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Background: Treatment-resistant epileptic seizures are associated with reduced quality of life (QoL). As polypharmacy with routine antiseizure medications has many side effects, novel add-on treatments are necessary. Recent research showed the efficacy of add-on therapy by cannabidiol (CBD) on refractory epilepsy. We attempted to extend data on the efficacy and safety profile of CBD in patients with frontal lobe treatment-resistant epilepsy.

Methods: A total of 27 patients were recruited into two CBD (n = 12) and placebo (n = 15) groups. The CBD group received a highly purified liposomal preparation of the drug in addition to routine antiseizure medications. The placebo group only received antiseizure medications. This experiment followed a triple-blinding protocol. Outcome measures were seizure frequency, the Chalfont seizure severity scale (CSSS), and the quality of life questionnaire score (QOLIE-31) assessed at baseline, 4 weeks, and 8 weeks.

Results: At 4 weeks, results indicated that a higher fraction of patients in the CBD group (66.67%) showed improvement in seizure, compared to the placebo group (20.00%). Before–after comparison revealed that CBD, unlike routine ADEs, was effective in reducing the occurrence of seizures at the study's final timepoint [mean difference 45.58, 95% CI (8.987 to 82.18), p = 0.009]. Seizure severity was not affected by study groups or time intervals (repeated-measures ANOVA p > 0.05). Post-hoc tests found that the QoLI-31 score was improved at 8 weeks compared to baseline [mean diff. −5.031, 95% CI (−9.729 to −0.3328), p = 0.032]. The difference in cases who experienced enhanced QoL was meaningful between the CBD and placebo groups at 8 weeks [RR: 2.160, 95% CI (1.148 to 4.741), p = 0.018] but not at 4 weeks (p = 0.653). A positive finding for QoL improvement was associated with a positive finding for seizure frequency reduction [r = 0.638, 95% CI (0.296 to 0.835), p = 0.001]. Interestingly, limiting the correlation analysis to cases receiving CBD indicated that QoL improvement was not linked with seizure parameters such as severity and frequency (p > 0.05).

Conclusion: The present study suggests the benefit of a purified and highly efficient preparation of CBD for seizure frequency reduction and improvement of QoL in refractory frontal lobe epilepsy. Further study with longer follow-ups and larger sample size is advised.

Clinical trial registration: https://www.irct.ir/trial/56790, identifier: IRCT20210608051515N1.
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Introduction

According to the World Health Organization (WHO), epilepsy is the most common chronic neurological disorder which affects over 50 million people around the globe (1). Focal epilepsy is the most prevalent subtype of adulthood epilepsy. Among focal epilepsy patients, temporal lobe epilepsy is the most common, followed by frontal lobe epilepsy (2). More than two-thirds of patients who have recently been diagnosed with epilepsy respond to therapy by antiseizure medications and go into remission without relapse for a long period. Despite all this and the introduction of various treatment methods, including anticonvulsant drugs, neuromodulation, surgery, and therapeutic interventions, the burden of refractory epilepsy continues to plague the remaining one-third of the patients (3).

Although the use of many antiseizure medications is associated with a reduction in the number of convulsive attacks in focal epilepsy and associated conditions, the information related to the effectiveness and safety of those drugs in drug-resistant conditions is limited. Indeed, there are 17 verified drugs for partial seizures (4–6). Safety, patient's tolerance, and pharmacoeconomic rationale would in such settings drive clinical therapeutic approaches in drug-resistant seizures (7). Data on add-on treatment are available for 13 antiseizure medications showing no clear distinction in terms of efficacy. Hence, testing novel herbal-based candidates is encouraged to overcome these obstacles. Overall, evidence on specific drug combinations remains rare and a combination of routine antiseizure medications with novel candidates such as herbal-based extracts such as cannabidiol (CBD) deserves further investigation (8).

The use of CBD for epilepsy has a long history. In fact, during the nineteenth century, British and American doctors reported cases of cannabis indica infusion being able to reduce seizures (9). Among the hundreds of phytocannabinoids present in the cannabis plant, the two forms of THC and CBD are the most widely studied. The use of combined products of different types of marijuana with a higher ratio of the active substance (CBD to THC) is increasingly favored in this era. These compounds have been effective in controlling convulsive attacks, especially in treatment-resistant epilepsy in children (10). The anticonvulsant effects of CBD have been proven in preclinical animal models (11). Many of the current available studies are done using Epidiolex drug (GW British company), which is the pure form of CBD in an oil-based solution drug form. The amount of the effective substance in this solution is 100 mg per milliliter of the drug solution. Moreover, other types of drugs with different pharmacokinetic mechanisms are being produced and developed in order to increase absorption, reduce the prescribed dose, and reduce the side effects of the drug (12). Furthermore, treatment-resistant epilepsy reduces the quality of life (QoL) which could be restored using CBD (13, 14). However, its ability to improve QoL in specific subtypes of refractory epilepsy, such as the frontal lobe subtype remains unclear. Resistant frontal lobe epilepsy responds very poorly to drugs and deserves further study. Challenges in electroclinical localization almost certainly are involved in worse outcomes in the surgical treatment of frontal lobe epilepsy in comparison with other epilepsy subtypes (15).

Resistant epilepsy may be associated with several conditions such as encephalopathic disorders, Dravet syndrome (16), Lennox–Gastaut syndrome (17), febrile infectious disease-related epilepsy syndrome (FIRES) (18), and tuberous sclerosis complex which are considered as one of the most resistant types of epilepsy (19). Worthy of note is that, in previous studies, most of the cases of treatment-resistant epilepsy were mixed or specific epilepsy syndromes (20). Therefore, checking the effectiveness, safety, and adjusting the appropriate dose of treatment in patients with specific and other common epilepsy syndromes such as frontal, occipital, or parietal epilepsy and even with other etiological roots should be on the agenda (21).

Taking the above into account, in this clinical trial study, we studied the effectiveness and safety of CBD at the level of pharmaceutical grade compound, which is 99.95% pure CBD (THC-Free and in liposomal form for which an absorbed drug during previous pharmacological studies is increased 2–3.4 times, as produced by KMT Company). Precisely, we explored seizure frequency and severity as well as QoL improvement in a population of patients with frontal lobe epilepsy resistant to drug treatments in a triple-blind randomized clinical trial. We test the hypothesis that CBD may enhance seizure parameters and/or quality of life in patients with drug-resistant frontal lobe epilepsy.



Methods and materials


Patient selection criteria

This experiment followed a triple-blind randomized clinical trial design. In this study, we enrolled 27 drug-resistant frontal lobe epilepsy adult patients (≥18 years old) of both genders from an epilepsy center of Imam Khomeini Hospital, Tehran, Iran. Simple randomization was performed by computer-generated numbers. Selected patients underwent long-term monitoring for seizures and showed resistance to at least two antiseizure medications. The diagnosis of frontal lobe epilepsy was confirmed for all patients based on clinical and paraclinical characteristics. Patients' IQs (who could complete QoL) ranged from 72 to 100 in this study. Baseline characteristics and patient demographics are provided in Table 1 and Figure 1.


TABLE 1 Population demographics and baseline characteristics.
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FIGURE 1
 (A–F) Population demographics and baseline characteristics.


The inclusion criteria were the diagnosis of focal frontal lobe refractory epilepsy (lack of response or insufficient response to treatment with two or more common antiseizure medications) with an electroencephalogram (EEG) compatible with frontal lobe epilepsy and at least monthly seizures. The exclusion criteria were positive history of using marijuana or hashish compounds in the last month, pregnancy, concomitant non-epileptic seizures, and use of any of the following drugs such as clobazam, desmethylclobazam, eslicarbazepine, topiramate, zonisamide, and warfarin. This was because the interaction of some of these medications with CBD was significant (22, 23). Patients with cognitive problems were excluded from quality of life analysis if their mental problems prevented them from completing this assessment.

This study was approved by the ethics committee of the Tehran University of Medical Sciences, Iran (Ethics approval code: IR.TUMS.MEDICINE.REC.1400.130). The protocol for the conduct of this experiment was registered with the Iran Registry of Clinical Trials (IRCT) with the registration code IRCT20210608051515N1.



Treatment protocols

The participants were assigned to intervention (CBD) and placebo groups while continuing their usual antiseizure treatment, which may include phenobarbital, valproic acid, acetazolamide, levetiracetam, carbamazepine, lamotrigine, lacosamide, gabapentin, primidone, clonazepam, phenytoin, and oxcarbazepine. Each group received a specific dose of the medication of the drug prepared by KMT company (KMT, Iran; https://www.kmtmed.com/) containing cannabidiol (INOVO Lipomed Liposomal CBD, KMT) or placebo. Patients in the CBD group were administered CBD in liquid form containing 40 mg/ml of the active substance (CBD) with appropriate levels of preservatives and flavorings based on the protocol prepared by KMT Pharmaceutics. It was prescribed 70 mg (equivalent to 1.75 ml) in the 1st week, then 140 mg (equivalent to 3.5 ml) in the 2nd week, and 210 mg (equivalent to 5.25 ml) in the 3rd to final week as a single dose.

During the baseline period, patients were given the first dose of their medicine and underwent history-taking (e.g., the number of seizures per month), neurological examination before the start of the study, and the quality of life in epilepsy, 31 questions (QOLIE-31, valid and reliable in the Persian language of QOLIE-89 questionnaire) assessment (24) and the Chalfont Seizure Severity Scale (CSSS) (25, 26) were used. Patients' contact information was collected, and they were provided with recommendations on taking their drug by gradually increasing the dose of the drug depending on the patient's tolerance. During the treatment period, included patients continued their previous antiseizure medications with the same fixed dose as before.



Assessment of outcomes

Patients of both groups were followed-up for 8 weeks after receiving the first dose, and follow-up calls were made every 4 weeks (three timepoints). Cases of withdrawal from the study by the patient, side effects and their types, the frequency of seizures, and the type of complaints were recorded. After the completion of data collection, data analysis, and interpretation were done comparatively in baseline cases with follow-up by people who were blocked from the information of the patients of both groups and disease conditions (blinding of the analysis). During this statistical evaluation, the variables such as the mean percentage of reduction of convulsive attacks, percentage of freedom from convulsions, percentage of side effects by mentioning the types of occurrences, the statistical significance of the difference in the results of QOLIE-31 tests, the severity of seizures, and the drug side effects between two timepoints, baseline and follow-up, were evaluated.

Compliance with antiseizure medications and CBD was ascertained following routine clinical practice by asking patients and/or their caregivers. However, the level of drugs in the serum or pill-counting was not performed. Moreover, adverse events were recorded at the baseline, weeks 4, and 8 weeks.



Blinding settings

All participants were blinded to their group assignment (drug or placebo) although they were informed that they will participate in a study in which they will take either drug or placebo options. Moreover, the label and specifications on the medicine bottles were similar for the drug and placebo. The color, taste, smell, and contents of the boxes were not distinguishable. The caregiver, the scientist, and the physician responsible for the diagnosis and treatment were all blinded to the therapy. Moreover, outcome assessment and statistical analysis of the data were performed without information about the grouping of participants. The safety and data monitoring committee was not aware of the details of participants who received the drug or placebo and their identity.



Statistical analysis

Results were analyzed using version PRISM 8.4.3 (GraphPad Inc, USA) and Statistical Packages for Social Sciences (SPSS) version 26.0.0. The patient characteristic outcomes (age, age of seizure onset, gender, seizure severity, seizure frequency per month, and quality of life) were analyzed. The outcomes were compared between placebo and CBD groups, three timepoints in each group (repeated-measures ANOVA or mixed-effects to take into account missing values) and before-after comparison for each placebo and CBD. Optimal post-hoc analyses were performed for ANOVA analyses (e.g., Bonferroni, Tukey, or Šidák). The chi-squared test was used to compare gender (binary variable) between groups. Greenhouse–Geisser correction was performed when sphericity was violated (ε < 0.75). Descriptive statistics and continuous outcomes were reported as mean ± standard error of the mean (SEM). For normality testing, Shapiro–Wilk (n < 50) or other appropriate tests were used in combination with histogram analysis. Improvement of patients was analyzed as a binary outcome by the chi-square test or Fisher's exact test. The latter was utilized when the expected value is < 5. The statistical significance threshold was considered at a p-value of < 0.05.




Results


Patient demographics and baseline analysis

A total of 27 patients were enrolled; 15 (three male/12 female, ratio 0.25) were assigned to the placebo group and 12 (six male/six female, ratio 1) were assigned to the CBD group. The difference in gender between groups was not significant (p > 0.05). Age (mean, SEM) was 32.20, 3.40, and 24.50, 1.31 for placebo and CBD groups, respectively. Age of seizure onset (mean, SEM) was 16.00, 4.65, and 8.25, 1.77 for placebo and CBD groups, respectively. Results for comparison of placebo to CBD patients showed seizure frequency, seizure severity, and QoLI-31, which were not significantly different between groups (p > 0.05). For two patients, cognitive problems prevented the baseline evaluation of QoLI-31. One of these patients was in the placebo group and the other was in the CBD group.



Seizure frequency

For the placebo group, mean (SEM) seizure frequency was 34.00 (11.97), 26.87 (11.38), and 24.67 (9.94) at baseline, week 4, and week 8, respectively. For the CBD group, seizure frequency was 86.50 (39.58), 55.42 (21.49), and 40.92 (15.09) at mentioned timepoints, respectively.

Repeated measures of two-way ANOVA analysis were performed for seizure frequency per month in the CBD and placebo patients at the baseline, week 4, and week 8. Results showed that the effect of timepoint at all values of receiving CBD or placebo (interaction of timepoint and CBD/placebo) was not significant (p = 0.187). Interaction accounted for 1.103% of the variance. After adjusting for matching, grouping (receiving CBD/placebo) accounted for 5.123% of the total variance (p = 0.204). Timepoint (baseline/week-4/week-8) accounted for 2.573% of the total variance, which was significant (p = 0.023). Moreover, post-hoc analysis showed that seizure frequency was significantly reduced at 8 weeks compared to the baseline [mean difference 27.46, 95% CI (2.909 to 52.01), p = 0.023]. Interestingly, seizure frequency was significantly decreased in the CBD group at 8 weeks compared to the baseline [mean difference 45.58, 95% CI (8.987 to 82.18), p = 0.009] but not in the placebo group (p > 0.999). This overall before-after comparison indicates that CBD, unlike routine ADEs, was effective in reducing the occurrence of seizures at the experiment's final timepoint. Seizure frequencies were not different between the CBD and placebo groups at all three studied timepoints (p > 0.05; Table 2).


TABLE 2 Multiple comparisons of seizure frequency.

[image: Table 2]

The mean change in seizure frequency was −7.13 (4.81) and −31.08 (24.59) at 4 weeks and −9.33 (4.99) and −45.58 (26.34) at 8 weeks for placebo and CBD groups, respectively. This indicates that, at both timepoints, CBD provides a better reduction in seizure frequency. Repeated measures of two-way ANOVA were performed. Results showed timepoint x receiving CBD or placebo (interaction), timepoint, and receiving CBD or placebo were not significant sources of variation (p > 0.05). However, the subject was a significant source of variation (p < 0.0001). Post-hoc analyses found no difference between study groups at study timepoints (p > 0.05; Table 3).


TABLE 3 Seizure frequency change from the baseline at 4 and 8 weeks.

[image: Table 3]

Additionally, the improvement of patients was analyzed as a binary outcome (improved/not improved). At 4 weeks, a higher fraction of patients in the CBD group (66.67%) showed significant improvement, compared to the placebo group (20.00%). The effect size for this difference was also relatively large [RR: 3.333, 96% CI (1.248 to 9.969), p = 0.014]. However, this comparison at 8 weeks was not significant [RR: 1.875, 95% CI (0.9509 to 3.975), p = 0.069]. The results of the seizure frequency analysis are shown in Figures 2A–D.
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FIGURE 2
 (A–D) Seizure frequency. The *, **, ***, and **** indicates the value of p < 0.05, p < 0.01, p < 0.001, and p < 0.0001 respectively.




Seizure severity

For the placebo group, the mean (SEM) seizure severity score was 25.07 (5.57), 17.93 (5.57), and 19.87 (5.50) at the baseline, week 4, and week 8, respectively. For the CBD group, seizure severity was 17.67 (2.97), 15.42 (3.03), and 13.58 (4.78) at mentioned timepoints. The lowest severity was found in the CBD group after 8 weeks.

Repeated measures of two-way ANOVA analysis were performed for seizure severity in the CBD and placebo groups at the baseline, week 4, and week 8. Results showed that the influence of timepoint at all values of receiving CBD or placebo (interaction of timepoint and CBD/placebo) was not significant (p = 0.402). The interaction was responsible for 0.3372% of the variance. Following adjustment for matching, grouping (receiving CBD/placebo) accounted for 2.253% of the total variance (p = 0.427). Timepoint (baseline/week-4/week-8) was responsible for 1.496% of the overall variation, which was statistically meaningful (p = 0.022). Additionally, post-hoc tests showed that seizure severity was highly attenuated at 4 weeks compared to the baseline [mean difference 4.692, 95% CI (0.03681 to 9.347), p = 0.047]. Seizure severity was significantly decreased in the placebo group at 4 weeks compared to the baseline (p = 0.019) but not at 8 weeks (p = 0.129). Following the Greenhouse–Geisser correction, however, this analysis was not significant (p > 0.05). Moreover, the direction of change in the point value of mean seizure severity increased from the 4th to the 8th week [mean diff. −1.933, 95% CI (−8.140 to 4.273), p > 0.999]. Seizure severity scores were not different between the CBD and placebo groups at all three recorded timepoints (p > 0.05). Overall, the results suggest that neither CBD nor routine therapy by antiseizure medications could effectively improve seizure severity (Table 4).


TABLE 4 Multiple comparisons of seizure severity.
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The mean change in seizure severity score was −7.13 (3.32) and −2.25 (1.10) at 4 weeks and −5.20 (3.05) and −4.08 (2.71) at 8 weeks for placebo and CBD groups, respectively. The reduction in seizure severity was not significantly different between CBD and placebo. The two-way ANOVA test showed timepoint x receiving CBD or placebo (interaction), timepoint, and receiving CBD or placebo were not significant sources of variation (p > 0.05). Only subject was a significant origin of variation (p < 0.0001). Post-hoc testing detected no difference between different study groups at study timepoints (p > 0.05; Table 5).


TABLE 5 Seizure severity change from the baseline at 4 and 8 weeks.

[image: Table 5]

Seizure severity reduction was also analyzed as a binary parameter (improved/not improved). The severity reduction was not significantly different between the CBD and placebo groups at 4 weeks [RR: 2.188, 95% CI (0.8751 to 5.829), p = 0.096] and 8 weeks [RR: 1.250, 95% CI (0.4041 to 3.810), p = 0.0706]. Mean seizure severity scores for each patient throughout the study were lower in the CBD group but were not significantly different between CBD and placebo groups [p > 0.05, mean difference −5.400 (−18.48 to 7.675)]. Together, these data confirm that CBD and placebo are similarly ineffective in reducing seizures (Figures 3A–D).


[image: Figure 3]
FIGURE 3
 (A–D) Seizure severity analysis. The *, **, ***, and **** indicates the value of p < 0.05, p < 0.01, p < 0.001, and p < 0.0001 respectively.




Quality of life

For QoL analysis, some patients with cognitive problems could not complete the evaluation (n = 2, one in each group). The other missing values were handled by the mixed-effects analysis.

For the placebo group, the mean (SEM) QoLI-31 score was 53.21 (2.83), 55.14 (2.99), and 55.67 (2.83) at the baseline, week-4, and week-8, respectively. For the CBD group, the seizure QoLI-31 score was 48.82 (3.01), 48.64 (4.26), and 58.90 (2.73) at mentioned timepoints, respectively. Similar to the previous results for seizure, the highest QoLI-31 score was found in the CBD group after 8 weeks.

Mixed-effects analysis was performed for QoL in the CBD and placebo groups at the baseline, week 4, and week 8. Results showed the influence of timepoint (p = 0.026) and timepoint at all values of receiving CBD or placebo (interaction of timepoint and CBD/placebo; p = 0.023). The significance of interaction shows that CBD across time could affect the QoLI-31 scores. The post-hoc test found that the QoLI-32 score was improved at 8 weeks compared to the baseline [mean diff. −5.031, 95% CI (−9.729 to −0.3328), p = 0.032]. For patients receiving CBD, the QoLI-31 score was significantly improved at week 8, compared to the baseline [mean diff. −9.140, 95% CI (−16.10 to −2.175), p = 0.006] and week 4 [mean diff. −9.321, 95% CI (−16.29 to −2.357), p = 0.005]. In summary, results indicate that CBD could improve QoL in combination with antiseizure medications. However, the antiseizure medication-only regimen could not improve QoL (Table 6A). Next, mentally healthy patients with a full evaluation of QoLI-31 at all three study timepoints were analyzed by two-way repeated measures ANOVA. Very similar results with the same levels of statistical significance were produced [time x receiving CBD or placebo (interaction) p = 0.01 and timepoint p = 0.02; Table 6B]. An additional three-way ANOVA was also performed with cognitive problems imported as a third factor into the analysis. Cognitive problems and their interactions with grouping and/or timepoint did not significantly contribute to the change in QoLI-31 (p > 0.05). Similar results were reported with grouping and timepoint interaction being a significant factor (p = 0.036; Table 6C).


Table 6A. Multiple comparisons of quality of life.

[image: Table 6]


Table 6B. Multiple comparisons of quality of life for patients with normal cognition.
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Table 6C. Three-way comparison of quality of life, mental status, and time.
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The mean change in the QoLI-31 score was 1.92 (2.53) and −0.18 (3.02) at 4 weeks and −0.66 (1.84) and −9.80 (2.36) at 8 weeks for placebo and CBD groups, respectively. The effect of timepoint x receiving CBD or placebo (interaction) was significant (p = 0.016). Post-hoc analysis revealed that the QoLI-31 score was significantly different between CBD and placebo groups at 8 weeks [mean diff. −8.564, 95% CI (−17.04 to −0.08956)]. Week 4 compared to week 8 change in QoL was significant for the CBD group [mean diff. −9.324, 95% CI (−16.61 to −2.040), p = 0.011] but not the placebo group (p > 0.05) (Table 7).


TABLE 7 Quality of life changes from the baseline at 4 and 8 weeks.
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Improvement in QoL was assessed as a binary parameter (improved/not improved). The difference in the percentage of patients with improved QoL was significant between the CBD and placebo patients at 8 weeks [RR: 2.160, 95% CI (1.148 to 4.741), p = 0.018] but not at 4 weeks (p = 0.653). Finally, data point out that CBD can effectively enhance QoL, particularly during longer follow-up periods (Figures 4A–D).


[image: Figure 4]
FIGURE 4
 (A–D) Quality of life analysis. The *, **, ***, and **** indicates the value of p < 0.05, p < 0.01, p < 0.001, and p < 0.0001 respectively.




Correlation analysis

We performed a correlation analysis between the study parameters for all patients. Change in seizure frequency at 4-week [r = −0.832, 95% CI (−0.920 to −0.661), p = 0.000] and 8-week [r = −0.938, 95% CI (−0.972 to −0.868), p = 0.000] timepoints were negatively correlated with baseline seizure frequency. A positive result for QoL improvement was associated with a positive result for seizure frequency reduction [r = 0.638, 95% CI (0.296 to 0.835), p = 0.001]; however, limiting the correlation analysis to cases receiving CBD indicated that QoL improvement was not associated with seizure features such as severity and frequency (p > 0.05). These results are plotted in Figure 5.


[image: Figure 5]
FIGURE 5
 Correlation of clinical data.




Regression analysis

In the present study, a higher seizure severity score at the baseline was a predictor of reduced QoL at the study endpoint [8 weeks; p = 0.036, −0.221, 95% CI (−0.427 to −0.0157), R2 = 0.201; Figure 6]. However, after restricting the analysis to the CBD group, this was not significant. Indeed, most regression models with seizure parameters as covariates failed to predict the final QoL (8 weeks).


[image: Figure 6]
FIGURE 6
 Regression analysis of seizure severity and quality of life.




Adverse drug events

We studied the adverse events during the study period. The recorded side effects were sleepiness, headache, anxiety, nausea, constipation, dizziness, tremor, irritability, change in heart rate, skin problems, urinary retention, blurred vision, change in appetite, fatigue, diarrhea, dry mouth, drooling, hypotension or hypertension, dysphagia, sore throat or tongue, abdominal pain, and cough. Results showed no significant difference between each of the adverse events and the CBD and placebo groups (p > 0.05, for all recorded parameters).




Discussion

Herbals and their extracts are used in various disorders (27–30). CBD is an herbal extract that has been proposed for epilepsy in different preparations. In 2018, the FDA verified the prescription of CBD-based Epidiolex for two critical types of epilepsy in pediatrics (Lennox–Gastaut and Dravet syndromes) (31). However, the utility of CBD in other treatment resistance-associated seizures is less studied. The present study extends the possible utility of CBD to the frontal subtype of treatment-resistant epilepsy.

We provided preliminary data on the efficacy and safety of CBD in this subpopulation of treatment-resistant epilepsy patients. We found an improved QoL which was not associated with alterations in seizure features. Regression analysis failed to introduce seizure parameters as predictors of QoL. This indicates that further study is recommended to determine the source of QoL improvement. Correlation analyses also confirmed the lack of association between QoL and seizure severity/frequency in the CBD group. In the interpretation of correlation data, higher baseline frequency was associated with more reduction in seizure frequency. Such correlations deserve to be explored better in the future to establish clear causal relationships. In other conditions, CBD shows diverse actions, such as improving QoL in neurodegenerative disorders and social anxiety (32) and reducing QoL in depression (33). Moreover, seizure severity is an important aspect of epilepsy. The relationship between seizure severity and QoL in epilepsy has been investigated by Harden et al. in a female population. The authors found that some domains of the QOLIE-31 correlated significantly with epilepsy severity: Seizure Worry (r = −0.265, p = 0.004) and social activity (r = −0.280, p = 0.002) (34). Similarly, in our study, seizure severity at the baseline was a predictor of QoL at the study endpoint [8 weeks; p = 0.036, −0.221, 95% CI (−0.427 to −0.0157), R2 = 0.201]. These findings indicate that severe and damaging seizures contribute to QoL parameters in patients with intractable seizures.

Moreover, reduced frequency of seizure was achieved with add-on CBD therapy but not routine antiseizure therapy. Earlier animal studies found that CBD diminished seizure frequency and related behavioral comorbidities in various epileptogenesis models (11). A recent randomized clinical trial found a reduction in seizure frequency in treatment-resistant epilepsy-related Lennox–Gastaut syndrome by CBD (35).

A case report article described a 10-year-old girl with refractory epilepsy and left frontal dysplasia with onset before 1 year of age. Therapy by phenytoin, topiramate, carbamazepine, lamotrigine, primidone, levetiracetam, and clobazam could not induce seizure remission. Next, she used CBD-enriched extract as an add-on therapy to antiseizure medication. This combinational treatment reduced seizures and improved general neurobehavior, speech, comprehension, and attention (36). In line with these results, we tested the effectiveness and safety of highly pure CBD in liposomal form with a significantly increased absorbance compared to previous pharmacological studies.

While we found treatment with CBD to be safe, polypharmacy with classical antiseizure medications to manage treatment-resistant seizures is often linked to serious adverse events such as sedation, somnolence, and cognitive deficits. This is commonly observed in pediatrics with specific subtypes of debilitating seizures, such as Lennox–Gastaut, Doose, and Dravet syndromes, in which affected children could be at an elevated mortality risk (37). Preclinical research for the optimal antiseizure medications has been directed toward drugs that mediate solely a single neuropathology in epileptogenesis. For instance, studies mostly focused on diminishing hyperexcitation and enhancing suppression through influencing ion channels or neural transmission. This empirical method does not utilize the multimodal intracellular elements which act as robust targets for the relief of clinical epilepsy. Interestingly, CBD is a prime candidate due to its versatile effects on the brain. CBD has the potential to attenuate inflammation (38), protect against neurodegeneration (39), stabilize neuron formation (40), and prevent oxidative stress (41).

Pharmacokinetic and pharmacodynamic reactions occur between CBD and antiseizure medications (22, 42, 43). Particularly, the cytochrome p450 system has been implicated in pharmacokinetic interactions, although not exclusively. Phenobarbital which was used by our patients is a CYP2C8/9 substrate that CBD suppresses. Phenobarbital induces both CYP3A4/CYP2C19 and could, therefore, reduce CBD (44). An animal study showed no therapeutic interaction between CBD and phenobarbital (45), and conflicting prospective evidence exists in the literature. Notably, in a study by Socala et al., CBD attenuated the antiseizure actions of levetiracetam, and this reaction is pharmacodynamic as no alterations in serum and cerebral levels of either levetiracetam or CBD were detected. Authors also found that CBD did not influence the anticonvulsant actions of lacosamide, and pharmacokinetic reactions between these two drugs cannot be dismissed as CBD enhanced the cerebral levels of lacosamide (46). However, as evidenced by RCTs, the pharmacokinetic interactions may not be significant. The recent comprehensive evaluation of evidence regarding CBD/antiseizure medication interactions mentions no significant interactions for CBD carbamazepine, clonazepam, lamotrigine, midazolam, and phenytoin (22, 42). Overall, we excluded drugs that strongly interact with CBD. The antiseizure medications in the present study may not strongly interact with CBD, yet this needs further study in future research due to discrepancies in the literature.

There were several strengths compared to previous experiments. We used CBD for the frontal subtype of treatment-resistant epilepsy, as opposed to using a mixed population of refractory epilepsy cases. Outcomes were assessed at multiple timepoints. As well, a next-generation preparation of CBD was used. The present study has several limitations. We recruited only a small number of patients. The study protocol was designed with a 14-week follow-up, yet the follow-up of patients was only feasible for 8 weeks due to problems such as the Coronavirus disease-2019 (COVID-19) pandemic. Although we faced minimal missing data, especially for seizure parameters, it was still a limitation. Another possible limitation was a lack of control for differences in antiseizure medications used in different patients. We cannot also entirely dismiss the effects of CBD impurities; however, CBD preparation in this study was highly pure at 99.95%. We suggest longitudinal controlled trials with longer follow-up periods and a larger sample size. CBD has been experimented with in NMDA-mediated seizures and found to affect opioid receptors (47, 48) and reduce inflammation through inflammasomes, major components of inflammation (49). Inflammation is a major feature of many disorders, such as epilepsy (49–51). Researchers could include such molecular implications in future in silico preclinical and clinical studies. Bioinformatics analyses could facilitate the exploration of molecular pathways and help determine immune-mediating aspects of therapies. These could as well be incorporated into future epilepsy studies (52–56).

Moreover, researchers could experiment with whether CBD in epileptic disorders is able to improve (executive functions and social cognition) other than the quality of life and if there is a relationship between such parameters. Indeed, research on subjects in the developmental age has shown that chronic neurological disorders such as epilepsy may be linked to difficulties in social cognition abilities and that these difficulties may be related to a deficit in executive functions, which are then essential aspects for adaptive functioning and good quality of life (57). The results on adult patients could also be corroborated in these scenarios.

Recent evidence suggests the presence of any genetic abnormalities. Polymorphisms of the SCN1A gene could play a role in the response to antiseizure medications in patients with drug-resistant epilepsy in developmental age, with key implications for clinical practice. Margari et al. showed a significant link between multiple intronic SCN1A gene polymorphisms and drug-resistant epilepsy in pediatric patients (58). We encourage further studies to focus on adults with drug-resistant epilepsy.



Conclusion

The present study provides good-quality evidence in the form of a properly blinded and a control randomized trial of CBD for frontal drug-resistant epilepsy. CBD could reduce seizure frequency and improve QoL. Moreover, the use of CBD as an add-on therapy was found to be safe. Research on other refractory epilepsy subtypes is encouraged. Future studies should perform longer follow-ups with more effective preparations of CBD.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the corresponding author on reasonable request.



Ethics statement

The studies involving human participants were reviewed and approved by Tehran University of Medical Sciences, code: IR.TUMS.MEDICINE.REC.1400.130. The patients/participants provided their written informed consent to participate in this study.



Author contributions

SE, KS, TA, NR, VA, SR, and AT conceptualized the study and helped with drafting the manuscript. KS performed all statistical analyses, prepared figures, and prepared the final manuscript. SE helped with statistical analysis. SE, AT, and KS collected and evaluated patients' data. AT treated patients and supervised the study. All authors contributed to the article and approved the submitted version.



Funding

This present study was funded by the Deputy of Research and Technology, Tehran University of Medical Sciences, Tehran, Iran (No. 51038).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Nordenskjöld A, Von Knorring L, Ljung T, Carlborg A, Brus O, Engström I. Continuation electroconvulsive therapy with pharmacotherapy versus pharmacotherapy alone for prevention of relapse of depression: A randomized controlled trial. J Ect. (2013) 29:86–92. doi: 10.1097/YCT.0b013e318276591f

 2. Skidmore CT. Adult focal epilepsies. Continuum. (2016) 22:94–115. doi: 10.1212/CON.0000000000000290

 3. Panebianco M, Bresnahan R, Marson AG. Pregabalin add-on for drug-resistant focal epilepsy. Cochr Database Systemat Rev. (2022) 2022:CD005612. doi: 10.1002/14651858.CD005612.pub5

 4. Baulac M, Rosenow F, Toledo M, Terada K, Li T, De Backer M, et al. Efficacy, safety, and tolerability of lacosamide monotherapy versus controlled-release carbamazepine in patients with newly diagnosed epilepsy: A phase 3, randomised, double-blind, non-inferiority trial. Lancet Neurol. (2017) 16:43–54. doi: 10.1016/S1474-4422(16)30292-7

 5. Trinka E, Ben-Menachem E, Kowacs PA, Elger C, Keller B, Löffler K, et al. Efficacy and safety of eslicarbazepine acetate versus controlled-release carbamazepine monotherapy in newly diagnosed epilepsy: A phase III double-blind, randomized, parallel-group, multicenter study. Epilepsia. (2018) 59:479–91. doi: 10.1111/epi.13993

 6. Lattanzi S, Zaccara G, Giovannelli F, Grillo E, Nardone R, Silvestrini M, et al. Antiepileptic monotherapy in newly diagnosed focal epilepsy. A network meta-analysis. Acta Neurolog Scand. (2019) 139:33–41. doi: 10.1111/ane.13025

 7. Allers K, Essue BM, Hackett ML, Muhunthan J, Anderson CS, Pickles K, et al. The economic impact of epilepsy: A systematic review. BMC Neurol. (2015) 15:1–16. doi: 10.1186/s12883-015-0494-y

 8. Mula M. Pharmacological treatment of focal epilepsy in adults: An evidence based approach. Expert Opin Pharmacother. (2021) 22:317–23. doi: 10.1080/14656566.2020.1829594

 9. Carlson ET. Cannabis indica in 19th-century psychiatry. Am J Psychiatry. (1974) 131:1004–7. doi: 10.1176/ajp.131.9.1004

 10. Chand P, Abbasi AMA, Wahid A, Das JK. Cannabidiol (CBD) in Children With Drug-Resistant Epilepsy: An Initial Experience From a Developing Country. (2021). 

 11. Patra PH, Barker-Haliski M, White HS, Whalley BJ, Glyn S, Sandhu H, et al. Cannabidiol reduces seizures and associated behavioral comorbidities in a range of animal seizure and epilepsy models. Epilepsia. (2019) 60:303–14. doi: 10.1111/epi.14629

 12. Sekar K, Pack A. Epidiolex as adjunct therapy for treatment of refractory epilepsy: A comprehensive review with a focus on adverse effects. F1000Research. (2019) 8:1. doi: 10.12688/f1000research.16515.1

 13. Rosenberg EC, Louik J, Conway E, Devinsky O, Friedman D. Quality of life in childhood epilepsy in pediatric patients enrolled in a prospective, open-label clinical study with cannabidiol. Epilepsia. (2017) 58:e96–e100. doi: 10.1111/epi.13815

 14. Gaston TE, Szaflarski M, Hansen B, Bebin EM, Szaflarski JP. Quality of life in adults enrolled in an open-label study of cannabidiol (CBD) for treatment-resistant epilepsy. Epilepsy Behav. (2019) 95:10–7. doi: 10.1016/j.yebeh.2019.03.035

 15. Helmstaedter C, Witt J-A. Clinical neuropsychology in epilepsy: Theoretical and practical issues. Handb Clin Neurol. (2012) 107:437–59. doi: 10.1016/B978-0-444-52898-8.00036-7

 16. Devinsky O, Cross JH, Laux L, Marsh E, Miller I, Nabbout R, et al. Trial of cannabidiol for drug-resistant seizures in the Dravet syndrome. N Engl J Med. (2017) 376:2011–20. doi: 10.1056/NEJMoa1611618

 17. Laux LC, Bebin EM, Checketts D, Chez M, Flamini R, Marsh ED, et al. Long-term safety and efficacy of cannabidiol in children and adults with treatment resistant Lennox-Gastaut syndrome or Dravet syndrome: Expanded access program results. Epilepsy Res. (2019) 154:13–20. doi: 10.1016/j.eplepsyres.2019.03.015

 18. Serino D, Santarone ME, Caputo D, Fusco L. Febrile infection-related epilepsy syndrome (FIRES): Prevalence, impact and management strategies. Neuropsychiatr Dis Treat. (2019) 15:1897. doi: 10.2147/NDT.S177803

 19. Specchio N, Pepi C, De Palma L, Moavero R, De Benedictis A, Marras CE, et al. Surgery for drug-resistant tuberous sclerosis complex-associated epilepsy: Who, when, and what. Epilept Disord. (2021) 23:53–73. doi: 10.1684/epd.2021.1253

 20. Balagura G, Cacciatore M, Grasso EA, Striano P, Verrotti A. Fenfluramine for the treatment of Dravet Syndrome and Lennox–Gastaut syndrome. CNS Drugs. (2020) 34:1001–7. doi: 10.1007/s40263-020-00755-z

 21. Lattanzi S, Trinka E, Striano P, Rocchi C, Salvemini S, Silvestrini M, et al. Highly purified cannabidiol for epilepsy treatment: A systematic review of epileptic conditions beyond Dravet syndrome and Lennox–Gastaut syndrome. CNS Drugs. (2021) 35:265–81. doi: 10.1007/s40263-021-00807-y

 22. Gaston TE, Bebin EM, Cutter GR, Liu Y, Szaflarski JP, Program TUC. Interactions between cannabidiol and commonly used antiepileptic drugs. Epilepsia. (2017) 58:1586–92. doi: 10.1111/epi.13852

 23. Grayson L, Vines B, Nichol K, Szaflarski JP. An interaction between warfarin and cannabidiol, a case report. Epilepsy Behav Case Rep. (2018) 9:10–1. doi: 10.1016/j.ebcr.2017.10.001

 24. Mohammadi N, Kian S, Davoudi F, Nia SM, Nojomi M. Psychometric evaluation of the Persian version of the quality of life in epilepsy inventory-31. Iran J Neurol. (2013) 12:144.

 25. Duncan JS, Sander J. The chalfont seizure severity scale. J Neurol Neurosurg Psychiatry. (1991) 54:873–6. doi: 10.1136/jnnp.54.10.873

 26. Cramer JA, French J. Quantitative assessment of seizure severity for clinical trials: A review of approaches to seizure components. Epilepsia. (2001) 42:119–29. doi: 10.1046/j.1528-1157.2001.19400.x

 27. Amirghofran Z, Bahmani M, Azadmehr A, Ashouri E, Javidnia K. Antitumor activity and apoptosis induction in human cancer cell lines by Dionysia termeana. Cancer Invest. (2007) 25:550–4. doi: 10.1080/07357900701518487

 28. Liu W, Ge T, Pan Z, Leng Y, Lv J, Li B. The effects of herbal medicine on epilepsy. Oncotarget. (2017) 8:48385–97. doi: 10.18632/oncotarget.16801

 29. Lin C-H, Hsieh C-L. Chinese herbal medicine for treating epilepsy. Front Neurosci. (2021) 15:682821. doi: 10.3389/fnins.2021.682821

 30. Latifi R, Azadmehr A, Mosalla S, Saleki K, Hajiaghaee R. Scolicidal effects of the Nicotiana tabacum L. extract at various concentrations and exposure times. J Medicinal Plants. (2022) 21:111–8. doi: 10.52547/jmp.21.82.111 

 31. Golub V, Reddy D. Cannabidiol therapy for refractory epilepsy and seizure disorders. Cannabinoids Neuropsychiatric Disord. (2021) 7:93–110. doi: 10.1007/978-3-030-57369-0_7

 32. Chagas MHN, Zuardi AW, Tumas V, Pena-Pereira MA, Sobreira ET, Bergamaschi MM, et al. Effects of cannabidiol in the treatment of patients with Parkinson's disease: An exploratory double-blind trial. J Psychopharmacol. (2014) 28:1088–98. doi: 10.1177/0269881114550355

 33. Aspis I, Feingold D, Weiser M, Rehm J, Shoval G, Lev-Ran S. Cannabis use and mental health-related quality of life among individuals with depressive disorders. Psychiatry Res. (2015) 230:341–9. doi: 10.1016/j.psychres.2015.09.014

 34. Harden CL, Maroof DA, Nikolov B, Fowler K, Sperling M, Liporace J, et al. The effect of seizure severity on quality of life in epilepsy. Epilepsy Behav. (2007) 11:208–11. doi: 10.1016/j.yebeh.2007.05.002

 35. French J, Thiele E, Mazurkiewicz-Beldzinska M, Benbadis S, Marsh E, Joshi C, et al. Cannabidiol (CBD) Significantly Reduces Drop Seizure Frequency in Lennox-Gastaut Syndrome (LGS): Results of a Multi-center, Randomized, Double-Blind, Placebo Controlled Trial (GWPCARE4)(S21. 001). Apex, NC: AAN Enterprises. (2017). 

 36. Crippa JA, Crippa AC, Hallak JE, Martín-Santos R, Zuardi AW. Δ9-THC intoxication by cannabidiol-enriched cannabis extract in two children with refractory epilepsy: Full remission after switching to purified cannabidiol. Front Pharmacol. (2016) 7:359. doi: 10.3389/fphar.2016.00359

 37. Autry AR, Trevathan E, Van Naarden Braun K, Yeargin-Allsopp M. Increased risk of death among children with Lennox-Gastaut syndrome and infantile spasms. J Child Neurol. (2010) 25:441–7. doi: 10.1177/0883073809348355

 38. Victor TR, Hage Z, Tsirka SE. Prophylactic administration of cannabidiol reduces microglial inflammatory response to kainate-induced seizures and neurogenesis. Neuroscience. (2022) 500:1–11. doi: 10.1016/j.neuroscience.2022.06.010

 39. García-Arencibia M, González S, De Lago E, Ramos JA, Mechoulam R, Fernández-Ruiz J. Evaluation of the neuroprotective effect of cannabinoids in a rat model of Parkinson's disease: Importance of antioxidant and cannabinoid receptor-independent properties. Brain Res. (2007) 1134:162–70. doi: 10.1016/j.brainres.2006.11.063

 40. Victor TR, Elmes MW, Deutsch DG, Tsirka SE. Cannabidiol effects on post-seizure neurogenesis. FASEB J. (2020) 34:1–1. doi: 10.1096/fasebj.2020.34.s1.02696

 41. Hosseinzadeh M, Nikseresht S, Khodagholi F, Naderi N, Maghsoudi N. Cannabidiol post-treatment alleviates rat epileptic-related behaviors and activates hippocampal cell autophagy pathway along with antioxidant defense in chronic phase of pilocarpine-induced seizure. J Mol Neurosci. (2016) 58:432–40. doi: 10.1007/s12031-015-0703-6

 42. Gilmartin CG, Dowd Z, Parker AP, Harijan P. Interaction of cannabidiol with other antiseizure medications: A narrative review. Seizure. (2021) 86:189–96. doi: 10.1016/j.seizure.2020.09.010

 43. Aman-Mohammady A, Saadat P, Qujeq D, Hajian-Tilaki K, Saleki K. Determination of plasma transcobalamin-II and zinc levels in newly–diagnosed and long–standing grand mal epileptic patients. Caspian J Internal Med. (2023) 14:199–204. doi: 10.22088/cjim.14.2.199

 44. Brown JD, Winterstein AG. Potential adverse drug events and drug–drug interactions with medical and consumer cannabidiol (CBD) use. J Clin Med. (2019) 8:989. doi: 10.3390/jcm8070989

 45. Jones N, Hill T, Stott C, Stephens G, Williams C, Whalley B. Assessment of the anti-convulsant effects of cannabidiol when co-administered with anti-epileptic drugs in acute models of seizure and their individual tolerability profiles. In:M Reuber, , editor. Epilepsia. Hoboken, NJ: Wiley-Blackwell (2015). p. 121. 

 46. Balachandran P, Elsohly M, Hill KP. Cannabidiol interactions with medications, illicit substances, and alcohol: A comprehensive review. J Gen Intern Med. (2021) 36:2074–84. doi: 10.1007/s11606-020-06504-8

 47. Rodríguez-Muñoz M, Onetti Y, Cortés-Montero E, Garzón J, Sánchez-Blázquez P. Cannabidiol enhances morphine antinociception, diminishes NMDA-mediated seizures and reduces stroke damage via the sigma 1 receptor. Mol Brain. (2018) 11:51. doi: 10.1186/s13041-018-0395-2

 48. Ranjbar H, Soti M, Banazadeh M, Saleki K, Kohlmeier KA, Shabani M. Addiction and the cerebellum with a focus on actions of opioid receptors. Neurosci Biobehav Rev. (2021) 131:229–47. doi: 10.1016/j.neubiorev.2021.09.021

 49. Liu C, Ma H, Slitt AL, Seeram NP. Inhibitory effect of cannabidiol on the activation of NLRP3 inflammasome is associated with its modulation of the P2X7 receptor in human monocytes. J Nat Prod. (2020) 83:2025–9. doi: 10.1021/acs.jnatprod.0c00138

 50. Khosravisamani M, Maliji G, Seyfi S, Azadmehr A, Abd Nikfarjam B, Madadi S, et al. Effect of the menstrual cycle on inflammatory cytokines in the periodontium. J Periodontal Res. (2014) 49:770–6. doi: 10.1111/jre.12161

 51. Saleki K, Mohamadi MH, Alijanizadeh P, Rezaei N. Inflammasome elements in epilepsy and seizures. In:N Rezaei, , editor, Translational Neuroloimmunology. Elsevier. (2022).

 52. Bian Y-M, He X-B, Jing Y-K, Wang L-R, Wang J-M, Xie X-Q. Computational systems pharmacology analysis of cannabidiol: A combination of chemogenomics-knowledgebase network analysis and integrated in silico modeling and simulation. Acta Pharmacol Sin. (2019) 40:374–86. doi: 10.1038/s41401-018-0071-1

 53. Ozarowski M, Karpiński TM, Zielińska A, Souto EB, Wielgus K. Cannabidiol in neurological and neoplastic diseases: Latest developments on the molecular mechanism of action. Int J Mol Sci. (2021) 22:4294. doi: 10.3390/ijms22094294

 54. Olafuyi O, Kapusta K, Reed A, Kolodziejczyk W, Saloni J, Hill GA. Investigation of cannabidiol's potential targets in limbic seizures. In-silico approach. J Biomol Struct Dyn. (2022) 2022:1–13. doi: 10.1080/07391102.2022.2124454

 55. Saleki K, Alijanizade P, Moradi S, Rahmani A, Banazadeh M, Mohamadi MH, et al. Engineering a novel immunogenic chimera protein utilizing bacterial infections associated with atherosclerosis to induce a deviation in adaptive immune responses via Immunoinformatics approaches. Infect Genet Evol. (2022) 102:105290. doi: 10.1016/j.meegid.2022.105290

 56. Saleki K, Mohamadi MH, Banazadeh M, Alijanizadeh P, Javanmehr N, Pourahmad R, et al. In silico design of a TLR4-mediating multiepitope chimeric vaccine against amyotrophic lateral sclerosis via advanced immunoinformatics. J Leukoc Biol. (2022) 112:1191–207. doi: 10.1002/JLB.6MA0721-376RR

 57. Ives-Deliperi VL, Jokeit H. Impaired social cognition in epilepsy: A review of what we have learnt from neuroimaging studies. Front Neurol. (2019) 10:940. doi: 10.3389/fneur.2019.00940

 58. Margari L, Legrottaglie AR, Vincenti A, Coppola G, Operto FF, Buttiglione M, et al. Association between SCN1A gene polymorphisms and drug resistant epilepsy in pediatric patients. Seizure. (2018) 55:30–5. doi: 10.1016/j.seizure.2018.01.002



OPS/images/fneur-14-1143783-t007.jpg
Fixed effects (type IlI) P-value Significance = Variation (percentage) F(DFn,DEd)
Time x receiving CBD or placebo 0.0139 - 4.777 Fp0 = 4763
Timepoint 0.0204 ' 4.530 Fasa036.10) = 4517
CBD or placebo 0.4301 Ns 2241 F1,20) = 0.6486
Patients <0.0001 Laed 69.10 Flo10) = 6.889
Post-hoc tests

Multiple comparisons test Adjusted P-value = Significance Mean difference 95.00% Cl of diff.
(i) Placebo—cannabidiol

Baseline 0.5987 Ns 5.900 —5.749t0 17.55
Week 4 0.5634 Ns 6467 —6.2321019.16
Week 8 >0.9999 Ns 3233 —13.51t07.048
(ii) Placebo

Baseline vs. week 4 >0.9999 Ns —2.167 —8.110t03.777
Baseline vs. week 8 >0.9999 Ns —0.6667 —6.610t0 5277
Week 4 vs. week 8 >0.9999 Ns 1.500 —4.443t07.443
(i) Cannabidiol

Baseline vs. week 4 >0.9999 Ns ~1.600 —8.111 to 4911
Baseline vs. week 8 0.0016 - —9.800 —1631to —3.289
week 4 vs. week 8 0.0093 -~ —8.200 —14.71to —1.689
(iv) Overall comparison of time points

Baseline vs. week 4 0.8761 Ns —1.883 —6.291 02524
Baseline vs. week 8 0.0152 * —5.233 —9.641 to —0.8257
Week 4 vs. week 8 0.1943 Ns —3.350 ~7.758t0 1.058

The *, **, ***, and *** indicates the value of p < 0.05, p < 0.01, p <0.001, and p < 0.0001 respectively.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		The effect of cannabidiol on seizure features and quality of life in drug-resistant frontal lobe epilepsy patients: a triple-blind controlled trial



		Introduction



		Methods and materials



		Patient selection criteria



		Treatment protocols



		Assessment of outcomes



		Blinding settings



		Statistical analysis







		Results



		Patient demographics and baseline analysis



		Seizure frequency



		Seizure severity



		Quality of life



		Correlation analysis



		Regression analysis



		Adverse drug events







		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		References

















OPS/images/fneur-14-1143783-t006.jpg
Fixed effects (type III)

P-value

Significance

Significant?

F (DFn,DFd)

Timepoints 00262 * Yes Fouy = 3967
Receiving CBD or placebo 05564 ns No Fam = 0.3563
Timepoints X receiving CBD or placebo 00236 * Yes Foay =4.092

Post-hoc tests
Multiple comparisons test

(i) Placebo—cannabidiol

Adjusted P-value

Significance

Mean difference

95.00% Cl of diff.

Baseline 0.8973 ns 4396 —6.310to 15.10
Week 4 0.6800 ns 6506 ~7.173 10 20.19
Week 8 >0.9999 ns —3.233 —13.51t07.048
(i) Placebo

Baseline vs. week 4 >0.9999 ns —1.929 —7.896 to 4.039
Baseline vs. week 8 >0.9999 ns —0.9219 ~7.229105.385
Week 4 vs. week 8 >0.9999 ns 1.007 —5.300to 7.313
(i) Cannabidiol

Baseline vs. week 4 >0.9999 ns 0.1818 —6.551106.914
Baseline vs. week 8 0.0064 hat —9.140 —16.10to —2.175
Week 4 vs. week 8 0.0053 > —9.321 —16.29 to —2.357
(iv) Overall comparison of time points

Baseline vs. week 4 >0.9999 ns —0.8734 —5.372 10 3.625
Baseline vs. week 8 0.0322 * —5.031 —9.729 to —0.3328
Week 4 vs. week 8 0.0986 ns —4.157 —8.855 t0 0.5405

The *,**, ***_and **** indicates the value of p < 0.05, p < 0.01, p < 0.001, and p < 0.0001 respectively.






OPS/images/fneur-14-1143783-t009.jpg
Fixed effects (type IlI) P-value P-value summary Significant? F(DFn,DEd)
Timepoint 0.0639 Ns no F0 = 3849
Receiving CBD or placebo 02818 Ns no Faay = 1215
Timepoint X receiving CBD or placebo 0.0162 * Yes F1,20 = 6.895
Post-hoc tests

Multiple comparisons test Adjusted P-value Significance Mean difference  95.00% Cl of diff.
(i) Week 4 change—week 8 change

Placebo 0.8602 Ns 1.350 —5244107.943
Cannabidiol 0.0114 * —9.324 —16.61 to —2.040
(ii) Placebo—cannabidiol

Week 4 change 0.7940 Ns 2110 —5.927t0 10.15
Week 8 change 0.0472 * —8.564 —17.04 to —0.08956

The *, **, **, and **** indicates the value of p < 0.05, p < 0.01, p < 0.001, and p < 0.0001 respectively.





OPS/images/fneur-14-1143783-t008.jpg
Fixed effects (type ) P-value Significance = Significa

Timepoint 0.0991 Ns No Fla0) =2.454
(MR vs. no MR) 02960 Ns No Foan = 1149
(Placebo vs. CBD) 07458 Ns No Foan =0.1079
Timepoint x (MR vs. no MR) 0.6854 Ns No Fly39) = 03814
Timepoint x (Placebo vs. CBD) 0.0369 * Yes F(39) = 3.595
(MR vs. no MR) x (Placebo vs. CBD) 0.5306 Ns No F101) = 0.4066
Timepoint x (MR vs. no MR) x (Placebo vs. CBD) 0.9889 Ns No Fi,9 = 001118

The *,**, *** and *** indicates the value of p < 0.05, p < 0.01, p < 0.001, and p < 0.0001 respectively.





OPS/images/fneur-14-1143783-t005.jpg
Source of variation P-value P-value summary Variation (percentage) F(DFn,DEd)
Timepoint x receiving CBD or placebo 02415 Ns 0.8464 Fi5 = 1.440
Timepoint 0.9748 Ns 0.0005966 F(1,25 = 0.001015
Receiving CBD or placebo 0.4269 Ns 2.148 F1,25) = 0.6525
Patient <0.0001 odid 8229 Fas5) = 5.598
Post-hoc tests

Multiple comparisons test Adjusted P-value Significance Mean difference 95.00% Cl of diff.
(i) Week 4 change—week 8 change

Placebo 0.7289 Ns —1.933 —6.924 t0 3.057
Cannabidiol 0.8814 Ns 1.833 —3.747 to 7.413
(ii) Placebo—cannabidiol

Week 4 change 0.4631 Ns —4.883 —14.20 to 4.435
Week 8 change >0.9999 Ns —-1117 —10.43 t0 8201

The *, **, *** and *** indicates the value of p < 0.05, p < 0.01, p < 0.001, and p < 0.0001 respectively.





OPS/images/fneur-14-1143783-t004.jpg
Source of variation P-value Significance = Variation (percentage) F(DFn,DEd)
Timepoint x receiving CBD or placebo 04024 ns 03372 Fosp =0.9271
Timepoint 00222 i 1496 Foso =4.112
Receiving CBD or placebo 0.4278 ns 2253 F,25 = 0.6498
Patient <0.0001 e 86.69 Fos,so) = 19.06

Post-hoc tests
Multiple comparisons test

(i) Placebo—cannabidiol

Adjusted P-value

Significance

Mean difference

95.00% Cl of diff.

Baseline 0.7637 ns 7.400 —9.036 t0 23.84
Week 4 >0.9999 ns 2517 —13.98 t0 19.01
Week 8 >0.9999 ns 6.283 —12.40 t0 24.97
(ii) Placebo

Baseline vs. week 4 0.0192 4 7.133 0.9269 to 13.34
Baseline vs. week 8 0.1293 ns 5200 —1.006 to 11.41
Week 4 vs. week 8 >0.9999 ns —-1.933 —8.140 to 4273
(i) Cannabidiol

Baseline vs. week 4 >0.9999 ns 2250 —4.689 10 9.189
Baseline vs. week 8 0.4535 ns 4.083 —2.856t0 11.02
Week 4 vs. week 8 >0.9999 ns 1.833 —5.106 to 8.772
(iv) Overall comparison of time points

Baseline vs. week 4 0.0476 * 4.692 0.03681 to 9.347
Baseline vs. week 8 0.0509 ns 4.642 —0.01319 t0 9.297
Week 4 vs. week 8 >0.9999 ns —0.05000 —4.705 to 4.605

The *,**, ***_and **** indicates the value of p < 0.05, p < 0.01, p < 0.001, and p < 0.0001 respectively.
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Source of variation P-value P-value summary Variation (percentage) F(DFn,DEd)
Timepoint x receiving CBD or placebo 0.2058 Ns 0.2588 Fi.5 = 1.687
Timepoint 0.0900 Ns 0.4771 F(1,25 =3.110
Receiving CBD or placebo 0.1996 Ns 6.199 F,25 =1.736
Patient <0.0001 odid 89.30 Fasps) = 23.29
Post-hoc tests

Multiple comparisons test Adjusted P-value Significance Mean difference 95.00% Cl of diff.
(i) Week 4 change—week 8 change

Placebo >0.9999 Ns 2200 —12.85t0 17.25
Cannabidiol 0.1011 Ns 14.50 —2.331t031.33
(ii) Placebo—cannabidiol

Week 4 change 0.6193 Ns 2395 —29.97t077.87
Week 8 change 02532 Ns 3625 —17.67 t0 90.17

The *, **, *** and *** indicates the value of p < 0.05, p < 0.01, p < 0.001, and p < 0.0001 respectively.
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Placebo (n

Gender (male/female) 9/18 (33.33%/66.66%) |  3/12 (20.00%/80.00%) 6/6 (50.00%/50.00%) 0.100
Age (mean, SEM) 28.78,2.08 32.20,3.40 24.50,1.31 0.154
Age of seizure onset (mean, SEM) 12.56,2.76 16.00, 4.65 8.25,1.77 0.462

Baseline characteristics

Seizure frequency 57.33,19.07 34.00, 11.97 86.50, 39.58 0.115
Seizure severity 21.78,3.38 25.07,5.57 17.67,2.97 0.254
QoLI-31 51.28,2.07 53.21,2.83 48.82,3.01 0.491

Two-sided p-values are presented for the placebo compared to the cannabidiol group. Appropriate Welch’s t-test/non-parametric Mann-Whitney test and chi-square tests are performed.
corresponds to the table caption (about t-tests and chi-square etc).
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Source of variation P-value Significance = Variation (percentage) F(DFnDFd)

Time x receiving CBD or placebo 0.1877 ns 1103 Fas0 = 1730
Time 0.0237 % 2.573 F,50 = 4.035
Receiving CBD or placebo 0.2049 ns 5123 Faas) = 1695
Subject <0.0001 75.59 Fasso = 9481

Post-hoc tests

Multiple comparisons test Adjusted P-value = Significance Mean difference 95.00% ClI of diff.

(i) Placebo—cannabidiol

Baseline 0.1780 ns —52.50 —119.6 to 14.64
Week 4 0.9032 ns —28.55 —95.69 to 38.59
Week 8 >0.9999 ns —16.25 —83.39 0 50.89
(ii) Placebo

Baseline vs. week 4 ns >0.9999 7.133 —25.60 to 39.87
Baseline vs. week 8 ns >0.9999 9.333 —23.40t0 42.07
Week 4 vs. week 8 ns >0.9999 2200 —30.53 to 34.93

(iii) Cannabidiol

Baseline vs. week 4 0.1213 ns 31.08 —5.513 t0 67.68
Baseline vs. week 8 0.0099 * 45.58 8.987 to 82.18
Week 4 vs. week 8 0.9932 ns 14.50 —22.10t0 51.10

(iv) Overall comparison of time points

Baseline vs. week 4 0.1786 ns 19.11 —5.441 t0 43.66
Baseline vs. week 8 0.0235 o 2746 2.909 to 52.01
Week 4 vs. week 8 >0.9999 ns 8.350 —16.20 to 32.90

Two-way ANOVA (repeated measures) was used due to which measurements for all participants were available. The *, **, **%, and **** indicates the value of p < 0.05, p < 0.01, p < 0.001, and
p < 0.0001 respectively.
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