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ABSTRACT

Purpose: The work has been aimed at developing an interactive pharmacoeconomic tool that allows determining the cost and
consumption of the drugs used for treating schizophrenia and optimizing the cost based on the results of the comprehensive
pharmacoeconomic analysis. Materials and methods: The pharmacoeconomic methods used were as follows: the Cost of Illness
analysis, the Impact on the Budget analysis, the Cost and Efficacy analysis, the Cost Minimization analysis, and the ATC/DDD
methodology of the WHO. Results: The developed software is a tool for pharmacoeconomics managers. The user enters the initial data
for each patient, such as gender, age, treatment regimen, and duration of hospitalization. For calculating the cost, the data about the
purchase price of the drugs are entered. The application allows calculating the amount of the drugs taken by a patient, consumption
(NDDD/100 bed-days), and the cost of drug treatment. The cost can be summarized by certain criteria: by international nonproprietary
or commercial names, by the groups of drugs, by the hospitalization unit, by the disease code (international classification of discases
(ICD)-10), which allows controlling the costs of medical organizations and their structure. The obtained data can be used for the Cost
of Illness analysis, the Impact on the Budget analysis, the Cost and Efficacy analysis, the Cost and Practicability analysis, and the Cost
Minimization analysis. For this purpose, the data about the efficacy and the quality of life are provided by the user. Conclusion: The
application allows healthcare professionals to estimate, using the pharmacoeconomic approach, the cost of inpatient schizophrenia drug
treatment for both a single patient and the studied cohort of patients, and to manage the psychiatric medical organizations' costs amount
and structure.
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Introduction 539,644 patients applied for neuropsychiatric care, thus, the

incidence rate was about 0.4 % !"l. The emergence of new

. o expensive drugs increases the cost of drug treatment, which is a
Schizophrenia is one of the most common and costly mental ) ) )
. . . L ) problem for public health care. As such, according to domestic
disorders in the world. For instance, its incidence rate in the
studies, the economic costs may reach 0.5 % of the GDP or up

to 40 % of the budget allocated for mental health care PI.

Access this article online Healthcare reforms and changes in technology, government
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relationships with key stakeholders, impacting operations in

unforeseen ways 1. Pharmacy and Pharmacists play an essential

e role in well-being and health care . Providing pharmaceutical
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the state health care policy is aimed at satistying the needs of the
population and institutional consumers not only ineffective and
safe drugs but also in the most cost-efficient ones that ensure the
highest possible quality of life. Thus, the main goal of the health
care economy is the reasonable choice of rational utilization of
financial resources ¢,

The need for the development of pharmacoeconomics is
determined by the growing costs in health care, by the
emergence of new drugs that have significantly changed the
course of the diseases, and by the emergence of the
fundamentally new medical technologies that increase not only
the life expectancy but also its quality "),

With the emphasis on patient-oriented care, the practice of
pharmacy has undergone a marked

Evolution Bl According to the regulations in the field of
pharmacoeconomics and the outcomes of the studies, full
economic evaluation includes the Cost Minimization, the Cost
and Efficacy, and the Cost and Practicability analyses - '%; in the
authors’ manuals '), the main methods are the following: the
Impact on the Budget analysis, the Cost and Efficacy analysis, and
the Cost Minimization analysis. Pharmacoeconomic modeling,
which expands the practical use of pharmacoeconomic
assessment, is indispensable. The above methods of
pharmacoeconomics are the most popular today in public health
practice "2,

Currently, there is a need for monitoring and optimizing the cost
of drug treatment for patients with schizophrenia. Software
development using methods of the pharmacoeconomic analysis
will allow the rational use of limited economic resources of
psychiatric hospitals.

Today there are several applications used in pharmacoeconomic
studies, such as PharmCompile, PharmSuite, and RAOM
(Russian  Association of Oncological Mammology) online
calculator.

The PharmCompile application is intended for automated ABC
and VEN analyses of a range of drugs in medical organizations
and allows the retrospective analysis of the drug lists from the
perspective of the cost, vital importance, and frequency of drug
consumption 2],

The PharmSuite application allows performing ABC and VEN
analyses of the drugs separately by international names and trade
names concerning the dosage form and registration of side effects
13,

The RAOM online calculator is intended for the
pharmacoeconomic  analysis of the electronic RAOM
recommendations and allows calculating the cost of treatment
and assessing the need for drugs (in packages) based on the
entered characteristics and patient models. It also allows saving
user-profiles and performing the Impact on the Budget
pharmacoeconomic analysis '],

However, the above applications include individual elements of
pharmacoeconomic analysis and are intended for assessing the

cost of treatment for patients with other nosologies. Thus, the

development of software for integrated pharmacoeconomic

analysis in psychiatric practice is relevant.
The objectives of the study were the following:

1. Developing an algorithm for automating the process of
calculating the drug consumption and the cost of psychiatric
inpatient treatment of the patients with schizophrenia;

2. Developing an approach to cost optimization based on the
methods of Impact on the Budget, Cost, and Efficacy, and
Cost  Minimization ~pharmacoeconomic analyses for

inpatient care.

Methods

A toolkit has been developed for cost modeling with the use of
the Cost Microcalculation method for pharmacotherapy, the
Cost and Efficacy, and the Cost Minimization analyses, and
assessing the impact on the Budget using a continuous sample of
the patients with schizophrenia hospitalized to the psychiatric
hospital in Moscow (the International Classifier of Diseases code
is F20.0). On the example of the studied sample (n = 198), the
following ~ parameters were studied: the demographic
information (gender, age), the information about the drugs
prescribed (dosage, dosage frequency, and duration of therapy),
and the duration of patients' hospitalization.

The drug consumption was calculated and analyzed based on the
ATC/DDD methodology of the World Health Organization
(WHO). At the institutional level, the information about drug
consumption in the hospital segment was expressed as DDD/100
bed-days. The sources of the information about the number of
prescribed drugs were the patient’s medical history; the source
of defined daily doses (DDD) was the website of the WHO for
drug statistics

(https:/ /www .hocc.no/atc_ddd_index/). The cost of the drugs

methodology

was assessed from the state procurement data provided by the

hospital.

Results

To perform a pharmacoeconomic study and develop technical
specifications for creating the software, 198 case histories of the
patients with schizophrenia (ICD code F20.X) hospitalized to the
Korsakov Psychiatry Clinic were analyzed.

The developed pharmacoeconomic calculator has three blocks:
the block for entering the initial information, the data array, and
the results interpreting block. To assess the cost of drug
treatment, two approaches were implemented in the calculator:
the pharmacoeconomic analysis for the selected cohort of
patients concerning the individual characteristics of the patients
and the drug treatment regimens (Figure 1) and the independent
pharmacoeconomic analysis according to the standardized

treatment regimens (Figure 2).
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Figure 1: The pharmacoeconomic analysis based on the individual treatment regimens and the characteristics of the patient
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Figure 2: The independent pharmacoeconomic analysis (for standardized treatment regimens)

Functionally, the pharmacoeconomic calculator allows two
independent studies. For the pharmacoeconomic analysis
concerning the individual treatment regimens for the patients

with schizophrenia, the following information is entered:
— information about the patient,

— information about the treatment regimen.

The entered information is used for generating data arrays: the
database for each patient and the database of the drugs used.

Based on the generated data arrays, the cost and consumption of
drugs are calculated, and their pharmacoeconomic assessment is

made.

The first block involves entering information about the patient:
case history number, gender, age, disability group, unit, disease
code per international classifier (ICD-10), and duration of
hospitalization.

Also, the information about the drug treatment is entered: the
international nonproprietary number (INN) and the trade name
are selected, and the daily dose and the days of administration are
entered.

The second block is represented by data arrays: the database for
the prescribed drugs, into which the user enters the group of
drugs, the INN, the trade name, the dosage, the dates of drug

administration, and the database that contains information about
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the nomenclature of the drugs used: the name, the group, the The third block contains clinical and economic indicators: the

dosage, the drug form, the cost of packing, and the WHO DDD. total, the average (arithmetic mean), and the minimum and

The data entered for each patient are grouped into profiles and maximum duration of hospitalization in days, the number of drug

contain the following information: the number of drug prescriptions, and the cost in rubles (Table 1, 2).
prescriptions and the cost of drug treatment.

Table 1: The Cohort Characteristic window: 3" block

Clinical and economic indicators Total Min Max Average
Duration of hospitalization, days 13,986 3 217 70.64
The number of prescriptions 1,089 1 19 5.5
Cost, rubles 1,400,324.19 50.05 85,095.32 7,072.34
Table 2: The Cohort Characteristic window: 1** block
Sociodemographic characteristics General cohort male female
The number of patients 198 136 62
The average age 39.5 35.9 47.4
The number of patients with disabilities 118 81 37
including group 1 29 18 11
including group 2 81 57 24
including group 3 8 6 2
Without disability 80 55 25
The data about the socio-demographic characteristics of the This window also contains information about the patients'

patients (the total number of patients in the studied cohort, their allocation to clinical and statistical groups by the main diagnosis

average age, the number of the patients with disabilities according to ICD-10, based on the type of the disease (Table 3).
(including group 1, 2, and 3)) are presented both totally for the
studied cohort, and in the subgroups identified by the gender.

Table 3: The Cohort Characteristic window: 1** block - distribution of patients

Clinical statistics group ICD-10 code The absolute number of cases Share, %
Paranoid schizophrenia F20.0 156 78.88
Hebephrenic schizophrenia F20.1 5 2.53
Catatonic schizophrenia F20.2 3 1.52
Undifferentiated schizophrenia F20.3 5 2.53
Post schizophrenic depression F20.4 2 1.01
Simple schizophrenia F20.6 8 4.04
Other schizophrenia F20.8 19 9.60
For each group, information is provided about the patients' NDDD per 100 bed-days, and the frequency of prescribing the
distribution by units, concerning the gender and the discase drugs (Table 4). The obtained values are used for further

SCVCI‘ity. pharmacoeconomic assessment.

A separate application window provides an interpretation of the

results of calculating the need for packages, consumption in

Table 4: The Drugs Consumption window

Pharmacotherapeutic group (drug) Cost NDDD NDDD/100 The frequ.er'lcy
bed-days of prescribing
Anxiolytic and hypnotic drugs 1,531.33
Anxiolytic drugs 1,096.79
Clonazepam, 0.5 mg pills 48.44 3 0.17 4.17
Hypnotic drugs 214.53
Ivadal, 10 mg coated pills 214.53 5 0.29 4.17
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Hypnotic drugs and their combinations
Antidepressant drugs
ISRS antidepressant drugs
Paxil, 20 mg coated pills
Tricyclic antidepressants
Amitriptyline, 25 mg coated pills
Antipsychotic drugs
Atypical antipsychotic drugs
Abilify, 15 mg pills
Prolonged action antipsychotic drugs
Haloperidol decanoate oil solution for IM injection, 50
mg/ml, 1 ml
Typical antipsychotic drugs
Extrapyramidal Correctors
PK-Merz, 100 mg coated pills

Cyclodol, 2 mg pills

12,855.27
12,855.27

10,065.42

1,907.10 90 5.16 417
221.24 78.5 4.5 417
37,392.86 150 8.6 4.17
503.04 121.2 6.95 8.33
6,296.93

3,280.03

195.32 11.5 0.66 4.17

3,084.71 468.8 26.87 70.83

The third block provides the assessment of the total cost of the
drugs and the cost of each drug, which are grouped by clinical
and statistical groups, by the unit, or by the gender.

The by  the
pharmacotherapeutic groups is available for viewing in the form

of tables and charts (Figure 3, Table 5).

information  about cost distribution

Table 5: Cost distribution
Pharmacotherapeutic group

Cost, rubles Share, %

After entering the individual data for the studied cohort of
patients (n = 198) and calculating the costs, three types of
pharmacoeconomic  analysis ~ become  available:  Cost
Minimization, Cost and Efficacy, and Impact on the Budget.

The Cost Minimization analysis implies that the efficacy and
safety of the studied drugs are equal. In the Cost Minimization
analysis, two drug names (brand names) are compared, and the
difference between the costs of the two compared drugs is
calculated (Figure 4, Table 6). For instance, according to the
literature, olanzapine and clozapine do not differ in efficacy from

the standpoint of the exacerbations frequencys; it is, therefore,

Total 1,400,324.19
Antipsychotic drugs 1,206,892.49 86 %
Atypical antipsychotic drugs 1,037,828.88 including 86 %

Typical antipsychotic drugs 63,966.71 5%
Prolonged action antipsychotic drugs ~ 105,096.90 9%
Antidepressant drugs 76,853.12 5%
Anxiolytic and hypnotic drugs 25,382.39 2%
Mood stabilizing agents 42,816.97 3%
Extrapyramidal correctors 30,416.22 2%

Neurometabolic stimulants 4,598.31 0.33%

Neurotropic drugs 1,655.28 0.12%
Other drugs 11,709.41 1%

1%
m Antipsychotic drugs
B Antidepressant
B Anxiolytic and hypnotic drugs
B Mood stabilizing
M Extrapyramidal correct
B Neurometabolic stimulants
I Neurotropic drugs

I Other drugs

Figure 3: Cost distribution
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possible to use the comparative Cost Minimization
pharmacoeconomic analysis ['*'71,
Table 6: Cost Minimization analysis
Analogous drug Drug
Indicators
Olanzapine Clozapine
Cost per patient, rubles 5,083.2 1,239.6
Difference, rubles -3,843.6
Difference, % -76
8000
4
5 6000 5083,2
3
-
< 4000
2
& 2000 12396
i Difference
2 o0 |
% Analogous drug Drug
0 -2000
(§)
-4000 ’ B
-3843,6
-6000
M Analogousdrug  ® Drug W Difference

Figure 4: Performing the Cost Minimization analysis
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The results of the Cost Minimization analysis showed that the
cost per patient was higher with olanzapine, and the difference
between the costs of the two drugs (olanzapine and clozapine)
was -76 % (-3,843.60 rubles).

For the Cost and Efficacy analysis, two drugs are selected, and
the name and the value (in percent) of the efficacy criterion are
entered (e.g., for the patients with schizophrenia, it is advisable
to use the exacerbations frequency on the background of drug

treatment) '],

For the Cost and Efficacy analysis, 56 randomized controlled
studies from the literature data were analyzed I'*], of which five
direct studies of olanzapine and haloperidol were chosen,
including the three studies performed at the inpatient stage of
treatment, since for these drugs, the difference in their efficacy
was statistically veracious ["'l. The criterion of efficacy was the

absence of exacerbations during therapy (Table 7).

Table 7: The frequency of exacerbations and the efficacy of treating the schizophrenia with haloperidol and olanzapine ['*l

Study The number of patients The number of exacerbations, % Weight (W) Sources
Olanzapine (OLZ) Haloperidol (HAL)
RCS 1 166 19 11 0.1655 [19]
[20]
RCS 2 423 20 40 0.4217
(21]
RCS 3 414 12 22 0.4128
Total 1003 - -
The average number of exacerbations, % 17 28
Efficacy, % 83 72

For the Cost and Efficacy analysis, the data of the treatment
standard for the patients with schizophrenia were used:
schizophrenia in the acute (subacute) phase, with resistance, and
intolerance to the therapy. For instance, the average duration of
hospitalization was 60 days. The average therapeutic daily doses

for olanzapine and haloperidol were 15 and 20 mg, respectively
(2]

With the weighted average exacerbation rate of 17 % and 28 %
for olanzapine and haloperidol, respectively, the efficacy of the
therapy (the number of prevented exacerbations) was 83 % and
72 % for olanzapine and haloperidol, respectively.

The results of the pharmacoeconomic analysis are presented in
the form of the cost-effectiveness ratio (CER) and incremental
cost-effectiveness ratio (ICER) (Table 8).

Table 8: The results of the Cost and Efficacy analysis

Indicators

Analogous drug Drug

Trade name
INN
The average cost per patient, rubles
Difference, rubles
Ef, %
Ef difference
CER

ICER

Haloperidol, 10 mg pills

Zalasta, 10 mg pills

Haloperidol Olanzapine
113.45 5,083.20
4,969.75
72 83
11
157.57 6,124.34
45,179.50

Thus, the results of the Cost and Efficacy pharmacoeconomic
analysis for individual treatment regimens show that the ICER
amounted to 45,179.5 rubles.

The results of the Cost Minimization and Cost and Efficacy
pharmacoeconomic analyses may be further used for the Impact
on the Budget analysis. The application calculates the initial

parameters of the model: the frequency of drug prescriptions and

the cost of therapy for the studied cohort of patients (n = 198),
after which the user sets the desired frequency of the drug
prescriptions.

The Impact on the Budget analysis is based on the assumption that
the average number of DDD doses per patient remains
unchanged. The results of the analysis are shown in tables and

graphs (Figure 5, Table 9).
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Table 9: Results of the Impact on the Budget analysis

The Impact on the

The Impact on the

Indicators Initial data Indicators Initial data
Budget Budget
Inpatient care cost,
Drug 1 275,575.17 141,320.60 1,447,601.16 1,320,906.33
rubles
Drug 2 6,763.98 14,303.72 Difference, rubles -126,694.83
Total for the two drugs, .
282,339.15 115,644.32 Difference, % -8.8
rubles.
Difference, rubles -126,694.83
Difference, % -45
1600 000,00P 1447 601,16 Table 11: The results of the independent Cost Minimization
1400000,00P 1320906,337 pharmacoeconomic analysis
1200800.0% Indicators Analogous drug Drug
1000000,00P
Cost per patient 14,523.43 1,789.13
800000,00P
Difference, rubles -12,734.30
600000,00P
400000,009 Difference, % -87.7
0,009 - Difference, rubles s ia0
Initial data  The Impact on the Budget | 15000.00P /
ZR00d0.00% 126694,838
-400000,00P 10000,009
Figure 5: Results of the Impact on the Budget analysis
5000,00P
1789,13P
For instance, with increasing the frequency of prescribing the _ Difference, rubles
more effective and expensive olanzapine by 19 %, a decrease in 0007
0 . Analogous drug Drug
the cost by 45 % (126,694.83 rubles) will be observed due to a —
decrease in the haloperidol prescribing frequency. '
The results of the Impact on the Budget pharmacoeconomic -10000,00P
analysis are indexed for the user-specified value (Table 10).
-15000,00P -12734,30P

Table 10: Cost indexation of the Impact on the Budget

analysis

Price adjustment i
. Inpatient care cost, rubles
coefficient

BEFORE AFTER

Adjust cost by 5 % 1,519,981.22 1,393,286.83

For instance, with an inflation rate of 5 %, the predicted budget
after the analysis would amount to 1,393,286.39 rubles, and the
cost of treatment would decrease by 8.3 %.

The third block of the calculator also implements the possibility
of independent pharmacoeconomic analyses via entering new
data per patient.

For the independent Cost Minimization analysis, the initial data
about the drugs are entered: the dose per administration, the
dosage frequency, and the number of the days of administration.
The application calculates the cost per patient and the difference
between the costs of the two drugs. The results of the Cost
Minimization analysis for the drugs with equal efficacy (clozapine

and olanzapine) are shown on the chart in Figure 6 and Table 11.

Figure 6: The results of the independent Cost Minimization

pharmacoeconomic analysis

For instance, in the independent Cost Minimization analysis, the
difference between the costs of olanzapine and clozapine was -
87.7 % (-12,734.30 rubles).

For the Cost and Efficacy analysis, two drugs are selected, and
the name and the value (in percent) of the efficacy criterion are
entered (e.g., for the patients with schizophrenia, it is advisable
to use the exacerbations frequency on the background of drug
treatment) "1,

The weighted average efficacy of therapy (the number of
exacerbations) was 72 % and 83% for haloperidol and

olanzapine, respectively.

Table 12: The results of the independent Cost and Efficacy

pharmacoeconomic analysis

Indicators Analogous drug Drug

Haloperidol, 10
mg pills

Trade name Zalasta, 10 mg pills

INN Haloperidol Olanzapine
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The average cost per patient,

163.37 14,523.43
rubles
Difference, rubles 14,360.06
Ef, % 72 83
Ef difference 11
CER 226.90 17,498.11
ICER 130,546.01

The independent Cost and Efficacy analysis showed that
haloperidol was less expensive, but olanzapine was more
effective for preventing exacerbations; compared to haloperidol,
its ICER was 130,546.01 rubles (Table 12).

The results of the Cost and Efficacy pharmacoeconomic analysis
can be used for modeling the economic consequences of
increasing the frequency of using a more effective drug treatment
technology.

For the independent Impact on the Budget analysis, the INN and
the dosage form of the drug are chosen, and the dosage per
patient, the dosage frequency, the number of days of the
administration, and a hypothetical cohort of patients are entered.
The results of the independent pharmacoeconomic analysis are

shown graphically (Figure 7, Table 13).

Table 13: The result of the independent Impact on the

Budget pharmacoeconomic analysis

Cost per patient, The Impact on

Indicat Initial dat.
ndicators rubles nital data the Budget
Drug 1 416.30 33,303.94 29,140.94
Drug 2 14,868.51 1,784,221.71 1,932,906.86
Total 1,817,525.65 1,962,047.80
Difference 144,522.15
Difference, % 7.95
2500000,00P
1962 047,80
2000000007 1817525,65P
1500 000,00P
1000000,00P
500000,00P
144522,15P
0,00 —
Initial data The Impact on the Budget Difference, rubles

Figure 7: The result of the independent Impact on the Budget

pharmacoeconomic analysis

Further, the Impact on the Budget analysis showed that
increasing the frequency of prescribing the more effective and
more expensive olanzapine by 5 % would increase the cost by
7.95% due to decreasing the frequency of prescribing
haloperidol (Figure 6).

Conclusions

The developed interactive software expands the possibilities of
the pharmacoeconomic analysis, increases the efficiency of
presenting the results, and is necessary for various health care
professionals, as well as for the people engaged in planning the
budget in the health care sector at various management levels,
including CEOs of medical care organizations. The analytical
model can be a tool of the pharmacoeconomics manager engaged
in pharmacoeconomic assessment for the rational use of the
economic resources of a psychiatric clinic with the use of the
following methods: the Impact on the Budget analysis, the Cost

and Efficacy analysis, and the Cost Minimization analysis.
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