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The aim of the review article was to highlight the methodologies for assessing the financial costs of adverse drug reactions
exemplified by the Russian Federation and Brazil.

Materials and methods: for a comparative analysis, materials from open sources were used. The study of the experience of
methods used for assessing the burden of adverse drug reactions, was carried out using the system for calculating payments
for medical care by clinical-statistical and clinical-profile groups, the methodology for assessing the severity of adverse events
of the US National Cancer Institute, drug-associated problems, and “the decision tree” model.

Results. When comparing the costs of ADR management in the Russian Federation and Brazil, the following results have been
obtained: in the Russian Federation, the “cost” of reaction can be estimated only for a limited number of nosological groups
that are regulated by the classification of diseases by clinical and statistical groups; in Brazil, when predicting the costs of
adverse reactions management, the combination of “the decision tree” method and the Delphi method is used. In the Rus-
sian Federation, the cost of the 3™ and above severity adverse event (according to CTCAE v. 4.03), varies from 26,849.22 up
t0 26,196.37 RUB in the North-West region (St. Petersburg). In Brazil, the cost of ADR ranges from 13 USD (the best scenario
for the patient) to 574 USD (the worst scenario for the patient), which is about 975 and 43,000 RUB, respectively. The intro-
duction of methods that make it possible to predict the development and potential outcomes of adverse drug reactions, as
well as taking into account the experiences of foreign colleagues in their modeling, will reduce economic costs in the Russian
Federation at the federal level.

Conclusion: for the economic value analysis and further forecasting, an improvement of existing methodologies is required.
The models used in the Russian Federation (“the decision tree”, classification of diseases by clinical groups, Markov model)
do not take into account the time factor, therefore, when planning the analysis of potential costs for adverse reactions, it is
necessary to reinforce the methods with such tools as QALY, YLL, and YLD.
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Llenb paboTbl: pacCMOTPETb METOAONOTUN OLLEHOK GUHAHCOBBIX 3aTPAT Ha COMPOBOXKAEHME HEXKEeNaTe/IbHbIX JIeKapCTBEH-
HbIX peakuuii Ha npumepe Poccuiickon eaepaunm n bpasmauu.

Martepuanbl U meToabl: 419 CPaBHUTE/IbHOTO aHa/In3a UCMO/1b30BAIMCb MATepUasbl, HAXOAALLMECA B UCTOYHUKAX C OTKPbI-
TbIM AOCTYNom. M3yyeHune onbiTa NPUMEHEHUA METOAMK MO OUEHKe BpemMeHn HeKenaTesbHbIX EKAPCTBEHHbIX pPeaKkumi
NPOBOAMCA C UCNONb30BAHMEM CUCTEMbI PAcYETa ONIaTbl MEAULMHCKOM MOMOLLM MO KAMHUKO-CTAaTUCTUHECKUM U KAWUHU-
KO-MPOdUNbHBIM Fpynnam, METOAUKN OLEHKU TAXKECTU OCNOXKHEHUN HaumoHanbHOro MHCTUTYTa paka CLUA, nekapcrBo-ac-
COLMMPOBAHHbBIX NPO6EM U MOLENN «AEPEeBa PeLleHUn».

Pe3ynbTtathbl: NpU CpaBHEHWUM 3aTPAT Ha BeAeHWe HeenaTebHbIX peakuuin B PO n Bpasuaum 6biim nonyyeHsl cnepyoume
pe3ynbTathbl: B PP OLEHUTb KCTOMMOCTbY PeaKLMii MOXKHO TO/IbKO /19 OFPAHUYEHHOrO YMCAa HO30/10TMYECKUX TPy, KOTO-
pble pernameHTMpPoBaHbl KnaccnuduKaumen 3aboneBaHnn No KNMHUKO-CTaTUCTUYECKMM rpynmnam; B bpasuaumu npu nporHo-
3MPOBaHWUK 3aTPaT Ha BeAeHWe HexenaTebHbIX PeaKLMii UCNONb3YeTCA coYeTaHMe MeToa «AepeBa pelleHnin» 1 meToaa
Oenbdun. B PO cToMMOCTb CONPOBOXAEHUA peaKkuuii TpeTbel cteneHn Taxectn no CTCAE v. 4.03 1 Bbllle COCTaBASET OT
26849,22 py6. oo 26196,37 py6. ana Cesepo-3anagHoro pernoHa (r. CaHkTt-MNetepbypr). B Bpasnavm cTOMMOCTb COMPOBO-
XOEHWA peakumin coctasnseT oT 13 ponnapos CLUA (3aTpaTbl, NpU pasBUTUKM Ny4yllero ANa naumeHTa cueHapusa) ao 574
ponnapos CLUA (3aTpaTbl, Npy pa3BUTUM XyALIEro ANs NaLuMeHTa CLeHapus), YTo cocTaBaseT okono 975 n 43000 pybnei, co-
OTBETCTBEHHO. BHegpeHWe MeToAMK, NO3BONAIOLLMX NPOrHO3MPOBATb PA3BUTUE U NOTEHLMA/IbHbIE UCXOAbI HEXKENaTeIbHbIX
peakuni, a TakKe Y4ET onbiTa 3apyberkHbIX Koaner mpu nx MoAennmpoBaHnn, NO3BOINT CHU3UTb SKOHOMUYECKUE 3aTpaTbl B
P® Ha depepanbHOM ypoBHeE.

3aKno4eHue: A9 aHaIM3a SKOHOMUYECKOW CTOMMOCTU M Aa/ibHEeNLWero NPorHo3npoBaHuA TpebyeTca CoBepLIEeHCTBOBaHME
CYLLEeCTBYOLLMX MmeTogonorunii. NMprumersembie B PO mogenu («4epeBo pelleHunin», KnaccudpuKkaumm 3abonesaHuin no rpyn-
nam, mogenb MapKoBa) He yYnUTbIBAOT BPEMEHHOM GaKTOp, COOTBETCTBEHHO, NPY NIAHUPOBAHMM aHANM3a NOTEHUMANbHbIX
3aTpat Ha HJ/IP TpebyeTca AONOAHEHWE METOA0B TAKMMU MHCTPYMEHTaMM Kak QALY, YLL, YLD

KnioueBble cnoBa: HexenateNnbHble NEKAPCTBEHHbIE peakunu; papmakoHaa30p; GapMaKOIKOHOMMUKA; MOAENPOBAHWE;
6pemsa 6o1e3HN

Cnucok cokpaweHuin: AUC — ABTomaTn3MpoBaHHaa MHGopmaumoHHas cuctema; 'MC — leHepanbHoe TapudHoe cornalle-
Hue; KNI — KnavHuko-npodunbHas rpynna; KCI — KAnMHKMKO-cTatucTUYeckum rpynna; JIM — JlekapcTBeHHbIM npenapart; J1C
— JlekapctBeHHoe cpeactBo; H/IP — HexkenatenbHaa nekapctBeHHasa peakuua; HHP — HenpeasuaeHHble HexenaTtenbHble
(nekapcTBeHHble) peakunn; OPUT — OTaeneHve peaHMMaummn n MHTeHcMBHOM Tepanuu; MIT — Mporpamma rocyAapCcTBeHHbIX
rapaHTuii 6ecniaTHOro OKasaHusa rparkaaHam meamumHckon nomouwm; CK3 — CpeaHeB3BELLIEHHbIN BeCOBOM KO3QOULMEHT
3aTpatoemkocTy; CHHP — CepbesHble HenpeaBUAeHHbIE HEXeNaTeNbHble (1eKapcTBeHHbIE) peakummn; PIK — dapmakosko-
HomuKa; DALY — Disability Adjusted Life Year/skBuBaneHT notepu 1 roga 3aoposoit %usHu; DRM — Drug-Related Morbidi-
ties/3ab60neBaHMA CBA3AHHbIE C MPUEMOM JIeKapCcTBEHHbIX cpeacTs; DRP — Drug Related Problems/npo6iembl cBa3aHHbIe C
NPMEMOM NeKapcTBeHHbIX cpeacTs; GBD — Global Burden of Disease/rnob6anbHoe 6pems 3abonesaHus; HLE — Healthy Life
Expectancy/oxuaaeman npoaoKUTeIbHOCTb 340p0BoM Xu3Hu; MedDRA — Medical Dictionary for Drug Regulatory Affairs/
MeAVUMHCKUIA CNoBapb O/ perynatopHoi aeatenbHoctv; MMR — Maternal Mortality Ratio/KoadduumeHT maTepuHcKom
cmepTtHocT; NMP — New Medical Problem/HoBaa meauumHckas npobaema; NPS — National Pharmacovigilance System/
HauMoHanbHasA cuctema papmarkoHagzopa; PCNE — Pharmaceutical Care Network Europe/EBponeiickas ceTb dapmauesTy-
yeckoi oneku; SAR — Serious Adverse Reaction/cepbesHble HexenaTenbHble (1eKapcTBeHHble) peakumm; SOFA — Sequential
Organ Failure Assessment/WwKana oLeHKN OpraHHOM HeZOCTaTOYHOCTU Y MALMEHTOB, HAXOAALMXCA HAa MHTEHCUMBHOW Tepa-
nuu; SUS — Sistema Unico de Sau/cuctema 3apasooxpaHeHus bpasuamm; SUSAR — Serious Unexpected Serious Adverse Reac-
tion/cepbésHble HempeaBUAEHHbIE HeKenaTesbHble (1eKapcTBeHHble) peakunm; TF — Treatment Failure/Heynaua neyexus;
QALY — Quality-adjusted life year/kauectso »ku3Hu c nonpasKoit Ha roa; UADR — Unexpected Adverse Drug Reaction/Henpea-
BUAEHHbIE HeXenaTenbHble (nekapcTBeHHble) peakuun; USD — United States dollar/gonnap CLUA; YLL — Years of Life Lost/
roTepsiHHbIe roAbl u3Hu; YLD — Years Lived with Disability/roapl »13Hu cBA3aHHbIE C UHBAUAHOCTbIO.
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INTRODUCTION

The costs of drug provision come to the fore when
planning the budget of the healthcare system [1]. It is
necessary to take into account not only the benefits of
prescribed medicinal products but also the potential
risks and predictability of adverse drug reactions (ADRs)
development. A comprehensive assessment of the risk/
benefit ratio during the prescribing of medicinal prod-
ucts (MPs) should include an analysis of clinical efficacy,
a safety profile, and potential economic consequences
[2]. Methodological approaches to assessing pharma-
coeconomic parameters are varying and include the
analysis of the databases on known ADRs, and the sub-
sequent draw of conclusions and formulation of recom-
mendations to minimize ADRs costs; high-quality clinical
trial data; the results of clinical and economic research
as well as a pharmacoeconomic analysis [3].

Adverse drug reactions are harmful and unexpect-
ed reactions in response to the use or withdrawal of a
medicinal product prescribed in therapeutic doses to a
person for prevention, diagnosis, therapy, or changing
physiological functions [4]. The aim of continuous ADRs
monitoring is not only to identify previously unknown
medical effects and potential drug interactions, but also
to control the increase in the frequency of occurrence
of known ADRs and/or their severity, to identify risk fac-
tors and possible mechanisms that cause them, and to
spread information required to improve the prescription
of drugs [5].

For a comprehensive assessment of an adverse
event, in both global and Russian kinds of practice, the
presence and/or the absence of seriousness criterion is
also taken into account as well as the expectedness of
the event. Therefore, reactions can be classified as un-
expected adverse reactions (UADRs), Serious Adverse
Drug Reactions (SADR), and Suspected Unexpected
Serious Adverse Reactions (SUSAR) (Official website of
Roszdravnadzor, 2020). The collection of ADRs data in
different countries is carried out in a similar manner —
notification forms that contain the data that make pos-
sible the identification of the patient, a suspected drug,
the ADR description, and information about these sourc-
es [6].

According to the information from Roszdravnadzor,
about 30% of the notification forms it receives, do not
contain the minimum required data for a complete anal-
ysis [8].

The deviations in the ADR manifestations, are pos-
sible due to various characteristics of the population
(demographic, genetic, etc.). In addition, they can be
explained by the conditions of drug manufacturing and
transportation. It does not make it possible to fully ex-
trapolate the available foreign data to the Russian prac-
tice, and requires the study of ADRs on the territory of
the Russian Federation.

The pharmacovigilance system, which was intro-
duced into routine medical practice at the post-autho-
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rization stage of MPs use around the world, makes it
possible to accumulate and evaluate the data on ADRs
[9]. Working with these resources, is aimed at collect-
ing and analyzing information on adverse events not
specified in the instructions for medical use, UADR,
SADR and SUSAR, and drug interactions. The collected
information is evaluated by experts of regulatory au-
thorities, often with the involvement of other expert
organizations. ADRs databases maintained by WHO and
national regulatory authorities, accumulate information
on the events related to the safety of MPs, for example,
Vigibase, Eudravigilance, FAERS, etc. An Automatic In-
formation System (AIS) for the input of ADR information
called “FARMAKONADZOR”, has been introduced by the
Russian Federation [10]. The ARCADe regional database
(Adverse Reactions in Crimea, Autonomic Database) has
been used since 2009 on the territory of the Republic of
Crimea and cumulates the data of spontaneous reports
in the region [11]. Brazil has a National Pharmacovig-
ilance System (NPS) of their own, and it operates as a
part of the Brazilian National Health Surveillance Agency
(ANVISA) [12].

Regardless of the particular type of a local pharma-
covigilance system and pharmacovigilance assessment
methods, the obtained data make it possible to draw
a preliminary conclusion regarding the safety profile
and the effectiveness of drugs. However, spontaneous
reporting does not take into account the time factor in
the ADRs development, and does not make it possible to
assess the pharmacoeconomic costs of a separate ADR,
including indirect costs, and additionally, it cannot pre-
dict further ADRs development.

THE AIM of this review article is to highlight the
methodologies for assessing the financial costs of ad-
verse drug reactions exemplified by the Russian Feder-
ation and Brazil.

MATERIALS AND METHODS

The costs of ADRs must be taken into consideration
in an integrated manner, i.e., with keeping account of
a range of other problems associated with ADRs. A
number of pharmacoeconomic (PE) methodological ap-
proaches can be used. In this case, the main stages of
the analysis, can be divided into two large blocks (or di-
rections): pharmacoeconomic and pharmacoarithmetic
ones. In the first block, after assessing the economic and
clinical components and their synthesis, the sustainabili-
ty of the results should be assessed, a sensitivity analysis
should be carried out, and after these stages, the conclu-
sions are to be drawn and recommendations oriented
towards decision-making in the healthcare sector are
to be made. In the second block, the economic compo-
nent (costs of pharmacotherapy) is assessed, and after
assessing the sustainability of the results and the sen-
sitivity analysis, the conclusions are drawn. Unlike the
first approach, the conclusions are not prioritized in de-
cision-making for the entire system of public healthcare.

Volume VIlI, Issue 5, 2020
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Estimating the costs of ADRs obviously requires a
more systematic approach, with an assessment of pos-
sible outcomes and a detailed patient routing. The route
of a patient in PE models can be outlined using either
the decision tree model or the Markov model (or a com-
bination of these two methods). All the three approach-
es have certain advantages and limitations. Thus, the
“decision tree” model considers the state of the system
(in this case, the patient’s condition) at the input and
output, and its final state, i.e., the exit from the model
is determined by the sum of initially specified events de-
veloping sequentially and having a certain degree of oc-
currence probability. In the final assessment, a number
of factors, e.g. temporal, are excluded. Unlike models of
the “decision tree” type, which consider the state of the
system at the input and output, Markov models (Fig. 1)
take into account the probability of the system transition
from one state to another during the so-called Markov
cycle, i.e. in a given time interval [13, 14].

Fig. 1 shows the graph of the Markov model, pos-
sible in our case. Several states of the patient are pre-
sented: “Health”, “ADR”, “Death” and the “Disease” is
known, as well as the probabilities of transition from
one state to another (Px) during a given time interval.
This Markov cycle can be extended by adding additional
states. The duration and frequency of cycles depend on
a specific clinical situation. Additional factors taken into
account in the process of the model building, make pos-
sible evaluating predictions more accurately [14].

The models described above were originally devel-

{ e

oped to predict the outcomes of infectious diseases.
Subsequently, these methodologies were successfully
applied in PE modeling of various therapeutic and sur-
gical outcomes, as well as in the assessment of the ef-
fectiveness of health technologies. Such modeling algo-
rithms, which include findings from existing databases
indicating the frequency and quality of outcomes, can
be extrapolated to the prediction and course of ADRs.

When assessing the ADR cost, it seems reasonable
to use the European DRP PCNE (Drug Related Prob-
lems of Pharmaceutical Care Network Europe) system,
which makes it possible to systematize the events re-
lated to pharmacological safety issues in validated re-
ports. The versions of the PCNE system, are regularly
updated through periodic revisions by a working group
of experts. The PCNE approach is based on the coding
of problems into several categories: problems, causes,
interventions, and outcomes, which in turn are divided
into subcategories [11, 15, 16]. It is necessary to take
into consideration the fact that modeling, aimed specif-
ically at assessing economic costs during the evaluation
of the “global burden of disease” (GBD), also requires
keeping account of such indicators as the cost/utility ra-
tio, the analysis of the impact on the budget as well as
discounting with a planning time horizon of more than
one year. When using the time factor, the following in-
dicators can be used: mortality, maternal mortality ratio
(MMR), years lived with disability (YLD), years lost for life
(YLL), healthy life expectancy (HLE), disability-adjusted
life year (DALY), etc. [17].

P2 m P4
Healthy * —
Disease
Ps
P3 P
Ps
Ps
Death ADR
P1o

C

Figure 1 — An example of a possible Markov cycle, where P_are the probabilities of transition from
one condition to another
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Table 1 — Cost of adverse drug reactions for 2019, calculated on the basis of the CSG

The cost of drug B therapy,
ADR > Stage 3 (roubles)

The cost of drug A therapy,

Adverse events ADR > Stage 3 (roubles)

GTA of Saint-Petersburg 26 849,22 26 196,37
Basic tariff of SGBP 36 790,16 35593,73
Federal CSG 70613,19 76 218,45

Note: GTA — General Tariff Agreement; SGBP — Program of state guarantees for free provision of medical care to citizens; CSG — clinical and
statistical group; ADR — Adverse Drug Reaction

Table 2 — Results of an expert assessment of ADRs costs in various scenarios according to the data de Feritas [19]

Worst scenario

Costs (USD)

Visiting a doctor and
13 primary prescription of 28

drugs

Visiting a doctor and
primary prescription
of drugs + additional

Best scenario
Costs (USD)

Base analysis
Costs (USD)
Visiting a doctor and
primary prescription 28
of drugs

Outcome

Primary prescription of
drugs

Without additional
treatment

Visiting a doctor
and primary pre-
scription of drugs + 42

Primary prescription of

Additional therapy drugs + additional thera- 27

57

prescribed additional therapy oy prescribed medlc.a! consultation
. + additional therapy
prescribed .
prescribed
V|5|t|ng a doctor Special medical con-
and primary pre- sultation and primar
. scription of drugs Visiting a doctor and . i v
Consultation L . . prescription of drugs +
L + additional med- 71 primary prescription of 28 . . 86
of specialist needed X . additional special con-
ical consultation + drugs . .
" sultation + additional
additional therapy thera rescribed
prescribed Py P
V|S|nng a doctor Visiting a doctor and Visiting a doctor and
and primary pre- rimary prescription of rimary prescription
Urgent care required scription of drugs + 86 P yp P 43 P yp P 173
. . drugs + 1 days of ICU of drugs + 5 days of
2 days of in-hospital . >
treatment in-hospital treatment
treatment
T V|sﬂ1ng a doctor Visiting a doctor and Visiting a doctor and
eIl E ol I (7 TR 2175 rimary prescription of rimary prescription
or prolongation scription of drugs + 374 P yp p. 186 P yp P 574
. . . drugs + 3 days of in-hos- of drugs + 9 days of
of hospitalization 6 days of in-hospital . . >
pital treatment in-hospital treatment
treatment
V|§|t'|ng @ doctqr a_nd Visiting a doctor and Visiting a doctor and
Long-term follow-up in primary prescription primary prescription of primary prescription of
. s of drugs + 30 days 2715 1418 4191
a medical facility . . drugs + 10 days of ICU drugs + 30 days of ICU
of in-hospital treat-
ment treatment treatment

Visiting a doctor and
primary prescription of 480
drugs

Visiting a doctor and
primary prescription of 101
drugs

Visiting a doctor and
primary prescription 374
of drugs

Death

Note: USD — USA dollars; ICU — intensive care unit

As seen from the description of the approaches decrease in the quality of life, should be also taken into

for collecting information about ADRs, these method-
ologies do not imply an assessment of the time factor,
and therefore, forecasting the ADRs “burden” in the
Russian Federation has a number of limitations. Expen-
ditures on diagnostics, treatment, and prolongation of
hospitalization, all in relation to a specific nosology,
should be taken into account in the assessment of the
economic costs of ADRs. In addition, the indirect costs
associated with missing working days, disability, and a

340

consideration.

RESULTS AND DISCUSSION

At the federal level, the Russian Federation main-
tains a unified safety database. The information is re-
corded on the basis of Federal Law No. 61-FZ dated 12
April 2010 (as amended on 03.04.2020) “On Circulation
of Medicinal Products” and Article 64 “Pharmacovig-
ilance”. Since April 2019, coding of ADRs in the Auto-
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matic information system of Roszdravnadzor is carrying
out using the MedDRA (Medical Dictionary for Drug
Regulatory Affairs) classifier with obligatory indicating
of the system-organ class of the reaction that has aris-
en. In addition, the contact person who provided the
information, the international non-proprietary name
that caused the ADR, its dosage, start and end dates,
the causal relationship type for the drug-event pair, the
concomitant therapy, de-challenge and re-challenge re-
sults for the suspected drug (if applicable), are indicated.
According to WHO recommendations, the minimum in-
formation to be reported also includes the severity and
seriousness of ADR.

Since 2013, the Russian Federation has introduced
a system for calculating the reimbursement of medical
care from the state foundation of compulsory medical
insurance based on diseases classification according to
the so-called “Clinical and statistical groups” (CSG). They
represent the groups of diseases belonging to the same
profile of medical care, and similar in the methods used
for diagnosing and treating patients, as well as in aver-
age resource intensity (cost, cost structure and set of
resources used).

A concept of “clinical profile group” (CPG) which
is a group of CSGs and/or individual diseases, united
by one profile of medical care”, can also be used for
such calculations [19]. The group of CPGs includes con-
ditions that require hospitalization. Tariffs to assess the
complications of pharmacotherapy, were developed
for CPG.

The formation of such groups is carried out on the
basis of the parameters that determine the relative
capacity of treatment costs: diagnosis, type of health
technology or intervention used, patient’s age, gender,
concomitant pathology or complications of the disease,
duration and treatment regimen, duration of staying on
artificial lung ventilation (ALV) if necessary. The results
of assessing the patient’s condition according to clinical
scales (for example, the scale for assessing the organ fail-
ure in the patients in the intensive care department (Se-
qguential Organ Failure Assessment (SOFA), rehabilitation
routing scale, etc.), are also taken into consideration.
The average weight factor (AWF) which is calculated ac-
cording to the given formula and the number of cases
in the previous year, are used to calculate the amount
of expected similar cases in the next year. The quantity
of financial support for a medical organization by each
CSG or CPG, is calculated as the sum of the costs of all
hospitalizations in a hospital.

According to the data for 2019, Table 1 represents
the data on the costs of severity grade 3 ADRs (CTCAE v.
4.03 classification) in medical institutions in St. Peters-
burg.

It should be notified that in the Russian Federation
a unified methodology for assessing the costs of ADRs,
has not been developed yet. As a rule, the results of the
observational studies and/or database data are analyzed
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by an expert group, which then interprets the results
based on their assessment.

Thus, a standardized approach to assessing pharma-
coeconomic costs in connection with the ADRs devel-
opment in the Russian Federation, has not been devel-
oped, either. The existing methodologies are applicable
only to a limited number of nosological forms, and only
to those events that require hospital observation. There-
fore, it is impossible to take into account the time factor
and indirect health care costs provoked by ADRs. In ad-
dition, extrapolation of results even during hypothetical
planning can be difficult due to the fact that different
systems for coding clinical manifestations and diseases,
are used in pharmacovigilance and pharmacoeconomics
(MedDRA and ICD 10).

In the healthcare system of some countries in Latin
America, for example, in Brazil (the approach to burden
assess in this country is well represented in the litera-
ture). A different approach using the DRPs concept (a
system that evaluates all medical adverse events caused
by ineffective pharmacotherapy and/or non-adher-
ence to recommended treatments) is applied. For ex-
ample, to assess DRPs, the Brazilian healthcare system
SUS (Sistema Unico de Sau) uses a methodology origi-
nally developed by Jonson and Butman. It is based on
a “decision tree” model representing potential clinical
outcomes and direct economic costs. Herewith, direct
economic costs also take into account the development
of “new diseases” associated with the use of drug ther-
apy (Drug-Related Morbidities; DRM). Costs can be di-
rect, i.e. costs for the ADRs correction, and indirect ones
such as lost working days or a period of reduced work
ability [19, 20]. The model of ADRs assessment is based
on 8 basic characteristics: untreated clinical conditions,
inappropriate drug choices, subtherapeutic doses, drug
refusals, overdoses, ADRs, drug interactions, and a drug
use without appropriate indications. Further modeling
involves analyzing the probabilities and costs, associated
with the following therapeutic outcomes: 1) no need in
additional treatment; 2) additional treatment; 3) visiting
a doctor (visiting a medical specialist); 4) emergency de-
partment visit with a hospital stay less than 24 hours; 5)
hospitalization or hospitalization with a stay in hospital
for more than 24 hours; 6) long-term treatment or pre-
liminary hospitalization with a minimum stay of 30 days
in hospital or hospitalization to the intensive care unit;
7) death.

Further on, when analyzing an event, the “decision
tree” can be represented by several branches. In the first
branch of the “optimal outcome,” DRMs are divided into
three axes of mutually exclusive, sequential negative
events: 1) Treatment Failure (TF); 2) New Medical Prob-
lem (NMP); 3) a combination of new medical problems
and treatment failure (NMP/TF). A New Medical Prob-
lem (NMP) represents effects that are superior to those
expected after pharmacotherapy (or undesirable effects
of pharmacotherapy), including ADRs, dependence, and
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overdose. Treatment failure (TF) includes inadequate
therapeutic effects arising from inappropriate treatment
or dose selection, drug and food interactions, inappro-
priate drug prescription, medication errors, unnecessary
drug use, and inadequate adherence to the drug regi-
men as well. The second part of the “decision tree” esti-
mates the supposed proportion of DRMs, and the third
one consists of clinical negative results from previous
DRMs (NMPs, TFs, and NMPs/TFs) [19, 20].

The branches of the tree are mutually exclusive.
Therefore, the score should represent the worst sce-
nario for the patient. For example, a patient who is
hospitalized due to DRMs has probably already been
consulted for treatment adjustments during previous
consultations by a healthcare professional. However,
this patient should be allocated to those who had been
“hospitalized” and should not be taken into account in
other branches (“additional treatment” or “visiting—a
specialist”).

The method has been refined through the involve-
ment of clinical experts using a double-stage Delphi ap-
proach. At the first stage, the model can be presented to
clinical experts, each of whom assesses the likelihood of
the results development described above, in accordance
with their own practical and clinical kinds of experience.
At the second stage, clinical experts review the predic-
tions of all other participants. If the prognosis of a par-
ticular medical expert differs, it explains such a position
in order to reach a consensus [21].

An example is the cost estimate of the ADRs, was
carried out in one of the hospitals in accordance with
the methodology described above by de Freitas et al.
[20].

48 medical specialists were recruited as experts. 44
of them were clinical pharmacologists. The results of as-
sessing the ADR costs in the various scenarios, calculat-
ed by the authors, are presented in Table 2.

It should be notified that this study is represen-
tative of 36% of the Brazilian population [21]. By the
group of clinical experts, it was determined that more
than half (59%) of patients had DRMs when using at
least one drug after a visit to a medical organization/
certified physician. The research also shows that the
result of an outpatient visit is a prescription for at least
one drug. This estimate is consistent with other Brazil-
ian and global data, which indicate that from 50% to
86% of consultations lead to drug prescriptions [22].
Based on the “decision tree” model and the expert re-
view, the average prediction costs of the various ADRs
were as follows: NMP, TF, and NMP/TF ratios were 216,
240, and 282 USD, respectively. The results show that
among the patients, who received outpatient care and
at least one drug, were as follows: 19.5%, 26.8%, and
13% had NMP, TF, and NMP/TF, respectively. These data
are comparable to other studies that used the same
method (NMP: 10.3%, 28.7%; TF: 16.0%, 23.4%; and
NMP/TF: 6.5%, 14. 0%). The cost of medical care for a
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patient with ADRs was 155 USD. Brazil’s average annual
costs for ADRs services, range from 9.1 billion USD to
27.2 billion USD (the best and worst-case scenarios, re-
spectively). Of these costs, 3 billion USD will be spent
on hospitalization, 10.8 billion USD — on prolongation
of hospitalization, which will be the main outcome of
ADR. Additional consultations by specialists, as well as
the stay of patients in the ICU, will cost 2 billion USD
and 900 million USD, respectively [19-21].

The reasons for the aforementioned problems can
be explained by failures in treatment monitoring, diffi-
culties with therapeutic adherence, and issues related to
the choice or prescription of MPs. According to the ex-
perts’ estimates, from 53% to 60% of new medical prob-
lems (NMPs) and treatment failures (TFs), could have
been avoided, in case patients received pharmaceutical
care service out of hospital.

The current literature data confirm that ADRs are an
urgent problem of modern pharmacoeconomics. Unfor-
tunately, the current pharmacovigilance systems cannot
solve a number of problems, such as a low activity of
researchers in relation to the ADRs detection, recording,
and transmission of information about ADRs, low aware-
ness of the population about the potential risk of ADRs,
a low quality of the sent spontaneous reports, etc.

One of the priority-oriented areas of the Russian
healthcare system over the past few years has been
monitoring the effectiveness, safety, and quality of
drugs used at various stages of the clinical and diagnos-
tic process. The experience of the Brazilian drug safety
system demonstrates that the introduction of a phar-
macologist/clinical pharmacologist consultation prior to
prescribing drugs in a specific clinical situation, is cost-ef-
fective. Inappropriate prescriptions and lack of patients’
follow-up, are the most common causes of ADRs. New
diseases and deterioration of existing conditions requir-
ing hospitalization associated with MPs could often be
avoided.

Most of ADRs are explained by communication im-
pairments (between patients, caregivers, and healthcare
providers), poor adherence to treatment, and lack of
knowledge about MPs, their dosages, dosing regimens,
and potential drug interactions. The leading task for
medical professionals is comprehensive counseling of
patients in relation to the prescribed drugs. Sufficient
knowledge of health professionals in the field of drug
safety will allow them to reduce the frequency of SU-
SARs, as well as to prevent negative drug-related con-
ditions.

Comprehensive analysis of the information related
to drug safety issues, can be an effective economic tool
for optimizing costs in the healthcare system. When as-
sessing economic costs, various modeling methodolo-
gies or their combinations can be used. However, when
predicting, it is important to take into account not only
direct and indirect costs but also the ADRs outcomes,
which, in turn, can seriously affect a further quality of
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life. The methods of the economic assessment of ADRs,
are almost not used in Russian practice, with the excep-
tion of the cases of the CSG/CPG classification of the dis-
eases, used for the calculation of the reimbursement for
medical care from the state foundation of compulsory
medical insurance. In general, the number of studies on
this issue is limited, and requires active development.

CONCLUSION

The models used in the Russian Federation for the
analysis of economic value and further prediction of
costs, in contrast to the Brazilian approach, do not take
into account the time factor. Respectively, during the
planning of the analysis of ADRs potential costs, it is nec-

essary to strengthen the methods with such PE tools as
QALY, YLL, YLD, etc.

The introduction of methods for assessing the ADRs
economic burden into the Russian routine medical prac-
tice, will reduce the direct and indirect costs associated
with complications of pharmacotherapy. As shown by
the review of Brazilian practice, the analysis of the eco-
nomic feasibility of prescribing a particular drug should
be also subjected to a critical analysis, and the final de-
cision should be made by the teams involving a clinical
pharmacologist. This approach will make it possible not
only to predict the costs of medical interventions, but
also to take into account the potential costs of modifying
pharmacotherapy due to the development of ADRs.
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