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Abtract

Background. Levetiracetam (LEV) is one of the most frequently used antiepileptic drugs (AED) for brain tumor
patients with seizures. We hypothesized that toxicity of LEV and temozolomide-based chemoradiotherapy may
overlap.

Methods. Using a pooled cohort of patients with newly diagnosed glioblastoma included in clinical trials prior to
chemoradiotherapy (CENTRIC, CORE, AVAglio) or prior to maintenance therapy (ACT-IV), we tested associations of
hematologic toxicity, nausea or emesis, fatigue, and psychiatric adverse events during concomitant and mainte-
nance treatment with the use of LEV alone or with other AED versus other AED alone or in combination versus no
AED use at the start of chemoradiotherapy and of maintenance treatment.

Results. Of 1681 and 2020 patients who started concomitant chemoradiotherapy and maintenance temozolomide,
respectively, 473 and 714 patients (28.1% and 35.3%) were treated with a LEV-containing regimen, 538 and 475 pa-
tients (32.0% and 23.5%) with other AED, and 670 and 831 patients (39.9% and 41.1%) had no AED. LEV was associated
with higher risk of psychiatric adverse events during concomitant treatment in univariable and multivariable analyses
(RR 1.86 and 1.88, P<.001) while there were no associations with hematologic toxicity, nausea or emesis, or fatigue.
LEV was associated with reduced risk of nausea or emesis during maintenance treatment in multivariable analysis
(HR =0.80, P=.017) while there were no associations with hematologic toxicity, fatigue, or psychiatric adverse events.
Conclusions. LEV is not associated with reduced tolerability of chemoradiotherapy in patients with glioblastoma
regarding hematologic toxicity and fatigue. Antiemetic properties of LEV may be beneficial during maintenance
temozolomide.

Key Points

e Antiemetic properties of levetiracetam may be beneficial in patients treated with
temozolomide.

e Psychiatric adverse events were associated with levetiracetam in concomitant phase.

e No association of psychiatric adverse events with levetiracetam during maintenance.
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Importance of the Study

Levetiracetam is one of the most frequently
used antiepileptic drugs in brain tumor pa-
tients suffering from epilepsy. Whether use
of levetiracetam affects the tolerability of
temozolomide-based chemoradiotherapy in
patients with glioblastoma is unknown. This
study shows that use of levetiracetam does not
decrease the tolerability of chemoradiotherapy
in patients with glioblastoma with re-
gard to hematologic toxicity and fatigue.

Symptomatic epileptic seizures represent a common co-
morbidity of patients with brain tumors.” The need for ef-
fective and well tolerated antiepileptic treatment in these
patients is evident. Levetiracetam (LEV) has emerged as the
most frequently used antiepileptic drug (AED) for patients
with brain tumors due to its efficacy as well as the rapid ti-
tration phase in line with current guidelines."* The mech-
anism of action of LEV is not fully understood. Binding of
LEV to the synaptic vesicular protein SV2A that controls
neurotransmitter release is proposed as the main mech-
anism for its anticonvulsant effect.5>” However, other targets
have also been proposed including the presynaptic P/Q-type
voltage-dependent calcium channel affecting glutamate re-
lease® and the ryanodine and IP, receptor in hippocampal
neurons mediating calcium release from endoplasmic re-
ticulum.®The toxicity profile of LEV is considered as largely
favorable and the property of the drug as a non-enzyme-
inducing antiepileptic drug (AED) is appreciated for its lack
of drug—-drug interactions.>'® However, the SANAD || trial,
a multicenter randomized phase 4 study, comparing LEV
and zonisamide with lamotrigine as first-line treatment
for patients with newly diagnosed focal epilepsy failed to
prove non-inferiority of LEV compared with lamotrigine
with regard to 12-month remission from seizures.” In this
trial, the safety profile was also less favorable for LEV than
for lamotrigine, including higher rates of psychiatric dis-
orders in patients treated with LEV (30%) than in patients
with lamotrigine (13%). In brain tumor patients, especially
in the context of chemoradiotherapy, the tolerability of
LEV may be further reduced. We hypothesized that there is
some overlap of the toxicity profile of temozolomide-based
chemoradiotherapy and LEV in patients with glioblastoma.
Hematological toxicity is common with alkylating agents
such as temozolomide'?'3 and is occasionally described in
patients receiving LEV.""7 Temozolomide has a moderate
emetogenic potential’® while antiemetic properties were
suggested for LEV." Fatigue is a major burden for patients
with brain tumors?° and also represents a common adverse
event of LEV.2" Neuropsychiatric side effects represent one
of the major limitations of the treatment of epilepsy with
LEV and patients with brain tumors may be at increased risk
of psychiatric comorbidity.?2-24

Here we characterized the incidence of hematologic ad-
verse events, nausea or emesis, fatigue, and psychiatric
adverse events in patients with glioblastoma receiving

Psychiatric adverse events were associated
with use of levetiracetam during the concom-
itant but not during the maintenance phase
of chemoradiotherapy. Based on our finding
of a reduced risk of nausea or emesis during
maintenance treatment with temozolomide
associated with use of levetiracetam, poten-
tial antiemetic properties of levetiracetam
may be exploited for patients suffering from
chemotherapy-induced nausea and emesis.

combined chemoradiotherapy treated with LEV with or
without other AED or treated with any other AED alone or
in combination and compared to no AED use, analyzing a
pooled patient cohort of the EORTC Brain tumor Group's
clinical trial database.

Patients and Methods
Patient Cohort

We performed a retrospective analysis of indi-
vidual patient data (n=2476) of four randomized clin-
ical trials in patients with newly diagnosed glioblastoma:
CENTRIC (Clinicaltrials.gov number NCT00689221),2°
CORE (Clinicaltrials.gov number NCT00813943),26 AVAglio
(Clinicaltrials.gov  number NCT00943826)%” and ACT-IV
(Clinicaltrials.gov number NCT01480479)%8 [see Figure 1 for
the Consolidated standards of reporting trials (CONSORT)
diagram]. Approval for trial participation was obtained for
all sites by their institutional review boards, and informed
consent was available for all patients. In CENTRIC, CORE,
and AVAglio, patients were enrolled prior to the start of
standard radiotherapy with concomitant temozolomide,
while ACT-IV enrolled patients after completing standard
radiotherapy with concomitant temozolomide, i.e. prior to
the maintenance phase of treatment. Therefore, for anal-
ysis of adverse events during concomitant treatment,
only data of the trials CENTRIC, CORE, and AVAglio were
included while for the period of maintenance treatment,
data of all trials were included from patients who started
maintenance in the absence of tumor progression. Data
on lymphocyte counts were not available in AVAglio, and
therefore for analysis of lymphopenia, the dataset S (small)
including the trials CENTRIC, CORE, and ACT-IV was used,
i.e. without the patients of AVAglio, while for all other anal-
ysis the dataset L (large) including all four trials was used.

Definition of Terms

Baseline patient characteristics including clinical data,
WHO performance status and the use of corticosteroids
and antidepressants at the start of concomitant and main-
tenance treatment were derived from the period of 14 days
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ACT-IV
Inclusion in the trial prior to

maintenance treatment
n =745

Exclusion of patients

- who did not start of

|___| maintenance treatment, n = 27
- with tumor progression prior
to start of maintenance, n = 12

Start of maintenance treatment
in absence of tumor progression
n =706

|

CENTRIC CORE AVAglio
Inclusion in the trial Inclusion in the trial Inclusion in the trial
n =545 n=265 n=921
Pooled cohort of 3 trials
n=1731
Exclusion of patients who did not
start concomitant treatment, n = 50
Start of concomitant chemoradiotherapy:
Pooled cohort of 3 trials for
concomitant phase analysis
n = 1681 Exclusion of patients
- who did not start of
maintenance treatment, n = 268
- with tumor progression prior to
start of maintenance, n = 99
Start of maintenance treatment in
absence of tumor progression
n=1314
1
Start of maintenance treatment in the absence of progression:
Pooled cohort of 4 trials for maintenance phase analysis
n =2020
Figure 1. Consolidated standards of reporting trials (CONSORT) diagram.

prior to the start of concomitant temozolomide and 28 days
prior to the start of maintenance treatment, respectively.
In AVAglio, WHO performance status was computed from
Karnofsky performance status.?® The type of AED at the
start of concomitant and maintenance temozolomide was
defined as drug used within 14 days prior to the start of
concomitant and maintenance treatment, respectively,
and classified into use of LEV alone or in combination with
other AED, use of any other AED alone or in combination,
or no AED use. Adverse events were collected during con-
comitant treatment defined as the start of concomitant
temozolomide chemoradiotherapy until one day prior to
start of maintenance temozolomide and during mainte-
nance temozolomide defined as the start of maintenance
treatment with temozolomide until day 28 of the sixth
cycle of temozolomide. Common Terminology Criteria for
Adverse Events (CTCAE) were used with the version ap-
plied for the respective clinical trial, i.e. CTCAE version 3.0
for CENTRIC, CORE, and AVAglio and version 4.0 for ACT-IV,
respectively. For hematologic adverse events, re-grading
according to CTCAE version 4.0 was done in a retrospec-
tive manner. For the hematologic adverse events, anemia,
thrombocytopenia, neutropenia, and lymphopenia were
considered separately. Based on an expected high fre-
quency but limited clinical significance of grade 1 and 2
thrombocytopenia, lymphopenia, and neutropenia during
chemoradiotherapy, we focused the analysis of these
items on severe, i. e. grade 3 or 4 toxicity compared with
grade 0, 1, 2 toxicity. Since severe anemia is not expected
in this patient population, we compared the incidence of
any grade of anemia versus no toxicity. With the term psy-
chiatric adverse events, we summarized different items
among others affective disorders, anxiety, depression,
behavioral problems and other related terms as listed in

Supplementary Table S1. The terms fatigue, nausea or em-
esis were used as graded as adverse events in the respec-
tive clinical trials. The presence of any grade of psychiatric
adverse events, fatigue, and a composite item of nausea or
emesis was analyzed versus no toxicity as detailed below.

Statistical Analysis

Categorical variables were described using frequencies and
percentages. For analysis of association of AED use at the
start of concomitant treatment with adverse events during
concomitant phase of chemoradiotherapy, univariable and
multivariable logistic regression analyses were performed.
Given the possibility of repeated adverse events, for as-
sessments during the concomitant treatment, the worst
grade for each adverse event was analyzed throughout
concomitant treatment until the last day prior to the start
of maintenance therapy. For the association of AED use at
the start of maintenance treatment with adverse events
during maintenance treatment, competing risk models
were used, considering treatment discontinuation, disease
progression or death before the adverse events as com-
peting events. In these analyses, time to first grade 3 or 4
adverse event were assessed separately for thrombocyto-
penia, neutropenia, and lymphopenia, and time to first ad-
verse event of any grade separately for anemia, nausea or
emesis, fatigue, and psychiatric adverse events. Stratified
by trial, the Aalen-Johansen estimator3%3' was used to ob-
tain the cumulative incidence function, and the association
of the use of AED with the incidence of adverse events was
estimated by the Fine and Gray model.32 Both for the ana-
lyses for the concomitant phase and for the maintenance
phase, data were adjusted for covariables as indicated. On
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adjusted analyses, in general, data were used for those pa-
tients with all covariables available. However, for patients
who did not have information available on the methylation
status of the O06-methylguanine-DNA-methyltransferase
(MGMT) promotor which was not mandatory in AVAglio
and ACT-IV (Supplementary Tables S2 and S3), we decided
not to exclude them from adjusted analysis. Interaction of
the adjusted variables with AED use was assessed if there
was an indication of a possible interaction. In order to ac-
count for the assessment of AED use with the variables
of interest at two time points, i.e. concomitant phase and
maintenance phase, the overall significance level of 5%
was split into 2 (2.5% for the concomitant phase analysis
and 2.5% for the maintenance phase analysis) and the cor-
responding 97.5% confidence intervals reported for all the
analyses. SAS version 9.4 (SAS Institute Inc., Cary, NC,
USA) was used for all analyses.

Results

Patient Characteristics at Baseline and at the
Start of Maintenance Treatment

Out of 1731 patients that were enrolled in the trials
CENTRIC, CORE, and AVAglio, the baseline characteristics
of the 1681 patients who started with concomitant treat-
ment are shown in Supplementary Table S2. For the main-
tenance phase of treatment, we identified 2020 patients
from all four trials who started maintenance treatment in
the absence of tumor progression (Supplementary Table
S3). At the beginning of concomitant treatment, 473 pa-
tients (28.1%) were treated with a LEV-containing regimen,
538 patients (32.0%) with other AED alone or in combina-
tion, and 670 patients (39.9%) received no AED. At the be-
ginning of maintenance treatment, 714 patients (35.3%)
were on a LEV-containing regimen, 475 patients (23.5%)
were treated with other AED, and 831 (41.1%) patients re-
ceived no AED. Patient characteristics stratified by baseline
AED use for patients who started concomitant and main-
tenance treatment are provided in Tables 1 and 2. Overall,
patient characteristics among groups were similar. During
the baseline period at the start of concomitant and of main-
tenance treatment, a higher proportion of patients (50.3%
and 54.5%) who received a LEV-based regimen used ster-
oids, compared to 37.5% and 48.5% for those who used
other AED, and to 38.1% and 41.2% for those who did not
use any AED. The incidence of worst grade of adverse
events during concomitant and maintenance treatment
stratified by AED use is shown inTable 3.

AED Use is not Associated with Hematologic
Adverse Events

There were no significant associations of a LEV-containing
regimen or use of other AED compared with no AED with
any of the hematologic adverse events of interest, i.e. with
any grade of anemia, severe thrombocytopenia, severe
neutropenia, and severe lymphopenia during concom-
itant or maintenance treatment with temozolomide on
univariable analysis (Supplementary Table S4). Similarly,
no associations of use of LEV or other AED versus no AED

with hematologic adverse events during concomitant and
maintenance treatment were found on multivariable anal-
ysis with adjustments for sex, age, MGMT status, WHO
performance status, and steroid use at baseline and at
the start of maintenance treatment, respectively (data not
shown).

LEV Use is Associated with Reduced Nausea or
Emesis During Maintenance Treatment

We observed no significant association of AED use at the
start of concomitant treatment with any grade of nausea
or emesis during concomitant treatment (LEV-containing
regimen: P=.075, other AED: P=.645) (Table 4). In ad-
justed multivariable analysis, the risk of nausea or emesis
during concomitant treatment was higher among females
(P<.001), whereas patients aged 55 years or older had a
lower risk of nausea or emesis during concomitant treat-
ment (P=.015). At the start of maintenance treatment, on
univariable analysis, there was no significant association of
nausea or emesis during maintenance treatment with LEV
(P=.039) or with other AED (P =.415) compared to no AED.
On adjusted multivariable analysis, risk of nausea or em-
esis during maintenance treatment was lower in patients
with use of LEV (P=.017) and in patients aged 55 years or
older (P<.001). Steroid use was included in adjusted anal-
ysis and did not represent an independent factor associ-
ated with nausea or emesis (P=.563). Furthermroe, there
was no interaction between the use of AED (including LEV)
and steroid use at the start of maintenance treatment with
nausea or emesis during maintenance treatment (P =.494).
We next explored whether reduced risk of nausea or em-
esis associated with use of LEV might result from differ-
ences in temozolomide exposure. However, we did not
observe differences regarding the cumulative dose of
temozolomide per cycle in the three groups defined by
AED use (SupplementaryTable S5).

AED Use is not Associated with Fatigue During
Concomitant and Maintenance Treatment with
Temozolomide

We next assessed whether any grade of fatigue was asso-
ciated with AED use (Supplementary Table S6). At the pre-
defined 2.5% significance level, there was a non-significant
trend for an association of a LEV-containing regimen com-
pared to no AED with higher risk of fatigue during concom-
itant and maintenance treatment in unadjusted (P=.025
and .029) and adjusted analyses (P=.101 and P=.041)
(Supplementary Table S6). The use of other AED was not
associated with fatigue during concomitant and mainte-
nance treatment either (unadjusted: P=.603 and P=.869;
adjusted: P=.369 and P=.662).

Psychiatric Adverse Events are Associated with
Use of LEV During Concomitant Treatment but
not During Maintenance Treatment

The overall incidence of any psychiatric adverse event was
9.3% during concomitant treatment and 10.8% during main-
tenance treatment. There was an association of psychiatric
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Table 1. Baseline characteristics of patients who started concomitant temozolomide treatment stratified by antiepileptic drug use
At the start of concomitant treatment Total
No AED LEV with or Other AED with or kAl
(N=670) without other AED without other AED
(N=473) (N =538)
N (%) N (%) N (%)
Sex
Male 378 (56.4) 282 (59.6) 344 (63.9) 1004 (59.7)
Female 292 (43.6) 191 (40.4) 194 (36.1) 677 (40.3)
Age group
<bbyears 239 (35.7) 202 (42.7) 259 (48.1) 700 (41.6)
> b5 years 431 (64.3) 271 (57.3) 279 (51.9 981 (58.4)
WHO performance status
0 429 (64.0) 284 (60.0) 342 (63.6) 1055 (62.8)
>0 240 (35.8) 189 (40.0) 196 (36.4) 625 (37.2)
Missing 1(0.1) 0(0.0) 0(0.0) 1(0.1)
MGMT promoter status
Unmethylated 267 (39.9) 221 (46.7) 221 (41.1) 709 (42.2)
Methylated 316 (47.2) 193 (40.8) 244 (45.4) 753 (44.8)
Unknown 87 (13.0) 59 (12.5) 73(13.6) 219 (13.0)
Extent of surgery
Partial resection or biopsy 393 (58.7) 273 (57.7) 252 (46.8) 918 (54.6)
Gross total resection 275 (41.0) 200 (42.3) 285 (53.0) 760 (45.2)
Missing 2(0.3) 0(0.0) 1(0.2) 3(0.2)
Steroid use at baseline
No 413 (61.6) 234 (49.5) 335 (62.3) 982 (58.4)
Yes 255 (38.1) 238 (50.3) 202 (37.5) 695 (41.3)
Missing 2(0.3) 1(0.2) 1(0.2) 4(0.2)
Antidepressant use at baseline
No 613 (91.5) 412 (87.1) 510 (94.8) 1535 (91.3)
Yes 57 (8.5) 61(12.9) 28 (5.2) 146 (8.7)

VAED antiepileptic drug.
2| EV levetiracetam.

adverse events during concomitant treatment with use of
LEV-containing regimen (P<.001) but not with other AED
(P=.744) compared to no AED (Table 5). A higher risk for
psychiatric adverse events during concomitant treatment as-
sociated with LEV use was confirmed on adjusted analysis
(P<.001) with WHO performance status >0 as a covariable
associated with increased risk of psychiatric adverse events
(P=.004). However, LEV use at the start of maintenance was
not associated with psychiatric adverse events during mainte-
nance treatment on unadjusted and adjusted analysis. There
was a higher risk for psychiatric adverse events for patients
with WHO performance status >0 (P=.009) and for patients
that used steroids (P=.004), each at the beginning of main-
tenance treatment. We next explored whether any changes in
AED use on the individual patient level or resolvement of ad-
verse events were related to the observation that use of LEV
was associated with psychiatric adverse events during con-
comitant, but not during maintenance treatment. To assess
this, we performed subgroup analyses in the patient cohort

of CENTRIC, CORE, and AVAglio during maintenance treat-
ment since no data for concomitant treatment were available
for ACT-IV. First, we confirmed that LEV was not associated
with psychiatric adverse during maintenance treatment in
this subcohort, too, both in unadjusted and adjusted ana-
lyses (P=.427 and P=.656).To assess the association of psy-
chiatric adverse events on the individual patient level during
concomitant and maintenance treatment, data from 1314 pa-
tients included in the maintenance phase of CENTRIC, CORE
and AVAglio were available. Among them, 110 patients (8.4%)
had grade 1 or 2 psychiatric adverse events during concom-
itant treatment, while 7 patients (0.5%) had grade 3 or 4 se-
vere psychiatric adverse events. Of the 117 patients who had
any psychiatric adverse event during concomitant treatment,
the adverse event resolved during maintenance treatment
in 99 patients (84.6%), one patient (0.1%) had an increase to
severe adverse event, and in 17 patients (14.5%) the worst
grade psychiatric adverse event remained unchanged. We
next asked whether the dose of LEV was reduced or LEV was
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Table 2. Characteristics of patients who started maintenance treatment in the absence of tumor progression stratified by antiepileptic drug use at
the start of maintenance treatment

At the start of maintenance treatment

\[¢} LEV with or without Other AED with or
AED other AED (N =714) without other AED
(N=831) (N =475)
N (%) N (%) N (%)
Sex
Male 521 (62.7) 449 (62.9) 300 (63.2) 1270 (62.9)
Female 310 (37.3) 265 (37.1) 175 (36.8) 750 (37.1)
Age group
<55 years 300 (36.1) 288 (40.3) 241 (50.7) 829 (41.0)
> 55 years 531 (63.9) 426 (59.7) 234 (49.3) 1191 (59.0)
WHO performance status
0 486 (58.5) 355 (49.7) 264 (55.6) 1105 (54.7)
>0 332 (40.0) 338 (47.3) 202 (42.5) 872 (43.2)
Missing 13(1.6) 21(2.9) 9(1.9) 43(2.1)
MGMT promoter status
Unmethylated 392 (47.2) 380 (53.2) 200 (42.1) 972 (48.1)
Methylated 358 (43.1) 256 (35.9) 211 (44.4) 825 (40.8)
Unknown 81(9.7) 78(10.9) 64 (13.5) 223 (11.0)
Extent of surgery
Partial resection or biopsy 409 (49.2) 341 (47.8) 206 (43.4) 956 (47.3)
Gross total resection 420 (50.5) 373 (52.2) 268 (56.4) 1061 (52.5)
Missing 2(0.2) 0(0.0) 1(0.2) 3(0.1)
Steroid use at the start of
maintenance treatment
No 489 (58.8) 325 (45.5) 243 (51.2) 1057 (52.3)
Yes 342 (41.2) 389 (54.5) 232 (48.8) 963 (47.7)
Antidepressant use at the start of
maintenance treatment
No 772 (92.9) 617 (86.4) 434 (91.4) 1823 (90.2)
Yes 59 (7.1) 97 (13.6) 41 (8.6) 197 (9.8)

TAED antiepileptic drug.
2L EV levetiracetam.

stopped in patients with adverse events during the concom-
itant treatment. Since the dose of AED was not recorded in

patient cohort from four prospective clinical trials in newly
diagnosed glioblastoma. Use of a LEV-containing reg-

AVAglio, only data from CENTRIC and CORE were assessed.
Of 44 patients with psychiatric adverse events during con-
comitant treatment, LEV was continued at the start of main-
tenance in 25 patients (56.8%), among them without dose
reduction in 23 (92.0%) patients, and 2 (8.0%) patients with
dose increase. LEV was stopped and no other AED was used
at the start of maintenance treatment in 16 patients (36.4%),
and in 3 patients (6.8%) LEV was replaced by another AED.

Discussion

We studied the toxicity profile of a LEV-based regimen
or other AED compared with no AED in the context of
temozolomide-based chemoradiotherapy in a pooled

imen at the start of concomitant treatment was associated
with a higher risk of psychiatric adverse events during
concomitant treatment on univariable and multivariable
analyses [Relative risk (RR) 1.68 and 1.88, P<.001], while
there was no association of AED use with hematologic
toxicity, nausea or emesis, or fatigue (Tables 4, 5 and
SupplementaryTables S4, S6). Use of a LEV-containing reg-
imen at the beginning of maintenance temozolomide was
associated with reduced risk of nausea/vomiting during
maintenance treatment on multivariable analysis [Hazard
ratio (HR) 0.8, P=.017] while there were no associations of
LEV use with risk of hematologic toxicity, fatigue, or psy-
chiatric adverse events (Tables 4, 5 and Supplementary
Tables S4, S6).

Although severe hematologic toxicity associated with
LEV, mainly thrombocytopenia, has been reported in
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Table 3. Incidence of adverse events (worst grade) during concomitant and maintenance treatment by use of antiepileptic drugs

Use of AED at the start of concomitant treatment (dataset Use of AED at the start of maintenance treatment (dataset

L, trials CENTRIC, CORE, AVAglio) L, trials CENTRIC, CORE, AVAglio, ACT-IV)
(N=670) or without with or without dataset L (N=2831) or without with or dataset L
other AED other AED (N=1681) other AED without other (N =2020)
(N=473) (N =538) (WENAL)] AED (N = 475)
N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)
Anemia
Grade 0 388 (57.9) 275 (58.1) 300 (55.8) 963 (57.3) 478 (57.5) 389 (54.5) 281 (59.2) 1148 (56.8)
Grade 172 271 (40.4) 192 (40.6) 230 (42.8) 693 (41.2) 327 (39.4) 300 (42.0) 184 (38.7) 811 (40.1)
Grade 3/4 5(0.7) 1(0.2) 4(0.7) 10 (0.6) 2(0.2) 1(0.1) 3(0.6) 6(0.3)
Missing 6(0.9) 5(1.1) 4(0.7) 15 (0.9) 24(2.9) 24 (3.4) 7 (1.5) 55 (2.7)
Thrombocytopenia
Grade 0 443 (66.1) 331(70.0) 364 (67.7) 1138 (67.7) 390 (46.9) 343 (48.0) 220 (46.3) 953 (47.2)
Grade 1/2 181 (27.0) 114 (24.1) 145 (27.0) 440 (26.2) 363 (43.7) 298 (41.7) 222 (46.7) 883 (43.7)
Grade 3/4 40 (6.0) 23 (4.9) 25 (4.6) 88(5.2) 54 (6.5) 49 (6.9) 26 (5.5) 129 (6.4)
Missing 6(0.9) 5(1.1) 4(0.7) 15(0.9) 24(2.9) 24 (3.4) 7 (1.5) 55 (2.7)
Neutropenia
Grade 0 549 (81.9) 381 (80.5) 400 (74.3) 1330(79.1) 587 (70.6) 495 (69.3) 291 (61.3) 1373 (68.0)
Grade 1/2 82 (12.2) 67 (14.2) 112 (20.8) 261 (15.5) 185 (22.3) 155 (21.7) 152 (32.0) 492 (24.4)
Grade 3/4 31(4.6) 20 (4.2) 20(3.7) 71(4.2) 33(4.0) 39 (5.5) 23(4.8) 95 (4.7)
Missing 8(1.2) 5(1.1) 6(1.1) 19 (1.1) 26 (3.1) 25 (3.5) 9(1.9) 60 (3.0)
Psychiatric adverse events
Grade 0 619 (92.4) 406 (85.8) 500 (92.9) 1525 (90.7) 747 (89.9) 621 (87.0) 434 (91.4) 1802 (89.2)
Grade 1/2 43 (6.4) 61(12.9) 37 (6.9) 141 (8.4) 77 (9.3) 87 (12.2) 38(8.0) 202 (10.0)
Grade 3/4 8(1.2) 6(1.3) 1(0.2) 15 (0.9) 7 (0.8) 6(0.8) 3(0.6) 16 (0.8)
Fatigue
Grade 0 507 (75.7) 330 (69.8) 400 (74.3) 1237 (73.6) 680 (81.8) 540 (75.6) 397 (83.6) 1617 (80.0)
Grade 1/2 148 (22.1) 124 (26.2) 124 (23.0) 396 (23.6) 137 (16.5) 156 (21.8) 70(14.7) 363 (18.0)
Grade 3/4 15 (2.2) 19 (4.0) 14 (2.6) 48 (2.9) 14 (1.7) 18 (2.5) 8(1.7) 40 (2.0)
Nausea or emesis
Grade 0 443 (66.1) 337(71.2) 349 (64.9) 1129 (67.2) 546 (65.7) 504 (70.6) 323 (68.0) 1373 (68.0)
Grade 1/2  219(32.7) 131 (27.7) 181 (33.6) 531 (31.6) 276 (33.2) 203 (28.4) 144 (30.3) 623 (30.8)
Grade 3/4 8(1.2) 5(1.1) 8(1.5) 21(1.2) 9(1.1) 7 (1.0) 8(1.7) 24 (1.2)
Use of AED at the start of concomitant treatment (dataset ~ AED use at the start of maintenance treatment (dataset
S, trials CENTRIC, CORE) S,trials CENTRIC, CORE, ACT-IV)
No AED LEV with Other AED Total No AED LEV with Other AED with Total
(N=297) or without with or without dataset S or without  or without other  dataset S
other AED other AED other AED AED (N = 245) (N=1293)
o (N=283)  (N=241)
N (%) N (%) N (%) N (%)
Lymphopenia
Grade 0 46 (15.5) 42 (18.0) 44 (18.3) 132 (17.1) 86 (16.1) 93(18.1) 43 (17.6) 222 (17.2)
Grade 1/2 167 (56.2) 128 (54.9) 143 (59.3) 438 (56.8) 296 (55.3) 270 (52.6) 144 (58.8) 710 (54.9)
Grade 3/4 78 (26.3) 62 (26.6) 50 (20.7) 190 (24.6) 131 (24.5) 128(25.0) 52 (21.2) 311 (24.1)
Missing 6(2.0) 1(0.4) 4(1.7) 11 (1.4) 22 (4.1) 22 (4.3) 6(2.4) 50 (3.9)

VAED antiepileptic drug.
2LEV levetiracetam.

several case reports,'* 173 the combination of LEV with Our data support antiemetic properties of LEV suggested
temozolomide-based chemoradiotherapy does not seem by a case report3 and a retrospective study reporting less
to augment the incidence of hematologic adverse events  chemotherapy-induced nausea and vomiting associated
(SupplementaryTable S4). with use of LEV in patients with glioblastoma.' Limited
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Table 4. Continued

Hazard ratio P-value

(97.5% Cl)

No nausea/
emesis N

-
S
o
»
=}
©
=
>
c

<

Relative risk
(97.5% CI)

No nausea/

Any nausea/
emesisN (%)

emesis N

emesis N (%)

Steroid use at the start of maintenance treatment

Steroid use at baseline

1

706 (68.2)
640 (67.9)

329 (31.8)

1035 (52.4)
942 (47.6)

No
Yes

1

647 (65.9)

335 (34.1)

982 (58.6)
694 (41.4)

Antidepressants use at baseline

No

.563

1.05 (0.87-1.26)

302 (32.1)

Antidepressant use at the start of maintenance treatment

571

0.96 (0.82-1.13)

480 (69.2)

214 (30.8)

Yes

1

559 (31.3) 1228 (68.7)

1787 (90.4)
190 (9.6)

No
Yes

1

503 (32.9) 1027 (67.1)

1530 (91.3)
146 (8.7)

No

118 (62.1) 1.28 (0.97-1.69) 046

72 (37.9)

.953

1.01 (0.76-1.33)

100 (68.5)

46 (31.5)

Yes

VAED antiepileptic drug.
2| EV levetiracetam.

Seystahl et al. Levetiracetam and chemoradiotherapy

by the study design, we cannot exclude that imbalances
between groups such as steroid use with the potential to
exert antiemetic effects (Table 2) may have contributed
to the reduced risk of nausea/vomiting during associated
with LEV during maintenance treatment. However, this
was observed in multivariable analysis adjusted for risk
factors relevant in the context of nausea and emesis in-
cluding age, sex and use of steroids (Table 4). Furthermore,
there was no statistical significant interaction between use
of AED and use of steroids. However, since the study de-
sign did not allow to control for variations of steroid use
during the maintenance phase, use of steroids may still
represent a confounder regarding the incidence of nausea
and emesis. A retrospective series of patients with cycling
vomiting syndrome also indicated antiemetic properties
of LEV.%® In a placebo-controlled randomized trial in pa-
tients with generalized epilepsy, using LEV as adjunctive
antiepileptic drug, nausea was rarely reported, but inter-
estingly less frequently in patients treated with LEV, i.e.
in 3 of 79 patients (3.8%) versus 7 of 84 patients (8.3%)
treated with placebo.® Given the moderate emetogenic
potential of temozolomide,’® chemotherapy-induced
nausea and vomiting usually is manageable by serotonin
receptor (5-HT-3) antagonists and/or dopamine antag-
onists. However, in some patients, additional options of
antiemetic treatment are necessary. In this context, antie-
metic properties of LEV may be beneficial and impact the
choice of AED in selected patients. The mechanism of ac-
tion by which LEV may exert antiemetic effects is unknown.
Beyond the antiepileptic properties of LEV mediated by
the SV2A protein,®>’ effects on glutamate release upon
by targeting presynaptic P/Q-type voltage-dependent cal-
cium channels were suggested as mechanism of action.®
Glutamate receptor signaling in the central nucleus of the
amygdala was shown to be involved in cisplatin-induced
malaise of rodents.3” We hypothesize that antiemetic prop-
erties of LEV in the context of chemotherapy may be inter-
preted by anti-glutamatergic effects.

We further explored whether fatigue was associated
with use of LEV in the context of chemoradiotherapy
(Supplementary Table S6) and observed only a non-
significant trend towards higher risk of fatigue associated
with LEV during concomitant and maintenance treatment
in unadjusted and adjusted analyses. Fatigue represents a
common side effect of several AED and is a common co-
morbidity in brain tumor patients especially in the con-
text of radiotherapy. In a meta-analysis of 26 randomized
placebo-controlled trials in patients receiving LEV for var-
ious indications, somnolence and a composite item of
asthenia and fatigue were significantly associated with
LEV. Similarly, the SANAD II trial, comparing LEV and
zonisamide with lamotrigine as first-line treatment for pa-
tients with newly diagnosed focal epilepsy, reported fa-
tigue as part of a composite item of general disorders to
be more common in patients receiving LEV or zonisamide
versus in patients receiving lamotrigine.” Extrapolation of
these results to patients with brain tumor-associated epi-
lepsy is limited given that the paucity of data derived from
comparative studies on AED in brain tumor patients.*% In a
historical study switching patients with gliomas from phen-
ytoin to LEV for control of postoperative seizures, the per-
centages of patients with somnolence were comparable.3®
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Continued

Table 5.

Hazard ratio
(97.5% ClI)

No psychi-

atric ad-

Any psy-

<
]
2 _
q>.>U
5 R
&Bio
o N
2

No psychi-

Any psy-

chiatric

atric adverse

chiatric

verse events

Steroid use at the start of maintenance treatment

Steroid use at baseline

1

945 (91.3)

90 (8.7)
123 (13.1)

1035 (52.4)

No
Yes

1

891 (90.7)
629 (90.6)

91(9.3)

65 (9.4)

982 (58.6)

No

.004

1.51 (1.10-2.07)

819 (86.9)

942 (47.6)
Antidepressant use at the start of maintenance treatment

739

0.95 (0.69-1.31)

694 (41.4)

Antidepressants use at baseline

Yes

1

1598 (89.4)

189 (10.6)

1787 (90.4)

No

1

138 (9.0) 1392 (91.0)

1530 (91.3)

No

914

24 (12.6) 166 (87.4) 1.02 (0.63-1.66)

190 (9.6)

Yes

797

1.06 (0.64-1.74)

128 (87.7)

18 (12.3)

146 (8.7)

Yes

VAED antiepileptic drug.
2| EV levetiracetam.

Seystahl et al. Levetiracetam and chemoradiotherapy

A randomized trial reported somnolence as measured by
an increase of > 5 points in the Epworth sleepiness scale in
11 of 25 patients (44%) versus 6 of 27 patients (22%) with
brain tumors receiving either LEV or pregabalin for epi-
lepsy after switch from phenytoin.*® Despite limited data
regarding the choice of the optimal agent, consideration of
concomitant medications including AED as potential treat-
able contributing factor for fatigue is recommended.*#'

Neuropsychiatric side effects represent one of the major
concerns in the treatment of epilepsy with LEV."42 In our
cohort, we observed an association of the use of a LEV-
containing regimen with psychiatric adverse events during
concomitant but not during maintenance treatment, while
the overall incidence of psychiatric adverse events with
9.3% and 10.8% during concomitant and maintenance treat-
ment was comparable (Table 5). Risk-adjusted analysis sug-
gests steroid use as a cofactor associated with psychiatric
adverse events during maintenance but not concomitant
treatment. Psychiatric disorders represent common side ef-
fects of steroids in brain tumor patients.**' Importantly, we
acknowledge that interpretation of data is limited because
variations of use of steroids and use of antidepressants
during the period of concomitant and during maintenance
therapy may not be excluded as potential confounders re-
garding the incidence of psychiatric adverse events. At the
start of maintenance, LEV had been discontinued in 16
patients (36.4%), and it was replaced by another AED in 3
patients (6.8%). Yet, it remains undetermined whether psy-
chiatric morbidity was the cause for discontinuation of LEV
since for most patients AED were stopped altogether and
LEV was replaced by other AED only for 6.8% of patients.
It may not be excluded that patients prone to psychiatric
side effects of LEV have been taken off the drug during the
concomitant phase which may explain that LEV was not
associated with psychiatric adverse events during mainte-
nance. Data of prospective comparative studies of AED in
patients with brain tumors are limited. In a small prospec-
tive trial randomizing patients with brain tumor-related epi-
lepsy treated with phenytoin to LEV or pregabalin, adverse
events included anxiety and irritability similarly distributed
in both groups while depression seemed more prevalent
in patients receiving LEV.*° Limited by small patient num-
bers and lack of statistical comparison, conclusions remain
elusive. In cohorts of patients with epilepsy of various or-
igin, replacement of LEV by brivaracetam may be benefi-
cial given an improvement of psychiatric adverse events
in a range of 33-83% of patients based 4 retrospective and
1 observational studies, however, spontaneous improve-
ment or placebo effects may not be ruled out by this de-
sign.*3#8 Lamotrigine may be another alternative to LEV
since psychiatric disorders were less frequently reported in
a prospective cohort of patients with newly diagnosed focal
epilepsy," however, whether this finding may be extrapo-
lated to brain tumor patients is debatable.

We acknowledge that our study has several limitations.
Although all trials were prospective randomized studies,
the main limitation of this study is the post hoc analysis of
the association of AED use with adverse events, which was
not a predefined endpoint of the respective trials. Based on
the study design, limitations of our analysis include that in-
formation on indications of AED use, on seizure incidence
and seizure control were not available as well as a possible
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overlap of adverse events induced by epileptic seizures
and side effects of the AED. Further limitations include
that use of AED varied during the study and the group of
other AED including different type of drugs is heteroge-
neous. Another limitation is that isocitrate dehydrogenase
(IDH)-1/2 mutation status was not reported in the respec-
tive trials and therefore, we cannot exclude that some of
the tumors reported as glioblastoma may be astrocytoma,
IDH mutant, WHO grade 4 as defined by the current WHO
classification 2021.4° In addition, for some readouts patient
numbers with adverse events were small.

Here we explored the clinically highly relevant ques-
tion whether use of LEV affects the tolerability of
temozolomide-based chemoradiotherapy in patients with
glioblastoma. Our data suggest antiemetic properties of
LEV, which may be exploited in patients suffering from
chemotherapy-induced nausea and emesis. In summary,
LEV does not decrease tolerability of temozolomide-based
chemoradiotherapy in patients with glioblastoma except
for a higher risk of psychiatric adverse events in the early
phase, i.e. during concomitant, treatment. In conclusion,
the choice of AED for patients with glioblastoma and seiz-
ures should consider comorbidities and clinical context.
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