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Abstract

Background Antipsychotic medications are the primary treatment for schizophrenia, with olanzapine being an effec-
tive medication for schizophrenia. The economic cost for each individual with schizophrenia is high, with antipsy-
chotic medication being a major expense. This study aims to develop an economic decision model that compares
different treatment options for schizophrenia patients, including olanzapine Orally Dispersible Tablets (ODT), olan-
zapine [ODT + Standard Oral Tablet (SOT)], risperidone (ODT + SQOT), and aripiprazole (ODT + SOT), to determine their
cost-effectiveness with an objective to optimize healthcare resource allocation in Morocco.

Methods The study used published medical literature and a clinical expert panel to develop a decision analytic
model. This model was designed to capture parameters such as adherence levels, treatment discontinuation, relapse
with and without hospitalization, quality-adjusted life years (QALYs), treatment-related adverse events, healthcare
resource utilization, and associated costs. The main outcomes of interest included the total annual direct cost

per treatment, QALYs, and incremental cost-effectiveness ratio (ICER) per 1 QALY gained. One-way and probabilistic
sensitivity analyses were employed to account for parameter uncertainty.

Results According to the simulation model, the ODT and ODT + SOT as a group form of olanzapine was the most
effective treatment option in terms of the lowest percentages of inpatient relapse, and patients who remained stable
(119 and 79% respectively) than risperidone (19% and 62% respectively) and aripiprazole ODT (26% and 50% respec-
tively) and ODT + SOT formulation groups. Olanzapine (ODT + SOT) therapy group was cost-effective when compared
to the combined group of ODT + SOT forms of risperidone [ICER: Moroccan Dirham (MAD) 103,907], and aripipra-
zole (ICER: MAD 65,047). Additionally, olanzapine ODT was found to be cost-effective compared to olanzapine SOT
with an ICER of MAD 3921, risperidone ODT with an ICER of MAD 1,02,298, risperidone SOT with an ICER of MAD
31,088, and aripiprazole ODT or SOT formulations. All the above ICERs fall under the willingness-to-pay threshold

in Morocco of MAD 250,832.40. Sensitivity analyses confirmed the reliability of the findings.
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Conclusions The model concluded that olanzapine ODT is the most cost-effective first-line treatment option
for schizophrenia in Morocco when compared to other atypical antipsychotic medications in ODT and SOT

formulations.

Keywords Orally dispersible tablets (ODT), Standard oral tablet (SOT), Olanzapine, Schizophrenia, Cost-effective

Introduction
Approximately 24 million individuals globally are affected
by schizophrenia, a severe and persistent mental disorder
[1], with an incidence of 1 to 3 per 10,000 individuals and
a prevalence of 10 to 100 per 10,000 individuals [2]. The
disease imposes substantial health, social, and financial
burdens on individuals, their families, caregivers, and
the community [3—6]. The impact of diseases and medi-
cal interventions on populations are assessed using two
key metrics—Quality Adjusted Life Years (QALYs) and
Years of Healthy Life Lost due to Disability (YLDs) [7].
QALYs is a measure that integrates life duration and life
quality [8]. It evaluates the worth of medical interven-
tions by taking into account both the improvement in life
expectancy and the prolongation of life itself. One QALY
is equivalent to a year of good health [9]. QALYs enable
the comparison of the efficacy of various therapies across
a range of diseases and conditions by aggregating health
outcomes into a single metric [10]. The years of healthy
life lost as a result of having a disability or medical con-
dition are represented by YLDs. It quantifies the burden
of disease that causes disability rather than death. The
number of incident cases multiplied by the average ill-
ness duration plus a weight factor representing the sever-
ity of the health loss determines the YLDs. YLDs offer a
comprehensive picture of how various health conditions
affect population well-being over time by capturing the
non-fatal impact of diseases [11, 12]. Patients between
the ages of 25 and 54 experience the highest burden of
the disease [13], which accounts for 1.7% of all years of
healthy life lost due to disability worldwide in 2016 [14].
Schizophrenia’s lifetime prevalence in 12 African coun-
tries ranges from 1 to 4.4% [15], while 1 in 7 children and
adolescents in sub-Saharan Africa experience psycho-
logical difficulties [16]. In Morocco, an estimated 92,573
people live with schizophrenia, with a burden measured
in disability-adjusted life years (DALYs) per 100,000 at
155.29 [17], although recent epidemiological statistics
are unavailable due to the lack of a government registry.
DALYs represent the total number of years lost due to ill-
ness, disability, or premature death, combining both the
years of life lost (YLL) and the years lived with disability
(YLD).

Antipsychotic medications are the primary treat-
ment for schizophrenia [18], with first and second-gen-
eration antipsychotics being the two main groups [19].

Olanzapine is an effective medication for schizophrenia
and bipolar disorder [20]. Newer antipsychotic formula-
tions have been developed to increase efficacy and ease
of administration. Olanzapine is available in orally dis-
integrating tablets (ODTs) and standard oral tablets
(SOTs), with ODTs offering an alternative for patients
who are unable or unwilling to swallow pills [21]. Studies
indicate that olanzapine ODT can enhance compliance
and reduce the likelihood of relapse and hospitaliza-
tion, which could result in greater cost-effectiveness [22].
Patients with schizophrenia who do not adhere to their
oral medication regimen are at risk of relapse and hos-
pitalization [23]. To improve adherence, long-acting
formulations of antipsychotic medications have been
developed. These formulations aim to ensure patients’
long-term compliance with their treatment regimen and
achieve better patient outcomes [24].

Schizophrenia places a significant financial burden on
the healthcare system and society [25]. The economic
cost for each individual with schizophrenia is high, with
antipsychotic medication being a major expense [13].
Additionally, compared to Europe (12.5%), out-of-pocket
costs for child mental health services in African nations
are considerably higher (71.4%) [26]. There is a need to
determine the economic burden of schizophrenia in
Morocco and evaluate the cost-effectiveness of different
treatment options to optimize healthcare resource alloca-
tion. According to published economic analyses, atypical
(second-generation) antipsychotics are more affordable
than traditional (first-generation) treatment [27]. Recent
studies have demonstrated that the ODT formulation is
linked to greater patient preference, convenient admin-
istration, and higher adherence rates, all of which may
lessen the treatment burden on both patients and car-
egivers [28].

The primary objective of the study was to develop an
economic decision model that compared different treat-
ment options for schizophrenia patients in Morocco,
including olanzapine ODT, olanzapine (ODT + SOT), ris-
peridone (ODT +SOT), and aripiprazole (ODT +SOT).
The study evaluated the relative clinical benefits and
associated costs of these options to determine their cost-
effectiveness. These study results may provide valuable
information for clinicians and policymakers in Morocco
regarding the most cost-effective treatment options for
schizophrenia. Ultimately, we believe that the findings
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from this study have the potential to improve patient
outcomes while optimizing the allocation of healthcare
resources in the country.

Methods

Model overview

A model for decision analysis was created to assess the
cost-effectiveness of olanzapine ODT versus SOT. The
structure of the model used in the decision analysis rep-
resented the pathway of a patient with schizophrenia
receiving either the ODT and SOT formulations of olan-
zapine, risperidone, and aripiprazole. Patients were clas-
sified as compliant, partially compliant, or non-compliant
with the treatment, and their adherence level was taken
as the determinant as to whether patients may either
remain stable or have a relapse, which may or may not
necessitate hospitalization.

The model used in the decision analysis included six
treatment groups that involved three commonly used
atypical antipsychotics, including olanzapine, risperi-
done, and aripiprazole, that were included in both ODT
and SOT formulations in the model. Additionally, the
model incorporated three treatment groups that included
ODT and SOT formulations of different antipsychot-
ics as a group [risperidone (ODT +SOT), aripiprazole
(ODT +SOT), and olanzapine (ODT + SOT)]. The model
was designed to simulate the standard of care process
for schizophrenia patients for a period of one year, tak-
ing into account the dynamic nature of their condition.

» Olanzapine ODT

Patients with chronic
schizophrenia

» Olanzapine [+]
——» Risperidone ODT [+]
» Risperidone [+]
» Aripiprazole ODT [+]
L———» Aripiprazole [+]

Fig. 1 lllustration of the model's framework
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The model considered several input parameters, such
as adherence rates, relapse with or without hospitaliza-
tion, health state utilities, adverse events, resource uti-
lization in the healthcare system, and direct healthcare
costs. The simulation involved 1,000,000 patients and led
to the prediction of significant clinical outcomes such as
quality-adjusted life years. As the model was developed
for Morocco, all Costs are denoted in Moroccan Dirhams
(MAD) using 2022 values. Additionally, based on the cost
data received from Morocco, ODT formulations of antip-
sychotic medications were more expensive than their
SOT counterparts. The approach used in the model was
intent-to-treat, where all direct medical costs estimated
were attributed to the patient’s initial treatment received.
Additionally, adverse reactions that may be reported by
patients during treatment, such as extrapyramidal symp-
toms (EPS), significant weight gain, or diabetes we also
accounted for, in the model. Figure 1 presents an over-
view of the model.

Key clinical and economic input values

Given a lack of available clinical data estimates for
Morocco, we had to use data published in a cost effec-
tiveness study by Ascher-Svanum et al. [22] to obtain
values for key clinical endpoints. In cases where data
could not be obtained from peer-reviewed articles,
expert opinion of psychiatrists in Morocco was utilized
to understand treatment patterns and resource utiliza-
tion. The model assumed that ODT formulations of the

» Stable
» Compliant » Relapse not requiring hospitalization

* Relapse requiring hospitalization

» Stable
» Partial compliant #» Relapse not requiring hospitalization

» Relapse requiring hospitalization

» Stable
» Non-compliant » Relapse not requiring hospitalization

* Relapse requiring hospitalization
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Table 1 Adherence rates by medication

Medication Compliant (%) Partially compliant (%) Non-compliant (%) Source

Olanzapine 23 43 34 Ascher-Svanum et al. (US study) [22]
Risperidone 21 39 40

Aripiprazole 19 35 46

ODT olanzapine 37 29 34

ODT risperidone 35 25 40

ODT aripiprazole 33 21 46

ODT orally disintegrating tablet (formulation)

Table 2 Relapse rates requiring and not requiring hospitalization

Medication Compliant Partial Non- Source
(%) compliant compliant
(%) (%)
Relapse rates requiring hospitalizations
Olanzapine 2 4 5 Ascher-Sva-
Risperidone 4 6 num et al.
- (US study)
Aripiprazole 5 9 12 [22]
ODT olanzapine 2 4 5
ODT risperidone 4 6 9
ODT aripiprazole 5 9 12
Relapse rates not requiring hospitalizations
Olanzapine 2 3 5 Ascher-Sva-
Risperidone 4 6 9 num et al.
. (US study)
Aripiprazole 5 8 11 2]
ODT olanzapine 2 3 5
ODT risperidone 4 6 9
ODT aripiprazole 5 8 11

ODT orally disintegrating tablet (formulation)

three antipsychotics assessed were equal in efficacy and
safety to their respective SOT formulations based on all
clinical input parameters, with the exception of greater
adherence in patients receiving ODT which was in line
with published comparative data.

Table 3 Treatment emergent adverse event

Adherence levels

As there is no publicly available or published data on
adherence rates, we used the following data from pub-
lished literature as input parameters in the model.
Consistent with prior research, adherence levels were
categorized based on the medication possession ratio
(MPR) as: adherent (MPR2>80%), partially adherent
(MPR>60%, <80%), and non-adherent (MPR<60%).
The adherence rates used in the model are shown in
Table 1 along with the data source.

Relapse rates

Table 2 outlines the assumptions used in the study for the
probability of the first relapse that requires hospitaliza-
tion and relapse not requiring hospitalizations by adher-
ence category for each medication.

Treatment-emergent adverse events

To simulate the effects of antipsychotic treatment, the
model requires assumptions about the likelihood of
patients experiencing various types of treatment-related
adverse events, such as extrapyramidal symptoms (EPS),
clinically significant weight gain (defined as an increase
in weight of at least 7% from baseline weight), and dia-
betes. Table 3 outlines the initial assumptions about
treatment-related adverse events for each medication and
their data sources.

Medication Adverse events Source
EPS (%) Bodyweight gain (%) Any other (diabetes) (%)

Olanzapine 16 30 3 Ascher-Svanum et al. (US study) [22]
Risperidone 25 14 3

Aripiprazole 21 7 2

Olanzapine ODT 16 30 3

Risperidone ODT 25 14 3

Aripiprazole ODT 21 7 2

EPS extrapyramidal symptoms, ODT orally disintegrating tablet (formulation)
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Table 4 Utility values for health states
Medical condition Compliance Source

Compliant Partially Non-compliant

compliant

Stable 0.88 0.75 0.75 Ascher-Svanum et al. (US study) [22]
Relapse not requiring hospitalization 0.74 0.63 0.63
Relapse requiring hospitalization 0.53 0.53 042

Table 5 Economic input parameters; medication costs

Medication Cost Source
Olanzapine MAD 9.7 Morocco study
Risperidone MAD 9.6

Aripiprazole MAD 10.6

Olanzapine ODT MAD 11

Risperidone ODT MAD 19.4

Aripiprazole ODT MAD 13.7

ODT orally disintegrating tablet (formulation)

Utility and quality-adjusted life years

The model’s starting utility values for the nine potential
scenarios involving levels of adherence and relapse status
are presented in Table 4.

Medication cost

Daily dose amounts and medication expense are fre-
quently correlated. We used the daily dose levels reported
by psychiatrists in Morocco to ensure that schizophrenia
patients receive equivalent medication dosages. Table 5
shows the 2022 net wholesale price, which reflects the
baseline model assumptions for dosing and expense for
each drug. It demonstrates that ODT antipsychotics

Table 6 Healthcare resource utilization

are more expensive in Morocco as compared to SOT
equivalents.

Healthcare resource utilization

Table 6 provides information on the assumptions made
regarding the utilization of eight different types of medi-
cal services for 5 different patient results, along with the
sources of data used to generate this information.

Healthcare resource cost

Table 7 presents the initial expenses of each healthcare
resource used. The costs of each unit were adjusted for
inflation to reflect the value of the Moroccan MAD in
2022, employing the section of the consumer price index
that pertains to healthcare services.

Model outcome measures

Clinical outcomes

The model estimates three critical clinical outcomes:
the percentage of patients who experience an outpatient
relapse, those who experience an inpatient relapse, and
those who do not experience either an outpatient relapse
or an inpatient relapse (i.e., stable).

Resources Stable days Relapse rates Relapse rates EPS Body weight  Source
(per patient per  (not requiring (requiring per gain per
month) hospitalization) per hospitalization) per event event
event event
Hospitalisation 0 0 1 0 0 Ascher-Svanum et al. (US
Ambulatory care centre 0 125 1 0 0 study) [22]
Emergency department 0 1 1 0 0
Doctor visits 1 1 1 1 0.5
Psychiatric clinic visits 1.5 2 2 1 25
Hours of home care 0 2.75 2.75 0 0
Hours of group coun- 0.5 15 1.5 0 5
selling
Nutritionist visits 0 0 0 0 2.5

EPS extrapyramidal symptoms, ODT orally disintegrating tablet (formulation)
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Table 7 Healthcare resource cost
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Resources Cost/unit Source
Hospitalisation MAD 105830 Morocco study
Ambulatory care centre MAD 522042 Ascher-Svanum et al. (US study) [22]
Emergency department MAD 550.00 Morocco study
Any other: length of stay per admission MAD 265.00 Morocco study
Outpatient care
Doctor visits MAD 571 Morocco study
Psychiatric clinic visits MAD 550 Morocco study
Hours of home care MAD 854 Ascher-Svanum et al. (US study) [22]
Hours of group counselling MAD 740 Ascher-Svanum et al. (US study) [22]
Nutritionist visits MAD 250 Morocco study
Any other: medication MAD 229 Morocco study

Economic outcomes

The model reports mean total direct healthcare costs for
ODT formulation along with ODT plus SOT formulation
as a group for the all three antipsychotic drugs.

Cost-effectiveness information

The cost per one QALY gained for each medication
is the main measure of cost-effectiveness. Addition-
ally, the model computes incremental cost-effectiveness
ratios (ICERs), which are calculated by dividing the
cost variation by the variation in the proper measure of
effectiveness.

Sensitivity analysis

A one-way sensitivity analysis (OWSA) was conducted
by using sequential bifurcation, a process that iteratively
samples inputs and assesses the impact of each input
against a pre-determined cost threshold value, to deter-
mine what variables affecting total treatment costs war-
rant focus during sensitivity analyses. Additionally, to test
the robustness of the model concerning uncertainty in
model input parameters, a probabilistic sensitivity analy-
sis (PSA) is performed using a second-order Monte Carlo
simulation with 1000 iterations. Each key model param-
eter is given a theoretical probability distribution in this
analysis. A random number generator is used to draw
parameter values from each distribution, and these val-
ues are run through the model to generate a cost-effec-
tiveness scatter plot.

Results

Clinical outcome

The key clinical results for the base case are presented in
Fig. 2. In general, the ODT and ODT +SOT as a group
form of olanzapine were the most effective treatment

option based on the study results. This combination
resulted in the lowest percentages of outpatient relapse
(10%) and inpatient relapse (11%), as well as the highest
proportion of patients who remained stable and did not
experience a relapse during the study period (79%). The
study found that risperidone was the second most effec-
tive medication in terms of the clinical outcomes studied.
However, the ODT and ODT +SOT as a group form of
olanzapine resulted in the highest quality-adjusted life
years (QALYs). The study results suggest that all three
antipsychotic medications in ODT dosing form—olan-
zapine, risperidone, and aripiprazole—performed better
than their respective SOT dosing form.

Economic outcome

Figure 3 displays the direct healthcare costs for each
treatment group in the base case. The model predicted
that the mean total annual costs associated with olan-
zapine (ODT+SOT) and olanzapine ODT were the
lowest (MAD 6140 and MAD 3034), with aripiprazole
(ODT +SOT) and aripiprazole ODT having the second
lowest estimated total direct medical cost (MAD 7403
and 3675) followed by risperidone (ODT + SOT) and ris-
peridone ODT (MAD 7521 and 3710).

Cost-effectiveness

The cost-effectiveness results for the base case are
presented in Table 8. The results indicate that com-
pared to the combined group of ODT +SOT forms of
risperidone and aripiprazole, respectively, olanzap-
ine (ODT + SOT) group therapy was more effective in
terms of better QALYs and lesser direct costs. Table 8
provides direct comparisons between olanzapine
(ODT +SOT) therapy and other treatment options. The
findings suggest that olanzapine (ODT + SOT) therapy
was cost-effective when compared to the combined
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% of patients in each health state

ODT OLZ OLZ ODT RIS RIS ODT ARIP ARIP

H Never Relapsed  ®Inpatient Relapse = Qutpatient Relapse

Fig. 2 Relapse rates by treatment group. ARIP aripiprazole, ODT orally disintegrating tablet (formulation), OLZ olanzapine, RIS risperidone

TOTAL COST TOTAL COST
MAD7,521 MAD 7,403 MAD 4,500
MAD 8,000 VD 4,000 MAD 3,7IJVIAD 3,81]MAD 3167§VIAD 3,728
MAD 7,000 MAD 6,140 D 3'500 MAD3 034MAD 3,106
MAD 6,000 MAD 3,000
MAD 5,000 MAD 2,500
MAD 4,000 MAD 2,000
MAD 3,000 MAD 1,500
MAD 2,000 MAD 1,000
MAD 1,000 e
MAD 0 A 5 A 5 A s
¥ N
o o0 o0 & & & & &
00‘ 0 o R ¢ 'b& 0(‘0 Qé\ "O\Q &
a\"‘“e\ \6°“e\ ‘a1°\e\ F & F & ¢ o
0\3“1 ‘(\‘:Qe‘ p‘(‘\v\9 0\0 Q\QQ v$\Q
Fig. 3 Base case economic cost
Table 8 Base case cost-effectiveness results [intervention: group of ODT + SOT forms of risperidone (ICER: MAD
olanzapine (ODT + SOT)] 1,03,907), and ODT + SOT forms of aripiprazole (ICER:
Strategy Total cost (MAD) Total QALY ICER (cost/QALY) MAD 65,047).
The findings of the cost-effectiveness analysis for
%'fﬂDnTzangS? MAD 6140 1.5650 - the base case (Table 9) indicate that using olanzap-
; +‘d ) VIAD 7521 517 VAD 103907 ine ODT therapy instead of olanzapine SOT therapy
(C')SSTei S%nTe; ’ - ' resulted in lower costs (MAD 3034 compared to MAD
Aripiprazole MAD 7403 15456 — MAD 65,047 3106) and better health outcomes, as measured by the
(ODT+50T) QALYs metric (0.7916 compared to 0.7733). As per

ODT orally disintegrating tablet (formulation), QALY quality-adjusted life years, Table 9, when dlreCtly comparing olanzapme ODT

SOT standard oral tablet [willingness to pay (WTP) = MAD 250,832.40]
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Table 9 Base case cost-effectiveness results (intervention:
olanzapine ODT)

Strategy Total cost (MAD) Total QALY ICER (cost/QALY)
Olanzapine ODT ~ MAD 3034 0.7916 -

Olanzapine MAD 3106 0.7733 —MAD 3921
Risperidone ODT  MAD 3710 0.7850 —MAD 102,298
Risperidone MAD 3811 0.7666 —MAD 31,088
Aripiprazole ODT  MAD 3675 0.7822 —MAD 68,032
Aripiprazole MAD 3728 0.7633 —MAD 24,516

ODT orally disintegrating tablet (formulation), QALY quality-adjusted life years
[willingness to pay (WTP)=MAD 250,832.40]

to other therapies, olanzapine ODT was found to be
cost-effective compared to olanzapine SOT with an
ICER of MAD 3921, risperidone ODT with an ICER of
MAD 1,02,298, risperidone SOT with an ICER of MAD
31,088, and aripiprazole ODT or SOT formulations.

The relapse rates per treatment group are presented
in Table 10, which suggests that the cost-effectiveness
of both olanzapine ODT and olanzapine as a group
(including ODT and SOT) is mainly influenced by their
reduced percentages of relapse and a greater proportion
of patients those remain stable.

Sensitivity analyses results
1. One-way sensitivity analyses (OWSA)

Figures 5, 6, and 7 presents a tornado diagram that
illustrates how changes in individual parameter val-
ues affect the ICER, with a focus on the parameters
that have the greatest impact on the ICER within a
1-year time horizon.

a. Olanzapine (ODT+SOT) vs.
(ODT +SOT)

risperidone

The main parameter that had a significant
impact on the cost-effectiveness comparison
between olanzapine (ODT+SOT) and risperi-

Table 10 Base case relapse rates
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done (ODT +SOT) is depicted in Fig. 4. It was
observed that the utility value when the patient’s
condition is stable under non-compliance medi-
cation with lower and upper ICER — MAD 67,491
and —MAD 225,671 was the most significant
parameter among all the parameters measured.
The second most significant parameter was the
utility value when the patient’s condition was sta-
ble under partial compliance medication.

b. Olanzapine (ODT+SOT) vs. aripiprazole
(ODT +SOT)
Figure 5 displays the most important param-
eter that had a significant effect on the cost-
effectiveness comparison between olanzapine
(ODT +SOT) and aripiprazole (ODT +SOT). It
was observed that the utility value of the patient’s
stable condition under non-compliance medica-
tion with lower and upper ICER — MAD 35,985
and —MAD 338,119 was the most significant
parameter among all the parameters measured.
The second most significant parameter was the
utility value when the patient’s condition was sta-
ble under partial compliance.

c. Olanzapine ODT vs. olanzapine SOT
The main parameter that was found to have a
significant impact on the cost-effectiveness com-
parison between olanzapine ODT and olanzapine
SOT is illustrated in Fig. 6, which is the utility
value of stable condition when taking medication
as directed with lower and upper ICER —MAD
11,559 — MAD 2361 followed by the utility value
of stable condition under partial compliance.

2. Probabilistic sensitivity analyses (PSA)

In Fig. 7, a comparison of the costs and QALYs

of olanzapine (ODT+SOT) vs. risperidone

(ODT+SOT), and aripiprazole (ODT+SOT) is

presented through a cost-effectiveness plane. The

plot also includes the acceptability curves for these

medications. At willingness to pay threshold of MAD

250832.40, there is an almost 100% likelihood that

olanzapine (ODT +SOT) will be considered cost-

effective.

Proportion of stable patients (never

Relapse resulting in hospitalization ~ Relapse resulting in an

relapsed) (%) (%) ambulatory visit (%)
Olanzapine 79 11 10
Risperidone 62 19 19
Aripiprazole 50 26 24
ODT olanzapine 79 11 10
ODT risperidone 62 19 19
ODT aripiprazole 50 26 24
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-MAD 200,000 -MAD 100,000 MAD 0

Stable (non-compliant)

Stable (partial compliant)

ODT Olanzapine (Adherence rate - compliant)

ODT Risperidone (Adherence rate - compliant)
Stable (compliant)

Olanzapine (Adherence rate - compliant)
Risperidone (Adherence rate - compliant)
Frequency of relapse requiring hospitalization
Relapse not requiring hospitalization (non-compliant)

Relapse requiring hospitalization (non-compliant)

[ m Lower Bound = Upper Bound I

Fig. 4 Tornado diagram for the ICER of olanzapine (ODT + SOT) vs. risperidone (ODT +SOT)

-MAD 400,000

-MAD 300,000 -MAD 200,000 -MAD 100,000 MAD 0

Stable (non-compliant)

Stable (partial compliant)

Stable (compliant)

ODT Olanzapine (Adherence rate - compliant)

ODT Aripiprazole (Adherence rate - compliant)

Olanzapine (Adherence rate - compliant)

Aripiprazole (Adherence rate - compliant)

Frequency of relapse requiring hospitalization

Aripiprazole (Relapse rate not requiring hospitalization - partial compliant)

Relapse not requiring hospitalization (non-compliant)

I

[ mLower Bound = Upper Bound |

Fig. 5 Tornado diagram for the ICER of olanzapine (ODT + SOT) vs. aripiprazole (ODT + SOT)

In Fig. 8, a comparison of the costs and QALYs of
olanzapine ODT vs. olanzapine SOT, risperidone
ODT and SOT, aripiprazole ODT and SOT is pre-
sented through a cost-effectiveness plane. The plot
also includes the acceptability curves for these medi-
cations. At willingness to pay threshold of MAD
250832.40, the likelihood of olanzapine ODT to be
cost-effective is greater than 90%.

Discussion

This is the first study to be conducted for Morocco that
measures the cost effectiveness of a novel drug formu-
lation in the therapeutic management of schizophrenia
by analyzing the economic feasibility of an ODT with
its equivalent SOT formulation. Additionally, risperi-
done and aripiprazole, two other atypical antipsychotics
that are also readily accessible in ODT and SOT formu-
lations, were investigated alongside olanzapine ODT.
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Direct comparisons between olanzapine ODT and other
treatments revealed that olanzapine ODT was more cost
effective than olanzapine SOT with an ICER of MAD
3921, risperidone ODT with an ICER of MAD 1,02,298,
risperidone SOT with an ICER of MAD 31,088, and for-
mulations of aripiprazole ODT or SOT. In order to opti-
mize the credibility and accountability of the model, we
implemented one-way sensitivity analysis and probable
sensitivity analysis since the premise for the model was
variable compliance, persistence, and instances of relapse
to examine the model’s ambiguity and the stability of the
results and demonstrate the robustness of the base case
findings. This was done in order to optimize the validity
of the model and accountability.

The strength of our study stems from the way that the
model was adapted from the US scenario and broadly
addressed the same outcomes. Nonetheless, there is a

significant difference between our model and the pre-
ceding model. Previously published studies only made
individual comparisons between the olanzapine ODT
group and the olanzapine SOT formulations and other
treatment alternatives presented in ODT and SOT prepa-
rations [22, 29]. We have compared the combination of
both ODT and SOT formulations for each treatment
group. One of the limitations of this approach is that the
findings of the model are limited to branded medications
only and not applicable to any generic medications that
may be available in the market.

A fundamental tenet of the model was that higher ODT
adherence would result in better clinical outcomes, such
as a reduced likelihood of relapse and hospitalization,
and tailor the cost-effectiveness ratio. Olanzapine ODT
has been linked to improved patient dispositions towards
medication and improved medication adherence in both
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inpatient and outpatient settings, according to other
studies [21, 30]. The results of our cost-effectiveness
analysis are consistent with a recent cost-effectiveness
study comparing olanzapine and aripiprazole in SOT
formulations. [29] Although adherence had a substantial
impact on the range of outcomes, relapse necessitating
inpatient hospitalization—the most expensive aspect of
schizophrenia treatment—was the primary driver of the
model’s findings. A relationship between adherence and
relapse, however, may exist since increased adherence is
associated with a reduced probability of mental hospitali-
zation in schizophrenia assistance [31, 32].

One of the primary shortcomings of this study was
that it focused exclusively on acute therapy (success-
fully treated/relapse rate), drug costs alone, or a simple
model architecture. The first economic analysis of olan-
zapine in both ODT and SOT formulations is provided
to the decision-makers by this study. Second the study
does not include parenteral formulations like long term
injectables (LAIs) while evaluating the cost effectiveness
of oral formulations against olanzapine ODT. Given that
the primary objective of this research was to assess the
cost-effectiveness of ODT formulations against the SOT
formulation of olanzapine, LAIs were not considered for
this study. Also, there is limited to no published literature
available for Morocco, all data were sourced from peer-
reviewed literature and from a clinical expert panel com-
posed of experienced psychiatrists in Morocco. Another
drawback in our study was due to the fact that our work
was an adaptation of a previously published model, it
is only instinctual that the original model’s drawbacks
still apply. For example, some model input parameters

(such as QALYs by health states) lack published medi-
cal literature, the model has a 1-year time horizon even
though schizophrenia has a life-long course, and only
direct medical expenses are taken into account. Lastly,
we recognize that our model is adapted from a previously
published one, we have validated it using scientifically
accepted methods with data specific to Morocco. Our
research aimed to develop a model reflecting the Moroc-
can psychiatric landscape providing a practical tool for
decision/policy makers. To ensure that the model is tai-
lored as per the local context, our study included com-
prehensive data collection from Moroccan psychiatrists
and healthcare facilities. This collaboration ensured that
the model appropriately represents Moroccan-specific
clinical procedures and patient demographics. The par-
ticipation of regional practitioners strengthens the con-
textual relevance of our findings.

Conclusions

Results based on the model demonstrates that the use of
an antipsychotic medication in its ODT formulation is
more cost-effective than using its SOT formulation in the
treatment of schizophrenia. More precisely, olanzapine
ODT and olanzapine as a group (ODT +SOT) was found
to be more cost-effective than olanzapine SOT, risperi-
done and aripiprazole in either ODT or SOT formula-
tions or as a group (ODT +SOT). The model simulates
real-world treatment processes and provides projections
that should be used to inform decision-making processes
from the Morocco healthcare system perspective. How-
ever, the findings may require further validation when



Tazi et al. Annals of General Psychiatry (2024) 23:33

local scientific data on relevant parameters becomes
available for Morocco.
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