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Abstract
Objective: This real-world, retrospective, multicenter study aims to investigate 
the effectiveness of highly purified cannabidiol (CBD) in a large cohort of pa-
tients with epilepsy of genetic etiology due to an identified monogenic cause. 
Additionally, we examine the potential relationship between specific genetic sub-
groups and treatment response.
Methods: This study was conducted across 27 epilepsy centers and included pa-
tients with monogenic epileptic disorders (pathogenic or likely pathogenic vari-
ants) who were treated with highly purified CBD for at least 3 months.
Results: A total of 266 patients (135 females, 50.8%) with monogenic epilepsies 
were included with a median age at CBD initiation of 12 years (interquartile range 
[IQR] = 7–19) and a median follow-up duration of 17 months (IQR = 12–24). 
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1   |   INTRODUCTION

The management of epilepsy has evolved significantly 
over the past few decades, with a growing emphasis 
on personalized epilepsy management tailored to indi-
vidual patient profiles.1,2 Cannabidiol (CBD), a nonpsy-
choactive cannabinoid derived from the Cannabis 
sativa plant, has gained attention in recent years for 
its potential therapeutic effects in the context of drug-
resistant epilepsy.3 Based on the results of different 
randomized controlled trials (RCTs), the US Food 
and Drug Administration and the European Medicine 
Agency approved highly purified CBD for the treatment 
of drug-resistant seizures in two distinct developmen-
tal and epileptic encephalopathies (DEEs), namely, 
Dravet syndrome (DS) and Lennox–Gastaut syndrome 
(LGS).4,5 Additionally, highly purified CBD has been ap-
proved for the treatment of tuberous sclerosis complex 
(TSC)-related epilepsy, including the full spectrum of 
TSC-associated refractory epilepsy, from DEEs to focal 
epilepsy.6

Despite the well-documented efficacy reported in 
these syndromes, the use of CBD as a treatment for a 
broader range of monogenic epilepsies remains an area 
of active investigation. To date, few studies, particu-
larly small case series, have explored the effectiveness 
of highly purified CBD in monogenic epilepsies other 

than TSC and DS caused by SCN1A pathogenic vari-
ants. These include epilepsies caused by pathogenic 
variants of CDKL5, SYNGAP1, MECP2, and KCNT1.7–11 
Monogenic epilepsies, caused by single-gene pathogenic 
variants, are distinct from other epilepsy etiologies due 
to specific molecular mechanisms that can promote 
epileptogenesis, including effects on cell migration, 
neuronal excitability, and synaptic function.12 Detailed 

Overall, 77 different monogenic epilepsies have been included, with the most 
common genes being SCN1A (32.3%), TSC2 (13.5%), CDKL5, and MECP2 (4.5% 
each). The mean seizure reduction at the last follow-up was 38.6%, with 47.5% of 
patients achieving ≥50% seizure reduction and 7.4% achieving seizure freedom. 
The Clinical Global Impression scale indicated improvement in 65.8% of patients. 
The general linear mixed model revealed that a shorter maximum duration of 
seizure freedom before CBD initiation and a higher degree of intellectual disabil-
ity were independently associated with lower CBD effectiveness. Conversely, no 
significant differences in seizure outcome were observed across different epilepsy 
syndromes (Lennox–Gastaut syndrome, Dravet syndrome, tuberous sclerosis 
complex epilepsy, and other developmental and epileptic encephalopathy), be-
tween approved indications and off-label use, or between concomitant clobazam 
use or not.
Significance: This study supports CBD as a potential treatment for monogenic 
epilepsies beyond its licensed indications, demonstrating comparable effective-
ness between approved and off-label use and suggesting genetic subgroups with 
promising treatment responses.

K E Y W O R D S

CBD, developmental and epileptic encephalopathy, effectiveness, epilepsy, intellectual 
disability, Lennox–Gastaut syndrome

Key points

•	 In a cohort of difficult-to-treat monogenic 
epilepsies, CBD reduced seizures by 38.6%, with 
47.5% of patients achieving ≥50% reduction.

•	 Effectiveness was comparable between ap-
proved and off-label CBD use.

•	 No differences in seizure outcome were ob-
served across different syndromes, including 
LGS, TSC-epilepsy, DS, and other DEEs.

•	 Shorter prior seizure freedom duration and 
greater intellectual disability predicted lower 
CBD response.

•	 This study's findings support CBD as a treat-
ment option for diverse monogenic epilepsies 
beyond previously approved indications.

 15281167, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/epi.18378 by A

zienda U
sl B

ologna, W
iley O

nline L
ibrary on [25/03/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



      |  3CERULLI IRELLI et al.

information regarding the effectiveness of CBD within 
this etiological group and according to particular ge-
netic variants can guide personalized treatment strate-
gies and improve patient outcomes. A recent study by 
Nissenkorn and colleagues investigated the differential 
effectiveness of perampanel across various monogenic 
epilepsies. This study reported a high effectiveness 
of this antiseizure medication (ASM) in patients with 
monogenic epilepsies, particularly in certain single-
gene etiologies, underscoring the importance of tailor-
ing treatments to specific epilepsy etiologies.13

This real-world retrospective multicenter study aims 
to evaluate the effectiveness and safety of highly puri-
fied CBD in a large cohort of patients with epilepsy of 
genetic etiology due to an identified monogenic cause. 
Additionally, we aim to investigate the potential rela-
tionship between specific genetic variants and CBD 
response.

2   |   MATERIALS AND METHODS

2.1  |  Study participants and clinical data 
collection

This was a multicenter retrospective study conducted 
across 27 international specialized epilepsy centers for 
both adults and children, most of which are members of 
the European Reference Network for Rare and Complex 
Epilepsies (EpiCARE). The study was approved by the 
institutional/regional ethical committee (approval num-
ber 7671, 0534/2024), and informed consent was ob-
tained from all participants. The study was conducted 
according to the STROBE (Strengthening the Reporting of 
Observational Studies in Epidemiology) guidelines.

Patients attending participating centers who were 
prescribed >99% highly purified CBD (Epidiolex, Jazz 
Pharmaceuticals, for patients treated in European coun-
tries; Convupidiol, Alef Pharma, for patients treated in 
Argentina) from May 2019 to March 2024 were identified. 
Inclusion criteria were (1) epilepsy due to a monogenic 
cause (pathogenic or likely pathogenic variant, classified 
according to American College of Medical Genetics and 
Genomics criteria)14 and (2) a minimum follow-up period 
of 3 months after initiating CBD.

Data collected included demographics, genetic vari-
ants, clinical history, intellectual disability (ID) and 
its severity according to the treating clinician and/or 
standardized assessments, seizure and epilepsy types, 
electroencephalographic (EEG) findings, previous/
concomitant ASMs, and baseline seizure frequency 
(monthly seizure frequency during the 3 months prior 
to starting CBD). Patients were categorized into specific 

epilepsy syndromes by their treating epileptologist, with 
those not diagnosed as LGS, DS, or TSC-epilepsy classi-
fied as “other DEE.”

2.2  |  Outcome measures

Data on seizure frequency, adverse events, and drug dis-
continuation were obtained from patient seizure diaries 
and clinical records. CBD effectiveness and safety were as-
sessed at 3, 6, 12, and 24 months after CBD initiation, with 
follow-up truncated at 24 months.

Effectiveness outcomes included mean seizure reduc-
tion, ≥50% seizure reduction, and seizure freedom at the 
last follow-up visit relative to the baseline observation 
period. Mean seizure reduction at 12 and 24 months (for 
patients with available follow-up) relative to the baseline 
observation period was also considered. Additionally, 
the occurrence of >25% increase in monthly seizure fre-
quency (seizure worsening) during follow-up compared 
with the baseline observation period was evaluated. Safety 
and tolerability outcomes included CBD retention and the 
incidence of side effects attributed to CBD by participating 
physicians.

The Clinical Global Impression (CGI) scale was used 
retrospectively from patient records and clinical evalua-
tions to assess overall efficacy and tolerability, specifically, 
the CGI Improvement (CGI-I) subitem.15 The CGI-I asks 
clinicians to evaluate the degree of improvement or wors-
ening at the end of treatment, compared with baseline, 
using a 7-point Likert scale ranging from 1 (very much im-
proved) to 7 (very much worsened). In cases with limited 
information, clinicians were instructed not to assign a CGI 
score.

2.3  |  Statistical analysis

Descriptive statistical methods and data visualization 
were used to assess data distribution. All statistical analy-
ses were performed using complete case analysis, and 
the rate of missing data for each variable is shown in 
Figure S1 in Appendix S1. Comparisons among categori-
cal variables were performed using the chi-squared test, 
whereas comparisons between continuous variables were 
conducted with either the t-test or the Mann–Whitney U-
test, depending on whether the distribution was normal or 
nonnormal, respectively.

To assess the predictors of CBD effectiveness, a general 
linear mixed model was utilized, incorporating follow-up 
as a function of center as a random effect to account for 
potential heterogeneity between sites. The model included 
as prespecified fixed effects variables the age at seizure 
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onset and CBD initiation, indication type (approved vs. 
off-label), severity of ID, family history of epilepsy, dura-
tion of seizure freedom prior to CBD initiation, number of 
ASMs tried before CBD, clobazam (CLB) use, initial CBD 
dose, history of generalized paroxysmal fast activities on 
EEG, and history of tonic seizures.7,16–19

Additionally, to evaluate the differential effectiveness 
of CBD across different epilepsy syndromes (TSC-epilepsy 
vs. DS vs. LGS vs. other DEE), the same model was em-
ployed, incorporating as fixed effects epilepsy syndromes 
and the variables identified as independently associated 
with treatment response in the previous model.

Statistical analyses were conducted using R Studio ver-
sion 4.2.3. Test results with p < .05 were considered statis-
tically significant.

3   |   RESULTS

3.1  |  Clinical and genetic features of 
study population

A total of 266 patients (135 females, 50.8%) with mo-
nogenic epilepsies receiving highly purified CBD (228 
Epidiolex and 38 Convupidiol) for the treatment of drug-
resistant seizures were included based on the study cri-
teria. The most common causative genes were SCN1A, 
found in 86 patients (32.3%), TSC2 in 36 patients (13.5%), 
CDKL5 and MECP2, each found in 12 patients (4.5%), 
PAFAH1B1 in six patients (2.2%), and STXBP1, PCDH19, 
and TSC1, each in five patients (1.9%). Overall, 77 differ-
ent monogenic epilepsies have been included; a detailed 
list is shown in Figure 1.

The median age at epilepsy onset was 5 months (in-
terquartile range [IQR] = 3–14.5, range = 0–264). Patients 
were diagnosed by the treating clinicians with DS (86 
[32.3%] patients), TSC-epilepsy (41 [15.4%] patients), 
LGS (34 [12.8%] patients), progressive myoclonic epilepsy 
(PME; four [1.5%] patients), and other DEEs (101 [38%] 
patients). In the “other DEE” group, seven patients were 
diagnosed with Rett syndrome, four with infantile epilep-
tic spasm syndrome (IESS), three with epilepsy of infancy 
with migrating focal seizures (EIMFS), and three with 
DEE with spike–wave activation in sleep (DEE-SWAS).20,21 
Baseline characteristics of the study cohort are fully sum-
marized in Table 1.

3.2  |  ASM data and response to 
treatment

The median age at the time of CBD initiation was 12 years 
(IQR = 7–19), with a mean (SD) initial target daily dose of 

8.5 mg/kg/day (±4.6) and a median follow-up duration of 
17 months (IQR = 12–24) after CBD initiation.

At the time of CBD initiation, patients were taking 
a median of 3 ASMs (IQR = 2–4), and 11 were on a ke-
togenic diet (Figure 2). The median longest period of re-
mission prior to CBD initiation was 7 days (IQR = 0–25), 
with 57.1% of patients having never experienced >7 days 
of remission during their epilepsy history. Regarding sei-
zure frequency, 153 (59.8%) patients experienced daily 
seizures, 58 (22.7%) weekly seizures, 41 (15.4%) monthly 
seizures, and four (1.5%) less frequent seizures. Among 
seizure types reported at the time of CBD initiation, the 
most common was generalized tonic–clonic seizures in 
157 (57.7%) patients, followed by tonic seizures in 118 
(44.5%; Table 1).

The mean seizure reduction across the study popula-
tion at the last follow-up visit was 38.6% (95% confidence 
interval [CI] = 34.5–42.7). For patients with available 
12-month (174 patients) and 24-month (80 patients) fol-
low-up data, the mean seizure reduction was 40.5% (95% 
CI = 35.6–45.3) and 39.7% (95% CI = 32.7–46.7), respec-
tively. A total of 123 (47.5%) patients achieved ≥50% sei-
zure reduction at the last visit, whereas 56 (21.6%) patients 
achieved ≥75% reduction, and 19 (7.4%) patients achieved 
seizure freedom. Conversely, seizure worsening was ob-
served in 15 patients (5.6%) without a clear association 
with specific genetic etiologies or distinctive demographic, 
clinical, or treatment characteristics. In particular, no sig-
nificant differences were found regarding sex, epilepsy 
syndrome, median duration of seizure remission, age and 
frequency of seizures at CBD initiation, daily target dose 
of CBD, or the number of prior ASMs used. Regarding 
ID severity, it is worth mentioning that 15 of 15 patients 
experiencing seizure worsening had severe ID, albeit this 
difference did not reach any statistical significance. See 
Supplementary Results in Appendix S1 for a detailed list 
of variants harbored by these patients along with their 
clinical characteristics.

Regarding the CGI-I scale, improvement was observed 
in 150 patients (65.8%), with 21 of these (14%) reported 
as very much improved, 61 (40.7%) as much improved, 
and 68 (45.3%) as slightly improved. In contrast, 19 pa-
tients (8.3%) were reported to have worsened with CBD 
treatment, and 59 patients (22.2%) experienced no change 
in their overall condition (see Supplementary Results in 
Appendix S1 for a detailed list of variants of patients expe-
riencing worsening based on CGI-I). Finally, ASM reten-
tion at the last follow-up was seen in 221 (84.4%) patients.

When examining epilepsy syndromes for which CBD 
was prescribed by the treating physician—specifically 
LGS, DS, TSC-epilepsy, and other DEE—no significant 
differences among groups were observed across mean sei-
zure reduction, ≥50% responder rates, CGI improvement, 
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and CBD retention rate at the last follow-up (p > .4 for 
all comparisons). Conversely, CGI-I improvement was 
significantly lower in patients with PME compared with 
other epilepsy syndromes (0% vs. 66.4%, p = .049). Detailed 
results for each outcome measure stratified by epilepsy 
syndrome are outlined in Figure  3. Within the “other 
DEE” group, the mean (SD) seizure reduction and the 

proportion of patients achieving ≥50% seizure reduction 
were 37.5% (±32.3) and 50% for IESS, 36.7% (±32.1) and 
66.7% for EIMFS, and 53.3% (±5.8) and 100% for DEE-
SWAS, respectively.

When assessing the concordance between ≥50% sei-
zure reduction and CGI-I improvement from baseline, 
a moderate agreement was found. Specifically, 96 of 107 

F I G U R E  1   Distribution of patients 
by their monogenic epilepsy etiologies. 
Each bar represents a specific genetic 
cause, with the corresponding number of 
patients.
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(89.7%) patients classified as responders also showed 
CGI-I improvement, although CGI-I improvement was 
also observed in 51 of 115 (44.3%) patients not considered 
responders (kappa = .44, p < .001).

3.3  |  Response to treatment according to 
specific genes

When considering genes with at least five patients treated 
with CBD, TSC2 and PAFAH1B1 had the highest 50% sei-
zure reduction rates, whereas the highest rate of CGI-I 
improvement from baseline was reported in TSC2 and 
MECP2. A detailed representation of different outcome 
measures across all genes with at least two patients treated 
with CBD is presented in Table  2, whereas response to 
treatment in the entire population according to gene etiol-
ogy is further detailed in Table S1 in Appendix S1.

When grouping genes into well-defined functional cat-
egories, a ≥50% seizure reduction was achieved in nine of 
18 (50%) non-SCN1A channelopathies. Specifically, mean 
seizure reduction (SD) and ≥50% seizure reduction were 
50% (±0) and 100% for calcium channel genes (n = 3), 
32.5% (±29.3) and 33.3% for potassium channel genes 
(n = 6), and 33.3% (±35) and 44.4% for non-SCN1A so-
dium channel genes (n = 9), respectively. Regarding genes 
involved in γ-aminobutyric acid (GABA; n = 3; SLC6A1, 
GABRA3, GABRG3) and glutamatergic transmission 
(n = 5; SYNGAP, GRIN1, GRIN2B), mean seizure reduc-
tion and ≥50% seizure reduction were 8.3% (±14.4) and 
0% for GABA-related genes (n = 3), and 29.5% (±28.8) and 
50% for glutamate receptor genes. Considering non-TSC 
genes pertaining to the mTOR pathway (i.e., DEPDC5, 
NPRL3, SZT2; n = 5), the mean seizure reduction was 45% 
(±37.7), with ≥50% seizure reduction occurring in 40% 
of patients. Finally, for genes associated with Rett and 

T A B L E  1   Demographic and clinical characteristics.

Characteristic Value

Age at epilepsy onset, months, median (IQR) 5 (3–14.5)

Sex, female, n (%) 135 (50.8)

Family history of epilepsy in 1st or 2nd degree relatives, n (%) 54 (21.5)

Intellectual disability, n (%)

No 8 (3.1)

Mild 19 (7.4)

Moderate 70 (27.1)

Severe/profound 161 (62.4)

History of febrile seizures, n (%) 75 (29.9)

History of photosensitivity, n (%) 24 (9.8)

History of spike–slow wave discharges, n (%) 138 (56.6)

History of generalized paroxysmal fast activity, n (%) 53 (22)

Age at CBD prescription, years, median (IQR) 12 (7–19)

Previous history of epilepsy surgery, n (%) 10 (4.1)

History of vagus nerve stimulation, n (%)

No 201 (82.4)

Yes but not active at CBD prescription 13 (5.3)

Yes and active at CBD prescription 30 (12.3)

ASMs tried prior to CBD prescription, n, median (IQR) 7 (4–9)

Seizure types experienced at CBD prescription, n (%)

Tonic seizures 118 (44.5)

Atonic seizures 32 (12.1)

Focal seizures 102 (38.5)

Absence seizures 66 (24.9)

Generalized tonic–clonic seizures 153 (57.7)

Myoclonic seizures 86 (32.5)

Epileptic spasms 49 (18.5)

Abbreviations: CBD, cannabidiol; IQR, interquartile range.

 15281167, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/epi.18378 by A

zienda U
sl B

ologna, W
iley O

nline L
ibrary on [25/03/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



      |  7CERULLI IRELLI et al.

Rett-like syndromes (namely, MECP2, CDKL5, FOXG1, 
MEF2C; n = 28 patients), the mean seizure reduction was 
32.8% (±34.2), and ≥50% seizure reduction was observed 
in 35.7% of patients.

3.4  |  Predictors of treatment response

When comparing approved and off-label prescriptions 
(i.e., LGS, DS, and TSC-epilepsy vs. others), no signifi-
cant differences emerged in terms of seizure reduction 
(label 39.1%, 95% CI = 33.6–44.5 vs. off-label 37.4%, 95% 
CI = 31.1–43.6; p = .69), ≥50% responder rate (49.4%, 95% 
CI = 41.4%–57.3% vs. 44.1%, 95% CI = 34.3–53.9; p = .41), 
and CGI-I improvement (65.2%, 95% CI = 57.3–73.2 vs. 
66.7%, 95% CI = 56.6–76.8; p = .83).

In the general linear mixed model of seizure reduction 
using recruiting center as random effect, the only variables 
independently associated with reduced CBD effectiveness 
were a shorter maximum duration of seizure freedom in 
days before CBD initiation (p = .029) and a higher severity 
of ID compared to normal/borderline intellectual func-
tioning (mild ID, p = .04, moderate/severe ID p = .026). No 
significant differences were found based on the concomi-
tant prescription of CLB (p = .9), nor based on approved or 
off-label prescription (p = .25; see Table S2 in Appendix S1 
for full model results).

When specifically examining the effect of epilepsy di-
agnosis on CBD response after adjusting for ID severity 

and maximum duration of seizure freedom, no significant 
differences emerged among the main diagnostic groups 
(LGS vs. DS vs. TSC vs. other DEE; p = .83), with esti-
mated marginal means remaining similar across groups 
(Figure S2 in Appendix S1).

3.5  |  Side effects

After the prescription of CBD, side effects during follow-
up were reported in 101 patients (38.5%). Notably, these 
side effects were transitory in approximately half of the 
patients. At the last visit, side effects were reported in 58 
patients (21.8%), with drowsiness being the most com-
mon, observed in 34 patients (12.9%), followed by gastro-
intestinal side effects in 14 patients (5.3%). For a detailed 
representation of side effects during follow-up and at the 
last visit, please see Figure 4.

4   |   DISCUSSION

Whereas previous RCTs have underscored the efficacy 
of CBD in specific DEEs and monogenic epilepsies, this 
study systematically evaluates its potential across a broad 
range of rare monogenic epilepsies. The results of this 
multicenter, real-world study indicate that CBD can lead 
to clinically meaningful seizure reductions in a variety of 
monogenic epilepsies, including those beyond currently 

F I G U R E  2   Antiseizure medications used at the time of cannabidiol prescription. Bars show the distribution of antiseizure medications 
(ASMs) used at the time of cannabidiol treatment initiation, with the number of patients per ASM indicated. Legend: ACZ: acetazolamide; 
BDZ: benzodiazepines; BRV: brivaracetam; CLB: clobazam; CNB: cenobamate; ESM: ethosuximide; EVE: everolimus; FEN: fenfluramine; 
FLB: felbamate; KD: ketogenic diet; LEV: levetiracetam; LTG: lamotrigine; PB: phenobarbital: PER: perampanel; PGB: pregabalin; GBP: 
gabapentin; RFN: rufinamide; SCB: sodium channel blockers; STM: Sulthiame STP: stiripentol; TPM: topiramate; VGB: vigabatrin VPA: 
valproic acid; ZNS: zonisamide.
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approved indications, with no significant differences ob-
served between approved and off-label uses.

The mean seizure reduction at the last visit was 38.6%, 
with responder rates of 47.5%, consistent with previous 
RCTs in LGS and DS but slightly slower than those re-
ported with TSC.4–6 The responder rates observed in the 
present study should be interpreted in the context of the 
substantial seizure burden in our cohort. Notably, more 
than half of the patients had never experienced more than 
a week of remission before initiating CBD, and daily or 
multiple daily seizures were common in most cases. This 
pronounced epilepsy severity was somewhat expected, 

especially in the “other DEE” group, where off-label CBD 
prescriptions were likely used in more refractory cases fol-
lowing repeated failure of approved treatment strategies. 
Accordingly, when reviewing possible predictors of CBD 
response, we identified shorter maximum seizure-free du-
ration before CBD initiation and higher ID levels—both 
proxies for underlying epilepsy severity—as the primary 
factors associated with less favorable outcomes.19 Notably, 
TSC patients exhibited high seizure reduction and over-
all improvement on the CGI-I scale, confirming the no-
table effectiveness of CBD in this group.6,22 However, it 
is worth noting that TSC cases might include both DEEs 

F I G U R E  3   Response to cannabidiol (CBD) treatment at the last visit stratified by epilepsy syndrome. (A) Mean percentage reduction in 
seizure frequency from baseline at the last visit. (B) Proportion of patients achieving ≥50% seizure reduction (responder rate). (C) Retention 
rate, indicating continued CBD use until the last visit. (D) Clinical Global Impression improvement, showing the percentage of patients 
rated as improved by the treating epileptologist. DEE, developmental and epileptic encephalopathy; DS, Dravet syndrome; LGS, Lennox–
Gastaut syndrome; PME, progressive myoclonic epilepsy; TSC, tuberous sclerosis complex.
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and focal epilepsies, with the latter potentially explaining 
the higher response rate due to lower epilepsy severity. 
When accounting for this confounding factor, the esti-
mated mean seizure reduction was comparable across 
TSC and other diagnostic groups, including patients with 
other DEEs. Additionally, the general linear mixed model 
did not identify approved versus off-label indications as 
significant predictors of seizure reduction, supporting 
the potential for expanding CBD indications beyond cur-
rently approved conditions, aligning with recent evidence 
from a real-world study in patients with diverse epilepsy 
etiologies.23 Similarly, the multivariable analysis failed to 
identify a differential effectiveness of CBD based on con-
comitant CLB use, consistent with the same real-world 
study by Kühne and colleagues.23

An additional insight from this study derived from the 
assessment of CBD effectiveness across specific mono-
genic epilepsies and gene functional groups. Beyond TSC2 
and SCN1A patients, who, as expected, demonstrated high 
seizure reduction rates, other monogenic epilepsies also 
showed favorable responses. Although based on a small 
sample of six patients, the favorable effectiveness profile of 
CBD in individuals with PAFAH1B1 pathogenic variants, 
typically associated with malformations of cortical devel-
opment, suggests a potential role for CBD in epilepsies 
with combined structural and genetic etiologies, similar to 
its observed effects in TSC. Prior evidence has highlighted 
the role of neuroinflammation in treatment-refractory sei-
zures linked to structural lesions, particularly in cortical 
tubers and focal cortical dysplasia.24,25 Considering the 

Gene
Mean seizure 
reduction, % (SD)

50% responder 
rate

CGI 
improvement

SCN1A (86 pts) 37.6 (33) 50.6% 63.9%

TSC2 (36 pts) 48.4 (38.1) 55.9% 83.3%

MECP2 (12 pts) 30.9 (32.1) 33.3% 77.8%

CDKL5 (12 pts) 27.1 (33.3) 33.3% 63.6%

PAFAH1B1 (6 pts) 45.8 (40.5) 60% 60%

TSC1 (5 pts) 21.4 (29.5) 2/5 2/4

STXBP1 (5 pts) 31 (32.5) 2/5 1/3

PCDH19 (5 pts) 36.6 (41.6) 2/5 4/5

SCN8A (4 pts) 20 (40) 1/4 2/4

WWOX (3 pts) 41.7 (38.2) 2/3 2/3

UGDH (3 pts) 30 (26.4) 1/3 1/3

SYNGAP1 (3 pts) 54 (5.6) 3/3 2/3

SCN2A (3 pts) 36.7 (32.1) 2/3 2/3

NEXMIF (3 pts) 45.6 (45.1) 2/3 3/3

KCNT1 (3 pts) 23.3 (20.8) 0 2/3

DEPDC5 (3 pts) 51.7 (45.4) 1/3 1/3

PURA (2 pts) 45 (21) 1/2 1/2

PIGA (2 pts) 64.3 (50.5) 1/2 2/2

PGAP2 (2 pts) 40 (28.2) 1/2 2/2

NHLRC1 (2 pts) 25 (7.1) 0 0

MEF2C (2 pts) 21.5 (30.4) 0 0

KCNQ2 (2 pts) 37.5 (53) 1/2 1/2

FOXG1 (2 pts) 89.5 (7.8) 2/2 2/2

DYNC1H1 (2 pts) 45 (21.2) 1/2 2/2

DNM1 (2 pts) 0 (0) 0 0

CHD2 (2 pts) 92.5 (10.6) 2/2 2/2

CACNA1A (2 pts) 50 (0) 2/2 1/2

ATP1A3 (2 pts) 10 (14.1) 0 1/2

ACTL6B (2 pts) 0 (0) 0 0

Note: Percentages have been reported only for groups with more than five patients.
Abbreviation: CGI, Clinical Global Impression; pts, patients.

T A B L E  2   Response to treatment 
according to gene etiology (including 
genes with ≥2 pts treated with CBD).
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possible impact of CBD on neuroinflammation,26,27 we 
cannot exclude that this mechanism may partially contrib-
ute to its positive therapeutic effects in these epilepsies. 
Similarly, the anti-inflammatory properties of CBD may 
help explain the excellent response observed in patients 
with DEE-SWAS, where neuroinflammation has been re-
peatedly proposed as a contributing factor.28 Although our 
findings are limited to only three patients, they align with 
a recent case report by Ferrera et al. and may encourage 
future studies specifically investigating the potential effec-
tiveness of CBD in this rare DEE.29

The hypothesized antiseizure effects of CBD have been 
primarily linked to desensitization of TRPV (transient re-
ceptor potential vanilloid) and functional antagonism of 
GPR55 (G protein-coupled receptor-55), ultimately stabi-
lizing intracellular Ca2+ levels and modulating neuronal 
excitability.30,31 Similarly, previous research indicates that 
CBD may influence calcium currents through interactions 
with T-type Ca2+ channels.31 Although this study included 
only three patients with pathogenic calcium channel 

variants, all responded to CBD. Although this finding is 
limited by the small sample size, it may warrant further 
investigation into potential calcium-related mechanisms 
underlying the efficacy of CBD in epilepsy.

Another interesting finding was the varying effective-
ness of CBD among patients with gene mutations affect-
ing GABAergic and glutamatergic transmission. Among 
patients with pathogenic variants in genes related to gluta-
mate signaling, all three cases with SYNGAP1 variants ex-
hibited an optimal seizure response, aligning with recent 
findings by Kuchenbuch and colleagues and supporting 
the potential role of CBD in the treatment of this specific 
DEE.8 Conversely, none of the patients with mutations 
directly linked to GABAergic transmission (e.g., SLC6A1, 
GABRA3, GABRG3) responded to CBD, suggesting that 
genetic disruptions in GABAergic signaling might nega-
tively impact CBD effectiveness.

Importantly, although CBD treatment led to meaning-
ful seizure reduction, the moderate concordance between 
seizure reduction and CGI-I scores suggests that CBD may 

F I G U R E  4   Side effects over time during cannabidiol treatment. Blue bars represent the proportion of patients reporting each side 
effect at any time during follow-up, whereas red bars indicate those experiencing the same side effects at the last visit. FU, follow-up; GI, 
gastrointestinal.
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have effects beyond seizure control. Although nearly all 
patients who responded to CBD were reported to have 
a global improvement, approximately half of those who 
did not respond to CBD in terms of seizure control still 
reported improvement in global clinical status. This may 
align with recent literature indicating a positive effect of 
CBD on various nonseizure outcome measures, including 
cognitive abilities, quality of life, sleep, motor function, 
and mood.32–34 The low concordance between seizure re-
duction and CGI-I improvement was particularly evident 
in patients with MECP2 and CDKL5 disorders, where rel-
atively modest seizure reduction was coupled with high 
rates of CGI-I improvement, in line with recent findings 
highlighting the positive effects of CBD on psychiatric 
and motor symptoms in patients with Rett syndrome.9 
However, given the potential limitations of CGI-I as a sub-
jective assessment tool, future studies should incorporate 
additional validated instruments—such as quality-of-life 
scales, neurodevelopmental assessments, and caregiver-
reported outcomes—to comprehensively evaluate the po-
tential impact of CBD beyond seizure frequency.

This study also found that CBD was generally well tol-
erated, with high retention rates at the last visit. Although 
side effects were reported in approximately 40% of pa-
tients, these were transient in about half of the cases, 
with drowsiness/sedation and gastrointestinal side effects 
being the most frequently observed, confirming previous 
findings.35 Additionally, only a minority of patients (5.6%) 
experienced seizure worsening, with proportions similar 
to those highlighted in previous RCTs, supporting the 
safety of CBD across a broad group of patients with rare 
genetic epilepsies.

Finally, although this study predominantly included 
patients with DEEs, it also incorporated four patients 
with PME attributed to distinct genetic variants. Within 
this small subgroup, the response to CBD was modest; 
only one patient achieved a 50% reduction in seizures, 
and none demonstrated improvements on the CGI-I scale. 
These findings suggest that the off-label application of 
CBD in this particular patient population may have lim-
ited therapeutic value.

Despite the strengths of this study, including a large 
multicenter cohort with a genetic etiology and the inclu-
sion of patients carrying confirmed pathogenic or likely 
pathogenic variants, some limitations must be acknowl-
edged. First, its retrospective design inherently introduces 
potential recall bias and heterogeneity in data collection 
across multiple centers. Future prospective studies with 
standardized protocols, including seizure diaries and 
structured cognitive and behavioral assessments, will be 
crucial in validating our findings. Additionally, the ab-
sence of standardized questionnaires for assessing side 
effects at different timepoints during treatment duration 

may have led to their underestimation compared to pre-
vious findings from RCTs. Lastly, the small number of 
patients with individual genetic etiologies limited the 
ability to evaluate the effectiveness of CBD across specific 
monogenic epilepsies. In particular, in smaller subgroups 
with only two or three patients, the observed response 
rates may be influenced by chance or individual patient 
characteristics rather than the underlying genetic cause. 
Given the rarity of many monogenic epilepsies, large-
scale collaborations across international epilepsy centers 
and multi-institutional registries with dedicated genetic 
subgroups are needed to further investigate differential re-
sponses to CBD across diverse genetic etiologies.

In conclusion, this study's findings highlight the po-
tential role of CBD as an effective treatment option for 
patients with monogenic epilepsies, extending beyond 
previously approved conditions. Notably, we observed no 
significant differences in effectiveness between approved 
and off-label uses, with promising results in monogenic 
DEEs beyond LGS, TSC, and DS. The real-world effective-
ness and safety observed in this study provide valuable 
insight for clinicians treating patients with rare genetic 
epilepsies, who frequently face limited treatment options 
and may often need to rely on off-label therapies. Lastly, 
preliminary findings from small patient subgroups sug-
gest that certain monogenic epilepsies may respond par-
ticularly well to CBD, emphasizing the need for large 
registries and prospective studies to confirm these results 
and potentially expand their therapeutic indications.
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