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Purpose: Stimulating cost reduction of pharmaceutical companies to optimize the structure
of distribution of patients by the level of treatment costs in various programs.

Patients and Methods: In this article, we rise up the issues of pharmacoeconomic
modeling related to the description of the patient flows in the pharmacoeconomic model
and methods to determining the course dose of drugs under the restriction of integer
computations. We established two possible ways of distributing patients through treatment
regimens in pharmacoeconomic models, also analyzed the effects of simultaneous and uni-
form entry of patients into the model. Also, we considered the limitations and possibilities of
calculations based on the active substance and packaging, as well as the transition factor of
the remainder of the drug in the next time period.

Results: A mathematical model of the analysis of the system assessment of patients by
the level of risk of abandoning a healthy lifestyle in connection with the growing
problems of the difficult-to-control process is developed. The use of a rational data
convolution mode allowed us to obtain a criterion for the optimality of the process and
a logical point of stability of the pharmaceutical company by rationally applying treat-
ment methods according to established standards (percentage base). This approach makes
it possible to influence the management of private clinics through clear ideas on the
algorithms for prescribing drugs in each group of patients and their zoning in the vector
recovery mode.

Conclusion: Initial data and sample size: 552 measurements of the intervals of changes
in the subject’s indicators in seconds (smoothing and scaling the data to the level of the
base (analytical) period or the final (barrier) period). Regular use of this approach makes
it possible to reserve the resources of the body of a healthy and physically active person
in a timely manner for a very reliable functioning of all body systems, taking into
account the dosed intake of prescribed drugs and the conditions of comfortable (decent)
maintenance of patients during the course of treatment according to the method chosen
by the doctor.

Keywords: pharmacoeconomic modelling, pharmacoeconomic model, number of patients,

patient flow, patient distribution, budget impact analysis, purchase requisition

Introduction

The use of interactive pharmacoeconomic models makes clinical and economic
assessment more convenient for practical use: the presence of variable parameters
in the model (such as cost characteristics, number of patients, distribution of

patients between treatment regimens) and the possibility of real-time substitution
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of actual values in them significantly increases the value of
the obtained conclusions.'® Of particular importance is
this
analysis.”° Practice has shown that the pharmacoeco-

opportunity when conducting budget impact
nomic models that allow not only to analyze the impact
budget, but also to form an application template for the
exact volumes of drugs (DP) in kind, are most in demand
by healthcare organizers, especially at the regional level of
the healthcare system and for inpatient settings, necessary
to meet the needs of a given number of patients.'’

The current situation reflects the trend towards a deeper
immersion of the pharmacoeconomics in the process of
organizing drug provision, in which pharmacoeconomic
models should not provide an abstract assessment of
drugs, but an assessment carried out taking into account
the characteristics and limitations of specific drug provi-
sion programs or conditions for the provision of medical
care.""'* The development of pharmacoeconomic model-
ing in this direction raises a number of methodological
issues for calculating the number and distribution of
patients and the exact volume of drugs that we would
like to highlight in this publication.

Pharmacoeconomic calculations carried out at the fed-
eral level (with the exception of rare diseases and other
cases with a minimal number of patients, for example,
when a medicine is used in a narrow subgroup of patients)
for the country as a whole, taking into account regional
differences, initially present an average clinical and eco-
nomic assessment of drugs; the interval of its possible
deviations from the presented average value is set as part
of the sensitivity analysis.''> The implementation of the
option to form an application in such models is impracti-
cal, since this process, within the framework of the current
system for organizing drug provision, belongs to the
authorities of the constituent entities of the state (on an
outpatient basis) and medical institutions (on an inpatient
basis).'® Therefore, for decision-makers at the regional
level of the healthcare system and at the level of individual
medical institutions, comprehensive budget impact analy-
sis models with the possibility of generating an application
can be a useful tool. Adding an option to form an applica-
tion defines the key principles of calculations in the phar-
macoeconomic model: they must be integer, since patients
and drug packaging are indivisible. These principles are
implemented by rounding up to an integer in the calcula-
tion of patients and the number of packages.

At the same time, for pharmacoeconomic models that
evaluate on an outpatient level of medical care, for

a methodologically accurate calculation, it becomes criti-
cally important to take into account the necessary medica-
tion based on the number of packages, while under
stationary conditions, in some cases, these calculations can
be performed based on the required amount of active sub-
stance (for example for injectable forms), which reflects the
permissibility of using one package of the drug for several
patients in the inpatient treatment (if it is not contrary to the
instructions for medical use of the drug).

Advanced information issues of assessing the dynamic
series of indicators of medical diagnostic devices gives
physically active citizens the opportunity to diagnose the
problem themselves at an early stage and take measures to
restore it.!” Functional-diagnostic monitoring and analysis
of the level of indicators of vital systems of the body is
especially important for sports medicine fitness instructors
and people interested in a healthy lifestyle. Activity and
regular exercise helps to reduce energy consumption and
trains muscles, bones, nerves, and blood vessels.

The prospects for analyzing the level of dynamic per-
ception of medicines by the body of a prepared (trained)
and ordinary person, for whom the maximum calorie
intake does not exceed 1800 (with a weight of about
55 kg), are very optimistic: people are looking for
of health which
a mathematical description of the process of taking drugs
that heal the human body.

Overload in the work of the physiological structures of

a balance indicators, requires

the body leads to a malfunction of all organs, at the same
time, the lack of strength, mental and cardio load, can lead to
a change in the status of the client from the “healthy” mode to
the “health difficulties” mode, if not to say more strictly.

Structural analysis: goals, objectives, hypothesis.

The purpose of the article is to build an information
system for assessing the level of costs for drug treatment
of a patient at any stage of the problem.

The hypothesis of the article. Modeling and evaluating
the dynamics of important indicators and the use of phar-
maceuticals of the desired effect will allow patients to
emigrate to a lower-risk area and use a milder treatment
regimen than originally recommended.

Patients and Methods
Pharmacoeconomic assessment is comparative in nature,
therefore, in pharmacoeconomic models, when analyzing
the “budget impact”, patients are distributed between the
considered. Let us

alternatives look on possible

approaches to patient distribution by the example of

6 7 4 https:

Dove!

ClinicoEconomics and Outcomes Research 2021:13


https://www.dovepress.com
https://www.dovepress.com

Dove

Yagudina et al

rheumatoid arthritis (RA) patient distribution according
to deidentified data of register of patients with rheuma-
toid arthritis of Ministry of Health of Nijegorodskaya
Oblast the
Federation). Therefore, our study used retrospective man-

(one of typical region of Russian
agement data on the distribution of patients between
treatment regimens, which was obtained on the basis of
real clinical practice in the previous period prior to the
start of our study, hence approval of the ethics committee
is not required. There are two ways to distribute patients
in the model: by directly entering the estimated number
of patients in each treatment regimen, that presented by
Figure 1A, or on the basis of the product of the total
number of patients and the estimated shares (%) in each
treatment regimen, demonstrated by Figure 1B. The first
method is simpler for calculations, but is more suitable
for cases where patient distribution data are available
accurate to the patient. The second of the indicated meth-
ods seems to be more functional and universal, in which
it is required to enter only the total number of patients,
and the value of the patient shares in each of the schemes
changes in the pharmacoeconomic model as part of the
analysis of possible situations. Figure 1B pointed, that the

use of integer calculations of the number of patients
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distributed between the analyzed treatment regimens
based on the total number of patients and shares in the
pharmacoeconomic model is associated with a possible
discrepancy between the total number of patients intro-
duced initially and obtained as the total number of
patients in individual treatment regimens.

This discrepancy is due to the fact that rounding up to
an integer number of patients on each of the treatment
regimens in the model is accompanied by the appearance
of an “additional” patient (later in this article we will use
this phrase in this sense).

Taking into account that the exchange rate for treating
a patient with modern drugs can reach millions of rubles, it
becomes relevant to adjust the model calculations that
appear when rounding “additional patients”. There are
several options for correcting this mismatch:

e Subtraction of “additional” patients who appeared
due to rounding up from the number of patients in the
treatment regimen with the smallest proportion of
distribution;

e Subtraction of “additional” patients who appeared
due to rounding up from the number of patients in the
treatment regimen with the highest proportion of
distribution;

DISTRIBUTION
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* AFTER AROUND

UP, PEOPLE
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NUMBER OF ADDED PATIENTS: 62-59 = 3

Figure | lllustration of possible ways of patient distribution in the pharmacoeconomic model (Figure |A: by directly entering the estimated number of patients in each
treatment regimen, Figure IB: on the basis of the product of the total number of patients and the estimated shares (%) in each treatment regimen).
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e Subtracting the “additional” patients that appeared
due to rounding up from the number of patients in the least
expensive scheme.

The methodology of the article is as follows: modeling
and evaluating the dynamics of important indicators will
allow us to interpret and justify the level of the optimal
dose of the drug in each group. According to the authors,
all body systems and tissues are capable of recovery, but
the timing and mode are different and individual. It is
important to balance the cost of drugs for the optimal
dose of treatment of patients of each group.

Results

From our point of view, all three of these approaches can be
applied in pharmacoeconomic modeling, but subject to
appropriate justification and reflection in the model descrip-
tion section. The first approach reflects the frequency logic
of the distribution of patients, according to which, the
smaller the proportion of patients in the treatment regimen,
the less patients should be on it and, therefore, the “addi-
tional patients” should be removed from this treatment regi-
men. However, with a small number of patients and several
treatment regimens, this approach can lead to a negative

number of patients in the circuit from which “additional
patients” are subtracted. Let us turn to the example in
Figure 1B, according to which the smallest proportion of
patients is established for Baricitinib, which corresponds to
2 patients; the number of “additional patients” is 3 people,
therefore, after adjusting this method, the number of
patients at Baricitinib will be —1 patient. In such situations,
the second approach seems to be the best choice, which
allows you to circumvent the identified problem. However,
it should be borne in mind that its use will lead to an
increase in the share of treatment regimens with low pro-
portions of patient distribution. From the point of view of
the analysis of the “impact on the budget”, the correction of
“additional” patients by reducing the number of patients in
the least expensive treatment regimen (if the condition is
fulfilled that this will not lead to a negative number of
patients in the regimen) may be more relevant. If we sup-
plement the above example with data on cost of treatment
course for each of the treatment options (based on prices of
compulsory insurance fund of Nijegorodskaya oblast), we
can demonstrate in Table 1, how the use of each of the
described approaches determines the results of the budget
impact analysis.

Table | The Results of the Budget Impact Analysis When Using Various Approaches to the Adjustment of “Additional Patients”

Treatment Subtraction from the Subtraction from the Subtraction from the

Cost per Regimen with the Smallest Regimen with the Largest Regimen with the Least

Patient, RUB. | Share of Distribution Share of Distribution Expensive Regimen
Adjustment approach | 1l n

The number of patients in each of the regimens after adjustment
BARICITINIB 634,105 =1 2
TOCILIZUMAB 590,764 5 5
GOLIMUMAB 450,835 24 24 24
ADALIMUMAB 128,495 12 12 12
TOFACITINIB 125,323 8 8 5
SARILUMAB 133,117 I I I
Budget impact analysis results, RUB

BARICITINIB —634,105 1,268,210 1,268,210
TOCILIZUMAB 2,953,820 2,953,820 2,953,820
GOLIMUMAB 10,820,040 10,820,040 10,820,040
ADALIMUMAB 1,541,940 1,541,940 1,541,940
TOFACITINIB 1,002,584 1,002,584 626,615
SARILUMAB 1,464,287 1,464,287 1,464,287
Total 17,148,566 17,698,376 18,674,912
Deviation of results 81 52
from approach I, %
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The data in Table 1 show that when subtracting the
“additional” patients from the number of patients at
Baricitinib (with the smallest share in the distribution),
a negative number of patients appears in this scheme,
which is the reason for the error in the further calculation
of the “budget impact” analysis. A comparison of the
results of the second and third methods of correction of
“additional” patients shows that when they decrease from
the number of patients in the scheme with the lowest cost,
the calculated budget is higher (18.7 million rubles) than
when they decrease from the number of patients in the
scheme with the largest share in the distribution
(17.7 million rubles), which reflects the effect of the
greater weight of the cost factor in the calculations.

Another aspect related to taking into account the number
of patients in pharmacoeconomic models is the duration of
entry into the patient model. In pharmacoeconomic models,
the default assumption is usually that patients enter at a time.
Such an assumption is justified when conducting
a pharmacoeconomic assessment at the federal level, but it
begins to have a serious impact on the results of the budget
impact analysis, especially when implementing the option to
form an application for the regional level of the healthcare
system or at the health facility level. Obviously, the situation
of patients entering the model at one time is abstract, while in
reality patients enter the process of preferential drug provi-
sion throughout the entire considered time period, and thus
the volume of a real application is lower when analyzing
a fixed number of patients introduced into the model for the
reporting period. Obviously, in a real situation, this effect is
offset by patients moving from the previous time period to
the current one, thereby forming the average annual amount
of drug consumption with a dynamics corresponding to the
incidence rate.

Mathematical Method
In the first stage of the analysis, scaling is performed as the
difference between the cost level and the minimum cost,
divided by the difference between the maximum and mini-
mum. Specific indicators are calculated. To avoid null
values, a unit is added to each metric.
The technology 6, ... 6, usage shares are calculated as
a result of solving the following minimax problem.
max;—y, . a(Vif;)—min(6€D).
where D={6=(0,, ...,0,)eR™0,+ ... +0,=1}.
The solution of the problem is determined by the

Q)

formulas:

0; =1/(V; (1/V)+ ... H(1/VY)), i=1, ...n. 2)

For this technology, we use the accepted level of med-
ication costs:

P,=0;P. 3)

At the second stage of the analysis, the obtained shares
(2) are recalculated taking into account the volume of
patients served q.

We denote by the

wi=1/(q; (1/ q + ... 1/ qp)), i=1, ...,n. @)

correction factor for the volume of patients served for
the i-th technology (it is clear that the sum of the coeffi-
cients for all is one). Perform the correction of fractions
from 6 from (2) to 00, see (5).

00;=0;w;/(0,w; + ... + 0,w,)), i=1, ...,n, (5)

(the sum of the coefficients is one). The calculations
are presented in Table 2.

While pharmacoeconomic models from the perspective
of patient input are cohort, they do not take into account
the transition of patients from the time period preceding
the one considered in the model. From our point of view,
an alternative solution to this problem can be the use of
a correction factor in the pharmacoeconomic model,

Table 2 Calculations of Distribution Patients by Level of Treatment Costs in Various Schemes

Scheme Srtucture of Treatment 01 Based at | Volume_Risk- | Subtraction from the | Patients at
Optimal_Risk- Cost per to 2 Profit Regimen with the Universal
Profit, Wadet Patient, Least Expensive Treatment
at Volume RUB. Regimen
TOFACITINIB 9,57% 125,323 0 | 0,190,438,085 5 Il
ADALIMUMAB 22,91% 128,495 0,0062345 1,00242008 0,189,978,322 12 Il
SARILUMAB 20,92% 133,117 | 0,0153189 1,00594644 0,189,312,351 Il Il
GOLIMUMAB 36,79% 450,835 | 0,6,397,868 | 1,24,834,955 0,152,551,892 24 9
TOCILIZUMAB 7,06% 590,764 | 0,9,148,142 | 1,35,510,845 0,140,533,464 9
BARICITINIB 2,76% 634,105 1| 1,38,817,549 0,137,185,886 8
Total 100% 2,062,639 | 25,761,544 7 100% 59 59
ClinicoEconomics and Outcomes Research 2021:13 https: 677
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PREVIOUS YEAR

YEAR FOR PLANNING

NEXT YEAR ITOTAL

MONTH

[JuLY [AUGSEP[OCTINOJDEQJAN[FEB]MAR [APR[MAY [JUNE [JULY [AUGSENOCTINOVDEJJAN|FEB[MAR [APR|MAY [JUNE |

#PATIENT 1

0N OAWN =

0NN WN -

32 PACKAGES FOR
YEAR FOR PLANNING
ALL PACKAGES IN THE
FIRST HALF OF THE

29 PACKAGES FOR
YEAR FOR PLANNING
18 PACKAGES IN THE
FIRST HALF OF THE

11 PACKAGES IN THE
SECOND HALF OF THE

Figure 2 An example of a one-time and uniform entry of patients into the pharmacoeconomic model with a treatment course of 4 months.

obtained on the basis of the ratio of the nominal and real
consumption of drugs (which is usually lower, which is
caused not only by the uniform detection and prescription
of drugs, but also, for example, such factors as the pre-
sence of interruptions in taking the drug, drug cancellation
due to side effects, etc.), if there is retrospective data on
the latter. The correction factor is multiplied by the nom-
inal amount of medication calculated in the pharmacoeco-
nomic model required by a given number of patients.’

Discussion

The severity of the impact on the results of the budget
impact analysis and the formation of the application of the
factor of simultaneous entry of patients into the model is
determined by the ratio of the duration of the course of the
treatment scheme under consideration, the budget planning
period and/or the application of the drug supply program
and the time horizon of the pharmacoeconomic model. In
order to more clearly illustrate the discussed features of
pharmacoeconomic modeling, we presented, using the
Gantt chart, several possible scenarios for 8 patients enter-
ing the model. In order to simplify in our example, patients
receive one pack of drugs per month. Figure 2 shows an
example for a medicinal product with a treatment course
of 4 months (the planning period of interest to us is 1 year,
consisting of two half-years, which reflects the practice of
additional application and procurement as part of the drug
supply process). As follows from the data presented on the
right in Figure 2, the difference for 8 patients between the
scenario with a single and uniform patient input is 3 packs
of the drug or almost 10% of the total pack volume. We
also note that with a single entry of patients into the

model, all of them will undergo therapy in the first half
of the year and no additional application will be required,
while with uniform entry into the model 37% of the
packages (11 packs) of drugs fall on the second half of
the year.

With an increase in the duration of the drug therapy
course to 1 year, the difference in the number of necessary
packages between the scenario with a single entry into the
patient model and uniformly reaches 35 packages, or more
than 35%. At the same time, it is obvious that with a single
entry of patients into the model, the entire course of
therapy fits into the planning period, capturing in equal
proportions both half-years (48 packs each), while when
the patients enter the model evenly, a significant amount of
drug supply will go to the next temporary period (23
packs), and most of the packages (36 packs) are spent in
the second half of the planning period (Figure 3).

Also, when implementing the option to form an applica-
tion, more attention than just for analyzing the “budget
impact” requires taking into account the time horizon factor
and its relationship with the planned financial period, since it
is necessary to consider carry-over balances, especially in
conditions of outpatient drug provision. So, a common
approach in the development of pharmacoeconomic models
for the domestic health care system is to set a time horizon of
3 years with an intermediate annual debriefing. At the same
time, due to the peculiarities of the form of release and the
regimen for taking the medicine, a situation may arise when
a patient suffers from one package of medicine both at the
end of one time period (year) and at the beginning of the next
time period (next year). From the point of view of calcula-
tions for the entire time horizon (3 years), this situation does

6 7 8 https:
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PREVIOUS YEAR

YEAR FOR PLANNING

NEXT YEAR |TOTAL

MONTH

[JuLY JAUGSEP[OCTINOJDEJJAN[FEB[MAR [APR[MAY [JUNE [JULY [AUGSEN OCTINODEQJAN[FEB]|MAR [APR]MAY [JUNE |

#PATIENT I

W NS WN =

W NS WN =

96 PACKAGES FOR
YEAR FOR PLANNING
48 PACKAGES IN THE
FIRST HALF OF THE

48 PACKAGES IN THE
SECOND HALF OF THE

61 PACKAGES FOR
YEAR FOR PLANNING
25 PACKAGES IN THE
FIRST HALF OF THE

36 PACKAGES IN THE
SECOND HALF OF THE

Figure 3 An example of a one-time and uniform entry of patients into the pharmacoeconomic model with a treatment course of | year.

not affect the simulation results. However, when summing up
the subtotals or if the results for the entire time horizon are
calculated in the model as the sum of the results of the
subtotals, it is important to consider the carry-over balances
in order to avoid the appearance of additional drug packaging
caused by integer calculations in the model. As an example
of the given situation, we can consider the appointment of
a drug, the release form of which is presented by packing
tablets N. 28 with a dosage regimen of one tablet per day.
Then, based on the fact, that there are 365 or 366 days in
a year, the patient will need 13.04 packs, respectively, or
13.07 pkg of drug, which with integer calculations with
rounding up will give 14 packages per year. Without correc-
tion for three years, the required number of packages, calcu-
lated as the sum of packages for each year, per patient will be
42. On the other hand, the calculation for the entire time
horizon as a whole, based on 1095 or 1096 days, determines
the required number of medicines packages per patient as
39.11 and or 39.14, which, when rounded up to an integer,
gives 40. The observed difference in 2 packages between the
two above calculations reflects the importance of taking into
account the carry-over balances of drugs in pharmacoeco-
nomic models.

Conclusion

The methodological issues that we have considered taking
into account the number and distribution of patients and
drugs in pharmacoeconomic models show that a deeper
than just the process of compiling lists of drugs, the
implementation of pharmacoeconomic instruments in the
organization of drug supply requires consideration of addi-
tional factors in pharmacoeconomic models, or at least

a clear statement of the accepted assumptions in the cal-
culations. Concluding this article, I would like to empha-
size an important trend in the development of healthcare
technologies, which actualizes the above considerations:
the transition to personalized medicine, including with the
active introduction of gene therapy, it will be accompanied
by a significant increase in costs on the one hand, and on
the other hand, a saturation of the range of possible alter-
native technologies even within narrow groups of patients,
which for healthcare organizers will mean the need for
more and more detailed calculations.

A mathematical model of the analysis of the system
assessment of patients by the level of risk of abandoning
a healthy lifestyle in connection with the growing pro-
blems of the difficult-to-control process is developed.
The use of a rational data convolution mode allowed us
to obtain a criterion for the optimality of the process and
a logical point of stability of the pharmaceutical company
by rationally applying treatment methods according to
established standards (percentage base). This approach
makes it possible to influence the management of private
clinics through clear ideas on the algorithms for prescrib-
ing drugs in each group of patients and their zoning in the
vector recovery mode.'” "’

The method is fundamentally new, since it is aimed at
reducing the use of drugs and regular monitoring of the
human body in order to optimize physical activity and
sleep-rest — mental and physical-labor activity, sports
development mode according to the daily grouping of
incentives and tourist excitement.?%*!

Initial data and sample size: 552 measurements of the
intervals of changes in the subject’s indicators in seconds
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(smoothing and scaling the data to the level of the base

(analytical) period or the final (barrier) period).* Regular

use of this approach makes it possible to reserve the

resources of the body of a healthy and physically active

person in a timely manner for a very reliable functioning

of all body systems, taking into account the dosed intake

of prescribed drugs and the conditions of comfortable

(decent) maintenance of patients during the course of

treatment according to the method chosen by the doctor.
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