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With Developmental and Epileptic Encephalopathies and Comorbid Autism Spectrum Disorder

Joseph M Palumbo?, Donna Gutterman?', John Messenheimer?, Stephen O’Quinn3, Ingrid E Scheffer4, Lynette G Sadleir®
1Zynerba Pharmaceuticals Inc. Devon, PA, USA; 2Consultant, Raleigh-Durham, NC, USA; 3Perissos Inc, Wake Forest, NC, USA; “University of Melbourne, Austin Health, and Royal Children's Hospital, VIC, Australia; °Department of Paediatrics and Child Health, University of Otago, Wellington, New Zealand

Table 3. Change From Baseline in the SDSC in DEE Patients Without ASD and

BACKGROUND PATIENTS

Table 2. Baseline Demographics and Disease Characteristics,
Safety Analysis Set

Figure 3. Improvement in Sleep Disturbance in DEE Patients With ASD and With
Clinically Significant Sleep Disorder at Baseline by Total Sleep Score (n=5)

>70 Total t-Score (Clinically Significant Sleep Disorder) at Baseline

: : - : . . . : ; A . t-score Change
° Epllepsy and Sleep disorders have a bidirectional relatlonshlp and co- Key inclusion criteria D . . . o Safety Analysis Set Percentage of patients above threshold for clinically significant sleep problems at baseline and week 26
L . , . : emographic or Disease Characteristic _ SDSC fact . . P val
occur in individuals with autism spectrum disorder (ASD) - II\D/I'ale and fe;nSIIEeEpatlzntﬁ agdetc)j 3|t0 <18 _yeast o drap (N = 48) actors Mean (SD) (neﬁg::v::::&e)r E vaiue gPovon
o _ — Diagnosis o as defined by International League Against ] —
* Developmental and epileptic encephalopathies (DEEs) are a group of Epilepsy classification Agi/,leyaer?r(srange) 10.5 (3-16) Total score g 110 e Basaling 100%
severe neurodevelopmental disorders, characterized by seizures and _ Stable regimen of 1 to 4 ASMs maintained from the baseline . ) Baseline (n = 11) 78.5 (5.82) 2 90 0% m Week 26 sae,
abnormal encephalographic activity, that negatively impact , : : ex, n (/o Week 26 (n = 11 70.2 (10.18 -83 0.082 = 201 67%67% —61%* T48%
development period throughout the entire trial | Male 26 (54.2) — (f_ . )t' . t(' i) | > 70, — i
— History of regression, slowing, or plateau in 21 developmental Female 22 (45.8) Lo e s ol el alue rnelinsznle) SUis 504 o . 44%
- DEEs include, but are not limited to, West syndrome, Lennox-Gastaut domains after seizure onset S e e Baseline (n = 11) 69.5 (11.6) § 40 33’”7‘ ~100%
syndrome, and Dravet syndrome?; DEEs with onset <18 months have - Key exclusion criteria ,\Xean (SD) K9 19.2 (4.9) Week 26 (n = 11) 60.8 (14.02) -8.7 0.033 S gg ] l14% 119, 17% 20%
. . . . . 3 " " . - ]
an incidence of 1 in 2000 live births — Use of any tetrahydrocannabinol- or cannabidiol-containing o Sleep b.reath'fg disorders P . o .
« Seizures are ggneraIIy refractory to antiseIzyre medications (ASMS),A' product <12 weeks before screening Dravet syndrome 8 (16.7) S\fsek“;: (n B 112) 6652'90 (1177:1) 30 0.122 DIMS SBD DA SWTD DOES SHY [Total sleep
and oral administration of ASMs can be difficult due to behavioral and — Treatment with a strong inhibitor/inducer of cytochrome P450 Lennox-Gastaut syndrome 5(10.4) vvee =12 _ =M : : P <05 for mean change from baseline to week 26. o SCore
cognitive impairments 3A4 West syndrome 3(6.3) Disefdeislofianolizanightnaies Iiiating and maintaining slsop: DOES, cisorders of oxcossive somnelence; SBID, deep broating ceorder SHY, stoep nyperhirosis: SWTD,
. . . . . B li =12 6(104 sleep-wake transition disorders.
« Children with DEEs are medically fragile and have multiple — Experienced a change in ASM regimen or epilepsy dietary Other 32 (66.7) V\?::klrzl: ((r:] - 12)) 23 : 27(110; 58 0.186 o oA
comorbidities, including motor and cognitive impairments, ASD, and therapy within the previous 4 weeks Seizure type,*® n (%) S| e transition disord e : ' SAFETY
sleep disturbance, which further increase disability35 — Alanine aminotransferase, aspartate aminotransferase, or total Focal impaired awareness 26 (54.2) eep-wake transition disorder _
Improvements in sleep may result in better seizure control and bilirubin levels =3 times the upper limit of normal (ULN) Tonclgz-clonllc? S tomioclon ?1 Eggg; Baseline (n = 12) 73.1 (10.77) « ZYNOO2 was well tolerated in BELIEVE
¢ ner nic-clon . = -
behavior FC?C:I ;'Eﬁateoraﬁgn?c_ﬁomc 7 (14.6) e AT =) o2 (e 1) 22 U2ns - Most treatment-emergent adverse events (any event, whether
_ _ - END POINTS — DIDEIE G (0 Tl SE D BiEE unrelated or related to study drug) were mild or moderate
+ ZYNOO2 is a pharmaceutically manufactured transdermal cannabidiol Monthly frequency of focal impaired Baseline (n = 12) 74.5 (12.77) 60% of participants had >1 related adverse event over 26 weeks:
' ' . . L . awareness and/or tonic-clonic seizures,? 8.2 (0-713 = - . A > :
gel in developmenI for .DEEs, ASD, an?I fragllt? X syndrome . Safety assessments — Physical and neurologic examinations; vital median (rangs) ( ) S|Wee:26 (nh.d12). 70.3 (12.44) 4.3 0.321 93% were mild/moderate severity
- In an open-label trial with ZYN002, patients with DEEs showed signs; electrocardiogram (ECG); skin check examination (investigator) ASD¢ 1 (%) 14(292) eep .ypczr : "°:'s : ; Atotal of 30 serious adverse events were reported by 14 patients over
reduced seizure frequency and improved slee and diary (parent/caregiver); and laboratory tests o A7) : ' zeeeline (=12 028 0 ) . . ’
q y P P _ y (F_) g. ) _ y _ Seizure type in ASD patients, n (%) Week 26 (n = 12) 52.9 (11.02) 79 0.131 the 72-week treatment period, of which 2 (lower respiratory tract
o anary efﬂcacy ePd pomt — (hged|a)n percentage Chhange lfrom baseline _II:_ocgl |rlr1p§|red awareness g Eg??; ASD, autism spectrum disorder; DEE, developmental and epileptic encephalopathy; SDSC, Sleep Disturbance Scale for Children. infection and status epi|epticus) were considered possib|y drug related
in 28-day seizure frequency (SF28), captured via the daily seizure onic-clonic ' Figure 2. Improvement in Sleep Disturbance in DEE Patients Without ASD and : : : i nilaric di :
: : SN : : - : ' * On ient with a history of ker is pilaris discontin
OBJ ECTIVES diary, for the following types: focal impaired awareness seizures (FIAS) Generallz_ed Luedons 5(35.7) With Clinically Significant Sleep Disorder at Baseline by Total Sleep Score (n=11) O Z.patle td tha St%y orKe atossl pilaris d SCIC.) t .ued .StUdy
and tonic-clonic seizures (TCS, includin lized TCS and focal t Focal to bilateral tonic-clonic 3(21.4) . - — . medication due to an adverse event (intense application-site
) g generalize ana rocal 1o Percentage of patients above threshold for clinically significant sleep problems at baseline and Week 26 erythema)' dermatologic patch testing showed this was not caused by
- To compare the impact of ZYN0OO2 on sleep disorders in patients with bilateral TCS) Number of concomitant ASMs, mean 2.7 —58% el s . -
DEEs, with and without ASD ff' ot oh . i )  Poriod A Concomitant ASMs, n (%) 48 (100) 110 - = Baseline 100% aIIerg|c_ contact (Iermatltls from ZYNOO2 and was Ilkely irritant contact
* Sleep efficacy end point: change from baseline to the end of Period . ’ 2190 1 . -41% dermatitis complicated by a secondary bacterial infection
Week 26
in the Sleep Disturbance Scale for Children (SDSC) Sedlilm vl presie o (0E) 5 o " o N o o
Clobazam 25 (52.1) i ?8 | 28% . « There were no clinically significant changes in vital signs, ECGs, or
METHODS Levetiracetam 17 (35.4) 5 60 4 50% ','1—74’ laboratory findings except for 1 patient with a transient, benign,
SLEEP ASSESSMENT '{_ar’_‘c’tr'g"t”e 12 gg?; gl isolated elevation of alkaline phosphatase at week 26 (1.69 x ULN)
oplramate . c | - A . . .
TRIAL DESIGN AND TREATMENT . Sleep assessment was conducted by caregivers using the SDSC? 45D, st specim diorsr ASH,anisiars mciaon; 0, standard deviton % >0 | 7(;000/ that was not considered related to study medication
. (Table 1) :Dcl:rnggiézfell-wze,)k b=8139|In9 iper-IOdrée atients with focal impaired awareness and/or tonic-clonic seizures; patients could have more than 19 : - 0% n
* ZYN2-CL-025 (BELIEVE) was an open-label, 2-center, multiple-dose, f’EESZBrZILan%Z: pN33t-;htrty rrm—— R S . i DIMS SBD DA SWITD DOES SHY  Total sleep Conclusions
phase 2 tr|a| to assess the Safety, tOleI'abIhty, and efﬂcacy of ZYN002 T bl 1 SI A :Foer seizure type, N = 11. Eleve.n patients with focal impaired awareness and/or tonic-clonic seizures; patients could have more than 1 seizure *P <.05 for mean change from baseline to week 26. score ] o
in patients aged 3 to <18 years with DEEs (Figure 1) able 1. Sleep Assessment o mainiaining Sleep: DOES, disorders of axcossive somnolence: SBD. sleep breathing disorder. SLIY. slsep hyperniciosis, SWTD, sleep-wake transiion disorders. * BELIEVE was an open-label trial of .transdermal cannabidiol added
. ZYN002 was administered in total daily doses of 250 mg to 1000 mg Assessment Description SLEEP SCORES Table 4. Change From Baseline in the SDSC in DEE Patients With ASD and on top of standard of care for the primary treatment of DEEs
. . . > - H . - - - - -
over an initial 26-week treatment period (Period A) followed by an - A 26-item, Likert-type scale (5 possible answers per item) 70 Total t-Score at Baseline score Preres In pI?'tIIdentS W_'t:]‘ DEE.SH ZY':‘%%Z was associated with improved sleep
extension of up to 18 months (Period B - The items are organized into 6 categories: disorders of : : . _ . : in children with or without
. p ( ) Sleen initiating or maintaining sleep (7 items). sleep breathing + Of 25 children with DEEs and clinically significant sleep disturbances, SDSC factors — (negative numberis P value . The DEE with ASD cohort showed y e benefits of
- Efficacy results for sleep assessments and general safety results for Disturbance disorders (3 items), disorder of arousal/nightmares (3 items) 16 completed the SDSC in full at week 26 improvement) U= Hel conort showed more wide-ranging benerits o
Period A, as well serious adverse events through 72 weeks, are Scale for sleep-wake transition disorder (6 items), disorders of - 11 DEE patients without ASD Total score improved sleep
presented here Children? excessive somnolence (5 items), and sleep hyperhidrosis (2 . 5 DEE patients with ASD Baseline (n = 5) 81.0 (11.31) * Interestingly, the improvements were in different aspects of sleep in
ﬁm?)t | . culated . _ _ _ Week 26 (n = 5) 70.6 (16.76) -10.4 0.024 the patients with and without ASD
. € total score IS also calculate o - . Y o - . . . . c
Figure 1. BELIEVE Trial Design In patients without ASD, an improvement in mean t-score at week 26 Disorders of initiating and maintaining sleep - ZYN002 was well tolerated in this patient population of children and
was seen in initiating and maintaining sleep (-8.7; P = .033) (Table 3) Baseline (n = 6) 84.2 (19.17) adolescents with DEEs
SIS | Period B RESULTS - Figure 2 shows the percentage of patients without ASD with a Week 26 (n = 6) 79.5 (16.18) -4.7 0.37 AT s el e v ceninls st ¢l wes Mied, T
| Flexibl | threshold t-score >70 at Baseline and Week 26, corresponding to Sleep breathing disorders S : -
Screenin Baseline [  Titration exivle  § Extension . o : _ overall direction and magnitude of changes appear to be of potential
> I | f I I 8-9
Days 601020 [l Daye 2601 B Daysito2s yJosing B Up to month 18 BASELINE CHARACTERISTICS clinically significant sleep problems SRR =7 el g2 1e) clinical importance and may be worthy of future prospective
Informed consent =5 seizures Weight-based From week 4 Option to decrease dose * In patients Wlth ASD’ improvements in mean t-scores at Week 26 were .\Neek 20 (n - 7) m 094 (15.55) 67 0.018 confirmation
i i U o g L Zamg | ativestgetors A total of 48 patients were enrolled in BELIEVE and were included in observed in (Table 4). SISO T RaEot o QN RATE S
eligibility AT, ES, FAM, <25 kg: 125 mg CBD Q12H discretion ¢ . Baseline (n = 6) 48 .4 (4_49)
FIAS, FBTCS) + ! CBD Q12H >25 kg: 250-375 ; ; . ° -0./: = .
inclusion criteria | >25 kg: 250 mg CgBD Q12H " | the safety analysis set; the mean age was 10.5 years (Table 2) Sleep breathing ( 6 7P =.018) Week 26 (n = 6) 48.8 (4.49) 0.0 NA REFERENCES
tomoveforward i CBDQTH ki | - Of 48 children with DEEs, 25 (52%) had clinically significant sleep * Sleep-wake transition (-15.8; P = .006) Sleep-wake transition disorders
’ If 250 mg CBD Q12H: ! i i i - > R _ . P = : — 1. Scheffer IE, et al. Epilepsia. 2017;58(4):512-521; 2. Aaberg KM, et al. Epilepsia.
375mg CBD Q12H ! disturbance at baseline defined as a SDSC Total t-score >70 Total SDSC score ( 104 P '024) 2zellne (1 =15) 2 (S 2017;58(11):1880-1891; 3. Howell KB, et al. Epilepsia. 2018;59:1177-1187; 4. VVigevano F, et al.
| e mcan Qto - Figure 3 shows the percentage of patients with ASD with a threshold t- Week 26 (': = 6) 57.3 (12.83) -15.8 0.006 Etpille/czsiaﬁ\(lﬂ3;514(28611p§%%)(:;1;5é57%; g%gu;neér sJ, St alt- I\Ilejrgllogy- 50171;22(52(7:)32-241192; 2‘1. R80dda M,
' ' . . .. Disorders of excessive somnolence et al. Arc eurol. ; : - ; (. brunt O, et al. eep ~es. ; : - ; O.
e e T oo e il s i o mpaed s score >70 at Baseline and Week 26, corresponding to clinically TR T Marriner, AM, et al.J Sleep Res. 2017;26(5)587-594; 9. Lichen, SH, et a. Dev Med Child Neurol.
aDoses were a,djusted at the investigator's discretion. , , o S|gn|f|Cant S|eep pr0b|emS Vvaseklrzlz ((n - )) 683 21 10; 3.4 0.544 2018;60(2):192-198
ee n=7 : 5. =3. 53
Baseline (n =7) 57.6 (14.83) JP and DG are em.ployees of Zynerba Pharmaceuticals. |
Presented at the 2021 SLEEP Annual Meeting; June 2021. Week 26 (n = 7) 51.7 (10.84) -5.9 0.130 JM and SO are paid consultants to Zynerba Pharmaceuticals.

IS and LS have received research support and consulting fees from Zynerba Pharmaceuticals.

ASD, autism spectrum disorder; DEE, developmental and epileptic encephalopathy; SD, standard deviation; SDSC, Sleep Disturbance Scale for Children.



