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ABSTRACT

This is a case series of 25 patients with drug-resistant epilepsy and psychiatric comorbidities started on Brivaracetam (BRV) at St George’s University Hospitals and Frimley Health in London. Median BRV dose was 125 mg for a median follow period of 8 months. Nineteen had focal epilepsy, four had generalized epilepsies and one had unclassified epilepsy; 76% had mood disorders (either depression or bipolar disorder), 12% intellectual disabilities with autism spectrum disorder and challenging behavior and 12% psychoses. 40% of patients presented at least 50% seizure reduction but none of them became seizure free. A total of 44% patients discontinued BRV, 20% because of adverse events, 20% because of inefficacy and 4% because of both. Depression was reported by 8%, aggressive behavior by 8% while 4% reported both. A total of 91.6% had received Levetiracetam (LEV) before, in whom LEV was discontinued because of psychiatric adverse events (PAEs) in half. 77% of patients who developed PAEs with LEV didn’t do so on BRV suggesting that BRV is better tolerated than LEV in complex patients with psychiatric comorbidities and that the SV2A protein modulation is unlikely to be implicated in LEV-related PAEs. 
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1. INTRODUCTION 
	Brivaracetam (BRV) is a novel antiepileptic drug (AED), structurally related to Levetiracetam (LEV). It is highly selective for the synaptic vesicle glycoprotein 2A (SV2A) with a 15-30 times higher affinity than LEV [1]. However, as compared to LEV, BRV also displays inhibitory activity at neuronal voltage-dependent sodium channels and it does not seem to act on AMPA and high voltage-gated calcium channels [1].
It is well established that patients with epilepsy can experience treatment-emergent psychiatric adverse events (PAEs) and different AEDs seem to have a different potential for PAEs [2,3]. A rapid titration of the drug, a comorbid psychiatric disorder and a diagnosis of drug-resistant temporal lobe epilepsy seem to be the most relevant risk factors for the development of PAEs [4–6]. 
Psychiatric problems are relatively common comorbidities in epilepsy [7]. Epidemiological studies show a uniformly increased prevalence of psychiatric disorders in epilepsy as compared to the general population, and other long term conditions [8].  This seems to partially reflect the severity of the seizure disorder. It is, therefore, evident that patients with drug-resistant epilepsy are more likely to have psychiatric comorbidities and, consequently, they are at increased risk of PAEs. 
This is an audit of BRV in patients with drug-resistant epilepsy and psychiatric comorbidities, looking at standards of prescription and occurrence of PAEs. 
 
2. METHODS
	BRV was licensed in the UK in March 2016. This is a retrospective review of clinical notes of all patients with drug-resistant epilepsy and psychiatric comorbidities on BRV attending the Outpatient Epilepsy Clinics at the Atkinson Morley Regional Epilepsy Centre, St George’s University Hospital and Frimley Health between March 2016 and December 2017. Drug-resistant epilepsy was defined according to ILAE criteria [9], while psychiatric comorbidity was defined by a currently present psychiatric condition when BRV was started. This study was registered as an audit with the audit departments of both St George’s University Hospitals and Frimley Health and the use of anonymized information previously collected during standard clinical care is excluded from formal Research Ethic Committee review. Data storage and management was compliant with the Good Clinical Practice statement in accordance to the Declaration of Helsinki.
Prescription of BRV (indication, titration and maintenance dose) in every patient was reviewed. Clinical and demographic data were also collected from hospital notes. All side effects, including PAEs were noted. Previous use of LEV, as well as reason for LEV discontinuation including PAEs, was also documented. 

3. RESULTS
	A total of 25 patients were included in this audit. The median duration of the follow up was 8 months (range 3-19). 
Clinical and demographic data are shown in Table 1. BRV was prescribed as an adjunctive treatment to all patients apart from one patient switched from LEV monotherapy to an off-label BRV monotherapy.
In terms of psychiatric comorbidities, most patients (76%) had a mood disorder with or without comorbid anxiety disorder; two patients had a previous history of suicidal attempts. A total of 4 patients (16%) had intellectual disabilities with autism spectrum disorder and challenging behavior. 
In terms of previous exposure to LEV, only three patients (12%) had not been previously exposed, eight patients were switched from LEV to BRV directly and 14 patients had tried and discontinued LEV in the past. In the LEV group (past and current), 59% of patients developed PAEs (in all cases depression and/or aggressive behavior). Among those switched directly from LEV to BRV, BRV was cross-titrated with LEV at the same time in four cases, two patients had a sequential titration (LEV was discontinued and then BRV was started) while in two cases BRV was switched directly from LEV overnight, the first one with a BRV:LEV ratio of 1:10, while, in the second patient, a dose of LEV 750mg twice daily was switched overnight to BRV 100 mg twice daily. For the remaining patients, the routine BRV initiation protocol consisted of 50 mg daily increasing by 50 mg increments every 2 weeks up to a maximum dose of 100 mg twice daily according to the clinical response. Median maximum dose of BRV was 150 mg/day with a range 50 mg – 200 mg. Median duration of BRV treatment was 8.5 months with a range from 1 month to 19 months. Concomitant AEDs and drug regime are shown in Table 1. 
In terms of efficacy, 40% of patients presented at least 50% seizure reduction but none of them became seizure free; in one case only tonic clonic seizures were fully controlled. Seizure worsening was reported in 12% of cases. The median BRV dose in responders was 150mg/day with a range 100 mg – 200 mg.
In terms of tolerability, a total of 44% patients discontinued BRV, 20% because of adverse events, 20% because of inefficacy and 4% because of both. Adverse events during treatment with BRV, including PAEs, are shown in Table 2. Five patients (20%) developed PAEs (mainly depressed mood and aggressive behavior) and two of them developed suicidal ideation in the context of depression. Among the 13 patients who previously tried LEV and developed PAEs, 77% of them didn’t do so on BRV. Among the nine patients who tried LEV and did not develop PAEs, only one developed depression on BRV.

4. DISCUSSION
This the first report describing in detail PAEs of BRV in patients with drug-resistant epilepsy and psychiatric comorbidities who represent the highest risk population for PAEs. 
A pool data analysis of Phase II and III studies report depression and irritability in about 7% and 5% respectively [10]. A systematic review and meta-analysis of randomized, placebo-controlled, single- and double-blind add on studies of BRV showed that PAEs shows that irritability is the only PAEs statistically more common in treated patients than controls but also emphasizes that PAEs are the most common cause for drug discontinuation [11].  However, in controlled trials, patients with psychiatric comorbidities are often excluded. 
Our data show that, overall, the occurrence of depression and aggressive behavior is not higher in patients with drug-resistant epilepsy and psychiatric comorbidities as compared to Phase II and III studies, clearly suggesting that BRV is well tolerated. This is further supported by the observation that around 77% of patients who had PAEs on LEV did not have any on BRV. 
A better tolerability of BRV as compared to LEV was partially suggested by a 12-week, open-label, prospective, exploratory study of patients with epilepsy switching from LEV to BRV [12]. That study shows that 93.1% patients had a reduction in non-psychotic behavioral adverse events and 62.1% went into remission. However, the primary endpoint was highly selective, as the authors focused on non-psychotic behavioral adverse events only, and did not provide any information on the previous psychiatric history of their patients. For all these reasons, that study could not be considered informative enough regarding PAEs during BRV therapy.
The better tolerability of BRV as compared to LEV, in terms of PAEs, is of great interest and poses further questions on the role of the modulation of the SV2A protein for PAEs with LEV. In fact, BRV is highly selective for the SV2A protein and it has up to 30 times higher affinity than LEV for that protein [1]. If the SV2A protein was a relevant mechanism, BRV would be associated with an even higher risk of developing PAEs as compared to LEV. Conversely, the different effect on AMPA receptors can be a likely explanation for the different psychotropic effect of the two drugs [13,14]. Among all AEDs, those with AMPA antagonist properties, such as Topiramate, Zonisamide [15] and more recently Perampanel [16], have shown to be more frequently associated with PAEs [17]. Interestingly enough, while LEV has shown to be also an AMPA antagonist [13], BRV has no effect on glutamate neurotransmission [14]. A controlled study comparing directly LEV and BRV will be able to clarify if BRV is better tolerated than LEV. 

The safety of the direct switch from LEV to BRV is another relevant finding of our case series. Even though in a small number of subjects, we observed no seizure deterioration and there was no difference in the rates of reported adverse events in patients who underwent the overnight switch compared to those who underwent cross-titration or sequential titration. This is in keeping with previous reports suggesting that an overnight switch is safe and well tolerated [12,18] . However, our case series is the first in patients with psychiatric comorbidities.

Finally, in our case series, a very small number of patients were prescribed BRV off-label for drug-resistant generalized epilepsies. The scientific rational for that was based on a previous Phase III study which included a subgroup of patients with generalized epilepsies [19]. None of our patients had a significant improvement on BRV but none of them had deterioration either, further confirming that BRV is not associated with seizure deterioration in patients with generalized epilepsies. Studies investigating the potential role of BRV in patients with generalized syndromes are needed. 

Limitations of this report should be noted. First, the retrospective nature and the very small sample size make our case series an anecdotal report. However, it provides detailed information on the use and outcome of BRV in patients with drug-resistant epilepsy and psychiatric comorbidities, a subgroup of patients which may be often challenging for many epileptologists.
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Table 1. Clinical and demographic data of the sample.

	
	N = 25

	Age, median years (range)
	43 (18-68)

	Gender
Male
Female
	
6 (24%)
19 (76%)

	Duration of the epilepsy, median years (range)
	22 (8-58)

	Epilepsy type
Focal 
Generalised
Unclassified
	
20 (80%)
4 (16%)
1 (4%)

	Aetiology
Structural
Genetic
Immune 
Unknown
	
10 (40%)
7 (28%)
1 (4%)
 8 (32%)

	Psychiatric comorbidities
Mood and anxiety disorders in comorbidity 
Major depressive disorder only
Bipolar disorder only
Psychoses
Intellectual disabilities with challenging behaviour
	
10 (40%)
7 (28%)
2 (8%)
3 (12%)
3 (12%)

	Antiepileptic drug (AED) treatment
Previously failed AED, median (range)
Number of concomitant AED, median range
Monotherapy (%)
Two AEDs (%)
Three AEDs (%)
Four or more AEDs (%)

	
4.5 (range 1-13)
3 (range 1-4)
4 (16%)
12 (48%)
8 (32%)
1 (4%)

	Concomitant AEDs
Lamotrigine
Clobazam
Sodium Valproate
Pregabalin
Carbamazepine
Lacosamide
Oxcarbazepine
Zonisamide
Clonazepam
Ethusoximide
Phenobarbitone
Phenytoin
Primidone
BRV monotherapy
	
14 (56%)
9 (36%)
6 (24%)
5 (20%)
5 (20%)
4 (16%)
4 (16%)
4 (16%)
1 (4%)
1 (4%)
1 (4%)
1 (4%)
1 (4%)
1 (4%)


[bookmark: _GoBack]Table 2. Treatment emergent adverse events during BRV

	
	N = 25 (%)

	Patients reporting at least one adverse event

	10 (40%)

	Discontinuation of BRV due to AEs
	6 (24%)

	Non PAEs 
Upper GI symptoms
Tiredness
Dizziness
Headache 
Breathing difficulties
	
2 (8%)
1 (4%)
1 (4%)
1 (4%)
1 (4%)

	PAEs*
Depression only
Aggressive behavior only
Depression and aggressive behavior
Suicidal ideation 
	
2 (8%)
2 (8%)
1 (4%)
2 (8%)

	PAEs in the subgroup with previous PAEs during LEV*
Aggressive behavior only
Depression and aggressive behavior
Suicidal ideation 
No PAEs
	N = 13 (%)
2 (15%)
1 (8%)
1 (8%)
10 (77%)



*Patients can be counted in more than one group.  

