Neuro-Oncology 15(12):1739-1749, 2013.
doi:10.1093 /neuonc/not109
Advance Access publication July 28, 2013

Seizure control following radiotherapy
in patients with diffuse gliomas: a

retrospective study

Roberta Ruda, Umberto Magliola, Luca Bertero, Elisa Trevisan, Chiara Bosa,
Cristina Mantovani, Umberto Ricardi, Anna Castiglione, Chiara Monagheddu,

and Riccardo Soffietti

Department of Neuro-Oncology, University of Turin, Turin, Italy (R.R., U.M., L.B., E.T., C.B., R.S.); Department of
Radiotherapy, University of Turin, Turin, Italy (C.M., U.R.); Department of Clinical Epidemiology, AO Citta della

Salute e della Scienza di Torino, Turin, Italy (A.C., C.M.)

Background. Little information is available regarding
the effect of conventional radiotherapy on glioma-
related seizures.

Methods. In this retrospective study, we analyzed the
seizure response and outcome following conventional ra-
diotherapy in a cohort of 43 patients with glioma (33
grade I, 10 grade IIT) and medically intractable epilepsy.
Results. At 3 months after radiotherapy, seizure reduc-
tion was significant (>50% reduction of frequency com-
pared with baseline) in 31/43 patients (72 %) of the whole
series and in 25/33 patients (76 %) with grade Il gliomas,
whereas at 12 months seizure reduction was significant in
26/34 (76%) and in 19/25 (76 %) patients, respectively.
Seizure reduction was observed more often among pa-
tients displaying an objective tumor response on MRI,
but patients with no change on MRI also had a significant
seizure reduction. Seizure freedom (Engel class I) was
achieved at 12 months in 32% of all patients and in
38% of patients with grade II tumors. Timing of radio-
therapy and duration of seizures prior to radiotherapy
were significantly associated with seizure reduction.
Conclusions. This study showed that a high proportion
of patients with medically intractable epilepsy from
diffuse gliomas derive a significant and durable benefit
from radiotherapy in terms of epilepsy control and that
this positive effect is not strictly associated with tumor
shrinkage as shown on MRI. Radiotherapy at tumor pro-
gression seems as effective as early radiotherapy after
surgery. Prospective studies must confirm and better char-
acterize the response to radiotherapy.
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of slowly growing diffuse gliomas, especially
low-grade gliomas.'™® Gross total resection is
strongly associated with tumor-related seizure control.*~”
However, despite the favorable effect of surgery and the
best treatment with antiepileptic drugs (AEDs),*’ a
number of patients still have seizures over the course of
the disease. The persistence of seizures and the use of
AEDs may negatively influence quality of life and cognitive
functions.'®'! Radiation delivered via different modalities,
such asinterstitial brachytherapy,'*'* Gamma Knife radio-
surgery,'* or conventional external radiotherapy,'*'® can
improve seizure control in both low- and high-grade
gliomas. In this regard, the efficacy of conventional radio-
therapy has been supported by the results of the European
Organisation for Research and Treatment of Cancer
phase III trial 22845 in low-grade gliomas, showing that
at 1 year after surgery 25% of patients who received adju-
vant radiotherapy had seizures compared with 41% of
those who had observation alone.!” Moreover, a recent ret-
rospective study found radiotherapy to be a positive prog-
nostic factor in terms of seizure control.
Ouraim in this current retrospective study, performed on
a cohort of patients with diffuse gliomas of the adult treated
at a single institution, was 2-fold: to describe seizure reduc-
tion and outcome after conventional radiotherapy and to
explore the factors associated with seizure control.

f ; eizures are the most common presenting symptom

Materials and Methods

Patient Selection and Data Collection

Patient information was collected from the database
of the Department of Neuro-Oncology, University
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Hospital of Torino, Italy, for patients treated between
1989 and 2009. The patients who met the following crite-
ria were included in the study: (i) histologically verified
hemispheric World Health Organization (WHO) grade
II astrocytoma, oligodendroglioma, or oligoastrocytoma
or histologically verified hemispheric WHO grade III as-
trocytoma, oligodendroglioma, or oligoastrocytoma
with a preexisting history of low-grade glioma (duration
of seizures before surgery >1 year and nonenhancing
lesion on MRI); (ii) medically intractable epilepsy
(seizure frequency >1 per month despite adequate
serum concentrations of AEDs) and absence of any neuro-
logical deficit; (iii) focal radiotherapy in a conventional
fractionation (1.8-2 Gy per fraction, 5 d/wk), delivered
either early (within 8 wk of surgery) or late at tumor pro-
gression; (iv) no use of chemotherapy during radiotherapy
and up to 12 months after the end of radiotherapy; (v)
availability of MRI scans before and after radiotherapy
with measurable disease and absent or mild contrast en-
hancement; (vi) Karnofsky performance status score
>70; (vii) age >18 years.

We excluded from the study those patients who dis-
played a reduction of seizures during and up to 12
months after the end of radiotherapy and had a concur-
rent change of regimen or increase in AED dosage
because the reduction of seizures could not be attributed
solely to radiotherapy. Conversely, we did not exclude pa-
tients whose seizure status worsened and who needed a
change of medication during and after radiotherapy; in
the analysis, these patients were not considered to have a
reduction of seizures following radiotherapy.

Data pertaining to patient demographics, seizure char-
acteristics, therapeutic management, and outcome were
retrieved from the database as well as from outpatient
clinical notes of follow-up visits or telephone calls. The
local institutional review board approved this retrospec-
tive study.

Assessment of Seizure Reduction and Response on MRI

The seizure frequency was reported by the patients based
on a seizure diary, without confirmatory electrophysio-
logical testing.

We analyzed the seizure frequency before radiothera-
py (baseline evaluation) and at 3, 6, and 12 months after
radiotherapy. Seizure reduction was considered signifi-
cant when a >50% reduction in seizure frequency com-
pared with baseline was observed, with concomitant
AEDs being unchanged. Any change (decrease or in-
crease) of seizure frequency <50% was considered as
no change, while an increase in seizure frequency
>50% was considered as a significant increase.

Response of tumor on MRI was evaluated at 3, 6, and
12 months after radiotherapy according to Macdonald
criteria adapted to low-grade gliomas.'?*°

These criteria are based on changes in tumor size
defined as the product of the two largest perpendicular di-
ameters of the T2 or fluid attenuated inversion recovery
(FLAIR) hypersignal lesion in nonenhancing tumors.
In tumors displaying contrast enhancement, response
criteria took into consideration the size of the T1
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postcontrast enhancement as well. In brief, a complete re-
sponse (CR) was defined as complete disappearance of all
T2/FLAIR hypersignal and T1 postcontrast enhancing
lesions. A partial response (PR) was defined as >50% re-
duction in size in both nonenhancing and enhancing
(when present) lesions from baseline. Minor response
(MR) was defined as a 25% to 50% reduction in the
size of nonenhancing tumors; in patients with enhancing
tumors, disappearance of all contrast enhancement and
stable T2 /FLAIR hypersignal lesion size were also consid-
ered to be MR. Stability or a reduction in the corticoste-
roid dose and stable neurological status were required to
qualify for CR, PR, and MR. Progressive disease (PD)
was defined as a >25% increase in the size of the T2/
FLAIR hypersignal or contrast enhancement, any new
tumor on MRI scans, or tumor-related neurological dete-
rioration in patients on stable or increased doses of corti-
costeroids. Stable disease was defined as any other clinical
status not meeting the criteria for CR, PR, MR, or PD.
The radiographic responses were reviewed independently
by 2 investigators who were kept unaware of seizure re-
sponse. Because many patients had MRI examinations
with different MRI machines during the long time interval
covered by the study and because the distinction between
MR and PR was often difficult, we grouped together MRs
and PRs into the category of objective responses.

Assessment of Seizure Outcome

Seizure outcome at 3, 6, and 12 months after radiotherapy
was evaluated using the Engel classification of seizures”':
class I, seizure free; class II, rare seizures; class ITI, mean-
ingful seizure improvement; class IV, no seizure improve-
ment or worsening.

Statistical Analysis

Baseline demographics and clinical characteristics of the
cohort were described using either mean and standard
deviation (SD) or median and interquartile range (IQR)
for the continuous variables and using percentage fre-
quencies for the categorical variables.

We selected a priori the following factors as potentially
associated with seizure control: age, sex, tumor type (as-
trocytoma vs oligodendroglioma or oligoastrocytoma),
tumor grade (WHO grade III vs II), tumor location (tem-
poral vs extratemporal), tumor enhancement on MRI
(present vs absent), extent of surgery (partial or subtotal
resection vs biopsy), timing of radiotherapy (early or
late), seizure type (simple partial vs complex partial vs
other), seizure frequency (>1 per wk vs <1 per wk), dura-
tion of seizures before radiotherapy, AEDs (polytherapy
vs monotherapy), and steroid use (yes vs no). Age and
duration of seizures were considered both as continuous
and as categorical variables.

To obtain estimates not influenced by extreme values,
the duration of seizures was logarithmically transformed.

For outcome analyses, Engel classification was dichot-
omized as class I (seizure freedom) versus classes [I-1V.

To identify those variables that might be associated
with seizure control in terms of both reduction of seizures



and seizure freedom, we estimated crude and adjusted
odds ratios (ORs) and 95% confidence intervals (Cls)
using univariate and multivariate logistic regression
models. In the multivariate model, we included the vari-
ables that showed stronger association in univariate anal-
ysis along with the few known prognostic factors, to take
into account the most important confounders.

Because timing to radiotherapy and duration of seizures
were strongly associated, we used 2 different models.

Owing to the reduction in the sample size after 3
months, we performed only univariate analyses to
explore factors associated with seizure control at 6 and
12 months.

All analyses were also repeated, as sensitivity analyses,
for patients with a histologic diagnosis of grade Il glioma
only.

To evaluate the association between radiological and
seizure response, we used the chi-square test.

All analyses were performed using Stata 11.2.

Results

Population Characteristics

We found 43 patients with histologic diagnoses of grade I
(n=33) or Il (n = 10) glioma and medically intractable
epilepsy who received focal radiotherapy and who were
eligible for the study. Patient characteristics are reported
in Table 1; their distribution among the whole population
did not significantly differ in comparison with grade II
tumors alone. Nine of these patients had incomplete
dataat6and 12 months and were excluded from the anal-
ysis for these time points.

Forty-one patients received a total radiation dose of 50—
60 Gy, whereas 2 patients received totals of 39.6 and
46.8 Gy because of side effects (headache, nausea, vomit-
ing) during treatment. Nineteen patients (14 with grade II
gliomas, 5 with grade IIl gliomas) received early radiother-
apy after surgery, and 24 patients (19 with grade Il gliomas,
5 with grade IIl tumors) received late radiotherapy at tumor
progression after either observation (grade II tumors) or
upfront chemotherapy (grade III tumors).

During the long period covered by this retrospective
study (20 y), the opinions of the different physicians re-
garding the optimal timing of radiotherapy in low-grade
gliomas, in relation to the patients’ characteristics, were
not uniform; therefore the choice between early and late
radiotherapy was individually based and quite variable.
In general, intractable epilepsy in this series was not the
sole reason to start radiotherapy.

Twenty-five patients had simple partial seizures
(23 motor and 2 sensory), 10 complex partial seizures,
4 secondary generalized seizures, and 4 generalized
tonic-clonic seizures. Seizure frequency varied greatly:
11 patients had >1 seizure per day, 14 patients had >1
seizure per week, and 18 patients had >1 seizure per
month. The median duration of seizures before radio-
therapy was 12 months (range 3 mo to 12 y). All patients
had an increase in seizure frequency over time prior to
radiotherapy.
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Regarding AED use, 20 patients received monother-
apy with oxcarbazepine (7 patients), carbamazepine (6
patients), phenobarbital (5 patients), lamotrigine (1
patient), and levetiracetam (1 patient). Twenty-three

Table 1. Baseline characteristics of the study population

Frequency %

Age, y (at radiotherapy)

20-29 8 18.6

30-39 12 27.9

40-49 14 32.6

>50 9 20.9

Agey (mean, standard deviation) 40.6 11.5
Sex

Male 28 65.1

Female 15 34.9
Tumor type

Astrocytoma 28 65.1

Oligodendroglioma 10 23.3

Oligoastrocytoma 5 11.6
Tumor grade, WHO

1l 33 76.7

1 10 233
Tumor location

Temporal lobe 21 48.8

Other 22 51.2
Tumor enhancement

Absent 22 51.2

Present 21 48.8
Extent of surgery

Biopsy 14 32.6

Partial /subtotal resection 29 67.4
Timing of radiotherapy

Early 19 44.2

Late 24 55.8
Seizure type

Partial simple 25 58.1

Partial complex 10 233

Secondary generalized 4 9.3

Generalized 4 9.3
Seizure frequency

Daily 11 25.6

Weekly 14 32.6

Monthly 18 41.9
Duration of seizures

<1y 22 51.2

>1y 21 48.8

Duration of seizures (median/IQR) 12 2-5
AED

Monotherapy 20 46.5

Polytherapy 23 53.5
Steroid

No 32 74.4

Yes 11 25.6

Total 43 100
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patients received a combination of AEDs: 16 patients re-
ceived 2 AEDs, 6 patients received 3 AEDs, and 1
patient received 4 AEDs.

Eleven of the 43 patients were receiving steroids at the
start of radiotherapy. Twenty-four patients received che-
motherapy (procarbazine/lomustine/vincristine [PCV]
or temozolomide) at some point in their disease course,
but never concurrently or after radiotherapy for the time
period covered by the study (12 mo). The median duration
of follow-up was 12 months (range, 3—120 mo).

Seizure Reduction After Radiotherapy

When considering the whole population, at 3 months
after radiotherapy, seizure frequency was significantly
reduced in 31/43 patients (72.1%; 95% CI: 56.3—
84.7%). The reduction of seizures began during radiation
therapy (more commonly 2-3 wk after start) in 23/43
(53.5%) patients. Because between 6 and 12 months no
patients were lost or changed seizure status, we reported
the evaluation at 12 months only. At 12 months after ra-
diotherapy, seizure frequency was significantly reduced in
26/34 patients (76.5%; 95% CI: 58.8-89.3%).

All patients who had a reduction of seizure frequency
at 3 months maintained the reduction at 6 and 12 months.

The results did not change when we considered the 33 pa-
tients with grade II gliomas: at 3 months after radiotherapy,
seizure frequency was significantly reduced in 25 /33 patients
(75.8%; 95% CI: 57.7-88.9%), whereas at 12 months
after radiotherapy, seizure frequency was significantly
reduced in 19/25 patients (76 %; 95% CI: 54.9-90.6%).

Among patients with grade III tumors, 6/10 (60%;
95% CI: 26.2-87.8%) and 6/9 (66.7%; 95% CI:
40.0-97.2%) patients had a significant reduction of sei-
zures at 3 and 12 months, respectively.

Relationships Between Response on MRI and Seizure
Reduction

We did not observe any CR. At 3, 6, and 12 months,
numbers of patients showing objective responses on

At 3 months after radiotherapy
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MRI were 18/43 (41.9%; 95% CI: 27.0-57.9%), 14/
34 (41.2%, 95% CI: 24.6-59.3%), and 8/34 (23.5%,
95% CI: 12.9-44.4%), respectively. Considering grade
II tumors only, response rates were 45.5% (95% CI:
28.1-63.6%), 44.0% (95% CI: 24.4-65.1%), and
32% (95% CI: 14.9-53.5%) at 3, 6, and 12 months, re-
spectively.

Overall, at 3 months after radiotherapy, 15 (83.3%) of
18 patients who had a response on MRI had also a seizure
reduction compared with 16 (64%) of 25 patients who
did not have a response on MRI but had a seizure reduc-
tion (P =.163). At 6 months after radiotherapy, 12/14
patients (85.7%) who had a response on MRI had also a
seizure reduction compared with 14/20 (70%) who did
not have a response on MRI but had a seizure reduction
(P =.288). At 12 months after radiotherapy, the seizure
response rate was 77.8% in patients who had a response
on MRI and 76% in patients without a response on
MRI (P = .914).

When considering grade II tumors only, at 3 months
after radiotherapy 12 (80%) of 15 patients who had a re-
sponse on MRI had a seizure reduction compared with 13
(72.2%) of 18 patients who did not have a radiological re-
sponse but had a seizure reduction (P =.604). At 6
months after radiotherapy, 9/11 patients (81.8%) with
a response on MRI had a reduction of seizures compared
with 10/14 patients (71.4%) who did not have a radiolog-
ical response but had a seizure reduction (P = .546). At 12
months after radiotherapy, 6/8 patients (75%) with a re-
sponse on MRI had a seizure reduction compared with
13/17 patients (76.4%) without a radiological response
who had a seizure reduction (P = .936).

Seizure Outcome After Radiotherapy

The seizure status was the same at 6 and 12 months after
radiotherapy; thus, in the text and in Fig. 1 the seizure
outcome isreported at 3 and 12 months after radiotherapy.

When considering the whole population, at 3 months
after radiotherapy 15/43 patients (35%) were seizure
free (class I), 2/43 (5%) had rare seizures (class 1I), 14/

At 12 months after radiotherapy
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Fig. 1. Graph illustrating seizure outcome (according to the Engel classification) at 3 and 12 months.
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43 (32%) had a meaningful improvement of seizures
(class III), and 12/43 (28%) had no improvement or
worsening (class IV). At 12 months after radiotherapy,
13/34 patients (38%) were seizure free (class D), 2/34
(6%) had rare seizures (class II), 11/34 (32%) had a
meaningful improvement of seizures (class III), and 8/
34 (24%) had no improvement or worsening (class V).

When considering grade II tumors, at 3 months after
radiotherapy 10/33 patients (30%) were seizure free
(class I), 1/33 (3%) had rare seizures (class II), 14/33
(43%) had a meamngful improvement in seizures (class
III), and 8/33 (24%) had no improvement or worsening
(classIV). At 12 months after radiotherapy, 8 /25 patients
(32%) were seizure free (class I), 1/25 (4%) had rare sei-
zures (class IT), 10/25 (40%) had a meaningful improve-
ment of seizures (class III), and 6/25 (24%) had no
improvement or worsening (class V).

Among the 13 patients who were seizure free at 12
months, none was able to discontinue AEDs, whereas in
6 patients (5 grade IT and 1 grade III) AEDs were signifi-
cantly tapered (from polytherapy to monotherapy), and
4 patients were seizure free at 12 months.

None of the clinicopathological factors analyzed pre-
dicted seizure control at 12 months.

Factors Influencing Seizure Reduction and Seizure
Freedom After Radiotherapy

The distribution of clinicopathological factors in relation
to seizure reduction and seizure freedom at 3 months after
radiotherapy is reported in Table 2. Univariate analysis
showed thatseizure reduction was significantly associated
with duration of seizures prior to radiotherapy (OR 7.92,
95% CI: 1.47-42.54, P = .016) and timing of radiother-
apy (OR 6.3, 95% CI. 1.39-28.46, P=.017).
In particular, the proportion of patients with seizure re-
duction at 3 months after radiotherapy was 52.6% in
the early radiotherapy group compared with 87.5%
in the late radiotherapy group.

Duration of seizures prior to radiotherapy and timing
of radiotherapy were associated, and multivariate analy-
sis showed that each variable maintained statistical signif-
icance when the other one was removed from the model
(Table 3). Because the difference in duration of seizures
seemed to reflect the differences between early and late ra-
diotherapy, we analyzed the distribution of clinicopatho-
logical factors according to the timing of radiotherapy
(Table 4). Patients who received early radiotherapy had
more biopsies (42 % vs 25%), more simple partial seizures
(68.4% vs 50%), and more AED polytherapies (58 % vs
50%) than did patients who received late radiotherapy;
however, these differences did not reach statistical signifi-
cance.

Seizure freedom was not associated in univariate anal-
ysis with any clinicopathological factor at 3 months;
when we performed multivariate analysis, the duration
of seizures prior to radiotherapy was significant (P = .007;
Table 3).

At 12 months after radiotherapy (Table 5), seizure
reduction was significantly correlated with duration
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of seizures prior to radiotherapy in univariate analysis
(OR 13.22, 95% CI: 1.4-124.9, P = .024).

We obtained similar results when performing the stat-
istical analysis for grade II tumors.

Discussion

Limited data are available regarding the effect of radio-
therapy on glioma-related seizures. Stereotactic intersti-
tial irradiation improves seizure control in 40%-100%
of unresectable low-grade gliomas,'>'® whereas
Gamma Knife radiosurgery is helpful in mesiotemporal
tumor—related epilepsy.'* Two small series have suggest-
ed that conventional radiotherapy can improve seizure
control in both low- and high-grade gliomas with medi-
cally intractable epilepsy. The first series reported a reduc-
tion of seizure frequency of more than 75% in 4 of 5
patients with unresectable low-grade astrocytomas, and
1 patient became seizure free for as long as 8.2 years.'’
The second study evaluated the effects of radiotherapy
in 7 patients with malignant gliomas: all subjects had a re-
duction in seizure frequency, and 4 patients became
seizure free for 2—12 months.'® Soon after both intersti-
tial and external irradiation, seizure frequency was
reduced.

Our current study analyzed the effect of conventional
radiotherapy on seizure control in a larger series of
slowly growing gliomas treated in the contemporary
MRI era and explored the clinicopathological factors af-
fecting seizure control.

Most of our patients had grade II gliomas, but we also
considered some patients with grade III gliomas with a
preexisting history of a low-grade tumor (long duration
of seizures and nonenhancing pattern on MRI before radi-
ation), because the endpoint of our study was seizure
control and not survival parameters such as progression-
free or overall survival.

We used 2 different measures to evaluate the effect of
radiotherapy on seizures: the reduction in seizure frequen-
cy, because it reflects changes in the epilepsy burden, and
the Engel classification, because it mainly reflects freedom
from seizures.

Regarding the reduction of seizures after radiotherapy,
this study confirms and expands the results of the previous
studies. Focal radiotherapy allowed a significant reduc-
tion of seizure frequency in a high proportion of patients
(72% in the whole series and 76 % in grade II patients) by
3 months after the end of treatment. The maximum effect
of radiation on seizures manifested early and did not in-
crease significantly over time. Because 6 of the 9 patients
lost at follow-up already had a response at 3 months, we
can hypothesize that this loss has not biased our results
at longer time points.

The maximum tumor response on MRI was observed at
3 months both for the whole population (42 %) and for pa-
tients with grade I tumors (45%). We cannot exclude the
possibility that some of the 9 patients lost to follow-up
between 3 and 12 months could have had a further
tumor reduction on MRI, but this could be the case only
for the 3 patients with stable disease at 3 months, because
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Table 2. Factors influencing seizure reduction and seizure freedom at 3 months after radiotherapy

Total  Seizure Freedom Seizure Reduction
Freq % OR 95% ClI P % OR 95% Cl P

Age,y

<40 21 28.6 1 66.7 1

>40 22 40.9 1.73 [0.48, 6.18] .398 77.3 1.7 [0.44, 6.55] 44
Sex

Female 15 20 80 1

Male 28 42.9 3 [0.69, 13.05] 143 67.9 0.53 [0.12,2.35] 402
Tumor type

Oligodendroglioma or oligoastrocytoma 15 267 1 66.7 1

Astrocytoma 28 39.3 1.78 [0.45,7.02] 411 75 1.5 [0.38,5.92] 563
Tumor grade, WHO

11 33 30.3 75.8 1

1l 10 50 2.3 [0.54,9.76] .259 60 0.48 [0.11,2.14] 336
Tumor location

Temporal lobe 21 333 1 714 1

Other 22 36.4 1.14 [0.33,4.01] .835 72.7 1.07 [0.28, 4.04] 924
Tumor enhancement

No 22 27.3 68.2 1

Yes 21 42.9 2 [0.56,7.16] .287 76.2 1.49 [0.39,5.74] 559
Extent of surgery

Biopsy 14 28.6 1 571 1

Partial /subtotal resection 29 37.9 1.53 [0.38, 6.08] 548 79.3 2.87 [0.72,11.52] 136
Timing of radiotherapy

Early 19 26.3 52.6 1

Late 24 41.7 2 [0.54,7.37] .298 87.5 6.3 [1.39, 28.46] .017
Seizure type

Partial simple 25 32 1 72 1

Partial complex 10 40 1.42 [0.31,6.47] .653 70 0.91 [0.18, 4.54] .906

Other 8 37.5 1.27 [0.24,6.70] 774 75 1.17 [0.19,7.22] .868
Seizure frequency

<1 wk 18 33.3 1 72.2 1

>1 wk 25 36 1.12 [0.31, 4.03] .856 72 0.99 [0.26, 3.82] .987
Duration of seizures*

<1y 22 22.7 1 54.5 1

>1y 21 47.6 3.09 [0.83,11.51] .092 90.5 7.92 [1.47,42.54] .016
AED

Monotherapy 20 45 1 80 1

Polytherapy 23 26.1 0.43 [0.12,1.55] .198 65.2 0.47 [0.12,1.89] .286
Steroid

No 32 34.4 1 75 1

Yes 11 36.4 1.09 [0.26, 4.55] .905 63.6 0.58 [0.13,2.53] 471

*If we insert in the model the log-transformation of duration of seizure, the OR estimate of seizure freedom is 1.59 (95% Cl: 1.04-2.44, P =
.033) and the OR estimate of seizure reduction is 1.77 (95% Cl: 1.09-2.88, P = .021).

the remaining patients already had either a PR (n = 3) or
PD (n = 3). Likewise, an earlier study measuring the re-
sponse on CT of 21 patients with low-grade gliomas after
conventional radiotherapy?* found a median time to
maximum radiological response of 2.8 months and a re-
sponse rate (PR) of 52%. Conversely, when the velocity
of diametric expansion was measured over time, a pro-
longed postradiotherapy tumor volume decrease (median
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time, 42 months) as shown on MRI was reported in a
recent series of 33 low-grade gliomas.*

Seizure reduction was observed more often among pa-
tients displaying an objective tumor response on MRI; but
as reported in earlier studies,' > patients with no change
on MRIalso had a significant seizure response. The lack of
a strict association between seizure reduction and MRI
shrinkage is reinforced in this study by the observation
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Table 3. Multivariate predictors of seizure reduction and seizure freedom at 3 months

Seizure Freedom

Seizure Reduction

OR 95% CI P OR 95% CI P

Tumor type

Oligodendroglioma or oligoastrocytoma 1

Astrocytoma 5.64 [0.87,36.48] .069 3.5 [0.43, 28.59] 243
Tumor grade, WHO

11 1 1

11l 5.93 [0.86, 40.72] .070 0.68 [0.09, 5.03] .709
Extent of surgery

Biopsy 1 1

Partial /subtotal resection 1.45 [0.32,6.51] 624 3.05 [0.60, 15.66] 181
Timing of radiotherapy

Early 1 1

Late 3.33 [0.76,14.59] A1 8.4 [1.36,51.68] .022

Seizure duration (log)* 2.27 [1.25,4.12] .007 2.77 [1.21, 6.34] .016

*OR estimated excluding timing of radiotherapy.

that some patients who developed a tumor progression on
MRI at either 6 months (7 = 2) or 12 months (z = 7) did
not have increased seizure frequency; the same finding has
been reported in 2 recent series.>'®

The efficacy of chemotherapy with alkylating agents
(eg, PCV, temozolomide) in improving seizure control
in patients with low-grade gliomas is even better recog-
nized, and the patterns of response seem similar to those
reported after radiotherapy. Overall, >50% of patients
receiving chemotherapy for progressive low-grade
gliomas had a significant reduction in seizure frequency ir-
respective of radiographic tumor response.'”->%-**=3°
Recent studies have reported that after chemotherapy,
the decrease in tumor volume is progressive, and in
some instances it can be prolonged after the interruption
of chemotherapy.®'-**

Both tumor- and treatment-related factors affecting
the response of seizures to radiotherapy have not
yet been defined” except for radiation dose, which does
not seem to be important.*® In our study, timing of radio-
therapy and duration of seizures prior to radiotherapy
were significantly associated with seizure reduction at 3
months. In particular, a lower rate of seizure reduction
was observed among patients who received early radio-
therapy compared with those who received late radiother-
apy (52.6% vs 87.5%). A possible explanation of this
difference is that among patients who had early radiother-
apy, there was a prevalence of factors negatively affecting
seizure control (such as a larger tumor size after surgery)
or of factors reflecting a more resistant epilepsy, such as
simple partial seizures and need for multiple AEDs. All
these factors could not have reached statistical signifi-
cance owing to the small sample size and the retrospective
nature of the study. On the other hand, these findings
could suggest that in low-grade and anaplastic gliomas,
salvage radiotherapy (ie, postponed at tumor progres-
sion) after either observation or chemotherapy is at least
as effective as early radiotherapy in terms of seizure

control; however, this cannot be interpreted as a factor
in favor of delaying radiotherapy as a general strategy,
because we did not analyze the correlation between
timing of radiotherapy and outcome. In this regard,
phase III studies in low-grade'” and anaplastic gliomas®*
suggest that postponing radiotherapy at tumor progression
is not detrimental for overall survival.

Achieving freedom from seizures after treatment
is of utmost importance for patients with low- and
intermediate-grade gliomas, in whom an extended sur-
vival can be expected, but there are no available data in
the literature with regard to radiotherapy. In this study,
we found that following radiotherapy, 30%-35% of
patients were seizure free at 3 months and 32% -38% at
12 months. This rate is lower than that reported after
surgery: a recent systematic literature review of 773 pa-
tients with low-grade gliomas across 20 series reported
that 71% were completely seizure free (Engel class I) at
12 months, and gross total removal was most predictive
of seizure freedom.” In our series, most patients under-
went a biopsy or partial resection due to the extension
or critical location of tumors, and thus the large tumor
size could have hindered the probability of seizure
control after radiotherapy; future studies must address
this issue. Among surgical series, in addition to gross
total resection, other factors such as preoperative dura-
tion of seizures <1 year, preoperative seizure control
on antiepileptic medication, and nonsimple partial sei-
zures predicted seizure freedom.®” In this study, a long
seizure duration did not preclude the possibility of achiev-
ing seizure control following radiotherapy.

None of our patients was able to discontinue AEDs;
perhaps the unwillingness of clinicians to withdraw anti-
epileptic medication due to fear of subtle tumor progres-
sion and subsequent exacerbation of epilepsy could have
played some role.

The main limitations of our study were the relatively
small number of patients (especially at 12 mo), the short
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Table 4. Distribution of clinicopathological factors according to timing of radiotherapy

Timing of Radiotherapy Chi-square
Test P-value
Early (n = 19) Late (n = 24)
Frequency Y% Frequency Y%
Age,y
<40 10 52.6 1 45.8
>40 9 47.4 13 54.2 .658
Age, y, mean 395 11.9 415 11.3 B571*
Sex
Female 31.6 9 375
Male 13 68.4 15 62.5 .686
Tumor type
Astrocytoma 15 78.9 13 54.2
Oligodendroglioma or oligoastrocytoma 4 21.1 11 45.9 .090
Tumor grade, WHO
1l 14 73.7 19 79.2
1l 5 26.3 5 20.8 .673
Tumor location
Temporal lobe 9 47.4 12 50.0
Other 10 52.6 12 50.0 .864
Tumor enhancement
No 12 63.2 10 41.7
Yes 7 36.8 14 58.3 161
Extent of surgery
Biopsy 8 42.1 6 25.0
Partial /subtotal resection 11 57.9 18 75.0 235
Seizure type
Partial simple 13 68.4 12 50.0
Partial complex 2 105 8 333
Other 211 4 16.7 212
Seizure frequency
<1 wk 9 47.4 9 37.5
>1 wk 10 52.6 15 62.5 515
Duration of seizures
<1y 15 78.9 7 29.2
>1y 4 211 17 70.8 .001
AED
Monotherapy 8 42.1 12 50.0
Polytherapy 11 57.9 12 50.0 .606
Steroid
No 13 68.4 19 79.2
Yes 31.6 5 20.8 423

*t-test P-value.

postradiotherapy follow-up, and the long period that was
retrospectively analyzed (20 y). We could not assess very
precisely the response on MRI over time; for future pro-
spective studies or clinical trials, the recently proposed
Revised Assessment in Neuro-Oncology criteria for re-
sponse assessment>> must be employed, and volumetric
measurements of the tumor could show a better correla-
tion between the response of seizures and tumor shrink-
age, but these methods need to be standardized and
validated. Moreover, we were not able to analyze the

1746 NEURO-ONCOLOGY * DECEMBER 2013

duration of medical intractability of seizures prior to
radiotherapy and the influence of intractable seizure
duration on seizure reduction following radiotherapy.
We did not collect information on quality of life and cog-
nitive functions, which can be affected by both epilepsy
burden®® and radiotherapy.’®> Nonetheless, within the
time of follow-up (12 mo), we did not observe any
patient with severe cognitive decline and/or leukoence-
phalopathy on MRI. Another limitation of this study is
that the number of patients with grade III tumors was
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Table 5. Factors influencing seizure reduction and seizure freedom at 12 months after radiotherapy

Total  Seizure Freedom Seizure Reduction
Freq Y% OR 95% ClI P Y% OR 95% ClI P

Age,y

<40 14 35.7 1 78.6 1 [1.00, 1.00]

>40 20 40 1.2 [0.29, 4.93] 800 75 0.82 [0.16,4.17] .809
Sex

Female 13 231 1 84.6 1 [1.00, 1.00]

Male 21 476  3.03 [0.64, 14.26] 161 71.4 045 [0.08, 2.69] .385
Tumor type

Oligodendroglioma or oligoastrocytoma 13 308 1 769 1 [1.00, 1.00]

Astrocytoma 21 42.9 1.69 [0.39,7.27] 483 76.2 0.96 [0.19,4.92] 961
Tumor grade, WHO

1l 25 32 1 76 1 [1.00, 1.00]

1l 9 556  2.66 [0.56, 12.65] 220 77.8 1.1 [0.18, 6.82] 914
Tumor location

Temporal lobe 16 375 1 813 1 [1.00, 1.00]

Other 18 38.9 1.06 [0.27,4.24] 934 722 0.6 [0.12,3.05] 538
Tumor enhancement

No 19 31.6 1 68.4 1 [1.00, 1.00]

Yes 15 46.7 1.9 [0.47,7.70] 371 86.7 3 [0.51,17.71] 225
Extent of surgery

Biopsy 10 30 1 70 1 [1.00, 1.00]

Partial /subtotal resection 24 41.7 1.67 [0.34, 8.07] 526 792 1.63 [0.31, 8.68] 568
Timing of radiotherapy

Early 16 31.3 1 62.5 1 [1.00, 1.00]

Late 18 44.4 1.76 [0.43,7.19] 431 889 438 [0.81, 28.60] .085
Seizure type

Partial simple 22 36.4 1 77.3 1 [1.00, 1.00]

Partial complex 5 60 2.62 [0.36,19.18] 342 80 1.18 [0.11,13.07] .895

Other 7 286 0.7 [0.11, 4.48] 706 714 074 [0.11,5.01] 754
Seizure frequency

<1 wk 14 35.7 1 78.6 1 [1.00, 1.00]

>1 wk 20 40 1.2 [0.29, 4.93] 800 75 0.82 [0.16,4.17] .809
Duration of seizures*

<1y 16 25 56.3 1 [1.00, 1.00]

>1y 18 50 3 [0.70,12.93] 140 944 13.22 [1.40,124.91] .024
AED

Monotherapy 17 41.2 1 82.4 1 [1.00, 1.00]

Polytherapy 17 35.3 0.78 [0.19,3.12] 724 70.6 051 [0.10, 2.61] 423
Steroid

No 27 333 1 77.8 1 [1.00, 1.00]

Yes 7 571 2.67 [0.49, 14.56] 257 71.4 071 [0.11, 4.65] 725

*If we insert in the model the log-transformation of duration of seizure, the OR estimate of seizure freedom is 1.54 (95% Cl: 0.98-2.42, P =
.063) and the OR estimate of seizure reduction is 2.07 (95% Cl: 1.09-3.89, P = .025).

too small to allow a separate analysis with regard to radio-
logical response and clinical factors affecting seizure
control; in any event, among these patients, the rate of
seizure reduction was of the same order as that observed
among patients with grade II tumors.

Alastpoint deserves acomment: both the early appear-
ance of seizure reduction after radiotherapy and the
absence of a strict correlation with the response on MRI

reinforce the hypothesis that in addition to a direct antitu-
mor effect, ionizing radiation could decrease seizure ac-
tivity by damaging epileptogenic neurons or inducing
changes in the microenvironment within the peritumoral
tissue.”” Why the radiation effects on seizures are seen
early after treatment, while they are typically delayed
with regard to tumor and normal nervous tissue, is
unknown.

NEURO-ONCOLOGY * DECEMBER 2013 1747



Ruda et al.: Seizure control after radiotherapy in gliomas

In conclusion, this study has shown that a high propor-
tion of patients with medically intractable epilepsy from
diffuse gliomas of low and intermediate grade of malig-
nancy derive significant and durable benefit from conven-
tional radiotherapy in terms of seizure control and that
this positive effect is not strictly correlated with tumor
shrinkage on MRI. Moreover, radiotherapy at tumor pro-
gression seems as effective as early radiotherapy after
surgery.

These preliminary results need to be validated
within multicenter randomized studies. Ideally, these
studies should prospectively collect information on
seizure characteristics and treatment and should
better define the correlation between seizure response
and survival.

Ultimately, an effective treatment of tumor-related ep-
ilepsy needs a multimodality approach including both

AEDs and antineoplastic modalities (surgery, radiothera-
py, chemotherapy), and probably a “personalized” ap-
proach will offer the best results.
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