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Topic № 4 "Mathematical modeling in pharmacoeconomics. Markov's mathematical model".
1. Relevance of the topic. In the XXI century, the modeling method is used in various fields, plays a key role in the economic evaluation of health programs, because it allows you to integrate clinical research data with economic indicators used in decision-making in the medical field.

In some cases, when the problem of choice is associated with a constant risk and the time factor plays a significant role in choosing the optimal alternative, building a decision tree is not the best way to justify certain medical interventions. The Markov model is used to solve such problems. Markov model is a method of mathematical modeling of complex multicomponent systems, when there is a synchronization of events in this system and when important events can occur repeatedly.
2. Specific objectives: 
· know the definition of "mathematical modeling";
· characterize basic principles of mathematical modeling;

· explain the types of modeling, objects and stages;

· know abouteffective prerequisites for the use of modeling in pharmacoeconomics;

· characterize the practical significance of mathematical modeling in pharmacoeconomic analysis;

· explain the principle of the method "Markov's mathematical model" and the scope;

· know the concepts of Markov cycles, Markov states, Markov assumptions, termination of the Markov process. 

· to build a model "tree of Markov cycles";

· to conduct a pharmacoeconomic evaluation of treatment using the Markov method on the example of individual diseases.
3. Basic basic knowledge, skills, abilities that are necessary for independent study and mastering of the topic and which are based on interdisciplinary connections:
Interdisciplinary integration:
	Names of previous disciplines
	Acquired skills:

	Higher mathematics
	- perform mathematical calculations.

	Pharmacology
	- know information about the pharmacological effects of drugs 

- to analyze research on the effectiveness of drugs, their safety.

	Higher mathematics
	- solve problems using the method of mathematical modeling.

	Organization and economics of pharmacy
	- describe the principles of pharmaceutical care.

	Information technologies in pharmacy
	- use medical programs to build diagrams and charts in solving problems.


4. Tasks for independent work in preparation for the lesson

4.1. The list of the basic terms, parameters, characteristics which the student should master at preparation for employment:

	Term
	Definition of the term

	Modeling
	analytical methodology, which consists of the development of events over time in the population (population) and is based on data obtained from primary and secondary sources, the main purpose of which is to assess the effectiveness of pharmacotherapy for health and related costs.

	The modeling methodology includes the following stages:


	1. Development of an algorithm for the course of the disease;

2. Determining the probability of individual areas (phenomena, events, etc.);

3. Supplementing each area with economic data.

	Markov model
	 it is a transition from one state to another, with the assumption that all people are healthy (complete health), and at the time of detection of the disease, they move to another state. Some patients have earlier stages and move to later stages of the disease, and some, on the contrary, from later stages to earlier due to active treatment. The patient is always in a certain state, the so-called Markov states.
Markov models are evaluated by matrix methods, ie by contingent modeling or Monte Carlo method. The time interval of the study is divided into equal time units, which are called Markov cycles. The duration of the cycle is chosen so that the period of time has a certain value (for example, the stage of the disease). During each cycle, the patient moves from one state to another, ie determine the percentage of patients at each stage of the disease who are cured, have complications and / or die. The Markov process is determined by the probability distribution between the initial conditions and the degree of transition probability for individual groups of patients.


4.2. Theoretical questions for the lesson:
1. Mathematical modeling: concepts, basic principles. Objects and types of modeling.

2. Voleffective prerequisites for the use of modeling in pharmacoeconomics. 

3. Stages of modeling. 

4. The practical significance of mathematical modeling in pharmacoeconomic analysis.

5. Mathematical model of Markov: the principle of the method, scope. 

6. The concept of Markov cycles, Markov states, Markov assumption, termination of the Markov process.

7. Construction of the model "tree of Markov cycles". 

8. Pharmacoeconomic evaluation of treatment using the Markov method on the example of individual diseases.
4.3. Practical works (tasks) that will be performed in class:

Task 1. Indicate in which situations the method of mathematical modeling is used instead of the "decision tree"
Task 2. Schematically depict:
1) the transition between health conditions in the Markov model;

2) "Tree of Markov cycles".
5. Content of the topic:
- literary sources that detail the content of the topic:
· Pharmacoeconomics: from theory to practice / edited by Renée J.G. Arnold. Description: Second edition. | Milton Park, Abingdon, Oxon; Boca Raton, FL : CRC Press, [2020]. 320 p.

· Clinical Pharmacy Education, Practice and Research: Clinical Pharmacy, Drug Information, Pharmacovigilance, Pharmacoeconomics and Clinical Research/ edited by Dixon Thomas, Elsevier Inc. 2019. 516 p.

· Rascati KL. Essentials of Pharmacoeconomics. Philadelphia: Lippincott Williams & Wilkins; 2015. 295 p. URL: https://docplayer.net/89684649-Essentials-of-pharmacoeconomics.html

6. Recommended reading:

Sources of the literature

Basic

1. Pharmacoeconomics: from theory to practice / edited by Renée J.G. Arnold. Description: Second edition. | Milton Park, Abingdon, Oxon; Boca Raton, FL : CRC Press, [2020]. 320 p.

2. Clinical Pharmacy Education, Practice and Research: Clinical Pharmacy, Drug Information, Pharmacovigilance, Pharmacoeconomics and Clinical Research/ edited by Dixon Thomas, Elsevier Inc. 2019. 516 p.
3. Isao Kamae. Health Technology Assessment in Japan: Policy, Pharmacoeconomic Methods and Guidelines, Value, and Beyond/ The University of Tokyo, Japan. Springer Nature Singapore Pte Ltd. 2019. 269 p.

4. SIAPS. 2017. Applying Principles of Pharmacoeconomics to Improve Medical Product Selection and Use in Low- and Middle-income Countries: Trainer’s Guide. Submitted by the Systems for Improved Access to Pharmaceuticals and Services Program to the US Agency for International Development. 89 p.

Additional
1. Rascati KL. Essentials of Pharmacoeconomics. Philadelphia: Lippincott Williams & Wilkins; 2015. 295 p. URL: https://docplayer.net/89684649-Essentials-of-pharmacoeconomics.html

2. Methodical approaches to teaching pharmacoeconomics at the faculty of pharmacy/ Vyshnytska Iryna, Unhurian Liana, Bieliaieva Oksana, Smyrnova Olha. Scientific foundations of modern pedagogy: collective monograph / Bets I., Bets Yu., Filippov M., etc. Іnternational Science Group. Boston: Primedia eLaunch, 2020. P. 76-82 Available at: DOI: 10.46299/isg.2020.MONO.PED.II 
3. Hashemi-Meshkini A, ShekoufehNikfar S, Glaser E, Jamshidi A, Hosseini SA. Cost-Effectiveness Analysis of Tocilizumabin Comparison with Infliximab in Iranian Rheumatoid Arthritis Patients with Inadequate Response to DMARDs: A Multistage Markov Model. Value in Health Regional Issues. 9C (2016), p. 42–48.

4. Mueller D, Tivey D, Croce D. Health-technology assessment: Its role in strengthening health systems in developing countries Strengthen Health Syst 2017; 2(1). P. 6–11.

Information resources, including the Internet

1. Chootipongchaivat S. Tritasavit N, Luz A, Teerawattananon Y, Tantivess S. Policy Brief and Working Paper. Conducive Factors to the Development of Health Technology Assessment in Asia. January 2016. URL: http://www.idsihealth.org/wp- content/uploads/2016/02/CONDUCIVE-FACTORS-TO-THE-DEVELOPMENT_resize.pdf.

2. Compendium online. URL: https://compendium.com.ua/

3. FDA [Е-resource]. - Access: https://www.fda.gov

4. International Society for Pharmacoeconomic and Outcomes Research (ISPOR). URL: https://www.ispor.org/

5. Investopedia. Opportunity cost. URL: https://www.investopedia.com/terms/o/opportunitycost.asp.

6. Marseille E, Larson B, Kazi DS, Kahnj JG, Rosen S. Thresholds for the cost-effectiveness of interventions: alternative approaches. URL: http://www.who.int/bulletin/volumes/93/2/14-138206/en/.

7. National library of medicine. URL: https://pubmed.ncbi.nlm.nih.gov/

8. TreeAge. URL: https://www.treeage.com/. 

9. World Health Organization. URL: http://www.who.int/ 

7. Materials for self-control.
7.1. Questions for self-control.
1. Define "Mathematical modeling".

2. Describe the purpose, objectives, scope of mathematical modeling. 

3. What are the objects, types and stages of modeling.

4. Specify abouteffective prerequisites for the use of modeling in pharmacoeconomics. 

5. Define the "Mathematical model of Markov".

6. Describe the principle of the method, scope.

7. Define the concepts of Markov cycles, Markov states, Markov assumptions, termination of the Markov process. 

8. Specify the features of the construction of the model "tree of Markov cycles". 
7.2. Test tasks for self-control
1. Method of mathematical modeling of clinical situations for acceptance The decision to choose the optimal medical technology, which involves comparing the consequences for the patient and the economic costs of medical technology, is called:

A
 Analysis of decisions 
B
 Markov model 
C
 Meta-analysis 
D
 The Donabedian Triad 
E
"Equivalent exchange" 

2. Indicate which Markov states exist:

A. Complete health, stages of the disease, death 

B. Disease, death

C. Diseases, treatment

D. Health, death

E. There is no correct answer

3. Indicate what types of modeling in pharmacoeconomics exist:

A
. Physical, mathematical
B
.Chemical, physical
C. Mathematical, biological
D. Economic, physical 
E. Mathematical, projection 

4. The rules for constructing specific models are denoted by the term:

A. "Correction"

B. "Assumptions"

C. "Assumptions"

D. No deadline is set

E. There is no correct answer

8. Individual tasks for students on the topic of the lesson.

8.1. Writing abstracts
1. The practical significance of mathematical modeling in pharmacoeconomic analysis.

2. Pharmacoeconomic evaluation of treatment using the Markov method on the example of individual diseases.

