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pilepsy has been traditionally thought of as a family of 
disorders leading to recurrent seizures rather than a 
single disease. The International League Against Epi-

lepsy (ILAE) definition of a seizure is abnormal, excessive or syn-
chronous neuronal activity in the brain.1 These atypical stimuli 
often lead to sudden or transient alterations of consciousness, loss 
of voluntary motor control, or changes in autonomic function. If 
the area of abnormal activity can be localized, it is considered a 
partial (or focal) seizure.2 If it encompasses both hemispheres, it is 
classified as a generalized seizure. Partial and generalized seizures 
can be further broken down by presentation, for example, a tonic-
clonic seizure is characterized by a period of sustained muscle 
contraction followed by a period of rhythmic spasms involving 
the same muscle groups. A 2015 CDC report showed over 65 
million people worldwide and 3.5 million in the US suffer from 
epilepsy.3 This accounts for nearly 1% of the population, making 
it one of the most common neurological disorders globally. Low 
socioeconomic status and lack of proper care contribute largely to 
the burden of illness within this demographic leading many peo-
ple to go untreated.4 In addition, those afflicted with the disease 
suffer from significantly lower Health Related Quality of Life 
(HRQOL). The national economic burden of epilepsy is estimated 
at $12.5 billion with a per-patient-per-year cost of $10,000.5 Over 
80% of this is associated with indirect costs related to loss of 
productivity. Overall, medication prices contribute relatively little 
to direct costs of this disease state and those controlled on an-

tiepileptic drugs incur much lower annual costs associated with 
inpatient resources and work absenteeism, than those that are 
uncontrolled or untreated.5,6  
        While diagnosis of epilepsy relies on amount and frequency 
of seizures, it is highly debated what kind of seizures can be classi-
fied under the umbrella term of epilepsy.7 For example, drug-
induced or febrile seizures can be cause for concern, but multiple 
episodes of these would not be considered epilepsy. In short, a 
seizure is an event, while epilepsy is the uncontrolled, unprovoked 
occurrences of these events. The ILAE and the International Bu-
reau for Epilepsy (IBE) released an operational definition as hav-
ing either two or more unprovoked seizures within 24 hours, one 
unprovoked seizure with a high risk of 10-year recurrence, or a 
diagnosis of an epileptic syndrome (a syndrome in which epilepsy 
is a predominate feature i.e. Lennox-Gastaut).1 There are over 20 
Anti-Epileptic Drugs (AEDs) and choice of first line agent is 
based on seizure type, cost, adverse effects, and pharmacokinetic 
profile. Some of the most common first line agents for partial-
onset seizures are oxcarbazepine, lamotrigine, phenytoin, and 
valproic acid.8 While monotherapy with these AEDs is effective in 
controlling seizure activity in half the population, the rest will 
require multiple medications and one-third will be refractory, 
meaning seizures persist despite treatment with two or more 
drugs.9 Additionally, these drugs are associated with many adverse 
events and may not increase the overall quality of life of these 
patients. 
        Xcopri® (cenobamate) is a novel azole derivative that re-
ceived an early approval for treatment of partial-onset seizures in 
adults based on two promising phase II studies.10,11 It is attempt-
ing to fill the gaps in therapy associated with treatment refractory 
seizures while having a superior safety profile. This article aims to 
review the safety and efficacy of cenobamate in the treatment of 
patients with uncontrolled partial-onset seizures.             

Mechanism of Action 
        Cenobamate has been shown to inhibit both persistent and 
slow voltage gated sodium currents in a dose dependent manner.12 
It is also an allosteric modulator of GABAA ion channels. The 
exact mechanism of action in epilepsy is not known, however, the 
combination of effects on these ion channels has shown to reduce 
neuronal firing. 
 
Pharmacokinetics 
        Cenobamate bioavailability is approximately 90% after oral 
administration and median time to peak plasma concentration was 
between one and four hours.13 Steady state was reached after two 
weeks of once daily oral administration. High fat meals did not 
affect absorption. It is 60% bound to plasma proteins and the 
terminal half-life is 50-60 hours. Cenobamate is metabolized 
mainly by glucuronidation through UGT2B7 and UGT2B4. For 
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emergent adverse events, serious adverse events, discontinuations 
due to adverse events, and clinical laboratory evaluations assessing 
changes from baseline in vital signs, 12-lead electrocardiograms 
(ECGs), physical and neurological examinations, and the Colum-
bia-Suicide Severity Rating Scale responses. 
        Overall, 360 of the 437 (82%) patients completed the study. 
For the primary endpoints, the median percentage change from 
baseline in focal seizure frequency per 28 days during the 18-week 
study was −24.3% (IQR −45 to −7.0%) for the placebo group, 
−36.3% (−62.5 to −15.0%; p=0.0071) for the cenobamate 100 
mg group, and −55.2% for both cenobamate 200 mg group 
(−73.0% to −23.0; p<0.0001) and 400 mg group (−85.0% to 
−28.0; p<0.0001). Responder rates during the 12-week mainte-
nance phase were as follows: 25% (26 of 102 patients) in the pla-
cebo group, 40% (41 of 102; OR 1.97, 95% CI 1.08–3.56; 
p=0.0365) for the cenobamate 100 mg group, 56% (55 of 98; OR 
3.74, CI 2.06–6.80; p<0.0001) for the cenobamate 200 mg group, 
and 64% (61 of 95; OR 5.24, CI 2.84–9.67; p<0·0001) for the 
cenobamate 400 mg group. For safety, The percentage of patients 
who had at least one treatment-emergent adverse event during the 
double-blind treatment period was 70% (76 of 108) in the placebo 
group, 65% (70 of 108) in the 100 mg cenobamate group, 76% 
(84 of 110) in the 200 mg group, and 90% (100 of 111) in the 400 
mg group. The most common adverse events (>10%) occurring 
more frequently in the treatment arm were somnolence, dizziness, 
fatigue, and headache. The most common adverse events leading 
to trial discontinuation occurring more frequently in the treatment 
arm were ataxia, dizziness, somnolence, diplopia, nystagmus, and 
vertigo. Suicidal thoughts and behaviors were increased in the 
treatment arm as well. The authors stated that no clinically mean-
ingful results were observed in changes from baseline in hematol-
ogy, clinical chemistry, laboratory values, ECG studies, vital signs, 
or physical or neurological examinations. 
        Post-hoc analysis, conducted by the trial authors, showed 
seizure frequency in the first four weeks of treatment was reduced 
by a median of 45% (100 mg) and 50% (200 and 400 mg) com-
pared with 17% in the placebo group. The mean time to first post
-dose seizure was seven days in cenobamate recipients (all dosage 
groups; n = 293) and 6.4 days in placebo recipients (n = 97). Com-

oxidative metabolism, CYP2E1, CYP2A6, and CYP2B6 are the 
main enzymes involved. CYP2C19 and CYP3A4/5 play a lesser 
role in oxidative metabolism. Radiolabeled cenobamate showed 
88% excretion in the urine. 
 
Pharmacodynamics 
        Studies were performed to observe the interactions with 
cenobamate and ethanol. No significant differences were ob-
served when measuring attention, psychomotor performance, and 
memory test in healthy subjects.13 Doses of 400 mg led to reports 
of euphoria in an early phase abuse potential study. Physical de-
pendence was also observed, and abrupt discontinuation could 
lead to seizures. Cenobamate shortened OTc intervals in a dose 
dependent manner. While no studied doses reduced the QTc in-
terval to less than 300 ms, one-third of patients on 200 mg and 
two-thirds of patients on 500 mg showed QTc shortening of 
greater than 20 ms.   
 

        Currently, there is only one published trial evaluating the 
safety and effectiveness of cenobamate. While the outcomes for a 
second phase II trial have been included in the package insert, the 
results are only published as an abstract rather than a full peer-
reviewed article.   
 
Phase II Trial 
        Krauss et al. conducted a phase II multi-centered, random-
ized, double-blinded, placebo controlled, dose response trial look-
ing at the safety and efficacy of cenobamate in 437 patients with 
partial-onset seizures despite treatment with one to three AEDs.10 
Exclusion criteria included patients taking diazepam, phenytoin, 
or phenobarbital within one month of screening (drug interac-
tions). Additional exclusion criteria included patients that had 
taken vigabatrin within the past year, felbamate for less than 18 
months consecutively, or a benzodiazepine rescue treatment with-
in the past month. Patients with status epilepticus within the past 
three months or suicidal ideation within the past six months were 
also excluded. An electroencephalogram (EEG) confirmation of 
focal epilepsy was required for inclusion. An eight-week period 
was used to prospectively assess baseline seizure type (focal aware 
motor, focal impaired awareness, or focal to bilateral tonic-clonic 
seizures) and frequency before randomization. Patients required a 
baseline seizure frequency of four per 28 days and could not have 
a seizure free period greater than 25 days.  
        Patients were then randomized 1:1:1:1 to receive either ceno-
bamate 100mg  daily (n=108), 200 mg daily (n=100), 400 mg daily 
(n=111), or placebo (n=106). Patients in each group were initiated 
on cenobamate 50 mg daily followed by a four week titration in-
creasing the dose by 50 mg per week until a dose of 100 mg or 
200 mg was achieved. Those allocated to the 400 mg arm were 
then further titrated for two weeks at 100 mg per week until the 
400 mg daily dose was reached. Patients that could not tolerate 
dose increases were maintained at the previous dose. All treat-
ment groups followed an intention to treat (ITT) protocol. Fol-
lowing the titration phase, a 12-week maintenance phase included 
patients on the maximum attained dose of cenobamate. The pri-
mary endpoints were the percentage change from baseline in focal 
seizure frequency averaged over 28 days of the entire 18-week 
study period and responder rates, defined as a greater than or 
equal to 50% reduction from baseline during the maintenance 
phase only. Safety outcomes included the incidence of treatment-

Clinical Trials 

Table 1  |  Select Cenobamate Pharmacokinetics13 

Absorption  
Tmaxa 1-4 hours 

Bioavailability 88% 
Distribution  

Vdb 40-50L 
Protein Binding 60% 

Metabolism  

UGT Glucuronidation Major: UGT2B7 
Minor: UGT2B4 

CYP Oxidation Major: CYP2E1 & CYP2A6 
Minor: CYP2C19 & CYP3A4/5 

Elimination  
Renal Excretion 87.8% 
Fecal Excretion 5.2% 

Clearance 0.45-0.63 L/h 
T1/2c 50-60 hours 

aTime to maxmium concentration; bVolume of distribution; cHalf-life 
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plete response was defined by 100% reduction in seizures over 
the 12-week maintenance phase. In the 100 mg, 200 mg, and 400 
mg groups respectively, 4%, 11%, and 21% achieved this outcome 
(all statistically significant), while only 1% achieved complete re-
sponse in the placebo group.  
 
Unpublished and On-going trials 
        An abstract discussing another phase II study 
(NCT01397968) compared cenobamate 200 mg daily with place-
bo over 12 week period.11 Patients (n=221) were enrolled and 
followed the same study design as the published phase II trial 
discussed above with the exception of only a six-week mainte-
nance period. Primary outcomes were the same as the published 
study (28 day average and responder rates) and results showed 
median percentage change in 28-day focal seizure frequency from 
baseline (primary endpoint) was significantly (p < 0.0001) greater 
with cenobamate than placebo (− 55.6% vs − 21.2% respectively). 
Responder rates were 50% in the treatment arm vs. 22% in the 
placebo arm. Both phase II trials are still ongoing as an open la-
beled extension with patients that completed the initial study.  
        An additional unpublished phase II study by Kastelejin-
Nolst (NCT00616148) evaluated the effect of cenobamate in pa-
tients with photoparoxysmal-EEG response (PPR) to intermittent 
photic stimulation (IPS).14 The original study was designed as 
proof of efficacy for cenobamate in epilepsy treatment. Six pa-
tients enrolled and each were treated with one dose of placebo 
and then 100 mg, 250 mg, or 400 mg after a two-day washout. IPS 
was applied to three eye conditions, and PPR was assessed. Re-
sults showed partial suppression in one of three patients receiving 
cenobamate 100 mg, four of four patients receiving cenobamate 
250 mg and two of four patients receiving cenobamate 400 mg. 
Complete suppression was seen in one patient each in the cenoba-
mate 250 mg and 400 mg groups, and PPR was consistently re-
duced with cenobamate 250 mg and 400 mg > 24 h after cenoba-
mate administration. 

        The most common adverse effects (>10%) that were ob-
served in clinical trials were somnolence, dizziness, fatigue, di-
plopia, and headache.13 Two patients were observed to have a 
hypersensitivity reaction classified as mild-moderate which re-
solved quickly after discontinuation. One instance of drug reac-
tion with eosinophilia and systemic symptoms (DRESS) was not-
ed in the study by Krauss et al. This was resolved after two 
months of corticosteroid use. Two other instances of DRESS 
were reported in other trials.   
        A phase I abuse potential study looked at 39 subjects that 
used sedatives recreationally.13 A significant number of subjects 
reported a euphoric sensation after administration of 200 and 400 
mg of cenobamate and subjective reports of “wanting to use 
again” were noted. Physical dependence in clinical studies showed 
potential for withdrawal symptoms such as insomnia, decreased 
appetite, depressed mood, tremors, and amnesia. For this reason, 
a dose reduction over two weeks is recommended for discontinu-
ation.  
        Due to the potential for QTc interval shortening, cenoba-
mate is contraindicated in patients with familial short QTc syn-
drome, and caution should be used when taken with other drugs 
known to shorten QTc intervals. Suicidal ideation and behavior 
has been studied in AEDs with results showing that patients on 
AEDs are more likely to express these thoughts. Caution should 
be used in patients with clinical depression or with a known sui-
cide risk.  
        Cenobamate relies on CYP enzymes for metabolism. This 
leads to the potential for drug interactions and caution should be 
used in patients on concurrent AEDs or substrates for CYP2B6 
and CYP3A4/5. Cenobamate may potentially decrease plasma 
concentrations of oral contraceptives. Alternative forms of con-
traceptives should be used while taking cenobamate. 
 

Table 2 |  Primary Endpoints From Cenobamate Trials10,11 

Krauss et al10  

Seizure Frequency Per 28 Days 

Intervention Median % Change from Baseline (IQRa) P-value 

Placebo -24.3 (-45.0 to –7.0) - 

Cenobamate 100 mg/day -36.3 (-62.5 to –15.0) 0.006 

Cenobamate 200 mg/day -55.2 (-73.0 to –23.0) <0.001 

Cenobamate 400 mg/day -55.3 (-85.0 to –28.0) <0.001 

Maintenance Phase Responder Rates 

Intervention % Responders (ORb, CIc) P-value 

Placebo 25 (N/A) - 

Cenobamate 100 mg/day 40 (1.97, 1.08-3.56) 0.0365 

Cenobamate 200 mg/day 56 (3.74, 2.06-6.80) <0.001 

Cenobamate 400 mg/day 64 (5.24, 2.84-9.67) <0.001 

Seizure Frequency Per 28 Days 

French et al11   
Intervention Median % Change from Baseline  P-value 

Placebo -21.5 - 

Cenobamate 200 mg/day -55.6 <0.0001 
aInterquartile Range; bOdds Ratio; cConfidence Interval 

Adverse Effects and Precautions 
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        Cenobamate is available in 12.5 mg, 25 mg, 50 mg, 100 mg, 
150 mg and 200 mg tablets.13 Dose titration is recommended to 
reduce the potential for side effects. The recommended starting 
dose is 12.5 mg once daily with dose increases every two weeks 
up to 200 mg. The maximum dosage is 400 mg if still no clinical 
response. In this case, titration is recommended as 50 mg increas-
es every two weeks until 400 mg is achieved. Cenobamate may be 
taken with or without food.  
 

 
        SK Life Sciences has not released an official price; however, 
the chief commercial officer stated in interviews that cenobamate 
will be priced competitively with Briviact (brivaracetam) and 
Fycompa (perampanel).15 This most likely means that cenobamate 
will be priced between $500 and $1,000 per month. There is no 
prior authorization (PA) information for cenobamate, however, 
the newer generations require failure on other medications (ruling 
out compliance issues as cause of failure) and partial onset or 
tonic-clonic seizure diagnosis. Most likely, the PA will rule out 
patients that met the exclusion criteria for the initial studies. Indi-
vidual insurance policies will vary in monthly copay for this drug. 
Cenobamate is expected to hit the market around May of 2020. 
The DEA is currently investigating the active ingredient for abuse 
potential based on published data, and cenobamate may be re-
leased as a controlled substance.13 
 

        While there is promising evidence for use of cenobamate in 
uncontrolled epilepsy, there are many weaknesses to its initial 
approval. Complete seizure freedom is the real goal for those 
suffering from epilepsy, and currently a high percentage of pa-
tients are unable to reach this goal. Cenobamate does have data to 
show that this may be possible for some patients.10 The bulk of 
this evidence, however, comes from one published phase II trial 
and another very similar phase II abstract. Both studies were over 
a short period of time, and considering refractory seizures are 
considered over 12 months, it is not yet known if these patients 
will experience seizures after the studied time period. Other, low-
er quality abstracts have also shown efficacy, but their lack of peer 
review limits their use in evaluating the true efficacy and safety of 
this drug.11,14,16 While older AEDs show reduction in seizure fre-
quency, their harsh side effect profile leads to little effect on over-
all quality of life.9 As newer generations of epilepsy drugs hit the 
market, there has been a trend towards less adverse side effects, 
but with that comes a large price tag.17,18 Cenobamate appears to 
be following this trend and clinical trials show a milder side effect 
profile when compared to side effects such as thrombocytopenia 
with phenytoin or hepatotoxicity with valproic acid, though it is 
difficult to compare clinical trials to real world data.19,20 Therapeu-
tic drug monitoring is also recommended for older medications 
such as phenytoin and valproic acid. While there is not yet any 
monitoring requirements for cenobamate, oxcarbazepine shares 
this advantage with the added advantages of being studied for 
longer and available at a much cheaper price.13,18 One of the big-
gest benefits of cenobamate is its long half-life in comparison to 
the variable or shorter half-lives of other AEDs with the same 

approval. This allows for extended protection in the case of 
missed doses.  
        Epilepsy is present disproportionately in people with low 
socioeconomic status, therefore high prices of newer drugs poten-
tially limits their use in these populations. Additionally, the poten-
tial for being added as a scheduled drug may hinder its use as well. 
Cost-effectiveness is becoming critical in the success of new 
drugs, and studies showing cenobamate is more cost-effective as 
primary treatment, or as a second, third, or fourth additional drug 
versus what is currently on the market could tip the scales in its 
favor. In recent years, pharmacogenomics of AEDs has linked 
some of their adverse reactions to genetic factors. It will be a long 
time before such data is available for cenobamate. While epilepsy 
is a common disorder, there is a lack of high-quality evidence 
comparing head to head efficacy of AEDs. Therapy is chosen 
based on seizure type, cost, and adverse effect profile. Additional 
drugs are added as seizures continue. Therefore, it is difficult for a 
particular AED to have a “defined” place in therapy. Ultimately, 
longer studies are needed to truly assess where cenobamate will fit 
in. Real world evidence showing benefits in certain patient popu-
lations (kidney/liver disease, certain epileptic syndromes, etc.) 
would help this drug secure a spot in the epilepsy guidelines. 

        Xcopri® (cenobamate) is a new AED that was granted early 
FDA approval in November 2019 for treatment of uncontrolled 
partial seizures in adults. Xcopri® (cenobamate) is attempting to 
reduce the number of seizures associated with epilepsy and has 
shown complete seizure reduction in some patients. Further stud-
ies showing longer efficacy are needed to address the validity of 
these claims and to show if this drug truly has value in epilepsy 
treatment.   
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Adverse Effect  
Cenobamate Dose  

Placebo  
100 mg 200 mg 400 mg 

Diplopia (%) 6 7 15 1 

Somnolence (%) 19 22 37 11 

Dizziness (%) 18 22 33 15 

Fatigue (%) 12 14 24 7 

Headache (%) 10 12 10 9 

Dosing and Administration 

Cost and Availability 

Clinical Implications 

Conclusion 

References 



harma P ote N 

http://pharmacy.ufl.edu/pharmanote/ 5 � MARCH 2020  VOL. 35, ISSUE 6 

4. Norhona AL, Bell GS, Borges MA, et al. Prevalence and pat-
tern of epilepsy treatment in different socioeconomic classes 
in Brazil. Epilepsia. 2007;48(5):880-885. 

5. Cardarelli WJ, Smith BJ. The burden of epilepsy to patients 
and payers. Am J Manag Care. 2010;16(12 suppl):S331–S336. 

6. Fitch K, Pan X, Lau J, et al. Prevalence and economic burden 
of epilepsy in the institutionalized medicare fee-for-service 
population. Am Health Drug Benefits. 2019;12(3):151-158. 

7. Gastaut H, Caveness W, Landolt H, et al. A proposed inter-
national classification of epileptic seizures. Epilepsia. 
1964;5:297–306. 

8. Goldenberg M. Overview of drugs used for epilepsy and 
seizures: etiology, diagnosis, and treatment. P T. 2010;35
(7):392–415. 

9. Manford, Mark. Recent advances in epilepsy. Journal of neu-
rology vol. 264,8 (2017): 1811-1824.  

10. Krauss GL, Klein P, Brandt C, et al. Safety and efficacy of 
adjunctive cenobamate (YKP3089) in patients with uncon-
trolled focal seizures: a multicentre, double-blind, random-
ised, placebo-controlled, dose-response trial. Lancet Neurol. 
2019;13:13. 

11. French JA, Kowalski J, Maciejowski M, et al. YKP3089 in 
partial-onset seizures: a randomized, double-blind, placebo-
controlled study [abstract no 044]. Epilepsia. 2014;55(Suppl 
2):19. 

12. Nakamura M, Cho JH, Shin H, et al. Effects of cenobamate 
(YKP3089), a newly developed anti-epileptic drug, on voltage
-gated sodium channels in rat hippocampal CA3 neurons. 
Eur J Pharmacol. 2019;855:175–82. 

13. SK Biopharmaceuticals. Cenobamate (XCOPRI): US pre-
scribing information. 2019. https://www.accessdata.fda.gov/
drugsatfda_docs/label/2019/212839s000lbl.pdf. Accessed 15 
January 2020. 

14. Kasteleijn-Nolst Trenite DGA, DiVentura BD, Pollard JR, et 
al. Suppression of the photoparoxysmal response in photo-
sensitive epilepsy with cenobamate (YKP3089). Neurology. 
2019;93(6):e559–67. 

15. Tong, A. New epilepsy company on the block wins FDA 
approval for made-in-Korea drug to treat focal seizures. End-
points News. Retrieved from https://endpts.com/epilepsys-
new-company-on-the-block-wins-fda-approval-for-made-in-
korea-drug-for-focal-seizures/. Accessed 15 January 2020. 

16. Kamin M, Ferrari L. Time to onset of efficacy in seizure re-
duction with cenobamate (YKP3089) in patients with uncon-
trolled partial seizures from 2 randomized clinical trials 
[abstract no P1.5-032]. Neurology. 2019;92(15 Suppl). 

17. Lamictal (lamotrigine) package insert. Research Triangle Park, 
NC: GlaxoSmithKline; 2019 Sep. 

18. Trileptal (oxcarbazepine) package insert. East Hanover, NJ: 
Novartis Pharmaceuticals Corporation; 2019 Jan. 

19. Depakote (divalproex sodium tablets) package insert. North 
Chicago, IL: AbbVie Inc.; 2019 Nov. 

20. Dilantin (phenytoin sodium) injection package insert. New 
York, NY: Parke-Davis Division of Pfizer Inc.; 2017 Aug. 

PharmaNote®  

Published by the UF Family Practice Residency Pro-
gram and the Departments of Community Health & 
Family Medicine and Pharmacotherapy & Transla-

tional Research 

University o f Florida  

Editor-in-Chief 
John G. Gums, PharmD, FCCP 

Managing Editor 

Jason Powell, PharmD, BCACP 

Associate Editor 
R. Whit Curry, MD 

Assistant Editor 
Christopher R. Piszczatoski, PharmD 

The material contained in this newsletter has been prepared for informational purposes only. 
The articles are the work product of the individual authors to whom each article is attribut-
ed. The articles contained herein should not be used without proper permission or citation. 
Should you have questions about any of the content in this newsletter please contact the 
Editor.  


