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Abstract

Background Lennox-Gastaut syndrome (LGS) is a severe encephalopathic disease that leads to a decrease

in the quality of life, physical injury, psychosocial impairment, and a significant increase in treatment costs. Canna-
bidiol (CBD) is approved for the adjunctive treatment of tonic-colonic seizures in LGS. This study aimed to determine
the cost-effectiveness of CBD compared to the usual treatment in patients with LGS syndrome.

Methods We developed a lifetime-horizon Markov model to compare the cost-effectiveness of adjunctive CBD
versus usual care. Additionally, we performed a budget impact analysis over a 5-year time horizon. The findings were
presented as the incremental cost-effectiveness ratio (ICER) for CEA, with a willingness to pay threshold of $18,261
per QALY gained, and as the difference in the overall budget ($) between the scenarios with and without CBD

for budget impact assessment.

Results In the base case scenario, CBD was cost-effective compared with usual care $6573 per QALY. Sensitivity anal-
yses substantiated these results. From a healthcare perspective, there is a 77% probability that CBD is cost-effective

at a willingness to pay of $18,261 per quality-adjusted life-year (QALY). Overall, the market access of CBD was associ-
ated to an increased budget of about $3,459,846 (+33%) in the next 5 years simulated.

Conclusions Compared to usual care, CBD seems to be cost-effective in LGS patients and sustainable, with less than
34% overall budget increased in the next 5 years. Future studies need to confirm our results in the real word setting
and in other countries.
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can be identified, but often the cause of LGS can be iden-
tified in 65 to 75% of patients (genetic-structural-meta-
bolic). LGS can be difficult to treat because it is resistant
to many types of anticonvulsant drugs [3].

LGS is a rare disease. With an estimated incidence
rate of 0.1 to 0.28 per 100,000 overalls, with an incidence
rate of 2 per 100,000 in children, it accounts for approxi-
mately 2 to 5% of all childhood epilepsies [4]. Based on a
systematic literature review on global epidemiology, the
prevalence of this condition in the USA is estimated to
be between 5.78 and 60.8 per 100,000 people [5]. Patients
with LGS have an increased risk of mortality, and approx-
imately half of patients with LGS experience sudden
falls that can lead to serious physical injury [6]. In LGS
patients, the mortality rate has been confirmed to be 6.12
deaths per 1000 people per year [7].

According to the number of seizures, comorbidities,
and poor prognosis, the clinical burden of disease in LGS
is significant. However, there is limited information on
the financial burden of service utilization and costs asso-
ciated with the management of patients with LGS [3, 8].

Reaven et al. conducted a study in 2018 to investigate
the cost of LGS disease in America; the results showed
that patients with LGS used more than 8 times more
medical services and more than 7 times more drugs than
patients with other types of epilepsy [9]. Also, the length
of stay of LGS patients is more than 8 days and the re-
hospitalization rate of this group of patients is significant,
so that approximately 0-9% of patients are re-hospital-
ized in 1 month and 42-45% in 1 year after discharge
[10]. The average annual direct costs were 22,787 euros in
Germany [11] and ranged from 28,461 dollars to 80,545
dollars in the USA among studies [12, 13].

Combinations of antiepileptic drugs have been com-
monly used in an attempt to achieve seizure control in
patients with LGS [14]. Currently, there is no definitive
treatment for LGS epilepsy. But common treatments for
LGS include drug therapy (lamotrigine, topiramate, and
clobazam) and surgical procedures (corpus callosotomy
surgery and vagus nerve stimulation), which are usually
performed once a year for some patients [4, 14].

CBD, with the brand name Epidyolex, is being used
as a new treatment modality for the adjunctive treat-
ment of seizures associated with LGS [15]. CBD has
been approved by the US Food and Drug Administra-
tion (FDA) and the European Medicines Agency (EMA)
as a drug for the treatment of patients with LGS, as well
as other types of intractable seizures, including Dravet
syndrome and tuberous sclerosis complex. The approval
was granted in 2018 for use in children and adolescents
at least 2 years of age [16, 17].

Several mechanisms of action have been identified
for the beneficial effects of CBD on LGS. CBD interacts
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with several GPCRs, including GPR55 and GPR18. These
receptors are involved in the regulation of neuronal excit-
ability and neurotransmitter release. By acting as an
antagonist to GPR55, CBD may inhibit excitatory sign-
aling pathways that contribute to seizure propagation.
Similarly, its interaction with GPR18 is thought to mod-
ulate the endocannabinoid system, further influencing
neuronal stability and reducing seizure frequency [18].
CBD has been shown to modulate T-type voltage-gated
calcium channels (VGCCs), which play a crucial role in
neuronal excitability. By inhibiting these channels, CBD
reduces calcium influx into neurons, subsequently lower-
ing intracellular calcium levels. This action helps prevent
excessive neuronal firing, which is a hallmark of seizure
activity [19]. CBD acts as a negative modulator of the CB1
and CB2 cannabinoid receptors. Unlike THC, CBD does
not produce psychoactive effects, but its modulation of
these receptors can lead to anti-inflammatory effects and
a reduction in excitatory neurotransmission, which may
contribute to its anticonvulsant effects. CBD has been
found to enhance the activity of GABA (gamma-amin-
obutyric acid) and glycine receptors, which are critical
for inhibitory neurotransmission in the central nervous
system. By positively modulating these receptors, CBD
promotes inhibitory signaling, counteracting the excita-
tory signals that can lead to seizures [17, 20]. Addition-
ally, CBD interacts with serotonin receptors, specifically
5-HT1A and 5-HT2A. These interactions may influ-
ence mood and anxiety, which are often comorbid with
epilepsy, and can indirectly impact seizure control by
enhancing overall neurological stability [21].

The results of randomized, double-blind, placebo-con-
trolled trial studies have shown that in patients with LGS,
the addition of CBD to standard treatment significantly
reduced overall seizure frequency compared to pla-
cebo and had an acceptable safety profile [22, 23]. Com-
pared to other approved antiepileptic drugs, CBD has
a unique structure and a potentially novel multimodal
mechanism of action [24]. Studies confirm that the use
of CBD improves the cognitive and behavioral domains
of patients, reduces epileptic spasms, and improves the
quality of life of patients [25].

Considering that CBD is added to the common treat-
ment of LGS and the costs of treatment with CBD are sig-
nificant, therefore the costs of additional treatment and
the use of resources related to CBD must first be weighed
against its benefits for the patient, providers, and health
system. Economic evaluation is often performed to sys-
tematically examine the economic efficiency and value
for money of adopting a new strategy or a new drug,
along with its effects on patient care and outcomes [26].
In Iran, LGS patients have so far been receiving a vari-
ous combination of levetiracetam, clobazam, lamotrigine,
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and topiramate. Given that CBD is emerging as a prom-
ising treatment, it is essential to evaluate its cost-effec-
tiveness in the pharmaceutical market for managing
LGS. The purpose of the present study is to investigate
the cost-effectiveness and estimate the budget impact of
CBD compared to the usual treatment for patients with
LGS.

Methods

Patient population

Eligible patients between the ages of 2 and 55 years with
a clinical diagnosis of LGS including documented history
of slow [< 3.0 Hz] spike-and-wave electroencephalograms
and droplet seizures, for at least 6 months. Epilepsy treat-
ment unresponsive (i.e., failure to respond to two to four
antiepileptic drugs in previous and current treatments),
and having at least two seizures per week during a period
of at least 4 weeks, were included in the present study
(including ketogenic diet and cervical nerve stimula-
tion) for at least 4 weeks prior to the examination are also
included. Patients who had a history of alcohol or drug
abuse, and who had taken corticosteroids in the past
6 months, or who had taken felbamate less than a year
before the examination, were excluded from the study
for tetrahydrocannabinol through urine, and pregnant or
lactating female patients are also not included [12].

Interventions

CBD in combination of clobazam, lamotrigine, and
topiramate was compared with clobazam, lamotrigine,
and topiramate alone. All patients received CBD treat-
ment with an oral solution or a similar placebo solution
at a daily dose of 2.5, 5, 7.5, 10, and 15 mg/kg on days
1-2, 3-4, 5-6, 7-8, and 9-10, respectively started and
continued the treatment with a maintenance dose of 20
mg/kg until response. For clobazam, lamotrigine, and
topiramate regimens, patients take 25 mg once a day, 10
mg once a day, and 100 mg twice a day, respectively [12].

Model structure

A Markov model was used in Tree-age software to simu-
late outcomes associated with CBD treatment. Markov
models are powerful tools for simulating and analyzing
different treatment states, especially in complex condi-
tions such as LGS. These models allow for the precise
and unambiguous definition of different patient states
(such as improvement, stability, and treatment refusal).
In this model, transitions between states occur with cer-
tain probabilities. This allows researcher to predict the
patient’s progress over time and analyze the impact of
different treatments. One of the main challenges of the
Markov model is that it unnecessarily simplifies complex
clinical situations. In fact, the model may not fully reflect

Page 3 of 11

all the clinical and psychological aspects relevant to LGS
patients. These models usually assume that the probabil-
ity of transitions between states remains constant over
time, while in reality this may not be the case. Also, we
used a stationary distribution of a Markov chain, which is
a probability distribution that remains unchanged as time
progresses.

This model consists of four states related to the fre-
quency of seizures compared to the basic period and
includes the reduction of epileptic attacks by 75-100%,
50-75%, and 50-25% (Fig. 1). Also, patients have a
treatment condition with no response to treatment,
and the possibility of reducing epileptic attacks in them
is less than 25%. Also, patients in all states may experi-
ence death. Patients can move between different states
of response or non-response to treatment depending
on the assigned transition probabilities. Patients who
responded to CBD treatment (no seizures or 25—-99% sei-
zure reduction) were assumed to continue CBD in subse-
quent cycles. Patients whose seizures do not respond to
CBD can remain refractory (less than 25% seizure reduc-
tion) for up to six cycles. After that time, it was assumed
that CBD should be discontinued and patients should
continue clobazam, topiramate, and lamotrigine alone
(Fig. 1). A pediatric neurologist specializing in the treat-
ment of children with LGS in Iran confirmed the applica-
bility of the model and its inputs to clinical practice.

Model inputs

Efficacy and adverse event

In order to obtain the probability of transition between
the model states for patients under treatment with CBD
or common treatment, a systematic review was con-
ducted. We found that Devi et al’s study was published
in 2022, which was a systematic review and meta-analysis
that compared CBD and conventional treatment head-
to-head of clinical trial studies. Considering that no new
clinical trial study was published in this field after 2022,
therefore, the basis for estimating the effectiveness data
in our study was a Devi et al. study [27]. The side effects
of the two strategies were obtained from the GWP-
CAREA4 clinical trial, which was conducted in the USA
and included 171 patients consuming cannabidiol. Com-
mon side effects in this model include diarrhea, somno-
lence, pyrexia, decreased appetite, and vomiting [12].

Utility

Due to the fact that CBD is not currently consumed in
Iran and the initial steps have been taken to add it to the
necessary medicine list in Iran, it was not possible for
us to measure the utility locally. Therefore, we used the
study of Verdian and colleagues who calculated the utility
values for LGS patients according to the state mentioned
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Fig. 1 Schematic of Markov model of GLS treatment. The diagram represents two main states: “response”to treatment (reduction in drop

seizure frequency) and “no response” (< 25% reduction of seizure attack). “Response” state includes three levels of seizure frequency reduction:
75-100%, 50-75%, and 25-50%. Every state is a potential transition to the death state. The arrows in the diagram indicate the potential transitions
between different states of seizure frequency reduction and outcomes. The dashed arrows suggest one-time transition probabilities, indicating
that patients can potentially move from one state to another based on their response to treatment or other clinical factors. The direction

of the arrows reflects the possible outcomes based on the treatment effectiveness, highlighting the need for personalized management strategies

in epilepsy care

in the model [20]. Three percent discount rate was used
to adjust the utility data in the model [28].

Cost

According to the perspective used, only indirect health
costs were considered. Cost sources were identified
according to the status of the study model. For this pur-
pose, three neurologists were interviewed. The criteria
for selecting neurologists were that they have with at
least 5 years of experience in treating patients with the
LGS. A semi-structured questionnaire was used for the
interview and to collect cost data. Questionnaire dimen-
sions included drugs, side effects, diagnostic tests, inpa-
tient services, visits, and necessary consultations during
treatment. Apart from these cases, if the doctors men-
tioned other services, they were included in the question-
naire. All the cases that the neurologists mentioned for
identifying the treatment services for patients with the
LGS were similar, and data collection reached satura-
tion and there was no need to interview more specialists.
The assumed reference case for calculating the drug dose
was assumed with a body surface of 1.6 m* and a body
weight of 35 kg with a height of 150 cm. The values of
health resources and their costs are presented in Table 1.
The official website of Iran Food and Drug Administra-
tion at http://irc.fda.gov.ir/nfi was used to calculate drug
costs. The official tariff of medical services announced
by the Ministry of Health in 2023 was used for the costs
of medical services. The PPP dollar that was announced
by the World Bank in 2022 as $64,529 was used for the

conversion rate of rial to dollar [29] and to adjust the
costs over time, we used a discount rate of 7.2% [28, 30].

Analysis

This analysis evaluated the cost-effectiveness of CBD ver-
sus usual treatment for the treatment of LGS. The per-
spective of the analysis was that of the Iranian health
care system over a time horizon of 10 years representing
patients followed up to mean age of 15 years.

Monthly cycle length was employed in the model
Future costs and benefits were discounted at 3% and
5.8%, respectively. Willingness-to-pay (WTP) thresh-
old in Iran study is equal 18,261 PPP dollars per QALY
in 2022 [30]. This is equal to one-time GDP per capita in
Iran.

Uncertainty

The uncertainty of the parameter was evaluated by deter-
ministic and probabilistic analysis. In the deterministic
analysis, the ICER was calculated for different values of
the variables presented in Table 1. Tornado plots were
drawn for the variables that changed the ICER the most.
A Monte Carlo simulation with 10,000 replications was
performed for stochastic analysis. Beta probability dis-
tributions were used for utility data and probabilities,
gamma distributions were used for cost data, and normal
distributions for physiological variables (e.g., body sur-
face area) were used in Monte Carlo simulations.
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Table 1 Parameters for cost-effectiveness analysis

Variables Value Range Distribution Reference
Patient weight 35 32-38 Normal (27)
Patient age 155 2-55 Normal (27)
Surface of body 16 14-1.8 Normal (27)
Clinical event 23 0.43-12.34 NA (27)

OR 3.05 1.76-5.23 NA (27,11)
>25% reduction 4.74 1.62-13.88 NA (27,11)
>50% reduction 528 0.6-46.32 NA 2711)
>75% reduction 0.382 0.3247-0.4393 Beta (27,11)
100% reduction 0.286 0.243-0.329 Beta 2711)
Probability (monthly) 0.136 0.116-0.156 Beta (27,11)
CBD 0.0188 0.017-0.022 Beta (27,11)
>25% reduction 0.0454 0.039-0.052 Beta (23,11)
>50% reduction 0.0490 0.042-0.056 Beta (23,11)
>75% reduction 0.0033 0.003-0.004 Beta (27,11)
100% reduction 0.0309 0.026-0.036 Beta 2711)
Diarrhea 0.0239 0.02-0.03 Beta 27171)
Somnolence 0.132 0.11-0.15 Beta (27,11)
Pyrexia 0.074 0.063-0.086 Beta 27171)
Decreased appetite 0.025 0.021-0.029 Beta 2711)
Vomiting 0.0033 0.003-0.004 Beta (27,11)
Usual care 0.02390 0.022-0.033 Beta 2711)
>25% reduction 0.02741 0.025-0.034 Beta (23,11)
>50% reduction 0.00334 0.003-0.004 Beta

>75% reduction 0.00402 0.003-0.005 Beta

100% reduction 0.01695 0.014-0.019 Beta

Diarrhea

Somnolence

Pyrexia

Decreased appetite

Vomiting

Utility 046 0.39-0.53 Beta (24)
Response (25-50%) 061 0.52-0.7 Beta (20)
Response (50-75%) 0.7 0.56-0.8 Beta (20)
Response (75-100%) 0.39 0.33-0.45 Beta (20)

No response —0.06 0.05-0.07 Beta (20)
Disutility diarrhea -02 0.17-0.23 Beta (20)
Disutility somnolence -0.1 0.09-0.12 Beta (20)
Disutility pyrexia -0.1 0.09-0.12 Beta (20)
Disutility appetite —-0.04 0.03-0.054 Beta (20)
Disutility vomiting

Cost (PPP-adjusted USD) $1294 1035-1552 Gamma https://irc.fda.
Emergency visit $1952 1561-2342 Gamma gov.ir/nfi
Admission to hospital $142 113-170 Gamma https://treat
Laboratory tests 5688 550-825 Gamma ment.tums.
Imaging $34 27-41 Gamma acir
Nutritional counseling $65 52-78 Gamma

Neurologist visit $46 37-55 Gamma

Psychiatrist visit $25 20-30 Gamma

Land ambulance transfer to hospital $52 42-62 Gamma

General practitioner visit $4.6 4-6 Gamma

CBD per 100 mg/ml $0.053 0.04-0.06 Gamma

Lamotrigine per 25 mg $0.2 0.2-03 Gamma

Topiramate per 100 mg $0.11 0.09-0.13 Gamma

Clobazam per 10 mg

Budget impact analysis

The budget impact analysis was performed to assess the
impact of CBD use in a cohort of GLS patients in the Ira-
nian market. The model compared two scenarios accord-
ing to CBD presence on the market: “scenario no-CBD”
where the study drug was not present and “scenario

CBD” which includes CBD as possible treatment on the
market.

The model estimated the annual cost per patient for
each type of treatment by using the parameters costs
and healthcare resources consumption model included
the medicine costs, diagnostic tests, inpatient services,
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visits, and AEs costs. These costs were associated to the
epidemiological data of GLS and market share data to
estimate the 5-year overall cost of the scenario with and
without CBD. The incidence of LGS is estimated to be
between 0.1 and 0.28 per 100,000 population and the
prevalence is about 26 per 100,000 people [31]. The
budget impact of CBD in Iran, with a 5-year time hori-
zon, was the result of the cost difference between the
two scenarios.
OR, odds ratio.

Table 2 Results of base-case analysis

Strategy Cost Effect Incrcost Increffect ICER
Cannabidiol 57741 335 5661 0.86 6573
Usual Treatment 52080 249 - - -
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Results

Drug costs accounted for over 80% of the total cost of
treatment. CBD use yielded an incremental gain of 0.86
QALYs at an additional cost of $5661 (Table 2). The CBD
was associated with an incremental cost of $6573 for
each QALY gained. At a willingness to pay threshold of
$18,261, CBD was the cost-effective.

Sensitivity analyses

Figure 2 shows the results of the deterministic sensi-
tivity analysis. The ICER of the CBD group compared
to the usual treatment group ranged from $—3859/
QALY to $17,658/QALY, and the CBD price and util-
ity of response rate of the seizure-free state in 50—-75%
and 25-50% states had the greatest effect on the ICER,
while the other factors had little effect on the ICER.
This means that if the price of CBD increases by 20%,
the ICER will increase to $17,432/QALY but since the
amount of ICER is below the threshold, it has no impact
on the cost-effectiveness result. With a 10% increase in

Tornado Diagram - ICER
CBD recievied vs. usual care

C_canabidiol_100_mg (2.256349858 to 3.384524787)
response (50%-75%) (0.061 to 0.040666667)

response (25%-50%) (0.030666667 to 0.046)
C_lnpatient_hoteling (113.548946985 to 75.69929799)
C_physiotherapy (32.479536333 to 21.653024222)
C_speech_therapy (23.223418928 to 15.482279285)
C_corpus_callostomy (839.789118071 to 559.859412047)
C_vegus_simulation (627.115250508 to 418.076833672)
C_apixaban (0.396528693 to 0.264352462)

C_PET (138.841761069 to 92.561174046)
P_somnolence_CBD (0.0392 to 0.0588)
C_Imergency_vislt (41.444138294 to 27.62942553)

> 50% reduction (0.343433528 to 0.228955685)
C_anesthesia (131.913155326 to 87.94210355)
P_75_reduction_UC (0.020597602 to 0.030896403)
C_Pyrexia (444.626856142 to 666.940284213)

C_EEG (78.593872622 to 52.395915015)

C_MRI (21.814563994 to 14.543042663)
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$ ° ) ® ® &
'\59 YE@ o ,@9 ,\@9 ,@0
ICER

Fig. 2 Tornado diagram of the deterministic sensitivity analysis. This diagram shows a comparison of the costs of CBD treatment and usual care.
Each bar represents a different cost-effectiveness ratio (ICER), clearly highlighting the strengths and weaknesses of the different treatment options.
Blue bars represent cases where there were improvements in cost-effectiveness (e.g., cost reduction or effect increase). Red bars represent cases
where there were higher costs or lower effects. C, cost; P, probability; response, response rate of the seizure-free; UC, usual care; CBD, cannabidiol
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response rate of the seizure-free state in 50-75% and
a 10% decrease in response rate of the seizure-free
state in 25-50%, ICER increase to $17,982/QALY and
$12,689/QALY, respectively, but ICER is still below the
threshold.

The results of the probabilistic sensitivity analysis
were summarized using a cost-effectiveness scatter
plot (Fig. 3) and a cost-effectiveness acceptability curve
(Fig. 4). In the scatter plot, the north-east quadrant
included simulations in which CBD was more effec-
tive and more costly than usual care, and the south-east
quadrant included simulations in which CBD was more
effective and less costly than usual treatment. Com-
pared with usual treatment, CBD has a higher QALYs
at higher costs in 63% of the simulations and higher
QALYs at lower costs in 32% of simulations. In different
simulations, if the calculated ICERs for CBD compared
with usual treatment were lower than the specified
WTP threshold, situations in which CBD would be
selected over usual treatment were indicated. The prob-
ability of CBD to be cost-effective versus usual treat-
ment was estimated to be 77% at a WTP threshold of
CAD 18,261.
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Budget impact analysis

Based on the model assumptions, the estimated target
population with GLS was composed by 16,770 patients.
Figure 4 shows the number of patients treated with each
DMT in the observed period. In the scenario with CBD,
the number of patients potentially treated with the new
treatment increased over time, from 1677 during the first
year up to 8794 in the fifth year. The economic impact of
CBD was estimated in an increase of 3,459,846 million
dollar in 5 years simulated, with an incremental cost of
2% ($223,419) in the first year, 4% ($452,193) in the sec-
ond year, 7% ($686,419) in the third year, 9% ($926,195)
in the fourth year, and 11% ($1,171,621) in the last year
(Table 3 and Fig. 4).

Discussion

Our study was cost-effectiveness analysis of CBD in
patients with LGS seizures using Markov models. Using
this approach, our base-case model with a WTP thresh-
old of $18,261 provided evidence to aid decision-mak-
ing regarding the cost-effectiveness of add-on CBD in
patients with LGS aged>2 years who are refractory to
current treatment.

Incremental Cost-Effectiveness, CBD recievied v. usual care

60,000
55,000
50,000
45,000
40,000
35,000
30,000
25,000
20,000
15,000
10,000
5,000
0
-5,000
-10,000
-15,000
-20,000
-25,000
-1.50

Incremental Cost

-1.00

-0.50 0.50

1.00 1.50 2.00 2.50 3.00 3.50

Incremental Effectiveness
Fig. 3 Scatterplot of the cost-effectiveness plane of the probabilistic sensitivity analysis. The horizontal axis represents incremental effectiveness,
while the vertical axis shows incremental costs. The blue points indicate various ICER points, and the line labeled (WTP=518,261) represents
the willingness to pay for the treatment. ICER points below WTP are considered cost-effective
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Fig. 4 Budget impact analysis of CBD in Iranian health system. This figure compares the healthcare expenditures under two scenarios: scenario 1
(without CBD) and scenario 2 (with CBD) for the years 2024 to 2028. The red bars represent the budget impact attributed to the introduction of CBD,
highlighting the financial implications over time as the market share of CBD gradually increases

Table 3 The results of the budget impact analysis

Year 2024 2025 2026 2027 2028

Iran population 86369815 87406253 88455128 89516589 90590788
Population of LGS patients 16770 16971 17175 17380 17589
CBD market share Al 0.2 3 4 5
Scenario 1 (without CBD) 10125801 10247164 10369984 10494277 10620062
Scenario 2 (with CBD) 10349219 10699357 11056403 11420472 11791683
Budget impact 223419 452193 686419 926195 1171621

Compared with usual care, CBD resulted in more
QALYs gained at a more cost, suggesting that CBD is
more cost-effective than usual care at willingness-to-
pay thresholds. Probabilistic and deterministic sensitiv-
ity analysis was used to determine the strength of the
model results. Also, study findings were confirmed to
all model assumptions; however, it is important to take
into account the limited availability of clinical data on
the efficacy of CBD in our country when interpreting
the findings.

Few economic evaluations have been published inves-
tigating the cost-effectiveness of CBD in seizure treat-
ment with contrasting conclusions. We identified only
one study that had assessed the cost-effectiveness of
CBD treatments for LGS. Also, we found one economic
evaluation studies for the cost-effectiveness of CBD in

Dravet syndrome and one study in the control of epi-
lepsy in MS patients.

A cost-effectiveness study in LGS patients conducted
in UK showed that CBD as an add-on therapy to usual
care decreased the health burden (yielded 0.7 additional
QALYs), but increased the drug cost ($314,900 additional
healthcare cost). With the ICER of $451,800 per QALY
in LGS seizures, CBD had a 0% probability of being cost-
effective at a willingness-to-pay of $150,000/QALY [32].

Another study for Dravet syndrome from the perspec-
tive of the Canadian healthcare system reported the
CBD to be cost-effective versus usual care over a 13-year
time horizon. Seventy-six percent of replications found
CBD to be the optimal treatment at a willingness-to-
pay threshold of $50,000 [33]. Burke et al. reported the
refractory seizures associated with tuberous sclerosis
complex in patients aged 2 were treated cost-effectively
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with cannabidiol. The probability that cost-effectiveness
would be effective at a willingness-to-pay threshold of
£20,000 or £30,000 was 30% or 52%, respectively; the
disease severity modifier has a base case of 39% and 66%
[34]. According to Wijnen et al. study, CBD in LGS and
DS has a cost-effectiveness that is discussed by NICE
(ICERs of £33,721 and £32,471, respectively) [10].

Our study, from the perspective of the Iranian health
system, showed that the ICER of CBD as an add-on ther-
apy to the usual care was $6573/QALY. Its probability
of being cost-effective was 77% at a willingness-to-pay
of $18,261/QALY. Different from the studies mentioned
above are in methodological differences in the study
design and assumptions, the price of drug and diagnostic
services, clinical practice patterns in countries, and the
primary source of efficacy data that we used for the meta-
analysis study by Devi et al. was that others had used dif-
ferent clinical trial studies.

The high cost of cannabidiol was the most important
factor affecting the budget impact difference for two
treatment strategies. The budget impact showed that the
treatment of patients with CBD causes a 33% increase
cost in Iranian health system for LGS treatment. In a
study in home-based care and inpatient care were major
cost drivers for LGS patients, with the cost per person
ranging from $24,048 to $80,545 [3].

The increased costs of CBD treatment for patients with
LGS could have significant implications for health policy.
Given the complex and costly nature of this condition,
which requires ongoing and varied care, these additional
costs need to be carefully considered. Policymakers
should note that although CBD may increase treatment
costs, it may also lead to reduced costs in the long term,
such as hospitalization and home care services.

Indeed, adopting a comprehensive and evidence-based
approach to policymaking can help identify the economic
benefits of improving patients’ quality of life and reduc-
ing the need for more complex care.

Also, our study demonstrating an increase of 0.86
QALYs for one patients but when all patients with the
LGS are multiplied by this amount of QALY, we will have
a significant increase in quality in the overall popula-
tion of patients with the LGS in Iran, which can justify
the increase in costs resulting from this treatment. The
findings underscore the health benefits associated with
CBD, which can guide clinicians in recommending treat-
ment strategies that optimize both clinical outcomes and
resource allocation.

The results of this study can be evidence for decision-
making organizations to establish treatment guidelines
and add CBD to the list of essential medicines in Iran.
Also, these results can support decisions regarding insur-
ance coverage and funding for CBD, promoting wider
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access to effective therapies for individuals suffering from
LGS. Ultimately, such evidence can enhance treatment
guidelines and inform stakeholder discussions, fostering
an environment where patients receive the most benefi-
cial and economically viable care options.

Based on the effectiveness of CBD for patients suffering
from LGS, it is reasonable to suggest several steps for its
inclusion in the Iranian reimbursement list. First, the Ira-
nian Ministry of Health could initiate price negotiation
discussions with pharmaceutical manufacturers, focusing
on cost-effectiveness to align CBD pricing with its clini-
cal benefits. This may require conducting local health
economic evaluations to compare the value of CBD
with existing therapies based on locally gathered effi-
cacy data. Second, a gradual incorporation of CBD into
the reimbursement system could be achieved through a
tiered reimbursement approach, allowing patients suffer-
ing from LGS to access this treatment while studying its
long-term effects. Engaging healthcare providers, patient
advocate groups, and policymakers will be essential
to raise awareness and garner support for the potential
effectiveness of CBD. Additionally, ongoing monitor-
ing and evaluation of treatment outcomes after CBD’s
introduction will help ensure that the therapy indeed
improves patient quality of life, thereby justifying its
inclusion in the reimbursement list and informing future
healthcare policy.

In light of the limitations within Iran’s economy, utiliz-
ing funding mechanisms such as risk-sharing agreements
between the pharmaceutical industry and the Iranian
government could further alleviate the costs associated
with CBD therapy. By aligning reimbursement costs with
the effectiveness of CBD, patient access can be achieved
at a reasonable expense. Furthermore, seeking interna-
tional partnerships and funds will be crucial to establish
these frameworks, ensuring the sustainability of high-
cost therapies like CBD within Iran’s healthcare system.

Our study had some limitations. First, the efficacy data
were not from Iran and transition probabilities were from
a meta-analysis study in India. This may limit the gener-
alizability of our findings to the Iranian context, as health
outcomes can be influenced by regional factors such as
genetics, healthcare practices, and environmental condi-
tions. Second, we assumed that the costs of different age
groups were the same. By assuming that the costs are
the same across different age groups, we may overlook
significant variations in healthcare usage and costs that
occur as individuals age. Younger patients may experi-
ence different healthcare interactions compared to older
patients, which can skew overall cost estimates. Third,
due to the lack of a rate of initial distribution, we referred
to the literature to get the rate of initial distribution [35].
Fourth, due to non-use of CBD medicine in Iran, we did
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not able to calculate the indirect costs and lost produc-
tivity. LGS patients experience seizures associated with a
risk of injury and mortality, have multiple comorbidities,
and often require constant care that has a great impact
on caregivers’ burden. Ignoring these indirect costs may
result in an underestimation of the overall burden of the
condition. This oversight could lead to insufficient sup-
port and resources for families and caregivers who deal
with the challenges of managing conditions like LGS,
which can affect quality of life and economic stability.
The last limitation is the dependence on the stationary
distribution of the Markov chain, which may not accu-
rately represent the dynamic changes in the LGS patients
over time.

These limitations suggest that while our study pro-
vides valuable insights, caution should be exercised when
interpreting the findings. Further research that accounts
for local efficacy data, age-related cost variability, and the
direct implications of treatment options is necessary to
deepen understanding and improve healthcare outcomes
for LGS patients in Iran. Addressing these gaps could
enhance policy formulations and healthcare strategies
tailored to the specific needs and conditions of the Ira-
nian population.

Conclusions

Our study demonstrates that CBD is valuable as an add-
on therapy for patients with LGS in Iran. At current list
prices in Iran and assuming a WTP threshold of $18,261/
QALY, CBD is cost-effective for the treatment of LGS.
So CBD has a more advantage of efficacy compared with
usual care and its incremental BI for health system is rel-
atively acceptable. The present study also provides a ref-
erence for stakeholders to judge the value of cannabidiol.
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