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Rufinamide in refractory childhood epileptic encephalopathies
other than Lennox—Gastaut syndrome
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Background: To report on the first multicenter Italian experience with rufinamide as
adjunctive drug in children, adolescents and young adults with refractory childhood-
onset epileptic encephalopathies other than Lennox—Gastaut syndrome.

Methods: Thirty-eight patients (19 males, 19 females), aged between 4 and 34 (mean
13.7 £ 8.3, median 12.5), all affected by different types of childhood-onset refractory
epileptic encephalopathies other than Lennox—Gastaut syndrome, were treated with
rufinamide as adjunctive drug for a mean period of 11.4 months (range 3-26 months).
Results: Fifteen of 38 patients (39.5%) had a >50% seizure reduction in countable
seizures. Complete seizure freedom was achieved in one of these patients (2.6%).
Three patients (7.9%) had a 25-49% seizure reduction, whilst seizure frequency
remained unchanged in 15 (39.5%) and increased in five patients (13.1%). Eleven
patients (28.9%) reported adverse side effects. Vomiting was reported in five patients
(13.1%); drowsiness, decreased appetite and irritability with migraine manifested in
other four patients. They were transient and mild in all cases.

Conclusion: Rufinamide may be an effective and well-tolerated adjunctive drug for
the treatment of refractory childhood-onset epileptic encephalopathies other than
Lennox—Gastaut syndrome. Rufinamide was most effective in patients with drop-
attacks and (bi)frontal spike-wave discharges.
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[1,2]. Rufinamide has a broad efficacy spectrum in

Introduction rodent seizure models of epilepsy [3]. In three rando-

Rufinamide is a structurally triazole-derivative (1-[2,6-
difluorophenyl)methyl]-1hydro-1,2,3-triazole-carboxa-
mide) novel antiepileptic drug, structurally unrelated to
the existing antiepileptic drugs, and approved by the
Food and Drug Administration for the treatment of
Lennox—Gastaut syndrome in patients aged 4 and over,
and for the treatment of partial seizures in adults and
adolescents.

The proposed mechanism of action is the limitation
of excessive sodium-dependent action potential firing
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mized controlled trials, rufinamide was effective and
safe for the adjunctive treatment of partial seizures in
adults and adolescents [4,5], as well as for the treatment
of generalized seizures associated with Lennox—Gastaut
syndrome [6].

To the best of our knowledge, data regarding rufi-
namide’ efficacy in childhood epileptic syndromes other
than Lennox—Gastaut syndrome and partial epilepsy
are not so far available. In their heterogeneous study
population, Kluger ef al. [7] report on 12 patients
treated with rufinamide and affected by myo-
clonic-astatic epilepsy (3), Dravet syndrome (2) and
unclassified generalized epilepsy (7). The purpose of this
study is to report on the first multicenter Italian expe-
rience with rufinamide as add-on drug in children and
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adolescents and young adults with childhood-onset
refractory epileptic encephalopathies other than
Lennox—Gastaut syndrome.

Materials and methods

Patients were recruited in a prospective, add-on, open-
label treatment study from eleven Italian centres for
paediatric and adolescent epilepsy care. The patients
were selected according to the following criteria: (i) age
4 and over; (ii) childhood-onset epileptic encephalopa-
thies, the so-called catastrophic epilepsy syndromes
other than Lennox—Gastaut syndrome, refractory to at
least three previous antiepileptic drugs (AEDs), alone
or in combination; (iii) more than one seizure per
month in the last 6 months; (iv) use of at least one other
AED, but no more than three, at baseline; (v) informed
consent from parents and/or caregivers, who had to be
able administer the study drug and record seizures in a
diary. Moreover, female patients of child-bearing age
were required not to be pregnant and to be using an
adequate form of contraception.

Exclusion criterion included progressive neurological
or systemic disease. Patients with significantly abnor-
mal liver, kidney and blood laboratory values were also
excluded, as were those who were considered to be
unlikely to comply with the study requirements.

Besides enrolling rufinamide-naive subjects, study
sites that had previously started patients on rufinamide
had the option of enrolling patients who had completed
at least 6 months of maintenance treatment and met the
study inclusion and exclusion criteria.

Pseudo-seizures were excluded by means of video-
electroencephalographic recordings (EEGs) recordings
and/or long-term monitoring EEGs. CT and MRI were
performed in all cases. The number of the seizures was
recorded by parents and/or caregivers at home and at
school. Seizure frequency, type and duration were
recorded in an epilepsy diary to be kept and reviewed
at each follow-up visit. All seizures were classified
according to the International League against Epilepsy
Revised Classification of Seizures [8], whilst diagnostic
criteria for Lennox—Gastaut syndrome were based on
the International League Against Epilepsy classification
[9]. There was an initial observation period of 6 months
(baseline) that could be shortened to 3 months if sei-
zures occurred almost daily. After the observation
period, rufinamide was added to the baseline therapy at
the starting dose of 10 mg/kg body wt, evenly divided in
two daily doses and then titrated by 10 mg/kg per day
approximately every 3 days up to a maximum of
1000 mg/day in children aged >4 with a body weight
<30 kg. If baseline therapy included valproic acid,
rufinamide could be titrated up to a maximum of

600 mg/day, because of the significantly reduced clear-
ance, especially in children, of rufinamide in combina-
tion with valproic acid [10]. In patients more than 30 kg
body wt, rufinamide could be titrated up to 1800
mg/day if body weight was comprised between 30.0 and
50.0 kg, up to 2400 mg/day for body weight of 50.1—
70.0 kg, and up to 3200 mg for body weight of more
than 70.1 kg.

During titration and maintenance periods, anticon-
vulsant drug daily doses including rufinamide could be
changed whenever necessary depending on clinical and
adverse side effects. Rescue drugs were allowed if nec-
essary. EEG, adverse effects and blood levels of con-
comitant anticonvulsant drugs were monitored in all
the patients. Patients were followed on a weekly basis
during the titration period, either by means of visits to
the clinic or by telephone. Patients subsequently visited
the clinic at 3-month intervals during the maintenance
treatment, with a monthly follow-up by telephone
between visits to the clinic whenever necessary. Blood
chemistry and liver and kidney function were carefully
assessed at each time interval. Parents/caregivers were
informed of the potential clinical adverse effects to refer
to the clinician.

Efficacy was assessed by comparing the frequency of
countable seizures at baseline (4 weeks before rufina-
mide therapy) with the frequency in the last 4 weeks of
observation.

The response to treatment was monitored in terms of
reduction of seizure frequency, in relation to the baseline
phase, using the following categories: (i) seizure control
(100% seizure remission); (i) 50-99% decrease in
number of seizures; (iii) 25-49% decrease in number of
seizures; (iv) worsened when the seizure rate increased.

The Institutional Review Board from each epilepsy
unit approved the study; no support was received from
pharmaceutical companies.

Statistical evaluation was performed by means of a
two-tailed Wilcoxon rank test for non-parametric data
and the Fisher’s exact test. Data were expressed as
mean = SD and median values. Significance was set at
P < 0.05.

Results

Thirty-eight patients (19 males, 19 females), aged
between 4 and 34 (mean 13.7 £ 8.3, median 12.5), all
affected by different types of childhood-onset refractory
epileptic encephalopathies other than Lennox—Gastaut
syndrome, were treated with rufinamide as adjunctive
drug for a mean period of 11.4 months (range
3-26 months). Six of 38 patients (15.8%) had an
observational period of 3 months; five of them discon-
tinued treatment because of inefficacy or adverse events.
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Characteristics of the patients, including type of
epileptic syndrome, psychomotor development, mental
level, neurological examination and CT/MRI findings
are summarized in Table 1.

Seizure frequency during baseline phase was the fol-
lowing: >1/day in nine patients (23.7%); 1-20/day in 24
(63.2%), and 1-10/month in 5 (13.1%).

Seizure types, often associated in a given patient prior
to the start of rufinamide, were the following: focal
with/without secondary generalization (23), atonic (13),
tonic-clonic (12), tonic/spasms (9), atypical absences
(5), myoclonic (3).

Mean age at seizure onset was 2.6 £ 3.4 years
(median 1.0). Mean duration of epilepsy was 11.2 £
7.9 years (median 10.0). The mean number of anticon-
vulsant drugs tried before rufinamide was 7.8 + 2.0
(median 7.5). A final mean dose of rufinamide was
37.9 + 15.7 mg/kg per 24 h (range 20.5-78.2 mg/kg) if
combined to valproic acid, and of 36.4 + 12.7 mg/kg

Table 1 Characteristics of patients (n = 38)

Sex, male/female 19/19

Age, mean + SD (range) 13.7 +£ 8.3
(4-34 years)

Psychomotor development/mental retardation®

Mild delay

Moderate delay 9
Severe delay 14
Profound delay 9

Cerebral palsy
Tetraparesis 1
Spastic diplegia 2
Hemiparesis 4
Hypotonia 1
Ataxia
Normal 16
CT/MRI findings
Normal 14
Brain atrophy 11
Neuronal migration disorder 6
Brain malformation 2
Tuberous sclerosis 1
Aspecific 4
Epilepsy syndrome
Multifocal encephalopathy 22
with spasms/tonic seizures
Multifocal encephalopathy 11
with (bi)frontal spike-wave discharges

Dravet syndrome 4
Myoclonic-astatic syndrome 1
Type of seizure®
Focal with/without secondary generalization 23
Drop-attacks 13
Tonic-clonic 12
Tonic/spasms 9
Atypical absences 5
Myoclonic 3

“Evaluated by means of Brunet-Lézine test [13] or Terman—Merril
scale [14]; Poften combined in the same patient.
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per 24 h (range 7.5-61.5 mg kg) without valproic acid.
All patients received concomitant antiepileptic therapy.
Valproic acid (55.3%), lamotrigine (26.3%), leveti-
racetam (23.7%), topiramate (23.7%), clobazam
(21.0%), phenobarbital (21.0%) and clonazepam
(20.9%) were the most commonly used concomitant
antiepileptic drugs (Table 2).

Rufinamide was discontinued in 7 of 38 patients
(18.4%) after a mean period of 2.2 months (range 1-
5 months), because of adverse side effects and/or
increase in seizure frequency.

Efficacy

The results are summarized in Table 2. Fifteen of 38
patients (39.5%) receiving rufinamide as adjunctive
therapy had a >50% seizure reduction in countable
seizures after a mean 11.4-month observational period.
Complete seizure freedom was achieved in one of these
patients (2.6%). Three patients (7.9%) had a 25-49%
seizure reduction, whilst seizure frequency remained
unchanged in 15 (39.5%) and increased in five patients
(13.1%).

As regards the type of epileptic syndrome, a
decrease in seizure frequency was recorded in seven of
the twenty-two patients (31.8%) with multifocal
encephalopathies with spasms and tonic seizures, and
in 7 of 11 patients (63.6%) with (bi)frontal spike—
wave discharges. One of the four patients with Dravet
syndrome had a 25-49% seizure reduction, whilst
seizure frequency remained unchanged in one and
increased in other two. The only patient with myo-
clonic-astatic syndrome had a more than 50% seizure
decrease.

As regards seizure type, in the group with (bi)frontal
spike-wave discharges, 7 of 11 patients (63.6%), all of
them with drop-attacks, had a seizure reduction of
250%; conversely, in the group without frontal dis-
charges, in which focal and tonic seizures were most
frequent, 7 of 22 patients (31.8%) showed a >50%
seizure decrease.

There were no statistic difference between the charac-
teristics of the responders and non-responders, including
age at seizure onset, epilepsy duration and age at rufi-
namide exposure (P > 0.05 at Wilcoxon rank sum test).

Table 3 shows no significant difference as to >50%
seizure reduction between cryptogenic group and
symptomatic group (28.5% vs. 45.8%, respectively;
P = 0.356 at Fisher’s exact test).

Safety and tolerability

Eleven patients (28.9%) reported adverse side effects,
whilst taking rufinamide (Table 4). Vomiting was



4 G. Coppola et al.

Table 2 Efficacy and tolerabilty of rufinamide according to age

At follow-up

Age Number (mean follow up  Seizure Adverse
(years) initiating (n)  Seizure control  12.3 months) etiology side effects  Mean number AED  Type of treatment
3-7 9 Seizure free - _ C (3.0)
50-99% 3 (33.3%) S (2.0)
25-49% - S (3) (VPA); (VPA-LTG);
Unchanged 4 (44.4%) Cc(MS@® PB-LEV-OXC)
Increased 2 (22.2%) C(1)S(1) (TPM); (OXC-ZNS);
(VPA-LTG-CLOB);
(PB-CLOB-TPM)
(VPA-LEV);
(LTG-CLOB-BRM)
8-12 11 Seizure free
50-99% - 3 (27.3%) C(2
25-49% 4 (36.4%) CcC(1)S@3 S (2.6) (VPA-LEV); (CLOB-LTG);
Unchanged 2 (18.2%) CcC(2 (GBP-CNZ-CBZ);
Increased 4 (36.4%) C©2)S (2 (PHT-CNZ-OXC)
1(9.1%) c( ((VPA-TPM-CZP);,
(VPA-TPM)
(VPA-TPM);
2 (VPA-CLOB);
(VPA-FBM-CNZ)
(VPA-TPM)
13-18 9 Seizure free
50-99% 1 (11.1%) C (1) 6 (66.7%) C @27 (VPA-LEV-CNZ)
25-49% 3 (33.3%) C((1)S (@2 S (2.8) (CLOB-LEV-LTG);
Unchanged 1 (11.1%) S (1) (VPA-ETS); (VPA-LEV)
Increased 3 (33.3%) C((1)S (@2 (VPA-LTG-CNZ)
1 (11.1%) S (1) (LEV-NZP-ACZ);
(PB-LTG-CZP);
(PB-NZP-VPA)
(VGB-ZNS-TPM)
>18 9 Seizure free
50-99% - 2 (22.2%) C(3)
25-49% 4 (37.5%) CcC(1)S@3 S (2.5) (TPM-LTG); (LEV-ZNS);
Unchanged - (PB-CBZ-LTG);
Increased 4 (50%) C((1)S@3 (VPA-CBZ-PB)
1 (12.5%) c( (CBZ-CLOB);

(VPA-TPM-CNZ);
(VPA-LEV-LTG);
(PB-CBZ)
(VPA-CNZ-PB)

C, cryptogenic; S, symptomatic; AED, anti-epileptic drug; VPA, valproic acid; PB, phenobarbital; CNZ, clonazepam; LTG, lamotrigine; ZNS,
zonisamide; OXC, oxcarbazepine; CBZ, carbamazepine; LEV, levetiracetam; FBM, felbamate; CLOB, clobazam; TPM, topiramate; PHT,
phenitoine; VGB, vigabatrin; ACZ, acetazolamide; BRM, potassium bromide; GBP, gabapentin; NZP, nitrazepam.

reported in five patients (13.1%): in two patients, it
appeared during the titration phase and was controlled
by decreasing the daily dosage of rufinamide. It was
sporadic in the other three.

Drowsiness, decreased appetite and irritability with
migraine manifested in four patients; they were tran-
sient and mild in all cases.

A seizure worsening was reported in 5 of 38 patients
(13.1%), three of them coming from the cryptogenic
group, within 1 to 3 months after the start of rufina-
mide. In four patients, seizures were mainly tonic and/
or tonic-clonic; in one patient seizures somewhat
changed on rufinamide with respect to baseline.

Blood levels of concomitant anticonvulsant drugs
were generally not modified by the addition of rufina-
mide. All the patients had normal laboratory test values
during the treatment period.

Discussion

In this prospective, open-label add-on study, rufina-
mide significantly reduced, after a mean follow-up
period of 1 year, the overall seizure frequency in
approximately 40% of patients with refractory child-
hood-onset epileptic encephalopathies other than Len-
nox—Gastaut syndrome.
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Table 3 Response to treatment related to epilepsy type

Cryptogenic
No. of pts (14)*

Symptomatic
No. of pts (24)*

Seizure control

100% 1(7.1%)* -

50-99% 3 (21.4%)* 11 (45.8 %)*
25-49% 2 (14.3 %) 1 (4.2%)
Unchanged 5(35.7 %) 10 (41.7 %)
Increased 3(21.4 %) 2 (8.3%)

*P = 0.356 at Fisher’s exact test.

Table 4 Adverse events occuring on rufinamide add-on therapy

No. of patients

Adverse events® (11/38) (28.9%)

Vomiting and/or nausea 5 (13.1 %)
Irritability/aggressiveness 2 (5.3 %)
Drowsiness 2 (5.3 %)
Skin rash 1(2.6 %)
Decreased appetite 1(2.6 %)
Insomnia 1 (2.6%)
Migraine 1(2.6%)

?Associated in some patients.

To our knowledge, this is the first report on the use of
rufinamide as adjunctive therapy for the treatment of
the so-called catastrophic epilepsies.

As concerns seizure type, this study confirms rufina-
mide to be particularly effective against drop-attacks,
and, to a lesser extent, tonic and tonic-clonic seizures
[6,7].

In the whole, response to rufinamide was less sus-
tained in this study population than in patients with
Lennox—Gastaut syndrome (40% vs. 55% as reported
by Glauser et al. [6] and Kluger et al. [7]), whilst it was
somewhat better than in adolescents and adults with
partial seizures (20-25% as reported by Brodie et al. [5]
and Kluger et al. [7]).

Interestingly, the group of patients with epileptic
encephalopathies with (bi)frontal spike—wave discharges
and atonic seizures had a higher 50% responder
rate (63.6%) compared with the group with epileptic
encephalopathies with spasms and tonic fits, originating
from other brain areas (31.8%). This may to some
extent explain why the overall efficacy of rufinamide in
this series appeared to be intermediate between what
reported in Lennox—Gastaut syndrome — where rufi-
namide was particularly effective against atonic seizures
— and partial seizures.

Seizure decrease in the only case of myoclonic-astatic
syndrome, and seizure recurrence in the four patients
with Dravet syndrome are fairly in keeping with Kluger
et al[7]. Data regarding these epilepsy syndromes are,
of course, small and further studies are warranted.
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As shown in Table 2, there was no clear relationship
between the clinical response to rufinamide in crypto-
genic or symptomatic cases and the baseline AED
treatment in the different age groups.

In keeping with pharmacokinetic studies [10], blood
levels of concomitant antiepileptic drugs did not sig-
nificantly change in our patients; furthermore, the dose
range of rufinamide’ maximal efficacy was substantially
comparable to that reported by Kluger et al. [7].

Almost similar final mean doses of rufinamide in
patients with and without valproic acid as baseline
therapy may be somehow related to the early effec-
tiveness of rufinamide, often observed at low to mod-
erate doses. This finding has probably discouraged from
adding further dose of rufinamide in some patients.

A systematic assessment of the amount of paroxys-
mal EEG discharges in wake and sleep recordings
whilst taking rufinamide was not performed. Nonethe-
less, no significant EEG changes were reported in most
of the responders.

In our series, after a mean follow-up of 11.4 months,
rufinamide was discontinued within 5 months in about
18% of patients. Although our observational study is
still ongoing and the follow-up period is not long
enough, this preliminary data may somehow support
the effectiveness of rufinamide over time. This is in
keeping with Kluger et al. [11,12], who reported that
41.7% of patients with childhood-onset refractory epi-
lepsy were still taking rufinamide after 18 months of
follow-up, with a responder rate of about 38%.

It is noteworthy that seizure worsening on rufinamide
has not been reported so far [5-7]. In three patients with
Lennox-Gastaut syndrome by Glauser et al. [6], status
epilepticus appeared 13, 20 and 25 days after the start
of rufinamide therapy, respectively. The authors con-
sidered the occurrence of the status epilepticus as spo-
radic and unlikely to be drug related.

During our trial, a significant increase in seizure
frequency appeared in five patients (13.1%) within
1-3 months after the start of rufinamide, and led the
drug to be discontinued in all the patients. Interestingly,
four of these patients most frequently had tonic and
tonic-clonic seizures.

Eight patients from our series underwent implanta-
tion of vagus nerve stimulator (7) or callosotomy (1),
with no significant results on seizure frequency prior to
receiving rufinamide. Four of the seven patients on
VNS showed a 250% seizure reduction mainly in drop-
attacks after a mean follow-up of 6 months (range
4-11 months).

With respect to tolerability, adjunctive therapy with
rufinamide was generally well tolerated, according with
Glauser et al. [6] and Kluger ef al. [7]. Vomiting,
drowsiness, decreased appetite and irritability were
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most frequently reported, even combined in some
patients. Overall, they were transient and mild in all the
patients.

Nonetheless, rufinamide is still an ‘orphan drug’ only
for Lennox—Gastaut syndrome, and it should be used
with cautions in other epileptic syndromes.

In conclusion, the present preliminary data reveal
that rufinamide may be an effective and well tolerated
adjunctive drug for the treatment of refractory child-
hood-onset epileptic encephalopathies other than
Lennox—Gastaut syndrome. Rufinamide was most
effective in patients with drop-attacks and (bi)frontal
spike-wave discharges. However, further experience is
warranted to gain better understanding of the thera-
peutic potential of this drug in well-defined epileptic
syndromes.
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