ct
s

Z
on

is
am

id
e

Ta
bl
et
/y

es
>
1
6
ye

ar
s
ol
d

N
aþ

ch
an

ne
lb

lo
ck
in
g
,

bl
oc

ki
ng

T-
ty
pe

C
a
ch

an
ne

ls
So

m
no

le
nc

e,
w
ei
g
ht

lo
ss
,

lig
ht
he

ad
ed

ne
ss
,
w
or
d-
fin

di
ng

di
ffi
cu
lty
,
re
na

lc
al
cu
li,

ol
ig
oh

yd
ro
si
s,

ra
sh

Ra
sh
/T

EN
/S

JS
,
g
la
uc
om

a,
ne

ph
ro
lit
hi
as
is

N
o
st
ud

ie
s

A
vo

id
in

pa
tie

nt
s
w
ith

hi
st
or
y
of

ne
ph

ro
lit
hi
as
is

A
vo

id
in

pa
tie

nt
s
w
ith

su
lfa

al
le
rg
ie
s

Re
po

rt
ed

re
sp
on

se
ra
te
s
ar
e
fo
r
pa

tie
nt
s
w
ith

tu
m
or
-re

la
te
d

ep
ile

ps
y
an

d
m
ay

in
cl
ud

e
tu
m
or
s
ot
he

r
th
an

g
lio

m
as

in
cl
ud

in
g

m
en

in
g
io
m
as

an
d

br
ai
n
m
et
as
ta
se
s.

C
N
S,

ce
nt
ra
l
ne

rv
ou

s
sy
st
em

;
C
Y
P,

cy
to
ch

ro
m
e;

M
o,

m
on

th
;
SE

,
si
de

ef
fe
ct
;
SJ
S,

St
ev
en

s–
Jo
hn

so
n
sy
nd

ro
m
e.

Re
pr
in
te
d
w
ith

pe
rm

is
si
on

fr
om

A
vi
la

et
al
.
[1
6

&
].

Neoplasms

660 www.co-neurology.com Volume 37 � Number 6 � December 2024

Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.

D
ow

nloaded from
 http://journals.lw

w
.com

/co-neurology by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0h
C

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dgG
j2M

w
lZ

LeI=
 on 11/15/2024



Management of brain tumor patients Ospina and Wen

D
ow

nloaded from
 http://journals.lw

w
.com

/co-neurology by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0h
C

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dgG
j2M

w
lZ

LeI=
 on 11/15/2024
[30]. This is due to both a lack of efficacy in prevent-
ing seizure as well as potential toxicity of ASM. A
joint practice guideline of the Society for Neuro-
Oncology (SNO) and European Association of
Neuro-Oncology (EANO) in 2021 re-affirmed this
recommendation [33]. Moreover, they noted insuf-
ficient evidence to recommend ASM during the
perioperative and early postoperative period in
patients who have never had a seizure, although
this remains common in clinical practice.

In patients with brain tumors after a first lifetime
seizure, secondary prophylaxis with an ASM is rec-
ommended [33]. Levetiracetam is the most common
agent of choice as it does not induce hepatic enzymes
and is well tolerated [34]. a-amino-3-hydroxy-5-
methyl-4-isoxazoleproprionic acid (AMPA) receptor
blockers such as perampanel, have also gained
interest in the management of brain tumor-related
epilepsy, as gliomas were shown to have AMPA
receptor-dependent neuron–glioma synapses [35].
However, trials of telempanel, another AMPA recep-
tor blocker, did not show a survival benefit in newly
diagnosed and recurrent glioblastoma [36,37]. A
metanalysis of 18 studies examining new ASM found
72% of patients experienced a reduction in seizure
burden greater than50%and 34%of patients’ seizure
freedom [38]. Ultimately, the choice ofmedication is
influenced by available formulations, patients’
comorbidities, adverseeffects, andpotential for inter-
action with other medications. Commonly used
medications in patients with brain tumors are
detailed in Table 1 and a 2024 SNO consensus review
provides further details [16

&

].
In patients with gliomas, surgical resection of

the tumor has been shown to reduce seizure burden,
although the extent of resection required for seizure
control differs across studies [39,40]. Similarly,
radiotherapy and alkylating chemotherapy have
been shown to decrease seizure burden [41]. Finally,
discontinuation of ASM after a period of seizure
freedom can be considered in some patients,
although there is conflicting evidence on the risk
of recurrent seizures [42,43]. One study on 83
patients with low-grade gliomas who were seizure
free for over a year, found that 26% of those who
withdrew ASM had a seizure versus 8% of patients
who had continued medications [44]. In clinical
practice, factors to consider when assessing discon-
tinuation include tumor histology, history of seiz-
ures and status epilepticus, extent of resection,
disease status (stable or progressive), electroence-
phalographic findings, seizure free-duration, medi-
cation side effects, and other risks (i.e. driving)
should a seizure occur [45

&

]. In general, ASM mono-
therapy at the lowest effective dose is preferred to
reduce side effects.
1350-7540 Copyright © 2024 Wolters Kluwer Health, Inc. All rights rese

Copyright © 2024 Wolters Kluwe
FATIGUE

Fatigue is the most frequently reported symptom in
patients with brain tumors [46]. A high percentage
of patients with brain tumors report moderate-to-
severe fatigue and this is correlated with worsening
quality of life [47].

Pharmacological interventions with CNS stimu-
lants have shown little effectiveness. A randomized
clinical trial (RCT) examining the effect of modafinil
on fatigue,motivation, physical health, andworking
memory in 37 patients showed no difference com-
pared with placebo [48]. Dexamphetamine resulted
in increased psychiatric side effects with no differ-
ence in fatigue [49]. A recent double-blinded RCT of
methylphenidate for cancer fatigue also showed no
benefit [50]. A placebo-controlled phase II trial of
armodafinil did not improve radiation-related
fatigue in gliomapatients [51].Most recently, a phase
3 RCTof two doses of armodafinil over 8weeks in 328
patients with high-grade glioma found no difference
in fatigue, quality of life, or neurocognitive function
when compared with placebo [52].

In the absence of efficacious medications, the
best available interventions for fatigue are nonphar-
macological and centered around exercise, manage-
ment of insomnia, and minimizing the use of
medications that contribute to fatigue [53–55,56

&

].
DEPRESSION AND ANXIETY

Patients with primary brain tumor and brain meta-
stases are especially susceptible to mood disorders
because of psychological distress related to the diag-
nosis and prognosis and additionally because of
potential direct effect of the tumor and treatment
itself on brain function [57]. One metanalysis found
the pooled prevalence of depression to be 21.7% in
patients with brain tumors, however, others have
reported up to 42% of patients, and results vary
greatly across studies as mood disorders are under-
diagnosed in this population [58,59]. Furthermore,
depression and anxiety have been shown to be
independent predictors of worsening neurocogni-
tive function and quality of life [42,60]. Unfortu-
nately, psychological interventions for patients
with brain tumors are quite scarce [61].

Although there is no specific recommendations
for pharmacological therapy to address mood dis-
orders in patients with brain tumors, there has been
recent interest in fluoxetine, owing to preclinical
evidence of an increase in glioblastoma cell death
with fluoxetine that is augmented when combined
with temozolomide [62]. This effect is mediated by
inhibition of sphingomyelin phosphodiesterase 1
and is actively being evaluated in a phase 1 surgical
window of opportunity trial (NCT05634707).
rved. www.co-neurology.com 661

r Health, Inc. All rights reserved.



Neoplasms

D
ow

nloaded from
 http://journals.lw

w
.com

/co-neurology by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0h
C

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dgG
j2M

w
lZ

LeI=
 on 11/15/2024
Although most antidepressants have the potential
to lower seizure threshold, buproprion poses the
highest risk and should be avoided in patients with
brain tumors, if possible.
COGNITIVE DECLINE

Cognitive deficits are common in patients with
brain tumors because of the effects of the tumor
itself, ASM, and radiotherapy, and exacerbated by
the fatigue that patients frequently experience.

Radiation remains a cornerstone of treatment
for brain tumors and whole-brain radiotherapy has
long been used to treat brainmetastases. However, it
results in significant neurocognitive deterioration,
which manifests as decreased attention, executive
function, and verbal memory 6months or later after
radiation [63]. Due to this, several approaches have
been evaluated to minimize the cognitive deficits
induced by radiation.

Although clinical deterioration is better appre-
ciated with time, acute microstructural damage
occurs at the time of radiation and includes
decreased tyrosine phosphorylation and a loss of
N-methyl-D-aspartate (NMDA) receptors at the neu-
ronal cell surface, and these changes can be abro-
gated with the use of NMDA receptor antagonists
such as memantine [64]. This finding led to the
RTOG 0614 trial, which examined the effect of
memantine in 504 patients with brain metastases
receiving whole brain radiation (WBRT) [65].
Although, the trial did not find a significant differ-
ence in its primary endpoint of delayed recall at
24weeks, this may have been impacted by patient
loss, whichwas almost 70% at 24weeks. In subgroup
analyses, patients in the memantine arm had sig-
nificant differences in time to cognitive decline,
processing speed and delayed recognition. These
results have led to the frequent use of memantine
in patients receiving WBRT with a good prognosis.

Furthermore, preclinical models revealed hippo-
campal dysfunction and reduced neurogenesis had a
mechanistic role in the development of cognitive
decline after radiation leading to the development
of radiotherapy techniquesavoiding thehippocampus
[66–68]. The NRG CC001 trial investigated the role of
WBRTwithmemantinewith or without hippocampal
avoidance in 518 patients with brain metastases [69].
Toxicity, overall survival, andprogression-free survival
were similar across both arms andhippocampal avoid-
ance resulted in improved cognitive outcomes, owing
to a reduction in deterioration of executive function,
learning, and memory.

Similarly, radiation results in a reduction of
cholinergic neurons in the hippocampus, leading
to interest in acetyl cholinesterase inhibitors such as
662 www.co-neurology.com

Copyright © 2024 Wolters Kluwer H
donepezil in the management of cognitive decline
after radiotherapy [70,71]. A study compared the
efficacy of donepezil vs. placebo in 198 patients
who had received partial or whole brain radiation
more than 6months ago and compared them at
24weeks [72]. Overall, treatment with donepezil
did not improve cognitive composite score. How-
ever, in subgroup analysis, there was a modest
improvement in memory, dexterity, and motor
speed in the patients who had greater pretreatment
cognitive impairment.
DEEP VENOUS THROMBOSIS AND
PULMONARY EMBOLISM

Cancer has long been recognized as a risk factor for
VTE, and importantly the risk is among the highest
in patients with primary brain tumors [73]. In
patients with gliomas, the risk increases with
increasing WHO grade, being the highest in those
with glioblastoma [74,75]. Interestingly, this differ-
ence compared with IDH-mutant tumors appears to
be mediated by a downregulation of tissue factor
and podoplanin caused by the IDHmutation. More-
over, the risk of VTE is greater in the first 2months
after diagnosis but remains elevated throughout a
patient’s lifetime [76–78]. ASCO guidelines for the
treatment of VTE in patients with cancer recom-
mend the use of low-molecular-weight heparin
(LMWH) as first-line treatment, with direct oral
anticoagulants (DOACS) considered an alternative
[79]. However, the guidelines note a higher risk of
bleeding with DOACS in those with gastrointestinal
and genitourinary cancers. Importantly, the guide-
lines also highlight the low evidence available in
those with CNS malignancies, and clinical decision-
making is complicated in CNS malignancies by the
risk of intracranial hemorrhage.

Due to the scarcity of data fromRCTsofDOACS in
patients with brain tumors, a 2021 joint EANO-Euro-
pean Society of medical Oncology (ESMO) clinical
practice guideline recommended the use of LMWH
(level II evidence) for the treatment of VTE in those
with CNS malignancies [80]. However, several recent
retrospective studies and metanalyses have suggested
similar or decreased rates of intracranial hemorrhage
in those with DOACS compared with LMWH in this
patient population [81–86]. Thus, despite the absence
of clinical trial data, many consider the use of either
agent [75]. In patients who are considered to have a
high risk of intracranial hemorrhage, unfractionated
heparin without a bolus can be utilized initially
because of is short half-life and reversibility and then
transitioned to a longer agent [87

&

].
For patients with VTE, our practice is to obtain a

head computed tomography (CT) prior to starting
Volume 37 � Number 6 � December 2024
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anticoagulation to exclude acute hemorrhage and to
have a baseline for comparison in case of clinical
deterioration. After which we consider the use of
LMWHorDOACS formost patients. However, when
considering the use of a DOAC, it is important to
account for hepatic enzyme CYP inhibitors such as
antiepileptics [88]. Moreover, it is important to con-
sider other factors including concurrent use of bev-
acizumab, which increases the risk of bleeding and
the need for procedures for which practical recom-
mendations for the clinician are available [87

&

,89].
CONCLUSION

Patients with brain tumors will present with a vari-
ety of medical and neurological complications
throughout the disease course, which require multi-
disciplinary collaboration and expertise. Moreover,
as molecular characterization redefines previous
tumor types, there is an increasing number of pos-
sibilities for research and development of novel
interventions for complications of brain tumors.
However, a recent analysis of glioblastoma patients
did not find any genomic predictors of the compli-
cations that have been discussed [90].
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