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Abstract
Objectives  The aim of this study was to evaluate the cost effectiveness of plant-derived highly purified cannabidiol 
(Epidyolex® in the UK; 100 mg/mL oral solution) as an add-on treatment to usual care for the management of treatment-
refractory seizures associated with tuberous sclerosis complex (TSC) in patients aged ≥ 2 years.
Methods  A cohort-based model was developed using a National Health Service perspective and lifetime horizon. Health 
states were based on weekly seizure frequency and seizure-free days, utilizing patient-level data from the GWPCARE6 trial 
(ClinicalTrials.gov identifier: NCT02544763). Two independent regression models were applied to individual patient-level 
data to predict seizure-free days and seizure frequency. Healthcare resource utilization data were sourced from a Delphi 
panel, and patient and caregiver health-related quality of life values were elicited using vignettes valued by the general public. 
Outcomes relating to TSC-associated neuropsychiatric disorders were modeled with costs and quality-adjusted life-years 
sourced from published literature.
Results  In the base case, compared with usual care alone, 12 mg/kg/day cannabidiol was associated with an incremental 
cost-effectiveness ratio (ICER) of £23,797. The National Institute for Health and Care Excellence disease severity modifier 
reduced the ICER to £19,831. Probabilities of cost effectiveness at willingness-to-pay thresholds of £20,000 and £30,000 
were 30% and 52%, respectively, for the base case and 39% and 66%, respectively, for the disease severity modifier. Results 
were robust to sensitivity and scenario analyses.
Conclusions  At 12 mg/kg/day and an ICER threshold of £20,000–£30,000, we provide evidence for the cost effectiveness 
of add-on cannabidiol treatment for patients with TSC-associated seizures aged ≥ 2 years who are refractory to current 
treatment.

Extended author information available on the last page of the article

Key Points for Decision Makers 

The National Institute for Health and Care Excellence 
recently approved cannabidiol for reimbursement in the 
National Health Service of England for patients with 
tuberous sclerosis complex-associated seizures based on 
an average dosage of 15 mg/kg/day.

As current clinical experience with cannabidiol is better 
reflected by an average dosage of 12 mg/kg/day, the pre-
sent study provides cost-effectiveness data at this dose to 
inform decision making.

1  Introduction

Tuberous sclerosis complex (TSC) is a rare (orphan) mul-
tisystemic disorder with a prevalence of 1 in 25,000 to 1 
in 11,300 in Europe [1, 2]. Characterized by the forma-
tion of benign tumors in multiple organ systems [1], TSC 
commonly manifests with severe, debilitating neurologi-
cal disorders, including epilepsy—prevalent in ~80% of 
patients [3–5].

TSC-associated epilepsy usually begins with focal sei-
zures or infantile spasms [6], but can present with other, 
often treatment-refractory, seizure types, including gen-
eralized, myoclonic, and absence seizures [7, 8]. The 
characteristic infantile spasms are a known risk factor for 
both refractory epilepsy [7] and status epilepticus [9] that 
contribute to the increased morbidity [7, 9] and mortality 
in TSC [10].
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In addition to epilepsy, patients often experience TSC-
associated neuropsychiatric disorders (TAND), resulting 
in a complex burden of behavioral, psychiatric, intellec-
tual, academic, and psychosocial disorders [11]. Together, 
TSC-associated epilepsy and TAND contribute to the 
impaired quality of life (QoL) of patients and caregivers 
[12, 13].

Although the pathogenetic mechanisms of TAND are 
unclear [14], uncontrolled seizures are a contributor to 
the development of these disorders and negatively impact 
QoL. For example, early seizure onset, infantile spasms, 
and treatment-refractory seizures are associated with poor 
cognitive outcomes/intellectual disability [15–20]. In com-
parison, early and effective seizure control is associated 
with improvements in cognition and QoL [21, 22].

Seizure control is therefore important, not just for 
patients and their caregivers, but for healthcare providers 
that deliver care within budgetary constraints. As a result 
of this complex burden of disease [10], medical costs in 
TSC can be three-fold higher than for an average member 
of the UK general population [23]. Key contributors to this 
cost include treatment-refractory seizures and episodes 
of status epilepticus that contribute to polypharmacy and 
increased healthcare resource utilization (HCRU; e.g. hos-
pitalization and/or use of rescue medication) [5, 9, 24].

While the frequency of seizures is used to assess the 
burden of epilepsy and effectiveness of treatment, ‘sei-
zure-free days’ is an important metric for patients and car-
egivers [25]. Seizure remission is not possible for many 
patients with TSC [26], and breakthrough seizures limit 
the potential QoL benefits associated with seizure remis-
sion. However, as seizures vary from day to day, there may 
be instances where treatment results in prolonged periods 
of seizure-free time that afford patients with periods of 
normality and lessen the impact of seizures on learning 
and memory [27]. Indeed, both patients and caregivers 
value seizure frequency and seizure-free time differently, 
with more seizure-free days valued as having a greater 
impact on QoL than fewer seizures [25]. Despite the diver-
sity of antiseizure medications (ASMs) and non-pharma-
cological interventions, >60% of patients with TSC-asso-
ciated epilepsy experience uncontrolled seizures and are at 
elevated risk of hospitalization and death [7, 23, 28]. For 
this high-risk group, there is an urgent need for alternative 
therapies. In the past 5 years, everolimus and cannabidiol 
have become available for the treatment of TSC-associated 
seizures—everolimus as a later-line treatment for focal-
onset seizures, with or without secondary generalization 
[29], and cannabidiol for TSC-associated seizures, which 
may include focal and generalized seizures [30].

In the GWPCARE6 randomized placebo-controlled trial 
(ClinicalTrials.gov identifier: NCT02544763), the efficacy 
and safety of cannabidiol was investigated in patients ≥ 1 

year of age with treatment-refractory TSC-associated sei-
zures [31]. In the trial, TSC-associated seizures decreased 
by 48.6% with cannabidiol (25 mg/kg/day), a significantly 
greater reduction than observed with placebo (26.5%; 
p = 0.001) [31]. Communication of these results, and the 
acceptable safety profile, led to the approval of highly puri-
fied cannabidiol (Epidiolex® in the USA and Epidyolex® in 
the UK and EU [GW Pharma [International] B.V., now part 
of Jazz Pharmaceuticals, Inc.]) as an adjunctive treatment 
of seizures associated with TSC in patients ≥ 1 year of age 
in the USA and ≥ 2 years of age in the UK and in the EU 
[30, 32]. In line with the UK label, the National Institute 
for Health and Care Excellence (NICE) recently approved 
cannabidiol for reimbursement within England for treat-
ment of TSC-associated seizures [33]. Following the NICE 
appraisal of cannabidiol, communication of cannabidiol’s 
cost effectiveness in treating TSC-associated seizures would 
be beneficial for patients, caregivers, and clinicians to inform 
treatment decisions.

The objective of the present study was to evaluate the cost 
effectiveness of add-on cannabidiol, compared with usual 
care, for the treatment of patients aged ≥ 2 years with TSC-
associated seizures.

2 � Methods

A cohort model was developed in Microsoft Excel® from 
the perspective of the National Health Service (NHS) in 
England and Wales to determine the impact of cannabidiol 
plus usual care and usual care alone on health-related qual-
ity of life (HRQL) and HCRU. This model also utilized a 
novel approach, using mixed-effects regression models in a 
cohort model for the evaluation of treatments in TSC-asso-
ciated epilepsy. This approach was preferred over alterna-
tives, such as a response-based modeling approach or a 
Markov state-transition approach, as it does not require 
the pre-specified division of the patient population into 
health states and instead allows the modeling of outcomes 
on a continuous scale. In addition, it allows prediction of 
the relative effects of treatment over time within a single 
model using covariates. Consistent with previous eco-
nomic analyses of cannabidiol [34, 35], a lifetime horizon 
was modeled to capture costs and outcomes over a suf-
ficient period, reflecting the lifelong nature of the disease 
and potential for adult-onset/treatment-resistant seizures 
[6]. Based on the mean age in the GWPCARE6 intention-
to-treat patient population (13.9 years), the lifetime hori-
zon was 86 years. Costs and quality-adjusted life-years 
(QALYs) were discounted at a rate of 3.5%, in line with 
the NICE reference case [36]. The health economic analy-
sis plan and model used in the study are available upon 
request and are in line with the NICE appraisal with the 
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exception of the base-case cannabidiol dosage of 12 mg/
kg/day (15 mg/kg/day in the NICE submission).

2.1 � Patient Population

All patients enrolled into GWPCARE6 [31] were included 
based on a clinical diagnosis of TSC; documented his-
tory of epilepsy incompletely controlled by current ASMs; 
age 1–65 years; treatment with ≥ 1 ASM; and ≥ 1 TSC-
associated seizure in ≥ 3 of the past 4 weeks. Patients 
in GWPCARE6 were treated according to usual care and 
were randomized to add-on treatment with cannabidiol 
(Epidyolex®/Epidiolex®; 100 mg/mL oral solution) or pla-
cebo for 16 weeks. Usual care included management with 
≥ 1 ASM excluding oral mechanistic target of rapamycin 
inhibitors or felbamate (if used in the prior year). Patient 
demographics, characteristics, and more details of usual 
care are described elsewhere, alongside descriptions of the 
trial setting/location [31].

2.2 � Seizure Types

The cost-effectiveness analysis examined the impact of 
treatment in GWPCARE6 on focal seizures with impair-
ment of awareness and generalized seizures (tonic-clonic, 
tonic, clonic, or atonic). Focal to bilateral tonic-clonic sei-
zures were categorized as ‘generalized’ for the purposes 
of the model since any impact on HCRU and HRQL for 
patients and caregivers is likely the same regardless of 
onset. Focal motor seizures without impairment of aware-
ness/consciousness were excluded as they are difficult to 
recognize and record [37].

2.3 � Cannabidiol Dosage

The base-case analysis used an average cannabidiol dosage 
of 12 mg/kg/day. This dosage was selected to best reflect 
what is used in real-world clinical practice while also taking 
into consideration the expected effectiveness at this dosage 
based on clinical trial efficacy data collected in the three 
approved indications for Epidyolex. In UK clinical prac-
tice, physicians prescribe cannabidiol for TSC-associated 
seizures based on the guidance in the summary of product 
characteristics (SmPC) [30]. Regarding dosage and dose 
titration, the SmPC states that the recommended starting 
dosage of cannabidiol is 5 mg/kg/day for 1 week, and, in 
the second week, the dosage can be increased to the main-
tenance dosage of 10 mg/kg/day [30]. Based on individual 
clinical response and tolerability, the clinician can con-
sider increasing the dosage further, in weekly 5 mg/kg/day 

increments, up to the label maximum of 25 mg/kg/day [30]. 
With UK and European prescribers following this guidance, 
we sought to determine what is used in clinical practice to 
inform the model dosage, and this evidence was provided to 
NICE for the technology appraisal (TA) of cannabidiol [33, 
38]. According to real-world findings from a retrospective 
German claims database, the dosage of cannabidiol used in 
patients with probable TSC was ~12 mg/kg/day in children 
and ~8 mg/kg/day in adults [33, 38, 39]. In addition, as part 
of the aforementioned TA, clinical experts experienced in 
the management of TSC in Scotland and Wales agreed that 
most patients would have a dosage of ~12 mg/kg/day [33]. 
As efficacy was not determined for cannabidiol in the GWP-
CARE6 trial and open-label extension (OLE) below 25 mg/
kg/day [31, 40], further evidence was required to determine 
the suitability of GWPCARE6 data in the modeling. The 
primary evidence provided to NICE in the TA was a sub-
group analysis of GWPCARE6 OLE data comparing the 
percentage change in the frequency of TSC-associated sei-
zures at a dosage of ≤ 15, > 15−25, and > 25 mg/kg/day 
[38]. Across all timepoints in the study, seizure reductions 
were not significantly different in patients on ≤ 15 mg/kg/
day versus those on a higher dosage—thus supporting the 
lower dosage used in the model.

These findings are also supported by a post-hoc analysis 
of GWPCARE6 data which demonstrated that efficacy of 
cannabidiol is established by Day 10 of treatment when the 
dosage can be anticipated to be < 25 mg/kg/day [41]. This 
finding was supported by the clinical experts in the TA, who 
stated that because cannabidiol is titrated slowly in clinical 
practice, a response can be established at a lower dosage 
than the 25 mg/kg/day used in GWPCARE6 [33]. Lastly, 
the phase III randomized controlled trials in Lennox-Gastaut 
syndrome (LGS) and Dravet syndrome (DS) (GWPCARE3 
and GWPCARE2) demonstrated similar efficacy of can-
nabidiol at 10 and 20 mg/kg/day when comparing seizure 
reductions and proportions of responders (≥ 50% seizure 
reduction) [42, 43]. Based on these findings, 12 mg/kg/day 
was used in the base-case model for the previous economic 
analyses in LGS and DS [34, 35].

In summary, with the available evidence on the prescrib-
ing habits and effectiveness of cannabidiol in patients with 
TSC, and considering the average dosage used in previous 
economic models of cannabidiol, a dosage of 12 mg/kg/day 
was chosen for the present cost-utility analysis.

2.4 � Model Overview and Structure

As limited data are available in TSC to inform the model 
concept, structure and key assumptions, a Health Technol-
ogy Assessment advisory board, including health econo-
mists and clinical experts, was conducted. Based on expert 
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guidance, a cohort-level cost-effectiveness model was devel-
oped to determine average costs and QALYs (per patient) 
associated with changes in seizure frequency and seizure-
free days for patients treated with cannabidiol or usual care. 
Additionally, caregiver disutility was included in the model. 
Three health states were modeled: (1) randomized treat-
ment (cannabidiol or usual care); (2) discontinued treatment 
(usual care only); and (3) death (general mortality, TSC-
related and sudden unexpected death in epilepsy [SUDEP]), 
with a cycle length of 7 days (Fig. 1).

The model included discontinuation rates to reflect 
patients stopping treatment during the 16-week GWP-
CARE6 treatment period [31] and the 72-week OLE [40]. 
A long-term discontinuation rate was applied after the OLE 
period to reflect patients discontinuing treatment due to non-
response and other factors [40].

A stopping rule was applied in the model every 
6 months for 2 years to reflect treatment discontinuation 
due to non-response. Consistent with the NICE recom-
mendations for cannabidiol in LGS, DS, and the more 
recent TA in TSC, non-response to cannabidiol treatment, 
and subsequent discontinuation, was determined when a 
patient’s seizure frequency did not decrease by at least 
30% compared with the 6 months before starting treat-
ment [33–35]. In the model, the population who discon-
tinued or stopped cannabidiol treatment would match the 
‘alive and on treatment with usual care only’ health state 
at the time points of discontinuation and follow the usual 
care trajectory with associated costs and QALYs for the 
remainder of the model time horizon. The proportion of 
patients who would be expected to stop treatment at 6 and 
12 months was based on the GWPCARE6 treatment period 
and the OLE study (72-week follow up). The proportions 
of patients who would be expected to stop treatment at 
18 and 24 months were assumed to be the same as the 

proportion expected to stop at 12 months, as the OLE did 
not have sufficient follow-up data to calculate rates at 18 
and 24 months.

To capture the known benefits of early effective seizure 
control on TAND outcomes [21], the effect of treatment on 
TAND outcomes was modeled for each alive health state 
based on changes in seizure frequency in early childhood. 
A two-round Delphi panel involving 10 clinical experts was 
conducted to elicit information on the relationship between 
TSC and TAND [44, 45]. Further details on the Delphi 
panel, modeled TAND components, and the relationship 
with treatment of seizures are described in Online Resource 
1 and Online Resource Table 1 (see electronic supplemen-
tary material [ESM]).

The prevalence of each TAND aspect in the model was 
sourced from a natural history retrospective study of patients 
with TSC-associated epilepsy from the TuberOus SClerosis 
registry to increase disease Awareness (TOSCA) database 
[11]. The prevalence of TAND aspects reported was matched 
to the age bands used in the model analysis for the calcula-
tion of drug costs.

For both alive health states (randomized and discontinued 
treatment), mortality was accounted for using age-specific 
general population mortality rates [46]. Background TSC-
related and SUDEP mortality were included at the same rate 
for cannabidiol and usual care [10, 47].

2.5 � Health States Categorization

Each alive health state was categorized into three sub-
health states to allow different HCRU and HRQL values to 
be applied (Fig. 2). Categories for HCRU and HRQL were 
derived during the Delphi panel survey [45] (see Online 
Resource 1 in the ESM) and a vignette study (involving con-
sultation with clinicians and caregivers), respectively (see 

Impact on TAND outcomesa

Death (general mortality, TSC-related 
mortality, and SUDEP)

Randomized treatmentb

(CBD + UC 
or placebo + UC)

Discontinued treatmentb

(UC only)
Discontinued treatmentc

(applies to patients receiving CBD only)

Fig. 1   Model structure diagram. Solid lines represent the transition 
between health states permitted by the model. Circular lines represent 
patients remaining in the health state for the alive health states (blue 
boxes) and following mortality (gray box). Dotted lines represent the 
modeled effect of treatment on TAND outcomes in early childhood 
based on changes in seizure frequency. aTAND outcomes included 
intellectual disability, delayed development, behavioral issues, autism 
spectrum disorder, attention deficit hyperactivity disorder, and anxi-
ety disorders. bCohort population distributions based on IPD from 
the 16-week treatment period of GWPCARE6. cDiscontinuation rates 

were applied based on the 16-week GWPCARE6 and 72-week OLE 
study. A long-term discontinuation rate was applied after the OLE 
period to capture the impact of non-response and other long-term fac-
tors. A stopping rule was applied every 6 months for 2 years to reflect 
discontinuation resulting from non-response over time. CBD canna-
bidiol, IPD individual patient-level data, OLE open-label extension, 
SUDEP sudden unexpected death in epilepsy, TAND TSC-associated 
neuropsychiatric disorders, TSC tuberous sclerosis complex, UC 
usual care
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Online Resource 2, Online Resource Tables 2–4 and Online 
Resource Figs. 1–3 in the ESM) [48].

2.6 � Regression Models

As a result of low patient numbers and analysis of individ-
ual seizure types, the use of transition matrices in the cost-
effectiveness model would likely result in low transition 
counts for some health states, and some transitions would 
not be observed at all, which could bias the model results. 
To account for this, mixed-effects regression models were 
applied sequentially to individual patient-level data from 
GWPCARE6 to predict seizure outcomes for cannabidiol 
and usual care per 7-day model cycle; regression models 
were fitted using the lme4 package in R [49, 50]. Binomial 
and negative binomial regression were used to estimate the 
proportion of seizure-free days per week and seizure fre-
quency on seizure days, respectively. These models were 
selected based on their suitability for binary outcomes and 
small sample sizes with over-dispersed count data [51]; the 
use of negative binomial regression is also consistent with 
the analysis performed on the primary endpoint in GWP-
CARE6. This approach provides the flexibility to model 
seizure-free days and seizure frequency outcomes sepa-
rately, which allows separate utility values to be applied 
to each outcome.

In order to define a patient as ‘seizure free over 7 days’ 
in the model, a cut-off of 6.61 days was applied. This was 
used because the binomial regression in the model pre-
dicts values on a continuous scale rather than predicting 
discrete integer values. Within the context of a binomial 
logistic regression, it is not possible to predict exactly 0 
or 1, which would correspond to 0 days or 7 seizure-free 
days, respectively. This is due to the prediction asymptote 

to the value of 0 or 1. Therefore, a cut-off of 6.61 days 
was assumed based on the maximum predicted number of 
seizure-free days by the binomial regression model (6.61).

Random effects terms were used within the models to 
account for multiple observations from the same patient. 
Two levels of random effect were applied in the model: 1) 
random intercept—each patient may have a different inter-
cept value and 2) random slope—each patient may have 
a unique rate of change in outcomes (i.e. some patients 
may improve faster than others while others may decline 
over time). An offset term to account for the differing 
‘exposure’ was included in the negative binomial model 
to account for days where patients had no seizures that 
were excluded from the dataset (as the number of seizures 
on seizure days were modeled) and any missing days.

Model covariates included

•	 Treatment (cannabidiol plus usual care or usual care 
alone)

•	 Treatment cycle: a covariate for each 7-day cycle was 
included in the regression and used as a proxy for time 
in the analysis. This was because the change in seizure 
frequency and seizure-free days demonstrated with treat-
ment during GWPCARE6 indicated that patient out-
comes improve after more time on treatment [52]. As 
this is not expected to happen in clinical practice, a log 
transformation was used, which slows the improvement 
of outcomes over time

•	 Treatment and treatment-by-cycle interaction: to capture 
the treatment effect of cannabidiol plus usual care com-
pared with usual care alone over time

•	 Average baseline seizure frequency per week (continuous 
covariate): while not a treatment modifier in the pre-spec-
ified subgroup analyses, this covariate was included to 

Apply regression to 
GWPCARE6 IPD

Calculated 
mean 

number of 
seizure-free 

days per 
seizure 

frequency 
category and 

distribute 
cohort per 
predicted  

seizure days 
per week

Use predicted data 
to distribute cohort 

(among seizure 
frequency categories)

HCRU 
calculation

HRQL 
calculation

No seizures 
per week

Seizure free

1 seizure 
per daya

2 seizures 
per daya

3–4 seizures 
per daya

≥5 seizures 
per daya

Apply distribution of generalized focal with 
impairment and combined seizures using 

GWPCARE6 Week 16 IPD

≤2 seizures 
per week

>2–≤7 
seizures per 

week

>7 seizures 
per week

Predict number of 
seizure-free days 

(per week/trial/patient)

Predict total seizure 
frequency

(per day/trial/patient)

Fig. 2   Model process diagram. aSeizure frequency per day categories are aligned to HRQL data collected by seizure type. HCRU​ healthcare 
resource utilization, HRQL health-related quality of life, IPD individual patient-level data
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allow the range of seizures within and between patients 
to be explicitly modeled to accurately capture the patient 
population. It was assumed that ongoing seizure fre-
quency depends on the number of seizures the patient 
experienced at baseline. To provide one overall estimate 
of the baseline seizure rate for both the regression mod-
els, the baseline seizure frequency covariate included 
days where patients had no seizures in the estimate

Validation of the regression models was provided by the 
good fit of the seizure-free days (Fig. 3) and seizure fre-
quency data from GWPCARE6 (Fig. 4). Extrapolated sei-
zure frequency data from the fitted seizure frequency model 
(Fig. 5) showed a reasonable fit to the observed OLE data; 
however, seizure-free days data were unavailable for the 
OLE period and could not be validated. Beyond the GWP-
CARE6 trial period, the relative treatment effect of can-
nabidiol was assumed to remain consistent over the model 
time horizon. This assumption was based on the consistent 
treatment effect observed for cannabidiol in OLE studies 
for TSC-associated seizures [40], DS [53], and LGS [54], 
as well as the US-based expanded access program including 
patients with TSC-associated epilepsy [55].

2.7 � Drug Cost Inputs

The model included costs for cannabidiol and usual care. 
Subsequent treatment consisted of concomitant ASMs, 
which were assumed to be consistent with usual care. The 
base-case analysis used an average cannabidiol dosage of 
12 mg/kg/day. A confidential patient access scheme price 
(matching the NICE TA) for cannabidiol was used in the 
analysis. Concomitant ASM treatments were applied equally 
to both arms and for the entire time horizon. ASM costs 
in 2022 were sourced from the Monthly Index of Medical 
Specialties and the electronic Market Information Tool [56, 
57]. As multiple doses and formulations were available for 
each ASM, NHS prescription cost data were used to estimate 
a weighted average [58].

Treatment acquisition costs included a representative 
sample of ASMs used in clinical practice. To avoid the 
model becoming prohibitively complex, the number of 
ASMs used in the analysis was limited; of the 29 separate 
ASMs used in the GWPCARE6 study (GW Research Ltd. 
Protocol GWEP1521 Clinical study report: unpublished 
data), those with a minimum 10% usage in either pediatric 
or adult patients at baseline were included in the model, 
giving a total of 10 ASMs for usual care (Online Resource 
3, Online Resource Table 5, see ESM). In addition to these 
ASMs, everolimus was included as an option later in the 
treatment pathway for patients with TSC-associated epi-
lepsy despite it not being commonly used alongside can-
nabidiol in GWPCARE6 [31]. To estimate the prevalence 

of everolimus use in clinical practice, we used data from 
the TOSCA database. In this retrospective study of patients 
with TSC-associated epilepsy, the use of everolimus (for the 
treatment of patients with focal-onset seizures) in clinical 
practice was low, at approximately 7.7% [6]. In practice, 
the low use of everolimus is likely because of its high cost 
[59] (as it is mostly used as an immunosuppressant/oncology 
treatment) and its restricted indication in the UK for patients 
who have treatment-resistant TSC-associated seizures and 
have already undergone, or have been considered for, sur-
gery and/or vagus nerve stimulation [60]. Therefore, in the 
analysis, a proportion of the cohort based on the TOSCA 
data (7.7%) received everolimus in the cannabidiol arm 
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following treatment discontinuation and in the placebo arm 
at 2 years following the trial period.

Dosages for all ASMs and cannabidiol can vary by age 
and weight (Online Resource 3, Online Resource Tables 6 
and 7, see ESM). Therefore, to account for differing doses, 
age bands (2–6, 7–11, 12–17, and ≥ 18 years) were used to 
calculate drug costs. To accurately account for the variation 
in patient weights, the average per-cycle treatment cost for 
ASMs was based on the age-group weights and distribution 
from GWPCARE6.

2.8 � Healthcare Resource Utilization

HCRU data were sourced using the Delphi panel [45] (see 
Online Resource 1 in the ESM). The model included the 
costs for HCRU, including primary care visits, outpatient 
visits, hospitalization, additional support (e.g. educational—
children only), and institutionalization (residential care—
adults only). Direct HCRU unit costs were obtained from 
the Personal Social Services Research Unit (PSSRU) in 2021 
[61] and the NHS reference cost schedule 2020–2021 [62], 
detailed in Online Resource 3, Online Resource Table 8 (see 
ESM).

Additional support and institutionalization (e.g. residen-
tial care) costs were sourced from the PSSRU 2021 [61]. 
Cost inputs for educational support were inflated using 
healthcare indices published in the PSSRU 2021 (i.e. cost 
year 2021) [61].

HCRU differs among patients depending on seizure 
frequency, with a high frequency associated with higher 
HCRU (as these patients may require more care, including 
increased Accident & Emergency visits and hospitalizations 
[63]). HCRU also differs by seizure type, with higher HCRU 
associated with generalized seizures. Seizure frequency cat-
egories informed by the GWPCARE6 trial data were defined 
to collect HCRU. A summary of HCRU estimates for pedi-
atric and adult patients and by seizure frequency per week 

is provided in Online Resource 3, Online Resource Table 9 
(see ESM).

2.9 � Adverse Event, Monitoring, and TAND 
Management Unit Costs

Costs for adverse events and monitoring were obtained from 
the PSSRU 2021 [61] and the NHS reference cost schedule 
2020–2021 [62], whereas costs for managing TAND were 
sourced from a 2010 pan-European study of brain disorder 
costs [64] and were inflated to a cost year of 2021 (Online 
Resource 3, Online Resource Table 10, see ESM).

Adverse event (AE) costs and disutilities were applied to 
all serious, severe, and treatment-related AE rates observed 
in the 16-week GWPCARE6 trial. Serious AEs, classified 
as severe and treatment related, were defined as ‘require or 
prolong hospitalization’ or ‘other medically important’ and 
were assumed to require hospitalization [31]. Costs were 
assumed to account for the duration of the AE and associ-
ated treatment and were applied per cycle. An AE disutility 
of − 0.061 per month (adjusted to a disutility per cycle) 
was sourced from a study of epilepsy treatment-related side 
effects [65] and applied per model cycle to examine the 
impact of any AEs from treatment.

Monitoring costs associated with ASMs were assumed to 
be identical in both arms, with the exception of liver func-
tion with cannabidiol [30]—costs for 1 year of monitoring 
were applied to the cannabidiol arm.

As the analysis assumed that the progression of TAND 
is reduced rather than prevented entirely, the model applied 
a reduction in the cost of TAND management and a utility 
increment associated with improvement of TAND symp-
toms. These were applied for a period of 5 years to the pro-
portion of patients aged ≤ 6 years who, after 6 months of 
treatment, had a 50% reduction in seizures compared with 
baseline. The decision to apply these model adjustments in 
patients aged ≤ 6 years was informed by the Delphi panel 
[44, 45]. A utility increment for each of the separate aspects 

Fig. 5   Observed and estimated 
seizure frequency during the 
GWPCARE6 OLE. Dashed 
line indicates the start of the 
OLE. Data are presented for the 
cannabidiol 25-mg/kg/day arm 
from the core trial. 95% confi-
dence intervals are presented for 
the observed data. The relation-
ship between the observed sei-
zure frequency data, during the 
OLE period of GWPCARE6, 
and predictions from negative 
binomial regression are shown. 
OLE open-label extension
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of TAND mitigation was calculated from the literature, 
based on the difference between a patient having the disor-
der (mild intellectual disability [66], autism spectrum disor-
der [ASD] [67], symptomatic attention deficit hyperactivity 
disorder [ADHD] [68], and patients with anxiety disorders) 
[69] and not having it (intellectual disability, ASD) or hav-
ing better control of the disorder (controlled ADHD, anxiety 
treatment non-responders).

2.10 � Health State Utilities

To calculate the QALYs associated with treatment, a 
vignette study using time trade-off (TTO) methods, valued 
by the UK general public, was conducted to generate util-
ity weights for patients and their caregivers [48]. Vignette 
descriptions were designed to reflect the HRQL profile of 
people with TSC-associated epilepsy and their caregiv-
ers, and the TTO weights used are published elsewhere 
[48]. This analysis assumed an average of 1.8 caregivers 
per patient (with the exception of institutionalized patients 
where 1 caregiver per patient was assumed), consistent with 
the preferred assumptions in the economic appraisal of can-
nabidiol in TSC [33]. Alternative approaches, including use 
of utility data from GWPCARE6 and utilities sourced from 
literature reviews, were investigated; however, these failed 
to provide suitable data for the model analysis (see Online 
Resource 3 in the ESM).

2.11 � Outcomes

Total life-years, costs, and the number of QALYs for patients 
and caregivers were compared for cannabidiol plus usual 
care and usual care alone. The cost effectiveness of can-
nabidiol was measured as an incremental cost-effectiveness 
ratio (ICER). A willingness-to-pay (WTP) threshold of 
£20,000–£30,000 per QALY gained was used to assess the 
cost effectiveness of cannabidiol plus usual care versus usual 
care alone. A disease severity modifier was included as a 
model scenario based on satisfaction of the updated 2022 
NICE criteria considering the severity of disease within 
decision making [36]. The QALY weight applied was 1.2, 
based on an absolute shortfall of 12–18 QALYs.

2.12 � Sensitivity and Scenario Analyses

The uncertainty of parameters and the effect on the model 
results were assessed using a one-way sensitivity analy-
sis (OWSA) and probabilistic sensitivity analysis (PSA). 
Uncertainty around estimates was set according to the vari-
ance information of each source. When variance data were 
unavailable, the standard error was set to 10% of the mean 

(further details are in Online Resource 3, Online Resource 
Table 9, see ESM). To test the robustness of the base-case 
analysis, scenario analyses were conducted for important 
structural and methodological assumptions, including time 
horizon, stopping rule rates, TAND response population, 
number of caregivers, cannabidiol dosage, and inclusion of 
social and educational costs.

3 � Results

3.1 � Base Case

In the base-case analysis over a lifetime horizon, compared 
with usual care alone, cannabidiol plus usual care was asso-
ciated with an ICER of £23,797. The base-case results, 
with consideration of the disease severity modifier, reduced 
the ICER to £19,831 (Table 1). Our analysis suggests that 
seizure-free days are the biggest driver of the incremental 
QALY gains associated with cannabidiol versus usual care 
alone and amounted to 78% of the increase in the incremen-
tal QALY gains per patient.

3.2 � One‑Way Sensitivity Analysis

The results of the OWSA demonstrate that the model is 
robust to changes in key parameters (Fig. 6). The ICER was 
most sensitive to variation of the stopping rule assessment 
rate applied at 6 months for patients with a seizure frequency 
≥ 7 seizures per week. For this population of patients within 
the highest seizure frequency category, the ICER values 
ranged from £19,811 to £28,529. Other key drivers of the 
model included the patient utility values applied to seizure-
free patients and the response rates used to estimate the pro-
portion of patients who benefit from a reduction in TAND 
symptoms.

3.3 � Probabilistic Sensitivity Analysis

The results of the PSA showed that compared with usual 
care alone, cannabidiol plus usual care was associated with 
an ICER of £27,761. The PSA results were broadly com-
parable with those of the deterministic analysis (Fig. 7); 
however, the incremental QALYs in the PSA and deter-
ministic analysis diverge with increasing QALYs owing 
to categorization of continuous variables (for the purpose 
of estimating costs and QALYs) and inclusion of patients 
with high baseline seizure frequency in the PSA. At WTP 
thresholds of £20,000 and £30,000 per QALY gained, the 
probabilities of cannabidiol plus usual care being cost 
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effective compared with usual care alone were 30% and 
52% for the base case (Fig. 8) and 39% and 66% following 
inclusion of the NICE disease severity modifier.

3.4 � Scenario Analysis

Scenario analysis results are shown in Table 1. To test the 
sensitivity of the model to patient HRQL, two scenarios 
were modeled assessing alternative sources of patient 
HRQL: one based on Tritton et al. (EuroQol 5 Dimensions, 
EQ-5D) [70], which resulted in an ICER of £22,153, and 
one based on Vergeer et al. (Health Utilities Index-3) [22], 
which resulted in an ICER of £26,177. In comparison, the 
most influential scenario was the inclusion of wider social 
care and educational costs, elicited via the Delphi panel 
study [45]. This scenario had the largest impact resulting in 
cost savings for the cannabidiol arm and a dominant ICER.

4 � Discussion

Our cost-effectiveness analysis of cannabidiol provides a 
new approach for the evaluation of treatments in patients 
with TSC-associated seizures using regression models in 
a cohort model. Using this approach, our base-case model 
with a WTP threshold of £20,000–£30,000 provided evi-
dence to aid decision making regarding the cost effective-
ness of add-on cannabidiol in patients with TSC-associ-
ated seizures aged ≥ 2 years who are refractory to current 
treatment.

B a s e d  o n  a  W T P  t h r e s h o l d  b e t w e e n 
£20,000  and  £30,000 and modeled average dosage of 
15 mg/kg/day, NICE recently approved cannabidiol for 
reimbursement in England for management of TSC-
associated seizures [33]. As outlined in the methods, the 
lower than maximum label (< 25 mg/kg/day) dosage in 

Table 1   Base-case analysis and key scenario analyses

CBD cannabidiol, EQ-5D EuroQol 5 Dimensions, HRQL health-related quality of life, HUI-3 Health Utilities Index-3, ICER incremental cost-
effectiveness ratio, N/A not applicable, QALY quality-adjusted life-year, TAND tuberous sclerosis complex-associated neuropsychiatric disorders, 
UC usual care
a Total QALYs are composed of patient’s QALYs and caregiver decrements

Scenario Base-case setting Scenario detail Total 
cost (£)

Total QALYsa Impact on 
base-case 
ICER (£)

Base-case ICER CBD + UC N/A 904,855 3.6 23,797
Placebo + UC 878,690 2.5

Application of disease 
severity modifier

CBD + UC Excluded Severity modifier of 1.2 
applied to all QALYs

904,855 4.3 19,831
Placebo + UC 878,690 3.0

Time horizon CBD + UC Lifetime 30 years 684,293 2.88 23,556
Placebo + UC 660,005 1.85

Discount rate CBD + UC 3.5% 0% 2,248,366 7.99 24,516
Placebo + UC 2,208,621 6.37 23,645
CBD + UC 6% 594,201 2.55
Placebo + UC 572,171 1.61

Age group for TAND 
benefit

CBD + UC Patients aged 2–6 years Applied to all patients 899,575 3.74 20,597
Placebo + UC 875,672 2.58

Patient HRQL source CBD + UC Lo et al. 2022 (vignette 
study) [48]

Tritton et al. 2019 (EQ-
5D) [70]

904,855 0.99 22,153
Placebo + UC 878,690 − 0.19
CBD + UC Vergeer et al. 2019 (HUI-

3) [22]
904,855 − 0.40 26,177

Placebo + UC 878,690 − 1.40
Number of caregivers CBD + UC 1.8 caregivers Three caregivers 904,855 − 0.55 17,718

Placebo + UC 878,690 − 2.02
Resource use CBD + UC Excluded Inclusion of social care 

and educational support 
resource costs

1,643,103 3.60 Dominant
Placebo + UC 1,658,350 2.50

Subsequent treatment with 
everolimus (applied to a 
proportion of patients in 
both arms)

CBD + UC Everolimus is included Everolimus is not included 897,058 3.60 24,631
Placebo + UC 869,977 2.50
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the model was informed by real-world clinical practice 
whereby clinicians follow the label guidance and titrate 
to a dosage of 10 mg/kg/day and only titrate further fol-
lowing consideration of individual benefit and risk [30]. A 
subgroup analysis of GWPCARE6 OLE data supports the 
efficacy of cannabidiol at dosages < 25 mg/kg/day. These 
data demonstrated a lack of dose response for cannabidiol 

Fig. 6   Top 10 parameters 
influencing the model ICER 
from a one-way sensitivity 
analysis. The uncertainty of 
parameters and the effect on the 
cost-effectiveness model results 
were assessed via a one-way 
sensitivity analysis. The top 
10 parameters that created the 
widest range in the model ICER 
results are shown. CBD can-
nabidiol, HS health state, ICER 
incremental cost-effectiveness 
ratio, OLE open-label extension, 
pw per week, TAND tuberous 
sclerosis complex-associated 
neuropsychiatric disorders

Stopping rule rate (at 6 months) HS: >7 seizures pw

Patient utility: Seizure free

Stopping rule rate (at 12, 18, and 24 months) HS: 
≤2 seizures pw

CBD: TAND response rate: ≤2 seizures pw

Stopping rule rate (at 6 months) HS: >2–≤7 seizures pw

CBD: Discontinuation – OLE trial period HS: >7 seizures pw

Patient utility: Focal seizures 3 or 4

Stopping rule rate (at 6 months) HS: ≤2 seizures pw

Stopping rule rate (at 12, 18, and 24 months) HS: 
>7 seizures pw

CBD: Discontinuation – Long-term period HS: 
>7 seizures pw
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Fig. 8   Probabilistic sensitivity analysis cost-effectiveness accept-
ability curve. The cost-effectiveness acceptability curve was gener-
ated using the results from numerous probabilistic model runs. The 
probabilistic sensitivity analysis was sampled from the distribution of 
each model parameter 1000 times. CBD cannabidiol, ICER incremen-
tal cost-effectiveness ratio, QALY quality-adjusted life-year, UC usual 
care



Cost-Utility Analysis of Cannabidiol in TSC-Associated Seizures in England and Wales

when comparing percentage seizure reductions from base-
line at dosages of ≤ 15, > 15−25, and > 25 mg/kg/day 
[38]. While we calculated ICERs using a base-case canna-
bidiol dosage of 12 mg/kg/day, and the TA acknowledged 
this dosage is likely the average used in clinical practice, 
NICE considered 15 mg/kg/day a more conservative esti-
mate [33]. Support for a dosage of 12 mg/kg/day comes 
from a retrospective analysis of German claims data which 
estimated the average cannabidiol dosage prescribed in 
patients with probable TSC to be < 13 mg/kg/day [39]. 
Use of 12 mg/kg/day in the base-case model is also con-
sistent with previous economic analyses in LGS and DS 
[34, 35]. Interestingly, there is evidence that adults are 
prescribed lower cannabidiol doses than children, poten-
tially reflecting age-related differences in drug metabolism 
[71, 72].

Several economic evaluations have been published inves-
tigating the cost effectiveness of cannabidiol in childhood-
onset epilepsies with contrasting conclusions [73–75]. 
Briefly, two articles have found cannabidiol to be cost effec-
tive—one from the perspective of the Canadian healthcare 
system, which found cannabidiol to be cost effective ver-
sus usual care (ICER of Can$32,399 and WTP threshold of 
Can$50,000) over a 13-year time horizon in children with 
DS [74], and another which summarized the evidence sub-
mitted to NICE regarding the cost effectiveness of cannabid-
iol in LGS and DS (ICERs of £33,721 and £32,471, respec-
tively) [73]. In contrast, cannabidiol was not considered 
cost effective, over a lifetime horizon, from the US payer 
perspective in children with LGS (ICER of US$451,800 
and WTP threshold of US$150,000) [75]. Methodologi-
cal differences in the study design and assumptions of the 
models likely underpin the differing conclusions, and these 
have been discussed previously [76, 77]. The present study 
is most closely aligned with the NICE TA in LGS and DS, 
finding cannabidiol to be cost effective, where patient-level 
data of seizure frequency and seizure-free days were mod-
eled, and impacts on patient and caregiver QoL were incor-
porated into QALYs.

The economic model was developed to fully capture the 
burden of TSC-associated epilepsy and the potential benefits 
of treatment on the QoL of patients and caregivers. Firstly, 
the regression modeling approach used allowed the propor-
tion of seizure-free days, and not just the seizure frequency, 
to be estimated on a continuous scale using all available 
data. Using covariate-adjusted models, it was then possible 
to predict the relative effects of treatment over time. Sec-
ondly, inclusion of TAND and caregiver utility in the model 
allowed for the broader benefits of treatment on patients and 
caregivers to be considered. Using this approach, we demon-
strated that the increased costs associated with cannabidiol 
are offset by the decreased health state costs in the higher 
seizure frequency health states (> 2 to ≤ 7 seizures per week 

and > 7 seizures per week). In addition, for patients with 
a significantly lower lifespan and QoL versus the general 
population, NICE guidance allows application of a dis-
ease severity modifier to reflect the severity of disease and 
anticipated QALY shortfall [36]. Considering the severity 
of TSC-associated epilepsy on the QoL of individuals and 
their caregivers [12, 13], our analysis additionally demon-
strated, following the application of a disease severity QALY 
modifier of 1.2, an ICER reduction of 16.7% compared with 
the base-case analysis. While we tried to fully capture the 
burden of TSC-associated epilepsy in our model, treatment 
with cannabidiol may result in additional positive impacts 
on patients and caregivers that were not modeled here (e.g. a 
reduction in the duration/severity of seizures, the long-term 
impact of improved seizure control on comorbidities and 
injuries, as well as the risk of SUDEP).

Our findings are consistent with the clinical benefits of 
cannabidiol on TSC-associated seizures [31] and the antici-
pated benefits on HCRU that follow when improved seizure 
control contributes to fewer hospitalizations, injuries, falls, 
and fractures. Evidence for this assumption has been dem-
onstrated in a cohort of patients with treatment-refractory 
epilepsy, where cannabidiol decreased hospital admissions 
[78]. Further, given the potential for improved epilepsy con-
trol to prevent seizure-related brain damage [21] and cogni-
tive decline [16, 21], it would be anticipated that cannabidiol 
could also improve the burden of TAND and the associated 
poorer QoL [12] when seizures are controlled early in TSC 
before the onset of significant developmental impairment.

The sensitivity analyses, adjusting for covariates includ-
ing TAND population and social and educational resource 
use, showed that the results of the base-case analysis are 
robust, with the inclusion of educational resource use return-
ing a dominant ICER. All other scenarios modeled demon-
strated ICERs below the £30,000 WTP threshold, includ-
ing two scenarios using published sources of patient utility. 
Additionally, our analysis suggests that seizure-free days are 
the biggest driver of incremental QALYs associated with 
cannabidiol plus usual care compared with usual care alone, 
equating to 78% of the incremental QALY gain per patient. 
This agrees with a previous study, in caregivers of patients 
with LGS and DS, that demonstrated additional seizure-free 
days improved patient QoL to a greater extent than fewer 
seizures [25]. Consistent with this, it has been suggested that 
seizure-free days, in addition to measurement of seizure fre-
quency and responder rates, may be an important indicator 
of ASM effectiveness because of their potential to improve 
patient and caregiver QoL [79].

Regardless of impact on seizure-free days, ASMs can 
have a significant positive impact on patient outcomes, and 
depending on the healthcare resources available, may be the 
most cost-effective option. This was demonstrated by Fallah 
et al., with carbamazepine (as the third ASM) and clobazam 
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(as the fourth ASM) in children with treatment-refractory 
TSC-associated seizures [80]. In contrast, everolimus may 
not be as cost effective as these ASMs over a 5-year period 
[80], which justifies the positioning of everolimus in our 
model as a later-line treatment applied equally to a small 
proportion of patients in both arms.

Given the rarity of TSC [1], there were data gaps that 
limited the cost-effectiveness model. To account for these, 
we used robust elicitation methods in the model analysis, 
including a two-round Delphi panel study to collect infor-
mation on HCRU and TAND [44, 45]. In addition, numer-
ous challenges are associated with collection of HRQL from 
patients with severe and treatment-refractory epilepsies like 
TSC-associated epilepsy. For example, there are no validated 
disease-specific instruments in this population [81], and 
generic QoL instruments (e.g. EQ-5D) do not strongly cor-
relate with disease-specific measures for epilepsy [82]. To 
generate HRQL data for the model population, we conducted 
a vignette study in the general population using TTO meth-
odology to elicit patient and caregiver HRQL, and the ICER 
was robust to scenario analysis using alternative sources of 
patient HRQL [22, 48, 70].

The model used the same 16-week treatment period as 
GWPCARE6 [31]. Based on the short-term nature of the 
trial, there is some uncertainty on the long-term effect of 
cannabidiol. However, the GWPCARE6 OLE data provide 
a direct validation of a sustained treatment effect for patients 
who remain on treatment over the long term [40]. Our find-
ing that the extrapolated seizure frequency data from the 
fitted frequency model align with the observed OLE data 
suggests that the long-term predictions from the regression 
model are reasonable, and we can be confident regarding the 
antiseizure effects of cannabidiol modeled throughout the 
blinded trial and OLE period. A sustained clinical benefit is 
further supported by data in LGS and DS [53, 54].

Further limitations relate to the lack of data to determine 
HCRU in patients with TSC and the long-term impact of 
cannabidiol on TAND. To account for these limitations, we 
conducted a two-round Delphi panel study to derive hos-
pital admission and social and residential HCRU data, as 
well as determine the potential positive outcomes associ-
ated with effective treatment of seizures in a pediatric TSC 
population [44, 45]. While there are merits to the Delphi 
panel approach, when published data are lacking to inform 
economic evaluations [83], the information is collected from 
a limited pool of experts (in this case 10 clinical experts), 
which may lead to bias that can be amplified by the approach 
used to determine consensus. However, as with any rare dis-
ease, there are a limited number of experts to inform Delphi 
panels, which can be considered as an additional limitation 
when used in the present setting. Lastly, data from the lit-
erature were used to inform the cost and QALY outcomes 

associated with TAND, and we explored several scenarios 
to address uncertainty and the limitations of this approach.

5 � Conclusions

Based on an ICER threshold of £20,000–£30,000 for Eng-
land and Wales, and an average dosage of 12 mg/kg/day, we 
provide evidence for the cost effectiveness of cannabidiol as 
an add-on treatment in patients with TSC. Probabilities of 
cost effectiveness for cannabidiol plus usual care compared 
with usual care alone at WTP thresholds of £20,000 and 
£30,000 were 30% and 52%, respectively, for the base case 
and 39% and 66%, respectively, following inclusion of the 
NICE disease severity modifier. These findings were robust 
to sensitivity and scenario analyses, validating the chosen 
model parameters to address important data gaps in patient 
and caregiver HRQL and HCRU. Cannabidiol should have a 
limited budget impact on the NHS due to the orphan nature 
of TSC-associated epilepsy and the cost offsets associated 
with disease management.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s41669-​024-​00474-x.

Acknowledgements  Editorial and medical writing support was pro-
vided to the authors by Sam Mason, PhD, of Selene Medical Com-
munications, Macclesfield, UK, and funded by Jazz Pharmaceuticals, 
Inc., in accordance with Good Publication Practice (GPP 2022) guide-
lines (https://​www.​ismpp.​org/​gpp-​2022). The authors would also like 
to thank the clinical expert Dr Chris Kingswood, Jade Marshall from 
Jazz Pharmaceuticals, Inc., and Siu Hing Lo, Hanna Skrobanski, and 
Andrew Lloyd from Acaster Lloyd Consulting Ltd for providing sup-
port with the study design.

Declarations 

Funding  This study and open access fee were funded by GW Phar-
maceuticals, now a part of Jazz Pharmaceuticals, Inc. Authors Colin 
Burke, Catriona Crossan, Emma Tyas, Matthew Hemstock, and Dawn 
Lee were employed by Lumanity during the study, and their time for 
development and completion of the study was supported by Jazz Phar-
maceuticals, Inc. Author Sally Bowditch, employed by Jazz Pharma-
ceuticals, Inc., had the following involvement with the study: study 
design, interpretation of data, writing of the article, and decision to 
submit for publication.

Conflicts of interest  All authors met the ICMJE authorship criteria and 
had full access to the relevant data. Neither honoraria nor payments 
were made for authorship. Colin Burke and Emma Tyas are employees 
of Lumanity, Inc.; Catriona Crossan, Matthew Hemstock, and Dawn 
Lee were employees of Lumanity, Inc., when the study was conducted 
and are currently employed by Putnam, Source Health Economics, and 
the University of Exeter, respectively. Sally Bowditch is an employee 
of Jazz Pharmaceuticals, Inc., and holds stock/stock options in Jazz 
Pharmaceuticals, Inc.

Availability of data and material  All data generated or analyzed during 
this study are included in this published article (and its online resource 
files) with the exception of commercially confidential data.

https://doi.org/10.1007/s41669-024-00474-x
https://www.ismpp.org/gpp-2022


Cost-Utility Analysis of Cannabidiol in TSC-Associated Seizures in England and Wales

Ethics approval  The present study was based on clinical trial data 
GWPCARE6 (NCT02544763). The trial was approved by an insti-
tutional review board or ethics committee at each participating site 
(Australia: Hunter New England Research Office; Netherlands: Medical 
Ethics Review Committee Erasmus MC; Poland: Komisja Bioetyczna 
przy Instytucie; Spain: Centro Medico Teknon; UK: North East—New-
castle & North Tyneside 2 Research Ethics Committee; USA: Coper-
nicus Group Independent Review Board and Western Institutional 
Review Board) and was conducted in accordance with the principles 
of the Declaration of Helsinki and the International Conference on 
Harmonisation Tripartite Guideline on Good Clinical Practice.

Consent to participate  All patients or their caregivers provided writ-
ten informed consent, and patients developmentally mature enough to 
understand the trial provided assent.

Consent for publication  All patients or their caregivers provided writ-
ten informed consent, and patients developmentally mature enough to 
understand the trial provided assent.

Code availability  The cost-effectiveness model used in the study is 
available from the corresponding author on reasonable request.

Author contributions  All authors met the ICMJE authorship criteria 
and had full access to relevant data. CB, CC, DL, and SB contributed to 
the conception and design of this study. CB, CC, and DL contributed to 
the acquisition and analysis, and all authors contributed to the analysis 
and interpretation of data. CB, CC, and SB drafted the manuscript, 
and all authors were involved in critical review of the manuscript for 
important intellectual content. All authors read and gave their final 
approval of the version to be published and agree to be accountable 
for all aspects of the work.

Open Access   This article is licensed under a Creative Commons Attri-
bution-NonCommercial 4.0 International License, which permits any 
non-commercial use, sharing, adaptation, distribution and reproduction 
in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other 
third party material in this article are included in the article's Creative 
Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article's Creative Commons 
licence and your intended use is not permitted by statutory regula-
tion or exceeds the permitted use, you will need to obtain permission 
directly from the copyright holder. To view a copy of this licence, visit 
http://​creat​iveco​mmons.​org/​licen​ses/​by-​nc/4.​0/.

References

	 1.	 Staley BA, Vail EA, Thiele EA. Tuberous sclerosis complex: 
diagnostic challenges, presenting symptoms, and commonly 
missed signs. Pediatrics. 2011;127:e117–25.

	 2.	 National Organization for Rare Diseases (NORD). Rare Disease 
Database: tuberous sclerosis [Internet]. 2019 [cited 2022 Sep 
2]. https://​rared​iseas​es.​org/​rare-​disea​ses/​tuber​ous-​scler​osis/

	 3.	 Webb DW, Fryer AE, Osborne JP. Morbidity associated with 
tuberous sclerosis: a population study. Dev Med Child Neurol. 
1996;38:146–55.

	 4.	 Devlin LA, Shepherd CH, Crawford H, Morrison PJ. Tuber-
ous sclerosis complex: clinical features, diagnosis, and 
prevalence within Northern Ireland. Dev Med Child Neurol. 
2006;48:495–9.

	 5.	 Welin K-O, Carlqvist P, Svensson A, Althin R, Eklund E, 
Rask O. Epilepsy in tuberous sclerosis patients in Sweden 

– healthcare utilization, treatment, morbidity, and mortality 
using national register data. Seizure. 2017;53:4–9.

	 6.	 Nabbout R, Belousova E, Benedik MP, Carter T, Cottin V, Cura-
tolo P, et al. Epilepsy in tuberous sclerosis complex: findings 
from the TOSCA study. Epilepsia Open. 2018;4:73–84.

	 7.	 Chu-Shore CJ, Major P, Camposano S, Muzykewicz D, Thiele 
EA. The natural history of epilepsy in tuberous sclerosis com-
plex. Epilepsia. 2010;51:1236–41.

	 8.	 Curatolo P, Moavero R, de Vries PJ. Neurological and neuropsy-
chiatric aspects of tuberous sclerosis complex. Lancet Neurol. 
2015;14:733–45.

	 9.	 Shehata HS, AbdelGhaffar HM, Nasreldin M, Elmazny A, 
Abdelalim A, Sabbah A, et al. Clinical patterns and outcomes 
of status epilepticus in patients with tuberous sclerosis complex. 
Ther Clin Risk Manag. 2017;13:779–85.

	10.	 Zöllner JP, Franz DN, Hertzberg C, Nabbout R, Rosenow F, 
Sauter M, et al. A systematic review on the burden of illness in 
individuals with tuberous sclerosis complex (TSC). Orphanet J 
Rare Dis. 2020;15:23.

	11.	 de Vries PJ, Belousova E, Benedik MP, Carter T, Cottin V, 
Curatolo P, et al. TSC-associated neuropsychiatric disorders 
(TAND): findings from the TOSCA natural history study. 
Orphanet J Rare Dis. 2018;13:157.

	12.	 Amin S, Mallick AA, Lux A, O’Callaghan F. Quality of life in 
patients with tuberous sclerosis complex (TSC). Eur J Paediatr 
Neurol. 2019;23:801–7.

	13.	 Willems LM, Schubert-Bast S, Grau J, Hertzberg C, Kurlemann 
G, Wiemer-Kruel A, et al. Health-related quality of life in chil-
dren and adolescents with tuberous sclerosis complex and their 
caregivers: a multicentre cohort study from Germany. Eur J 
Paediatr Neurol. 2021;35:111–22.

	14.	 Schubert-Bast S, Strzelczyk A. Review of the treatment options 
for epilepsy in tuberous sclerosis complex: towards precision med-
icine. Ther Adv Neurol Disord. 2021;14:17562864211031100.

	15.	 Winterkorn EB, Pulsifer MB, Thiele EA. Cognitive progno-
sis of patients with tuberous sclerosis complex. Neurology. 
2007;68:62–4.

	16.	 Jozwiak S, Kotulska K, Domańska-Pakieła D, Chmielewski D, 
Borkowska J, Kuczynski D, et al. Early epilepsy, and not corti-
cal tubers, determines mental retardation in infants with TSC: 
prospective studies. J Neurol Sci. 2009;285:S252 (Abstract 
PO18-WE-30).

	17.	 Vignoli A, Turner K, La Briola F, Piazzini A, Zambrelli E, 
Chiesa V, et al. Neuropsychological outcomes in adults with 
tuberous sclerosis complex. Epilepsia. 2012;53(Suppl. 5):214 
(Abstract p736).

	18.	 Bhatt R, Hellemann G, Varcin K, Nelson C, Jeste S, Sahin M, 
et al. Epilepsy and cognition in infants with tuberous sclerosis 
complex: can early identification of epilepsy severity yield bet-
ter cognitive outcomes? Neurology. 2016;86(Suppl. 16):P5.151 
(Abstract).

	19.	 Capal JK, Bernardino-Cuesta B, Horn PS, Murray D, Byars AW, 
Bing NM, et al. Influence of seizures on early development in 
tuberous sclerosis complex. Epilepsy Behav. 2017;70:245–52.

	20.	 Gupta A, de Bruyn G, Tousseyn S, Krishnan B, Lagae L, Agarwal 
N, et al. Epilepsy and neurodevelopmental comorbidities in tuber-
ous sclerosis complex: a natural history study. Pediatr Neurol. 
2020;106:10–6.

	21.	 Bombardieri R, Pinci M, Moavero R, Cerminara C, Curatolo P. 
Early control of seizures improves long-term outcome in chil-
dren with tuberous sclerosis complex. Eur J Paediatr Neurol. 
2010;14:146–9.

	22.	 Vergeer M, Ranitz-Greven WL, Neary MP, Ionescu-Ittu R, Emond 
B, Sheng Duh M, et al. Epilepsy, impaired functioning, and qual-
ity of life in patients with tuberous sclerosis complex. Epilepsia 
Open. 2019;4:581–92.

http://creativecommons.org/licenses/by-nc/4.0/
https://rarediseases.org/rare-diseases/tuberous-sclerosis/


	 C. Burke et al.

	23.	 Shepherd C, Koepp M, Myland M, Patel K, Miglio C, Siva V, 
et al. Understanding the health economic burden of patients with 
tuberous sclerosis complex (TSC) with epilepsy: a retrospec-
tive cohort study in the UK Clinical Practice Research Datalink 
(CPRD). BMJ Open. 2017;7: e015236.

	24.	 Strzelczyk A, Rosenow F, Zöllner JP, Simon A, Wyatt G, Holland 
R, et al. Epidemiology, healthcare resource use, and mortality 
in patients with tuberous sclerosis complex: a population-based 
study on German health insurance data. Seizure. 2021;91:287–95.

	25.	 Auvin S, Damera V, Martin M, Holland R, Simontacchi K, Saich 
A. The impact of seizure frequency on quality of life in patients 
with Lennox-Gastaut syndrome or Dravet syndrome. Epilepsy 
Behav. 2021;123: 108239.

	26.	 Overwater IE, Heus KB, Rietman AB, ten Hoopen LW, Vergouwe 
Y, Moll HA, et al. Epilepsy in children with tuberous sclerosis 
complex: chance of remission and response to antiepileptic drugs. 
Epilepsia. 2015;56:1239–45.

	27.	 McDonald A, Goodwin J, Roberts S, Fish L, Vaughan B, Cooper 
A, et al. “We’ve made the best of it. But we do not have a normal 
life”: families’ experiences of tuberous sclerosis complex and sei-
zure management. J Intellect Disabil Res. 2019;63:947–56.

	28.	 Parthasarathy S, Mahalingam R, Melchiorre J, Harowitz J, Devin-
sky O. Mortality in tuberous sclerosis complex. Epilepsy Behav. 
2021;121: 108032.

	29.	 electronic Medicines Compendium (eMC). Votubia 2mg dispers-
ible tablets: summary of product characteristics (SmPC) [Inter-
net]. 2021 [cited 2022 Sep 10]. https://​www.​medic​ines.​org.​uk/​
emc/​produ​ct/​2452/​smpc

	30.	 Electronic Medicines Compendium (eMC). Epidyolex® 100 mg/
ml oral solution: summary of product characteristics (SmPC) 
[Internet]. 2022 [cited 2023 Jul 19]. https://​www.​medic​ines.​org.​
uk/​emc/​produ​ct/​10781/​smpc

	31.	 Thiele EA, Bebin EM, Bhathal H, Jansen FE, Kotulska K, Lawson 
JA, et al. Add-on cannabidiol treatment for drug-resistant seizures 
in tuberous sclerosis complex: a placebo-controlled randomized 
clinical trial. JAMA Neurol. 2021;78:285–92.

	32.	 U.S. Food & Drug Administration (FDA). Epidiolex® (cannabid-
iol) oral solution: highlights of prescribing information [Internet]. 
2020 [cited 2022 Sep 9]. https://​www.​epidi​olex.​com/​sites/​defau​
lt/​files/​pdfs/​0820/​EPX-​03645-​0820_​EPIDI​OLEX_%​28can​nabid​
iol%​29_​USPI.​pdf

	33.	 National Institute for Health and Care Excellence (NICE). Final 
appraisal document. Cannabidiol for treating seizures caused by 
tuberous sclerosis complex [Internet]. 2023 [cited 2023 Mar 1]. 
https://​www.​nice.​org.​uk/​guida​nce/​TA873/​docum​ents/​final-​appra​
isal-​deter​minat​ion-​docum​ent. Accessed 1 Mar 2023.

	34.	 National Institute for Health and Care Excellence (NICE). Can-
nabidiol with clobazam for treating seizures associated with 
Dravet syndrome: National Institute for Health and Care Excel-
lence final appraisal document [Internet]. 2019 [cited 2022 Sep 
10]. https://​www.​nice.​org.​uk/​guida​nce/​ta614/​docum​ents/​final-​
appra​isal-​deter​minat​ion-​docum​ent

	35.	 National Institute for Health and Care Excellence (NICE). Can-
nabidiol with clobazam for treating seizures associated with 
Lennox-Gastaut syndrome: National Institute for Health and 
Care Excellence final appraisal document [Internet]. 2019 [cited 
2022 Sep 10]. https://​www.​nice.​org.​uk/​guida​nce/​TA615/​docum​
ents/​129

	36.	 National Institute for Health and Care Excellence (NICE). NICE 
health technology evaluations: the manual: process and methods 
[PMG36] [Internet]. 2022 [cited 2022 Sep 2]. https://​www.​nice.​
org.​uk/​proce​ss/​pmg36/​chapt​er/​intro​ducti​on-​to-​health-​techn​ology-​
evalu​ation

	37.	 Hoppe C, Poepel A, Elger CE. Epilepsy: accuracy of patient sei-
zure counts. Arch Neurol. 2007;64:1595–9.

	38.	 National Institute for Health and Care Excellence (NICE). Single 
technology appraisal. Cannabidiol for treating seizures caused by 
tuberous sclerosis complex [ID1416]: appraisal committee meet-
ing (15 September 2022) [Internet]. 2023 [cited 2023 Sept 19]. 
https://​www.​nice.​org.​uk/​guida​nce/​ta873/​evide​nce/​appra​isal-​consu​
ltati​on-​commi​ttee-​papers-​pdf-​11379​819565

	39.	 Bonadt K, Bowditch S. Real-World Dosierung von Cannabidiol 
(CBD) bei Patientinnen und Patienten mit wahrscheinlichem Len-
nox-Gastaut-Syndrom, Dravet-Syndrom und Tuberösem Sklerose 
Komplex: Eine retrospektive Studie zu deutschen Apothekena-
brechnungsdaten. Zeitschrift für Epileptologie. 2023;36:1–107 
(Abstract p86).

	40.	 Thiele EA, Bebin EM, Filloux F, Kwan P, Loftus R, Sahebkar 
F, et al. Long-term cannabidiol treatment for seizures in patients 
with tuberous sclerosis complex: an open-label extension trial. 
Epilepsia. 2022;63:426–39.

	41.	 Wu JY, Cock HR, Devinsky O, Joshi C, Miller I, Roberts CM, 
et al. Time to onset of cannabidiol (CBD) treatment effect and 
resolution of adverse events in tuberous sclerosis complex: post 
hoc analysis of randomized controlled Phase 3 trial GWPCARE6. 
Epilepsia. 2022;63:1189–99.

	42.	 Miller I, Scheffer IE, Gunning B, Sanchez-Carpintero R, Gil-
Nagel A, Perry MS, et al. Dose-ranging effect of adjunctive 
oral cannabidiol vs placebo on convulsive seizure frequency in 
Dravet syndrome: a randomized clinical trial. JAMA Neurol. 
2020;77:613–21.

	43.	 Devinsky O, Patel AD, Cross JH, Villanueva V, Wirrell EC, Privit-
era M, et al. Effect of cannabidiol on drop seizures in the Lennox-
Gastaut syndrome. N Engl J Med. 2018;378:1888–97.

	44.	 Marshall J, Murphy L, Crossan C, Jones E, Lee D, Kingswood 
C. Insights from a UK Delphi panel investigating the relationship 
between tuberous sclerosis complex (TSC)-associated neuropsy-
chiatric disorders (TAND) and TSC-associated epilepsy. Abstract 
presented at the International TSC Research Conference, June 
17–19, 2021 (Abstract 36) [Internet]. https://​tuber​ous-​scler​osis.​
org/​wp-​conte​nt/​uploa​ds/​2021/​06/​ITSCR​C21-​progr​amme_​final.​
pdf

	45.	 Murphy L, Crossan C, Jones D, Lee D, Kingswood C, Marshall J. 
Quantification of healthcare, social care, and educational resource 
use in patients with tuberous sclerosis complex (TSC)-associated 
epilepsy: insights from a UK Delphi panel. Abstract presented at 
the International TSC Research Conference, June 17–19, 2021 
(Abstract 55) [Internet]. https://​tuber​ous-​scler​osis.​org/​wp-​conte​
nt/​uploa​ds/​2021/​06/​ITSCR​C21-​progr​amme_​final.​pdf

	46.	 Office for National Statistics (ONS). National life tables, Eng-
land, 1980-1982 to 2016-2018 [Internet]. 2018 [cited 2022 Sep 
2]. https://​www.​ons.​gov.​uk/​peopl​epopu​latio​nandc​ommun​ity/​birth​
sdeat​hsand​marri​ages/​lifee​xpect​ancies/​datas​ets/​natio​nalli​fetab​
lesen​gland​refer​encet​ables

	47.	 Amin S, Lux A, Calder N, Laugharne M, Osborne J, 
O’Callaghan F. Causes of mortality in individuals with tuber-
ous sclerosis complex. Dev Med Child Neurol. 2017;59:612–7.

	48.	 Lo SH, Marshall J, Skrobanski H, Lloyd A. Patient and car-
egiver health state utilities in tuberous sclerosis complex. Phar-
macoecon Open. 2022;6:105–21.

	49.	 Bates D, Mächler M, Bolker B, Walker S. Fitting linear mixed-
effects models using lme4. J Stat Soft. 2015;67:1–48.

	50.	 R Core Team. R: A language and environment for statistical 
computing. R Foundation for Statistical Computing, Vienna, 
Austria. [Internet]. 2021 [cited 2021 Sep 15]. https://​www.r-​
proje​ct.​org/

	51.	 Srivastava T, Latimer NR, Tappenden P. Estimation of transi-
tion probabilities for state-transition models: a review of NICE 
appraisals. Pharmacoeconomics. 2021;39:869–78.

	52.	 Thiele E, Marsh E, Mazurkiewicz-Beldzinska M, Halford JJ, 
Gunning B, Devinsky O, et al. Cannabidiol in patients with 

https://www.medicines.org.uk/emc/product/2452/smpc
https://www.medicines.org.uk/emc/product/2452/smpc
https://www.medicines.org.uk/emc/product/10781/smpc
https://www.medicines.org.uk/emc/product/10781/smpc
https://www.epidiolex.com/sites/default/files/pdfs/0820/EPX-03645-0820_EPIDIOLEX_%28cannabidiol%29_USPI.pdf
https://www.epidiolex.com/sites/default/files/pdfs/0820/EPX-03645-0820_EPIDIOLEX_%28cannabidiol%29_USPI.pdf
https://www.epidiolex.com/sites/default/files/pdfs/0820/EPX-03645-0820_EPIDIOLEX_%28cannabidiol%29_USPI.pdf
https://www.nice.org.uk/guidance/TA873/documents/final-appraisal-determination-document
https://www.nice.org.uk/guidance/TA873/documents/final-appraisal-determination-document
https://www.nice.org.uk/guidance/ta614/documents/final-appraisal-determination-document
https://www.nice.org.uk/guidance/ta614/documents/final-appraisal-determination-document
https://www.nice.org.uk/guidance/TA615/documents/129
https://www.nice.org.uk/guidance/TA615/documents/129
https://www.nice.org.uk/process/pmg36/chapter/introduction-to-health-technology-evaluation
https://www.nice.org.uk/process/pmg36/chapter/introduction-to-health-technology-evaluation
https://www.nice.org.uk/process/pmg36/chapter/introduction-to-health-technology-evaluation
https://www.nice.org.uk/guidance/ta873/evidence/appraisal-consultation-committee-papers-pdf-11379819565
https://www.nice.org.uk/guidance/ta873/evidence/appraisal-consultation-committee-papers-pdf-11379819565
https://tuberous-sclerosis.org/wp-content/uploads/2021/06/ITSCRC21-programme_final.pdf
https://tuberous-sclerosis.org/wp-content/uploads/2021/06/ITSCRC21-programme_final.pdf
https://tuberous-sclerosis.org/wp-content/uploads/2021/06/ITSCRC21-programme_final.pdf
https://tuberous-sclerosis.org/wp-content/uploads/2021/06/ITSCRC21-programme_final.pdf
https://tuberous-sclerosis.org/wp-content/uploads/2021/06/ITSCRC21-programme_final.pdf
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/lifeexpectancies/datasets/nationallifetablesenglandreferencetables
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/lifeexpectancies/datasets/nationallifetablesenglandreferencetables
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/lifeexpectancies/datasets/nationallifetablesenglandreferencetables
https://www.r-project.org/
https://www.r-project.org/


Cost-Utility Analysis of Cannabidiol in TSC-Associated Seizures in England and Wales

Lennox-Gastaut syndrome: interim analysis of an open-label 
extension study. Epilepsia. 2019;60:419–28.

	53.	 Halford JJ, Scheffer I, Nabbout R, Sanchez-Carpintero R, 
Malawky YS, Wong M, et al. Long-term safety and efficacy 
of cannabidiol (CBD) treatment in patients with Dravet syn-
drome (DS): 3-year interim results of an open-label extension 
(OLE) trial (GWPCARE5). Neurology. 2020;94(Suppl. 15):439 
(Abstract).

	54.	 Patel A, Chin R, Mitchell W, Perry S, Weinstock A, Checketts D, 
et al. Long-term safety and efficacy of cannabidiol (CBD) treat-
ment in patients with Lennox Gastaut syndrome (LGS): 3-year 
results of an open-label extension (OLE) trial (GWPCARE5). 
Neurology. 2020;94(Suppl. 15):668 (Abstract).

	55.	 Weinstock A, Bebin EM, Checketts D, Clark G, Szaflarski J, 
Seltzer L, et al. Long-term efficacy and safety of cannabidiol 
(CBD) in patients with tuberous sclerosis complex (TSC): 4-year 
results from the expanded access program (EAP). Neurology. 
2021;96(Suppl. 15):2405 (Abstract).

	56.	 Department of Health and Social Care. Drugs and pharmaceuti-
cal electronic market information tool (eMIT) national database 
[Internet]. 2021 [cited 2022 Jan 25]. https://​www.​gov.​uk/​gover​
nment/​publi​catio​ns/​drugs-​and-​pharm​aceut​ical-​elect​ronic-​market-​
infor​mation-​emit

	57.	 Monthly Index of Medical Specialities (MIMS). Monthly Index of 
Medical Specialities (MIMS) online [Internet]. 2022 [cited 2022 
Sep 2]. https://​www.​mims.​co.​uk/

	58.	 National Health Service (NHS) England. Prescription cost analy-
sis—England, 2018 [PAS] [Internet]. 2019 [cited 2022 Sep 2]. 
https://​digit​al.​nhs.​uk/​data-​and-​infor​mation/​publi​catio​ns/​stati​sti-
cal/​presc​ripti​on-​cost-​analy​sis/​2018

	59.	 Monthly Index of Medical Specialities (MIMS). Votubia dispers-
ible [Internet]. 2022 [cited 2022 Sep 2]. https://​www.​mims.​co.​uk/​
drugs/​cancer/​antin​eopla​stics/​votub​ia-​dispe​rsible

	60.	 National Health Service (NHS) England. Clinical Commission-
ing Policy: Everolimus for refractory focal onset seizures associ-
ated with tuberous sclerosis complex (ages 2 years and above) 
[Internet]. 2018 [cited 2022 Oct 10]. https://​www.​engla​nd.​nhs.​
uk/​wp-​conte​nt/​uploa​ds/​2018/​12/​Evero​limus-​for-​refra​ctory-​focal-​
onset-​seizu​res-​assoc​iated-​with-​TSC.​pdf

	61.	 Curtis LA, Burns A. Unit costs of health and social care 2021 
[Internet]. 2021 [cited 2022 Sep 1]. https://​www.​pssru.​ac.​uk/​proje​
ct-​pages/​unit-​costs/​unit-​costs-​of-​health-​and-​social-​care-​2021/

	62.	 National Health Service (NHS) England. 2020/2021 National cost 
collection data [Internet]. 2021 [cited 2022 Nov 11]. https://​www.​
engla​nd.​nhs.​uk/​natio​nal-​cost-​colle​ction/

	63.	 Myland M, Buysse B, Tsong W, Power GS, Nordli D, Chin RF. 
Seizure frequency, healthcare resource utilisation and mortality in 
childhood epilepsy: a retrospective cohort study using the THIN 
database. Arch Dis Child. 2019;104:1070–6.

	64.	 Gustavsson A, Svensson M, Jacobi F, Allgulander C, Alonso J, 
Beghi E, et al. Cost of disorders of the brain in Europe 2010. Eur 
Neuropsychopharmacol. 2011;21:718–79.

	65.	 de Kinderen RJ, Wijnen BF, van Breukelen G, Postulart D, Majoie 
MH, Aldenkamp AP, et al. From clinically relevant outcome 
measures to quality of life in epilepsy: a time trade-off study. 
Epilepsy Res. 2016;125:24–31.

	66.	 Kirkham FJ, Vigevano F, Raspall-Chaure M, Wilken B, Lee D, 
Le Reun C, et al. Health-related quality of life and the burden of 
prolonged seizures in noninstitutionalized children with epilepsy. 
Epilepsy Behav. 2020;102:106340.

	67.	 Ten Hoopen LW, de Nijs PF, Duvekot J, Greaves-Lord K, 
Hillegers MH, Brouwer WB, et al. Children with an autism spec-
trum disorder and their caregivers: capturing health-related and 
care-related quality of life. J Autism Dev Disord. 2020;50:263–77.

	68.	 van der Kolk A, Bouwmans CA, Schawo SJ, Buitelaar JK, van 
Agthoven M, Hakkaart-van Roijen L. Association between 

societal costs and treatment response in children and adolescents 
with ADHD and their parents. A cross-sectional study in the Neth-
erlands. Springerplus. 2015;4:224.

	69.	 Johansson R, Carlbring P, Heedman Å, Paxling B, Andersson G. 
Depression, anxiety and their comorbidity in the Swedish general 
population: point prevalence and the effect on health-related qual-
ity of life. PeerJ. 2013;1:e98.

	70.	 Tritton T, Bennett B, Brohan E, Grant L, Cooper A, Fladrowski C, 
et al. Health utilities and quality of life in individuals with tuber-
ous sclerosis complex (TSC) who experience epileptic seizures: 
a web-based survey. Epilepsy Behav. 2019;92:213–20.

	71.	 Villanueva V, García-Ron A, Smeyers P, Arias E, Soto V, García-
Peñas JJ, et al. Outcomes from a Spanish Expanded Access Pro-
gram on cannabidiol treatment in pediatric and adult patients with 
epilepsy. Epilepsy Behav. 2022;137:108958.

	72.	 Contin M, Mohamed S, Santucci M, Lodi MAM, Russo E, 
Mecarelli O, et al. Cannabidiol in pharmacoresistant epilepsy: 
clinical pharmacokinetic data from an expanded access program. 
Front Pharmacol. 2021;12: 637801.

	73.	 Wijnen B, Armstrong N, Ramaekers B, Witlox W, Westwood M, 
Fayter D, et al. Cannabidiol for adjuvant treatment of seizures 
associated with Lennox-Gastaut syndrome and Dravet syndrome: 
an evidence review group perspective of a NICE single technology 
appraisal. Pharmacoeconomics. 2020;38:1043–53.

	74.	 Elliott J, McCoy B, Clifford T, Potter BK, Skidmore B, Wells 
GA, et al. Cost-effectiveness of cannabinoids for pediatric drug-
resistant epilepsy: protocol for a systematic review of economic 
evaluations. Syst Rev. 2019;8:75.

	75.	 Neuberger EE, Carlson JJ, Veenstra DL. Cost-effectiveness of 
cannabidiol adjunct therapy versus usual care for the treatment 
of seizures in Lennox-Gastaut syndrome. Pharmacoeconomics. 
2020;38:1237–45.

	76.	 Hollenack K, Marshall J. Comment on “Cost-effectiveness of 
cannabidiol adjunct therapy versus usual care for the treatment 
of seizures in Lennox-Gastaut syndrome.” Pharmacoeconomics. 
2021;39:473–5.

	77.	 Neuberger EE, Carlson JJ, Veenstra DL. Authors’ reply to Com-
ment on “Cost-effectiveness of cannabidiol adjunct therapy versus 
usual care for the treatment of seizures in Lennox-Gastaut syn-
drome.” Pharmacoeconomics. 2021;39:477–8.

	78.	 Abu-Sawwa R, Chase A, Fowowe O, Park Y. Effects of Epidiolex® 
(cannabidiol) on seizure-related emergency department visits and 
hospital admissions: a retrospective cohort study. Epilepsy Behav. 
2022;127:108538.

	79.	 Sullivan J, Specchio N, Devinsky O, Auvin S, Perry MS, Str-
zelczyk A, et al. Fenfluramine significantly reduces day-to-day 
seizure burden by increasing number of seizure-free days and time 
between seizures in patients with Dravet syndrome: a time-to-
event analysis. Epilepsia. 2022;63:130–8.

	80.	 Fallah A, Weil AG, Wang S, Lewis E, Baca CB, Mathern GW. 
Cost-utility analysis of competing treatment strategies for drug-
resistant epilepsy in children with tuberous sclerosis complex. 
Epilepsy Behav. 2016;63:79–88.

	81.	 de Vries PJ, Franz DN, Curatolo P, Nabbout R, Neary M, Herbst F, 
et al. Measuring health-related quality of life in tuberous sclerosis 
complex—psychometric evaluation of three instruments in indi-
viduals with refractory epilepsy. Front Pharmacol. 2018;9:964.

	82.	 Wijnen BF, Mosweu I, Majoie MH, Ridsdale L, de Kinderen RJ, 
Evers SM, et al. A comparison of the responsiveness of EQ-5D-5L 
and the QOLIE-31P and mapping of QOLIE-31P to EQ-5D-5L in 
epilepsy. Eur J Health Econ. 2018;19:861–70.

	83.	 Simoens S. Using the Delphi technique in economic evaluation: 
time to revisit the oracle? J Clin Pharm Ther. 2006;31:519–22.

https://www.gov.uk/government/publications/drugs-and-pharmaceutical-electronic-market-information-emit
https://www.gov.uk/government/publications/drugs-and-pharmaceutical-electronic-market-information-emit
https://www.gov.uk/government/publications/drugs-and-pharmaceutical-electronic-market-information-emit
https://www.mims.co.uk/
https://digital.nhs.uk/data-and-information/publications/statistical/prescription-cost-analysis/2018
https://digital.nhs.uk/data-and-information/publications/statistical/prescription-cost-analysis/2018
https://www.mims.co.uk/drugs/cancer/antineoplastics/votubia-dispersible
https://www.mims.co.uk/drugs/cancer/antineoplastics/votubia-dispersible
https://www.england.nhs.uk/wp-content/uploads/2018/12/Everolimus-for-refractory-focal-onset-seizures-associated-with-TSC.pdf
https://www.england.nhs.uk/wp-content/uploads/2018/12/Everolimus-for-refractory-focal-onset-seizures-associated-with-TSC.pdf
https://www.england.nhs.uk/wp-content/uploads/2018/12/Everolimus-for-refractory-focal-onset-seizures-associated-with-TSC.pdf
https://www.pssru.ac.uk/project-pages/unit-costs/unit-costs-of-health-and-social-care-2021/
https://www.pssru.ac.uk/project-pages/unit-costs/unit-costs-of-health-and-social-care-2021/
https://www.england.nhs.uk/national-cost-collection/
https://www.england.nhs.uk/national-cost-collection/


	 C. Burke et al.

Authors and Affiliations

Colin Burke1   · Catriona Crossan1 · Emma Tyas1   · Matthew Hemstock1   · Dawn Lee1   · Sally Bowditch2 

 *	 Colin Burke 
	 Colin.Burke@lumanity.com

1	 Lumanity, Inc., Great Suffolk Yard, 121‑131 Great Suffolk 
Street, London SE1 1PP, UK

2	 Jazz Pharmaceuticals, Inc., 1 Cavendish Place, Marylebone, 
London W1G 0QF, UK

http://orcid.org/0009-0001-4671-7600
http://orcid.org/0009-0002-6984-1425
http://orcid.org/0000-0002-8585-0586
http://orcid.org/0000-0003-4027-8456
http://orcid.org/0000-0002-6918-2936

	A Cost-Utility Analysis of Add-On Cannabidiol Versus Usual Care Alone for the Treatment of Seizures Associated with Tuberous Sclerosis Complex in England and Wales
	Abstract
	Objectives 
	Methods 
	Results 
	Conclusions 

	1 Introduction
	2 Methods
	2.1 Patient Population
	2.2 Seizure Types
	2.3 Cannabidiol Dosage
	2.4 Model Overview and Structure
	2.5 Health States Categorization
	2.6 Regression Models
	2.7 Drug Cost Inputs
	2.8 Healthcare Resource Utilization
	2.9 Adverse Event, Monitoring, and TAND Management Unit Costs
	2.10 Health State Utilities
	2.11 Outcomes
	2.12 Sensitivity and Scenario Analyses

	3 Results
	3.1 Base Case
	3.2 One-Way Sensitivity Analysis
	3.3 Probabilistic Sensitivity Analysis
	3.4 Scenario Analysis

	4 Discussion
	5 Conclusions
	Acknowledgements 
	References


