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INTRODUCTION

The social science of pharmacoeconomics is quite a new and rapidly changing field. The
roots of pharmacoeconomics are in health economics — a specialized aspect of economics
developed in the 1960s. The concepts involved in pharmacoeconomics, such as cost-
effectiveness (CEA) and cost-benefit analysis (CBA), have been developed from the late
1970s. Beginning in the 1980s, measurement tools for health and clinical outcomes
assessment were created and have subsequently been improved. Pharmacoeconomics
emerged in the late 1980s as an independent entity among the varied specialized

economic methods. [1]

Over the past 20 years, pharmacoeconomics has become more important due to an
increased emphasis on efficient drug therapies for disease, which increase health costs,
etc. [2] Rising health expenditures have led to the necessity to find the optimal therapy at
the lowest price. Pharmacoeconomics is an innovative method that aims to decrease

health expenditures, whilst optimizing healthcare results. {3]

The science of pharmacoeconomics presents analytic methods to answer such question in
economic terms. Pharmacoeconomics, as a term present in literature since 1986, has been
defined as “the description of the costs of drug therapy to health care systems and

society”. [4]

As scientific branch pharmacoeconomics and its roots developed in 1970's. One of the
first techniques introduced were cost analyses i.e. by Bootman and co workers from
University of Minnesota in 1978. [5] Pharmacoeconomic research involves evaluation of
pharmaceutical products and services, measuring of its costs in form of given resources,
and outcomes resulting in clinical, economic or at societal level. Pharmacoeconomic
methods are cost-minimization (CMA), cost-benefit, cost-effectiveness, and cost-

utilization analyses (CUA). Basically, pharmacoeconomics is focusing on impact of

medical or therapeutic interventions and compare to alternatives.




Described by Postma pharmacoeconomic techniques mostly used are: CBA, CEA and

CUA. [6]

Nowadays trend is that costs for health care are increasing in most of European countries.
New upcoming agents are expensive and so increase cost of drugs in society and health
care costs in general. Health economics is now central tool of heaith policy makers’
attempts to introduce more efficiency into health care organization, financing and
resource allocation since budgets are limited. Pharmacoeconomic analyses signify

relevance of assessment, registration and reimbursement of drugs.

Economic evaluations analyze the consequences of using new or established therapies, in
terms of both their benefits and their costs, compared to alternatives. The methodology to
be used in economic evaluations has been defined according to the state of the art by
guidelines for pharmacoeconomic studies. Since value for money is now of central
concern in health policy, analysis of the consequences of the use of new and existing
therapies, both in terms of benefits and costs, are crucial for decisions on resource
allocation, Purchasers of health care are increasingly requesting proof of the value for
money of competing technologies, in particular of new pharmaceutical products, in order
to decide on their adoption and reimbursement status, and cost-effectiveness has become

an important criterion for selection of therapies by providers and payers of health care.

Economic evaluations have therefore become an important source of information to aid
decision making about the allocation of resources to technologies, and also to decisions
about the development of new pharmaceuticals.

Pharmaceutical companies have long performed economic evaluations at the time of
launch of a new product. [n most pharmaceutical companies these studies are integral part
of research portfolio management and drug development in order to bring products to the
market that meet goal of value for money, meaning how much health gain for how much

money. In many Western countries as in The Netherlands the pharmacoeconomic

evaluation is obligatory for the reimbursement process.




AIM OF THESIS

Theoretical part

The first objective of this thesis is to explore pharmacoeconomics and its application.
o Firstly to consider pharmacoeconomy as a science,

o Secondly to describe pharmacoeconomic methods and models.

The second objective of this thesis is to focus on Dutch pharmacoeconomic guidelines.
o Firstly to revise guidelines from 1999, from a methodological point of view and
their comparison to Australian or Canadian guidelines.
o Secondly to present new pharmacoeconomic guidelines from 2006 and reason for

their actualization.

Practical part

The main and the third objective of this thesis is to analyze a specific example and its
pharmacoeconomic evaluation.

o Firstly for this purpose is a selected example on venous thromboembolism
primary prevention after total hip replacement surgery in Europe, from a clinical
point of view.

o Secondly, is to assess the total hip replacement surgery in Europe from a

pharmacoeconomic point of view.

The final objective of this thesis is to evaluate the use of the national guidelines in
published literature in The Netherlands.
o For this purpose firstly will be to assess the use of methodological guidelines
from 1999, in the pharmacoeconomic research in a limited period.

o Secondly adherence of guidelines allows for consideration of where main

improvements are to be made.




METHODS

The methods used in this doctoral thesis are mainly literature searches in electronic form

of web sites, or in the form of published articles, journals, books, manuals, databases and

software programs.

Each section of the thesis had a different approach according to objectives that had to be

met.

The first section is oriented toward the theoretical part.

The approach used was of literature searches from various sources to define:

a pharmacoeconomics as science and its methods with implementation of
statistical techniques, Meta- and Sensitivity analyses, Markov model, BUGS and
DATA,

pharmacoeconomic guidelines by Dutch database CVZ (College voor

Zorgverzekeringen).

The second section of thesis is oriented toward a practical part involving research articles.

Firstly, the main analysis was performed on thromboprophylaxis in hip
replacement surgery for Europe as well as with a literature search available on the
Pub Med database (English language) for clinical trials using any of the following
agents after hip-replacement surgery: acenocoumarol, fondaparinux and direct
oral inhibitors. Given the European perspective of the analysis, such trials also
had to be relevant for the specific European clinical practices, in particular with
respect to the timing of Low Molecular Weight Heparin (LMWH) and
fondaparinux (the European clinical practice, for example, implied that the
European Pentasaccharide Hip Elective Surgery Study (EPHESUS) would be
included, whereas the North American-based PENTATHLON 2000 study was

not. Additionally, literature was searched for combinations of all previously




mentioned agents with any of the following key words: pharmacoeconomics,
economy, economic studies, hip replacement and cost. Additional references from
the bibliographies from the selected papers were aiso considered. LMWH was
primarily considered the comparator drug since it is standard treatment for

preventing Deep Venous Thrombosis (DVT).

Secondly, the Dutch pharmacoeconomic guidelines were revised. In 1999, Dutch
Health Care Insurance Board (CVZ) presented Dutch guidelines for
pharmacoeconomic research. This review covers all Dutch pharmacoeconomic
studies that were published in English during 2003-2004. Nine methodological
guidelines were selected for investigation with respect to their application to
pharmacoeconomic studies. Each pharmacoeconomic study was reviewed by a
minimum of two reviewers for objectivity and accuracy of results. The search
methodology and inclusion criteria for qualified studies: A search was oriented to
pharmacoeconomic studies that were published in English for the Netherlands
from Ist January 2003 to 3lst December 2004. The databases used were
MEDLINE and EMBASE. The search used the terms ‘‘cost (-) effectiveness’’,
‘“‘pharmaco (-) economic(s)’’ and ‘‘(the) Netherlands’’. The formal inclusion
criteria for this review were that studies should be: (a) Pharmacoeconomic
evaluations; (b) cost-effectiveness or a cost-utility analysis; (b) Original research;
and (c) That full text reports would be available (rather than merely abstracts

alone).
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{ THEORETICAL PART

1.1 Pharmacoeconomics and Outcomes Research

Pharmacoeconomics is collection of techniques used in evaluation not only of
pharmacotherapy, in which it is a point of interest, but also in evaluating surgical

procedures, medical devices or clinical services, [7]

It is important to distinguish between outcomes research and pharmacoeconomy.
Qutcomes research is the process that evaluates different therapies or drug regimens in
order to measure the extent to which a goal of therapy or desirable outcome can be
reached. Outcomes are economic, clinical, and humanistic, defined by Kozma et al. [§]
Methods used in outcomes research are involving retrospective review, prospective
clinical trials, and observational studies. These methods are based on software models
which assume cost and efficacy data from published literature and cost-effectiveness is

determined.

Pharmacoeconomics is a part of health care economics which focus on allocation of
resources for health care. [9] As such pharmacoeconomics is a tool designed to provide
decision makers with information of for instance cost-effectiveness of different
pharmacotherapy. When used in combination with outcomes research, pharmacotherapy

gives most optimal results and uses different mathematic techniques.

Aim of pharmacoeconomic analyses is to recommend the most cost-effective option in
achieving desired outcome in specific population. “What is cost-effective?”” could be
explained as a level of efficacy in reaching an outcome for the lowest possible cost.
When one therapeutic option is both more effective and more expensive it gives us
information of an incremental cost per outcome to be obtained as usually applied cost of

extra life year saved. [7]
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Over the past decade, the importance of pharmacoeconomics has been escalating as a
result of numerous factors. Governments worldwide are spending more money on
healthcare than on nearly anything else. These worldwide expenditures increase at a
faster rate than the global gross domestic product. Pharmaceutical expenditures, which
constitute a large part of healthcare expenditures, have been increasing much faster than
total healthcare expenditures. [10] Numerous drug alternatives and empowered

consumers also fuel the need for economic evaluations of pharmaceutical products. [11]

The increasing cost of healthcare products and services has become a great concern for
patients, healthcare professionals, insurers, politicians and the public. [12] This
increasing concern has prompted demand for the use of economic evaluations of
alternative healthcare outcomes. This escalation in healthcare spending is due to
increased life-expectancy, increased technology, increased expectations, increased

standards of living and an increased demand in healthcare quality and services. [13]

Healthcare resources are not easily accessible and affordable to many patients; therefore
pharmacoeconomic evaluations play an important role in the allocation of these
resources. Pharmacoeconomics strives to guide the utilization of healthcare resources

optimally. [14]

The processes by which a drug evolves from an idea to a patented, marketed drug involve
a great deal of consideration. Randomized, controlled clinical trials are utilized by the US
Food and Drug Administration (FDA) or European Agency for the Evaluation of
Medicinal Products (EMEA) to determine whether or not a drug is safe and effective for
the patient. These trials determine whether drugs should be marketed to the public. A
drug’s effect on the health of the population once the drug is marketed, in addition to the
financial consequences to the healthcare system as a result of using the drug, is not
addressed by randomized, controlled trials. FDA randomized, controlled trials simply
lead to efficacy, which does not provide sufficient information by which to choose a drug
product. The outcome of these research studies determines effectiveness. When

pharmacoeconomic studies are also implemented, including costs, the ultimate answer
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emerges: efficiency. FDA or EMEA approval merely means that a drug is safe and
effective compared with a placebo. This newly approved drug could be inferior to
existing products in the same therapeutic class. Direct comparisons must be carried out
with other drug products to truly test this drug. These pharmacoeconomic comparisons
are called ‘Phase 1V’ or ‘post-marketing studies’. Today, large buyers of drug products,
for example health maintenance organizations, hospitals, Department of Veterans Affairs,
government agencies and the military, have sophisticated staff that analyze and evaluate

alternative products. It is these pharmacoeconomic evaluations that can determine which

drug is optimal. [1]

Pharmacoeconomics addresses both economic and humanistic  outcomes.
Pharmacoeconomics includes ideas and methods from a variety of domains including
statistics, clinical epidemiology, economics, decision analysis and psychometrics, etc,

Pharmacoeconomics and outcomes research are two related disciplines that focus on
these areas of investigation. Pharmacoeconomics is a specialized ‘twin’ of outcomes
research, which focuses more on pharmaceutical drugs as opposed to general healthcare

services. 3]

Outcomes research is the scientific study of the effects of medical care on individuals and
society. A variety of disciplines are utilized by outcomes research, including clinical
epidemiology, informatics, anthropology, economics, health services research, health
policy and biostatistics. Outcomes research has a patient and policy-relevant focus and is
essential to the formulation of clinical practice guidelines, assessing the quality of

medical care and informing health policy decisions. [15]

a. Clinical outcomes: Mortality (saving or prolonging lives); Morbidity (hospital
admissions, disability); Curing disease (i.e. Bacterial infections); Prophylaxis
(preventing recurrent infection, acute exacerbation of chronic disease); Surrogate

or proxy outcomes (lab values), but need to correlate to real clinical measure.
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b. Humanistic outcomes: Quality of life, as evaluated by general and disease specific
questionnaires; Can combine with clinical outcomes (i.e. quality adjusted life
years); Do decision makers care enough to spend more to achieve them, or

sacrifice clinical outcomes for humanistic ones?

¢. Economic outcomes: Translating the impact of clinical/humanistic outcomes into
dollars; Easy method: Look at the additional, or reduced, costs of care/healthcare
for a patient with a defined disease state; problem: Translating non-dollar clinical
outcomes into $$$ (value of life or a year of life saved or improved quality of

life). [16]

Attention by the healthcare community has been shifted from traditional clinical research
to outcomes research due to the rapid rise of healthcare costs and the inefficiency of
evidence-based medicine. Traditional clinical research studies the mechanisms of disease
through biological mechanisms in the pharmaceutical setting, for example drug versus
placebo testing in a randomized clinical trial. Endpoints studied in traditional clinical
research include blood pressure, cholesterol level and glucose level. Qutcomes research,
on the other hand, focuses on the effect of therapeutic treatments on endpoints such as
survival, quality of life, satisfaction with care and cost. This patient-oriented research
method is a useful complement to clinical research and results in insight into the patient’s

perspective. [17]

Pharmacoeconomics is a specific form of health economics that is restricted to
pharmaceutical products. Pharmacoeconomics can be described as a social science
concerned with the impact of pharmaceutical products and services on individuals, health
systems and society, as well as the description and analysis of the costs. One of the
primary goals of pharmacoeconomics is to determine which healthcare alternatives
provide the best healthcare outcome per dollar spent. Pharmacoeconomics aims to

improve the allocation of resources for pharmaceutical products and services. Numerous

methods are utilized to determine the least expensive treatment with the best treatment




outcome. Healthcare policies worldwide are focused on increasing efficiency at a lower
cost without reducing either the quality of healthcare or access to it. [18]

[n addition to drug versus drug decisions, pharmacoeconomics allows us to make
decisions between drugs versus surgery and drugs versus ‘watchful waiting’, based on the

effectiveness of the treatment and the cost. The National Institute for Clinical Excellence

(NICE) in the United Kingdom (UK) functions in this way as well. [11]




1.1.1 Types of pharmacoeconomic studies

Since

pharmacoeconomics is a multidisciplinary field, a group involved in

pharmacoeconomics would include pharmacoeconomists, epidemiologists, statisticians,

data and research personnel. Data may be collected in a variety of ways, including patient

self-report questionnaires and direct data abstraction from patients’ medical and

employment records and bills.

There are three types of pharmacoeconomic studies:

a)

b)

Prospective studies are experimental studies that can be an additional part of a
randomized clinical trial or strictly an economic evaluation. Prospective studies

are the least useful because they require extensive time and money.

Retrospective studies are data analyses of clinical trials or cohort studies that were
conducted previously. This type of study involves a comparison of treatment users
and non-users that are followed from some point in the past to the present.

Retrospective studies are the ideal study method.

Meodel studies are performed as a method of displaying data obtained from a
variety of resources if previously studied data is unavailable. Modeling is an
inexpensive and effective way of illustrating existing available data regarding the
costs and outcomes of alternative therapeutic interventions. Modeling frameworks
include decision trees, influence diagrams, Markov analysis, discrete event
simulation and systems dynamics. The goal of these methods of

pharmacoeconomic evaluation is to assess the value of pharmaceutical products

and services while incorporating clinical, economic and humanistic outcomes. [1]




1.1.2 Pharmacoeconomic analyses

Techniques used in pharmacoeconomics are summerized in Tablel.

Table 1. types of pharmacoeconomic methods

';,Ely_si Cost measurement unit | Qutcome unit

“Cost-minimization | Money Assume to be same in compared groups
 Cost-benefit Money Money

 Cost-effectiveness | Money Natural units (life year gained, blood

pressure, or glucose level in blood).

Cost-utility Money Quality-adjusted life-year or other.

Pharmacoeconomics involves the utilization of two major methodologies for health
economics analysis: cost analysis and cost outcomes. Cost analysis considers the costs of
providing healthcare products or services, but does not consider the outcomes
experienced by patients or providers. Cost-outcomes analysis is the most commonly used

of the pharmacoeconomics methodologies. [1]

1.1.2.1 Cost-minimization analysis

CMA is specific in outcomes where two or more interventions are evaluated and which
are assumed to be equivalent in terms of an outcome, consequence or costs associated

with an intervention may be examined and compared. [19]

This is typical cost-analysis. Example of this pharmacoeconomic technique can be
comparison of two generically same drugs with same outcomes but different the
acquisistion and administration costs. Using CMA is routine in collecting and analyzing

costs associated with adverse drugs events (ADE) and adverse drug reactions (ADR). [7]

Simplified, CMA chooses the cheaper option in decision making process.




1.1.2.2 Cost-benefit analysis

CBA is only pharmacoeconomic method that includes only monetary costs and benefits.
Costs may be drug cost, administration cost, and cost of ADR or pharmacist fee. Benefits
may be for example costs saved on hospitalization or on general practitioner (GP) visit
avoided. These would be direct costs. Indirect costs/benefits are those that are in relation

to production losses due to inability to work.

Usually outcome of CBA is cost minus benefit resulting in net cost. Negative net costs
(<0 meaning that benefits are higher than costs, so from pharmacoeconomic point of view
the intervention (for example new drug) should be applied giving positive health effects
as outcome. Net costs >0 should be considered due to health gains achieved. In general it
is important to know perspective of pharmacoeconomic study which types of costs and
benefits will be involved {perspective of the health-care insurer, the health-care payer or

society as whole). [6]

CBA can be also seen as yield of an investment. A single intervention may be evaluated
or multiple interventions with different outcomes may be compared with CBA. All
benefits and costs that occur at different times must be adjusted to reflect comparable
dollar values. Dollar amounts are converted to present values through the use of an
interest rate known as the discount rate. Other important point is use of sensitivity
analysis which is a method of determining whether the conclusion of an economic
evaluation changes when the value of one variable is varied as all other variables are held

constant. [19]

Besides cost and benefits, two other cost-related calculations can be made. The first is
benefit/cost ratio, which is equal to the total of benefits divided by the cost. Ratio >1
means that each dollar invested produces more than one dollar of benefits. Other number
to calculate is the return on investment, which is equal to the net benefits divided by
Costs, presenting that rate of return the institution earns on its investment in the project.

Choice of the best alternative depends on perspective, and the use of CBA offers a
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strategy for example for deciding which ADE would be the best for an institution to

target. [7]

Simplified, CBA includes cost (drug, ADR...} minus benefit (averted hospital days or GP

visits) when giving negative value <0 than it is acceptable in decision making process.

1.1.2.3 Cost-effectiveness analysis

CEA health gains, as opposed to CBA, are expressed in terms of natural units as for
example infections averted, complications prevented, and cases of chronic disease
averted or number of life-years gained (LYG). The concept of LYG combines mortality
and remaining life expectancy at population level for those groups where fatalities have
been averted. Averted death at young age yields more LYG than averted death at an older
age. The advantage of the use of LYG is that comparison of outcomes of different types
of interventions (therapeutic or preventive) and different disease becomes feasible to a
certain degree. A disadvantage is the potential discriminating implications of the
techniques, for example with the respect to the elderly where by definition fewer life-
years may be gained. Also, given longer remaining life expectancies for women over
men, a CEA may favor an intervention for women over men, despite similar risk

reductions achieved for both genders. [6]

In general CEA are designed to assist decision maker to identify a preferred choice
between possible alternatives. The term cost-effectiveness should be used to imply value
for money. It is also important to distinguish between the concepts of efficacy (how well
the drug works under ideal conditions) and effectiveness (how well it works under
conditions of average use- meaning real life use). Discounting costs and effectiveness, as
in all economic variables (present and future), are adjusted for inflation, it is still
necessary to discount future costs. The reason is that a dollar not spent now can be

invested to yield a larger number of dollars in the future.
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of the estimates used in CEA are uncertain so there is need to test the sensitivity of

Many
the results to changes in these estimates. A useful approach to sensitivity analysis is the

establishment of confidence intervals around the various estimates and than allowing the
estimates to take on the upper and lower bonds of the interval. Basically, if one drug costs
less and it is more effective than another, it is clearly more cost-effective of the two.
However, when one drug both costs more and is more effective than another, the decision
of relative cost-effectiveness depends on weather the decision-maker believes the extra

effectiveness is worth the extra costs.

Decision trees ot other modeling techniques are important for identifying alternative
interventions and for describing the production relationship between resource inputs and
resource and health outcomes. Simple cost-effectiveness ratio (CER= C/E) is misleading,
but incremental cost-effectiveness ratio (ICER= AC (C1-C2)/ AE (E1-E2)) must be
applied. [19]

An example of use of CEA could be in selection of drugs for therapeutic substitution,
which involves choosing among alternatives, for a certain disease or a condition. The
goal is to select the agent that provides an acceptable (but not necessary the highest) level
of effectiveness at the lowest possible cost. In cases when drug is more expensive and
more effective the question that arises is “If it is worth the extra price for the level of

effectiveness?”

Pharmacoeconomic analysis is a toll to help in selection of drugs by identification which
drug gives the most effectiveness per dollar spent. In principle it is cost divided by
effectiveness, giving ratio and the drug with lowest ratio is drug of choice. When another
drug has a higher CER but is more effective, than decision maker must come to
conclusion, by calculating the extra cost of increasing the efficacy by one unit, what is

the amount of reasonable price to pay for added efficacy or effectiveness? [7]

Simplified, CEA are used in analyzing one specific condition or disease, comparing

intervention and non- intervention or two or more alternative interventions that compete.
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It has monetary COSts and health gains as benefits (averted infections, case cured, LYG).

Resulting amount depends on given threshold as ex €20,000 in the Netherlands per LYG.

1.1.2.4 Cost-utility analysis

CUA use the concept of quality adjusted life-years (QALYs) meaning evaluation of
health status: perfect health corresponds to a value of 1 and death to 0. Intermediate
values correspond with various diseases and disease stages. The concept of LYG s of
no use as an outcome when if the intervention considered does not prevent mortality,
despite improving the health state of patients. For this purpose one may apply a CUA,

where health gains are transformed into utilities as QALY. [6]

CUA is a tool in which intervention consequence is measured in terms of quantity and
quality of life. CUA is a technique that assesses the efficiency of healthcare interventions.
In comparison to other techniques CUA has advantages, CBA has difficulties in
translating all sots and consequences into monetary terms; CEA is limited in
incorporation of multiple outcomes from the same intervention or too compare
interventions with different outcomes. In contrast, CUA incorporates the quality of the
health outcome achieved by use of QALYs where pharmaceuticals can produce QALYs
by lengthening life or improving the quality of life, or both. Incremental cost/utility ratio
is changes in cost divided by changes in QALYs (utilities) resulting in dollar value per
QALY gained. [19]

Simplified, CUA are comparing different conditions or diseases where health gains are
transformed to utilities as QALY. QALY=1 perfect health. QALY=0 is death.
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1.1.3 Different types of cost

Cost is defined as the magnitude of resources consumed, monetary value of resources

consumed in production or delivery of product or service. [19]

Pharmacoeconomic studies consider the total costs incurred from the disease - both direct
and indirect costs.

Direct costs consist of pharmaceutical drugs, medical devices, physician visits,
emergency room visits, diagnostic testing services, education and research.

Indirect costs comprise lost school and work days, lost productivity, travel time

and waiting time.

Direct costs have been shown to exceed indirect costs, both in Canada and the United
States (US). Therefore, pharmacoeconomic analysis must include more than just the costs
of drugs. Many costs are not seemingly obvious, i.e. education and non-compliance costs.

[20]

Use of CER’s and translating them into criteria for resource allocation has couple of
views. First view is concerned with comparability between CER’s based on different
definitions of cost and also derived from different perspectives in decision making
process. Second view is application of incremental CEA in evaluation of new drugs.

Third point is choice of critical value of CER.

From societal perspective, differences in interpretation of cost can lead to different
interpretations of CER. This means exclusion or inclusion of cost elements that can have
dramatic effect on resulting CER. The most direct and theoretically correct criterion for

Judging the acceptability of CER is the shadow price of an explicit budget constant, [21]
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To summarize cost:
cost: medical (for intervention, drugs or hospital stay) or non-medical (for

- Direct
\ransportation to hospital), borne by insurers and patients.

- Indirect cost medical (medical cost in LYG) and non-medical (sickness leave, life-years
lost) production losses through morbidity and mortality, borne by society and employer.

. Fixed cost (reimbursement level).

_ Variable cost (cost of ADR of therapy).

- Average cost (one therapy option in different populations).

- Opportunity cot is affected by market (pricing level).

- Intangible cost is non-monetary (pain, disability, invalidity).

- Incremental cost as most important (two or more alternatives compared for the same
condition).

Benefits in general are GP visits or hospital costs averted, travel costs and production loss

averted.




1.1.4 Discounting

The reason for converting future dollars into today’s dollars is based on assumption that a
dollar in the future is worth less than dollar today. Rationale behind this is that the costs
of goods or services will continue to rise in future due to inflation. By discounting costs
and benefits of the future are converted or discounted into “present value” dollars of
today. For that we need discount rate, the number of years until the future payment and

the future value. [7]

National guidelines for pharmacoeconomic research recommend discounting, both of
money and health against the same rate. The new theory in the pharmacoeconomic
research area indicates that it would be appropriate from a societal perspective to choose
discount rates for health that are lower than those for money.

This rate is generally assumed to range from 2 to 7% annually, indicating that €x now
equals between €x * (1.02) and x * (1.07) next year. [22]

At the moment national guidelines for pharmacoeconomic research are being updated and
new more appropriate discount rate are suggested where rates differ in monetary and are
lower in health gains (utility) values. If the value in health changes over time, this may
not be properly reflected in a cost-effectiveness analysis with similar discount rates for

health and money.

As in regular economics, future costs, benefits and health gains are discounted in
pharmacoeconomics. This technique reflects existing time preference, preferring future
costs over current costs, and current benefits and gains over those in the future. The

specific discount rate to use in calculus should reflect the societal time preference. [23]

Basically, discounting is applied to correct for different types of time preference. Time
preference is a complex composite of pure time preference (impatience and uncertainty

about the future) and decreasing marginal utilities of different utility arguments over time
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(money and health). This decreasing marginal utility reasoning assumes a growth of the

utility arguments over time. [24]

Formulations from eighties, indicates that if health gains are discounted at a lower rate
than money, the CER of a healthcare intervention with investment prior to health gains
will always improve by delaying the implementation as delay lowers the nominator of the
CER more than the denominator. In fact, theoretically this would result in the endless

postponing of health interventions (thus paralyzing decision making). [25]

In terms of finding a new theoretical basis on which to base discount rates for money and,
in particular health, Van Hout has made an important suggestion arguing that the discount
rate for health should be based on the expected growth in life expectancy and the

diminishing marginal utility related to such additional health. [26]

Figure 1. lllustration of utility (U) as a function of income (1).

For utility as a function of health (L), a similar graphical illustration can be presented.
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In order to give an indication of the range in which the appropriate discount rate for

health effects might be expected to lie, defined by use two separate cases:

» Health is not related to income and value of health is constant in time.
» Health and income are related, causing the growth in the value attached to health

is equal to the growth in welfare. {27]

Using this method for The Netherlands, discount rates of 4% for money and 1.5% for
health were estimated in the Dutch context and implemented from 2006, as stated in new
guideline 9 of pharmacoeconomic guidelines for decision making, specified in section

1.2.1. (New Dutch guidelines for pharmacoeconomic research).

In summary, rationale for discounting is time preference.

€100 (t=0) is preferred over €100 (t=1); €100 (t=0) = €100*(1+r) (t=1);

Discount rate r varies between 3-6%. Netherlands: 4%. The exact rate is derived from
real rate-of-return on investment. Discounting relates to real economic growth and

uncertainty.
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1.1.5 Pharmacoeconomics in decision making process

Using of pharmacoeconomics for policy making by evaluation of medical intervention is
the regular practice in many countries in Europe. CEA and CUA are tools in priority
setting in health care, and are implemented in reimbursement procedure or in
recommendations for clinical guidelines. For example in The Netherlands the threshold is
given for cost-effectiveness of €20,000 per LYG and in the up to US $100,000 per LYG
or QALY. These thresholds are given formally and in many cases values are under or
above given threshold. For this reason decision rules are set up for decision maker to

evaluate what alternative is worth of desired outcomes.

Timing for pharmacoeconomic analyses differ from countries, for instance it is performed
in The Netherlands directly after registration prior to reimbursement, meaning that CEA
must be proved for drug to be reimbursed. In the UK pharmacoeconomics is applied after

reimbursement and so has only influence on guideline development.

In CBA apply rule of maximum willingness to pay (WTP), but in other techniques it is
not such a case (WTP per LYG or QALY is not possible). In CEA and CUA are
evaluating maximum health gains under restricted budget choosing between different
interventions by eliminating dominated and weakly dominated options. Solution is the
value of the maximum WTP per unit of health gain per group of interventions could be

defined as the rule for decision making, [28]

Cost of illness (COI) studies estimate the overall economic burden of a specific disease,
rather than simply treatment-related costs. While having been criticized for not allowing
resource prioritization, COIl studies can provide useful guidance, so long as they adhere
to accepted methodology. Hence, to increase the credibility of COI studies, closer

agreement among researchers on methodological principles would be desirable. [29]
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1.1.5.1 Incremental cost-effectiveness analysis importance

tsually CEA are used for comparison of competing alternatives for same condition. In
other examples which include analysis among various diagnostic strategies that involve
different tests in different sequences and with different criteria CEA are not applicable,
pecause alternatives are not longer independent (different drugs for the same condition).
As an example, the benefits of giving two antihypertensive drugs to the same group of
patients are not additive. The paradigm needs to be modified to involve the possibility of
mutually exclusive competing choices for the same condition. The correct measure of
cost-effectiveness is the ICER of a treatment relative to less expensive options. This is

because usually more than one treatment is available for a given condition. [21]

1.1.5.2 Cost-effectiveness plane and its quadrants

Concept of cost-effectiveness plane (CEP) is explaining the ICER of the new therapy
over the old treatment option, with an insight of additional costs and effects of the new

treatment.

* South-east (SE) quadrant shows that new alternative is more effective and less
costly than old one. New treatment dominates the old treatment.

* North-west (NW) quadrant shows opposite situation where new alternative is less
effective and cost more than old one. Old treatment dominates the new treatment.

ICER has only a negative value in SE and NW quadrants.

*  South-west (SW) quadrant explained that new treatment saves money compared
to the old one but it is at the cost of health, meaning less effective.

* North-east (NE) quadrant shows that new treatment is more effective and more
costly.

ICER has positive values in SW and NE quadrants.
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Figure 2. Incremental costs (AC) and effects (AE) of a new technology over an old one

and the maximun acceptable ICER in solid line and with a dotted line.

| Reject AL

Most interesting is NE quadrant, where maximum acceptable ICER to pay falls into. The
maximum differs between countries, as mentioned before, for US$50,000 per QALY, in
the UK£30,000 per QALY, and in The Netherlands €20,000 per LYG. This corresponds
to WTP for the gain of one unit of health and applied only in NE quadrant.

Most of the results fall into mix between SW and SE quadrant, so threshold representing
maximum [CER presented in NE is extended in bold diagonal line to the SW quadrant
and concluded that all options bellow that line are acceptable and without importance
which quadrant is in question. Only section between solid line and dotted line would also
be concerned as non acceptable when concerned from societal level from budget

allocations in terms of achieved health gains. [30]
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1.1.6 Using different statistical models in reading CEA results

The past decade has seen a rapid increase in the use of clinical trials as a vehicle for
collecting economic information and estimating the cost-effectiveness of interventions.
[31] The existence of patient-level information on both costs and effects from clinical
wrials has generated interest in statistical methods for CEA, with a key focus on the

quantification and presentation of uncertainty. [32]

1.1.6.1 Application of cost-effectiveness plane in uncertainty

Introducing the CEP as a device is useful for presenting and relating the two central
parameters of interest in economic evaluation: the difference (treatment minus control) in
effectiveness (AE) and the difference in cost (AC). It is shown how the CEP is useful for
presenting uncertainty in the location of these two parameters and also uncertainty in the
ratio between them, AC/AE, known as the [CER. Using the CEP, are reviewed methods

for estimating and presenting the uncertainty that can arise in cost-effectiveness results.

Most new therapies locate in the NE quadrant where increased effectiveness is achieved
at increased cost. In this situation, the decision to adopt the new therapy will depend on
where the (x, y) coordinates fall in the NE quadrant and whether this point lies below the
acceptable “ceiling ratio” of the decision maker. As illustrated by the ray extending from
the origin, the assumption is that the dollar amount that the decision-maker is willing to
pay for a unit of effectiveness is known (call this A). If the ICER of the new therapy is
(AC/AE), i.e., the slope of a straight line from the origin that passes through the (AC, AE}
coordinate, is less than the decision-maker’s WTP (1), then the treatment should be
adopted. [32]

Using example, if we assume, for the moment, that data had no uncertainty, and then the
true cost difference per patient would be C$49,100 and the true increase in survival
would be 0.23 years for an ICER of C$214,000 per LYG. If we assume that the
maximum that society is willing to pay for a year of life is C$100,000, then new therapy

should not be adopted. This is shown graphically in Figure 3 by the point estimate of
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cost-effectiveness falling above and to the left of the line with slope , A =C$100,000. Of

course, the problem is that all the parameters are uncertain; including the amount society

s willing to pay for a unit of effect. [33]

Figure 3. Incremental cost-effectiveness plane showing four quadrants, line representing
| the ceiling ratio for decision making and the location of the point estimate of incremental

costs and effects.
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In practice, we have only estimates of the cost and effect differences, and it is important

that uncertainty in those estimates is also presented.

It is straightforward to calculate confidence intervals (CI) for each of the cost and effect
differences, AC and AE, using standard methods, and these intervals can also be plotted

on the cost-effectiveness plane. [33]
For example referring to Figure 3, the 95% confidence intervals for AC are (C$41,600 to
C$56,600) and for AE are (-0.12 to 0.57). [32]
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Figure 4. Confidence limits and the confidence box on the cost-effectiveness plane for the

data example.
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Results are represented on the CEP in Figure 4, which, in addition to a point estimate of
the cost and effect difference of therapy, also shows I-bars representing the CI around
those estimates. The horizontal i-bar represents the CI for the effect difference, and the
vertical I-bar represents the CI for the cost difference. Both have the point estimate of the
cost and effect differences at their center and together the intervals define a box on the
CEP. In example the box “straddles” the y-axis but lies completely above the x-axis,
reflecting the fact that the difference in survival in the trial was not significant (p > 0.05)

but that the difference in cost was significant (p < 0.05). [32]

33

T TEEEEEEEEEEER———



1.1.6.2 Estimation of uncertainty

The point estimates (means) from the effect and cost distributions provide the best
estimate of the treatment and cost effects and should be used in the primary analysis.
while confidence intervals for CER are a valid approach to addressing uncertainty in
CEA for situations SW and NE quadrant problemns arise when uncertainty is such that the

ICER could be negative [34].

There have been many proposed solutions to the problem of estimating confidence limits
for the ICER, many of which were simply approximations that could perform rather
poorly in some situations. However, a general consensus has emerged in support of two
main approaches: the parametric method introduced by Fieller {35] half a century ago and
the nonparametric approach of bootstrapping [36], both of which have been described in

relation to CEA.
Fieller’s theorem confidence interval:

In Fieller’s approach, it is assumed that the cost and effect differences (represented by AC
and AE, respectively) follow a joint normal distribution. The standard CER calculation of
R = AC/AE can be expressed as R AE-AC=0, with known variance

R? var (AE) + var (AC) -2R cov (AE, AC).

Figure 5a shows the assumption of joint normality on the CEP for the given example data
by plotting ellipses of equal probability covering 5%, 50%, and 95% of the integrated
joint density. Also plotted are the estimated confidence limits using Fieller’s theorem
(C$86,800 to C$-408,000), represented by the slopes of the lines on the plane passing
through the origin. By contrast, Fieller’s approach automatically adjusts to ensure that
95% of the integrated joint density falls within the wedge, which makes Fieller’s
approach an exact method (subject to the parametric assumption of joint normality of
Costs and effects holding). [32]
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Bootstrap confidence intervals:

The approach of nonparametric bootstrapping has been gaining in popularity with the

advent of powerful desktop computing. It is a re-sampling procedure that employs raw

I computing power to estimate an empirical sampling distribution for the statistic of
interest rather than relying on parametric assumptions. Bootstrap samples of the same
size as the original data are drawn with replacement from the original sample and the
statistic of interest is calculated. Repeating this process a large number of times generates
a vector of bootstrap replicates of the statistic of interest, which is the empirical estimate
of that statistics’ sampling distribution.

In terms of the cost-effectiveness application, the approach involves a three-step
procedure:

Sample with replacement nc cost/effect pairs from the patients in the control group
(where nc is the number of observed patients in the control group) and calculate the mean
cost and effect in this bootstrap resample.

Sample with replacement nr cost/effect pairs from the patients in the treatment group
(where nt is the number of observed patients in the treatment group) and calculate the
mean cost and effect in this bootstrap resample.

Using the bootstrapped means from the steps above, calculate the difference in effect
between the groups, the difference in cost between the two groups, and an estimate of the

incremental cost-effectiveness.

This three-step procedure provides one bootstrap replication of the statistic of interest;
repeating this process a large number of times (at least 1000 times is recommended for ClI
calculation) generates the empirical distribution of cost-effectiveness.

Each of 1000 bootstrapped effect and cost differences from step 3 above are plotted on
the CEP in Figure 5b for data example. Confidence limits can be obtained by selecting
the 26th and 975th of the 1000 replicates [which excludes 25 (or 2.5%) of observations
from either end of the empirical distribution]; this effectively ensures that 95% of the
estimated joint density falls within the wedge on the CEP defined by the confidence
limits. [32]
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As is clearly apparent from Figure 5b, the bootstrap estimate of the joint density and the
bootstrap confidence limits (C$88,200 to C$;491,000) are very similar to those generated
by Fieller’s theorem, This suggests that for this particular example, the assumption of
joint normality for the cost and effect differences is reasonable.

The Fieller limits are therefore preferred in this case for two main reasons:

(a) Parametric methods are commonly more powerful than their nonparametric

| counterparts when the parametric assumptions hold; and
| (b) Fieller’s approach always generates the same result; two analysts both employing the
| bootstrap method with the same data will generate slightly different results due to the

play of chance. [32]

Figure 5. Fieller's theorem (a) and bootstrap (b} confidence limits on the CE plane for

data example.
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1.1.6.3 Acceptability curve better solution

The acceptability curve (AC) presents much more information on uncertainty than do
confidence intervals. The curve cuts the vertical axis at the p-value (one-sided) for the
cost difference (which is p < 0.0001 in example) since a value of zero for , implies that
only the cost is important in the cost-effectiveness calculation. The curve is tending
toward |1 minus the p-value for the effect difference (which in the example is p= 0.10),
since an infinite value for A implies that effect only is important in the cost-effectiveness
calculation. The median value (p=0.5) corresponds to the base-case ICER, which is
C$214,000 in our example. As well as summarizing, for every value of A, the evidence in
favor of the intervention being cost-effective, acceptability curves can also be employed
to obtain a CI on cost-effectiveness. For the example, the 95% upper bound is not defined
and the 95% lower bound is equal to C$86,800. [32]

Figure 6. Parametric cost-effectiveness acceptability curve for data example (assuming

Jjoint normality of cost and effect differences).
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Therefore, formal tests of hypothesis are unlikely to be useful in economic evaluation
studies; however, the use of CI for representing uncertainty in the ICER is limited.
Rather, it is more appropriate the use of AC that directly addresses the concern of the
decision-maker: How likely is it that the intervention is cost-effective? This interpretation
requires a Bayesian view of probability, but a Bayesian approach is the most natural

approach for decision-making. [32]

The technique of representing uncertainty in CEA through the use of cost-effectiveness
acceptability curves (CEAC) has been widely adopted method to quantify and graphically

represent uncertainty in economic evaluation studies of health-care technologies. [37]

CEAC were originally introduced to represent the uncertainty concerning the cost-
effectiveness of a health-care intervention in the context of decisions involving two
interventions, as an alternative to confidence intervals around ICER, [38] The CEAC is
derived from the joint density of incremental cost (AC) and incremental effect (AE) for
the intervention of interest, and representing the proportion of density where the
intervention is cost-effective for a range of values of L. Parametric estimation is possible
by assuming a parametric functional form for the joint density (AC, AE). Where
bootstrapping or Monte Carlo simulation is employed, the CEAC is determined as the

proportion of the (AC, AE}) points where the intervention is cost-effective. [37]
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1.1.7 Epidemiology as base for economic evaluations

Base for any pharmacoeconomic research is epidemiology. Epidemiology determines the
paseline and current state of diseases within populations, describing characteristics of the
patients with particular diseases, and identifying exposures that have a positive or
negative impact on the occurrence and outcome of the diseases. The role of epidemiology
is complementary to that of economics; it encompasses rubrics ranging from health
services research to Pharmacoepidemiology, Outcomes Research and Clinical
epidemiology. Epidemiology describes the distribution of diseases and exposures in
populations and draw conclusions regarding association between the exposures and

diseases. [19]

1.1.7.1 Clinical trials

A properly planned and executed clinical trial is a powerful experimental technique for
assessing the effectiveness of an intervention. A clinical trial is defined as a prospective
study comparing the effect and value of an intervention(s) against a control in human
beings. The ideal clinical trial is that it is randomized and double-blinded. Randomized
clinical trials (RCT) compare the effectiveness of one or more interventions with a
control, including I (in-vitro or animal models), [I (biologic activity, ADR, dosing in
human), II1 (assess effectiveness and safety short term)/[V (long-term surveillance
without control groups) phase of study. Study population is the subset of the population
with the condition or characteristics of interest defined by the eligibility criteria.
Scientific investigation always demands that a control group be used against which the
new intervention can be compared. Randomization is the preferred way of assigning
participants to control and intervention groups. Confirmed RCT are strongest in study
design because randomization removes potential bias in the allocation of participants to
the intervention group or control group; randomization tends to produce comparable
groups and validity of statistical tests of significance is guaranteed. A clinical trial
should, ideally, have a double-blind design to avoid potential problems of bias during

data collection and assessment. [39]
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Evaluation of validity of published randomized clinical trials

Firstly it is assessed if published study possesses all essential components, study design.

Background of study discusses different alternative therapies for treating a disease
state and indicates where there may be a room for improvement.

The goal of the study should be to determine if the therapy being evaluated solved
the problem better than either an alternative therapy or doing nothing at all.

The objectives are a critical part of a study. They should be specific, measurable
and relevant subsets of the main goal and if satisfied than the goal has been met. The
methodology should be designed around the objectives.

The results section presents what happened after performing the methodology.

The discussion section allows interpretation of the trends and interrelationships of
the results.

The conclusion section should relate the discussion back to the original problems

and tell readers if the therapy under study actually solved the problem.

Validity of the study is second step in evaluating RCT, determining whether the study
results (i.e., the effect) are really due to drug under study (i.e., the cause) or due to some
other cause or factor present among the study participants who received the treatment.
Study bias is when a study includes selecting tests and techniques designed to
favor one group over another or choosing a measurement tool that shows an improvement
in one group but is of no clinical significance.
Lack of placebo group which means appropriate comparator is important point in
evaluation of validity. Comparator group received no treatment or different treatment.
Index of accomplishment is criterion selected to determine if an objective is met.
This index is measured by techniques using golden standard or best available
methodology.
Following and handling the patients who drop-out from study voluntarily or due to

sickness. Best solution is intention-to treat analysis by taking the average of the group.
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Duration of the study is important for reflection of objectives and for negative
effects take time to occur.

Confounding variables is important to establish true cause-and-effect relationships
in a study, it is necessary to exclude or account for other reasons why a drug or a therapy
may have been associated with a certain effect.

Statistical validity it is important that appropriate statistical analysis be used to
ensure that differences between treatments groups were not due to chance or to a random
sampling error (was the real patient population appropriately represented in the sample
selected?). It is equally important to know that the sample size was large enough to detect
a difference when results indicate that no differences were discovered between treatment
groups. Traditionally, for a difference to be “statistically significant”, the chance that the
difference is due to sampling has to be less than 1 in 20, or p<0.05. Thus, the “p value”
should be provided for all differences cited. Compliance is important so study design
must be such that compliance is assured and that the individual patients follow-up the

therapy. [7]

By bringing together the results of research in systematic way, apprising its quality in the
light of the question being asked, synthesizing the results in an explicit way and making
this knowledge base more accessible, it is hoped to foster a greater sensitivity to evidence
by researchers, policy makers, practitioners and the public. The absence of an adequate
knowledge base for much of care was highlighted in 1972 by the British epidemiologist
Archie Cochrane. The rise of the Evidence Based Medicine (EBM) movement stresses
the conscientious, explicit and judicious use of current best evidence in making decisions
about the care of individual patients. If systematic reviews provide the research evidence
input into the process of evidence-based decision making, the meta-analysis is the
analytical or statistical part of systematic reviews, with a set of guidelines for good meta-

analytic practice. [40]

Outcome data from a different type of a single trial are in Table 2 and 3.

41




Table 2. RCT

Failure/ Success/ Alive
Dead
New treatment | a b
Control c d
Table 3. Case-control study
Diseased Non  diseased
! (Cases) (Control)
Exposed a b
Not c d
Exposed

Odds outcome is easy to calculate:
In (ODDS) = In ( no. of patients having event / no. of patients not having event).

The odds ratio (OR): OR=ad / bc.

Relative risk (RR): rate ratio/ relative rate

RR={(a/(atb))/ (c/ (ctd)). [40]
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1.1.7.2 Meta-analysis

A meta-analysis is a two-stage process. The first stage is the extraction of data from each
individual study and the calculation of a result for that study (the 'point estimate' or
'summary statistic'), with an estimate of the chance variation we would expect with
studies like that (the ‘confidence interval’). The second stage involves deciding whether it
is appropriate to calculate a pooled average result across studies and, if so, calculating
and presenting such a result. Part of this process is to give greater weight to the results
from studies which give us more information; because these are likely to be closer to the
truth we are trying to estimate. The results of meta-analyses are often presented in a

forest plot. [41]

Simple presentation of forest plot usually used in meta-analysis applied in graphical

presentation of results can be shown in Figure 7.

Figure 7: Meta-analysis: Forest Plot and pooled relative risk (RR). [42]
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1.1.7.3 Sensitivity analysis

Sensitivity analyses provide reviewers with an approach to testing how robust the results
of the review are, relative to key decisions and assumptions that were made in the process
of conducting a review. Each reviewer must identify the key decisions and assumptions
that are open to question, and might conceivably have affected the results, for particular
review. Sensitivity analysis should be used to assess robustness of the results to specific

methods used and decision made. [40]

Sensitivity of results to inclusion criteria was revised by Cochrane Collaboration and

their handbook is used as advice in performing sensitivity analyses, as follows:

Changing the inclusion criteria; Including or excluding studies were there is some
ambiguity as whether they meet the inclusion criteria; Including or excluding
unpublished studies; Impact of studies of lower methodological activity; Re-analyzing the
data where uncertainties concerning value extracted exist; Publication bias assessment;

Re-analyzing the data were missing values exist; Simulation of extra trials. [43]

1.1.7.4 Frequentist versus Bayesian approach

Although a strict frequentist interpretation of CEAC’s is possible through the
consideration of the p-value on net benefits, the natural way to interpret these curves is as
the probability that the intervention is cost-effective. A number of commentators have

stressed that such a view of probability in CEA is only possible in a Bayesian framework.

Fundamentally, the Bayesian approach includes a learning process whereby beliefs
concerning the distributions of parameters (prior distributions) are updated (to posterior
distributions), as information becomes available, through the use of Bayes’ Theorem.
Historically, advocates of the Bayesian approach were seen to inhabit a different

scientific paradigm that was at odds with the frequentist paradigm:
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Frequentists considered Bayes methods as subjective and highly dependent on the prior
peliefs employed, whereas frequentist methods were objective and robust. The empirical
Bayes methods and Bayesian analysis based on uninformative prior distributions are not

subjective and have much to offer the frequentist analyst.

At present, and most likely in the immediate future, health economists conducting
economic analyses alongside clinical trials will have to work within the sample size
constraints imposed by clinical investigators. This is likely to generate the situation
where important economic differences cannot be detected at conventional levels of power
and significance. A number of commentators have suggested that it may be appropriate
for economic analysts to work with “error rates” (in the frequentist sense) that are higher

than those employed in clinical evaluation.

This suggestion indicates the desire of economic analysts to consider the weight of
evidence relating to the cost-effectiveness of the intervention under evaluation rather than
relying on showing significance at conventional levels. This is most easily achieved
through the use of CEAC, which show the weight of evidence for the intervention being
cost-effective for all possible values of the ceiling ratio, A. Furthermore, a Bayesian view
of probability allows analysts to directly address the study question: How likely is it that
the intervention is cost-effective? [32]

Beside CEAC’s Bayesian approach is used in all aspects of statistical analysis as well as

meta-analysis.

Bayesian methods can be considered as an alternative to the Classical approach to
statistical analysis. The name originates from Rev. Thomas Bayes (1702-1761), who in
papers published posthumously outlined an alternative approach for making statements
regarding probabilities and random phenomena. A Classical statistical analysis of single
RCT would make use of only the data contained in the trial. By contrast, a Bayesian
analysis would proceed by first summarizing the evidence external to trial, perhaps from

laboratory, animal or non-randomized studies, or based on subjective beliefs. This

45




external evidence is than combined with the observed data to arrive at the current state of

knowledge regarding the intervention in the question.

A key element of a Bayesian approach is that different individuals have their own view of
the world, and this introduces the idea of subjective probability, in contrast to the
objective probabilities traditionally attached to specific, often repeatable, events. The
prior beliefs of the individual are than combined with the evidence generated by the trial.
Classical analyses use Cl but Bayesian analyses apply credibility intervals (Crl) which
are intervals within which the quantity of interest (i.e. the log odds ratio for mortality)
lies with a specific probability. Disadvantages of Bayesian approach are: prior beliefs
lead to illusion of objectivity; elicitation of prior beliefs is non-trivial, and at the present
there are few guidelines; There is no automatic or conventional single measure of
statistical significance; Bayesian analysis can be computationally complex to implement,
and thus time consuming to perform. [40]

At the moment Bayesian approach is used as complementary to Frequentist Classical

approach.
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1.1.8 Modeling in pharmacoeconomic research

1.1.8.1 Markov model

Software program available can be found on web sites and download is for free, for the
Bayesian inference Using Gibbs Sampling (BUGS) project is concerned with flexible
software for the Bayesian analysis of complex statistical models using Markov Chain
Monte Carlo (MCMC) methods. The project began in 1989 in the MRC Biostatistics Unit
and led initially to the "Classic' BUGS program, and then onto the WinBUGS software
developed jointly with the Imperial College School of Medicine at St Mary's, London.
Development now also includes the OpenBUGS project in the University of Helsinki,
Finland. {44]

Decision trees are a simple way to structure problems of decision making under
uncertainty. They describe the major factors involved in decision making. For decision
making, estimates of the parameters are needed: the costs or benefits and health outcomes
of the various branches and probability of their occurrence. Once the estimates have been
made, simple calculations suffice to combine them. Modern medical treatments are very
powerful, entailing large financial costs and even potential health costs. If those who
would benefit from treatment were known in advance, only those people would need to
be treated, and the cost of the treatment of the others could be saved. Decision trees have

been widely used to model screening and testing decisions.

Simplified decisions are easy because consequences of treatment were immediate.
Treatment decisions with long term consequences are harder to analyze. Solution is
software packages that allows the analyst to design sub trees and than paste them where
needed onto the main tree. Most of the large models used for computing long-term
outcomes in the literature are Markov models. These models are a technique for
analyzing events that repeat (i.e. headache, mental health treatment) or events that play
out over an extended period of time (i.e. cancer, HIV, heart disease). Basic idea of
Markov model is that individuals at any time are in one of finite set of states of health,
and that health changes from state to state according to set of transition probabilities. In

the simplest form, called a Markov chain, the transition probabilities are constant. In
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particular, the probability of dying is assumed to be the same for twenty-years-olds and
for sixty-years-olds. Because age is important, it is common in models of continuing
disease to have transition probabilities that are not constant and are called Markovian
assumptions or semi-Markov process. In modeling health outcomes, MCMC simulation
is used to transform the health of individual patients by applying a random device to
generate random shocks to see what happens to those at chance nodes, until they reach
the node of the tree. Repeating these calculations thousands of times on identical patients,
using fresh flips of the coin each time, leads to distribution of outcomes which should

coverage to the expected distribution of outcomes for such a patients. [45]

The advantages of decision-analytical models are described by 4 stages in decision
making. Modeling has major role in Stage 1 which is characterized by significant
uncertainty about particular variables, mostly about cost and effectiveness of the new
intervention. Pharmaceutical companies are beginning to use this form of analysis prior
to large investment in phase II and I trials In order to begin to understand the likelihood

of a new drug being cost-effective at particular price levels.

Stage 1l economic evaluation is required on all technologies which, on the basis of
analysis undertaken Stage I, were considered to offer some scope for being more cost-
effective than existing interventions. One major role of the model is to assist in the design
of the trial-based economic evaluation that tends to be undertaken subsequently. Models
can identify particular parameters to which the cost-effectiveness of the new intervention
is likely to be sensitive, and thus will help the decision regarding data collection and

sample size determination in later trials.

Stage III is the most prevalent in terms of publication and based on the synthesis of
data from various sources. Randomized trial is seen as ideal data collection vehicle for
this stage of analysis. Trial data are only concerned with an intermediate measure of
outcome. Models can estimate the effects of changes in the clinical outcome on the long
term costs, morbidity and mortality of disease. Economic evaluations will most likely be

concerned with lifetime costs and effectiveness.
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Stage IV is concerned with evaluating cost-effectiveness of interventions when they

are used in routine clinical practice.

Markov states are definition of the diseases in terms of different states. These states
should be chosen to represent, clinically and economically, important events in the
disease process that is to be modeled. One of the requirements for Markov modeling is

that a patient cannot be in more than | state at any of time. [46]
To summarize there are two basic types of Markov models:

I. First and more traditional approach is Markov chain model with constant
transition probabilities.
[I. The other method for evaluation is Markov Chain Monte Carlo which is

individual simulation.

The difference between these two methods is that although individual patients are
subjected to the same probabilities of transition as the cohort of patients, since an
individual patient can only be in one stage at given time , they may or may not transit

between states in any given cycle.

1.1.8.2 Decision tree by DATA

Decision analysis by TreeAge (DATA) has been designed to implement the techniques of
decision analysis in an intuitive and easy-to-use manner, It transforms decision analysis

from a potentially tedious exercise into an easily applied and highly visual means of
(1) Organizing the decision making process,
(2) Analyzing the problem at hand, and

(3) Communicating both the structure of the problem and the basis for decision reached.
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The decision tree is a subject to a few guidelines:

1) Time flows from left to right. Horizontal structure of tree proceeding from left to
right. Each successive branch represents an event or decision as it occurs in time.

2) All outcomes must be represented. Each final outcome must be represented as an
endpoint on the right side of the tree.

3) Several types of nodes may be used. In general, a node represents a decision, an
uncertain event, or an outcome. Each branch of the tree has an associated node
located at the right hand end of the branch. A decision node (square in blue) is
used to indicate a decision facing the decision maker. A chance node (circle in
green) is used to represent an event of uncertain outcome. A terminal node
(triangle in red) is used to denote a final outcome: the end of the path often
referred as scenario. All of the nodes at the right edge of the tree must be terminal
nodes.

4) Branches emanating from decision node represent the options. All available
choices must be represented, and the choices must be designated in a way that
none overlap.

5) Branches emanating from a chance node represent the possible outcomes of the
event. All possible outcomes must be represented, and the outcomes must be in a

way that none overlap.

Basic skeleton structure of a tree

L. First are described treatment options: What is appropriate treatment for this patient?

II. Two options considered 1. Treat foot or 2. Amputate foot.

1. Option Amputate foot has no uncertainty, and finish in final outcome terminal node.

2. Option Treat foot has an uncertain event: if treatment with antibiotics (ATB) will be
successful and, if not, the extend of the adverse consequences.

This option is followed by a circular chance node where all possible outcomes are
represented: a) Save foot, b) Lose foot and c¢) Lose life. Each is final outcome, so they

are represented by terminal nodes.
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Figure 8. Example on decision tree, with basic features. {47]

Save foot
0.6
Treat foot — / Loseleg
4 0.35
4 \._Los_r._e_ life 0
N 0.05

“ Amputate foot 6.5

10

What is appropriate treatment
for this patient?

Inserting values in the tree

There are two types of values: probabilities and pay offs.

Probabilities are assigned to the branches emanating form chance nodes, and payoffs are
assigned at every terminal node.

- Probabilities are specified below the branch line of the event they represent.

- Payoffs are specified to the right of the terminal node.

In this tree, payoffs are to be made by the patient, based on his subjective view of the
utility (quality of life) offered by each outcome. The payoff value is assigned under the
assumption that the outcome represented at that terminal node is reached. Utilities can be
assigned on any appropriate scale (0-10).

a) Save foot is 10,

b) b) Lose foot is 5 and

c) c) Lose lifeis 0.
On this scale patient assign utility of 6.5 to the outcome resulting from Amputate foot.
Probabilities are

a) Save foot 0.6 (60%),

b} Lose foot 0.35 (35%) and

¢) Lose life 0.05 (5%),
Probabilities are meeting requirements that the probabilities of the branches emanating

from a chance node must sum to 1.0 (100%).
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Figure 9. Example on calculation of the tree, with values of rolling back function. [47]

Save foot
S on  L10.00; P=0.600

.75, Lose le
What is appropriate treatment 0350 2 |5.00; P=0.350 |

for this patient?

Treat foot

i hY M
~ [ Treat foot: 7.75 | “— 5L 00 p= 0.050 |

Amputate foq>1 6.50 ‘

Calculation of the tree

For calculation one must go backward, from right to left, called rolling back the tree.

The value of decision node (blue) is equal to the value of its best option.

The value of a terminal node (red) is equal to the value of its payoffs.

The value of a chance node (green) is equal to expected values of each of its branches by

their respective probabilities.

A value of each terminal node is already displayed. Only left to calculate is expected
value of the node Treat foot (10x0.6) + (5x0.35) + (0x0.05); where 10 is payoff of Save
foot and 0.6 is its probability; where 5 is pay off of Lose leg and 0.35 is its probability;
where 0 is payoff in Lose life and 0.05 is its probability. Expected value of Treat foot = 6
+1.75 + 0= 7.75.

A value 7.75 doesn’t mean outcome valued by patient in option Treat foot, but it means
that 7.75 would be an average utility if decision maker were to repeat this treatment on
large number of identical patients. This distinction is critical to understanding of decision
analysis. The expected value of an uncertainty is a probabilistic calculation, making it
possible to compare one uncertainty with another or an uncertainty against a certain
outcome. In a decision node (blue) is the value 7.75 as well, because decision node is

equal to the value of its best option. [47]
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1.2 Pharmacoeconomic guidelines

In The Netherlands, in 1999, the Dutch Health Care Insurance Board (advisory body on
the reimbursement of new drugs) presented the guidelines for pharmacoeconomic
research. [48] These guidelines are explained in details in practical section of thesis.

The advanced methods, such as Bayesian analyses and Value-of-Information analyses are

not yet in the guidelines, up to date.

Since January 2005, the Ministry of Health in The Netherlands implemented the use of
pharmacoeconomics as a supplementary aspect in the evaluation for drug reimbursement.
Pharmacoeconomic evaluation was optional in the past, but obligatory since then, to be
included in all applications when new drug with proven therapeutic added value claims

reimbursement. [49]

This policy was already in practice for many years in other countries, such as the UK,

Australia and Canada.

The Dutch guidelines for pharmacoeconomic research consisted initially of (9
recommendations with some of a methodological nature (# 2, 6, 8, 9, 10, 12, 15, 16, 17)
and some merely of a procedural nature. Currently, methodological and procedural ones

are being separated in distinct booklets.

It is well known that there is a difference between the actual practice in performing the
pharmacoeconomic research and guidelines in theory. Also it is important to have in

mind that reimbursement procedures differ per country.
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Table 4. Comparing the Dutch, Canadian and Australian guidelines for the selected

methodological issues [50]

Selected Dutch guidelines Canadian guidelines Australian guidelines
guidelines
Perspective Societal perspective Perspective of decision Perspective of society
makers and/or societal
perspective
Subgroup The subgroup analyses Generalizability to various Not applicable
analysis for patient groups, disease | subgroups
subtypes, degree of
seriousness, presence or
absence of co-morbidity,
etcetera, must alf be
stated
Incremental Cost and effect must be Incremental cost, clinical Incremental cost,
analysis reported in the form of outcomes, cost utility and outcomes and cost

incremental values

cost-effectiveness

effectiveness

Time horizon

The time horizon of the
study should enable
capturing of all relevant
aspects of costs and
effects, validly and
reliably

Based on current empirical
data and long

enough to structure all
relevant outcomes and costs

Related to the treatment
pattern and natural history
of the disease

Efficacy and

Effectiveness rather than

Effectiveness rather than

Effectiveness rather than

effectiveness | efficacy efficacy efficacy
Qutcome QALY or life-year gained | QALY or Willingness To Pay | LYG or QALY gained
(LYG) (WTP)
Reference Manual for cost research. | Unit prices for the resources | Manual of resources and
prices Methods and need to be estimated in their associated costs
recommended prices for | Canada, but may allow for
economic evaluations in the use of quantities of
health care imdividual services to be
estimated from non-Canadian
studies
Discountin g Future outcomes and Discount rate of 5% Discount rate of 5%
costs should be
discounted at equal rates.
Current discount rate in
Netherlands is 4%. Also
use 0%, 3% or 5% in
sensitivity analysis
Sensitivity When conditions and Sensitivity analyses are used | One way and two way
analysis assumptions are to assess the robustness of the | sensitivity analysis, using

uncertain, at least
univariate sensitivity
analysis using different
discounting rates

qualitative conclusions and
identify areas where further
research is needed to more
precisely estimate cost
effectiveness

different discounting rates
or substituting the upper
and lower 95% confidence
limits of the difference in
outcomes achieved




1.2.1 New Dutch guidelines for pharmacoeconomic research

Guidelines for pharmacoeconomic research, actualized version by the Ministry of Public
Heaith, Well-being and Sport. These are recommendations how pharmacoeconomic
studies should be performed and which aspects should be taken into account. By help of
guidelines optimal use of new therapeutic alternatives is applied. With the aim of better
application of guidelines in practice The Ministry of health, well-being and sport
actualized the pharmacoeconomic guidelines in two phases. The final responsibility was

taken by the group of experts for methodology of economic evaluations.

The directives are not for The Netherlands specifically, but form a reflection of the

current score of methodology for the implementation of economic evaluation.

There is no difference in interpretation of the contents of the directives between the CVZ
and the manufacturers. There are however differences in the appraisal and application of

the directives. The new guidelines were assessed 1

April 2006. Commencing date up to
1 April 2006 CVZ assess the pharmaco-economic evaluations which are part of a
compensation file still by means of the original directives from 1999. After this date are

the actualized directives effective. [51]

Reasons for actualization:

1. The guideline must be actualized on the basis of the current (international)

methodology concemning the implementation of economic evaluations;

2. The guideline to add to other guideline (s) and needs in particularly textual

reconsiderations that becomes a univocal interpretation of the guidelines;

3. The guideline is in nature procedural and it is related to information which supplies the
manufacturer for the appraisal of mutual substitution and therapeutic value of medicine
the guideline is moved to CVZ-publishing of the ' procedure application compensation

medicines ',
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All pharmaco-economic evaluations, submitted for the support for a compensation
application, must be carried out according to these directives. Only when in the file with
arguments it is founded why the evaluation not in accordance with the directives it has

been carried out or is carry out, is deviate from the directives permitted.

Table 5. Overview of directives actualized including the reason for actualization. [52]

Directive directive actualized | Reason
Yes/No actualization
1 target groups no, moves 3
2 the perspective no -
3 timing of the studies no, moves 3
4 executants of the study no, removes -
5 analysis technique yes 1
6 indications yes and moves 3
7 the comparing treatment yes and moves 3
8 Incremental - and total analysis no -
9 analysis period no —
10 activity versus effectiveness no, moves 3
11 quality of life and utility yes 2
12 outcomes for cost-utility analysis yes 2
13 cost identification yes 2
14 cost measuring yes 2
15 cost appreciations yes 2
16 discounting for future outcomes and cost | yes ]
17 reliability and validity of results yes I
18 reporting of results yes, moves I
19 modeling of results yes 1
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There are now only 11 pharmaco-economic guidelines.

Guideline #1 (The perspective of the evaluation), states that the societal
perspective should be applied and that the most important characteristic of this
perspective is the inclusion of the indirect costs from production losses. It is related to the

allocation of financial resources and the consequences on the public health.

Guideline #2 (Choice of comparing treatment/indication), states that new
medicines must be compared with the standard treatment, or (if not present) with the
usual treatment for compensation, and for a certain indication. Primarily the treatment of
which the effectiveness has been proved is considered to be a comparator treatment.

Indication must be specified which narrower indication for registration procedure.

Guideline #3 (Analysis technique), states that for the implementation of an
pharmaco-economic evaluation can be chosen from three analysis techniques: a 1) cost-
utility analyses (CUA) involving the difference costs (incremental costs) compared to the
difference in consequences on health are measured life years corrected for quality of life
(QALY's), 2) cost-effectiveness analysis (CEA) involving the difference in costs
(incremental costs) become compared to the difference impact (incremental impact), or 3)
cost-minimization analyses (CMA) involving comparison of only costs of two treatments

and it is applicable when the clinical outcomes of treatments are same.

Guideline #4 (Analysis period), states that the impact and costs of the treatment to
compare must be measured over the same period. It concerns both impact and costs but

also including cost of side effects, as a result of therapy, for treatment to compare.

Guideline #5 (Cost identification, - measuring and- appreciation) states that the
identification of cost is carried out from social perspective, the measuring and the
appreciation of costs must, wherever possible use the National Guide for cost research,
with the aim of the of the uniformity and standardizing of cost measuring is and

appreciations in pharmaco-economic evaluations. Types of cost involved are: direct
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medical and non-medical costs, indirect medical and non-medical cost, with importance
of involving productivity cost, as well. For calculating the costs as a result of
productivity losses are two methods applied: Human capital approach and the friction
cost method. All cost categories must be mentioned separately and measured in monetary

entities.

Guideline #6 (Appreciate of quality of life and QALY's), states that for the
improvement of the quality of life cost utility analyses (CUA) must be performed.
Appreciations for the medical condition of patients are stipulated for the number of
quality adjusted life years (QALY) to calculate. Both the appreciations and the survival
data must be reported separately. The combination from these two elements to QALY

must be made transparent.

Guideline #7 (To model), states that the model used in pharmaco-economic
analyses must be transparent in supporting decision-making process and preferably
connected to clinical research. There are 3 main reasons for implementation of modeling:
1) the impact and costs during a time horizon longer than those of clinical research, 2)
obtained for the clinical data translation to estimates of the effectiveness in practice daily,
3) and to compare the effectiveness and costs between resources which have not been
compared directly in empirical study. The validity of the model (face validity, internal
and external validity) must be examined and described. Also the results must become
compared with study for other countries and with results of possibly available other

pharmacoeconomic models for the same medicine.

Guideline #8 (Incremental analysis), states that incremental analysis must be
performed on the basis of the incremental differences in impact and costs between the

treatment to compare.

Guideline #9 (Discounting of future impact and costs), states that for data
concerning the impact and costs collected over a period longer than one year must the

impact and costs generated after the first year be discounted., Primary analysis use
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constant cost discounting at rate of 4%, and future impact is discounted with a constant
rate of 1.5%.

Guideline #10 (uncertainty analysis), states that the sensitivity analysis must be
carried out to examine how the results depend on made assumptions. Sensitivity analyses
used are: univariate in case of uncertainty of deterministic variables, and probabilistic
sensitivity analysis in case of stochastic variables modeling. Cost, impact and cost-
effectiveness ratio are methodologically presented and valued. Sensitivity analysis
examines parameters in lower and upper limits and to what extended cost, impact and

cost-effectiveness ratio changes when assumption is changed.

Guideline #11 (Use expert panel), states that if research data are lacking and as a
result for obtaining data for input in a model or forming a model for pharmaco-economic
evaluation to be scientifically described and accepted must be applied an evaluation from

expert panel which is composed of experts and it is an independent body. [52]
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2 PRACTICAL PART

2.1 Thromboprophylaxis in total hip-replacement surgery in Europe:

acenocoumarol, fondaparinux, dabigatran and rivaroxban.

The research was focused to show on example in practice use and application of
pharmacoeconomics on specific disease and clinical practice for decision making.
The analysis was performed on thromboprophylaxis in hip-replacement surgery for

Europe. Results were published in Future Drugs section on Expert Review of

Pharmacoeconomics & Outcomes research. February 2007, Vol. 7, No. |, Pages 49-58.
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Thromboprophylaxis in total
hip-replacement surgery in Europe:
acenocoumarol, fondaparinux,
dabigatran and rivaroxban

Natasa Ivonovic, Moarten Beinema, Jocobus RBJ Brouwers,
Mark Naunton and Maarten J Postma’

This paper raviews the clinical and phormacoeconomic studies thol have been
conducied within Europe lor potients undergaing elective hip-replacement surgery.
Additionally, we offer a perspeciive on the possible fulure clinicol use of new agenis in
orthopedic surgery, such as dabigatran ond BAY §9-7939 {rivaroxban). Low-molecular
weight heparins are standard therapy for palients requiring thromboprophylaxis and,
therefore, we compare thase with the other agents: vilamin K ontagonists, fondaparinux
ond the direct oral inhibitors (thrombin or tactor Xa inhibitors). The most evidence on the
cosk-ofleciveness and efficacy is availoble for the low-molacular weight hepaorins and
fondaparinux. Thek major imitation Is that they require parenteral odministration. Only
fondaparinux has undergone an extensive phamocoeconomic evaluation, The disect
thrombin inhibitors and direct laclor Xa inhibitors are possibly the drugs of the future, but
It must be bomne in mind that they are still in Phase il clinical irials and, therefore,thels
safely and efficacy profile is not complelely understood, neither are the

phammacoeconomic aspacts.

Fxpert Ry Pharmacooconemics Outcomes Rer 7{1), 49 58 (2007}

Joint replacement surgery, especially total hip-
replacement (THR) surgery, is the most com
mon surgical treaument in older persons with
osteoarthritis  and  sesults in pain rclief,
enhianced  patient  funcdoning and  an
improvement in qualicy of life. Imporcandly, it
is considered a cost-cffective intervention (1.
Studies using nacional registries from Fin-
land, Denmark, Sweden and The Nether-
lands have shown that the annual incidence
of primary THR is approximately 93-113
per 100,000 inhabirants, while in the USA,
the incidence is 164-294 per 100,000 1, In
Europe, by the year 2020, the demand for
THR is expecred to increase by 25 50%
compared with the curem level, primarily
owing ro the aging of the population )
Musculoskeletzl conditions have an cnor
mouns impact on the public health expendi

wre. In The Nethertands, morce than 18,090

THR 1001 and 5000 woral knee replacements
{TKR) & cos US§3$274 snillion (217 wmitlion)
in dhe year 2000, which is 9.4% of the 1ol
healihcar: budget 0.

Paticnts who undergo THR are ac high risk
of wvenous thromboembolism (VTL) in
paticnts undergoing cleetive 1'HLR, reporeed
incidences of asympromatic deep-venous
thrombosis (DVT) and sympromatic VTE are
50-85% 101/ and 2--59%, respectively 4. DV’
may lead to life-threatening pulmonary
embolism (PE}, disabling morbidity in the
farm of the post.thrombotic syndrome (I715)
andl sisk ol recurrent thrombotic events, Facal
PE owurs in approximaicly onc per 1000
elective bip arthroplasties in the absence of
thromboprophylaxis 1. When used for
7-14 days following THR surgery, the per-
centages of patients with venographically con
firmed VILE for the various available agents

10.1586/04737167.7.1.4%
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are: no treatment (placeho) 54%, viamin K antagenists
(VKA) 22%, low-molecular weight heparins (LMWH) 16%
and fondaparinux 6% [101].

A number of randomized studies have been published over
the last 20-30 years demonstrating dearly thae primary pro-
phylaxis reduces DVT, PE and faral PE 191, Moreover, it has
been shown that primary prophylaxis is cost effeccive 141
Although thromboprophylaxis is cost effective in general, spe-
cific agents approved for usc still need 1o be assessed for
cost-effectiveness in addition to safery and cfficacy.

The aim of our current study is Lo summarize some of the
European antithrombotic clinical and pharmacoeconomic
studies and practices in THR surgery, and 1o provide an inte-
grated perspective on the present guidclines for clinical practice
and possible use of novel anticoagulanis,

There have been a number of guidclines produced specifying
recommendations for thromboprophylaxis in parients under-
going THR. The American College of Chest Physicians
(ACCP) published guidelines in 2004 141, and recendy, Samama
and colleagues also published their guidelines (3. The larer
guidelings may be labeled Enropean, although we do note that
for various Europcan countrics, counmry-specific guidelines also
exist, For example, the national Dutch evidence-based guide-
lines by CBQ (The Duich Institute for Healthcare Improve-
ment) were updared recently 1o, Each of these guidelines dif-
fers from the other, with the cxcoption of the use of
fondaparinux. Each guideline reccommends thar fondaparinux
is commeneed at 2.5 mg 6-8 h afier surgery, The ACCP guide-
lines reccommend that VKAs can be wsed as first-line therapy 11
in contrast to Samama and colleagues who recommend thar
VKA should not be fisst-linc therapy (51, The above-mentioned
Duch guidelines for thromboprophylaxis were published ini-
tially in 2000 and updated in 2006, In 2000, the guidelines
recommended that thromboprophylaxis with a [ MYWH should
be continued for 6 weeks after major orthopedic surgery and
VKAs can be considered 2s an alternative (6. However, the
recenty updared guidelines state chat LMWH, fondaparinux or
VKA may be used interchangeably nioi.

A key difference among the guidelines regards the aming of
LMW1 administration. Specifically, the ACCP guidelines rec-
ommend that LMWH is given at 2 reladvely hugh dose, starding
12 b before or 12-24 h after surgery. Alternatively, the dose can
be halved and given approximately 4-6 h after surgery and then
the vsual full dose can be given the following day 9. Samama
and colleagues recommend that LMWHs can be administered
12 h before or after surgery at the usual full dose (3. The ACCP
currently mommend  using extended  thromboprophylaxis
(28-35 days} in chose patients undergoing THR 1 with
LMWH. The recent guidelines by Samama also recommend
that prophylaxis is continucd for 4-6 wecks after a I'HR 41,

A recent survey {data were collected from 2002-2004) by
Euema and colleagues of Duch orthopedic departments
{126 hospitals} identified that LMWH;s were used as the pri-
mary agent for thromboprophylaxis and that they were usually
commenced preopentively (fike most European countries) (7);

which is in contrast to the North American sttuation, where,
generally, LIMWIs are administered postoperatively 14, Nearly
all Ducch orthopedic departments (97%) used some form of
extended prophylaxis. In total, 17% of respoadents indicated
that LMWHs were used for 5-6 weeks following surgery and
acenocoumarol was used for 2 or 3 months in 64% of cases,
Acenocoumarol was generally given with LMWH as ‘bridge
therapy' (87% of respondents) until @ therapeutic interniional
normalized ratio (INR) was achieved. The audhors concluded
that, in general, Durch orthopadic departments comply poorly
with the national guidelines of 2000 7).

Mathods

In chis review, we searched the PubMed dawbase (English lan-
guage) for clinical trials using any of the following agents after
hip-replacement surgery: acenocoumarol, fondaparinux and
direct oral inhibitors. Given the European perspective of our
analysis, such trials had to also be relevant for the specific Euro-
pean clinical practices, in particular with respect to the timing
of LMWH and londaparinux (this did, for example, imply that
the European Pentasaccharide 1lip Eleciive Surgery Study
{EPHESUS) 19y would be included, whereas the North Ameri-
can-based PENTATHLON 2000 seudy was not {257). Addirion

ally, fiveratuzre was searched for combinadons of all previously
mentioned agents with any of the following key words:
pharmacoeconomics, economy; economic studies, hip replace-
ment and cost. Additional references from the bibliographics
from the sclecred papers were also considered. LMWH was pri

marily considered the comparator drug since it is standard
weatment for preventing DVT (a].

Resttts

Chinicol studies

We identified six refevant Buropean randomized clinical stud-
ies (excluding LMWH smudies, except when it was the compa-
rator drug), which cvaluated thromboprophylasis in patients
undergoing hip-replacement surgery. Specifically, we identi-
fied three sindies for acenocoumarel 11012), one for fonda-
parinux 3}, one study on dabigatran 13} and one on BAY
59-7939 114l We also considered the results/findings from the
mena-analysis performed by Mismerti and collcagues 115 and
Turpic and collcagues 1é:,

Acenocoumaial

Resules from large olinical trials have demonstrated that
adjusted-dose warfanin is safc and effective when compared with
LMWHs 11 Acenecoumarol is a VKA used in many European
countries for thromboprophylaxis. There have been only few
clinical trials asscssing the safery and efficacy of acenocoumars
in paticnts undergoing THR.

Ouc of the initial clinical trials investigating accnocoumarol
was 2 prospective randomized study {n = 101) performed in The
Netherdands. This study was designed 10 investigate whether
acenocoumarol commencing 4 days preoperatvely was more
effective than commencing it | day preoperatively in patients
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undergoing THR. The investigators showed that there was no
difference in the incidence of proumal DVT. There were no
postoperative hemorrhagic complications and the authors found
that blood loss did not depend on the cxact level of ami-
C tion. No faal PE occurred during the stady jin. This
study included a small sample size and thercfore has Timited
value in dinical practice.

In 1995, Hamulak and colleagues published the resules of
their single-blinded randomized wrial (n = 672), comparing the
safety and efficacy of acenocoumaral and nadroparin (LMWH)
in paticrus undergoing THR (n - 391) and 'TKR surgery ). A
dosc of acenucoumarol 4 mg was administered on the day
before surgery, as well as 2 mg on the cvening of surgery, fol-
lowed by dose-adjusted therapy w achieve an INR of 2-3 for
10 days. Nadroparin was given subcutancously 0.3 ml (3075
anti-Xa-units) on the evening before surgery and, subsequently,
the dose was adjusted to cach padents weight and continued
for anuther 10 days. Specifically, padients who weighed less
than 60 kg received 0.3 ml; 0.4 ml {4100 anti-Xa-units) was
given o those weighing 60-80 kg; and 0.6 ml {6150 anri-Xa-
units) was given to those who weighed more than B0 kg, The
incidence of DVTs (measurcd by bilateral venography) was the
same in each group at 13.8%. Proximal DVT was slightly lower
in the acenocoumarol group (4.6 vs 6.2%). However, clinically
important blecdings were higher in the acenotoumared group
(2.6 vs 1.2%) for those patients undergoing THR 111,

The Jargest randomized 1rial involving acenocoumarol was
published recently by Samama and colleagues. In the Study
Compating O Anticoagulants With Reviparin (SACRE),
1279 paticnes undergoing THR were randomized over mwo
different regimens 11);

* Bridge therapy: dose-adjusted acenocoumarol was commenced
postoperatively following 3-5 days of 4200 IU reviparin and
an LMWH commenced preoperatively

* 4200IU of eeviparin, commenced preaperatively

Both groups received thromboprophylaxis for 6 weeks. The
intent-ra-trea tesylis are swnmarized ju TARLE 1. The primary
end point was the failurc rate, defined as the combined clini-
cal events of a confirmed sympromatic VTE, a major henior-
rhage or death. The primary objective was o compare the
observed cumulative failuce rate in the LMWH with the
acenocoumarol group.

Among the patients treated with reviparin, 2.3% developed
at least one thromboembolic event compared with 3.3% of
acenocoumarol users. During the study, statistically signifi-
cantly fewer major bleeding events occurred for patients in the
reviparin group, 1.4 versus $.5% patients in the acenocoumarol
group, In the intention-to-trcar analyses, there was a stacsti-
ally significant 55% risk reduction in the primary end point
for the reviparin group, with 3.7 compared with 8.3% in the
acenocoumarol group. In addition, the primary end point in
the per-protacol analysis was significantly lower at 4.2% for
reviparin than for accnocoumarol at 10.3% (p - 0.001). In
summary, a significarly higher benefir—risk ratio was obscrved

for THR patients who received oxtended  out-of-hospital
prophylaxis with TMWH  versus 2cenocoumarol. LMWH
prophylaxis was ar Icast as cffective as oral anticoagulants, but
with 2 marked improvement in safety 1. A potential limita
rion of LMWH prophylaxis in the out-of-hospital sctring is the
need [or subcutaneous administration, which may be difficulc
for somc paticnes, and more costly.

A mew-analysis of all randomized erials in orthopedic surgery
{THR. andfor TKR) on the risk-benefit rado of VKA versus
LMW Hs found char VKAs were less effective than LMWHs in
the prevention of both towl and proximal DVT (RR: 1.51;
95% confidence inrerval [CI]: 1.27-1.79 and RR: 1.51; 95%
Cl: 1.04-2.17, respectively). There were no significant differ-
ences in the risk of clinical PE, death, major hemorrhage or
wound hemartoma berween the two trearments (551 A subgroup
analysis indicared that neither the type of surgery, nor the tm-
ing of LMWH administracion relative to the susgery, modificd
these resulrs,

Fondoparinuy

The pentasaccharide fondaparinux is the first of a new dass of
synthetic antithrombortic agents that act by specifically inhibie
ing factor Xa. There has becn only one major clinical wial in
Europe investigating the safery and efficacy of fondaparinux in
patients undergoing THR 19 The EPHESUS study was a
doublc-blind randomized trial comparing fondaparinux
25mg (saned 6h  postoperatively)  with  cnosaparin
{LMWH) 40 mg subcutaneously once daily (starting pre-
operatively)  for 6 wecks in patients undergoing THR
surgery 9. The primary efficacy outcome was VTE (defined as
documented symptomatic DVT andior PF) ac day 11, The
secondary cfficacy outcomes were total, proximal and distal
DVTs, and symptomatic VTE up o day 11 and day 49. The
EPHESUS investigators found that overall fondaparinux was
more cfficacious than enoxaparin (aBLE 1. By day 11, signifi-
candly fewer parients treated with fondaparinux 4% had VTE,
detccred by scheduled bifateral venography than thosc on
enoxaparin at 9% (p < 0.0001). However, while the incidence
of venographic VTE was reduced significandy, the incidence o
symptomatic VTE did not differ between the two groups; by
day 49, 1% of patients in each group had experienced a symp-
tnmatic venous thromboembolic event. The two groups did
not differ in the frequency of death or dlinically rclevant bleed-
ing. In summary, the administracion of fondaparinux 2.5 mg
starting postoperatively had 2 more favorable risk-benefit com-
pared with LMWH only if asymptomatic VTEs were included
in the analysis o).

A meta-analysis of four randomized trials investigating the
efficacy of fondaparinux (2.5 mg administered onee a day 6 b
postoperatively) found that it was superior to enoxaparin for
the prevention of VTE in major orchopedic surgery. Fonda-
parinux significantly reduced the incidence of VIE by 55%
compared with enoxaparin by day 11 {6.8 vs 13.7%, respec-
tively). Major bleeding occurred more frequently in the fonda-
parinux group than the enoxaparin group (2.7 vs 1.7%;
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p = 0.008}; however, clinically relevant bleedings (resulung
death, reoperation or occurring in a critical organ) did not differ
between the groups 14

New anticoogulants

Administration of LMWH is generally now convenient for use
in the outpatient setting, YKAs, however, can be administered
orally, but require careful patient monitoring and dose adjusi-
ments owing 1o cheir variable dose—response refationship. The
development of new anticoagulants has been pursued with the
sim of improving cfficacy, predicwbility, consistency of
response, safety and convenience.

Recently, a new class of anticoagulants, dircct thrombin
inhibitors (DTTs), have undergone extensive dinical Phase If
and NI trals (Di Nisio and colleagues 17). There are now
many injectable DTIs available and used in dlinical practice
(e.g.. hirudin, argatroban, bivalirudin and desiruding. A
recently markered oral anticoagulant was ximelagatran, a prod-
rug, which is converted to melagatran, Melagatran, given iotra-
venously or subcutaneously, was siudied extensively in patients
undergoing orthopedic surgery and found tw offer a favorable
risk benefit over the LM% Hs nis;. However, in February 2006,
ximelagatran and melagatran were removed from the marker
following liver toxicity concerns. There arc other oral inhibitors
undergoing dinical investigation, including dabigatran crexiface
(DTI) and BAY 59-7939. a dircet faceor Xa inhibitor.

Dobigotran

Dabigauran is also 2 prodrug, The BISTRO 1l srudy was a
Phase I1, double-blind, randomized, controlled trial (n = 2039)
comparing dabigatran used in a range of doses {50 myg twice daily,
150 mg twice daily, 225 myg twice daily and 300 mg once daily)
with cnuxaparin 40 mg vnce daily in patients undergoing THR or
TKR 131 Dabigatan was commenced 1-4 h postoperatively and
continued for 6-10 dayx, while choxaparin 40 mg once daily was
started 12 h preoperatively and continued for 6-10 days afier sur-
gery. A significant dusc-dependent decrease in VTE oocurred wich
increasing doses of dabigatran (p < 0.0001). The lowest rate of
VTE (13.1%) and proximal DVT (2%) occurned in the 225 mg
rwice-daily group. Compared with encxaparin, VIE was signifi-
cantly Jower in those patients receiving 150 mg twice daily, 300
mg once: daily and 225 mg rwice daily (EasLE 1. Compared with
cnoxaparin, major bleeding was significantly lower with 50 mg
wice daily (0.3 vs 2.09; p = 0.047), bur elevared with higher
doscs, nearly reaching sadstcal significance with the 300 mg
once-daily dos: (4.7%; p = 0,051) (TABLE 1).

During the treatment period, 0.1% of the toral study popu-
lation developed a symptomatic VTE and during the follow-
up period, a further three patients developed symptomalic
VTE. Symptomatic VTE occurred in all except the 225 mg
wice-daily group.

In summary, administration of dabigacran in the pestoperative
period was clfective and safe across a range of doses. Importantly,
the three higher doses of dabigatran were significantdy more

effective in VTE prevention following major joim replacement

surgery than cnoxaparin, although this could be ar the expense of
elevated bleeding risks 131 Dabigatran is undergoing Phasc 111
clinical trials to assess the safety/cfficacy balance and results are
envisaged for 2007, In particular, the tzal is investigating the offi-
cacy and safety of oral dabigatran (150 or 220 mg once daily)
compared with enoxaparin 40 mg once daily in patiens who are
undergoing primary elective THR. surgery (1021, The study i
designed such that cach treatment is given for 28-35 days. The
patients randomized to dabigatran roceive half the dosc (ie.. 75
or 110 mg) on the day of the surgery.

BAY 59-7939 (varoxbor)

A recent study compleced by Eriksson and colleagmes {(doublce
blind, a double-dummy and dose-ranging study) investigated
the safety and efficacy of BAY 59-7939, an nmal dinct facinr Xa
(FXa) inhibitor (Bayer Health Carc AG, Wuppenal,
Germany) (41 Patients undergoing THR {n = 722) were rand-
omized to BAY 59-7939 at administercd doscs of 2.5, 5, 10, 20
and 30 mg twice daily, starting 6-8 h afier surgery, or enoxa
parin 40 mg once daily, commenced on the evening beforc sur
gery. The treatments were continued amil bilaieral venography
5-9 days after surgery. The primary cfficacy cnd point was the
incidence of any DVT, nonfatal PE and all-cause mortalicy up
w0 9 days afier surgery. The rates were 15, 14, 12, 18 and 7%
for che respective doses compared with 17% of paticnes treaced
with enoxaparin (s ¥ 1). There was ne statistical cvidence of a
trend in the dose—response relacionship between BAY 59-7393
andl the primary officacy end point (p « 0.932).

There was a statistically significant increase in the frequency
of major bleeding with increasing doses of BAY 59-7939 ar
0.8,2.2, 2.3, 4.5 and 5.4% for the respective dosages. The inci-
dence of major bleeding in the enoxaparin group was 1.5%
Alanine aminotransferase (ALT) or aspartatc aminouansferasc
(AST) levels greater than three-times the upper limit of normal
occurred in 11.2 and 8.8% in the cnoxaparin group, respec-
tively, compared with 3.9-6.4, and 3.3-8.3% in the BAY
59-7939 groups, respecdvely. There was no cvidence of 2
dose-response relationship of BAY 59-793Y and increased liver
enzymes i14]. This finding is imporant as ximclagacran, the first
oral DTT, was removed from marker owing to liver roxicity
concerns. In summary, BAY 59-7939 compared favorably with
enoxaparin in both efficacy and safety, at doses ranging from
2.5 to 10 mg twice datly 114).

Pharmacoeconomic sludies

We were unable o identify any relevant pharmacoeconomic
studics dircetly relating w0 acenccoumarol and chrombopro-
phylaxis following THR surgery, as well as for che new oral
inhibitors, D'I'ls and I7Xa inhibitors (however, they are still in
Phase Il clinical trials and carly pharmacocconomic asscss:
mems are scarce). From che studics that investigated the
cust~cflectiveness of fondaparinux, four related to THR sur
gery in Europe 19 221 and one concemed the cost—effectiveness
of the timing of administration 1231, All currency conversions
were performed by using (103 on the 14th July (2006).
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Fondaparinux

Lundlkvist and colleagucs performed a cost—effectiveness and
cost- consequence analysis from the Swedish perspective on the
use uf fondaparinux and ¢noxaparin following TR, as well as
TKR 121 The authors simulated 10,000 patients to receive
7 days of cither fandaparinux or enoxaparin and followed these
pavients for 5 years, and then cstimated costs, clinical DVl
and PEs and V1E-related deaths. The authors wsoil a discount
rate of 3% in cheir basc-case analyses. Sensitivity analyses
showed chat fondaparinux use incurred bigher costs chan enox-
aparin afier THR ar the S-year follow-up. The cost per clinical
V'TE event (IDVT or PE} prevenred was €239 api¥ 2. Exten-
sive sensitivity analyses were performed; for example, a 20%
higher price of fondaparinux increased the cost per VTE pre-
vented to approximatcly €1500, and surgery was approximatcly
€4000 per VIE prevented afier THR 1221,

Bjorvain and oolleagues performed cosi—cflectiveness and
cost-consequence analyses of fondaparinux versus enoxaparin
from a Nurwegian perspective in patients undergoing THR,
TKR and HFS 200, The authors used Norwegian daca from
55,000 paticnts who had undergone major orthopedic surgery
in the period 1999-200t. The costs were obtained from the
Norwegian Insurance Services. The analysis was based on a spe-
cifically developed decision wee simulation model of 10,000
patients over 5 years |21) and is derived from fondaparinux
Phase 11 crials, as well as Norwegian resource use. The model
was divided into two phases: an acure phase, from surgery

30 days postoperatively, and 4 chronic phase, from day 30 w0
3 months. The follow-up period was from 3 months to 5 years.
The costs were discounted at 3% per annum. The authors
found that the ol casts for patients undergoing THR surgery
were greater for fondaparinux than enoxaparin in the inpatient
seiting (C210 for fondaparinux vs €158 enoxaparin per
paricnt). Fondaparinux also incurred greater costs ac day 30
(€259 for fondaparinux vs €227 for enoxaparin per patient)
and day 90 {and €299 for fondaparinux vs €279 for enoxaparin:
per padent). The costs per death avoided for using fonda
parinux instcad of enoxaparin after THR were €172,700 at dis-
charge, €53,100 at day 30 and €25,100 at day 90 (TaBIE 3. The
mode] showed clearly thar fondaparinux was not a cost-saving
option in postoperative VTT prophylaxis fullowing THR., from
discharge up to day 90 However, incremenral costs per death
avoided or VTE cvent avoided decreases as follow-up time
increases. Sensitivity analyses were robust wo changes in cracial
parameters (20 and the anthors conclude thar fondaparinux is
likely to be cost saving after a timc horizon of 5 yrars,
Annemans and colleagues performed 2 cost-conseyuence
analysis in Belgium of fondaparinux versus cnoxaparin in
patients undergoing major orthupedic surgery (THR, TKR
and HFS$) 1191, The study was designed from the perspeetive of
the Belgian healthcare payer. A hypothetical cohort simulation
of 10,000 paticnis receiving cither fondapasinux or enoxaparin
was performed, and outcomes were assessed at 90 days, 1 year
and 5 years. The 7-day use of fondaparinux was mose expensive

/

Table 2. Summary of pharmacoeconomic studies in thromboprophylaxis in THR for EU countries,
Perspective  Comparator®  Analytical Time Cost € [THR only) ICER for THR Discounting Surgery  Ref.
technique (o)

Payer Fondaparinux  CRACCA 5 years 1 €239 per VIE prevented 3 THR: TR [r]
[Sweden) {2.5 mg) a;nd by usc of fondaparinux

enoxaparin

{40 mg) od
Payer Fondaparinux  CEALCA Discharge:  Fondaparinuxper  Per death avoided: 3 THR:TKR: x4
{Norway) (2.5 mg) and 1 month;  patient; At discharge: €172,700; HFS

enuxapaiin 3 munths  Aldischarye: €52; 1 month: €53,100;

(40 mg} od 1 month: €32; 3 months; €25,100 by

3 months: €2 use of fondaparinux

Payer Fordaparinux ~ CCA 3 months; Fondaparinux per ' No THR, TKR; ]
{Belgium) {2.5 mgj and 1 year; patient: HFS

enoxaparin 5 years Imonths: €12,

(30 mg) od 1 year: €10;

5 year: (€6}

National Fondaparinux  CCA Discharge: ' * [ THR; TKR: f21]
Health (2.5 mp) and 1 month; HFS
Service (UK} enoxaparin 3 months;

(40 mg) od 1 year;

5years

*Svings are expressed in wvackets o
*Sing-+ resulls for THR could rot e derived.
YEach of these were aamiristered for 7 days.
QCA:Cost consecuence analysis; CEA: Cost-¢fectiveness analysis; VIE Venous thromboembolisen; od: Once da'ly: R: Tetal hip seplecement; TKR: Total tnee replacement;
HFS: Wip fraciure surgery; ICCR: Incramental cost-effartiveness rato.
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than enoxaparin (€72.7 vs 26.2). With respect to THR, the
rotal cosis were €248 for fondaparinux versus €236 enoxaparin
per paticnt at day 90 (€259 vs 249) at I-year follow-up and
€324 versus 330 at §years (TAALE 2. Hence, savings were
achicved over the long term (5 vears). In scnsitiviy analyses,
the results were found o be rubust 16 variations in imporeane
paramcicrs. The authors concluded thac cheir analysis of health
and economic consequences over a long-term petiod demon-
strates the value for money of fondaparinux versus enoxapann
fot the prevention of VTE evenss after THR, TKR and HFS.

Gordois and colleagucs performed a cost—consequence ana-
lysis from the UK perspective for patients undergoing THR,
TKR and HES 210, This study did not differcntiate between
the types of surgery and it is not possible to identify whether
fondaparinux or cnoxaparin was cost effective in those
patients undergoing THR. Ar discharge up 1o day 30, fonda
paripux was shown to be cost neutral, and cost saving there-
afeer. The sensitivity analyses for combined THR, TKR and
HFS surgery demonstrated that fondaparinux was cost saving
au day 90, 1 year and 5 years. The costs were discounted ar
rate of 6% (TABLE ) [71). The sensidivity analyses were robust 1o
changes in kcy parameters. The authors concluded thar fonda-
parinux is more cffecrive and reduces costs o the healtheare
system compared with enoxaparin.

Fondaparinux versus preoperative & postopsrative enoxapain
There arc major differences between Furopean and Nerth
Amcrican practices in thromboprophyluxis, in pardcular wich
the exact timing of administration. On the onc hand, the widely
held European view is that thrombuprophylaxis should be com-
menced preoperatively (32 h prior to surgery). On the ocher
hand, concerns about risk of bleeding during surgery and the
interferenoe with regional anesthesia led the North Americans
to commence thromboprophylaxis postoperarively (12-48 h
afeer surgery).

A review done on the timing of prophylaxis by Duch and
Tralian researchers showed that there is no convincing evidence
thar starting EMWHSs prophylaxis preoperatively is associated
with 2 lower incidence of VTE. In addition, the periaperative
regimen {2 h before up o 4 h afier operation) may decrease the
risk of pustoperative DVT, but it is associared with an increase
of major bleeding (241.

A swudy performed by Wade and collcagues addressed the
cost—effectiveness of fondaparinux once daily with enoxaparin
administered 30 mg owice daily postoperatively and cnoxa-
parin administered 40 mg once daily preoperatively (231, The
analysis utilized data from the PENTATHLON 2000 (231 and
EPHESUS (9t clinical wials. The cost data were derived from
the liverature and enabled calculation of the mean cost of prox-
imal DV'E, nonfatal PE and bleedings. The authors found that
the costs of fondaparinux 2.5 mg once daily (given for
7-8 days), enoxaparin 30 mg twice daily (for 7 days) and enox-
aparin 40 mg daily (for 8 days) were €258, 203 and 160 per
patient, sespectively. Overall, the incremental coswsaving per
VTE avoided was €39,700 by using the cnoxaparin twice-daily

rgiinen postoperatively over the fondaparinux reggmen. On
the other hand, when fondaparinux was compared with the
enoxaparin 40 mg regimen, rthe incremental cost saving per
VTE avoided was €5200 in favor of fondaparinux. e cosi per
death averted was €156,600 i fondaparinux was used,
€109,000 if enoxaparin 30 mg of twicc daily was used and
€131,500 if enoxaparin 40 mg once daily was used. Versus no
prophylaxis, the cost per life ycar gainced (LYG) was €9850 for
fonduparinux, €7390 for ¢noxaparin 30 mg twice daily and
€7690 for cnoxaparin 40 mg once daily. Hence, fonduparinuy
once daily is more cest cffective than enoxaparin 40 mg once
daily, but i is less cost effective than enoxaparin 30 mg twice
daily. In sensitivity analyses, these results appeared robust (231

Conclusion

Studics have shown ihat during the first 10 days, low molecular
heparine starred preoperatively or fondaparinux commenced
postoperatively are preferred over the vitamin K antagonists.
Clinical results included in the new Duich CBO evidence-based
guidelines have shown that LMWHs, VKA and fondaparinux
are equally effective in the extended period. Pharmacocconomic
studies indicue that fondaparinux is only cost saving in the long
termy; for example over a 5-year period. Fondaparinux appears
morc oust cllcctive than LMWH 40 mg once daily commenced
preoperacively, but appears 1o be ess cost effective then LMWH
30 mp rwice daily commenced postoperatively.

Expert commentary & five-year view
During the last 10 years, many cvidence-based guidelines for
orthopedic thromboprophylaxis have becn published 26521
Owing ta the inconsistent study design of many ials, it is dif-
ficult w conclude which straccgy fits best with a safery balance
between majur bleeding disordees and efficacy to prevent DVT
and PE. Orthopedic surgeons argue that a bleeding is much
maore harmful than a DVT, which can be treated with thera-
peutic doses of anticoagulants when symptomatic. The design
of modern trals with YKAs included sympiomatic as well as
asympeomaric DVTs. The question arises of whether there is o
difference in sympromatic versus asympromatic DVT in the
prediction for a fatal PE. A controlled dlinical tral including ac
least 10,000 patients is required to answer this question rcliably,
which is togically very dilficult and inancially challenging,
During the first 10 days, LMWHs started preoperatively or
fondaparinux commenced postoperatively are preferred over the
viamin K ancagoniss. The LMWHs, VKAs and fondaparinux
are equally cffective (101] in the extended period and differences in
major blecding arc only marginal. LMWHs and fondaparinux
have the disadvantage that they are required to be given subcuta-
neously. In additon, the effects of LMWHS (and possibly fonda-
parintux} in patients with cermin mosbiditics (c.g., obesity and
decreased renal funcrion) is unpredictable and few evidence-
based guidclines exist to manage these parients appropriarcly.
Hence, one can condude thar since VKAs are availalie at low
cost, can be orally administered, computesized dosing schedules
are avajlable and can be monitorcd by simple laboratory cests

www.urrc-drugs.com
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(including padent sclf momworing} in paticnts with cortain mor-
bidities (c.g., obesity and decreascd renal function), chey are per-
haps the most appropnate option for the extended period at
prosont. burthermore, individualized visk asscxssment swategies
for DVT-PE should be incuded w make the appropriate pro-
phylactic approach in surgical parienis 33, The quality of cou
sarin dose adjusement in carlier-tentioned studics was poor.
Anticeagulant dlinics, for example, in The Netherlunds provide
bertes VKA management in the sensc of beuer conwol and indi-
vidual adjuszment of INR in patients (34). From our present
knowledge regarding the mewbolism of coumnarins, which
depend on CYP2CY, fed doses of conmarins are not evidence
based owing o the variable responsc and nsk of bleeding.
CYP2CY genotyping could be useful 1o idenrify potennal candi-
datcs who may require lower starting doses in order to minimize
problems with acenccpumarol during the initiation period (351

Direct oral inhibitors arc possibly the drugs of the furare and,
although ximelagarran was withdrawn from che market owing ro
safery concerns {liver enzyme cleviion), the next generation of
oral agents (stilf in Phase. U] wrials) appear promising. One of the
most interesting new womponds is dabigarcan, which has been
proven effective; liver enzyme clevation has not been observed o
the same extent as simelagatean and, cherefore, there is 2 strong
possibility that it could be uscd routinely in dinical practicc to
prevent DDV following major orchopedic surgery.

This review covered chnical rrials lor drags of nterest
within applications ¢hat would be relevanc for the Lurapean
situation: SACRE for acenocoumarol. EPHESUS for lumls-
parinux and dabigatran and BAY 39-7393. The latrer two
drugs are still in Phase H study, yer are expecied o appear
shortly on 10 phannaceutical marker and weee  therefore
included 1n this review, with some speculations on use in the
future and the experiences up to now.

From the prosented clinical and economic darta, it 15 impas
sible to make evidence-based statement on the best available
cost-effectve strategy for THR prophylaxis; all the given
oprions are speculative. We must also ralize that some of the
pharmacacconomi analyses are company driven and are only
available for fondaparinux. We recommend addicional studies
within noncompany sponsored projects. Additionally, we
note that many cconomic studies focus on sympromark
DVTs only, whereas the prevention of asymptomatic events
may also be expecied o, in dhe end, kead to health gains. So,
full insegrative and indcpendent cconomic studies are lacking
and urgently needed. These studies mighe also already antici-
pate on the use of the new classes of drugs in other fields of
indicarion (such as cirdiology).
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/ Key issues

costly intervention for the hea'th care budget.

® The demand for tolal hip replacement (THR) 1s increasing owing to a growing number of efderly peaple in Europe ano iz remains a

P Low-molecular weight heparins (LMWHs) started preoperatively o fondupaninux commenced postoperatively are chiniczlly preferred
uver the vitsmin K antagonists (VKAs) if used during the first 10 days afier surgery

* Currens clinita guide ines in THR thromboprophylaxis state that tMWHS, VKAs and lundaparinux are equally effective if used for

extended periods [1G-42 days).

¢ Fondaparinux 1s only cost saving compared with LMWH 'n the fong rerm (> 5 years).

! & Qrally administered direct thrombin and facior Xa inhibitors are promising drugs for the future
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2.2 Application of national guidelines to pharmacoeconomic research

in the Netherlands

The research was focused to revise the pharmacoeconomic guidelines and their
application in the published literature.

The analysis was performed on studies published in The Netherlands concerning
methodological guidelines.

Results were published in Farmakoekonomika a liekova politika, ronik 3, 2007, &islo 1.

Pharmacoeconomics and Drug Policy, year 3, 2007, No. [, Pages 33-40.
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Abstract

Objective: This sludy invesligates the application of
the Duich national guidelines to pharmacoeconomic
studies in the Netherands.

Methods: In 1999, Dutch Health Care Insurance
Board presented Dutch guidelines for pharmacoecono-
mic research. Our review covers all Dutch pharmacoe-
conemic studies that were published in English during
2003-2004. Nine methodological guidelines were se-
lecied for investigation wilh respect to their application
lo pharmacoeconomic studies. Each pharmacoecono-
mic study was reviewed by minimum two reviewers for
objectivity and correctness of results.

Results: From 56 siudies identified only 13 studies
satisfied the inclusion criteria.

An appropriate time period for analysis was applied in
all studies (100%:), as well as an incremental analysis.
Sensilivity analysis was present in 11 sludies (85%:)
In 10 from 13 studies (77%) following three criteria
were laken into account: socielal perspective, discoun-
ting (of costs, benefits and health gains), and efficacy
versus effectiveness distinction. LYGs or QALYs as
effectiveness expression were used in 7 {54%%) and re-
ference prices in 9 studies {69%). Adequate subgroup
analyses were presented in only 5 studies (38%).
Conclusions: We found in this review that the application
of some of the Dutch guidelines for pharmacoeconomic
research to pharmacceconomic studies is good.

Main changes are needed in areas of suitable sub-
group analysis and utilization of the preferred outco-
mes life-years gained (LYGs) or quality-adjusied lite
years {QALYs).

Key words: guidelines. - application of guidelines, -
pharmacoeconomics, - The Netherlands
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Introduction

Every country is facing problems in financing a heal-
th care. In particular, expenditures on health care are
often increasing constantly. Pharmacoeconomics
has recenlly come up to control expenditures and
enhance economically rational drug use. In such
pharmacoeconomic analyses, appropriate methods
must be used for a fair evaluation of new drugs
For example in the Netherands, in 1999, the Dulch
Health Care Insurance Board (advisory body on the
reimbursement of new drugs) presented the guideli-
nes for pharmacoeconomic research,

One of the most outstanding points of the Health
Care Insurance Boards guidelines was that a phar-
macoeconomic study was said to should always
be a cost-effectiveness analysis and/or a cost-uti-
lity analysis, whereas a cost-minimization is never
sufficient 1-4. These analyses are supposed lo be
supportive toals in the decision-making. In fact, the
Health Care Insurance Board adopts an indepen-
dent position: in between policy and practice, in
between central government on the one hand and
the health insurers, care-providers and cilizens on
the other 2. In recent years, new supplementary
methods are arising, such as Bayesian analyses
and Value-ol-Information analyses. The advanced
methods are not yet in the guidelines.

Since January 2005, the Minisiry of Health in the
Netherlands implemented the use of pharmacoeco-
nemics as a supplementary aspect in the evaluation
for drug reimbursement. Pharmacoeconomic eva-
luation was optional in the past, but obligatory since
then, to be included in all applications when new
drug with proven therapeutic added value claims
reimbursement 5. This policy was already in practice
for many years in other countries, such as the UK,
Auslralia and Canada.

Our review analyses the application of Dulch nafio-

a3
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nal guidelines 1o recently published pharmacoeco-
nomic studies in the Netherlands.

The Dutch guidelines for pharmacoeconomic re-
search consisted initally ot 19 recommendations
with some of a methodological nalure and some
merely ol a procedural nature, Currently, methodo-
logical and procedural ones are being separated in
distinct booklets, Below. we focus on the guidelines
that are refersing to methodology.

It is well known that there is a difference between
the actual practice in performing the pharmacoe-
conomic research and guidelings in theory. Also it
is important to have in mind thal reimbursement
procedures differ per country. Still, we believe that
these guidelines could always be used as tool for
pharmacoeconomic evaluation, as is now done in
many western countries.

Methods

Search methodology and inclusion criteria for qua-
lified studies

A search was oriented to pharmacoeconomic studies
that were published in English for the Netherlands
from 1st January 2003 to 31sl December 2004. The
databases used were

MEDLINE 6 and EMBASE 7. The search used the
terms “cost (-) effectiveness”, “pharmaco {-) econo-
mic({s)” and “(the) Netherlands”.

The formal inclusion criteria for this review were that
studies should be:

(a) Pharmacoeconomic evaluations;

(b) A cost-effectiveness or a cost-ulility analysis

(b) Original research; and

(c} That full text reports would be available irather
than merely absiracts alone).

This review covers 9 methodological guidelines,
chosen by the investigalors, and considered as
the most important criteria for pharmacoeconamic
studies in the sense that they reflect good scientific
practice rather than procedures (Table 1). In par-
ticular, guidelines studied are numbers 2, 6, 8, 9,
10, 12, 15, 16 and 17 isee {(Appendix 1 for detailed
information}.

Table 1. The Dutch guidelines for pharmacoecono-
mic research

1. Target groups

2. The societal perspeciive”

3. Timing of the studies

4, Perpetrator of the study

5. Analytical lechnique

6. Indications {subgroup analysis)*
7. The comparative treatment

8. Incremental and total analysis”
9. Analysis period/time horizon

10. Efficacy versus effectiveness®

11. Quality of life and utilities

12. Oulcomes for cosi-utility analysis (LYG or QALY
13. Cost identification

14. Cosl measuremenis

15. Cosl evaluation using reference prices’

16. Discounting for fulure outcomes and cosls®

17. Reliability and validity (sensitivity analysis}”

18. Reporting the sfudies

19. Modeling of the resulls

*Selecled for this review.

Guideline 2 slales thal the societal perspective
should be applied and that the most imporiant cha-
racteristic of this perspective is the inclusion of the
indirect costs from production losses,

Guideline 6 describes that subgroup analysis should
be presented especially when there are differences
in clinical effectiveness or casls concerning indicati-
ons and groups (for example, regarding age or exact
indication) thal warrant separate evatuation.
Guideline B points out the importance of the incre-
mental cost-effectiveness ratios, their reporting and
adequate comparison to the relevan! alternatives.
In principle, comparison of the investigated drug
should be with the slandard treatment which is evi-
dence-based and may be in the clinical guidelines.
Alternatively, the comparator could he the drug
that is most widely used (as assessed in drug use
databases, such as IADB.nl from the University of
Groningen).

Guideline 9 involves the specification of the appro-
priate time horizon which should be such to cover
all important aspects of cost, benefits and health
effects,

Guideline 10 states that one should distinguish
between efficacy and efecliveness. Effecliveness
refers to clinical use of the drug in wide variable
populations and real world conditions, whereas el-
ficacy involves carefully selecied populalions inclu-
ded in the clinical trial. Economic evaluation shouid
ideally relate to effectiveness and not to efficacy.
Guideline 12 recommends that health effects
should be expressed as life-years gained (LYGs) or
quality-adjusied life-years (QALYs). These oulcome
measures are presented to make comparison of
health outcomes possible across health-care inter-
ventions,

Guideline 15 promotes that reference prices (es-
timated cost prices), should be used in economic
evaluation, and only in the absence of these tariffs
can be used instead. National average cost price
estimates are specified in the guidelines for hospital
inpatient days, oulpatient visits to GP or hospital and
ihe pharmacist'’s fee.
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Guideline 18 slates that cosls, benelils, and health
effects distribuled over time should be discounted at
an annual rale of 4%. Discounting is a standard pro-
cedure in economic evaluations. In sensitivity analy-
sis lower discount rales for health effects should be
investigated.

Guideline 17 recommends that uncerlainty is always
present in the analyses and that at leasi a univariate
sensitivily analysis must be included to investigaie
this uncertainty.

After inclusion. each study was examined regarding
these nine methodological guidelines. This was ela-
borated by two reviewers independently. Consensus
was achieved if reviewers disagreed and had diffe-
rent opinions,

Results

The search conditions were initially met by a total
of 56 studies. The MEDLINE search for 2003 and
2004 identified 5 and 11 studies, sequentially. The
EMBASE search resulled in 14 and 26 studies in
2003 vs. 2004, respectively. Table 2 presents the 13
studies that met the inclusion criteria. The applicati-
on of the national guidelines to identified pharmaco-
economic studies is shown in Figure 1.

Table 2 Pharmaco-economic studies inthe Netherlands
selected for investigation of application of the Duich
guidelines for pharmaco-economic research

The highest compliance with guidelines, detected
in these studies, related to the time pericd and
the incremental analysis (both 100%). The lowest
compliance was found for the criterion of subgroup
analysis. Sensilivity analysis was reported in 11
siudies (85%). The societal perspective was applied
in 10 studies (77%}, as well as for the elfecliveness
vs. efficacy criterion and for discounting {applied for
costs, benefils and health gains). Reference prices,
as recommended in detail from the Dutch manual
on cost, were used in 9 studies (69°:). Effectiveness
was expressed in LYGs or QALYs in 7 studies
{54%;). Subgroup analysis was done poorly and was
performed only in 5 studies (38%).

Table 3 Dutch pharmaco-economic studies included
with respect to number of methodological guidelines
applied

Included studies Ret Guidelines applied (no.y
Bog IM etal. 14 9
Posima MY etal |8 7
Postig MY et al. |6 &
Redekop W ot al. |7 &
Stant AD e al. I8 3
| van den Hout Wi ctal. 19 ¥
L2 Dicten 1E 1wl 20 8
KnijiV-Dutmer £A eval 21 [¢]
Kaonlals-de Bos IR _eral 22 6
| Ol ani JI3 e il 23 -]
1 iland-van def Joe AH et al 14 .
| Welsing PM et ul, 25 7
Walic K ot al. 26 17

The included studies are listed in Table 3 according

to the number of guidelines adhered to per

study. One study applied all nine criteria

and one study, eight out of nine, respective-
ly. The median number of crileria applied 1o

studies was seven, There were five sludies

Aughors Rel Disea a0y Dreds)
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that applied seven, and finally six studies
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applied six of the nine selected methodo-
legical guidelines. The respective number
of nalional guidelines applied 1o included
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Figure 2.

Figure 2: Adherence of included studies to

Figure 1: Application of nine selected guidelines for
pharmaco-gconomic research to the included studies:
percentage of adherence
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Discussion

This review involves all pharmacoeconomic studies
pubiished in the Netherlands in period 2003-4, ana-
lyzed with respect to selected nalional methodologi-
cal guidelines for pharmacoeconomic research.
Adherence to guidelines in the published literature
was found at 75% on average, which may be consi-
dered salistactory. The guidelines that were mostly
adhered to were: time horizon, incremental analysis,
sensitivity analysis, efficacy versus effectiveness,
discounting and perspective. Lower compliance of
studies with guidelines was found for: reference
price, LYG or QALY as preferred outcome and espe-
cially in the case of subgroup analysis.

An appropriate time horizon is of essential impor-
tance in performing pharmacceconcmic research
from point of view lo cover all relevant outcomes.
All studies included in this analysis comply with the
time horizon requirement.

All studies in this review applied a qualified incre-
mental analysis. This illustrates the relevance of
the use of an incremental cosl effectiveness ratio
(ICER) rather than just a CER. it is simply calcula-
ted by dividing the incremental cost by incremental
effect for each successtully more effective treatment
alterpative 8, involving all changes in cost versus all
changes in eftects.

Sensitivity analysis was used in most of the stu-
dies, Sensitivity analysis provides reviewers with an
apptoach lo lesting how robust the results of the
analysis are, relative to key decisions and assump-
tions that the researcher makes in the process of
conducting an analysis, Each reviewer must identify
the key decisions and assumptions that are open to
questions, and might conceivably have affecled the
resulls 9.

Duich guidelines suggesl a societal perspective.
According 1o Canadian experience in some cases
the sponsor (for example, pharmaceutical industry}
may influence the choice of the perspeclive 10,
Perspective depends also on the aim of the study
and the exact use of its oulcomes in the decision
making process.

Differentiation between efficacy and effectiveness
was salisfactory, as well as the application of dis-
counting, but implermentation of outcomes in lerms
of LYGs and QALYs was less well performed, used
only in 7 studies.

Regarding relerence prices, the guideline recom-
mends the use of a list of standard costs, primarily
estimates of nalional averages. The usage of the
Dutch manual on costing for reference prices was
applied in 9 studies.

The most non compliance was discovered in the
area of subgroup analysis. Consequence of non ap-
plying suitable subgroup analysis may be rendering
non comect results, There is big difference between
populalion groups involved in the study regarding
age, sex, medical condition etc.

The decision making process is complex and by
lollowing the guidelines it is easier to evaluate me-
thods used and validity, and to judge about the cost
and outcomes as reported in the economic evalua-
lion 11.The use of pharmacoeconomic guidelines is
nol unified yet al the international level 10, 11-13,
Guidelines for pharmacoeconomic research aim
to enhance guality (assessment) of such studies,
providing a framework of objectivity and evidence
based research.

Standard and formats for reporting assure transpar-
ency of sclentific pharmacoeconomic evaluation. It
is importani especially in issues as reimbursement
of drugs, submission by pharmaceutical industries
and in applying research at national levels for health
care budget decisions.

Conclusion

The application of the Dutch naticnal guidelines of
recently published pharmacoeconomic studies in
the Netherlands is quite satisfactory.

Main improvemenis must be made in areas of the
subgroup analyses primarily and in further imple-
menlation of slandardized and comparable health
outcomes, such as LYGs and QALYs,
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Appendix 1

Guideline 2: The perspective.  All studies must be
reported from a social perspective

Explanation

Pharmacoeconomic research musi be conducted
from a social perspective. There is a broad con-
sensus, both nationally and internationally, that on
the grounds of welfare-theory the social perspecti-
ve should form the basis for pharmacoeconomic
evaluation. This social perspective means that the
analysis sheuld cover all costs and benefits, irrespe-
ctive of who actually bears the costs or receives the
benetits. This means that costs and benefits outside
the field of healthcare should also be taken into
consideration.

Healthcare itself should Iherefore be considered
as a whele {in other words, non-comparlmented):
additional costs for one budgel section can be com-
pensated, for example, by savings in ancther budget
seclion. Pharmacoeconomic research can provide
insight into such substitution effects.

Guideline 6; Indications. The patients for whom
the drug is intended must be clearly specilied. The
starling points for pharmacoeconomic research are
the registered indications. The subgroup analyses
for patient groups. disease sublypes, degree of se-
riousness, presence or absence of comorbidily, elc.,
must all be stated. The economic evaluation musi
be performed on the enlire shudy population and
also on the subgroups thal have been identified in
the protocol on the basis of possible differences in
effectiveness, costs and/or other arguments.””
Explanation

Because a treatment can be cost-efiective for some
groups of patients but not for others, it is essen-
tial that a prior distinction is made in the protocol
between the different subgroups. Scmetimes these
subgroups will already have been cleatly described
in the registration text. These will then be the sub-
groups on which clinical research has been perfor-
med and for which the efficacy-safety balance has
been found to be positive. From the point of view of
cost- effectiveness, the results of a pharmacoeco-
nomic analysis may suggeslt that the field of appli-
cation should be limited further within the registered
range of indications. These results can be taken into
account during the decision-making process. In the
case of subgroup analyses, care must be taken that
the statistical power of the analyses, i.e. the group
size, is guaranteed. The precision needs to be suffi-
cient to enable decisions 1o be laken regarding the
subgroups.

Guideline 8: Incremental and total analysis.
" Cosls and effects mus! be reported in the form
of incremenlal values (ie, as differences between
Iwo alternaftives). These incremental values must
be used in the pharmacoeconomic evaluation. The
study must also provide insight into the total values
of the costs and effects of both treatments.”
Explanation

In an economic evaluation we are concerned with an
incremental analysis: what is the ditference in costs
and effecliveness when intervention A is replaced by
intervention B? Two treatments need to be compa-
red: the current treatment {slandard treatment, see
guideline 7} is compared with the new drug. From
the incremental analysis one can deduce what the
(net) difference in cosls and effects will be when the
new treatment replaces the existing one. In order
to place the outcome of the incremental analysis in
a broader context, the tolal costs and effects also
need 1o be reported. The inclusion of total costs and
effects will, moreover, improve the ability to transla-
te the study lo, for example, {future) situations with
ancther comparative treatment.

Guideline 9: Analysis period. ~ The analysis pe-
riod of the study must be such that it enables valid
and refiable stalements to be made. If modeled data
are necessary lo meel this requirement, then the
model’s structure and basis need to be described.
The mode! must have a sound scientific basis at the
time the study was performed

Explanation

The costs and effects must be measured over the
same time-span. This time span should provide suf-
ficient opportunities for observing the most impot-
tant outcomes of the intervention. The time period
within which effects and costs can be anticipated
depends on the treatment goal and thus on the an-
ticipated outcome. When a decision has to be made
regarding the inclusion of a new drug on the list,
there is often insufficient information available about
its effectiveness. To obtain this information, the drug
needs to be used in practice. Because primary data
usually provide insufficient insight into the value of
a drug in the medium- and long-term, modeled data
will often have to form an integral part of the dossier
being submitted in application for inclusion on the
drugs list.

Guideline 10: Efficacy versus effectiveness.

Ideally pharmacoeconomic studies shoutd report
on a drug's effectiveness, and not on its efficacy.
Efforts should be made to collect information on the
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relevant end points n ferms of morbidity and mor-
lality. If possible, the dala should be collected under
realistic conditions. If no effectiveness dala are avai-
lable, then appropriate modeling technigues may
be used to ranslate data from efficacy studies into
what can be expecfed in practice (ie. effectivene-
ss). The model used needs have a sound scientific
basis. All assumptions in such modefing techniques
must be explicilly stated and evaluated with the help
of a sensilivity analysis

Explanalion

Efficacy and effectiveness are two ditferent con-
cepts. However, both provide insight into the effect
of a drug. In the case of efficacy, the eflect is exa-
mined under ideal conditions in a homogenesus
group of patients, and usually whilsi making use
of intermediate outcomes. Effectiveness data offer
a clearer picture of actual value because an effecl
is studied under more realistic conditions, making
use of a heterogeneous group of patients, and with
aspects such as therapy (non-Jadherence playing a
rele. This information aboul use in common practice
also provides more insight into whether the treat-
ment aim is ultimately being achieved, Effectiveness
research is thus oriented towards final oulcomes,
such as reduction in morbidity and mortality. The
ZFR would like to have access to effectiveness data
as sooh as a drug is put forward for inclusion on the
drugs list. However, from a practical perspeclive this
is not usually possible. Phase 3 studies form the
basis for registration and admission lo the market.
This research is carried oul on a selecl group of
patients using a clear trealment protocol, and tends
lo be done in specialized centers, for a limited pe-
riod of time and without a follow up afier the study
has finished. These are not ideal circumstances for
pharmacoeconomic research, in view of the fact
that research conditions need to match the practical
siluation as closely as possible. The most imperiant
problem with using clinical studies for pharmacoeco-
nomic research is the extent to which an evaluation
based upon intermediate outcomes provides any
meaningful information on the reduction in morbidity
and mortality. For this reason, it is necessary to ob-
tain satisfactory insight into the relationship between
the intermediale oulcomes and the final outcomes.
in order to be able to make a statement on a drug's
effectiveness, data from clinical studies can be mo-
deled on the basis of realistic and explicit assumpti-
ons. All assumplions need to be carefully discussed
and scientifically substaniiated. Important variables
in the study need to be examined for validity and
reliability. Further studies after registration {Phase
IV} will have to demonslrate the exient 1o which the
modeling was performed responsibly.

Guideline 12: Outcomes for cost-utility analysis.
Survival and QOL-resulfs must be reported sepa-
rately. The method for combining the two must be
clearly described. The recommended method for
primary analysis is to combine survival data with
the QOL valuation using quality-adusted life-years
(QALYs). Utilities must be used as quality-weighting
for the calculation of QALYs, measured on an inter-
val scale. where 0 represents the siate of death and
1 represents good health.
Exptanation
The choice of one uniform outcome measure, the
QALY, makes it possible 10 compare the resulis of
different pharmacoeconomic studies. At the moment
the QALY is internationally the most widely used
and most recommended method. Primary analysis
should therefore be based upon QALY's. Secondary
analyses may be performed using a different out-
come measure, The World Bank, for example, has
proposed the disability-adjusted life-year (DALY} as
an afternative to the QALY.

Guideline 15: Cost evaluation. ~ Economic defini-
tions should be used for the costs. ideally. uniform
amounts should be used Jor certain cost calegones
in order to promote the comparability and exirapola-
bility of the resufls of different studies

Explanation

A standard cost list will be available in mid-1999.
This fist must be used.

Guideline 16: Discounting for future cutcomes
and costs.  Future oulcomes and costs should be
discounted at equal rates. The current discoun! rale
must be applied, This discount rate must be varied in
a sensitivilty analysis. If other percentages are used
as the basic discount rate, they need 1o be thorou-
ghly substantiated. ™

Explanation

Internationally, dillerent percentages are used as
basis for discounting. At the moment the current dis-
count rate in the Netherlands is 4%, according to the
‘Cabinet’s standpoint on the reconsideration of the
discouni rate’ dated @ January 1995, {Source: HAFIR:
Textbook Financial Governmental Information and
Administration. Part A 8.2. Publisher: Dutch Ministry
of Finance}.

Guideline 17: Reliability and validity. "~ In explai-
ning the analysis methods, all underlying assump-
tions must be listed, arranged and substantiated.
The most imporiant limitations of these assumptions
must also be staled. A sensitivity analysis must be
used to show how the results depend on the as-
sumptions made. As a minimum, a univariate sensi-
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tivity analysis must be included. If this 1s insufficient,
then multivariate techniques must be ncluded The
methods used. the choice of the parameters and the
range of these parameters alf need o be slated and
substantiated.

Explanation

Prior 1o presenling a definitive estimate of the costs,
the eflects and a costeffectiveness ratio, a number
of methodological cheices will have been made and
a number of parameters estimated. The methodolo-
gical choices concern, for example, the calculation
of indirect costs, the definition of the effects and the
time window. The estimates relate to aspecis such
as the use of healthcare facilities, unit prices and the
efiect parameters,

In performing sensitivity analyses, it is desirable
to first formulate an upper and lower limit for each
estimale; these represent the uncerlainty margins.
One can then examine to what extent the costs and
the cost-effectiveness ratio will alter if the extreme
limits are applied. If this procedure is followed for all

40

estimales successively, it is known as a univariate
sensitivity analysis. A multivariate sensitivity analy-
sis examines the effect of simullaneocus alterations
in various variables, taking into account the corre-
lation between these variables. The most advanced
method attempis 10 create probability distributions
around each parameter and repeatedly makes a
new eslimation for each parameter according to
the distributions. Each combination of estimations
results in a new estimate lor the costs, effects and
the cosleflectiveness ratio. If this is repeated many
limes, a risk distribution can be presented for the
results of the study.

If there are indications that a univariate sensitivily
analysis is insufficient, then a multivariate analysis
should be caried out. It is important to adopt the
perspective of the end-users of the information as a
starting poinl. By making use of the sensitivity ana-
lyses results, policy makers can assess how much
value can be attached to the results of the economic
analysis, i.e. how reliable the results are.
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CONCLUSION

The aim of this doctoral thesis was to explore pharmacoeconomics and its use in the

decision making process.

The larger part of the thesis was oriented toward the theoretical approach to
Pharmacoeconomics and Outcomes Research, with a defined distinction between two.
The literature search applied was from various sources mainly in the electronic form of
web sites, or in the form of published articles, journals, books, manuals, databases and
software programs, as methods in accordance to objectives that had to be met.

The topics addressed were types of pharmacoeconomic studies and techniques,
types of cost and discounting. The decision making process was highlighted with
relevance to statistical models. As well known pharmacoepidemiology is a fundamental
principle for pharmacoeconomic research to take place, which was also presented here,
finishing in software programs and modeling examples by DATA, BUGS and MCMC.

Finally pharmacoeconomic guidelines were revised. The national guidelines from
The Netherlands from the CVZ database, which are applied across Europe with a few
exceptions, are compared to Canada or Australia from a methodological point of view,
with the implementation of new Dutch guidelines for pharmacoeconomics and outcomes

research.

The practical part focused on particular conditions and the adherence to

pharmacoeconomic guidelines. Each study used different data sources for given aims.

The main goal in this doctoral thesis was to demonstrate the use of
pharmacoeconomy in decision making with regards to a specific clinical example. For

this purpose the analysis of venous thromboembolism primary prophylaxis after hip

replacement surgery in Europe was chosen. The work focused on clinical and
pharmacoeconomic studies and practices. In this way pharmacoepidemiology was firstly
addressed and then the application of pharmacoeconomics. Also the aim was to provide

an integrated perspective on the present guidelines for clinical practice and possible use
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of novel anticoagulants. The search was performed using the Pub Med database (English
language), giving the European perspective for the specific European clinical practices,
with pharmacoeconomic insight. The results demonstrated that during the first 10 days,
low molecular heparins started preoperatively or fondaparinux commenced
postoperatively are preferred over the vitamin K antagonists, Clinical results included in
the new Dutch CBO evidence-based guidelines have shown that LMWHs, VKA and
fondaparinux are equally effective in the extended period. Pharmacoeconomic studies
indicate that fondaparinux is only cost saving in the long term; for example over a 5-year
period. From the presented clinical and economic data, it is impossible to make an
evidence-based statement on the best available cost-effective strategy for THR
prophylaxis; all the given options are speculative. One must also realize that some of the
pharmacoeconomic analyses are company driven and, thus, are only available for
fondaparinux. The study recommended additional research without the use of company
sponsored projects. Additionally, it noted that many economic studies focus on
symptomatic DVTs only, whereas the prevention of asymptomatic events may also be

expected to, eventually, lead to health gains. So, full integrative and independent

economic studies are lacking and are urgently needed.

The final consideration was the study that investigated the application of the
Dutch national guidelines, from 1999, to pharmacoeconomic studies in the Netherlands.
The review concerned all Dutch pharmacoeconomic studies published in English during
2003-2004, using Medline and Embase databases as a source. Nine methodological

guidelines were selected for investigation with respect to their application to

pharmacoeconomic studies. The results of this study were: From the 56 studies utilized,
[ only 13 studies satisfied the inclusion criteria. An appropriate time period for analysis
| was applied in all studies (100%), as well as an incremental analysis. The sensitivity
| analysis was present in 11 studies (85%). In 10 from 13 studies (77%) following three
I criteria were taken into account: societal perspective, discounting (of costs, benefits and
health gains), and efficacy versus effectiveness distinction. LYGs or QALYs as
effectiveness expression were used in 7 (54%) and reference prices in 9 studies (69%).

Adequate subgroup analyses were presented in only 5 studies (38%). It was
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recommended that main changes are needed in areas of suitable subgroup analysis and
utilization of the preferred outcomes life-years gained (LYGs) or quality-adjusted life
years (QALYs).
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SUMMARY

PHARMACOECONOMICS IN DECISION MAKING

INTRODUCTION

Current trends indicate that costs for health care are increasing in most European
countries. New agents are expensive and therefore increase the cost of drugs in society
and health care costs in general. Health economics play an important role in health policy
makers’ attempts to introduce more efficiency into the organization of health care,
financing and resource allocation since budgets are limited. Pharmacoeconomic analyses
signify relevance of assessment, registration and reimbursement of drugs. The science of
pharmacoeconomics presents analytic methods to answer such question in economic
terms. Pharmacoeconomics, as a term present in literature since 1986, has been defined as
“the description of the costs of drug therapy to health care systems and society”.
Pharmacoeconomic research involves the evaluation of pharmaceutical products and
services, the measuring of its costs in form of given resources, and the outcomes which

result at clinical, economic or at societal level.

AIM OF THESIS

Theoretical part

The first objective of this thesis is to explore pharmacoeconomics as a science and its
application with methods and models.

The second objective of this thesis is to focus on Dutch pharmacoeconomic guidelines
both from 1999, compared to Australia or Canada, and actualized guidelines from 2006.
Practical part

The main and the third objective of this thesis is to analyze a specific example and its
pharmacoeconomic evaluation. Venous thromboembolism primary prevention after total
hip replacement surgery in Europe, from clinical and pharmacoeconomic point of view,
was presented

Last objective of this thesis is to evaluate the use of the methodological national

guidelines, from 1999, and their adherence to published literature in The Netherlands.
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THEORETICAL PART

Pharmacoeconomics and Outcomes Research

Pharmacoeconomics is a collection of techniques used in evaluation not only of
pharmacotherapy, in which it is a point of interest, but also in evaluating surgical
procedures, medical devices or clinical services. It is important to distinguish between
outcomes research and pharmacoeconomy. Outcomes Research is the process that
evaluates different therapies or drug regimens in order to measure the extent to which a
goal of therapy or desirable outcome can be reached. Outcomes are economic, clinical,
and humanistic.

This part of the thesis involves description pharmacoeconomics, types of
pharmacoeconomic studies: prospective, retrospective and model, and analyses used in
pharmacoeconomic research as CMA, CBA, CEA and CUA.

It is also important to identify different types of cost which are defined as direct
or indirect, medical or non-medical, fixed or variable, with implementation of CER
where cost elements that can have dramatic effect on resulting CER.

Discounting is a regular procedure throughout all economic analyses. The reason
for converting future dollars into today’s dollars is based on an assumption that a dollar
in the future is worth less than dollar today. Rationale behind this is that the costs of
goods or services will continue to rise in future due to inflation. For example, for The
Netherlands, discount rates of 4% for money and 1.5% for health were estimated in the
Dutch context and implemented from 2006.

In decision making, pharmacoeconomics is used by government in the evaluation
of medical intervention and is regular practice in many European countries. CEA and
CUA are tools in priority setting in health care, and are implemented in reimbursement
procedure or in recommendations for clinical guidelines. For example in The Netherlands
the threshold is given for cost-effectiveness of €20,000 per LYG and in the US up to
$100,000 per LYG or QALY. The correct measure of cost-effectiveness is the ICER of a
treatment relative to less expensive options. This is because usually more than one
treatment is available for a given condition. CEP is used to explain I[CER with its four

quadrants.
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Use of different statistical models in reading CEA is crucial for valid evaluation.
It is straightforward to calculate confidence intervals for each of the cost and effect
differences, AC and AE, using standard methods, and these intervals can also be plotted
on the CEP. Estimation of uncertainty by the point estimates (means) from the effect and
cost distributions provide the best estimate of the treatment and cost effects and should be
used in the primary analysis. There have been many proposed solutions to the problem of
estimating confidence limits for the ICER. However, a general consensus has emerged in
support of two main approaches: the parametric method introduced by Fieller half a
century ago and the nonparametric approach of bootstrapping, both of which have been
described in relation to CEA. A better solution is AC because it presents much more
information on uncertainty than do the Cls of the first two methods.

Epidemiology is complementary to the economics; it encompasses rubrics ranging
from health services research to Pharmacoepidemiology, Outcomes research and Clinical
epidemiology. Epidemiology describes the distribution of diseases and exposures in
populations and draws conclusions regarding association between the exposures and
diseases. The ideal clinical trial is that it is randomized and double-blinded. Randomized
clinical trials (RCT) compare the effectiveness of one or more interventions with a
control. Validity of the study is an important step in evaluating RCT, determining
whether the study results (i.e., the effect) are really due to drug under study (i.e., the
cause) or due to some other cause or factor present among the study participants who
received the treatment. All evaluations aim to have research which is under the guidelines
of EBM. A meta-analysis is the extraction of data from each individual study. The
calculation of a result for the given study (the 'point estimate')as well an estimate of the
chance variation expected from previous studies (the 'confidence interval'), allow us to
decide whether it is appropriate to calculate a pooled average result across studies and, if
s0, calculate and present such a result. The results of meta-analyses are often presented in
a forest plot.

Sensitivity analyses provide reviewers with an approach to testing how robust the results

of the review are, relative to key decisions and assumptions that were made in the process

of conducting a review with frequentist versus Bayesian approach.




Modeling in pharmacoeconomic research is crucial nowadays. There are two
types of models, Markov model and MCMC. The software programs available can be
found on web sites and freely downloaded as the BUGS project is flexible software
concerned with the Bayesian analysis of complex statistical models using MCMC
methods. Decision trees by DATA are a simple way to structure problems of decision
making with uncertainty. It transforms decision analysis from a potentially tedious
exercise into an easily applied and highly visual means of organizing the decision making
process, analyzing the problem at hand, and communicating both the structure of the
problem and the basis for decision reached.

In The Netherlands, in 1999, the guidelines for pharmacoeconomic research were
presented. Since January 2005, the Ministry of Health in the Netherlands implemented
the use of pharmacoeconomics as a supplementary aspect in the evaluation for drug
reimbursement. This policy was already in practice for many years in other countries,
such as the UK, Australia and Canada. Initially there were 19 recommendations with
some of a methodological nature (# 2, 6, 8, 9, 10, 12, 15, 16, 17) and some merely of a
procedural nature. Currently, methodological and procedural ones are being separated in

distinct booklets. The new guidelines were assessed on 1** April 2006 and are only 1.

PRACTICAL PART

Thromboprophylaxis in total hip-replacement surgery in Europe: acenocoumarol,

Jfondaparinux, dabigatran and rivaroxban

This paper reviews the clinical and pharmacoeconomic studies that have been conducted
within Europe for patients undergoing elective hip-replacement surgery. Additionally, a
perspective on the possible future clinical use of new agents in orthopedic surgery, such
as dabigatran and BAY 59-7939 (rivaroxban) was offered. LMWH are standard therapy
for patients requiring thromboprophylaxis and, therefore, we compare these with the
other agents: vitamin K antagonists, fondaparinux and the direct oral inhibitors (thrombin

or factor Xa inhibitors). The majority of evidence on cost—effectiveness and efficacy is
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available for the LMWHs and fondaparinux. The major limitation in clinical use is that
they require parenteral administration. Only fondaparinux has undergone an extensive
pharmacoeconomic evaluation. The direct thrombin inhibitors and direct factor Xa
inhibitors are possibly the drugs of the future. However it must be borne in mind that they
are still in Phase [II clinical trials and, therefore, their safety and efficacy profile is not
completely understood. Thus the pharmacoeconomic aspects are also unclear.

In Europe, by the year 2020, the demand for THR is expected to increase by 25-50%
compared with current incidence, primarily owing to aging of the population.

Methods: In this review, we searched the Pub Med database (English language) for
clinical trials using any of the following agents after hip-replacement surgery:
acenocoumarol, fondaparinux and direct oral inhibitors. Given the European perspective
of our analysis, such trials had to also be relevant for the specific European clinical
practices, in particular with respect to the timing of LMWH and fondaparinux (this did,
for example, imply that the European Pentasaccharide Hip Elective Surgery Study
(EPHESUS) would be included, whereas the North American-based PENTATHLON
2000 study was not). Additionally, literature was searched for combinations of all
previously mentioned agents with any of the following key words: pharmacoeconomics,
economy, economic studies, hip replacement and cost. Additional references from the
bibliographies from the selected papers were also considered. LMWH was primarily
considered the comparator drug since it is standard treatment for preventing DVT.
Results: Studies have shown that during the first 10 days, low molecular heparins started
preoperatively or fondaparinux commenced postoperatively are preferred over the
vitamin K antagonists. Clinical results included in the new Dutch CBO evidence-based
guidelines have shown that LMWHs, VKA and fondaparinux are equally effective in the
extended period. Pharmacoeconomic studies indicate that fondaparinux is only cost
saving in the long term; for example over a 5-year period. Fondaparinux appears more
cost effective than LMWH 40 mg, once daily commenced preoperatively, but appears to
be less cost effective then LMWH 30 mg twice daily commenced postoperatively.
Expert opinion and future recommendations: Direct oral inhibitors are possibly the
drugs of the future and, although ximelagatran was withdrawn from the market owing to

safety concerns (liver enzyme elevation), the next generation of oral agents (still in Phase
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Il trials) appear promising. One of the most interesting new compounds is dabigatran,
which has been proven effective; liver enzyme elevation has not been observed to the
same extent as ximelagatran and, therefore, there is a strong possibility that it could be
vsed routinely in clinical practice to prevent DVT following major orthopedic surgery.
Key issues: The demand for total hip replacement (THR) is increasing owing to a
growing number of elderly people in Europe and it remains a costly intervention for the
health care budget; Low-molecular weight heparins (LMWHs) started preoperatively or
fondaparinux commenced postoperatively are clinically preferred over the vitamin K
antagonists (VKAs) if used during the first 10 days after surgery; Current clinical
guidelines in THR thromboprophylaxis state that LMWHs, VKAs and fondaparinux are
equally effective if used for extended periods (1042 days); Fondaparinux is only cost
saving compared with LMWH in the long term (> 5 years); Orally administered direct
thrombin and factor Xa inhibitors are promising drugs for the future.

In: Future Drugs section on Expert Review of Pharmacoeconomics & Outcomes

research. February 2007, Vol. 7, No. 1, Pages 49-58.
Application of national guidelines to pharmacoeconomic research in the Netherlands

Objective: This study investigates the application of the Dutch national guidelines to
pharmacoeconomic studies in the Netherlands.

Methods: In 1999, Dutch Health Care Insurance Board presented Dutch guidelines for
pharmacoeconomic research. The review covers all Dutch pharmacoeconomic studies
that were published in English during 2003-2004. The databases used were MEDLINE
and EMBASE. The search used the terms ‘‘cost (-) effectiveness’’, ‘‘pharmaco (-)
economic(s)”’ and ‘‘(the) Netherlands’’. The formal inclusion criteria for this review
were that studies should be: pharmacoeconomic evaluations; cost-effectiveness or a cost-
utility analysis; original research; and that full text reports would be available. Nine
methodological guidelines were selected for investigation with respect to their application
to pharmacoeconomic studies. Each pharmacoeconomic study was reviewed by minimum
of two reviewers for objectivity and correctness of results.

Results: From 56 studies identified only 13 studies satisfied the inclusion criteria.
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An appropriate time period for analysis was applied in all studies (100%), as well as an
incremental analysis. Sensitivity analysis was present in 11 studies (85%). In 10 from 13
studies (77%) following three criteria were taken into account: societal perspective,
discounting (of costs, benefits and health gains), and efficacy versus effectiveness
distinction. LYGs or QALYs as effectiveness expression were used in 7 (54%) and
reference prices in 9 studies (69%). Adequate subgroup analyses were presented in only 5
studies (38%).

Conclusions: It was found in this review that the application of some of the Dutch
guidelines for pharmacoeconomic research to pharmacoeconomic studies were favorable.
Main changes are needed in areas of suitable subgroup analysis and utilization of the
preferred outcomes life-years gained (LY Gs) or quality-adjusted life years (QALYSs).
Key words: guidelines, application of guidelines, pharmacoeconomics, The Netherlands.
In: Farmakoekonomika a liekova politika, ro¢nik 3, 2007, ¢islo 1.

(Pharmacoeconomics and Drug Policy, year 3, 2007, No. 1, Pages 33-40).

CONCLUSION

The aim of this doctoral thesis was to explore pharmacoeconomics and its use in decision
making process. The topics addressed were types of pharmacoeconomic studies and
techniques, types of cost and discounting. Decision making process was pointed out with
relevance to statistical models. Pharmacoepidemiology is a fundamental principle for
pharmacoeconomic research to take place, which was also presented here. Also finishing
in software programs and modeling examples by DATA, BUGS and MCMC were
included here.

The main goal in this doctoral thesis was to show using a specific clinical example, the
use of pharmacoeconomy in decision making, as described in the practical section of the
thesis. The example of THR was chosen due to increased future need for it as well as the
added cost for society secondary to an aging population in Europe. From the presented
clinical and economic data, it is impossible to make evidence-based statement on the best
available cost-effective strategy for THR prophylaxis; all the given options are
speculative. In the final part, research of pharmacoeconomic guidelines was focused on

Dutch guidelines from 1999, but herein new guidelines are presented in this thesis.
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“It’s what you have always wanted to accomplish. Everyone, when they are
young, knows what their destiny is. At that point in their lives, everything is clear and
everything is possible. They are not afraid to dream, and to yearn for everything they
would like to see happen to them in their lives. But, as time passes, a mysterious force
begins to convince them that it will be impossible for them to realize their destiny. It’s a
force that appears to be negative, but actually shows you how to realize your destiny. It
prepares your spirit and your will, because there is one great truth on this planet: whoever
you are, or whatever it is that you do, when you really want something, it’s because that
desire originated in the in the soul of the universe. It’s your mission on earth. Yes, or
even search for treasure. The Soul of the World is nourished by people’s happiness. And
also by unhappiness, envy and jealousy. To realize one’s destiny is a person’s only real
obligation. All things are one. And, when you want something, all the universe conspires
in helping you to achieve it.”

“The Alchemist” Paulo Coelho

“To je ono sto si oduvijek zeljela da ostvaris. Svako, kada je mlad, zna sta je
njegova sudbina. U tom trenutku zivota, sve je jasno, i sve je moguce. Ne boje se da
sanjaju, i da jako prizeljkuju za svim sto bi zeljeli da im se dogodi u njihovim zivotima.
Ali, kako vrijeme prolazi, misteriozna sila pocinje da ih nagovara da ce za njih biti
nemoguce da ispune svoju sudbinu, To je sila koja izgleda negativna, ali u stvarnosti ti
pokazuje kako ostvariti svoju sudbinu. Priprema tvoju dusu i tvoju volju, zato sto je jedna
velika istina na ovoj planeti: ko god da si, ili sta god da radis, kada stvarno nesto zelis, to
je zato sto ta zelja izvire iz duse svemira. To je tvoja misija na zemlji. Da, i kada si u
potrazi za blagom. Dusa Svijeta je hranjena ljudskom srecom. A isto nesrecom, zavisti i

ljubomorom. Ostvarenje sudbine je jedina prava obaveza osobe. Sve stvari su jedno. I,

kada nesto zelis, citav svemir se ujedini da ti pomogne da to ostvaris.”

“Alhemicar” Paulo Coelho
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SOUHRN

FARMAKOEKONOMIKA ROZHODOVACIHO PROCESU

UvoD

Dnesni trendy ukazuji, Ze ndklady zdravotni péce ve vétsiné zemi Evropy narustaji.

Nové léky jsou drahé, a proto narustaji vydaje na léky ve spoleénosti a zaroven celkové
naklady ve zdravotnictvi. Ekonomie zdravotnictvi hraje duileZitou roli ve snaze ¢Ciniteld
odpovédnych za zdravotni politiku o zvySeni efektivity v organizaci zdravotni péce,
financovani a pfidélovani zdroji, v dobg, kdy jsou rozpodéty limitovany. Farmakoekonomické
analyzy poslouvzi k uréeni vyznamu vybéru, registrace a (hrad 16¢iv.

Farmakoenkonomicka véda presentuje analytické metody, které odpovi na tyto otazky
v ekonomickych terminech. Farmakoekonomie jako termin se nachézi v literatufe od roku
1986, a je definovan jako ,, popis vydaji lékové terapie pro systém zdravotni péce a
spoleCnost®,

Farmakoekonomicky vyzkum zahrnuje hodnoceni farmaceutickych produkti a sluzeb, méfeni
jejich nakladu ve formé vydanych zdrojii a vysledki na klinické, ekonomické a sociélni

arovni,

CIL PRACE

TEORETICKA CAST

Prvnim cilem této prace je prozkoumat farmakoekonomiku jako védu a jeji vyuZiti pomoci
metod a modeltl.

Druhym cilem je zaméfeni se na holandské farmakoekonomické guidelines od 1999

v porovnani s Australii a Kanadou a aktualizace guidelines od roku 2006.

PRAKTICKA CAST
Tietim a hlavnim cilem této prace je analyza specifického prikladu a jeho

farmakoekonomické hodnoceni. Je zde uvedena primarni prevence vendzni tromboembolie po
chirurgické totalni endoproteze kycle v Evropé, z hlediska klinického a ekonomického.
Poslednim cilem této prace je hodnoceni vyuziti metodologickych narodnich guidelines od

roku 1999 a jejich dodrZzovani v publikované literatufe v Nizozemsku.



TEORETICKA CAST

Farmakoekonomika a Qutcomes Research

Farmakoekonomie je soubor metod pouzivanych k hodnoceni ne pouze farmakoterapie, ve
které je ohnisko z4jmu, ale také k hodnoceni chirurgickych postupil, zdravotnickych
prosttedki nebo klinickych sluzeb. Je dilezité rozliovat mezi Outcomes Research a
farmakoekonomii. Outcomes Research je proces, ktery hodnoti rizné terapie nebo lékové
vysledek. Vysledky jsou ekonomické, klinické a humanistické.

Tato cast prace zahrmuje deskripci farmakoekonomie a dale typy farmakoekonomickych
studii: prospektivni, retrospektivni a modelova, a analyzy pouZivané ve farmakoekonomickém
vyzkumu jako CMA, CBA, CEA a CUA.

Je rovnéz dulezité identifikovat rizné typy nékladi, které jsou definovany jako piimé a
neptimé, zdravotnické a nezdravotnické, fixni a variabilni, s CER implementaci kde
nakladové prvky mohou mit pozoruhodny efekt na vysledek CER.

Diskontovani je regulérni postup vyskytujici se ve viech ekonomickych analyzach.
Divod pro pfepocet budoucich dolari na dnedni dolary je zaloZen na predpokladu, Ze dolar
v budoucnosti bude mit mensi hodnotu neZ dnesni. Logicky z toho vyplyva, Ze naklady na
zbozi a sluzby budou stoupat v budoucnu v souvislosti s inflaci. Napfiklad pro Nizozemi jsou
poméry diskontovani odhadovany na 4% pro finan¢ni prosttedky a 1,5% pro zdravi
v holandském kontextu a implementovany od roku 2006.

Farmakoekonomie je vrozhodovacim procesu pouZivand vladou v hodnoceni
zdravotnickych intervenci a je regulérni praxi v mnoha Evropskych zemich.

CEA a CUA jsou nastroje v prioritnim nastaveni ve zdravotni péfi, a jsou
implementovany v dhradovém procesu nebo v doporucenich pro klinické guidelines.
Napfiklad v Nizozemi je prah pro efektivnost nakladd 20 000 € na 1 LYG a v USA az do
100 000 $na 1 LYG nebo 1 QALY.

Spravné méfeni nakladové efektivity je ICER 1é€by v poméru k méné drahym
moznostem. Divodem toho je, Ze pro dané podminky vétSinou existuje vice neZ jedna mozna
lécba. CEP s jeho 4 kvadranty je pouZivan k vysvétleni [CER.

Pouziti riznych statistickych modelu v interpretaci CEA je rozhodujici pro validni
hodnoceni. Je ptimy k vypoltim konfiden¢nich intervali pro kazdy znakladovych a

efektivnich rozdili, AC a AE, s pouZitim standardnich metod, a tyto intervaly mohou byt



zaloZeny na CEP. Odhady nejistoty k bodu odhadii (primér) od efektivnich a nakladovych
distribuci poskytuji nejlepdi odhad lé¢by a ndkladovych efektivit a mé&l by byt pouZit
v primarni analyze. Bylo navrZeno mnoho feSeni problému odhadu konfidenénich limitd pro
ICER. Nicmén€ na zaklad® veobecného koncensu se vyuZivaji pfedevsim dva hlavni
pfistupy: parametrovd metoda piedstavena Feillerem pfed pél stoletim a neparametricky
piistup bootstrapping, oba byly popsany v souvislosti s CEA. Lepsi fedeni je AC, protoze
piedstavuje mnohem vice informaci nejistoty neZ CI prvnich dvou metod.

Epidemiologie je dopliikovd k ekonomii; zahrnuje rubriky vrozsahu od
zdravotnickych sluzeb do farmakoepidemiologie, Outcomes Research a klinickou
epidemiologii. Epidemiologie popisuje vyskyt nemoci a expozice v populacich a ukazuje
zavéry s ohledem na vztah mezi expozicemi a nemocemi.

Idealni klinicka studie je randomizovana a dvojité zaslepend. Randomizované klinické
studie (RCT) porovnavaji efektivitu jedné nebo vice intervenci s kontrolni. Validita studie je
diileZitym krokem v hodnoceni RCT, determinuje, zda jsou vysledky studie (napt. efekt)
opravdu dusledkem pusobeni léku ve studii (napf. pfitina), nebo disledkem nékteré jiné
pfi¢iny ¢&i faktorll pfitomnych u dfastnikl, ktefi obdrZeli 1é¢bu. Vechna hodnoceni jsou
sméfovana k tomu, aby méla vyzkum podle EMB guidnelines. Meta — analyza je extrakce dat
z kazdé individudlni studie. Kalkulace vysledku pro danou studii (,,bod odhadu*) a také odhad
ndhody varianty ofekdvané na zékladé pfedeslé studie (,.konfiden¢ni interval®), nam
umoziiuje rozhodnout, zdali je vhodné vypocitat spoleény vysledny primér na zakladé studie,
a pokud ano, vypofteme a presentujeme tento vysledek. Vysledky meta — analyz jsou &asto
presentovany ve forest plotu.

Analyzy citlivosti poskytuji hodnotitelim s pfistupem k testovani informaci, jak
piesvédlivé jsou vysledky review, vzhledem ke kli€ovym rozhodnutim a predpokladim, které
byly zjist€ny v pribéhu vedeni review s frequentist versus Bayesian pfistupu.

Modelovani farmakoekonomického vyzkumu je v dne¥ni dob& velmi vyznamné.
Existuji dva modely: Markoviiv model a MCMC. Softwarové programy jsou k dispozici na
webovych strankéch a jsou zdarma ke staZeni jako BUGS projekt, coZ je flexibilni software
tykajici se Bayesian analyzy komplexnich statickych modelti a pouzivi MCMC metody.
Rozhodovaci stromy v DATA jsou jednoducha cesta ke strukturnim problémim
v rozhodovacim procesu s nejistotou. Pfevadéji rozhodovaci analyzu z potencialné obtiZného
pouZiti na lehce aplikovatelnou a vysoce vizudlné vnimanou strukturu rozhodovaciho procesu,
analyzovanim problému pfimo a komunikaci struktury problému a zakladny pro dosaZené

rozhodnuti.



V Nizozemi vroce 1999 byly pfedstaveny guidelines pro farmakoekonomicky
vyzkum. Od ledna 2005 ministerstvo zdravotnictvi v Nizozemi inplementuje pouZivani
farmakoeckonomie jako dopliiujiciho aspektu v hodnoceni pro 1ékové uhrady. Tato politika
byla jiz v praxi po mnoho let v jinych zemich jako je VB, Australie a Kanada.

Z poatku bylo 19 doporuceni, z nichZ néktera byla metodologické povahy (# 2, 6, 8,
9, 10, 12, 15, 16, 17) a né€kterd pouze proceduralni. Soucasné jsou metodologické a
proceduralni rozd€lené v riznych brozurach. Nové guidelines byly hodnoceny 1. dubna 2006

a je jich pouze 11.

PRAKTICKA CAST

Tromboprofylaxe v chirurgii totilni endoprotézy kyéle v Evropé: acenokumarol,

fondaparinux, dabigatran a rivaroxban.

Tento ¢lanek hodnoti klinické a farmakoekonomické studie, které byly vedeny na
tzemi Evropy pro pacienty podstupujici volitelnou chirurgickou totalni endoprotézu ky¢le
(THR).

Dodatefné byl nabidnut pohled na mozZnost budouciho klinického vyuziti novych lé¢iv
v ortopedické chirurgii, jako dabigatran a BAY 59-7939 (rivaroxban). LMWH jsou
standardni terapii pro pacienty poZadujicich tromboprofylaxi, a proto jsme porovnali tyto
s dalSimi léCivy: antagonisty vitaminu K, fondaparinuxem a ptimymi ordlnimi inhibitory
(thrombinu nebo inhbitory faktoru Xa). Vétsina dokladil o cost - effectiveness a efficacy je
k dispozici pro LMWHs a fondaparinux. Nejvét§i omezeni v jejich klinickém vyuZiti je
nutnost jejich parenterdlniho podani. Pouze fondaparinux podstoupil extensivni
farmakoekonomické hodnoceni. Pfimé inhibitory thrombinu a faktoru Xa jsou snad léky
budoucnosti. Nicméné je nutno mit na paméti, Ze jsou stale ve Fazi III klinického zkoumani, a
proto jejich profil bezpe¢nosti a uinnosti neni kompletni. Proto také farmakoekonomické
aspekty zlstavaji nejasné.

V Evropé¢ do roku 2020 se ofekava narGst poZadavki na THR od 25 - 50%
v porovnani se soucasnou incidenci, a to pfedevsim nasledkem starnuti populace.

Metodika: V této review, jsme provedli prizkum Pub Med databaze (v anglickém
jazyce) pro klinické studie s pouZitim nésledujicich 1é¢iv po chirurgické nahradg kyéle:
acenokumarol, fondaparinux a pfimé oralni inhibitory. S ohledem na evropské hledisko nasi

analyzy, tyto pokusy musi byt také relevantni pro specifické evropské klinické praxe,
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jednotlivé s ohledem na nac¢asovani LMWH a fondaparinuxu (z toho vychazi piedpoklad, Ze
studie European Pentasaccharide Hip Elective Surgery Study (EPHESUS) méla byt zahmuta,
kdezto severoamericky PENTATHLON 2000 zahrnut nebyl. Dodateéné byly v literatufe
vyhledany kombinace v3ech predeslych léCiv s nékterym z nasledujicich kli¢ovych slov:
farmakoekonomie, ekonomie, ekonomické studie, endoprotéza ky¢le a naklady. Dodateéné
reference z bibliografii vybranych €lankd byly téZz brany v uvahu. LMWH byly priméarné
povaZzovany jako porovnavaci lék protoZe jsou standardni lé¢bou pro prevenci DVT.

Vysledky: Studie ukazaly, Ze v pribéhu prvnich 10 dnti, nizkomolekuldmni hepariny
podany pfedoperatné nebo fondaparinux zahdjeny pooperaéné jsou preferovany pied
antagonisty vitaminu K. Klinické vysledky zahrnuté v nové holandské CBO evidence-based
guidelines ukéazaly Ze LMWHs, VKA a fondaparinux jsou stejné u¢inné v prodlouzeném
obdobi. Farmakoekonomické studie ukazuji, Ze fondaparinux pouze vykazuje isporu nakladi
v dlouhodobém &asovém intervalu (napiiklad v obdobi pfes 5 let). Fondaparinux se zda
mnohem G¢inn&j$i neZ LMWH 40 mg, jednou denné podavany pfedopera¢né, ale ukazuje se
méné U¢inny nezZ LMWH 30 mg dvakrat denné podavany postoperané.

Odborny posudek a budouci doporudeni: Piimé oralni inhibitory jsou
pravdépodobné 1¢ky budoucnosti a trebaZe ximelagatran byl staZzeny ztrhu v disledku
bezpeénosti (zvySeni jaternich enzymi), piidti generace orédlnich lé¢iv (stale ve Fazi III)
vypadaji slibné. Jedna znejzajimavych novych slou¢enin je dabigatran, u né¢hoZ byla
prokazana ucinnost; zvySeni jaternich enzymia nebylo pozorovano ve stejné vy$i jako u
ximelagatranu, a proto je zde silnd moZnost, e bude pouZivan rutinné v klinické praxi
k prevenci DVT nasledujicich ortopedické chirurgické zékroky.

Klicové otazky: PoZadavek na totilni endoprotézu kyéle (THR) stoupa nasledkem
zvySujiciho se poctu star$i populace v Evropé a zlstavd ndkladnd intervence pro rozpoget
zdravotni péle; Nizkomolekularni hepariny (LMWHs) podané pfedoperaéné nebo
fondaparinux se zahajenim podavani pooperatné jsou klinicky preferovany v porovnani
s antagonisty vitaminu K (VKAs) pokud byly pouZivany v prib&hu prvnich 10 dni po
operaci. Souc¢asné klinické guidelines v THR tromboprofylaxi uvadéji, Ze LMWHSs, VKAs a
fondaparinux jsou stejné u€inné pfi pouziti v prodlouZenych periodach (10 — 42 dnu);
Fondaparinux pouze vykazuje usporu nakladd v porovnani s LMWH v pouZivani v del$im
¢asovém intervalu (> 5 roki); Oraln¢ podavané p¥imé inhibitory thrombinu a faktoru Xa jsou
slibné léky budoucnosti.

En: Future Drugs section on Expert Review of Pharmacoeconomics & Qutcomes research.
February 2007, Vol. 7, No. 1, Pages 49-58.



Aplikace narodnich guidelines do farmakoekonomického vyzkumu v Nizozemi

Cil: Tato studie zkouma aplikaci holandskych narodnich guidelines do
farmakoekonomickych studii v Nizozemi.

Metodika: V roce 1999, holandsky vybor poji$téni zdravotni péce (Dutch Health Care
Insurance Board) uvedlo holandské guidelines pro farmakoekonomicky vyzkum. Review
pokryva viechny holandské farmakoekonomické studie, které byly publikovany v anglickém
jazyce v prib&hu 2003 — 2004. Byly pouzity databize MEDLINE a EMBASE. Priizkum
pouzival terminy ,cost (-) effectiveness* , ‘‘pharmaco (-) economic(s)”” a ‘‘(the)
Netherlands’’. Formdlni zahrnujici kritéria pro tuto review byly studie které mély byt:
farmakoekonomickd hodnoceni; cost-effectiveness nebo  cost-utility analyzy; pficemz
fulltexty mély byt dostupné. Devét metodologickych guidelines bylo vybrano pro vyzkum
s ohledem na jejich aplikaci do farmakoekonomickych studii. Kazdd farmakoekonomicka
studie byla zhodnocena miniméalné¢ dv&ma posuzovateli, aby byla zachovana objektivita a
spravnost vysledku.

Vysledky: Z 56 studii bylo vybrano pouze téch 13 studii, které uspokojovaly
zahrnujici kritéria. Vhodna Casova perioda pro analyzu byla aplikovana ve v3ech studiich
(100%), a také jako inkrementdlni analyza. Studie citlivosti byla pfitomna v 11 studiich
(85%). V 10 z 13 studii (77%) nasleduvjici tii kritéria byla vzata v Givahu: spolecensky pohled,
diskontovani (nakladl, benefitd a zdravotnich ziski), a efficacy versus effectiveness
rozliSeni. LYGs nebo QALYs jakoZto ukazatele effectivity byly pouzity v7 (54%) a
referenéni ceny v 9 studiich (69%). Adekvatni podskupinové analyzy byly uvedeny v pouze 5
studiich (38%).

Zavéry: V této review bylo zjidténo, Ze aplikace nékterych holandskych guidelines z
farmakoekonomického vyzkumu do farmakoeknomickych studii bylo ptiznivé. Hlavni zmény
jsou potfebné v oblastech vhodnych poskupinovych analyz a utilizace preferovanych
vysledki roky Zivota ziskané (LY Gs) nebo roky Zivota o standardni kvalité (QALYSs).

Kli¢ova slova: guidelines, application of guidelines, pharmacoeconomics, The
Netherlands.
In: Farmakoekonomika a lickova politika, ro¢nik 3, 2007, &islo 1.

(Pharmacoeconomics and Drug Policy, year 3, 2007, No. 1, Pages 33-40).



ZAVER

Cilem této doktorské prace byl vyzkum farmakoekonomie a jejtho pouZiti
v rozhodovacim procesu. Naméty, které mé& oslovily, byly typy farmakoekonomickych studii
a technik, typy nakiadl a diskontovéni. Bylo poukézano na rozhodovaci proces s poukazanim
na dulezitost statistickych modeld. Farmakoepidemiologie je fundamentélni princip pro
farmakoekonomicky vyzkum, ktery zde byl také prezentovan. Bylo zde také zahrnuto
dokongeni softwarovych programil a modelovani ptikladi pomoci DATA, BUGS a MCMC.

Hlavnim cilem doktorské prace bylo ukazat pouzivani specifickych klinickych
ptikladi, pouziti farmakoekonomie v rozhodovacim procesu, jak je popsano v praktické ¢asti
prace. Piklad THR byl vybran v disledku zvy3ujici se jeji potfeby v budoucnosti a takeé
v disledku zvyseni dodateénych nakladi pro spolegnost sekundarné vzniklé v disledku
starnuti populace v Evropé. Z predstavenych klinickych a ekonomickych dat je nemozné
vytvofit evidence-based rozhodnuti na nejlepdi dosazitelnou cost-effective strategii v THR
profylaxi; viechny uvedené moZnosti jsou spekulativni. V posledni &asti byl vyzkum
farmakoekonomickych guidelines zaméfeny na holandské guidelines od roku 1999, ale v této

praci jsou také uvedeny nové guidelines,



