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SuMMaRY

Objectiver Under nn expanded access investigational new drug (IND) trlal, cannabidio!
{CBD) is being studied as a possible adfuvant treatment of refractory epilepsy In chik
firors. OF the 25 subjucts In the trial, 13 were being treated with clobazam (CLB)
Bacause CLB and CBD ara doth motabollzod it the cytochronia PA50 (CYP) pathway,
we predicted # drug-drug nterzction, which we svaluate In this artlele.

Mathods: Thirteen subfects with refractory epllapsy concomitantly taking CLB and
CED undar IND 119876 ware Inciuded In this study, Demngraphic information was cob
tected for each subject Inciuding age, sex, and ctlology of sclxuras, as wall as vonswink
tant antleplleptic drugs (AEDs). CLB, M-desmothylclabazam (norclabazam; nCLBY),
aid CAD lovels were measured svey the copyse of CBD treatment, CLB doses wers
recorded at baseline and at weoks 4 and 8 of CBD treatm ent. Slde effects were monl-
tored.

Results We report elevated CLB and nCLB lavels In these subjects. The mean
{4 standard dovintion [SD3) nercnto In CLB lovals was 60 + §0% (95% confiderce
interval {(Cl) [—2--91%] at 4 wooks); tho nican Inerensa In nCLB lavals was 560 | 300%
(95% CI [+90-410%] at 4 weeks). Nine of 13 subjects had a >50% decronse In selzures,
conrespanding to a respunder rate of 70%, The fncreased CLB and nCLB levels and
tlaerenses iy scl¥ura fhogiioncy occurred avan though, over the course of CBD trant-
ment, CLA doses were reduced for 10 (7754) of tha 13 subjacts, Skia offeets wore
reporied in 10 (77%) of the |3 subjects, but wers alleviated with CLB doss roduction.
Signiticance; Monitoring of CLB and nCLE levels is necetsary for cilical care of
patients concomitantly on CLB and CBD. Nonetheless, CBD }= a mfe angd effective
treatmant of rafractory epllopay In pationts racalving CLB treatent,

KEY WORDS: Antieplleptic drugs, Cannabis, Treatmont-reststant tpllepsy, Cyto-
chrenta P450 pathway, Norclabazum,
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Ky POINTS

* YWhen teenting pedinbie refraclory epilépsy wilh boil
tlobawm (CLB) und cunnnbidiol (CBDY, levels of the
uctive meteholite of CLB, N-desmothylelobazam
{norclobazam; nCLB) can sipnificantly increase,

« Monitoring of CER and nCIB levols is nocessary for
clinlonl care of patients concomitantly on C1.13 and
CRD,

» (IBT) isa snfoand effect]ve traatment of refractory epi-
lepsy {n patients on CLA treatment,

Mefractory epllepsy is n serols condilion that ocours
o third of patients with epilepsy. Thus, thers is a need Jor
exploration of additional treatment options. Canmdbidiol
(CU1D) 55 g ngjor chomicn? of warfjonu Gl doey ol pos-
sess psychuuctive propurlies. Aneedoldd and arvey oei-
denee’ und duta from prectinicst® ¥ und clinies!™! trials
have indicnicd that CBD might hove safe and cffeciivo an-
Gepileptic properies comparble 1w U.S. Food and Diug
Administralion  (FDA) upproved  entiepileptle  drugs
{AEDs).? ¥ Subxequontly, xn ongoing Massachusotis Clene
crut Hospiial (MGH) Institutional Review Board (TRR)
spproved clinical trigl under the expanded aceess Investiga-
tlona pew diug, (TND2) | 1986 from the FIDA is studying the
aafety nnd efficncy of canmbidiol (CRYY) (Hpidiolex; GV
Tharmaceuticai) as & new adjuvant treatment for refiactory
epilepsy 19 25 chitdrea,

Thirteen of thess 25 children with refractory epliepsy
wers beling treated with clobszam (CLB), whith was st
approved by the FOA in 2001 fur the (rentment of Lonnos-
Giastawd syshrowe (LGS) and luler [or relrectory epilepsy. '
Commnen side effeets includo drowsiness, staxi, irrtability,
rcsllgsmcss. urinary reention, troanor, and loss of appe-
tita.

Both CBD amil CLB ara metabolized by the cytochrome
P45 (CYF) pathwuy, Tmporint hydmxylations of CRL
mclshofiam are caralyzed by CYP 2C19 and CYP 3A4,9
and recemt anedies have indicated that OB i & potent inhib-
ftor of both enzymes."™™ CLB metabolism similuly
juvnlves CYP 3A4, the primavy enzyme n ils mewbolic
pushway, s, 1o« lesser extent, CYP 2019, Bod of these
onzymes catalyze the melabolism of N-desnicthylelobazsm
(norclobazam; nCL1)Y, the active metabolte of CLB, ™1™
whick in anlimal and in vitro studles have showi lo be chout
20-100% as potent as CLBE Y2

The elimination buli-lives of CLB and nCLB aru 36 42
and 71-82 b, rospoctively. Although CIB mnd n€IR
cleatnces w6 lower in goristric pationis (64 years ald),
(sere is no significant differenee in clearancs betwesn other
age groups or hotwoon soxos,'* A review of 132 papers ana-
lyring CBD) usc alone in humans ond animals reporled an
average elimination hatfolife of 24 b,

CBD apd CLE Drug-Drug Interaction

Becunse the irial subjecls heve refractory cpilepsy, muny
ure lsking multiple cancomitant ARDS. Pharmucokinetlc
nnulysix of CLB in previous clinice] rials hux demonstraed
that there is n clinleaily significant dmg drvp interaction
whon CIB is tken with strong or maderate CYP 2C10
inhihitors (a.2., sulthiame {STM} and stivipentot |STPL %2
valprolc acid [VPA], by conteast, is n weak inhibitor).! In
addition, STP has besa shown to inhibit CYP A4, polea-
tinlly affecting CLB metabolism.?? Although s recent relrn-
spective study has shown that CYP 3Ad inducers
phenobarbitel (PB), plienytoin (PHT), snd curbiwmezcpine
{CBZ) signilicantly reduce serum CLB contentrutions, 2
clinical trigls bave demongiruied thul thers i no eliniealy
signilicant drug—dnys inlersctions when CLB i twkor with
CYP 3A4 indueers, CYP 209 inducors {c.j., PB, PHT, and
CRZ), or CYF 2C9 inhibitors (o.., FLB and oxearbazeping
[OXCH."™ ™ Swdiex huve also shown thar there are no
drug druyr interactions between CLB and various other
dmgs that are alao CYP 2019 or CY P 3A4 aubsteates. 5

In this anicle we evaluate the interactlon betwesn CBY
and CLI3 In the 13 children in this cureent trial who are tek-
Ing hoth drugs concomitantly.

MrTHONS

Clinteal protocnl

Thivteen subjects (age range, 4—1Y yeas oldy mean, age
1) witl: refraciory epilepsy concenrenlly dking CLB and
CHD wiler INL 119876 were inchuded in ihis stedy. Demo-
gruphic informuiion was colletted for eoch wubjoct inelud-
ing age, scx, und ctiology of sebmres, as well as
concomitant AEDs. Drug ievalr of thase concomlbtant AREs
wore alsn manltored and other ART) CRD lnteractions are
currenily being evalunted 3 part of a farger data nnalysis.

Tratieats bagan taklng CIID a2 dose of 3 mptke/day and
titented vp by 5 mgdkp/day each week 1o a goat of 25 my/
kgfday. Throughonl the study, CLB duses were vither kepl
camslant or duercmsed when gide offocts wore phsorved.
CLB duses were revarded und plysma levels of CLB, nCT B,
and CBD were ncusured ol bascline md w wocks 4 (CAD
doge = 20 wpfkelday) und 8 (25 mpfighilay) of CRTD wear-
ment. CBD) dose wur docvagsed for sabeet | from 25 to
20 myfigfduy at week 4. CLB and nCLR blood samples
wore collected at lenst a week after CD dose Inorease for
woek 4 lavols wd a month after C1312 dose increase for week
8 levels, No de-challenge of CMD was perfomed, CLIE dose
aellnsmments wers made a1 least @ week before CLB amwd
nCTN blood levels were deawn, wilh the cxception ol three
subjeets: Svbject 3 had & CLB dose adjustment 3 days
before week 8 levals were deawn, subjeet 16 hud # CLB doke
adjustment 5 days belore week 4 levels wore drawn, and
sbjecl 10 bad a CLB dose adjustmont 4 duy hefore week 4
levels were drav, Becuuse of Taborstory envoes thlood was
not drinwvn in 2 sodium heprrin tuhe as requlred for testing),
CBD levals wors unavatllnble for subjecis 2, 6, mut 11 mt

Kpilepeia, 648 V246 1251,72015
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week 4. Subfect § was no longer takivg CLI al week 8:
thersfore, CLI and nCLI levels were Aol meastured,

Snbjects and/or thels caregivers were interviowed (in per-
son, phone, or cmail} in weekly subety evaluntions about
possible side effeets during CBD wremment, They were wlso
instructorl to cull the rescurch nuse as needed, CBD compli-
ance was determined ut cach visit by comparing acioal and
axpected volumes of CAD wvsed; CLE cawpliance was
determined hy suhject self-reported dosing. For each suh-
Ject, selzure frequoncy wan measwred ar haseline (hased on
the previous 28 days) and week 3 (based an the previows
28 day=. the dwation of which the sobjects was taking
23 mgdkp/day of CBI). Responder rate (»50% clecrease ln
selzures) was chlculsted.

Percent inerenses of CLB aad aCLB plosma levels were
calcuinied from the highesl level measured over the §-wak
CBD ureatmsent petiod foreuch subjied, Pereen deereases of
CLI doses wers ealeulated Fom the Towest duse recorded
over the CBD treatment period for cuch subject, Meuns umd
glndird devintiony of pereent increases of CLB und nCLB
levels und percent docrease of CLB dusos were determined

Plasma drug nxsny nethodabogy

CLE snd nCLB bland levels were anglyzad st MERTON
Laboratortes though liquid chromatography with tandem
mnss spectromesry (LU-MSAVS) with a lonit of deteciton
{16002} of 10 ngfmt for bath analyles. MEITOX 1abarato-
rles’ reference ranges for CLB and nCLIB nre 30-300 and
300-3,000 ngfot, respectively,

G130 hlood levels wers analy:ced al GW Phamaeciitioals
tirough wlien-porformenes Tyuid chromalograply with -
dens s spectienneiy (UPLC-ME/ME) with » fower Huit
of quaniilicution (LLOQ) of 200 ngfinl.

Statistieal analysis
Empisienl cunmibative distsibution praphs wers made of
the fold.elovation n levels of CLB and nCLR at weeks 4

anct 8 of CISP freatinent for sebiects whao reduced their CTR
doges, Ninely-five percent conflidence imervals (35% €1
{or ibe fold-incrense in CLB and nCLD levels were calcn-
luted Trom the enspinue] cunultive distribulious (Fig. 2)in
MATLAB using e Kolmoporov-Smimwil confidence
huamls.

ResuLry

Table | presentz the demographics, concomitent AEDs,
chiange by selzore fequency, and aide effecs for each auh-
Ject. Nine of 13 subfets had a »50% decrense in selzures,
correspondling to a responder rate of 7G%. The menn
(L standard deviatlon (SD]) changs In selzure frequency
was 2 51% decrease £ 56%. Only two subjects had an
inerease i svlzure frequency during the (realment period
(subjeels 4 and 8, 14% und 99%, wspretively), Bulh of
these subjects had CLB dose reductions. Over (he covrse
of CBD womment, CLB doses woere meduyeed Tor 10 (774%)
of the 13 subjects (Mg, 1), The menn chage in sehzure
frequency for the 10 subjects with lowered CLB doxes
way a 50% decrenze, wherews {he moewmn chunge for those
without was 1 55% decropse,

Bareling CT.B dosen ranged from €.18 w0 2,24 mgfkp/day
(mean, | mglkp/day}. Baseline C1.E lavels ranged from 54
o 1,000 ng/mi (mgan, 340 ngfm!) (therapentic range, 30
300 npAnl). Basellne aClB levels tanged from %7 to
19,000 ng/mi {mean, 3.000 ngdnl) (thernpemic ranpe, 300 .
3.000 ng/ml). At week 4 of CBD trentment, plasma CI51D
Ievels vanged from 82 to 1,000 ag/ind (mean, 388 ngfmi),
Al week 8, plasia CBD levels ranged Feonr 106 10 800 npf
(e, 450 wgful),

Figure 1 illustrates the CLB, nCLEB, and CBD blood Jev-
oly for cach individual subjecy in the study, os well 1 the
CL.B doses for cuch subject, Figure 2 shows the empirical
cimudative distilbution of the fold-elevation n lavels of
CLT and wC} 02 48 wesks 4 and 8 of CBD tealment, In these

LSO L PR, M 3 Eiia T AT gETge M A L Py
ML - Talda |, Subloet demographjey, 'pt,io_lq;y. _I,x_,lips. nnd thmp In s:lzm ﬂ‘aquency 4,% S
Subject Age Sex E!\nlfogy Concamitant ABDs  Change s Sefroquoncy Sido wlfects
i 16 M Dravetsyndrome CLB, YPA -B1 Resthyss sleep
I 7 F  Doatasyndromg CLE, VPA REN M Nute
4 19 M Corkenldysgonosis CLB, PHT, LCS +14 Ataxin, urinary retention
5 t4 M Isodicentric dupliction chromosome [513  CLB.YPA, LEV ] Ataxls, tremor, joss of appendie
6 8 F  Dravatsymlrome LB, FBM 4] Brewsiness, Irritablliey
8 {3 M Coricaldysgenoss CLB, LEV, LTS +99 Drowsinass
(] {6 M  Cortieatdyipennshs CLB, M5 -74 Browsinoss
H 6 F  CRKLS mytntion CAB VGR 60 Orowsinass
2 12 M Tuberousscleroghs complex CLB,LTG -5 M
13 5 M Tuberoussehsslscomples CLB,LCS 2% drritability
14 8 F  Lissoncephaly CLB, LEV, RFIN -4 Mahe
1 12 F  Doosesyndroma CLBLCS TG -0 Drowitnosy
19 1 F  Drwvotyndrome LB -3 Drawsingss
AED, antleplaptlc drug VPA, valprale ustoh: REN, rufimaside; PHT, phamtain 1 05, bcosamide [LEY, fovatiracotams MBM, folbamata; ZNS, zonlsamide; YGS, vip-
almtrine | ) &, lamitriglne a3, safpuce,
°Did ao chinge CLB dose:

Epliepshe, S6(R 12461258, 20115
doi: 10,17 EjepL 13000
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{CBD.and CLB Devpr—Dius Intgraction.
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Figure 1.

Narslobazam (nCLB), the aetive motaboRto of clobuzam (CLB), Increused substantially b 12 of 13 subjaets un 20.25 mghg cannabidiok
{CBDY). Flasma fevels of CLB and nCLE are shown for each subjoct {top panals) at basallne and altar 4 and 8 waoks of CBD administration.
€8D dota was 20 mgfkg at week 4 and 25 mg/kg (20 mpfkg for sublect 1) at week 8 (plusma tevels are shown in the lower panals), CLB
oral doses were docreased in 10 of 13 subjucts {nlddie panels), Note that the vertical scaling Is done independently for sach subject to

ermphastze relative changes.
Epiiepsio € ILAE

plols, the y-value {vertion] axis) doseribos the fraction of
subjotts with 2 fold-Increase In nCLB greater than or equnl
to1be vadue of the x-valug (horfzontal ax)s).

The menn increase of CEB levels was 60 1 80%, wilch
wus 0ol slatlstically sipnificant; the $5% confldence jnter
vil (CT) of Eotd-slevation In CL1S levels was (0.98-1.91) a1
week 4 and (0,56, 1.21) at week 8 (14g. 2). In every sub-
jeot (except rubjest 5, whoss CLB dose was redwied Lo 0),
the RCTB leve| after $ weeks of CBD was higher thun u
tho mart, despite the reducton in CLIE dose, The meoun
increnes tn nCLY levels wis 500 == 300%, u substantisl
change that was clearly signilicant sing the Kohnogorow

Smimoff confidence band (Flp, 2), 'the 95% C1 of fokd-
elovation fn oCT R levels was (1.9, 7.1) &t week 4 and
(317, 633} al week 8, Thai is, with & confidence of 95%,
there wos ot deast a 1.9-fold inerease in nCLB levels, even
though most of the pativns had reduced their CLB doses
Uig, 2.

Side effects were reporied in 10 {77%) of the |3 subjoos
{Tablc 1}, These !0 gubjocts oxporionced drowsiness
(n = 6), ataxiu {n =2}, irrtability (1 - 2), restfess sleep
(n = [}, usigery vesention p = 1), wemor (n 1), and Inss
of uppotite {n = 1), Although some subjeets hinproved with-
ot o Rlgnificunt change TIn nCLK levels, subjects whil fow-

Kblopsia, SO(SK 1 4461251, 2015
Pt "mffn.u L, § 3060
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Empirtcal cumulative: distribunions of tha feld-slevation In levals of CLB (A) and nCLE (B), Shown at 4 and 8 weoks of CBD trentmont;
data for ali patients with rediiced oral doses of CLB ara included, Tho rectangla Indicates the expected median value with no change,
Ninaty-llve percent canfldence Intervals (95% Cls) for the fold-incroase In CLBand nCLB leveds warg caleulstsd from the amplricl comu-
lative distributions In MATLAB, uting the Kelmogerov-Smirnoff confidence bands,

Epliajisio @ ILAE

ered nCLIE levels buproved; morsover, subjects that did mot
expetieaics a reduction in nCLB levels (with the axcoption
of Subject 10) expericnced a reduction in CLR Ievels,
Kepactiless, ull side cifeols were resolved with CTR dosa
adjusiments. Al sredy subjects continned to tolerste CRE
wedl al lime of dwa snalysls (week 36 of weatinent),

DIBCUSSTON

Thoso resuhis iHustrate an internction between CLD and
CBD. As shown in Figires | andt 2, nCLL Jevels were much
move affecied by CBD than were CLB kevels. The mean
incrense of RCLH levels was 500 + 300%, whereas e
meai Increase of CLB lovely wuk 60 & §0%. Despite the
recuction of CLB doses during the (reatment poriod, & 95%
CT demanstealed an upproximately two- to sixfokd clevation
in nCTLH levels af week B as compured to hascline levels
(Hig. 2}

The side elfects reported in £ (77%) of the 13 aubjects
are ll commonly soen fn paientie with high CLE doses
(Tabie 1) and were allovinted with CTH dose ceduation
despile o persisionce of high .15 kevels, but correspond-
ing o areduetion In CER andfor nCLA [evels In all bit one
subject {snblect 10) (Ldgs. 1 and 2), Pulune sludics shonld
obsorve fonpitudinal nCLB lavels afier dose reduction to
determine whea they normatizs,

CBY Inhibits CYP 2C19 und CYP 3Ad, which catlyze
the metaboilem of nCLE, ™17 This inhibition Wely louds
o an aceumuriation of uCLB, which studics buve showm o
he ahout 20-100% nx potent us CLB.' tn wldition, genstic
polymarphism exists e CYP 2C19 oxpression, resuiting
In rare poor CYP 2019 mowholizers,™ in which plasme
fevels of N-dosmethylclobuwzam are fivefold hipher in
plasma than in CYP 2C19 exipnsive metabolizers. ' ‘These
datz Fwether support anr hypothesia thar elevated nCLD
levelds i vur subjocis wove due to CIR1D inhibition of CYP
2C19. CYP 2C19 polymorphisms may ulso explein vary-

Epllepake, SGEY: | 246 1251, 2015
inlt 0111 iepi. 33000

ing lovels of CLB and nCLB, CLB-to-nC1LY ratlos, and
respomses to CHID,

C'RY) levels da not appear to correlate with CLE o aCLB
Ipvols, supgesting that CL does not affect the metabollsm
of CRD (Blg, 1), Responder rde wus 70% snd subjeets
experienced o mean decrease in seizure frequency of 51%
durlng CBD {reatment, Elevaled nCLE lovels (approxi-
malely 2-6 times cxpocied valucs at & 95% confidence
fevel) may bave counlerseied the poicntial nogative effocin
of CLB dose reductions (Fig. 2). Mean pescent change n
seizve frequency for subjects whoso CLEB doses wers not
redueed (50% decrease in selzure frequency) was similar to
thal of wubjects whose CLB doses were reduced (55%
tlecroass),

Given the half-ltves of CHID, CLM, and nCLE (ai least
dny),"™"* tevels were not lkely sianificantly affetted by
varlable relationship of ime between CLY and CBL doses
and blood draw. Limitations of possible noncomplisnee do
exiat, partlculmly given thal CLB compliance iy sclf-
repoited. In addition, imitations of this study include small
sample size, linmttcd observation period, nnd possible con
[owmeiing aciors of concomitant ARDs,

In evnelusion, there i o drug dmg Imeraction betwesn
CLB st CBD. Nanatbeless, reguction of CLI dose allevl-
alcs conwequential side effects and all sublects contlmied 1o
tolcratc CBD well at time of data analysls (week 36 of reat-
ment). Ohservatlon of nCLI levels is importamt in chirsicat
reatment of patients concomitantly on CBD mnd CLB.
CHIYappears to be safe and offective in pediutric paticnts on
€11 treatment lor relractory epilepsy. Purther sindies of
tolesability and efficacy vre warrented.
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