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Abstract
Objective: This study aimed to evaluate the efficacy and safety of adjunctive, 
highly purified Cannabidiol (Epidiolex®) in individuals with drug-resistant ep-
ilepsy (DRE) due to genetically determined typical Rett Syndrome (RTT) and 
CDKL5 Deficiency Disorder (CDD).
Methods: We recruited subjects with genetically confirmed typical RTT and CDD 
with drug-resistant seizures who received add-on treatment with highly purified 
Cannabidiol (CBD) through a national collaboration group. CBD treatment was 
titrated from 5 to 20 mg/kg/day; concurrent antiseizure medications (ASMs) 
could have been adjusted as clinically indicated.
Results: We enrolled 27 subjects (26 females), carrying a MECP2 genetic variant 
(14 subjects, 51.9%) or a CDKL5 genetic variant (13 subjects, 48.1%). Median age 
[IRQ] of individuals was 10.5 [7.9, 18.5] years. The median dose of CBD [IRQ] 
at last follow-up was 15 [11.12, 18.8] mg/kg/day, in association with a mean of 
3 ASMs (range 2–4). The median duration of treatment was 14 [8.5, 20] months. 
Although not reaching a significant statistical effect, CBD reduced the incidence 
of seizures with respect to the baseline in 18/27 (66.6%) subjects, with 7 (25.9%) 
showing a seizure reduction >75%, and 11 (40.7%) >50%. The most relevant 
adverse events were somnolence seen in 3 subjects, irritability/agitation in 2 
subjects, loss of appetite in 2 subjects, and insomnia in 1 individual. Caregivers 
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1  |   INTRODUCTION

Rett syndrome (RTT) is an X-linked-dominant 
neurodevelopmental disorder caused by pathogenic 
variants in the MECP2 gene, characterized by cognitive 
and communicative regression, loss of hand use, and 
midline hand stereotypies. Diagnosis in these patients is 
primarily clinical, based on specific criteria updated by 
the Rett Search Consortium in 2010,1 which distinguish 
between typical and atypical forms of RTT.

Although epilepsy is not part of the formal diagnostic 
criteria,1 it is a core symptom, experienced by 68.1% of pa-
tients, with 32.6% presenting uncontrolled seizures.2

In CDKL5 Deficiency Disorder (CDD), early-onset re-
fractory seizures are a constant feature, along with global 
developmental delays, hand stereotypies, severe hypo-
tonia, sleep disturbances, and gastrointestinal issues.3 
Initially thought to be an atypical variant of RTT, due to 
the similar core features of RTT, CDD is now recognized 
as a distinct developmental and epileptic encephalopathy 
(DEE) caused by genetic variants in the CDKL5 gene, also 
X-linked.4 The intractable nature of seizures in CDD has 
led caregivers and clinicians to explore alternative treat-
ments such as the ketogenic diet and vagal nerve stimula-
tion, in addition to conventional anti-seizure medications 
(ASMs).5,6 In a caregiver survey, over two-thirds reported 
that artisanal cannabis products improved seizure con-
trol, and additional benefits included enhanced alert-
ness, attention, cognition, sleep, mood, development, and 
appetite.7

Recently, highly purified cannabidiol (Epidiolex®) has 
been approved for the treatment of a few DEEs, such as 
Lennox–Gastaut (LGS), Dravet syndromes (DS), and 
Tuberous Sclerosis Complex (TSC), and has shown effi-
cacy in placebo-controlled and open-label trials.8–11 In 

reported an improvement in attention and reactivity in 12 subjects (44.4%), in 
sleep quality in 5 subjects (18.5%), and in motor aspects in 3 patients (11.1%).
Significance: CBD resulted effective in reducing seizure frequency in 66.6% of 
the study sample, regardless of the pathogenic variant; side effects were mild, and 
caregivers reported an improvement in behavioral and motor features.
Plain Language Summary: This study explored the use of highly purified 
Cannabidiol (CBD, Epidiolex®) as an add-on therapy for individuals with drug-
resistant epilepsy due to Rett Syndrome (RTT) or CDKL5 Deficiency Disorder 
(CDD). Twenty-seven participants received CBD alongside their usual ASMs. 
After a median treatment duration of 14 months, 66.6% experienced fewer sei-
zures, with some showing over 75% reduction. Side effects were generally mild, 
mainly sleepiness or irritability. Notably, caregivers reported improvements in 
attention, responsiveness, sleep, and motor function. While results were not sta-
tistically significant, they suggest CBD may benefit seizure control and quality of 
life in RTT and CDD patients.

K E Y W O R D S

cannabidiol, CDKL5 deficiency disorder, drug-resistant epilepsy, Rett syndrome

Key points

•	 This study explored whether highly purified 
Cannabidiol (Epidiolex®) could help manage 
drug-resistant seizures in people with RTT or 
CDD.

•	 Twenty-seven genetically confirmed patients 
(median age 10.5 years) received CBD titrated 
up to 20 mg/kg/day alongside their usual an-
tiseizure medications.

•	 After a median of 14 months, 66.6% showed 
a reduction in seizures; 25.9% had over 75% 
reduction.

•	 Reported side effects were generally mild, in-
cluding somnolence, irritability, and appetite 
loss.

•	 Many caregivers observed positive changes 
beyond seizure control, including better at-
tention, improved sleep, and enhanced motor 
function.
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open-label trials among patients with childhood-onset 
drug-resistant epilepsy (DRE), cannabinoids have also 
been tested in subjects with atypical RTT, showing CDKL5 
or FOXG1 pathogenic variants.10,11

The available data on cannabinoids used for the RTT 
subject's concerns cannabidivarin (CBDV), the propyl ana-
log of CBD.12 In this preclinical phase I study, the treatment 
of five patients with RTT with CBDV showed improved 
seizure control. Four patients reduced their baseline ASMs 
after CBDV initiation, and hypersomnolence and drooling 
were the only identified drug-related adverse events.

In a recent study, the efficacy and tolerability of 
Epidiolex® on seizure control was evaluated in a sample 
of 10 out of 26 subjects with epilepsy in RTT as well as 
its effects on psychiatric symptoms and motor functions. 
CBD reduced the incidence of seizures in 70% of subjects, 
reduced agitation and/or anxiety attacks in 50%, and im-
proved spasticity in 40%. No adverse events were observed, 
even though 50% of subjects had clobazam in association. 
Indeed, only one subject experienced a transitory drooling 
and somnolence episode at the CBD initiation.13

Since some patients with RTT or CDD may show fea-
tures similar to LGS, we carried out a multicenter study on 
patients treated with CBD for at least 6 months, reporting 
on its effectiveness and safety in a large group with drug-
resistant epilepsy caused by genetically confirmed typical 
RTT or CDD.

2  |   METHODS

We recruited through a national collaboration group (CBD-
RTT Syndrome Study Group) subjects with genetically 
confirmed typical RTT and CDD with drug-resistant 
seizures who were receiving add-on treatment with highly 
purified CBD (Epidiolex®). Patients were included if, as 
of January 2024, they (1) were postregression (≥6 months 
after the last loss of hand use, speech, or gross motor 
regression), (2) had been receiving add-on treatment with 
highly purified CBD due to inadequate seizure control for 
at least 6 months, and (3) had maintained a stable dosage 
of ASMs for more than 4 weeks prior to CBD initiation.

CBD treatment was titrated from 5 to 20 mg/kg/day, 
depending on tolerability and efficacy; both the CBD dos-
age and concurrent ASM regimens could be adjusted as 
clinically indicated. We collected demographic, clinical, 
and genetic data through the referring physician, includ-
ing age, gender, genetic variants (MECP2/CDKL5), age at 
seizure onset, seizure types, CBD dosage at the last fol-
low-up, and concurrent ASMs.

Seizure types were classified according to the ILAE 
classification,14 and seizure frequency was reported as 
daily, weekly, or monthly. A positive response to treatment 

was defined as a reduction >50% in seizure frequency com-
pared to baseline levels (4 weeks before CBD initiation).

Safety was assessed by recording adverse events 
through caregivers' interviews and clinical examinations 
of the patient. Caregivers were also interviewed to gather 
additional information on sleep characteristics, behavioral 
changes, and overall quality of life, though only a small 
proportion of patients had completed specific question-
naires (The Sleep Disturbance Scale for Children—SDSC, 
the Quality of Life Inventory-Disability—QI-Disability 
and Parental Stress Index—PSI).

Parents provided consent for the use of anonymized 
personal data for scientific purposes, in accordance with 
the ethical standards of the 1964 Declaration of Helsinki. 
The Ethics Committee of San Paolo Hospital, Milan ap-
proved the study (2019/ST/098).

2.1  |  Statistical methods

We calculated the proportion of patients who had ≥50% 
reduced seizure frequency with the 95% confidence inter-
val (Clopper-Pearson method). To compare the propor-
tion of responders between the RTT and CDD subgroups, 
we used Fisher's exact test. The association between age 
and seizure reduction was analyzed using the Kruskal–
Wallis test, while the relationship between behavioral im-
provement and seizure reduction was examined using the 
Fisher's exact test.

3  |   RESULTS

3.1  |  Clinical characteristics (Table 1)

We enrolled 27 subjects (26 females), with a genetically 
proven typical RTT carrying a MECP2 genetic variant (14 
subjects, 51.9%) or CDD carrying a CDKL5 genetic variant 
(13 subjects, 48.1%).

Median age [IRQ] of individuals was 10.5 [7.9, 18.5] 
years. Most of the subjects experienced different seizure 
types. Tonic seizures (10 subjects, 37.0%), generalized 
tonic–clonic seizures (7 subjects, 25.9%) or focal seizures 
(5 subjects, 18.5%) were the most representative ones. 
Other seizure types reported were epileptic spasms (3 sub-
jects, 11.1%) and atypical absences (1 subject, 3.7%).

3.2  |  CBD treatment: Efficacy and safety

The median dose of CBD [IRQ] at last follow-up was 
15 [11.12, 18.8] mg/kg/day. The median duration of 
treatment was 14 [8.5, 20] months.
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CBD was associated with a mean of 3 ASMs (range 
2–4), including clobazam (CLB; 18/27), carbamazepine 
(CBZ; 10/27), valproic acid (VPA; 9/27), levetiracetam 
(LEV; 5/27), lamotrigine (LTG; 5/27), vigabatrin (GVG; 
4/27), rufinamide (RUF; 2/27), phenobarbital (PB; 3/27), 
zonisamide (ZNM; 2/27), felbamate (FLB; 1/27), lacos-
amide (LCS; 2/27), clonazepam (CZP; 2/27), and topira-
mate (TPM; 3/27).

CBD reduced seizure frequency by ≥50% in 18 (66.6%, 
95% CI: 46.0%–83.5%) subjects, with 7 (25.9%) experienc-
ing a reduction >75%. The lower limit of the confidence 
interval indicates that the true proportion of patients with 
seizure frequency ≥50% is not lower than 46%. No seizure 
aggravation was observed. Among the genetic subgroups, 
a seizure reduction of ≥50% was observed in 9/14 RTT sub-
jects (64.3%) and 9/13 CDD subjects (69.2%). The Fisher's 
exact test (p = 1.0) showed no statistically significant dif-
ference between the two groups, suggesting that CBD had 
comparable effectiveness in both RTT and CDD (Figure 1).

Regarding seizure types, we found that tonic seizures 
were particularly reduced in both groups of subjects, 
while epileptic spasms in the CDD group. There was no 

difference between RTT subjects who had a reduction in 
seizure frequency and those who did not regarding the age 
at diagnosis of RTT, the age at onset of epilepsy, and the 
number and type of associated ASMs.

CBD was well tolerated by the great majority of the 
subjects: the most relevant adverse events were somno-
lence reported in 3 subjects, irritability/agitation in 2 
subjects, loss of appetite in 2 subjects, and insomnia in 
one subject. An adverse event was responsible for drug 
withdrawal in 2 subjects (one for irritability/agitation, 
one for loss of appetite).

3.3  |  CBD treatment: Behavioral and 
motor outcomes

Although we did not conduct a standardized evaluation 
in our RTT/CDD cohort, we systematically gathered 
parents' assessments of their children's behavior during 
CBD treatment. Improvements were reported in attention 
and reactivity in 12 subjects (44.4%), sleep quality in 5 
subjects (18.5%)—with reductions in sleep onset time 
and nocturnal awakenings—and motor function in 3 
subjects (11.1%). Specifically, tremor decreased in one 
subject, ambulation became more stable in another, and 
one individual showed improvement in hyperkinetic 
movement disorder. We considered whether the 
improvement in behavior with a significant reduction in 
agitation could be related to an improvement in seizure 
control, and we report a trend toward a greater behavioral 
impact in those with a major seizure reduction (Figure 2).

The analysis of the association between age, genetics, 
and behavioral effects with seizure outcome is reported in 
Table 2.

T A B L E  1   Clinical characteristics.

Variables Levels
Overall sample 
N = 27

Sex (%) F 26 (96.3)

M 1 (3.7)

Age, years (median 
[IQR])

10.5 [7.9, 18.5]

Pathogenic variant MECP2 14 (51.9)

CDKL5 13 (48.1)

CBD dosage at last 
follow-up (mg/kg) 
(median [IQR])

15 [11.12, 18.8]

Seizure semeiology 
(%)

Atypical absences 1 (3.7)

Focal seizures 5 (18.5)

Myoclonic 
seizures

1 (3.7)

Tonic seizures 10 (37.0)

Bilateral tonic–
clonic seizures

7 (25.9)

Spasms 3 (11.1)

Follow-up, months 
(median [IQR])

14 [8, 20]

Outcome at last 
follow-up (seizure 
reduction) (%)

>50% 11 (40.7)

>75% 7 (25.9)

No change 9 (33.3)

Behavioral effects (%) Improvement 14 (51.9)

No change 13 (48.1)

F I G U R E  1   Relationship between pathogenic variant and 
seizure outcome.
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4  |   DISCUSSION

Our findings suggest a strong trend toward the efficacy of 
CBD in reducing seizure frequency, with 66.6% of subjects 
experiencing a ≥50% reduction and 25.9% achieving a >75% 
reduction. The consistency of the response, combined with 
the absence of seizure aggravation and a favorable safety 
profile, highlights purified cannabidiol (Epidiolex®) CBD 
as a promising therapeutic option for individuals with RTT 
and CDD. Moreover, beyond seizure control, a substantial 
proportion of patients also showed improvements in behav-
ior, attention, and reactivity—especially among those who 
responded to treatment—further supporting the potential 
benefits of CBD in this population.

Cannabidiol has attracted considerable attention for 
its potential therapeutic benefits across various epileptic 
syndromes, including neurodevelopmental disorders like 
Rett Syndrome and CDD. Recent systematic reviews have 
demonstrated the effectiveness of CBD in individuals with 
various genetic disorders that are common causes of epilep-
tic encephalopathies, including studies supporting its use 

in CDD and MECP2-related disorders.15 While research is 
ongoing, some studies suggest that CBD may have positive 
effects in these conditions, useful both for seizure control 
and behavioral aspects.7,12,13 However, further research is 
needed to definitively establish its safety and efficacy.

The prevalence of active seizures in individuals with 
typical RTT ranges from 30% to 44%,2,16 with no specific 
association between MECP2 pathogenic variants and ei-
ther seizure prevalence or severity. Although epilepsy in 
RTT can persist throughout life,16,17 only limited studies 
have identified the most suitable ASM regimen for differ-
ent age groups.2,18–20

Notably, a diagnosis of atypical RTT with a severe 
clinical phenotype has been linked to a higher prevalence 
of epilepsy compared to classic RTT.3 In cases of CDD, 
achieving complete seizure freedom is exceedingly rare.

A recently published international study investigating 
caregiver perspectives on ASMs used by 399 children and 
adults with CDD reported that the most common ASMs 
used were LEV, TPM, VPA, GVG, PB, and CLB depending 
on the age of the patient. Data about cannabidiol use was 
difficult to evaluate, as there was significant variation in 
the types of cannabis derivatives, and only a few subjects 
were treated with Epidiolex®.21

Given the high refractoriness of seizures in CDD, 
there is a particular need for new ASMs and alternative 
treatment options. Encouraging results of the efficacy of 
ganaxolone in CDD emerged from the double-blind, ran-
domized, placebo-controlled study specifically for motor 
seizures, where there was a median percentage change in 
28-day seizure frequency of −30.7% (IQR −49.5 to −1.9) in 
the ganaxolone group with respect to placebo.22 The open-
label extension follow-up23 confirmed the results, with a 
median of seizure reduction of 48.2% and a good safety 
profile.

A potential role for fenfluramine is developing for dif-
ferent DEEs, including CDD.24 Currently, an international 
multicentric Phase 3 study is ongoing (Clini​calTr​ails.​gov 
NCT03861871), while there is no evidence of its potential 
use in typical RTT.

F I G U R E  2   Relationship between seizure outcome and 
behavioral changes.

T A B L E  2   Analysis of the association between age, genetics, and behavioral effects with seizure outcome.

Variables Levels

No change >50% >75%

p-ValueN = 9 N = 11 N = 7

Pathogenic variant (%) MECP2 5 (55.6) 5 (45.5) 4 (57.1) 1a

CDKL5 4 (44.4) 6 (54.5) 3 (42.9)

Age, years (median [IQR]) 8 [6.5, 14] 9.3 [8.4, 21] 11 [10.25, 21] 0.329b

Behavioral effects (%) Improvement 2 (22.2) 7 (63.6) 5 (71.4) 0.102a

No change 7 (77.8) 4 (36.4) 2 (28.6)
aFisher test.
bKruskal–Wallis test.
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Aside from considering the efficacy of ASMs in in-
dividuals with both typical RTT and CDD, another rele-
vant factor is tolerability. The clinical condition of these 
individuals is often complicated by multiple neurologi-
cal issues (e.g., hypotonia, stereotypies, sleep disorders), 
gastrointestinal disturbances, bone health concerns, and 
communication challenges, making therapeutic choices 
particularly difficult. Indeed, due to the numerous comor-
bidities, these individuals are often forced to take multiple 
therapies. Therefore, a drug that acts on both seizures and 
behavioral aspects, with minimal interactions, would be 
highly advantageous.

In this context, assessing the potential impact of new 
treatments for people with rare disorders associated with 
drug-resistant seizures is essential.

A recent paper13 indicated that CBD is effective and 
well-tolerated in patients with typical RTT and DRE. Our 
experience aligns with these findings, with nearly 70% of 
individuals showing a favorable clinical response and ex-
periencing a reduction in mean monthly seizure frequency 
of more than 50%. No cases of epilepsy worsening were 
observed. Previous studies on CBD treatment in CDD,10 as 
well as caregiver reports,7 have also demonstrated a posi-
tive efficacy profile.

The results of our study demonstrated that CBD is ef-
fective in reducing seizure frequency in 66.6% of the pa-
tients, regardless of the pathogenic variant, concomitant 
ASMs, and epilepsy duration.

We examined the types of seizures most responsive to 
CBD treatment and found that individuals with tonic sei-
zures, in both typical RTT and CDD, experienced a greater 
reduction. This outcome aligns with observations in LGS 
and Dravet Syndrome.25 Notably, epileptic spasms, which 
are generally resistant to conventional ASMs, have shown re-
sponsiveness to CBD treatment in CDD, as recently reported 
in drug-resistant infantile epileptic spasms syndrome.26

Regarding tolerability, our study demonstrated a fa-
vorable CBD tolerance profile. We typically employ a very 
slow titration in these patients due to their fragility and 
sensitivity to even minimal changes in medication. We 
also kept low dosages of CBD in order to preserve toler-
ability. Indeed, CBD was generally well tolerated, and no 
serious adverse events were reported.

Among the side effects, somnolence was the most 
common. All individuals who experienced daytime som-
nolence were also receiving concurrent treatment with 
CLB. Drug–drug interactions between CLB and CBD have 
been demonstrated in both animal models and human 
studies, and this interaction may contribute to som-
nolence due to an increase in CLB's active metabolite, 
N-desmethylclobazam (N-clobazam).27 Effective manage-
ment of concomitant ASMs is essential to minimize the 
occurrence of side effects.

In severe developmental encephalopathies like RTT, 
the prospect of addressing aspects of the disease beyond 
seizure control is challenging. Indeed, parents reported 
improvements in attention and social interaction among 
patients with typical RTT and CDD, even independent of 
seizure reduction, as highlighted also in other real-life ex-
periences.28,29 Another significant area of improvement 
was postural tone, stability, and movement disorders. This 
benefit has also been noted in patients with LGS and could 
potentially be explained by CBD's effect on brain locomo-
tor centers.30

Additionally, the positive effect of CBD on sleep regula-
tion, previously reported in other patient groups,31,32 was 
confirmed in our cohort.

5  |   LIMITATIONS

Our study has several limitations, including a relatively 
small sample size, which is understandable given the 
rarity of these disorders. The small number of subjects 
prevented us from conducting a meaningful comparative 
analysis, so statistical evaluations were kept descriptive. 
Furthermore, the study's lack of a control group and its 
retrospective design are additional limitations, which did 
not allow administering tests in a standardized manner. 
Nonetheless, our findings underpin the importance 
of exploring new therapeutic options for rare genetic 
syndromes with DRE in real-world clinical settings.

6  |   CLINICAL RELEVANCE/
FUTURE DIRECTIONS

Findings from our study further contribute to the 
understanding of the available treatments for DRE in typical 
RTT and CDD, focusing on real-world experience of CBD 
use in these patients. However, for individuals with these 
rare genetic disorders, identifying the optimal treatment 
approaches for seizure control continues to be a high 
priority for further research, in order to reduce the seizure 
burden and to optimize the balance between side effects and 
seizure control. Finally, the preliminary findings derived 
from our limited cohort underscore the necessity for large-
scale registries and prospective studies to substantiate these 
results and to potentially extend the therapeutic application 
of CBD, with a focus on seizure types or behavioral 
conditions most likely to benefit from such treatment.
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