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Outline

▪ Treatments used in Dravet syndrome
▪ What is the evidence?
▪ Where are we now?
▪ Newer agents on the horizon
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Dravet syndrome  
Tailored treatment

Effective	anti-epileptic	drugs	

▪ Valproate	

▪ Clobazam		

▪ Topiramate	

▪ Levetiracetam	

▪ Ketogenic	diet

+/-  Stiripentol

Seizure	aggravation 
• Carbamazepine,	phenytoin 
• Lamotrigine	-	Guerrini	et	al	1996



Dravet Syndrome 

STP – Placebo controlled trial 
STICLO France  

(Chiron et al Lancet 2000;356:1638-42)

Placebo Stiripentol p

Responders 5% 71% <0.00002

Change seizure 
frequency

+ 7% -70% <0.002

Seizure free 0 9

Placebo

Stiripentol 50mg/kg/d

VPA + CLB
20

21



Efficacy of stiripentol with or 
without SCN1A mutation
▪ 32 children with Dravet syndrome
▪ 15 mutation, 17 no mutation
▪ efficacy of STP greater with mutation, 

specifically missense mutations

Cho et al J Clin Neurol  2018 Jan;14(1):22-28

Stiripentol use in adults

• 13 adult subjects with DS (eight females, five 
males). 

• Responder rate 3/13 (23%) at 36 months.
• Seizure exacerbation (3/13, 23%), 
• no change (3/13, 23%),
• < 50% reduction in seizures (2/13, 15%), 
• > 50% reduction in GTCS but no other seizure 

types (1/13, 8%), 
• undefined response (1/13, 8%).
• Retention rate 62% at 12m,  31% at 5 years. 
• Adverse effects 7/13 (54%): 

• anorexia, 
• weight loss, 
• unsteadiness 
• tiredness. 

• Withdrawal 3/13 (23%). 
lower responder rate and a similar tolerability 
profile.

Balestrini & Sisodiya 
Acta Neurol Scand 2017;135:73-79
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Other medication

Topiramate Coppola et al Epilepsy Res  2002;49:45-48

▪ Open label add-on study
▪ 18 patients 

▪ 10 >50% reduction, No aggravation
▪ Mild to moderate adverse events in 4 

patients

Levetiracetam Striano et al Neurology 
2007;69:250-4

▪ Open label add-on study
▪ Dravet syndrome >3 years old, 4 t/c/month
▪ F/up 6-36m
▪ Responders 64.2% for tonic-clonic, 60% 

myoclonic, 60% focal, 44.4% absence

Rufinamide Mueller et al Epilepsy & Behavior 2011;21:282-4

▪ Retrospective European multicentre
▪ 20 patients; responder rate at 6m 20%, after 34 m 5%
▪ Aggravation of seizures 30%, no effect 45%

Perampanel Yoshitomi et al Epilepsy Res 2019;154:34-38

▪  10 patients, age 11.5+/- 2.2 yrs
▪ 5 >50% reduction in seizures; benefit early  in 

introduction
▪ Responders GTC 50% (4/8), unilateral clonic : 50% 

(3/ 6), myoclonic : 33% (1/3), atypical absence : 33% 
(1/3), and focal impaired awareness seizure: 100% 
(1/1)

▪ Side effects in 7/10, mild



Neuropediatrics	2012
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Ketogenic diet

Epilepsy Res 2015;109:81-9
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21 children, SMEI, 3 centres
>50% increase in convulsive seizures  8
Aggravation of myoclonic seizures  18

Dravet syndrome  
Treatment to avoid?

Number of 
patients

No aggravated

Carbamazepine 28 16 (61%)
Vigabatrin 14 9 (64%)
Lamotrigine 12 8 (67%)
Phenobarbitone 23 6 (26%)

Thanh et al 2006



Age dependent?
Dev Med Child Neurol 2015;57:200-2

3 patients age 33, 27 and 14 years
Exacerbation of seizures n withdrawal of Lamotrigine



#DSUKLondon19www.dravet.org.uk

Wirrell EC, Laux L, Donner E et al Ped Neurol (Elsevier) 2017: 68:18-34.e3
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Practical aspects

▪ Prompt treatment of fever
▪ Avoidance of hyperthermia
▪ Awareness of triggers
▪ Excitement
▪ Photosensitivity?

▪ Prompt treatment of prolonged seizures
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Cannabis
▪ Cannabis: for the most part, Cannabis sativa.

▪ One of the most widely used recreational and 
medicinal drugs worldwide.
▪ ~150 million people smoking cannabis daily (WHO)

▪ Likely the first non-food plant cultivated by 
humans (~8000 BC)

▪ Best known for its psychoactive constituent, Δ9-
tetrahydrocannabinol (‘THC’).
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Applications

▪ Epilepsy
▪ Neuropsychiatric disorders
▪ Anxiety
▪ Schizophrenia
▪ post-traumatic stress 

disorders
▪ Anxiolytic
▪ Antipsychotic

▪Antiemetic
▪Anti-inflammatory properties 



#DSUKLondon19www.dravet.org.uk

Is there evidence for effect in epilepsy? 
▪ Large preclinical evidence base asserting mixed effects on seizures in 

animal models 

�17

Compound
Sp
eci
es

Number of discrete 
conditions/models/
designs

Dose Anticonvulsant No 
effect Proconvulsant

THC 6 31 0.25-200 
mg/kg 61% 29% 10%*

CBD 2 21 1-400 mg/
kg 81% 19% 0%

Other plant 
cannabinoids 2 7 N/A 100% 0% 0%

CB1 receptor 
agonists 2 55 N/A 73% 18%

2% 
(7% mixed 

effect)

*Includes	non-seizure	studies	where	convulsions	were	reported	(see	next	slide)

	Whalley	(2014)	Cannabis	and	Seizures	American	Herbal	Pharmacopeia



The	British	Journal	of	Psychiatry	(2011)		198,	442–447.
▪ 104 chronic cannabis, 

▪ 49 early-onset users 
▪ 55 late-onset users
▪ 44 controls

▪ No differences in IQ, vocabulary or block 
design 

▪ The early-onset group had 
▪ more perseverative errors
▪ completed fewer categories on the WCST. 
▪  performed poorly on STROOP
▪ Poorer performance on the FAB

Its	‘natural’	–	is	it	safe?
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Acute effects of delta-9-tetrahydrocannabinol, 
cannabidiol and their combination on facial recognition  
Hindocha et al 2015
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Cannabinoids: GW Pharma

▪ Pure cannabidiol and cannabidivarin; almost 
insignificant THC

▪ CBD is one of two major cannabinoids in Sativex
▪ Epidiolex is a proprietary oral solution of pure plant-

derived cannabidiol



Screened
(n=177)

Screen failures
(n=57)

Randomized ITT 
& safety set 

(n=120)

CBD
(n=61)

Placebo
(n=59)

Withdrawn (n=9)
•   Adverse event (n=8)
•   Withdrawn by investigator (n=1)

Withdrawn (n=3)
•   Adverse event (n=1)
•   Withdrawn by parent (n=1)
•   Lost to follow-up (n=1)

 Entered OLE trial 
(n=49)

(94.2% of completers)

 Entered OLE trial 
(n=56)

(100% of completers)

Completed treatment
(n=52)

Completed treatment
(n=56)

23 study centers in U.S. 
and Europe
177 patients screened
120 randomized
85% of CBD and 95% of 
placebo patients 
completed



Significantly greater seizure reduction with 
CBD vs placebo
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Key Safety Results

Treatment-Emergent Adverse 
Events (TEAEs)

CBD (n=61)
n (%)

Placebo (n=59)
n (%)

All-causality TEAEs 57 (93.4) 44 (74.6)
Treatment-related TEAEs 43 (70.5) 16 (27.1)
TEAEs leading to withdrawal 9 (14.8) 1 (1.7)
Serious TEAEs 10 (16.4) 3 (5.1)
Treatment-related serious TEAEs 5 (8.2) 0

TEAEs reported in >10% of patients in either group by preferred term
Somnolence 22 (36.1) 6 (10.2)
Diarrhea 19 (31.1) 6 (10.2)
Decreased appetite 17  (27.9) 3 (5.1)
Fatigue 12 (19.7) 2 (3.4)
Pyrexia 9 (14.8) 5 (8.5)
Vomiting 9 (14.8) 3 (5.1)
Lethargy 8 (13.1) 3 (5.1)
Upper respiratory tract infection 7 (11.5) 5 (8.5)
Convulsion 7 (11.5) 3 (5.1)

Laboratory Investigations 
• Increases in ALT or AST 

(>3× ULN) occurred in 12 
CBD and 1 placebo patient, 
all of whom were on 
concomitant valproic acid 

• No patients met standard 
criteria for drug-induced liver 
injury with concurrent 
elevated bilirubin >2× ULN 

• Three CBD patients 
withdrew from treatment due 
to the elevated 
transaminases 

• All elevations resolved



AED interaction; clobazam
13/25 children CBD 2—25mg/kg/day

Mass General Hospital, Boston

Norclobazam increased in 
12/13

Side effects 10/13
▪ Drowsiness        6
▪ Ataxia                 2
▪ Irritability         2
▪ Restless sleep               1
▪ Urinary retention        1
▪ Tremor                          1
▪ Loss of appetite         1 Geffrey et al, Epilepsia, 56(8):1246–1251, 2015



Neurology 2018;90:e1204-1211

34 patients, randomised to placebo, 5mg/kg, 10mg/kg, 
20mg/kg
23 clobazam, 7 stiripentol



Draft  11th November 2019
Due publication 18th December 2019
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Cross et al Epilepsia 2019 in press



Hemp oil
<0.3% THC

CBD 5%, THC 
0.2%

Not the same!!



Cannabidiol dose and label accuracy in 
edible medical cannabis products    
JAMA June 23/30, 2015 Volume 313, Number 24

August to October 2014; individuals sent to dispensaries in 
San Francisco,  Los Angeles, and Seattle, USA.
Entire package contents were assessed
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• poor	standardization	is	currently	applied	to	the	gale-nic	preparation	of	
cannabis	oil	extracts,		

• evaluation	of	their	interlot	variability	from	188	different	laboratories	

• 201	cannabis	oil	samples	from	10	different	pharmacies	were	collected	and	
their	main	cannabinoids	levels	quantified	by	LC-MS	system.		

• median	extraction	rates	for	Bedrocan,		Bediol,	Bedrolite	5	g/ml	were	90%	
THC/THCA,	ND	CBD/CBDA;102%	THC/THCA,	100%	CBD/CBDA;	108%	THC/
THCA,75%	CBD/CBDA,	respectively.	Statistically	significant	differences,	
with	a	higher	THC	extraction	yield	for	Bediol	than	Bedrocan	(P	<	0.001)	and	
higher	extraction	yield	of	CBD	for	Bediol	than	Bedrolite	(P	<	0.001)
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▪ Open label add on study
▪ TIL-TC150 (Tilray) CBD 100mg/ml THC 2mg/ml

▪ 20 children; 1-16 yrs SCN1A Dravet syndrome 
▪ 2-16mg/kg/day CBD

▪ 4 week baseline, 20 week ontervention
▪ 60% (12/20) >50% reduction in seizures
▪ One SUDEP during intervention period
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Cannabis legislation

▪ 1st November 2018; ‘cannabis based medicinal products 
moved from schedule 1 to schedule 2

▪ BPNA Guidance on the use of cannabis-based products 
for medicinal use in children and young people with 
epilepsy

What product? – cannabidiol where possible
THC?
Not available on the NHS
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Rationale for research recommendations
The committee discussed the limited evidence and agreed that it did not warrant a practice 
recommendation. However, they also agreed that they should not make a recommendation against the 
use of cannabis-based medicinal products as this would restrict further research in this area and 
would prevent people who are currently apparently benefiting from continuing with their treatment. 
Specialists, people with epilepsy and their carers should continue to make treatment decisions in the best 
interests of each person with epilepsy, in line with theGMC's guidance for Cannabis-based medicinal 
products (NG144) doctors. However, people seeking treatment for severe epilepsy should be made aware 
that currently there is no clear evidence of the safety and effectiveness of cannabis-based medicinal 
products.
3 CBD for severe treatment-resistant epilepsy 

What is the clinical and cost effectiveness of CBD in epileptic disorders in children, young people and adults?

4 THC in combination with CBD for severe treatment-resistant ere treatment-resistant epilepsy

Does the addition of THC to CBD have an effect on seizure frequency, brain structure and 
neuropsychological performance when compared with both CBD alone and placebo in epileptic disorders in 
children, young people and adults?
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▪ 75 patients enrolled 
▪ 23% Dravet syndrome
▪ 89% Lennox-Gastaut

▪ 57% reported no improvement in seizure control
▪ 33% reported a 50% reduction in seizures
▪ If the family had moved to Colorado for Cannabis 

the responder rate was 47% but only 22% for 
those already in Colorado

▪ Adverse events occurred in 44% of the patients
▪ Increased seizures 13%
▪ Somnolence, fatigue 12%

A	need	for	RCTs!
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Fenfluramine  
▪ Racemic mixture of two enantiomers: dextrofenfluramine and 

levofenfluramine
▪ Introduced to US market 1973 as appetite suppressant
▪ Concern re cardiac & pulmonary side effects

▪ 1986, Aicardi Jean, New Engl J Med
▪ Treatment of photosensitive epilepsy with fenfluramine

▪ 1996 Boel & Caesar Neuropediatrics
▪ 11 with self induced seizures, all responders
▪ 5/11 SCN1A mutation positive

▪ 2012  Ceulemans et al Epilepsia
▪ 7/12 with Dravet Syndrome seizure free



European Journal of Neurology 2016
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Global Phase 3 Program in Dravet Syndrome
ZX008	as	adjunctive	treatment	for	seizures	in	children	and	

young	adults	with	Dravet	syndrome

Double-blind,	randomized,	placebo-
controlled,	12-week	treatment	

Two	active	doses	(0.2	mg/kg/day,	0.8	
mg/kg/day)	&	placebo

Primary	outcome:	Change	from	
baseline	in	frequency	of	convulsive	

seizures

U.S.	Standard	of	Care;	
Stiripentol	excluded

Primary	outcome:	Change	from	
baseline	in	frequency	of	convulsive	

seizures

Study	1501	/Study	1502 Study	1504

Double-blind,	randomized,	placebo-
controlled,	12-week	treatment	

One	active	dose	(0.5	mg/kg/day)	&	
placebo

E.U.	Standard	of	Care;	
All	patients	on	stiripentol

FDA	confirmation	of	adequate	and	
well-controlled	pivotal	study	design

FDA	confirmation	of	adequate	and	
well-controlled	pivotal	study	design

All	patients	eligible	to	enter	Study	1503:	long-term,	open-label,	flexible-	dose	extension
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≥	50%	Reduction ≥	75%	Reduction

0.8	mg/kg/day 0.2	mg/kg/day Placebo

Efficacy of fenfluramine (- stiripentol) 

p-values calculated vs. placebo

P=0.033

p<0.001

P=0.001
P=0.001

PROPORTION	OF	PATIENTS	WHO	ACHIEVED	≥50%	AND	≥75%		
REDUCTION	IN	MEAN	MONTHLY	CONVULSIVE	SEIZURES	

(2	WK	TITRATION	+	12	WK	MAINTENANCE	PERIOD)

63.9%

33.7%

0.8	mg/kg/day 0.2	mg/kg/day

%	DIFFERENCE	FROM	PLACEBO	IN	REDUCTION		
IN	MEAN	MONTHLY	CONVULSIVE	SEIZURES	

(2	WK	TITRATION	+	12	WK	MAINTENANCE	PERIOD)

0.7mg/kg/day        0.2mg/kg/day

Lagae et al Lancet in press



Study 1: Seizure Freedom/Near-Freedom Rates
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PROPORTION	OF	PATIENTS	WHO	EXPERIENCED	ZERO	(0)	SEIZURES	OR	ONE	(1)	SEIZURE	
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(2	WK	TITRATION	+	12	WK	MAINTENANCE	PERIOD)

0	Seizures
1	Seizure

0	Seizures
1	Seizure

0.0%

Note:	mean	monthly	seizure	rate	at	baseline	for	all	patients	in	Study	1	was	40/month

0.7

Lagae et al Lancet in press
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 Study 1: Longest Seizure Free Interval
MEDIAN	AND	MEAN	OF	EACH	PATIENT’S	LONGEST	SEIZURE	FREE	INTERVAL	

(2	WK	TITRATION	+	12	WK	MAINTENANCE	PERIOD)

p-values	are	for	median	values	vs.	placebo

Median
Mean

Median
Mean

Median
Mean

p<0.001

p=0.011

0.7

Lagae et al Lancet in press



Most Common Treatment-Emergent AEs (≥10%) 

  Placebo ZX008  
0.2 mg/kg

ZX008  
0.8 mg/kg

Constipation 0 1 (2.6%) 4 (10.0%)

Decreased appetite 2 (5.0%) 8 (20.5%) 15 (37.5%)

Diarrhea 3 (7.5%) 12 (30.8%) 7 (17.5%)

Echocardiogram abnormal* 5 (12.5%) 7 (17.9%) 9 (22.5%)

Fall 2 (5.0%) 4 (10.3%) 0

Fatigue 1 (2.5%) 4 (10.3%) 4 (10.0%)

Lethargy 2 (5.0%) 4 (10.3%) 7 (17.5%)

Nasopharyngitis 5 (12.5%) 4 (10.3%) 7 (17.5%)

Pyrexia 8 (20.0%) 7 (17.9%) 2 (5.0%)

Seizure 5 (12.5%) 4 (10.3%) 3 (7.5%)

Somnolence 3 (7.5%) 6 (15.4%) 4 (10.0%)

Vomiting 4 (10.0%) 4 (10.3%) 3 (7.5%)

Weight decreased 0 5 (12.8%) 2 (5.0%)

Study 1 Study 1504 C2

  Placebo ZX008  
0.5 mg/kg

Blood glucose decreased 2 (4.5%) 6 (14.0%)

Bronchitis 2 (4.5%) 5 (11.6%)

Decreased appetite 5 (11.4%) 19 (44.2%)

Diarrhea 3 (6.8%) 10 (23.3%)

Fatigue 2 (4.5%) 11 (25.6%)

Lethargy 2 (4.5%) 6 (14.0%)

Nasopharyngitis 15 (34.1%) 7 (16.3%)

Pyrexia 4 (9.1%) 2 (5%)

Seizure 7(16%) 5 (11.6%)

Echocardiogram abnormal* 0 4 (9.3%)

Weight decreased 1 (2.3%) 4 (9.3%)
*	All	findings	were	only	of	“Trace	regurgitation”	a	normal	physiological	finding	in	normal	healthy	children	
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Cross et al Epilepsia 2019 in press
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What about the future?
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Alternative 
splicing

▪ Regulates 90% multiexon genes
▪ Post-transcriptional control on
▪ genome-wide 
▪ tissue-specific gene 

expression
▪ Dynamic changes between 
▪ brain regions
▪ cortical layers
▪ development

▪ 100s of differentially spliced 
exons preferentially alter key 
protein domains + harbor 
mutations

Zhang	et	al	Cell	2016;	Iniguez	et	al	2017



#DSUKLondon19www.dravet.org.uk

Poison exons 

Yan	et	al	2016,	Garcia	et	al	2016,	Zhang,	2016				

Thousands	of	novel	truncated	
transcripts	
• Exons	small	~27	amino	acids	
• Surrounding	highly	conserved	 
~300	bp	regions		

• Enriched	-	chromatin	remodelers,	
sodium	channel	genes	

Neural	
progenitor	cells

Full	length	transcript,		
Fully	functional	protein

Neurons



Poison exon 
Neuron-specific exons govern transition of neural progenitor cells 
to neurons



#DSUKLondon19www.dravet.org.uk

SCN1A variants: putative mechanism

Full	length	transcript	
Fully	functional	protein	
in	differentiated	
neurons

Show	that	the	truncated	
transcript	persists	in	
differentiated	neurons	
! SCN1A	
haploinsufficiency	
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Poison Exon
▪ Intron 20 region under strong selective constraint 
▪ Enriched for rare, deleterious variation in Dravet 

syndrome
▪ 20N (nonsense) exon - 64 basepairs 
! aberrant SCN1A 20N inclusion
! reduced full length SCN1A as result of nonsense-

mediated decay or truncated SCN1A
! Mechanism broadly relevant to human disease
! Neuronal-specific splicing might be co-opted for 

RNA therapeutics
! Being trialed in Dravet mouse
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Way forward in Dravet syndrome

▪ Treatment options widening 

▪ Movement of new options into the algorithm – when 
dependent on approvals

▪ Avoidance of contraindicated medication needs to be 
considered

▪ Genetic therapies becoming a real possibility


