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Pharmacoeconomic analyzes aim to support 
the choice between available therapeutic alter-
natives in the treatment of specifi c diseases [1]. 
In the process of conducting them, rules of good 
research practice are followed in order to ensure 
the most reliable information and support deci-
sion-makers in an objective and impartial manner 
[2]. The choice of alternatives to therapeutic be-
havior must ensure the best investment for society 
without compromising the quality of health care 
[3]. For this purpose, a connection is needed be-
tween clinicians, pharmacoeconomists and drug 
regulators in the development of the design of the 
analyzes and the selection of appropriate methods 
and indicators for the evaluation of the therapeutic 
results [4].

Pharmacoeconomic models are one of the 
most commonly used methodological tools for 
presenting the course of the disease, the thera-
peutic process and the behavior of patients during 
treatment [5]. They use a wide range of data – ep-
idemiological, data from randomized clinical trials 
and real clinical practice, expense related data, 
the probabilities of occurrence of a therapeutic re-
sult etc. [6]. These data serve to build an analyti-
cal, computational tool that allows to describe the 
therapeutic process, to predict the future behavior 
of patients, to calculate the cost of treatment and 

the expected therapeutic results [7]. The ultimate 
goal is to calculate the cost-eff ectiveness ratio for 
diff erent behavioral alternatives and to support de-
cision making.

Chronic, progressive diseases, among which are 
a large part of rheumatic diseases, have a probabi-
listic course in certain groups of patients and allow 
the application of probabilistic models. [8]. Studies of 
the types of pharmacoeconomic models in the fi eld 
of rheumatology are limited, which provokes our in-
terest in this topic.

The aim of the present work is to identify the 
pharmacoeconomic models used in rheumatology 
and the directions of their construction and devel-
opment.

Mඉගඍකඑඉඔඛ ඉඖඌ ඕඍගඐ඗ඌඛ

A systematic study of PubMed publications with 
the keywords “pharmacoeconomic, models, cost-ef-
fectiveness, rheumatology” was conducted. The 
PubMed database was chosen because it referenc-
es scientifi c journals in the fi eld of medicine. There 
are no restrictions on the year of publication and the 
language of publication. The identifi cation of publica-
tions also covers those proposed by the system, as 
related to the topic of the search.

The search results are presented in the PRISMA 
diagram in Figure 1.
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Fig. 1. PRISMA fl ow diagram for selection of studies [9]
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Table 1 summarizes the included publications on 
the main characteristics of the pharmacoeconomic 
studies described by Drummond et al [10]. The di-
agnoses for which models have been developed are 
rheumatoid arthritis (27 publications), gout (2 publi-
cations) and one publication each for psoriasis, pso-
riatic arthritis, ankylosing spondylitis and osteoarthri-
tis. New biological molecules have been evaluated in 
26 of the publications, JAK inhibitor tofacitinib in one, 
and coxibs in three publications. The majority of pub-
lications are conducted from the perspective of the 
paying institution and therefore direct medical costs 
are included, and only one includes indirect costs. 

Therapeutic outcome measures were either 
quality of life measures in 15 publications 
(QALY, quality-adjusted life year) or disease 
activity measures, among which low disease 
activity measured on the American College 
of Rheumatology and Health Assessment 
Questionnaire scales (HAQ).

Regarding the used pharmacoeconomic 
method, out of the 33 publications included 
one describes only the costs for treatment 
of rheumatoid arthritis, 23 aim to apply the 
cost-eff ectiveness method, 2 apply the 
cost-benefi t method – 2; in one publication 
both cost-eff ectiveness and cost-utility are 
applied; in two cost-eff ectiveness and anal-
ysis of the budget impact are explained, in 
3 publications an economic assessment was 
conducted and in one the benefi ts and risks 
were assessed.

In all pharmacoeconomic studies, ex-
cept one, biological therapy was assessed 
as cost-eff ective, even for some health care 
systems as cost-saving. 

The models used in the publications are Markov 
models (n = 15); patient-level simulation models (n 
= 5); modeling of discrete events (n = 3); population 
model (n = 2); decision tree (n = 2); linear regression 
model in cost analysis (n = 1); budget impact model 
(n = 2).

Since the object of this publication are the mod-
els used, in the subsequent analysis we will pay 
more attention to their structure and to the most fre-
quently used ones.

One of the fi rst publications presents the so-
called ACCES model in the evaluation of celecoxib, 
which has been used in several countries. The mod-
el uses the decision tree technique to present results 
and consequences in the treatment of patients with 
celecoxib compared to  other non-steroidal anti-in-
fl ammatory drugs (NSAIDs) (Figure 2).

Table. 1. Scenarios in a microsimulation model at the patient level (Navarro F., et al., 2020)

Scenario 1
DMARDs population

Tofacitinib 2xd + МТХ Rituximab + MTX Tocilizumab sc + MTX Etanercept + MTX Certolizumab + MTX

Adalimumab + MTX Rituximab + MTX Tocilizumab sc + MTX Etanercept + MTX Certolizumab + MTX

Scenario 2
DMARDs population

Tofacitinib 2xd + МТХ Adalimumab + MTX Rituximab + MTX Tocilizumab sc + MTX Etanercept + MTX

Baricitinib + MTX Adalimumab + MTX Rituximab + MTX Tocilizumab sc + MTX Etanercept + MTX

Scenario 3
TNFi population 

Tofacitinib 2xd + МТХ Abatacept sc + MTX Rituximab + MTX Certolizumab + MTX

Tocilizumab sc + MTX Abatacept sc + MTX Rituximab + MTX Certolizumab + MTX

Scenario 4
TNFi population

Tofacitinib 2xd + МТХ Tocilizumab sc + MTX Abatacept sc + MTX Rituximab + MTX

Tocilizumab sc + MTX Abatacept sc + MTX Rituximab + MTX Certolizumab + MTX
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This model compares seven possible therapeu-
tic behaviors in the treatment of arthritis, six of which 
are NSAIDs as monotherapy or in combination with 
other products. The branches of the decision tree 
represent therapeutic success, loss of effi  cacy, and 
the occurrence of adverse drug reactions (ADRs). 
Data from clinical practice and brief product charac-
teristics were used for the incidence of ADRs. The 
treatment steps are repeated without specifying the 
treatment recurrence period, but it is stated that the 
time can vary between 0 and 365 days, so we as-

sume that the treatment period is one year. The re-
sults are measured by years of life saved or the fre-
quency of ADR, and the costs are those of the payer. 
A calculator in excel program for application of the 
model has been developed. The decision to choose 
a therapeutic alternative is made on the basis of the 
saved costs of prevented ADRs or the cost of a year 
of life saved. The advantages of this modeling tech-
nique are its fl exibility in terms of therapy duration, 
compared alternatives, uncertainty calculations. It is 
possible for the input parameters to vary according 

Fig. 2. Structure of the ACCES model (Svarvar P et al, 2000)



Pharmacoeconomic models in rheumatology

to the method of treatment and national character-
istics.

The second model is a simulation-type decision 
tree for comparing two biological products after an 
inadequate response to previous treatment with a 
biological product in moderate to severe RA (Figure 
3). The simulation model of the decision tree type 
allows to calculate variable distributions.

The publication presents 12 separate models 
developed to simulate 6 consecutive changes in 
therapy, consisting of 3 biological medicines. The re-
sults of the treatment were measured by 2 measures 
of therapeutic success – remission and low disease 

activity. The costs are direct medical costs. Data on 
the eff ectiveness of biologic therapy are taken from 
clinical trials published at the time of the model de-
velopment in 2012.

A patient-level microsimulation model for health 
system purposes in Spain was developed to assess 
the sequence of tofacitinib treatment followed by bi-
ologic versus biologic therapy alone. Four scenarios 
for changing the treatment of patients have been de-
veloped (Figure 4).

Model parameters include demographic and 
clinical data [HAQ]. and response to long-term 
treatment. Effi  cacy was measured by changes in 

Fig. 3. Example of a simulation Model tree of solutions for second-line biological therapy (Puolakka K. et al., 2012)

Fig. 4. Scheme of a Markov model for the treatment of RA (Kobelt G., 2003) [12] 
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HAQ values. Serious side eff ects are also included 
in the model. The costs are direct medical expens-
es and include expenses for medicines, parenteral 
administration, disease progression, treatment of 
serious ADRs.

One of Markov’s fi rst models was developed by 
Kobelt et al. to illustrate the progression of RA, which 
was subsequently used to assess the cost-eff ective-
ness of infl iximab in the treatment of RA ‒ Figure 
4. The model compares two treatment alternatives
and non-treatment, with transitions from condition to 
condition being determined by changes in values of 
HAQ. Condition 1 has the lowest level of disability 
(HAQ < 0.6) and condition 6 has the highest degree 
of disability (HAQ02.6). After each one-year cycle, 
the model redistributes patients to each condition 
based on changes in HAQ values. Absorbing state is 
death. Data on the effi  cacy of infl iximab as an alter-
native treatment in the second model were extrapo-
lated from the ATTRACT clinical trial.

The model of Russell et al. examines transition 
states between low disease activity and remission 
when comparing abatacept and disease modifying 
antirheumatoid drugs (DMARDs). A similar transi-
tion is used by the model of Iannazzo et al. The 
model of Welsing et al. uses the DAS (disease 
activity score) as a measure of disease activity to 
describe patients’ transition between health condi-
tions when extrapolating short-term data from clin-
ical trials.

Another Markov model initially described the se-
quence of the therapeutic process with the hither-
to known medicinal products (Figure 5), and then, 
based on the therapeutic behavior and data from 
clinical trials, created a model with a transition from 
ACR exacerbation conditions (Figure 6).

Dඑඛඋඝඛඛඑ඗ඖ

This publication complements previous devel-
opments in the fi eld of therapeutic process model-
ing and the application of drugs in rheumatology. 
[14]. Undoubtedly, pharmacoeconomic models are 
increasingly used for mathematical description of 
treatment and prediction of its future development, 

as well as the cost-eff ectiveness of new molecules 
[15-49].

This work confi rms that models for the treatment 
of rheumatoid arthritis predominate, and to a lesser 
extent for other rheumatological diagnoses.

With the introduction of new organic products, 
we can expect that the number of models will in-
crease due to the requirements of regulatory insti-
tutions to prove the cost-eff ectiveness of new health 
and pharmaceutical technologies. However, these 
types of models are sometimes too schematic, as 
they target only a specifi c drug and use information 
about the therapeutic eff ect of clinical trials, which 
does not give a complete picture of all available al-
ternatives on the market. More important are the 
models that describe the course of the disease in 
its treatment and compare more than two alternative 
behaviors [48, 49].

This study shows that the models in rheumatol-
ogy are very limited in number compared to other 
therapeutic areas, such as endocrinology and diabe-
tes. This is probably due to the individual course of 
the disease and the diffi  culty of including all possible 
treatment options. With the development of artifi cial 
intelligence and its wider application in the process-
ing of data from real clinical practice, these problems 
will be overcome.

The current study has some limitations. In the 
fi rst place, it includes publications only from PubMed. 
We have tried to overcome this limitation by includ-
ing other studies recommended by the system, but 
there are probably models that are missing. Another 
limitation is that it does not include national surveys.

C඗ඖඋඔඝඛඑ඗ඖ

Pharmacoeconomic models in rheumatology are 
primarily for rheumatoid arthritis as the most com-
mon diagnosis. There is still no complete descrip-
tion of the development of the main rheumatological 
diagnoses. As in other therapeutic areas, with the 
development of artifi cial intelligence the importance 
of pharmacoeconomic models will increase, where 
these models are built with data from studies in real 
clinical practice.
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Fig. 5. Scheme of therapeutic process according to Hashemi-Meshkini A., 2016 [13]

Fig. 6. Structure of transitions in RA according to Hashemi-Meshkini A., 2016
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