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SUMMARY

Objective: Tuberous sclerosis complex (TSC) is an autosomal-dominant genetic disor-
der with highly variable expression. The most common neurologic manifestation of
TSC is epilepsy, which affects approximately 85% of patients, 63% of whom develop
treatment-resistant epilepsy. Herein, we evaluate the efficacy, safety, and tolerability
of cannabidiol (CBD), a nonpsychoactive compound derived from the marijuana plant,
as an adjunct to current antiepileptic drugs in patients with refractory seizures in the
setting of TSC.

Methods: Eighteen of the 56 patients who have enrolled in our current expanded-
access study of cannabidiol for patients with treatment-resistant epilepsy carry a diag-
nosis of TSC. After an initial baseline period of | month, patients began treatment
with CBD. The initial dose of 5 mg/kg/day was increased by 5 mg/kg/day every week up
to a maximum dose of 50 mg/kg/day, if tolerated. Weekly seizure frequencies, percent
change in seizure frequencies, and responder rates were calculated during the 2nd,
3rd, 6th, 9th, and 12th month of treatment with CBD.

Results: The median weekly seizure frequency during the baseline period was 22.0 (in-
terquartile range [IQR] 14.8-57.4), which decreased to 13.3 (IQR 5.1-22.1) after
3 months of treatment with cannabidiol. The median percent change in total weekly
seizure frequency was —48.8% (IQR —69.1% to —11.1%) after 3 months of treatment.
The 50% responder rates over the course of the study were 50%, 50%, 38.9%, 50%, and
50% after 2, 3, 6, 9, and 12 months of treatment with CBD, respectively. In patients
taking clobazam concurrently with CBD (n = 12), the responder rate after 3 months
of treatment was 58.3%, compared to 33.3% in patients not taking clobazam (n = 6).
Twelve (66.7%) of 18 patients in this study experienced at least one adverse event
thought possibly related to CBD; the most common adverse events were drowsiness
(n = 8, 44.4%), ataxia (n = 5, 27.8%), and diarrhea (n = 4, 22.2%).

Significance: Although double-blind, placebo-controlled trials are still necessary, these
findings suggest that cannabidiol may be an effective and well-tolerated treatment
option for patients with refractory seizures in TSC.

KEY WORDS: Tuberous sclerosis complex, Cannabidiol, Efficacy, Tolerability,
Seizures.

Tuberous sclerosis complex (TSC) is an autosomal dom-
inant genetic disorder with highly variable expression.
TSC is characterized by the presence of hamartomas in
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almost every organ system, including angiomyolipomas in
the kidneys, lymphangioleiomyomatosis in the lungs, rhab-
domyomas in the heart, angiofibromas on the face, and
tubers and subependymal nodules in the brain. TSC is
caused by a mutation in the 7SC/ and TSC2 genes, which
encode for the hamartin and tuberin proteins, respectively.
Normally, these proteins form a complex that acts as a
tumor suppressor and a central regulator in the mammalian
target of rapamycin (mTOR) signaling cascade.'
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KEY PoINTS

¢ Patients with refractory seizures in the setting of TSC
had a median percent change in weekly seizure fre-
quency of —48.8% after 3 months of treatment with
CBD

e The responder rate after 3 months of treatment with
CBD was 50%

o After 3 months of treatment with CBD, the median
weekly seizure frequency decreased for all seizure
types experienced by patients in this study

¢ Parents of patients reported cognitive gains in 85.7%
of cases and behavioral improvements in 66.7% of
cases with baseline cognitive or behavioral problems

e Most adverse events experienced in this study were
temporary, of mild severity, and resolved through dose
adjustments of CBD or concomitant antiepileptic
drugs

The most common neurologic symptom of TSC is
epilepsy, which affects approximately 85% of patients.
Of TSC patients with epilepsy, approximately 63%
develop treatment-resistant epilepsy (as opposed to 23%
in the general epilepsy population); 82% experience
their first seizure within the first 3 years of life, and
53% have more than one seizure type.’ Fifty percent of
patients with TSC have global intellectual impairment,’
and early onset refractory seizures put patients at greater
risk for developing cognitive impairment.® Although epi-
lepsy remission is associated with an improved cogni-
tive outcome, only 19% of patients with refractory
epilepsy achieve seizure remission.’ Many of these
patients have tried most or all available treatments and
experienced inadequate seizure control and/or behavioral
side effects. There is a need for more effective
antiepileptic drugs (AEDs) with more favorable adverse
event profiles.

Cannabidiol (CBD) is a nonpsychoactive compound
derived from the marijuana plant that has gained signifi-
cant media attention recently.*® Several preclinical'®"’
and clinical®'®'” studies suggest that CBD has anticon-
vulsant effects and is well tolerated. The Massachusetts
General Hospital is currently participating in an institu-
tional review board (IRB)- and U.S. Food and Drug
Administration (FDA)—approved expanded-access study
for CBD in the treatment of refractory seizures. Herein,
we evaluate the efficacy, safety, and tolerability of CBD
as an adjunct to current antiepileptic drugs (AEDs) in
patients enrolled in our expanded access study with
refractory seizures in the setting of TSC.
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METHODS

Study design

Of the 56 patients who consented and enrolled in our cur-
rent IRB- and FDA-approved expanded-access study of
CBD under Investigational New Drug (IND) 119876, 18
patients have TSC. Five of these patients were included as
part of the multicenter analysis of CBD expanded-access
programs in Devinsky et al. Details of the epilepsy and
treatment histories for each patient were obtained through
available electronic medical records.

Inclusion criteria for participation in the expanded-access
program and for this study require a diagnosis of TSC and
drug-resistant epilepsy, taking between one and seven
AEDs at stable doses for a minimum of 2 weeks, and stable
vagus nerve stimulation (VNS) settings and ketogenic diet
ratios for a minimum of 4 weeks. Exclusion criteria for this
study include allergies to ingredients in the study drug solu-
tion; unstable hepatic, hematologic, renal, cardiovascular,
gastrointestinal, or pulmonary diseases; use of investiga-
tional drugs or devices <30 days prior to study entry; signif-
icant abnormal laboratory values; history of drug use;
pregnancy; current systemic steroid use; or poor compli-
ance.

During an initial baseline period of 1 month, all patients
and/or parents reported the number of seizures recorded
each day; seizure types reported include complex partial sei-
zures, complex partial seizures with secondary generaliza-
tion, atonic seizures, tonic seizures, tonic—clonic seizures,
and epileptic spasms. An estimated number of atypical
absence seizures was also included in these reports. Patients
subsequently began treatment with GWP42003-P, a 99%
pure CBD extract in a 100 mg/ml sesame oil-based oral
solution provided by GW Pharmaceuticals, at a dose of
5 mg/kg/day and given in two divided doses. This dose was
increased by 5 mg/kg/day every week up to an initial maxi-
mum dose of 25 mg/kg/day. For subjects who continued to
have seizures and tolerated CBD at 25 mg/kg/day, the dose
was increased to a maximum dose of 50 mg/kg/day at a
maximum rate of 5 mg/kg/day each week. At each clinic
visit, patients or parents returned all logs of recorded sei-
zures since the last clinic visit; concomitant AEDs, changes
in cognition and behavior, adverse events, and epilepsy-
related hospitalizations were also reviewed at each clinic
visit. Changes in the dose of concomitant AEDs were made
as clinically indicated. Doses of concomitant AEDs were
held constant over the first 3 months, with the exception of
clobazam doses, which were reduced due to adverse events
or elevated plasma levels of clobazam and N-desmethylclo-
bazam in the 12 patients taking clobazam concurrently.
After the third month of CBD treatment, doses of CBD and
concomitant AED were changed monthly in nearly all
patients in order to optimize seizure control.
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Analysis

Weekly seizure frequencies during the 2nd, 3rd, 6th, 9th,
and 12th months of treatment with CBD were calculated for
all patients for each seizure type and the total number of sei-
zures.

Weekly Seizure Frequencyyonmx =
(Number of Seizuresyontx)
(Number of DaySyonmx)

X 7

Due to the large variation in absolute number of seizures
between each patient, reduction in seizure frequency was
also analyzed by calculating percent change in seizure fre-
quency for each seizure type and the total number of sei-
zures during the 2nd, 3rd, 6th, 9th, and 12th months of
treatment with CBD. Percent change at each time point
reflects reported seizure frequency over the past month rela-
tive to baseline.

Percent Change in Seizure Frequencyy,,my =

patients; 10 (55.6%) of 18 patients underwent neuropsycho-
logical testing, of whom 6 (60%) were cognitively impaired
(IQ < 70). In addition, physician- and parent-observed
behavioral problems were reported in 9 (50%) of 18 patients
in this study. Ten (55.6%) of 18 patients in this study have a
history of autism.

Patients participating in this study have relatively com-
plex epilepsy histories, given that treatment-resistant sei-
zures are so common in the TSC population. As shown in
Table S1, 13 (72%) of 18 patients have more than one sei-
zure type; seizure types experienced include complex par-
tial seizures (n = 13, 72%), tonic seizures (n = 7, 39%),
tonic—clonic seizures (n = 6, 33%), epileptic spasms
(n = 4, 22%), complex partial seizures with secondary gen-
eralization (n = 4, 22%), atonic seizures (n = 4, 22%), and
atypical absence seizures (n = 4, 22%). Treatment histories
of these patients are also quite extensive, with 12 (67%)
undergoing epilepsy surgery, 11 (61%) trying a vagus nerve

(Weekly Seizure Frequencyyo,my) — (Weekly Seizure Frequencypg,qjine)

Using the percent change in seizure frequency at each
time point, patients were defined as responders if they had a
>50% reduction in total seizure frequency. Patients who
exited the study before a certain time point or patients who
lacked follow-up to a given time point were not included in
any calculations for the corresponding month.

RESuULTS

Eighteen patients with TSC enrolled in the expanded
access study for cannabidiol in the treatment of refractory
epilepsy between May 7, 2014 and August 20, 2015.
Patients entered the study at different times and some have
exited; therefore, not all patients in this study have been
treated with CBD for 12 months. Based on their latest avail-
able clinic visit date, all 18 patients have been in the study
for at least 6 months, whereas 16 have been in the study for
at least 9 months and 8 have been in the study for at least
12 months.

As seen in Table 1, 9 (50%) of these 18 patients are male
and 9 (50%) of 18 are female. The age range of these
patients is 2-31 years with an average age of 14 years. Of
the 14 patients with genetic testing, all have an identifiable
mutation; 4 (22%) have a family history of TSC, 7 (50%)
have a disease-associated 7SCI mutation, and 7 (50%) have
a disease-associated TSC2 mutation. Age of seizure onset
ranges from 1 month to 6 years, with an average of
1.19 years; however, the most common age of seizure onset
is 3 months (n = 4, 22%). Physician- and parent-observed
developmental delays were reported in 14 (78%) of 18

(Weekly Seizure Frequencyg,jine)

stimulator, and 11 (61%) trying dietary therapy. With
respect to medical treatments, patients in this study have
tried between 4 and 11 AEDs with a median of 7; upon
enrollment, patients were currently taking between 1 and 7
AEDs with a median of 3. The most common AEDs tried
among patients in this study during their lifetime include
clobazam (n = 18, 100%), lacosamide (n = 16, 89%), leve-
tiracetam (n = 14, 78%), valproic acid (n = 13, 82%), lam-
otrigine (n = 10, 56%), and vigabatrin (n =9, 50%);
however, the most common concomitant AEDs during this
study include lacosamide (n = 14, 78%), clobazam
(n =10, 56%), levetiracetam (n =7, 39%), lamotrigine
(n =5, 28%), valproic acid (n = 3, 17%), and rufinamide
(n = 3,17%).

The median total weekly seizure frequency during the 4-
week baseline period was 22.0 (interquartile range [IQR]
14.8-57.4). This value continued to decrease throughout the
first 12 months of treatment with CBD (with the exception
of a slight increase between 9 and 12 months likely due to a
decrease in sample size and/or changes in concomitant med-
ications). Shown in the box plot in Figure 1, the median
total weekly seizure frequency decreased to 14.9 (IQR 5.7—
22.0) after 2 months of treatment, 13.2 (IQR 5.06-22.1)
after 3 months of treatment, 9.7 (IQR 5.4-21.4) after
6 months of treatment, 7.7 (IQR 5.1-34.9) after 9 months
of treatment, and 8.0 (IQR 3.7-47.7) after 12 months of
treatment.

After calculating the percent change in weekly seizure
frequency, it can be seen that there is a general decreasing
trend across time, indicating a decrease in absolute weekly

Epilepsia, 57(10):1617-1624, 2016
doi: 10.1111/epi.13499
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Table I. Demographics and TSC syndrome-related histories

Case Age seizure Family history Developmental Behavioral History
no. Sex Age Mutation onset (months) of TSC delays problems of autism
[ M 14 TSClI 60 No No? Yes No
2 M 7 TSCI [ Yes Yes® Yes No
3 M 18 Not tested 72 No No* No Yes
4 M 15 TSC2 8 No Yesb No Yes
5 F 13 TSC2 3 No Yes® No Yes
6 M 3 INg 3 No Yes No No
7 F 9 Not tested 5 No Yes Yes No
8 M 9 TSC2 4 No Yes No Yes
9 F 13 TSC2 | No No“ Yes No
10 M 23 Not tested 48 No No* No No
I F 2 TSC2 | No Yes Yes No
12 F 18 INg 8 No Yesb No Yes
13 F 3 TSCI 16 Yes Yes No No
14 F 7 TsC2 5 No Yes Yes Yes
15 M 31 TSCI, TSC2¢ 6 Yes Yes Yes Yes
16 F 26 INg 10 No Yes Yes Yes
17 F 13 Not tested 3 Yes Yes® No Yes
18 M 29 TSC2 3 No Yes Yes Yes

“Patients who underwent neuropsychological testing and have no cognitive impairment (IQ > 70).

bPatients who underwent neuropsychological testing and have cognitive impairment (IQ < 70).

“Patient has a maternal TSC2 mutation of unknown clinical significant and a sporadic disease-associated TSC/ mutation.
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seizure frequency (Table 2). Of note, after 3 months of
treatment with CBD, four patients (2, 7,9, and 16) had a per-
cent decrease in seizures of >80%, and two patients (2 and
9) had a percent decrease in seizures of >90%. Patient 9
became seizure-free after 3 months of treatment and
remained seizure-free until the 12th month of treatment
when seizures recurred due to an attempted taper in lacosa-
mide.

After 3 months of treatment with CBD, the median
weekly seizure frequency decreased for all seizure types

Epilepsia, 57(10):1617-1624, 2016
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Figure 1.

Weekly total seizure frequency at
baseline and after 2, 3, 6, 9, and

12 months of treatment with CBD.
The box plots show minimum, first
quartile, median, third quartile, and
maximum. The increase in
interquartile range between

6 months and |2 months and the
increase in median seizure frequency
between month 9 and month 12 s
most likely due to a decrease in
sample size.

Epilepsia © ILAE

12 Months
n=16 n=8

experienced by patients in this study. Based on the calcu-
lated median percent change in seizure frequency after
3 months of treatment for each seizure type, the greatest
reduction in seizures was observed in tonic—clonic seizures
(=91.4%, n = 6, IQR —100% to —13.9%), followed by
epileptic spasms (—87.5%, n = 4,1QR —100% to —68.4%),
atonic seizures (—86.5%, n = 4, IQR —100% to —49.4%),
complex partial seizures (—59.3%, n = 13, IQR —80.2% to
—9.8%), tonic seizures (—48.2%, n = 7, IQR —77.6% to
34.3%), and, finally, complex partial seizures with
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Table 2. Percent change in seizure frequency after
treatment with cannabidiol
Caseno. Month2 Month3 Monthé Month9  Month |2
| —58.1 —63.2 —31.5 —55.6 —46.1
2 —93.3 —93.7 —97.3 —96.6 —96.4
3 —55.8 =711 —91.1 -71.9 —86.6
4 —-222 —15.0 —45 —24.6 Exit
5 —259 —39.2 —36.4 —41.8 —28.1
6 —384 —335 —34.0 299 68.6
7 —74.1 —80.2 —79.6 —75.2 —66
8 26.8 -59 353 —49.7 —49.1
9 —99.7 —100.0 —100.0 —100.0 —96.2
10 —45.1 —9.8 18.8 —33.1 Exit
I 40.8 —47.0 —343 —100.0 LFU
12 3.0 0.6 —14.6 -32 LFU
13 —52.8 —55.7 —74.1 —54.2 LFU
14 —73.8 —56.0 —46.2 —333 LFU
15 77.6 62.9 29.3 —40.1 LFU
16 —87.3 —86.7 —64.1 —63.7 LFU
17 —787 —50.6 —68.1 LFU LFU
18 60.5 78.0 -237 LFU LFU
Median —48.9 —48.8 —354 —51.9 —57.5
Exit, patients who exited the study; LFU, lack follow-up.
All patients with numbers entered were still taking CBD the corresponding

month.

secondary generalization (—38.6%, n = 4, IQR —53.6% to
1.6%).

Using responder rates after 3 months of treatment as a
measure of efficacy, the effect of CBD on each seizure type
follows a somewhat similar trend as with median percent
change in seizure frequency; epileptic spasms (75%, n = 4)
and atonic seizures (75%, n = 4) had the greatest responder
rate, followed by tonic—clonic seizures (66.7%, n = 6),
complex partial seizures (53.8%, n = 13), complex partial
seizures with secondary generalization (50%, n = 4), and
tonic seizures (42.9%, n = 7). The responder rate for total
seizures after 3 months of treatment with CBD, however, is
50%. This, as well as responder rates at other time points, is
summarized in Table 3.

Many TSC patients in this study also experienced seizure
freedom from one or more of their seizure types. After

3 months of treatment with CBD, three patients (2, 9, and
16) were free of atypical absence seizures, three patients (9,
13, and 18) were free of tonic seizures, three patients (9, 10,
and 15) were free of tonic—clonic seizures, two patients (9
and 15) were free of spasms, and two patients (3 and 9) were
free of atonic seizures. Two patients (3 and 11) were nearly
free of complex partial seizures, each with a percent change
in complex partial seizures of —97%.

Clobazam levels as well as levels of its active metabolite,
N-desmethylclobazam, may increase when CBD is adminis-
tered, since cannabidiol and clobazam are both metabolized
in the cytochrome P450 (CYP) pathway.”° The responder
rate after 3 months of treatment was 58.3% in patients tak-
ing clobazam concurrently (n = 12) and 33.3% in patients
not taking clobazam (n = 6). The median percent change in
seizure frequency after 3 months of treatment was —53.2%
(IQR —69.1% to —8.9%) in patients taking clobazam con-
currently, and —36.4% (IQR —63.1% to —19.6%) in
patients not taking clobazam.

Seven patients (38%; nos 6, 8, 10, 11, 12, 15, and 18)
experienced seizure aggravation at some time over the
course of this study (Table 2). With the exception of patient
6, all patients whose total seizure frequency increased after
starting CBD did so only within the first 6 months of treat-
ment. Adjustment of CBD and concomitant AED doses as
patients progressed through their 9th month of treatment,
resulted in a decrease in total seizure frequency from base-
line for nearly all study patients. Patient 6 experienced sei-
zure aggravation starting after 9 months of treatment that
continued into the 12th month, but has since been seizure-
free after recent epilepsy surgery and continuing CBD treat-
ment.

Depicted in Table 4, cognitive gains, including improved
alertness, verbal communication, vocalizations, cognitive
availability, and initiation of emotional and physical con-
nections, were reported in 12 (85.7%) of 14 patients with
physician- and parent-observed global developmental
delays, and also in one patient who did not have any cogni-
tive impairment at baseline. In addition, of the nine patients
with physician- and parent-observed behavioral problems,
behavioral improvements were reported in six (66.7%).

Table 3. Responder rates for seizure types

2 Months (%) 3 Months (%)

6 Months (%) 9 Months (%) 12 Months (%)

Total 9/18 (50.0) 9/18 (50.0)
s 4/4(100.0) 3/4(75.0)
A 3/4(75.0) 3/4(75.0)
TC 3/6 (50.0) 416 (66.7)
CP 5/13(38.5) 7/13 (53.8)
CP2 1/4 (25.0) 2/4 (50.0)
T 47 (57.1) 3/7 (42.9)

7/18 (38.9) 8/16 (50.0) 4/8 (50.0)
4/4 (100.0) 4/4 (100.0) 2/2 (100.0)
3/4(75.0) 3/4(75.0) 12 (50.0)
3/6 (50.0) 3/5 (60.0) 1/1 (100.0)

4/13 (30.8) 7/13 (53.8) 3/6 (50.0)
2/4 (50.0) 2/3 (66.7) 12 (50.0)
417 (57.1) 4/6 (66.7) 12 (50.0)

S, spasms; A, atonic; TC, tonic—clonic; CP, complex partial; CP 2, complex partial with secondary generalization; T, tonic.
Responder rate is defined as the percent of patients who experienced a >50% reduction in seizure frequency. Data are presented as (number of responders)/
(number of patients with seizure type x at time y), responder rate. Individual seizure types are listed in order of responder rate after 3 months of treatment.

Epilepsia, 57(10):1617-1624, 2016
doi: 10.1111/epi.13499
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Table 4. Dosing, adverse events, and cognition/behavior changes

Caseno. Maximum CBD dose Current CBD dose  Time in study (months) CBD-related adverse events  Cognitive gains  Behavior improved

| 50 50 22
2 32 32 22
3 25 21.4 17¢
4 50 50 14
5 50 50 22
6 50 50 15
7 50 50 15
8 35 30 15
9 45 45 15
10 25 19 12¢
I 15 13 I
12 45 40 9
13 40 40 I
14 45 40 9
15 22 22 9
16 20 20 9
17 40 40 7
18 40 40 7

None No? Yes
IR, DI Yes® Yes
DR, DI No* NBD
None Yes® NBD
None Yes® NBD
None No NBD
None Yes Yes
DR, AS, ATX, PS, AG Yes NBD
DR Yes? Yes
DR No? NBD
DI, VM No Yes
DR, ATX Yes® NBD
AG Yes NBD
SS, DR, PS, ATX Yes® No
ATX, BD, DR Yes No
DI, DR, ATX, AG, CNF Yes Yes
IR Yes® NBD
None No No

and parent-observed global developmental delays.

“Patients who exited the study.

IR, irritability; DI, diarrhea; DR, drowsiness; AS, appetite suppression; ATX, ataxia; PS, poor sleep; AG, agitation; VM, vomiting; SS, increased self-stimulation;
BD, behavioral difficulties; CNF, confusion; NBD, no baseline behavioral difficulties.
“Patients without cognitive impairment (IQ > 70) on initial neuropsychological testing. All other patients lack neuropsychological testing but still have physician-

bPatients with cognitive impairment (IQ < 70) on initial neuropsychological testing.

With respect to seizures, both responders and nonresponders
experienced cognitive and behavioral improvements during
treatment with CBD.

As summarized in Table 4, over the course of this study,
15 (83%) of 18 total patients reached the initial maximum
dose of 25 mg/kg/day of CBD, whereas 5 (27.8%) of 18
patients reached the study maximum of 50 mg/kg/day of
CBD. All five of the patients who reached the maximum
allowed dose of CBD experienced no CBD-related adverse
events. Six (33.3%) of 18 patients decreased their CBD dose
during the study either to optimize seizure control or to
relieve adverse events and interactions with concomitant
AEDs. The number of CBD-related adverse events experi-
enced per patient ranges from 0 to 5, with a median of 1.
Twelve (66.7%) of 18 patients in this study experienced at
least one adverse event thought possibly related to CBD.
Currently, 3 (16.7%) of 18 patients with TSC have exited
the expanded access program; two patients stopped CBD
treatment due to adverse events and one patient stopped
CBD treatment due to seizure freedom. Patient 3 experi-
enced diarrhea and weight loss and exited after 17 months;
patient 4 had viral myocarditis unrelated to CBD and exited
after 12 months. Patient 10 became seizure-free after epi-
lepsy surgery and exited after 12 months. None of the TSC
patients that stopped taking CBD did so due to lack of effi-
cacy.

Most adverse events experienced in this study were tem-
porary and of mild severity. Adverse events were resolved
through dose adjustments of CBD or concomitant
antiepileptic drugs. As described in Table 5, the most

Epilepsia, 57(10):1617-1624, 2016
doi: 10.1111/epi.13499

Table 5. Frequency of CBD-related adverse events

Adverse event Frequency (%)
Drowsiness 8 (44.4)
Ataxia 5(27.8)
Diarrhea 4(22.2)
Agitation 3(16.7)
Poor sleep 2(11.1)
Irritability 2(11.1)
Appetite suppression 1 (5.6)
Confusion 1 (5.6)
Vomiting 1 (5.6)
Increased self-stimulation 1 (5.6)
Behavioral difficulties 1 (5.6)

common adverse events were drowsiness (n = 8, 44.4%),
ataxia (n = 5, 27.8%), and diarrhea (n = 4, 22.2%). No seri-
ous adverse events related to CBD were reported by TSC
patients in this study.

DiSscuUSSION

Under this expanded-access program for CBD as an
adjunct treatment in patients with drug-resistant epilepsy,
many patients with TSC exhibited an appreciable reduction
in seizure frequency. After 3 months of treatment with
CBD, the responder rate was 50%, with a median percent
change in seizure frequency of —48.8%. In addition, the fre-
quency of every seizure type experienced by patients in this
study was reduced by at least 38.6%, with four of six differ-
ent seizure types having a median percent decrease in
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seizures over 50%. Although patients taking clobazam con-
currently with CBD had a greater responder rate and median
percent decrease in seizure frequency than patients not tak-
ing clobazam, there are few patients not taking clobazam
and these results are likely not statistically significant. In
addition, many patients continued to have well-controlled
seizures after reducing their clobazam doses. In patients
who experienced an increase in seizure frequency, dose
adjustments while continuing CBD treatment alleviated sei-
zure aggravation in nearly all cases. It is thought that the
increased seizure frequency was a result of the natural his-
tory of each patient’s epilepsy or due to a possible interac-
tion between CBD and concomitant AEDs. Considering
that all patients in this study are treatment resistant and have
never had adequate seizure control—even after treatment
with multiple antiepileptic drugs, dietary therapy, surgery,
or VNS—CBD is a promising and effective treatment for
seizures in patients with TSC.

Epileptic spasms present a great risk in the TSC popula-
tion; spasms occur in approximately 38% of TSC patients
and are strongly associated with the development of multi-
ple seizure types, refractory epilepsy, and cognitive impair-
ment.* The four TSC patients in this study with refractory
epileptic spasms (8, 9, 13, and 15) had an age range of 3-31
years; all of these patients were taking clobazam and half
were taking either levetiracetam, lacosamide, or valproic
acid. After 3 months of treatment with CBD, the responder
rate was 75%, the median percent change in spasm fre-
quency was —87.5% (IQR —100% to —68.4%), and two of
the four patients were spasm-free. In addition, after
6 months of treatment, the responder rate was 100% and the
median percent change in spasm frequency was —96.2%
(IQR —100% to —89.4%). Response to CBD with respect to
spasms suggests that CBD is especially effective with this
seizure type.

Reported cognitive and behavioral improvements during
treatment with CBD are of great interest, given that approxi-
mately 50% of TSC patients have cognitive impairment and
>50% of TSC patients have behavioral difficulties.
Although patients in this study lacked a full follow-up neu-
ropsychological evaluation after starting CBD, parents of
patients reported cognitive gains in 85.7% of cases with
baseline global developmental delays and behavioral
improvements in 66.7% of cases with baseline behavioral
problems. Surprisingly, behavioral and cognitive improve-
ments were observed in both responders and nonresponders,
indicating that CBD’s positive effect on behavior and cogni-
tion may be somewhat independent of seizure control.

Adverse events thought possibly related to CBD, although
mostly mild and temporary, were reported 12 (66.7%) of 18
TSC patients in this study; no serious CBD-related adverse
events were reported. In addition, 5 (27.8%) of 18 TSC
patients in this study titrated to the study maximum dose of
50 mg/kg/day with no adverse events, even though CBD
was added to a median of three concomitant AEDs.

Most patients who were able to titrate up to 50 mg/kg/
day were not taking clobazam concurrently; conversely,
most patients who experienced adverse events and were
not able to titrate up to the maximum dose were taking
clobazam. CBD is known to inhibit the CYP2C19 and
CYP3A4 enzymes that catalyze clobazam’s active
metabolite, N-desmethylclobazam, leading to side effects
associated with clobazam, such as drowsiness, ataxia, and
irritability.”® Because these side effects were resolved by
adjusting either CBD or clobazam dosing, they are
thought to result from an interaction between CBD and
clobazam. Diarrhea, another common adverse event
observed in this study, is hypothesized to result from the
ingestion of oil in the CBD solution rather than from
CBD itself. Although all cases of diarrhea were alleviated
by reducing CBD dose, and thus, the amount of oil
ingested, it is unknown if diarrhea could be eased by
administering the same dose of CBD in a more concen-
trated solution. However, considering the preceding, CBD
is a relatively safe and well-tolerated treatment option.

One of the major limitations of this study is that the
expanded access program is neither controlled nor double-
blinded. Despite this, recent double-blind placebo-con-
trolled studies for GWP42003-P in the treatment of Dravet
syndrome have indicated a statistically significant median
reduction in seizure frequency of 39% compared to a 13%
reduction in seizure frequency for placebo®'; this is compa-
rable to seizure frequency reductions in controlled levetirac-
etam studies.”>** Parental reports of cognitive and
behavioral changes also limit our results, since they are sub-
jective.

Another limitation of our study is that the limited study
size does not allow determination of statistical significance.
In addition, doses of cannabidiol and concomitant AEDs
were inconsistent between patients and across time. The
combination of these factors makes it difficult to establish a
strong correlation between dose, time, and response; espe-
cially so at later time points and less common seizure types
where there are fewer data points.

Despite these limitations, these results suggest CBD’s
efficacy in reducing seizure activity in patients with TSC.
To further characterize the role of CBD in the treatment of
refractory epilepsy in TSC, randomized controlled trials are
needed.
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SUPPORTING INFORMATION

Additional Supporting Information may be found in the
online version of this article:
Table S1. Epilepsy treatment history.
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