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Summary: This publication discusses the problem of choosing a comparison 
technology for pharmacoeconomic analysis. The relevance of this issue stems 
from the fact that the pharmacoeconomic analysis is based on a comparative 
competitive approach and that the comparison technology sets the point of 
reference and determines the sensitivity of the assessment. Pharmacoeconomic 
assessment is most needed for innovative drugs. In this context, the choice 
of comparison technology predetermines the results of the pharmacoeconomic 
evaluation of an innovative drug. The traditional approach used in choosing a 
comparison technology in a pharmacoeconomic analysis based on the evidence 
of medical use between the drug being investigated and the comparison 
technology has some limitations, especially when the drug of a new class is 
evaluated. In this case, the comparison technology often uses long-running 
medications, which are not comparable with the innovative drug, either in terms 
of efficiency (usually to a large extent) or at the cost of an innovative drug, 
which is often  more high-priced. In these circumstances, the results of the 
pharmacoeconomic assessment of innovative drug will possibly be negative. 
The negative results may be a sign of not likely unacceptability of an innovative 
drug but the consequence of the incorrect choice of comparison technology, 
which sets the level of sensitivity of the pharmacoeconomic analysis, in which 
the innovation drug is known to be beyond its borders. For a  solution  to 
the situation, the authors suggest an alternative approach to the choice of 
comparison technology in the pharmacoeconomic analysis.  

Keywords: pharmacoeconomics, clinic-economic analysis, innovative medicine, 
comparison technology, “golden standard” of treatment, “cost-efficiency” 
analysis, “budget impact” analysis. 

The development of the methodology of the major types of pharmacoeco-
nomic analysis provides an opportunity to considerate the issue of selection 
of pharmacoeconomic valuation items.

The pharmacoeconomic analysis implies a competitive comparative ap-
proach, and there is a problem of choosing a comparison technology for the 
pharmacoeconomic evaluation of the drug. An analysis of practical experience 
with pharmacoeconomics shows [1-12, 16-27] that the following options are 
traditionally chosen as comparison technologies:

•	 historical control (palliative therapy or best available therapy);
•	 The “Golden standard” of treatment;
•	 A drug of a similar class; 
•	 A drug of another class with similar indications for use;
•	 Innovative drug of another class with the same indications for use.

The list appears to be in line with possible alternatives to the choice 
of comparison technologies for drug clinical trials. This is because the 
pharmacoeconomic analysis takes into account the clinical efficiency of 

the drug under investigation, which is mostly derived from clinical trials. 
However, differences in the goals, objectives and methodology of clinical 
and pharmacoeconomic research lead to different results in the use of the 
same comparison technologies in assessing clinical and pharmacoeconomic 
efficiency. The wide range of options available for use complicates the problem 
of selecting the comparison technology in pharmacoeconomic analysis: 
the use of the indirect comparison methodology in pharmacoeconomic 
analysis makes it possible to use almost any of the above options as a 
comparison technology. It is important to note, that the selected comparison 
technology in the pharmacoeconomic analysis is the reference point in the 
pharmacoeconomic evaluation coordinate system, thus defining the initial 
analysis conditions and directly influencing the resulting pharmacoeconomic 
conclusion.

This article examines the conditions for selecting different comparison 
technologies from the perspective of various stakeholders in the 
pharmacoeconomic analysis, the particulars and limitations of their use, and 
the impact on the results of the pharmacoeconomic study. 

As noted earlier, the main criterion in the traditional approach to the 
choice of comparison technologies in the pharmacoeconomic study is the 
clinical aspect-the conformity of the medical evidence of the drug and of the 
comparison technology. According to this principle, all possible options for 
comparison technologies can be ranked by the degree of reasonableness.    

The existing international recommendations [30] on pharmacoeconomic 
analysis consider the preferred scenario of using as a technology a comparison 
of the most commonly accepted therapy, a “golden standard”. 

The choice of the “golden standard” of treatment in the role of comparison 
technology makes it possible to avoid criticizing the pharmacoeconomic 
research design. For example, from a clinical perspective, the use of the 
“golden standard” of treatment is reasonable, as it seems to be the best 
accepted practice. For decision makers, the use of the “golden standard” 
of treatment as a technology of comparison is also characterized by a high 
degree of persuasiveness, since in the vast majority of cases the drug/services 
of the “golden standard” of treatment are already included in the reimbursable 
listings, the results of the pharmacoeconomic research will demonstrate how 
the innovative drug would affect the actual efficiency of the distribution of 
resources in system of medicine provision. The choice of other options as 
comparison technologies if there is a current “golden standard” of treatment 
for the medical evidence in question may raise additional questions and the 
justifications for the target audience, which is presented with the results of the 
pharmacoeconomic analysis.

In the absence of a “golden standard” of treatment, the number of possible 
comparison technologies in the pharmacoeconomic analysis is increasing. 
Based on the principle of a general indication for use, next drug following the 
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“golden standard”” of treatment may be the drug of the same pharmacological 
group or class and it may be chosen as the basis for comparison.  The choice 
of a specific INN for comparison in the pharmacoeconomic study is, in fact, 
determined by the position of the drug in the pharmaceutical market (taking 
into account the prevalence of the use of drug in actual clinical practice, the 
presence or absence of drug in the lists, the competitive environment, etc.).

In a situation where an innovative drug of a new Class (group) is subject to 
a pharmacoeconomic assessment, the drug of other pharmacological classes 
(groups) with a similar statement of application may be used as comparison 
technologies. However, it is important to note that the comparison drugs can 
be selected from both the group of innovative classes and traditional ones. 
For example, when conducting a pharmacoeconomic analysis of innovative 
oncological drug belonging to the class of monoclonal antibodies, as a 
comparison technology, if there is no existing “golden standard” of therapy 
or other drug monoclonal antibodies in the treatment of the nosology in 
question, the drug  of inhibitor of tyrosine kinases (innovative class of drugs) 
or one of the traditional chemotherapy schemes of cytotoxic drugs can be 
used. It should be noted that this situation does not negate the need to justify 
the selection of a specific drug chosen for the role of comparison technology 
in the pharmacoeconomic analysis. 

If a new revolutionary drug is subject for pharmacoeconomic analysis, 
and it is used to treat a disease for which there was no prior effective therapy, 
the only available option as a comparison technology is historical control or 
better available/supportive/palliative therapy.

This traditional approach to the choice of comparison technology in the 
pharmacoeconomic study, based on indications for medical use, seems to be 
a clear and understanding for problem of pharmacoeconomic evaluation by 
clinical specialists. However, it is important to note that the pharmacoeconomic 
analysis is a tool for decision-making in the system of medicine provision. 
Its purpose is not to choose the optimum drug for patient treatment (this 
choice is within the competence of the attending physician, who defines the 
treatment tactics and the drugs based on the characteristics of the individual 
patient, his indications and contra indications, possible drug interactions, side 
effects of therapy, the treatment protocols and clinical recommendations) 
and, in general, the optimal use of the limited resources available to the health 
system in order to obtain the most effectiveness expressed by the increase 

in health per unit of resources. In this regard, an alternative approach to the 
selection of comparison technologies in the pharmacoeconomic assessment 
is becoming possible. However, before considering this approach, it is 
necessary to analyze how the selection of a comparison technology influences 
the results of the pharmacoeconomic assessment. It is proposed to study 
this issue in a consistent manner for two main types of pharmacoeconomic 
analysis: “cost-efficiency” and “budget impact”. 

The “cost-efficiency” analysis methodology involves calculating the 
value of the cost-efficiency coefficient (CER) for the investigational drug and  
comparison drug[13]. The specified coefficient reflects the cost per unit of 
efficiency at each of the drug: the cost-efficiency analysis actually determines 
the profitability of the drug. The calculation is based on efficiency and cost 
data (see formula (1)).

CER = Cost/Ef, where:
Formula (1)

CER - value of cost-efficiency coefficient, RUB;
Cost – Drug costs, RUB;
Ef –  the value of drug effectiveness in the appropriate performance test.

The final phase of “cost-efficiency” analysis involves interpreting the 
resulting CER values. The investigational drug is regarded as the dominant 
from the pharmacoeconomic “cost-efficiency” analysis, provided that it is 
clinically more efficient drug comparisons, and that the CER values are less 
than for comparisons. If a clinically more effective drug is characterized 
by a larger CER, it is necessary to calculate the incremental ratio of “cost-
efficiency” (ICER) with formula (2). 

ICER = Cost(1) – Cost(2)/Ef(1) – Ef(2), where: Formula (2)

ICER-value of an coefficient of “cost-efficiency”, RUB 
Cost(1) – Costs for drug 1, RUB;  
Cost(1) – Costs for drug 2, RUB; 
Ef (1) – the effectiveness of drug 1 in the appropriate performance test. 
Ef (2) – the effectiveness of drug 1 in the appropriate performance test.

The obtained value is compared with 1 с “willingness to pay” (WTP), which 
can be defined as three per capita GDP per annum. If the value of ICER below 
the WTP, the “cost-efficiency” conclusion of a clinically more effective drug is 
formulated. In a situation where the calculated ICER is above the WTP, it may 
be possible to raise the issue of the inadmissibility of a clinically more effective 
drug for the health system and its financial capacities. Thus, the comparison 
technology has a direct impact on the resulting pharmacoeconomic conclusion, 
based on the competitive nature of the “cost-efficiency” analysis. To illustrate this 
impact more clearly, imagine two hypothetical situations: a pharmacoeconomic 

evaluation of the innovative drug X in the treatment of the M disease. In the 
first case, the reference technology is the routinely outdated treatment of the M 
disease, and in the second case is used another innovative drug is used (table 
1). The relevant base values and the calculation of “cost-efficiency” analysis for 
proposed hypothetical situations are also presented in table 1. 

1  Provided that the criterion of effectiveness is LYG or QALY

Figure 1. The algorithm for selecting comparison technologies in a pharmacoeconomic analysis with a traditional approach based on general indications for medical use 
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“Cost-efficiency” analysis results for a situation where comparison technology 
for X is routinely outdated treatment, show the unacceptability of innovative X 
because the CER value for it (2 531 646 RUB) is higher than for routine therapy 
(700 000 RUB), and the value ICER ( 2 797 101 RUB) exceeds the WTP (1 655 
757 RUB). In the case of a different innovative drug in the role of comparison 
technology, the results of the “cost-efficiency” analysis show the advantage of the 
X - the CER’s value for it (2 531 646 RUB) is less than for another innovative drug 
(2 615 385 RUB). According to the calculations, pharmacoeconomic conclusion 
for the same drug, depending on the comparison technique used, may be 
opposite. Thus, the selection of the comparison technology as a reference point in 
the coordinate system of the pharmacoeconomic analysis determines the result of 
the pharmacoeconomic evaluation.

At the same time, it is important to draw attention to the fact that the 
hypothetical situations under consideration are not artificially invented 
abstractions, but illustrate practical cases in pharmacoeconomic analysis. In 
fact, however effective the innovation in the pharmaceutical industry may be2 
efficiency gains cannot meet the rate of increase in costs especially if the 
comparison technology is a  drug of 20-30 years old. In the example, the 

innovative drug X is nearly eight times more effective than routine therapy, but 
the cost of an innovative drug exceeds the cost of routine therapy more than 
20 times! Figure 1 shows the evolution of the cost of developing an innovative 
drug over the past 40 years.

2  A close attention to the situation of the pharmacoeconomic assessment of in-
novative drugs is due to the fact that in the vast majority of cases, new drugs(in the 
pharmaceutical market) and at high cost are the subject of pharmacoeconomic analysis.

The timetable clearly shows a trend of a dramatic increase in the cost of 
developing innovative drugs, and also in accelerating the rate of increase in 
costs themselves. This fact, along with the transition from an era of blockbuster 
medicine (in which target groups of patients for drug number hundreds of 
thousands and even millions of people) to stratified and personalized medicine 
(which narrows the target groups of patients for innovative drugs to tens of 
thousands and hundreds of patients), result in a uncontrollable increase in 
the cost of innovative drug (Figure 2). Over the past few years, a symbol of 
high-value drugs was considered to be eculizumab (Soliris) (Fig. 3) [14], but 
according to data for September 2016, the most expensive drug in the world 
Is alipogene tiparvovec (Glybera), which is used to treat the lipoprotein lipase 
deficit, the cost of which is more than 50 000 USD. Taking into account the 
world-wide picture of the rate of additions in costs and effectiveness of drugs, 
that justifies the relevance of our hypothetical example, it is proposed to return 
to its further discussion. 

The above example demonstrates that, in pharmacoeconomic assessment 
it is more favorable situation, when a comparison of the innovative drug is 
made with another (previously registered) innovative drug (This situation 
provides a more comparable level of costs, although the difference in efficiency 

between the two innovative drugs is also reduced). At the same time, if the 
assessable drug is a breakthrough drug in nosology that had no innovations 
for a long time, and the treatment has been carried out by outdated drugs, 
the use of outmoded routine as comparing technology  reduces the likelihood 
of a positive pharmacoeconomic conclusion for the estimated innovative 
drug (though that innovative drug can provide a qualitatively different level 
of treatment outcomes, but the difference in costs between routine therapy 

Table 1. Baseline data and calculations for presented hypothetical situations

Technologies under consideration Baseline data
A CER, RUB. For 

QALY

Comparison of CER drug 
X with CER of comparison 

technologies
ICER

An innovative X drug study for treating the M disease 
Cost per year for X: 2000 000 RUB. 2 531 646  

Effectiveness of drug X: 0,79 QALY

Hypothetical situation 1: Com-
parison with routinely outdated 

treatment (RT) 

Cost per year for RT: 70000, RUB
700,000

2531646 > 700000 the 
hypothesis on the cost-effi-

ciency of X

2797101 ICER exceeds the WTP 
of 1655757 rubles, X drug is 

unacceptableEffectiveness of drug X: 0,1 QALY

Hypothetical situation 2: Compari-
son with other innovative drug (I)

Cost per year for I: 1.7 million, RUB
2 615 385

2531646 < 2615385
X drug as dominantEfficiency of I: 0,65 QALY

1970S 1980S 1990-2000S 2000  TO THE PRESENT

Costs of market launch for innovative drug, mln US dollars

2600

1000

413
176

DiMasi JA, Grabowski HG, Hansen RW. Innovation in the pharmaceutical industry: new estimates of R&D costs. J Health Economics. 2016;47:20
-

33. 
Congressional Budget Of ce (CBO). A CBO study: research and development in the pharmaceutical industry. www.cbo.gov/sites/default/ les/cbo les/ftpdocs/76xx/doc7615/10-02- drugr-d.pdf. Published October 2006. Accessed April 2016; Pharmaceutical Research 
and Manufacturers of America (PhRMA). PhRMA Annual Membership Survey, 1995-2015.Washington, DC: PhRMA; 2016 

Figure 2. Evolution of the cost of developing innovative drugs.
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and innovative drug is excessive. Obviously, the choice of technology has an 
even greater effect on the results of the “budget impact” analysis because it 
is expressed not as a unit but as an absolute monetary value that is directly 
dependent on the value of the cost.  

In the present situation, it may appear that the interests of patients 
and doctors are ignored - in a disease that has already been endorsed by 
other innovative drugs in the recent past innovative drugs are more likely to 
obtain a positive pharmacoeconomic evaluation, which is a sine qua non for 
the inclusion of the medication in the drug programmes (reimbursable lists) 
as in Russia, and in most developed and developing countries in the world. 
However, there is a high risk of negative pharmacoeconomic conclusion in 
the introduction of innovative drugs in diseases in which innovation was 
previously absent, existing routine therapy is limited in efficiency and the 
need for modern efficient drugs is very high. This may question the adequacy 
of pharmacoeconomic analysis as a tool to support decision-making in the 
drug provision, if the pharmacoeconomic assessment makes it unlikely  to 
introduce innovations into the most needy fields of medicine. However, in 
our view, with international experience, the existing problem is not related 
to the limited capacity of the pharmacoeconomic analysis methodology, but 
is a consequence of the incorrect use, which is the wrong point of reference, 
the comparison technology for the pharmacoeconomic assessment. The 
corresponding parallels can be made with using the maps in the navigation. 
They are used in long journeys between countries and cities and in short 
ones to find the location of an object (organization/theater/store/bank, etc.). 
However, in the case of a single object, the use of maps with a large scale 
(for example, maps of the whole territory of Russia) is inappropriate and 
unacceptable. Similarly, it will be an uncomfortable card with a small scale-
up to the house numbers-when planning a long journey route. Likewise in 
the pharmacoeconomic analysis: the appropriate choice of comparison 
technology, as a reference point in the analysis coordinate system, will provide 
an adequate conclusion. On the other hand, the above facts suggest that a 
comparative pharmacoeconomic assessment of Contemporary Innovative 
drugs and drugs of routine practices, which were developed 20-30 years ago, 
often leads to inadequate conclusions. 

However, this approach raises the problem of choosing another type of 
technology. This choice is transparent and evident if the reimbursed lists of 
drug programmes have previously included other relatively innovative drug 
with which an adequate comparative pharmacoeconomic assessment is 
possible. But what if the evaluated drug represents the first or only innovation 
in a specific therapeutic area, for which there was only outdated routine 
therapy previously?

In this situation, the solution may be to supplement the traditional 
principle of choosing the comparison technology based on the application 
of the evidence to the medical use of the level of innovation or the level of 
resource allocation (of course, subject to the comparability of clinical and 
socio-economic characteristics of therapeutic areas for which innovative drugs 
selected as comparison technologies are to be used in the pharmacoeconomic 
analysis). The proposed broadening of the approach to the choice of 
comparison technologies in the pharmacoeconomic analysis can be seen as 
a reflection of the central idea of pharmacoeconomics - optimizing the use 
of resources in the health system (from the price of treatment to the cost 
of the treatment result). It should be noted that in this case the key criterion 
determining the choice of the comparison technology is the characteristics 
of the innovation of the drug, depending on which appropriate comparison 
technology is chosen. This allows to specify the correct point of reference 
in the pharmacoeconomic study and, as a result, to obtain an adequate 
pharmacoeconomic assessment. 

In the present situation, in which the pharmacoeconomic assessment is 
conducted for the first drug in the nosology class, which previously lacked 
products with a comparable level of innovation, efficiency and cost, the 
alternative approach we describe the choosing of the technology of comparison 
suggests comparing the “cost-efficiency” analysis with the “budget impact” 
analysis of drug with innovative products for other prescriptions. As a practical 
example of validity of the proposed approach to the selection of a comparison 
technology in the pharmacoeconomic analysis, we can use a foreign study 
adapted for Russia was made, the purpose of which was to evaluate the 
innovative drug in the direction of immunotherapy in the treatment of 
melanoma [15, 31]. In view of the lack of adequate comparison technology 
in the said medical prescription, the value of the unit of efficiency (1 month 
of life – LYM?), which was correlated with similar values for other innovative 
drugs already introduced in the treatment of various oncological diseases in 
Russia. In a coordinate system where the efficiency of the drugs (total monthly 
survival) was deferred, and on the abscissa axis, the cost of treatment for 
each of the drugs (Rub.) was determined on the basis of the efficiency and 
cost data, the points corresponding to the drug analysis were identified. In 
the next stage of the analysis, a trendline was built based on the values of the 
points indicated, reflecting the average cost of the unit of efficiency for the 
drugs in analysis, with a commensurate level of innovation and profitability. 
The specified trend line splits the plane of the graph into two semi-planes: 
the first semi-plane contained value of the unit value, which is less than the 
average cost per unit of efficiency. In contrast to the first semi-plane, the 
second included values that exceeded the average value of the unit of efficacy 
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of the drugs included in the analysis. From the pharmacoeconomics position, 
the results of the analysis are interpreted as follows: If the drug being studied 
falls into the first semi-plane, the using of health-care funds to the purchase 
of the drug can be regarded as a sound investment. 

Thus, the example demonstrated the possibility of applying the proposed 
approach whereby comparison technology is chosen based not on the 
principle of conformity of the prescription to the medical use, but on the basis 
of the principle of the level of innovation and distribution of the resources 
in health system. The pharmacoeconomic analysis carried out in accordance 
with this approach has been characterized by an adequate selection of the 
point of assessment (scale), which has led to the necessary sensitivity of the 
analysis, increasing the likelihood of a relevant positive pharmacoeconomic 
conclusion and thus enhancing the availability of modern high-efficiency 
drugs for patients. 

With the two approaches to the choice of comparison technology in the 
pharmacoeconomic analysis, there is a need to establish a rule governing 
the use of one or another approach. From our point of view, in accordance 
with the earlier reasoning, the key to applying each of approaches to the 
choice of comparison technology should be to establish an adequate level of 
sensitivity of the pharmacoeconomic analysis through the chosen comparison 
technology. Inequality (Formula 3) may be a reflection of compliance with the 
specified condition.

Сost(X) ≤ Z x Сost(A), where: Formula (3)

Сost(X) – the total cost of the estimated innovative X drug per patient in the 
period under review, RUB;  
Сost(A) – is the total cost of comparison technology (chosen on the basis of a 
general indications of medical use) per patient in the period under review, RUB;  
 Z – is the value that represents the number of times the cost of the drug 
studied exceeds the comparison technology (Z≥0).  

To use a formula (3) condition, it is needed to define a value of Z. In prac-
tice, the value of Z can be empirically determined. The recommendation for a 
formalized setting of the Z parameter can be obtained and based on a scoring 
of the results of the pharmacoeconomic analysis in accordance with the de-
cision of the governmental regulation of RF N871 of 28.08.2014. According 
to annex 6 of the regulatory act, the drug receives 10 points if its total cost is 
more than 80 per cent higher than that for the comparison technology. Then 
the equating Z with 10, according to the existing scoring system, will clearly 
reflect the incorrect comparison of innovative drug with the comparison tech-
nology chosen from the general statement approach to medical use. Thus, at 
Z≤2, the traditional approach based on a general statement of medical use 
should be used in the pharmacoeconomic study in selecting the compari-
son technology; At Z≥10 an alternative approach to the choice of compar-
ison technology based on the comparability of the drug level of innovation 
should be used. Based on the discourses presented, the general algorithm 
for selecting the comparison technologies in the pharmacoeconomic analysis 
appears in the following form (Figure 5). According to this algorithm, the first 
step in choosing a comparison technology is to use the principle of general 

indication for medical use, then the selected comparison technology and the 
evaluated drugs are tested against the Z criteria, and  results allow to use the 
selected comparison technology or to choose other comparison technology, 
but on the basis of an alternative principle of comparability between the levels 
of innovation of the drug in pharmacoeconomic analysis. This sequence of 
actions in the selection of the comparison technology in the context of the 
pharmacoeconomic research for innovative  drugs ensures that the sensitivity 
of pharmacoeconomic analysis is adequately set and considered conclusions 
are received.
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