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Bayesian Approach

BRIEF DEFINITION

The Bayesian approach to statistics is fundamentally different from the approach
that is traditionally taught to most students, which is now known as the fre-
quentist approach. Statistical analysis conducted according to Bayesian principles
would be called a Bayesian analysis (see term: Statistics in Pharmacoeconomics).
Bayesian analysis involves the use of information that changes the likelihood or
prior probability of an event to calculate a current risk that a person will experi-
ence that event. The Bayesian approach has been widely advocated for use in
the solution of health economic problems, and there is a growing body of
research using Bayesian analysis in health economics.

EXPLANATION

The primary distinction between the Bayesian and frequentist approaches is that
in the Bayesian approach, the unknown parameters in a statistical model are ran-
dom variables. Accordingly, in a Bayesian analysis the parameters have proba-
bility distributions, whereas in frequentist analysis they are fixed but unknown
quantities, and it is not permitted to make probability statements about them.

This is puzzling to the layman, because a standard frequentist statement like
a confidence interval certainly seems to be making probability statements about
the unknown parameter. If we see the statement that [3.5, 11.6] is a 95% confi-
dence interval for a parameter , is this saying that there is a 95% chance that p
lies between 3.5 and 11.6? No, it is instead saying that if we repeated this experi-
ment a great many times and calculated an interval each time according to the
rule used to get the interval [3.5, 11.6], then 95% of those intervals would con-
tain . The 95% probability is a property of the rule that was used to create the
interval, not of the interval itself. It is simply not allowed, and would be wrong,
to attribute that probability to the actual interval [3.5, 11.6]. This is a very
unintuitive argument, and frequentist statements such as these are widely mis-
interpreted, even by trained statisticians. The erroneous interpretation of the
confidence interval—that there is a 95% chance of the parameter w lying in
the particular interval [3.5, 11.6]—is almost universally made by statistician
and nonstatistician alike.
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In a Bayesian analysis, the parameters do have probability distributions, and
if a Bayesian analysis produces a 95% interval, then it does have exactly the
interpretation that is usually put on a confidence interval. The fact that practi-
tioners invariably wish to interpret a confidence interval in this way is evidence
that the Bayesian approach is more natural and gives more direct answers to the
practitioners’ questions. An entirely similar argument can be made about fre-
quentist significance tests. If a null hypothesis is rejected with a p-value of 1%
in a study (call this sample A), this does not mean that this hypothesis has only
a 1% probability of being true. Instead, it means that if we took a great many
samples from a single population and calculated the test statistics, less than 1%
of all the possible test statistics would assume a value greater than the one
obtained in sample A. Note that this statement has no probabilistic claims
about the hypothesis itself. To interpret a p-value in this way is not only wrong
but dangerously wrong. Only a Bayesian analysis can (and does) give a proba-
bility that a hypothesis is true or false.

Underlying this distinction between the two approaches to statistics is a dif-
ference in how they interpret probability itself. In frequentist statistics, a proba-
bility can only be a long-run limiting relative frequency. This is the familiar
definition used in elementary courses, often motivated by ideas like tossing coins
a very large number of times and looking at the long-run limiting frequency of
“heads.” Bayesian statistics, in contrast, rest on an interpretation of probability as
a personal degree of belief. Although this seems woolly and unscientific, it is
important to recognize that Bayesian statisticians have developed analyses
based on this interpretation very widely and successfully. The necessity of such
an interpretation becomes clearer when we appreciate how many events that we
would be willing to consider as having probabilities could never have a frequen-
tist probability. The probability of a hypothesis is an obvious example, since a
particular hypothesis either is or is not true, and we cannot consider any exper-
imental repetitions of it as we could for tossing a coin. The probability of rain
tomorrow is another example: Tomorrow is a unique day, with meteorological
conditions preceding it today that have not existed in precisely the same form
before and never will again. Most of the uncertain events and variables of real
interest to scientists and practitioners are one-off things, and a Bayesian approach
is necessary to accommodate our wish to describe them by probabilities.

This distinction leads us to the second major difference in practice between
Bayesian and frequentist analysis. When a Bayesian analysis reports a probabil-
ity interval for a parameter, this is a posterior interval, derived from the param-
eter’s posterior distribution, based not only on the data but also on whatever
other information or knowledge the investigator has. Before seeing the data, the
investigator has a prior distribution, based only on that other information,
known as prior information. The Bayesian approach combines the prior distri-
bution with the information in the data to obtain the posterior distribution,
from which any inferences are derived. The mathematical tool for combining
these two sources of information is Bayes’ theorem, which is why the approach
is called “Bayesian.”
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VALUE AND USE
In general, the power of Bayesian methods derives from

+ Their more natural inference statements, which address the real questions
of interest (as in giving a posterior probability of a hypothesis being true,
instead of a p-value that seems to say the same but whose real interpreta-
tion is much more convoluted);

+ Their relevance to the decision-making process, as they allow probabilistic
statements about the parameter values or future outcomes;

+ Their ability to incorporate other, often more judgmental, sources of infor-
mation than the immediate data (in the form of a prior distribution); and

* Their framework to estimate value of information;

These are of as much value in health economics as elsewhere. An example of a
parameter is the incremental cost-effectiveness ratio for treatment A over treat-
ment B. The ratio is not repeatable and cannot be the subject of frequentist
probability statements. In a Bayesian analysis, we can formally state the proba-
bility that the ratio lies below some threshold, whereas this is not what a fre-
quentist p-value gives us.

Wherever statistical methods are used in health economics, it is possible to
apply a Bayesian approach.

One area where the use of Bayesian methods is already widespread without
being recognized is in probabilistic sensitivity analysis of economic models.
Sensitivity analysis (see term: Sensitivity Analysis) attempts to quantify the con-
sequences on outputs of the model as a result of uncertainty about the inputs
(since input parameters for such models are frequently known only imper-
fectly). The probabilistic technique for sensitivity analysis puts probability dis-
tributions on the inputs (and computes the implied probability distribution of
relevant outputs, usually by simulation). The point is that these distributions in
practice only can be Bayesian, representing degrees of belief about those param-
eters, since they cannot have a frequentist interpretation.

IssuEs

A key issue in any use of Bayesian analysis is the origin and nature of the prior
distribution. The use of the investigator’s own prior information and beliefs is a
potentially contentious issue, and this is the main reason why Bayesian methods
have been viewed with suspicion. This is even more true for Bayesian analysis in
health economics, because of the natural insistence by regulatory agencies on
objective appraisal of the evidence. Responses to this demand for objectivity
include the use of prior distributions that try to be objectively noninformative
and so allow the data alone to influence the conclusions. However, this may fail
to make use of valuable information, and future uses of Bayesian methods in
health economics are likely to seek to clarify the kinds of information that will
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be acceptable. It is worth noting that the Food and Drug Administration in
the United States has formally approved the use of Bayesian methods in
submissions on medical devices. In the United Kingdom, the National Institute
of Clinical Excellence (NICE) has acknowledged, at least in principle, that
Bayesian methods may be used to support cost-effectiveness claims.

Another issue is that Bayesian methods are typically more complex and
require more substantial computing resources than frequentist methods. This is
compounded by the fact that standard software packages do not yet incorporate
Bayesian analyses.
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Biotechnology

Biopharmaceutical
Biological Drug
Vaccines

Gene Therapy

BRIEF DEFINITION

Biotechnology is the manipulation of living organisms or their components to
solve problems or to make useful products. It is a collection of technologies that
capitalize on the attributes of cells and biological molecules, such as DNA and
proteins. Biotechnology contributes to such diverse areas as human health and
medicine, food production, criminal investigations, and waste management.

EXPLANATION

Although biotechnology has been around for centuries, recent developments in
DNA technology have launched a revolution in the field. Early examples of bio-
technology may be traced to 5000 B.c. when diverse strains of plants or animals
were selectively bred to produce greater genetic variation and more desirable
traits. For example, corn (maize) was one of the first food crops known to have
been cultivated by human beings, yet no wild forms of the plant have been
found, indicating that corn was most likely the result of some early agricultural
experiments. Another common biotechnology practice that goes back centuries
is the use of microbes to make wine and cheese. These early examples of bio-
technology relied on natural genetic processes, such as mutation and genetic
recombination.
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The modern era of biotechnology began in 1953 when James Watson and
Francis Crick presented their double helix model of DNA. Several other signifi-
cant advances in technology followed, such as Werner Arber’s discovery in the
1960s of restriction enzymes in bacteria and Stanley Cohen and Herbert Boyer’s
use of restriction enzymes to insert a specific gene from one bacterium into
another bacterium. Soon scientists were able to transfer genes from other animals,
including humans, into bacteria. These transgenic bacteria, bacteria to which a
gene from another species has been transferred, were able to produce a product,
such as human growth hormone or human insulin, for which the bacteria had
no use but which would greatly benefit mankind. These advances marked the
beginning of recombinant DNA technology (genetic engineering), an example
of modern biotechnology based on the manipulation of DNA in vitro. This
technology now allows scientists to modify specific genes and move them
between organisms as distinct as bacteria, plants, and animals.

A biopharmaceutical refers to a pharmaceutical product manufactured by
biotechnology methods or processes, generally involving live biological organ-
isms or components. In contrast to a conventional drug with a known struc-
ture that are chemically synthesized, a biopharmaceutical is derived from living
organisms and may contain complex mixtures that are not easily identified or
characterized. Biopharmaceuticals include microorganisms, animal cell and
tissue-derived proteins, vaccines, blood products, antibodies, enzymes, cytokines,
radio-immune conjugates, and certain engineered tissue grafts or implants. A
biotechnology product may be considered biopharmaceutical whether it is
derived using old (e.g., fermentation) or new (e.g., recombinant DNA, mono-
clonal antibody) methods.

The US Food and Drug Administration (FDA) categorizes a biological drug
as biopharmaceutical. Biological drugs include any virus, therapeutic serum,
toxin, antitoxin, vaccine, blood, blood component or derivative, allergenic
product, or analogous product that is applicable to the prevention, treatment,
or cure of diseases or injuries to humans. Some examples include, but are not
limited to, bacterial and viral vaccines, human blood and plasma and their
derivatives, and certain products produced through biotechnology such as
interferons and erythropoietins.

VALUE AND USE

Biotechnology medicines and therapies use proteins, antibodies, and other sub-
stances naturally produced in the human body to fight infections and disease.
In addition, other living organisms, such as viruses, bacteria, yeasts, and plant
and animal cells are used to assist in the large-scale production of medicines for
human use. More than 250 million people worldwide have been helped by the
biotechnology drug products and vaccines approved by the FDA. Of the biotech
medicines on the market, more than 75 percent were approved in the last six
years, and there are hundreds more products and vaccines currently in clinical
trials.
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There are four primary areas of health care which rely on biotechnology:

1. Medicines. The primary medicines approved today are proteins that help the
body fight infections or carry out specific functions. The FDA has approved
medicines to treat anemia, cystic fibrosis, growth deficiency, hemophilia, leu-
kemia, hepatitis, genital warts, transplant rejection, and some forms of cancer.

2. Vaccines. Vaccines help the body recognize and fight disease. Conven-
tional vaccines use weakened or killed forms of a virus or bacteria to
introduce antigens to the body that the immune system uses to identify
the pathogen. The body then produces antibodies that help to build a re-
sistance to the disease. A biotechnology vaccine consists of only the anti-
gen, not the actual microbe, thus eliminating the risk of transmitting the
actual virus or bacterium. The FDA has approved the use of a biotech vac-
cine for hepatitis B and research is being conducted for other vaccines to
combat influenza, AIDS, herpes viruses, cholera, Rocky Mountain spotted
fever, and several diarrheal diseases.

3. Diagnostics. Biotechnology diagnostics may be used to detect a wide vari-
ety of diseases and genetic conditions. Some examples are diagnostic tests
to screen donated blood from HIV and hepatitis, low-density lipoprotein
(“bad” cholesterol) blood tests, and home pregnancy tests.

4. Gene therapy (see term: Gene Therapy). Gene therapy uses the genes
themselves as drugs to treat hereditary genetic disorders by replacing a
faulty or missing gene. Gene therapy has been used to treat severe com-
bined immunodeficiency disease and to introduce new cells to produce
cell-growth factor or to perform a beneficial cellular function.

In addition to the health care industry, biotechnology has made a dramatic
impact on the world in other areas. Consumers are already enjoying many bio-
technology foods such as papaya, soybeans, and corn. In addition, hundreds of
biopesticides and other agricultural products are being used to improve our
food supply and reduce our dependence on conventional chemical pesticides.
Using pollution-eating microbes, environmental biotechnology products have
advanced waste management and have helped develop more efficient ways to
clean up hazardous waste. Industrial biotechnology applications have led to
cleaner processes that produce less waste and use less energy and water than
past production methods for such products as paper, textiles, and detergents.
DNA fingerprinting has dramatically improved criminal investigations and foren-
sic medicine, and the technology has led to significant advances in anthropology
and wildlife management. Even the mining industry has found application for bio-
technology, such as the use of bacteria to help purify low-grade ores of copper. The
advances made through biotechnology are simply too numerous to count.

IssuEs

Some people, including many scientists, object to any procedure that changes
the genetic composition of an organism. They are concerned that genetically



BOOTSTRAPPING 7

altered organisms may eliminate existing species or otherwise upset the natural
balance of living things. Some are also concerned that biotechnology may inad-
vertently produce extremely virulent pathogenic microorganisms that if acci-
dentally released into the environment will cause worldwide epidemics. Other
critics of biotechnology are concerned with the ethical dilemmas associated
with the production of transgenic organisms. Since biopharmaceuticals typi-
cally require extensive purification techniques, there are concerns about com-
municable diseases increasing as an indirect result of these purification
processes and even the sometimes-vague characterization of these new drugs.
There are also concerns about less developed nations with extremely limited
financial resources: are biotechnology methods sustainable in these countries
without continuous outside technical and material support? Finally, there are
numerous concerns about biotechnology being used to produce biological
weapons of mass destruction.

BIBLIOGRAPHY
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Bootstrapping

BRIEF DEFINITION

Bootstrapping is a technique to approximate the accuracy (e.g., confidence
interval or standard error) of a statistical estimate.

EXPLANATION

The nonparametric bootstrap is a useful general device for approximating the
true distribution of a computed estimate (e.g., sample mean) without making
assumptions about the distribution underlying the original data. It is based on
the idea of drawing many “bootstrap” samples from the original data. A single
bootstrap sample is a sample of the same size, n, as the original sample, and
drawn from that original sample with replacement (i.e., the same member of
the original sample can be drawn more than once). For instance, if the original
sample comprises n = 10 values 1, 2, 4, 5, 7, 8, 9, 12, 14, 20, then a bootstrap
sample might comprise 2, 4, 4, 8, 8, 8,9, 12, 20, 20.

Bootstrapping entails drawing a large number of bootstrap samples, say N =
1000 or more. From each bootstrap sample, we calculate a value for the desired
measure T. After N samples, we have N sampled values for T. These N values
can be used to approximate the true distribution of T, no matter what the
underlying distribution of the original data might have been. Likewise, the
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standard deviation of these N sampled T’s approximates the true standard error
of T. The interval spanning the central 95% of these T’s is an approximate 95%
confidence interval for true T.

There are many variations on this simple description of the bootstrap. In
particular, there are several different ways to construct a confidence interval
from the bootstrap sample of T values.

The larger the size, n, of the original sample, the better the approximation
produced through bootstrapping. Notice that the quality of the approximation
does not depend on the number (N) of bootstrap samples we draw. The num-
ber of samples drawn needs to be large, but only in order to calculate the boot-
strap inferences accurately. Drawing a very large number of samples means that
we calculate a bootstrap confidence interval more accurately, but what we have
calculated is still only approximately valid as a confidence interval.

VALUE AND USE

Bootstrapping is widely advocated in health economics, particularly because of
the skewed nature of the distributions of costs. It is clearly unrealistic to assume
that cost distributions are normal, and we may be unwilling to assume any
other specific distributional form. Therefore, bootstrapping is used to make
inferences about parameters like mean cost and incremental ratio.

Bootstrapping is used particularly for incremental cost-effectiveness ratios
because alternative methods for ratios are especially problematic.

IssuEs

An alternative nonparametric method is based on the central limit theorem,
which says that the means of samples are approximately normally distributed,
no matter what the distribution of the individual data items. This is also attrac-
tive in the context of health economics since it is in general the mean cost and
effectiveness (and other measures computed from them, like the incremental
cost-effectiveness ratio or incremental net benefit) that are of interest. Like the
bootstrap theory, the central limit theorem says that the quality of the approxi-
mation (that sample means have normal distributions) improves with the size
of the original sample.

It is not clear in practice whether the bootstrap or the central limit theorem
will give a better approximation in any given situation, and neither may be
good if the sample size is small. If used, for example, in a large trial yielding data
on many hundreds of patients, then the bootstrap should be reliable. With a
sample size of 30 or fewer, it is doubtful whether the bootstrap should be used.
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Case Mix Index

Case Mix
Risk Adjustment
Severity Adjustment

BrIEF DEFINITION

The case mix index (CMI) is one measure or indicator of the average relative
weight of diagnosis-related groups (DRGs) assigned to hospitalized patients
treated at the same institution.

EXPLANATION

After Medicare’s prospective payment system (PPS) went into effect in the early
1980s, the case mix index was developed to monitor hospital charges. The Pro-
spective Payment Assessment Commission (ProPAC) is one agency that tracks
CMI to monitor trends in hospital charges. Higher CMIs equate to higher
aggregate hospital charges for the DRG mix of patients being treated at a given
hospital. Thus, if hospital A is treating a higher number of patients with mul-
tiple health conditions or more serious health conditions than hospital B, then
the CMI will capture this assuming higher charges are seen in hospital A. The
term case mix is often confused with the terms risk adjustment and severity
adjustment. What differentiates these two terms from case mix index is the fact
that they predict an outcome using risk factors and modeling techniques. In
contrast, the Medicare case mix index is based solely on past trends of hospi-
tal charges for the mix of patients treated at the hospital. The goal of CMI is
to forecast variation of resource utilization for entire populations based on
past trends at the hospital level. Thus facilities are compared to other facilities
using CML.

DRGs are a classification system that groups patients according to diagnosis,
type of treatment, age, and other relevant criteria. Under the prospective pay-
ment system, hospitals are paid a set fee for treating patients in a single DRG
category, regardless of the actual cost of care for any individual.

VALUE aAND USE

Case mix index is used to monitor and set the payment systems to hospitals.
Medicare payments to hospitals are directly tied to the CMI. For every one-
percentage point in CMI, hospitals are paid millions of dollars more in govern-
ment payments. Although the system was originally designed by Medicare,
other payers may also use the CMI to monitor trends in the patients being seen
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at hospitals and to compare hospitals using the CMI. In this manner, the payers
can use the CMI to assess resource use within a given population. Then the payers
can more accurately and efficiently plan and use resources. Currently, efforts are
under way to develop case mix indexes appropriate for outpatient settings. How-
ever, these appear to be in the beginning stages of development at this time.

IssuEs

One significant issue related to CMI is the idea of DRG “creep”—the idea that
coding of patients’ primary and secondary discharge may change to upgrade a
hospital’s CMI. Studies have found this to occur. In fact, ever since the PPS was
implemented, the average CMI has increased every year. Changing coding prac-
tices causes some of this effect. However, some of the effect is caused by the use
of new technology, the aging of the US population, increased use of health care
services, etc. It is very difficult to separate the effects on CMI of coding and these
other factors. The practice of linking discharge codes (ICD-9-CM) to hospital
payment has always been questioned from a clinical credibility point of view.
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Clinical Practice Guidelines

BRIEF DEFINITION

Clinical practice guidelines (CPGs) are user-friendly, evidence-based, system-
atically developed statements that assist primary health care providers and
patients in making appropriate decisions for specific clinical circumstances.

EXPLANATION

Guidelines regarding appropriate care existed in ancient times, but now the
emphasis is placed on systematically developed and evidence-based guidelines.
In the past, CPGs focused on quality-enhancing guidelines, whereas current
CPG development results from outcomes research focusing on effectiveness
and cost-justifiability of diagnostic and therapeutic procedures. Established
standards, such as evidence-based medicine, are implemented to ensure scien-
tific validity and clarity of communication of CPGs.

Good CPGs

* Define questions occurring in the practice and explicitly identify all deci-
sion options and outcomes;
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+ Identify, appraise, and summarize best given evidence regarding preven-
tion, diagnosis, prognosis, therapy, harm, and cost-effectiveness in a man-
ner most relevant to decision makers; and

+ Explicitly identify decision points at which integration of valid evidence
and clinical experience should help with making the best decision for the
patient.

Key components of a useful CPG include

+ Identification of the key decisions and their consequences;

+ Review of the relevant, valid evidence on the benefits, risks, and costs of
alternative decisions; and

+ Presentation of the evidence required to inform key decisions in a simple,
accessible format that is flexible.

The following attributes of CPGs are considered desirable:

+ Validity—strength of evidence and estimated outcome
* Reliability/reproducibility

+ Clinical applicability

+ Clinical flexibility

+ Clarity

+ Multidisciplinary process

* Scheduled review

+ Comprehensive documentation and description

Unfortunately it is not always possible to maintain all of the above-mentioned
attributes in every single CPG, and guideline developers are confronted with
numerous hurdles.

Information from medical literature is systematically obtained and critically
appraised with evidence-based methods. Evidence-based guidelines, however,
are limited insofar as cost is most often not considered. A global subjective
agreement of experts (consensus method) is the most commonly used method
of guideline development in New Zealand. Unfortunately the biases of the
experts cannot be removed. Guideline developers may also request comprehen-
sive and systematic overviews from groups such as the Cochrane Collaboration,
the York Center for Reviews and Dissemination, and the United States Agency
for Health Care Policy and Research.

VALUE AND USE

Practice guidelines are not fixed protocols that have to be followed; rather, they
should be considered and applied with professional judgment. They should
never substitute for clinical judgment but should play an assisting role only.
They are meant to guide physicians toward delivering high-quality care in a
cost-effective manner. Deviations from given CPGs might be necessary depend-
ing on the patient’s individual circumstances and needs.

Practice guidelines are available for all kinds of diseases and interventions.
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Internet Web sites also provide information on evidence-based CPGs to health
care professionals, usually for expert audiences in the health care sector and
health professionals.

IssuEs

The use and credibility of CPGs are still debated among physicians. A CPG
developed according to the principles of epidemiology, which deals with large
patient populations, is often not applicable to the individual patient’s needs.
Evidence-based practice and evidence-based clinical guidelines should be valid
for the individual patient, but presented as formal overviews they are not in a
form directly relevant to individual patient care. Guidelines will be more useful
for real-life clinical decision making if they present evidence applicable to the
individual patient. On the other hand, CPGs that maximize benefits for indi-
vidual patients do not necessarily maximize cost-effectiveness for populations
of patients, which complicates the situation even further as financial resources
become even scarcer. In cost-effectiveness studies, mathematical techniques,
collectively known as optimization, may be implemented to maximize or mini-
mize key variables for investigating clinical options, which benefits the popula-
tion and individual patient successively. Furthermore, guidelines produced by
various organizations, for the same intervention, may differ. Therefore rigorous
criteria have been developed to combat this lack of uniformity in design, struc-
ture, and presentation of CPGs.

CPGs could influence physician behavior; however, they always allow for the
physician to exercise his or her own judgment. Practice guidelines should
improve the quality and appropriateness of care as well as contain the cost of
health care. In the United States, in some states, a physician who acts in compli-
ance with CPGs may use this as an affirmative defense in court.

Of course each patient is unique; but taking a standard approach to the
patient’s condition can result in optimal medical care, reduction in legal risks,
and lower health care costs.
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Randomized Clinical Trial

Mega-Trial

Firms Trial

Head-to-Head Comparison Study

Equivalence Study
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Nonrandomized Trial with
Historical Controls

CLINICAL TRIAL

Open-Label Trial
Double-Blind Study
Single-Blind Study
Matched-Pair Study
Clinical Endpoint
Clinical Indicator
Economic Clinical Trial
Piggyback Study
Bridging Study
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Case-Control Study
Cross-Sectional Study
Case Report Study
Crossover Trial

Clinical Research Study
Prospective Clinical Research Study
Retrospective Clinical Research Study

BRIEF DEFINITION

A clinical trial is a research study to test the safety, efficacy, and/or effectiveness
of a health care intervention (such as a new protocol and treatment) intended
to alleviate a specific disease condition in human subjects; it is a prospective
experimental study comparing the effect and value of preventive, diagnostic, or
therapeutic intervention(s) in human beings under control conditions. In such
a trial, there are at least two groups being compared: intervention and control.
Controls receive either placebo or existing therapy. When a clinical trial is con-
trolled, the assignment of subjects to the treatment groups should be random-
ized. Clinical trials of experimental drugs typically proceed through four
phases, known as Phase I, Phase II, Phase I1I, and Phase IV clinical trials. While
these phases are performed sequentially, they may overlap. Regulatory approval
is typically granted upon successful completion of Phase III trials.

New therapies are only tested in humans after promising and thorough ani-
mal and laboratory research studies have been conducted.

Clinical trial phases are described as follows:

Phase I clinical trials are the initial assessment of a product in humans. Their
purpose is to establish the product’s safety, safe dose range, and pharmaco-
kinetic properties. Safety is judged by side effects or toxicities that occur.
Pharmacokinetic properties are typically measured by determining the prod-
uct’s absorption, distribution, metabolism, and elimination within the body.
A typical Phase I study involves 20 to 80 healthy volunteers who do not have
the disease being studied.

Phase II clinical trials build upon the information obtained in Phase I
studies. The purpose of Phase II studies is to evaluate safety and efficacy and
determine the most appropriate dose for the treatment. Phase II clinical trials
are usually performed on 100 to 300 or more subjects who have the disease
or condition of interest. Subjects selected to participate have the condition of
interest and may have comorbidities.
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Phase III clinical trials confirm the efficacy of an experimental drug and fur-
ther establish its safety profile in a much larger patient population. Phase II1
trials are typically conducted on several thousand people with the disease,
where possible, to establish more definitively the safety and efficacy of the
treatment agent at various doses. The drug is often given for much longer pe-
riods of time (sometimes two to four years) to subjects with the condition of
interest, who frequently have other health problems as well, to replicate the pa-
tient population in the “real” world. These trials provide data required for reg-
ulatory approval and form the basis for how the product should be prescribed.
Phase III clinical trials are typically controlled compared to either existing
treatment or placebo. It is estimated that only one in every five products that
enter Phase I studies makes it through the completion of Phase III studies.

Phase IV clinical trials are conducted after a product has been approved and
are frequently known as postmarketing studies. These studies continue test-
ing the drug or treatment to collect information about its effect in various
populations and any side effects associated with long-term use. In Phase IV
clinical trials, the postapproval monitoring and analysis of the treatment agent
is conducted as the agent is used in the general population of diseased patients,
rather than in the carefully controlled and restricted population of the earlier
phase clinical trials. In essence, Phase IV trials assess the actual effectiveness
and sometimes also costs and patient-reported outcomes of the treatment.

EXPLANATION AND VALUE AND USE

Results of clinical trials play an important role in pharmacoeconomics. The
economic value of a particular health care intervention depends in part, if not
mostly or entirely, on the intervention’s clinical value. That value, in terms of
efficacy, effectiveness, and safety, is typically measured in clinical trials. Increas-
ingly, the value of an intervention in terms of economic outcomes and patient-
reported outcomes is also being assessed in clinical trials. Several types of clini-
cal trial designs exist and are briefly described below. Prior to those descrip-
tions, several terms important to the design and conduct of these studies are
described.

In pure observational studies of practice and associated outcomes, it is diffi-
cult to ascribe causality to observed relationships between treatment and out-
comes because numerous patient, provider, and environmental factors may
confound those relationships. Accordingly, in a clinical trial, to reduce if not
eliminate these sources of bias, subjects are typically assigned to a specific study
arm on the basis of randomization, which is the assignment of subjects to alter-
native interventions by using a probabilistic rule such that neither the investiga-
tor nor the patient can predict the intervention assigned at the moment of
inclusion.

A well-designed clinical trial protocol is essential to ensure the quality and
integrity of a trial. The protocol is a plan that states the study objectives and
describes the design and methodology: how the clinical trial is to be carried out
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and how the data are to be collected and analyzed. Study objectives are con-
cise and precise statements of prespecified hypotheses. The target population
to which the study results are inferred is characterized through specific inclu-
sion and exclusion criteria. The design should also include a baseline assess-
ment of relevant data to be done after each subject’s informed consent is
obtained and before the subject receives any intervention. A description of
the interventions to be compared and the specific study design (parallel,
crossover, etc) is fundamental.

One of the most important decisions is the definition of the control group
whose outcomes are being contrasted with those of subjects receiving the alter-
native intervention(s). Clinical trials are frequently conducted with active con-
trol agents to establish the superiority of the new intervention versus the
standard treatment. If an effective and safe alternative therapy does not exist, a
placebo control group—a group receiving a drug or procedure with no intrin-
sic therapeutic value—is used to provide an unbiased assessment of the effec-
tiveness and safety of the therapy under study. An important aspect to prevent
bias caused by subjective judgments in reporting, evaluation, data processing,
and statistical analysis is the use of blinding—an experimental condition in
which various groups involved in the trial are withheld from the knowledge of
the treatments assigned to patients.

Finally, to assess the efficacy of the intervention under study, in any clinical
trial it is necessary to determine the endpoints, the quantitative measurements
implied or required by the objectives. Although clinical endpoints—traditional
medical measures of a therapy’s impact, such as serum cholesterol levels, meta-
bolic rate, tumor size, absence of infection, or survival time—are frequently
used, other endpoints more related to the patient’s perception of therapy results,
such as patient satisfaction or quality of life (patient-reported outcomes), are
being used increasingly as are economic endpoints. In any case, the method of
endpoint assessment must be prespecified, accurate, and free of bias.

Regulatory agencies use clinical trials to understand the safety and efficacy of
an intervention (pharmaceutical, biotechnologic, or device), so that appropri-
ate registration decisions can be made. Ideally only interventions shown to be
safe and efficacious will be made and remain available to their populations.
Clinical trials are designed to answer the question: “Does this intervention do
what it is supposed to do, and is it safe in doing that proposed use?” Types of
studies include the following.

A randomized clinical trial tests the safety and efficacy of a health care inter-
vention by randomly recruiting participants into either the treatment or the
control group. Random refers to the placement of participants into a study arm
based solely on chance and not on the preferences or influence of the physician,
patient, or trial sponsors. Random assignment is useful because it allows one to
assume that all treatment arms contain subjects with roughly equivalent char-
acteristics and that the measured outcomes are due to the intervention and not
to differences in subject characteristics.



16 CLINICAL TRIAL

A mega-trial is a massive randomized clinical trial that tests the outcomes of
drugs or other health care interventions by enrolling 10000 or more subjects.
Mega-trials enable sponsors to evaluate outcomes that are relatively rare. Typi-
cally these studies involve numerous study sites, sometimes in multiple coun-
tries and continents.

A firms trial is a randomized clinical trial in which subjects are randomized
among entire clinics or other institutional settings. In the firms trial, subjects
are randomized to control clinics versus treatment clinics as opposed to control
or treatment groups within a single clinic.

A head-to-head comparison study is a randomized clinical trial where two
health care interventions known to have the desired outcome are compared to
determine which intervention is more efficacious for the desired outcome.

An equivalence study is designed to evaluate whether the outcomes of a
health care intervention are clinically equal to those of the alternative technol-
ogy. The measures that these types of studies require are different from those
required in trials trying to demonstrate a difference. In addition, measures will
vary greatly depending on whether the comparison is an attempt to show equiva-
lent health outcomes between two different substances or an attempt to show
bioequivalence and therapeutic interchangeability between two versions of a
similar substance. The latter is a very complex process for which guidelines are
still being established.

A nonrandomized trial with contemporaneous controls is a trial in which the
treatment group is compared with a “similar” cohort receiving care in the same
setting by the same providers but not receiving the treatment within the
same time frame. A “similar” cohort is established by matching patients based
on a set of demographic and clinical characteristics (e.g., age, sex, duration of
disease, concomitant diagnoses) that may have an impact on the outcome being
measured.

A nonrandomized trial with historical controls is a comparison of the
cohort receiving the intervention with a “similar” cohort that received care (but
not the intervention being evaluated) in the same setting by the same providers,
during another time period (usually earlier).

A case-control study is an observational epidemiological study that starts
with the identification of a group of individuals (cases) with the disease of
interest, and a group of individuals (controls) without the disease who are
otherwise similar to the cases. It is a retrospective or prospective study in
which participants are selected on the basis of presence or absence of an
event or condition of interest. The relationship of a risk factor (e.g., expo-
sure to a physical agent, receipt of a screening test) to the disease is evaluated
by determining how frequently the risk factor is present in cases and
controls.

A cross-sectional study examines the relationship between diseases and
other variables of interest as they exist in a defined population at one particular
time. It is an evaluation based on a single snapshot in time, and no longitudinal
(follow-up) data are available.
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A case report study is an analysis that profiles a single patient and describes
the treatment pattern and outcomes.

A crossover trial is a study in which each subject receives both treatments
being compared, or the treatment and placebo, in two consecutive time peri-
ods, or in two periods separated by a washout period. Such trials are used for
patients who have a stable, usually chronic, condition during both treatment
periods. Each participant serves as his or her own control. In a crossover trial,
within-patient differences, or variability in outcomes within each patient, are
used to assess treatment value.

An open-label trial is a study in which both subjects and investigators know
which product the subject is receiving. This is in contrast to a double-blind
study, in which neither subject nor researcher knows this information, or a single-
blind study where only one party (typically the physician and not the subject)
knows.

A matched-pair study is a type of parallel trial design in which investigators
identify pairs of subjects who are “identical” with respect to relevant factors, then
randomize them so that one receives Treatment A and the other Treatment B.

A clinical endpoint is a consequence of the use of health care products, ser-
vices, or programs that affect a patient’s clinical well-being. Usually it is a medi-
cal measure of an intervention’s impact on the body, such as serum cholesterol
levels, metabolic rate, tumor size, or absence of infection. Clinical endpoints
may be either intermediate (“surrogate”) endpoints or final endpoints.

A clinical indicator is an agreed-upon measure, process, or outcome used to
judge a particular clinical situation and indicate whether the care delivered was
appropriate. Examples include whether antibiotics were administered before
surgery and the rate of adverse reactions in response to the antibiotics.

An economic clinical trial is a study in which the objectives and methodol-
ogy are specifically designed to provide analysis or assessment of the resource
use and cost implications as well as the clinical effectiveness of the intervention.

A piggyback study is an economic study (involving economic data collection
and analysis components) that is added onto and therefore a part of a clinical
trial originally focused on clinical issues.

A bridging study determines the safety and tolerance of a drug in a target
population and aids in the selection of appropriate doses for subsequent effi-
cacy studies.

A clinical research study may have either a prospective or retrospective
design. Prospective clinical research study involves the collection of data on
clinical endpoints, treatments, and related measures forward in time. A retro-
spective clinical research study involves the analysis of clinical outcomes that is
already present in existing databases.

Because a prospective clinical study is designed to meet certain objectives by
collecting new data, it can be designed to enable the collection of more detailed
clinical and related information from patients over time. In contrast, a retro-
spective clinical study uses existing patient data, generally created for different
purposes (e.g., administrative databases of medical claims). Both prospective and
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retrospective clinical studies are designed to contribute to knowledge about
clinical outcomes associated with existing therapies in naturalistic, “real-world”
settings.

IssuEs

Every clinical study design has advantages and disadvantages. As a result, the
design and methods of studies must be examined along with the findings to
understand the clinical literature in any particular therapeutic area.

Randomized, controlled clinical trials offer internal validity and reasonable
confidence that the treatment effects observed in the study reflect true treat-
ment effects. However, if the study sample is not representative of the popula-
tion or the care of patients in the study does not accurately reflect true real-
world care, the external validity of the trial results is questionable.

This is typically framed as an issue of efficacy versus effectiveness. Random-
ized clinical trials offer data on the efficacy, costs, and/or other outcomes of an
intervention in a controlled setting. Health economic analyses are concerned
with the effectiveness of the intervention in the real world, certainly an “uncon-
trolled” setting and one that is often difficult to understand given only random-
ized clinical trial data. Differences between efficacy as assessed in controlled
trials and effectiveness in real practice may be attributable to such factors as
access to care, cost, compliance and persistence, and other patient, provider, or
societal factors not typically addressed in randomized controlled trials.

Increasingly, sponsors of clinical trials understand the importance of assess-
ing economic value and patient-reported outcomes within these studies along
with the clinical outcomes. However, one must be careful to describe carefully
the primary and secondary objectives of a trial. Although analysis and ascer-
tainment of primary objectives may be attainable with a particular protocol, the
same study characteristics that make that possible may hinder the ascertain-
ment of the secondary objectives. More often than not, understanding of eco-
nomic and patient-reported outcomes is characterized as a secondary objective.
As a result, the true ability of a clinical trial to measure these aspects of the value
of a health care intervention may be suboptimal, and as a result, other research
may be necessary.
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Clinical Trial — Study Bias

Study Bias
Selection Bias
Response Bias
Information Bias
Interviewer Bias
Site Selection Bias

BRIEF DEFINITION

Study bias is a systematic error in the design or conduct of a study that results
in a distorted assessment of the intervention’s impact on the outcome(s) mea-
sured. This undesirable characteristic can be introduced unwittingly into clini-
cal studies by any characteristic or risk factor that systematically affects the
results but is not due to the intervention being studied. As such, it is distinct
from random error, which is error that occurs when sampling a subset of sub-
jects from a much larger population.

EXPLANATION

Although the potential for study bias may be greater for observational studies,
clinical trials are also susceptible to this undesired effect. Types of study bias
include:

Selection bias: A type of bias that occurs when selected, eligible study sub-
jects do not participate in the clinical trial. This type of bias can occur if
certain eligible patients are not asked to participate (e.g., the clinician be-
lieves the patient will not respond to the treatment) or if the patient refuses
to participate (for reasons that might be related to treatment outcomes).
The tendency for clinical trials to have restrictive eligibility criteria (e.g.,
based on gender, age, clinical characteristics, concomitant medications) is
sometimes thought to cause selection bias. However, these eligibility crite-
ria affect the study’s generalizability (also called representativeness or ex-
ternal validity) rather than causing selection bias per se.

Response bias: A type of bias caused by study subjects not participating in
part or all of the study data collection. Response bias can be thought of as a
type of selection bias. It is frequently associated with a situation in which
some subjects do not complete a study questionnaire, and therefore it also is
called nonresponse bias or participation bias. Response bias will exist if the
reasons that subjects do not participate (or return or complete a question-
naire) are differentially related to one of the study groups, either comparison
or treatment (e.g., if subjects benefiting or not benefiting from the treatment
are less likely to respond to the survey). The same type of bias can exist if
subjects answer some but not all of the questions in a questionnaire; this is
known as item nonresponse bias.

Information bias: A type of bias caused by inaccurate assessment of the
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study measures (also called misclassification bias). In clinical trials the mea-
sures frequently relate to the study outcomes. However, systematic errors can
also occur in the assessment of exposure or study treatment. Due to poor
compliance, many subjects in the treatment group may not actually take a
medication they are expected to take, causing a type of misclassification bias.
If the study is not blinded, then the subject or clinician may report a more fa-
vorable decrease of symptoms or greater improvement of other clinical mea-
sures for those in the treated group than in the comparison group. This will
cause a differential misclassification bias that will exaggerate the treatment
effect. Information bias will still occur if the misclassification is unrelated to
the study group or treatment effect. This type of nondifferential misclassifi-
cation bias will, in general, tend to decrease the observed treatment effect
(i.e., a bias toward the null hypothesis of no effect).

Interviewer bias: A type of bias caused by the way interviewers administer
the questionnaire or by the way the subjects respond to interviewers. Inter-
viewer bias is a type of information bias related to the interaction between an
interviewer and a subject. If interviewers probe for more detail or ask ques-
tions of certain subjects in a different way, then an inaccurate assessment
might be made of the treatment effect. Likewise, if the subjects’ responses are
affected by the characteristics of interviewers and if there are differences in
interviewers between treatment groups (e.g., the treated group is interviewed
by physicians and the comparison group is interviewed by nurses), an inter-
viewer bias might occur.

Site selection bias: A type of bias caused by the sites that participate in the
study not being representative of the sites that would eventually use the in-
tervention being studied. As with (subject) selection bias, site selection bias is
a challenge to external validity (i.e., whether the results are generalizable to
the relevant population).

VALUE AND USE

Study bias can undermine the validity of a study. Biased study results can
impact clinical decision making and public health policy by distorting the true
value (or lack thereof) of a treatment or intervention.

It may be hard to evaluate whether certain types of bias exist in a study, espe-
cially from reading a published report of the findings. For example, it may not
be possible to determine whether a subject’s responses were affected by the
interviewer’s characteristics (interviewer bias). There should be some indica-
tion, however, that some types of biases are present. For example, the investiga-
tor should know and report the percentage of eligible patients who agreed to
participate in the study and who completed all parts of the study protocol (indi-
cators of possible selection bias and response bias).

Study bias may affect results in either direction, either exaggerating or
underestimating a real treatment effect. In some cases, it may be possible to
make an informed estimate as to the likely direction of the bias. Study bias may
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be very difficult, if not impossible, to correct during the analysis stage of a
study. This highlights the fact that it should be addressed at the design, protocol
development, data collection, and study monitoring stages. It is critical to have
standardized procedures in place for conducting the study, including training
and monitoring programs to minimize information bias. Also, well-defined,
objective, and reproducible study endpoints are required, especially if the study
is not blinded (i.e., if the study staff is aware of treatment group assignments).

IssuEs

Randomization (i.e., patients are assigned at random to treatment group) and
blinding (i.e., study staff and/or patients are not aware of the treatment assign-
ment) are two important methods used in clinical trials to reduce the potential
for study bias. Also, well-trained study staff that is familiar with the special
requirements of clinical studies (beyond clinical care) can help minimize infor-
mation bias and interviewer bias.

However, randomized, placebo-controlled, double-blind clinical trials (the
“gold standard” of study designs) may still contain the types of bias cited above.
Only a small percentage of people (who are not randomly selected) participate
in clinical trials. The reasons why a person refuses to participate or why an
investigator does not approach a subject about participating may lead to selec-
tion bias. Evaluating whether selection bias exists in a given study is difficult to
evaluate because there is seldom a full accounting of who is eligible, who is
approached, and who refuses to participate in clinical trials and why.

Participation at the beginning of a study does not necessarily mean complete
participation throughout the study. Issues related to compliance, missed study
visits, study withdrawal, and losses to follow-up can create study bias. Every
effort should be made by the study staff to minimize these types of losses. If the
reason for a subject’s lack of adherence to the study protocol is related to the
treatment or outcome, then study bias can occur. In these cases, special atten-
tion needs to be paid to the proper analytic approach (e.g., an intention-to-
treat analysis) to avoid or at least minimize a biased assessment of the treatment
effect.
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Compliance

Adherence

Treatment Persistence
Electronic Monitoring
Pill Count Method
Prescription Refill Rate
Attendance

BRIEF DEFINITION

Patient compliance (adherence) refers to the consistency and accuracy with
which a patient follows a recommended medical regimen, usually referring to a
pharmacotherapeutic regimen.

Treatment persistence refers to the continued use of the prescribed pharma-
cotherapeutic regimen or other program.

Electronic monitoring method is a measurement of the frequency and tim-
ing of doses taken by the patient compared to the frequency or timing that
should occur based on the physician’s prescription. Measurement is made by
microprocessor driven devices that record the date and time of events. Data are
transformed into patients’ logs by special software.

Pill count method is a measurement of the amount of a drug remaining
unused in the patient’s possession compared to the amount that should be left
based on the physician’s prescription. This method is less accurate than elec-
tronic monitoring because patients often forget to return all of a medication.

Prescription refill rate refers to the measurement of the frequency or timing of
prescription refills compared to the frequency or timing that should occur based on
the physician’s prescription. This method is less accurate than electronic monitor-
ing because patients may obtain prescription refills without taking the medication.

Attendance refers to the measurement of the frequency or timing of medical
follow-up visits compared to the frequency or timing that should occur based
on the physician’s plan.

Compliance is the extent to which patients follow the health advice they
receive. Health advice encompasses taking medication, lifestyle changes includ-
ing a special diet or exercise program, attending follow-up appointments, etc.
The interpretation of this term encompasses a mutually acceptable regimen
based on the doctor’s recommendation and the patient’s willingness and ability
to follow the recommendation. Compliance can fluctuate, most often declining
over time to the point of discontinuation. The concept of compliance can be
summarized as having three stages:

Compliance = Acceptance — Execution — Persistence

ExpPLANATION

Compliance on the part of the patient is dependent on a series of factors that
represent the burden of treatment. This burden encompasses adverse effects,
the complexity of the treatment regimen (i.e., multiple dose times, require-
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ments to avoid or take with food, diet change, etc), as well as capacity to per-
form the tasks. The patient’s readiness and willingness to undertake the
treatment or lifestyle change separates patients into four broad categories
(Cramer & Spilker 1991):

+ Noncompliers: Those who do not accept the diagnosis and need for treat-
ment at this time.

+ Partial compliers: Those who accept the diagnosis and need for treatment
but cannot fulfill the recommended actions sufficiently to reach targeted
improvements in their health.

+ Over-compliers: Those who take more than the recommended amount of
medication or who diet or exercise in excess. (These patients are rare.)

+ Adequate compliers: Those who follow the health advice adequately (i.e.,
enough medication, diet, exercise to improve or control their medical
disorder).

VALUE AND USE

Partial compliance and noncompliance are important considerations for sev-
eral reasons.

1. The target outcome can be affected as much by compliance as by the se-
lection of treatment.

+ Noncompliance means that the patient’s health will not improve and
will probably worsen. This can result in costly short- or long-term
medical care.

+ Partial compliance means that the patient’s health is not adequately
managed. This can result in a stepped-care spiral into ever more com-
plex and costly treatments that might not have been necessary if the
patient had followed the initial regimen.

* In contrast, adequate compliers do not necessarily need to take 100% of
doses, diet, or exercise to achieve the desired results. Health care provid-
ers need to understand both the limitations of their knowledge to deter-
mine the optimum dose or therapy for an individual and the patient’s
ability to follow the regimen completely. Electronic monitoring of dos-
ing has demonstrated that there is no magic number that represents the
appropriate compliance rate for all patients or all disorders. The fre-
quently quoted threshold of 80% compliance has no meaning unless it
has been determined for the specific medication and target outcome.

2. Inadequate compliance may result in high follow-up costs during stepped
care. Increased costs are incurred with extra outpatient visits, diagnostic
tests to determine the reason for treatment failure, hospital admissions if
the condition worsens, decreased work productivity, increased family
burden, or increased mortality.

3. Inadequate compliance may result in a waste of resources if prescriptions
for medications have been filled but not used. When the doctor who is
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IssuEs

COMPLIANCE

unaware of the degree of compliance with the regimen thinks that the
medication has not been effective, higher doses, alternative drugs, or
multiple drugs are prescribed.

4. The sequelae of inadequate compliance affect database assessments of re-
source utilization. Poor treatment outcomes result in increased costs that
cannot be separated into costs for adequate compliers versus partial or
noncompliers.

1. Methods to measure compliance
* The standard methods of asking the patient, counting unused tablets,

or observing the prescription refill rate all have inherent flaws. The gold
standard of compliance measurement is electronic monitoring.

* Various devices (e.g., bottle cap, inhaler, and liquid dispenser monitors)

are available that collect continuous data based on dosing (Cramer
1995). The data can be downloaded to a computer for display. The data
describe the dates and times of doses taken, a pattern of doses taken
and missed, and calculations of overall compliance rates. The devices
are widely used in clinical trials and in some clinical care situations.

2. Methods to improve compliance
* Various measures can be taken to improve compliance. Simple methods

include changing the form of administration (e.g., from multiple doses
to once-daily administration), improving patient information (e.g., in
the form of an educational material, consultation with a nurse, dieti-
tian, etc.), and using a compliance enhancement program.

*+ The most direct method of improving compliance is to assess actual

compliance using electronic monitoring. This is cost-effective when the
patient is not responding to standard treatment. Avoidance of costly
stepped care makes electronic monitoring economical. Electronic data
can be used in a “feedback system” designed to allow patients and clini-
cians to share information such that the patient is unlikely to feel
judged or disparaged (Cramer & Rosenheck 1999). Patients can observe
their patterns of dose-taking and omissions. Patients and clinicians can
discuss events that were exacerbated because of missed doses. The feed-
back often is useful in designing therapy. The most common feature is
the avoidance of dose or drug change based on the erroneous assump-
tion that the drug failed. The electronic data demonstrate that insuffi-
cient doses were taken to provide an effective outcome.

3. Effects of compliance in economic evaluations
+ Currently, inadequate compliance is only a peripheral issue in economic

evaluations. Part of the reason is because obtaining information from a
database is difficult and time-consuming, and not enough reliable data
are available. Another reason is that efficacy data from clinical trials
deliberately exclude considerations of the natural environment. There-
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fore, data from idealized trial conditions are not sufficient to evaluate
the economic profitability of a medical service, as its actual effective-
ness in practice is usually reduced by poor compliance. If, for example,
a drug has proven efficacy, but in actual clinical practice some patients
do not take it as prescribed because it has an unpleasant taste or is time-
consuming to take, then the drug’s actual effectiveness and, therefore,
its potential economic advantage over other drugs are reduced. A third
reason for lack of data is the limited use of electronic monitoring in
clinical trials or general practice. If continuous electronic compliance
monitoring was widely used within a health care system, the difference
between a treatment failure and a patient’s failure to take the treatment
could be differentiated (Sullivan et al 1990).

*+ Measuring compliance is difficult, as it is dependent on the cooperation
of the patient. Indirect methods such as reports written by the patients
themselves or measurements of drug wastage are not precise enough
for the purposes of most studies. On the other hand, direct methods
(e.g., using marker substances or blood serum analyses) are very expen-
sive and often unpleasant for the patient. The use of modern microchip
technology to record when drugs are administered (e.g., built into
metered aerosol inhalers) could help in the future to obtain more accu-
rate data about time and frequency of drug administration.

The methodology of electronic monitoring has become the gold standard for
compliance assessment in clinical research. Additional work is needed to define
the implications of partial compliance in outcomes (Urquhart 1999).
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Conjoint Analysis

BrIEF DEFINITION

Conjoint analysis is a method for establishing the relative importance of differ-
ent attributes in the provision of a good or a service.
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EXPLANATION

Conjoint analysis is a technique specifically designed to establish what factors
influence the demand for different commodities and, thereby, which combina-
tions of such attributes in products are preferred by consumers. Conjoint anal-
ysis is used to estimate the relative importance of the individual attributes; the
willingness to trade between different attributes; and the total satisfaction or
utility scores for different combinations of attributes.

There are five stages in the design of a conjoint analysis study:

1. Establishing the attributes, or the key features or characteristics, of the
service or good. For example, in the treatment of laryngeal cancer, at-
tributes could include speech quality and years of life.

2. Assigning levels to the attributes. The levels must be plausible, actionable
and capable of being traded off. For example, two, four, or six years of life
might be added by a particular treatment.

3. Determining the scenarios to present. Individuals are presented with hy-
pothetical scenarios that combine different levels of attributes.

4. Establishing preferences. Preferences for scenarios are obtained by survey-
ing patients/service users/members of the community.

5. Analysis of data. This involves identifying the relationship between the at-
tributes and preferences using statistical regression analysis.

VALUE AND USE

Conjoint analysis is a useful method for incorporating consumer preferences
into decision making in health care systems. It can be used as an alternative to
the standard gamble, time trade-off, and willingness-to-pay methods to evalu-
ate health state preferences. Conjoint analysis can also be used in cost-benefit
analysis to obtain willingness-to-pay values indirectly. By including different
amounts of money as an attribute (known as the “cost attribute”), estimates of
willingness to pay for changes in levels of the attributes of importance can be
derived.

Conjoint analysis has been widely used in market research, transport eco-
nomics, and environmental economics, but so far has had limited application
in health economics. An example of the application of conjoint analysis in
health care research has been to elicit information with regard to whether
patients would prefer to receive treatment in local clinics with longer waiting
times or to attend a centrally provided service with shorter waiting times.

IssuEs

The conjoint analysis has been widely used in market research, transport economics
and environmental economics, but so far has had limited application in health eco-
nomics. However, studies show that conjoint analysis is an approach that circum-
vents well-known scaling problems of the standard gamble approach and the time
trade-off technique. More research about the validity of the data needs to be done.
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Contingent Valuation
Willingness to Pay

BRrIEF DEFINITION

Contingent valuation (CV) methodology is one way of simulating a missing
market. The purpose is to determine an individual’s maximum willingness to pay
(WTP) (see term: Welfare Economics) for some good that usually does not have a
market price (e.g., a health improvement) through hypothetical survey questions.

ExpPLANATION

Willingness to pay can be used as a measure of the strength of an individual’s pref-
erences. It has a clear foundation in economic theory and is here often referred to
as compensating variation, or the maximum amount of money that can be taken
from an individual after having provided a good while still leaving him or her at
the same level of utility as before providing the good. Empirically, WTP can be
measured either by revealed or by stated preferences. There exist several stated
preference techniques, and contingent valuation is one of them. CV methodology
is a way of simulating a missing market where an individual expresses his or her
valuation for a good, contingent on a certain scenario. It thus seeks to determine
individuals’ maximum WTP for some (usually nonmarketed) good through hypo-
thetical survey questions. The technique was originally developed to estimate the
value of environmental changes, and most studies have so far been carried out in
the environmental field. However, it has also been used for measuring the benefits
of traffic safety, the value of life, and the value of health improvements.

VALUE AND UsE

Two approaches of determining WTP have been used in CV studies: elicitation of
individuals’ maximum WTP, and dichotomous choice (DC) questions. Techniques
to determine an individual’s maximum WTP include open-ended questions (in
which the respondents are asked to directly state their maximum WTP), the so-
called “bidding-game” (where respondents are given a first price for the good
that is either accepted or rejected, and then the price is raised or lowered until
the maximum WTP is reached), and the payment-card technique (where indi-
viduals choose a WTP amount from a range of suggested amounts on a card).
Practically, open-ended questions can suffer from nonresponse (likely to occur
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due to responder difficulty with the structure of the question), the bidding
game can introduce starting point bias (i.e., the maximum WTP depends on
the first bid in the bidding game), and the payment-card method can cause
range bias (respondents are influenced by the range of bids).

With DC questions, each respondent accepts or rejects only one price for
the good, and each individual’s maximum WTP will thus not be estimated.
This structure more closely mimics consumer decisions, in which respon-
dents accept or reject fixed prices. By varying the price (or the WTP bid) in
different subsamples, it is possible to estimate an aggregate demand function

for the good (where the idea is that a
PR higher WTP bid is followed by a lower
1 probability of answering “yes”). The mean
The aggregate WTP can then be calculated as the area
] demand function under the aggregate demand curve, and
the median WTP is the WTP in which
| — probability of a “yes” answer is one-half, as
' shown in the figure. Starting point bias is
avoided here, and response rates are usu-
ally higher. Drawbacks include the need
» wrpbia  for a usually larger sample size and that
the entire aggregate demand function sel-
dom is captured (i.e., there is rarely a bid that everyone accepts and a bid that
everyone rejects), which makes the assumptions of the functional form very
important. The DC approach has been recommended by an expert panel
appointed by the National Oceanic and Atmospheric Administration to assess
the validity of the CV method in the environmental field, and in recent years
this approach also has gained some popularity within the field of health eco-
nomics.

Overall, the strengths of the CV method are many: having a clear measure of
the strength of an individual’s preferences, expressed in monetary terms that
can be used in a cost-benefit analysis, means that the decision rule becomes
much simpler.

median

IssuEs

Bias problems other than those stated above include scope effects (i.e., that
the amount of the good or the size of the health effect should, but does not
always seem to, matter, indicating that the response could be more a general
approval than a real valuation) and hypothetical bias (i.e., that the stated
WTP overestimates the real WTP). An individual’s willingness to pay is con-
strained by his or her ability to pay; thus, if there are outcomes and programs
of interest to the wealthy, they will receive higher WTP amounts than those of
interest to the poor. Many see this as a serious flaw in the WTP approach.
Political issues, such as whether health effects should be expressed in mone-
tary terms at all and whether decision makers care about these kinds of bene-
fits, also exist.
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Cost-Benefit Analysis
Cost-Benefit Ratio

BRrRIEF DEFINITION

Cost-benefit analysis (CBA) is an analytical technique derived from economic
theory that enumerates and compares the net costs of a health care intervention
with the benefits that arise as a consequence of applying that intervention. For
this technique, both the net costs and the benefits of the health intervention are
expressed in monetary units.

EXPLANATION

A health program is always compared against some alternative. The alternative
may be an alternative intervention or it may be no treatment. The benefit of the
intervention is the improved health outcomes as compared to the outcomes
that would have been obtained with the alternative. The outcomes can include
not only traditional patient outcomes but also option values (the benefit of hav-
ing a treatment available just in case it is needed) and altruistic values (the ben-
efit of seeing the health of others improve). The improved health outcomes are
valued in monetary units, often by willingness to pay. The net cost of the inter-
vention is the cost of the treatment and its follow-up (drugs, physicians, hospi-
tals, home care, patient and family costs, costs of lost productivity, possibly
costs of other kinds of lost time, etc.) less the cost of the treatment and follow-
up with the alternative.

The bottom line of the analysis is the net benefit, which is the benefit
minus the net cost (see term: Net Benefit). The net benefit is the basic decision
criterion in CBA. If the net benefit is positive, the generally accepted decision
rule is to fund the intervention.

Sometimes analyses compute the cost-benefit ratio, or alternatively, the
benefit-cost ratio. This is just a ratio of the net cost figure and the benefit
figure. However, the ratio is flawed as a decision criterion and its use is not
recommended.

Cost benefit analysis takes a societal perspective and attempts to include all
relevant costs and outcomes; however, the calculation of the indirect costs is
sometimes controversial.
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VALUE AND USE

There are two major advantages of cost-benefit analysis, one of which is unique.
First, like cost-utility analysis, it allows comparison of programs or interven-
tions with entirely different outcomes. Thus it is possible to compare two com-
pletely unrelated programs strictly on a monetary basis. The economic decision
rule is to choose the drug or treatment with the highest net benefit. Second,
cost-benefit analysis is unique in being the only technique that has a definitive,
self-contained decision rule for evaluating single interventions. If the net bene-
fit of the intervention is positive, the intervention should be funded.

Cost-benefit analysis is not often used to compare drugs or alternative medi-
cal therapies because of ethical concerns related to placing a monetary value on
human livelihood and to the methodologies used to assign such values.

IssuEs
A key disadvantage of this type of analysis is the difficulty of converting or trans-
lating nonmonetary clinical and quality-of-life outcomes, such as lives or years
saved, into monetary units. Moreover, the usual method of making this transla-
tion, willingness to pay, raises serious ethical issues because the method gives
greater weight to the preferences of the wealthy. Thus this technique has not
been widely used in health policymaking.

Most cost-benefit analyses are based on a model and require significant
assumptions. Thus, it becomes important to validate the model assumptions
and to determine the robustness of the results through sensitivity analysis.
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Cost-Comparison Analysis
Cost-Identification Analysis

BRrRIEF DEFINITION

A cost-comparison analysis compares only the costs associated with two or
more alternative health care treatments or interventions.

EXPLANATION

A cost-comparison study is an analysis that enumerates all the costs, but not
the consequences or other outcomes, of two or more health care treatments
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or interventions. The particular costs included in a study will be determined
based on study perspective, available information, and relative magnitude of
cost components. The process of identifying all the costs and their relative
importance is often called a cost-identification analysis. It is important to
ensure that all costs refer to the same base year. Costs from prior years need
to be inflated to the base year using an appropriate price index. Future costs
need to be discounted (see term: Discounting) back to the base year to establish
their present value. The choice of costs measured needs to be consistently
applied to all arms of a study.

VALUE AND USE

Cost-comparison studies often summarize their findings as a bottom-line fig-
ure. Decision makers often prefer this type of recommendation and/or conclu-
sion and frequently focus on the budgetary impact of new treatments or
interventions.

IssuEs

There are two main issues. With respect to the costing itself, areas of uncer-
tainty include techniques for allocating shared overhead costs, discounting, and
annuitization of capital expenditures. Fixed and variable costs as well as one-
time and repetitive costs need to be dealt with carefully to ensure accuracy of
the final result.

The other issue is that many people feel that it is inappropriate to consider
the costs without regard to the benefits of treatments or interventions. One
possible exception is if the two treatments or interventions are considered
“equivalent.” However, there is active debate over the appropriate use of cost-
minimization studies and the ability of analysts to determine whether two
treatments are “equivalent.” The greatest issue is in devising guidelines on the
exact meaning and proof of equivalency.
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Cost-Consequence Analysis

BrIiEF DEFINITION

A cost-consequence analysis compares the health intervention of interest to
one or more relevant alternatives, listing the cost components and various out-
comes of each intervention separately. This type of economic analysis does not
indicate the relative importance of the components listed and leaves it to the
decision maker to form his or her own view.
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EXPLANATION

A cost-consequence study is an economic analysis that makes few assumptions
and places the greatest burden on the user of the analysis. The analysis does not
combine the costs and consequences of the interventions. Each user must be
able to integrate a disparate list of costs and outcomes of the various alterna-
tives and reach an independent conclusion. Cost-consequence studies are based
on the premise that the users of the study have the knowledge and experience to
make value judgments for the trade-offs.

A cost-consequence study provides a comprehensive presentation of the cost
and value of the intervention. It is a listing of all the relevant costs and out-
comes or consequences of the interventions and may include the following
components (see term: Cost — Health Economics):

« Direct medical costs

+ Direct nonmedical costs

+ Indirect costs (time costs, productivity costs)

+ Health-related quality-of-life impact

« Utility impact

+ Clinical outcomes (including side effects, adverse events)

The table below is an example of a cost-consequence analysis. Preferably
these outcomes should be for the complete duration of the health condition.
The ideal cost-consequence analysis would include all possible health outcomes
or consequences. Presenting all possible costs and consequences allows decision
makers the ability to determine the intervention’s likely impact on their budgets
and on the health of their patients.

VALUE AND USE

The presentation of an array of output measures is a useful approach in pre-
senting information to decision makers. Cost-consequence studies contain a
wide range of health care resource utilization, costs, and outcome data. The
availability of this breadth of data offers two advantages. First, it allows users
to select whatever resources, costs, or outcomes are essential to make their
decision. Secondly, the users may choose to use this data as a basis for other
commonly employed types of economic analysis, such as cost-effectiveness
analysis.

IssuEs

The primary issue concerning cost-consequence studies is that they do not pre-
scribe a weighting system of the relative importance of different costs and con-
sequences. Since this information is provided in a disaggregated format,
decision makers must devise their own weighting system to determine whether
any health benefits associated with the new intervention are worth any extra
costs incurred. Decisions made at the individual decision-maker level might
not always be in the patients’ or society’s best interest.
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Example of a Cost Consequence Table

Intervention A Intervention B

Units Costs Units Costs

Direct medical costs
Intervention A/B
Other medications/interventions
Physician Office Visits
ER visits
Hospitalizations
Home Care
Direct non-medical costs
Transportation
Paid caregiver time
Indirect non-medical costs
Patient time missed from work
Unpaid caregiver time off from work
Symptom impact
Patient distress days
Patient disability days
Adverse Events
Serious adverse events
Moderate adverse events
Mild adverse events

Health-related Quality of Life impact

Quality adjusted life years
Quality of life profile

Reprinted with permission. © Adis International. Mauskopf JA, Paul JE, Grant DM, et al. The role of cost-consequence
analysis in healthcare decision-making. Pharmacoeconomics 1998;13(3):277-288.
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Cost-Effectiveness Acceptability Curve

BRIEF DEFINITION

The cost-effectiveness acceptability curve (CEAC) plots the probability that
one treatment is more cost-effective than another, as a function of the threshold
willingness to pay for one additional unit of efficacy. The CEAC is a graphical
expression of the cost-effectiveness comparison between two treatments (see
term: Cost-Effectiveness Analysis).
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EXPLANATION

Let the difference in mean costs between Treatment 2 and Treatment 1 be
denoted by A, and let the difference in mean efficacy (or effectiveness)
between Treatment 2 and Treatment 1 be A.. Then the familiar incremental
cost-effectiveness ratio (ICER) for Treatment 2 against Treatment 1 is A /A,.
The ICER is traditionally compared with a threshold willingness to pay for a
unit of efficacy (such as quality adjusted life-years saved) K, such that if the
ICER is less than K then Treatment 2 should be accepted as more cost-effective
than Treatment 1. However, there are difficulties with this approach to evaluat-
ing cost-effectiveness, and an alternative approach based on net benefits is
increasingly preferred in practice.

The net monetary benefit of Treatment 2 against Treatment 1 is defined to be
KA, — A, while the net health benefit is A, — A_/K. They differ only in that the
net monetary benefit is expressed in units of money while the net health benefit
is expressed in units of efficacy. Both have the property that they are positive if,
and only if, Treatment 2 is more cost-effective than Treatment 1.

In practice, we do not know the true values of either A, or A, and have only
estimates of these quantities. The key measure then of whether Treatment 2 is
more cost-effective than Treatment 1 is the probability that the net benefit is
positive, that is: Q(K) = Pr(K A, — A. > 0) = Pr(K A, > A_). Another compli-
cation is the fact that it is rare in health economics for the threshold willingness
to pay K to be known unambiguously. Consequently, it is useful to look at this
probability Q(K) for a range of values of K. The cost-effectiveness acceptability
curve (CEAC), originally defined by Van Hout et al. (1994), encapsulates this
thinking by plotting Q (K) against K. An example is shown in Figure 1.

The CEAC gives a graphical description of the cost-effectiveness comparison
between Treatment 2 and Treatment 1. If, over the range of plausible values of
K, it is always well above a probability 0.5, then it is probable that Treatment 2 is
more cost-effective than Treatment 1. In Figure 1, Q(K) is above 0.7 (70%) for
all K, and so the balance of evidence is quite firmly in favor of Treatment 2
being more cost-effective than Treatment 1.

If a higher degree of proof is desired, we see that Q(K) exceeds 90% for all K
greater than 2000. Thus, if a health care provider is definitely willing to pay at
least 2000 (in appropriate currency) for one unit of efficacy, then there is strong
evidence that Treatment 2 is more cost-effective than Treatment 1.

Notice that Figure 1 plots K on a logarithmic scale—this generally makes it
easier to show the CEAC over its full range. Notice also that Q(K) is not nec-
essarily either an increasing or a decreasing function of K.

The simplest way to think about the CEAC is in terms of rotating the sloping
line in the cost-effectiveness plane, shown in Figure 2. The line has slope K, and
the probability of positive net benefit is always the probability that the true cost-
effectiveness point (A, A.) lies below the line. When K = 0, the line is horizontal,
and the CEAC is therefore the probability that Treatment 2 is cheaper than Treat-
ment 1. As K increases toward infinity, the line rotates to become vertical and the
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Figure 1. A sample CEAC The cost-effectiveness plane

CEAC is then the probability that Treatment 2 is more effective. At all intermedi-
ate values of K, the CEAC represents a balance between cost and efficacy.

VALUE AND USE

The CEAC is in many ways the most helpful expression of the relative cost-
effectiveness comparison between two treatments.

It should be noted that although usually defined as described above in terms
of cost-effectiveness, the CEAC is equally valid and valuable in contexts gener-
ally called cost-utility or cost-benefit analyses in health economics. We have
referred to A, as the mean difference in efficacy, but it could equally well be in
units of utility, for example QALYs, or some other measure of benefit.

Since it is defined in terms of probabilities, the CEAC will be computed
through an appropriate statistical analysis. This might be in the context of a
clinical trial of cost-effectiveness (in which both costs and efficacy/utility are
measured or derived at the individual patient level). It might also arise in the
context of economic modeling. In economic models, we invariably have some
input parameters whose values are not known precisely, and it is then impor-
tant to assess the sensitivity of model outputs to variations in those parameters.
Probabilistic sensitivity analysis proceeds by assigning probability distributions
to represent the uncertainty in these inputs, and thereby derives probability dis-
tributions for outputs such as A, or A_. It is then natural to express the uncer-
tainty about cost-effectiveness through a CEAC.

IssuEs

Formally, the CEAC only has meaning within a Bayesian analysis (see term: Bayesian
Analysis). This is because it is based on Q(K), which involves attributing probabili-
ties to unknown parameters. Parameters cannot be random variables and cannot
have probability distributions within the frequentist approach to statistics. A fre-
quentist analog of the CEAC has been defined by Lothgren and Zethraeus (2001),
but the most natural formulation of the CEAC is its original Bayesian expression.
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Cost-Effectiveness Analysis

Incremental Cost-Effectiveness Ratio
Reference Case

BrIEF DEFINITION

Cost-effectiveness analysis is a systematic method of comparing two or more
alternative programs by measuring the costs and consequences of each. A dis-
tinguishing feature of cost-effectiveness analysis is that the consequences
(health outcomes) of all the programs to be compared must be measured in
the same common units—natural units related to the clinical objective of the
programs (e.g., symptom-free days gained, cases prevented, patients
improved, life years gained). If there are just two alternative programs, their
difference in cost (incremental cost) is compared to their difference in out-
comes (incremental effect) by dividing the former by the latter. This ratio is
known as the incremental cost-effectiveness ratio (ICER). If there are more
than two alternatives, programs are compared on a systematic pair-wise basis
using their ICERs.

EXPLANATION

The major analytic techniques of health economic evaluation and of pharmaco-
economics are cost-minimization analysis, cost-effectiveness analysis, cost-
utility analysis, cost-benefit analysis, and cost-consequence analysis (see terms:
Cost-Benefit Analysis, Cost-Consequence Analysis, Cost-Minimization Analy-
sis, Cost-Utility Analysis, Pharmacoeconomics,). All are similar in how they
measure costs. The differences among the techniques are how the consequences
or health outcomes are measured. In cost-minimization analysis, all health out-
comes are assumed equal across all alternatives. In cost-effectiveness analysis a
single, common unit of health outcome in natural units is used across all
alternatives. In cost-utility analysis, utility scores are used to determine quality-
adjusted life years gained, and this is used as the common outcome across all
alternatives. In cost-benefit analysis, all outcomes are converted to their mone-
tary equivalent, and money units become the common currency to compare
across the alternatives. Some authors do not separate out cost-utility analysis as
a different technique but include it as a special case of cost-effectiveness analysis.
In this book of terms, cost-utility analysis is considered one of the five major
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analytic techniques (not a special case of cost-effective analysis). In cost-conse-
quence analysis all costs and all outcomes are compared without indicating rel-
ative importance of each.

Cost-effectiveness analysis can be undertaken from different perspectives
depending upon the needs of the decision makers. The most comprehensive
perspective is the societal perspective in which all costs are included no matter
to whom they occur. This would include all health care costs, all relevant non-
health care costs (e.g., education, justice), all productivity costs (e.g., lost work
time), and all patient and family costs (e.g., travel, baby sitting, home modifi-
cations, time of family caregivers, lost patient nonworking time). More
restricted perspectives include the health care system, a particular payer (e.g.,
managed care, third-party insurer), a particular institution (e.g., hospital), or
the patient.

A single outcome measure must be selected for all the programs to be com-
pared at one time with cost-effectiveness analysis. Typically this is the primary
clinical outcome measure for the programs being compared (e.g., cases detected,
symptom-free days, percent serum cholesterol reduction, life years gained).
Ideally, outcome measures should relate to a final outcome such as life-years
gained rather than to an intermediate clinical measure such as percent serum
cholesterol reduction. If intermediate outcomes must be used, it is important to
establish the link between such outcomes and final outcomes, or to show that
such intermediate outcomes themselves have value.

Costs and outcomes that occur in the future must be discounted to their equiv-
alent present value using an established discount rate (see term: Discounting).

Cost-effectiveness analysis attempts to determine the true costs and outcomes
that would occur in the real world, not in the artificial world of clinical trials. Thus,
if effectiveness data is taken from clinical trials, some authors use the term “cost-
efficacy analysis” to indicate that the outcomes represent efficacy rather than effec-
tiveness. Efficacy refers to the outcomes achieved in the highly controlled environ-
ment of clinical trials. Effectiveness represents outcomes achieved in the real world.

Cost-effectiveness studies may be prospective studies or modeled studies. In
prospective studies patients are randomized to the competing alternatives and
costs, and outcomes are collected over the duration of the study. Ideally, these
should be effectiveness (pragmatic) trials as opposed to efficacy trials. If the lat-
ter, appropriate adjustments should be made (e.g., compliance) to convert to
the real world. In modeled studies, outcomes are often taken from clinical trials
or from a meta-analysis or systematic review of trials, and costs are taken from
real world experience.

After determining the costs and effects of each program, the programs are
compared using the cost-effectiveness ranking algorithm (see term: Domi-
nance). It consists of ranking the programs in order of their costs, eliminating
those that are dominated by simple dominance, computing the ICERs, elimi-
nating those that are dominated by extended dominance, computing the final
ICERs, and interpreting the results.

Finally, the uncertainties in the data and in the methodologic assumptions
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should be investigated by sensitivity analysis to determine the impact on the
results.

VALUE AND USE

Cost-effectiveness analysis is the most widely used of the techniques of health
economic evaluation and pharmacoeconomics. It is unequivocally central to
the field. The literature is full of countless examples.

To enhance the comparability across different cost-effectiveness studies, the
Panel on Cost-Effectiveness in Health and Medicine convened by the US Public
Health Service recommended that all studies include a reference case. The refer-
ence case prescribes standard approaches (e.g., how to measure costs, how to
measure effectiveness, use of quality-adjusted life years, whose preferences
to use for quality-adjusting life years, use of 3% discount rate, how to deal with
uncertainty, etc). The intent was that all studies should do a reference case anal-
ysis in addition to any other analyses desired by the study authors, and these
reference cases, all done with comparable methods, would allow comparisons
across different cost-effectiveness studies.

IssuEs

Many cost-effectiveness analyses are performed from a restricted perspective:
for example, the perspective of a particular payer. This may not lead to the best
overall solution for the health care system, as it may lead merely to cost-shifting.
For example, it can be cost-effective for a particular payer to oft-load costs and
problems onto some other part of the system. For this reason, the Panel on
Cost-Effectiveness in Health and Medicine recommended that the reference
case use a comprehensive societal perspective.

There are many issues related to costing, and these are taken up elsewhere in
the costing sections of this book. One of the more contentious issues is how to
cost lost time, both lost work time and lost nonwork time.

Although most methods guidelines, including the reference case guidelines of
the US Panel, recommend discounting costs and effects at the same rate, this con-
tinues to be a contentious issue in some quarters, and one jurisdiction (the
United Kingdom) mandates a lower discount rate for effects than costs.
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Cost Measurement Methods

Human Capital Method
Friction Cost Method

Two methods of cost measurement are generally used by health care analysts:
the human capital method and the friction cost method.

Human Capital Method

BRIEF DEFINITION

The human capital method is a method of estimating productivity cost in the
absence of market prices. This method estimates the value of human capital as
the present value of an individual’s future earnings.

EXPLANATION

As indicated by its name, the human capital method is used to obtain an esti-
mate of the human capital of an individual. Human capital consists of individ-
ual assets such as knowledge, skills, and other characteristics contributing to the
individual’s ability to produce. Only assets that have been obtained by invest-
ment (e.g., education, work training, and health) contribute to human capital.
Individual assets not acquired through investment, such as genetic characteris-
tics, are not included in human capital.

VALUE AND USE

The lost productivity associated with death, illness, or injury using the human
capital approach is the market value of that individual’s future contribution to
production if he or she had continued to be in full health. Hence, the method is
used to estimate the indirect cost of illness. If a health care program can avoid
the premature death, illness, or injury (i.e., by an investment in health) and if
the investment cost is less than the loss in human capital, the program is worth
undertaking according to the human capital method.

IssuEs

The underlying assumption that the human capital of an individual equals the
individual’s expected future productivity is rather unrealistic in many situa-
tions. One issue is the use of future earnings as a proxy for future production.
In many cases future earnings do not reflect future production—housewives
are good examples of this. Moreover, the human capital method is not consis-
tent with general welfare economics since it does not take into account the value
of leisure time and other activities. In addition, the human capital method has
been criticized because of the underlying assumption that a worker cannot be
replaced even if the unemployment rate is significantly high. The human capital
method would in this respect overestimate the value of foregone production.
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Friction Cost Method

BrIiEF DEFINITION

The friction cost method is a method of estimating productivity cost in the
absence of market prices. This method estimates the value of human capital as
another worker from the unemployment pool replaces the present value of a
worker’s future earnings until the ill and absent worker returns or is replaced.

EXPLANATION

The friction cost method has been developed as an alternative approach to the
human capital method. Whereas the human capital method assigns the whole
value of an individual’s future earnings as the indirect cost, the friction cost
method assigns only the value of the individual’s future earnings until another
worker from the unemployment pool replaces the ill worker. As a consequence,
the friction cost is restricted to the short-term consequences of illness, injury,
or premature death. The short-term period is called the friction period and is
defined as the period needed to replace the sick worker. The length of this
period depends on the general unemployment level and on the efficiency of the
matching process between job seekers and vacancies. It also depends on factors
such as age, sex, and education.

VALUE AND USE

The loss in human capital due to illness, injury, or premature death is measured
as the estimated value of the lost production. The value of this lost production
is then used as an estimate of the indirect cost of illness.

IssuEs

Regardless of whether the human capital approach or the friction cost method
is used, the loss in human capital will be more or less the same in the short-
term perspective. However, in the long-term perspective the friction cost
method will result in a cost estimate lower than the human capital method. The
main reason for this is that the friction cost method, in contrast to the human
capital method, assumes that after the friction period the ill worker will be
replaced by a previously unemployed one, and therefore limits the cost of lost
production to the friction period. Hence, the friction cost method assumes that
illness, injuries, or premature deaths will not affect the total productivity follow-
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ing the friction period. The controversial conclusion from this is the friction
cost method suggests that illness, injuries, and premature deaths would reduce
the total unemployment rate in the economy.
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Cost-Minimization Analysis

BRIEF DEFINITION

Cost-minimization analysis (CMA) is a type of pharmacoeconomic analysis
comparing two alternative therapies only in terms of costs because their out-
comes (effectiveness and safety) are found to be or expected to be identical.

EXPLANATION

The economic analysis of medical technologies, in general, and pharmaceuti-
cal therapies, in particular, is based on the principle of comparing alternatives
in terms of costs and of health outcomes. The principal types of analyses—
cost-consequence analysis, cost-minimization analysis, cost-effectiveness
analysis, cost-utility analysis, and cost-benefit analysis (see terms: Cost-Benefit
Analysis, Cost-Consequence Analysis, Cost-Effectiveness Analysis, Cost-Utility
Analysis)—differ primarily in terms of how the health outcomes (i.e., items
that are not included in costs) are assessed and measured. Because of the diffi-
culties of measuring outcomes or effectiveness, the approaches differ prima-
rily in how they handle this valuation. Cost-consequence analysis simply lists
the consequences (survival impact, pain, quality of life, etc) for decision
makers to consider and apply their own preferences and valuations. Cost-
effectiveness analysis focuses on a single important outcome parameter, e.g.,
symptom-free months, and compares the alternatives as a ratio in terms of
the incremental cost of any incremental gain in that effectiveness measure.
Cost-utility analysis uses preference measurement techniques to convert the
vector of consequences into a nonmonetary metric, such as quality-adjusted
life year (QALY) or healthy-years equivalent (HYE) (see terms: Healthy-Years
Equivalent [HYE], Quality-Adjusted Life Year [QALY]). The measure then
becomes a ratio of the incremental cost per QALY gained (for example),
which can be compared with other technologies for which this metric has been
applied to the denominator. Cost-benefit analysis takes the further step of valu-
ing the alternative health outcomes in monetary terms by applying valuation
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techniques such as willingness to pay or contingent valuation (see term: Con-
tingent Valuation). The existence of these alternative methods to evaluating
health outcomes is testimony to the difficulty of the task. Cost-minimization
analysis has the conceptual advantage of avoiding this problem because the
health outcomes are deemed or demonstrated to be equivalent; hence, the
preferred alternative will be the least costly one.

VALUE AND USE

In practical terms, the value and use of cost-minimization analysis is very lim-
ited for assessing new medical interventions, especially new pharmaceuticals.
With the exception of generic drugs, most new compounds are expected to have
at least a slightly different side effects profile, if not efficacy differential, simply
by being a different molecular entity. In the case of generic copies, the health
outcomes should be the same, so the comparison becomes a trivial comparison
of drug acquisition costs.

Sometimes the term “CMA” is used in a loose, nontechnical sense to com-
pare “me-too” drugs, slightly differing molecules with the same mechanism of
action that produce clinical outcomes that are only slightly different, but identi-
cal for practical or measurable clinical purposes. One could say that comparing
them is really a matter of cost minimization, viz, choosing the one with lower
acquisition cost.

A more interesting analysis would be having two different drugs in the same
class and with identical clinical endpoints for efficacy and safety, but with a dif-
ferent formulation, for example tablet versus intravenous infusion. The differ-
ence in costs of the two would involve more than just acquisition cost. The
latter might require visits to providers that would require additional time and
administration costs that need to be considered.

IssuEs

From a practical decision-making point of view, it is certainly possible to think
of drug comparisons, such as between me-too drugs, in which the clinical out-
comes (i.e., efficacy and safety) would not be judged to be significantly differ-
ent. In those situations, the comparison should logically focus on differences in
costs of drug acquisition and administration and differences in nonmedical
costs, such as the value of a patient’s time. As Briggs and O’Brien (2001) eluci-
date, the limitations of CMA are underscored by considering its use in the eco-
nomic evaluation of pharmaceuticals alongside clinical trials, which may not be
powered to measure either clinical differences or cost differences. A trial could
support the hypothesis of clinical (outcome) equivalence either when it was
powered to demonstrate that or when it was underpowered to find a difference.
In the former instance it would be proper to go ahead and apply statistical tests
only to the measured cost difference. In the latter instance, such tests would be
improper and could lead to the wrong decision. In these situations, the estima-
tion of cost-effectiveness ratios with appropriate confidence intervals is a more
reliable technique.
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Cost-of-Illness Study

BRIEF DEFINITION

A cost-of-illness study (COI) or a cost-of-disease study aims to determine the
total economic impact (cost) of a disease or health condition on society
through the identification, measurement, and valuation of all direct and indi-
rect costs. This form of study focuses on costs and does not address questions
relating to treatment efficiency.

EXPLANATION

COI studies provide an estimate (in monetary terms) of the total economic
impact to society of a particular disease. Adopting such a societal viewpoint can
include a measure of the financial burden falling onto different sectors of soci-
ety including: the state or government (e.g., health and social welfare minis-
tries), specific organizations or institutions (e.g., employers, health insurances,
sickness funds), and individuals themselves with the condition.

Performing a COI study means adopting one of two main approaches to
costing. The prevalence approach (the most commonly used) provides an esti-
mate of the total annual cost associated with a disease. The approach provides
an estimate of the lifetime costs of incident cases diagnosed in a given year.
Within these overarching frameworks, individual component costs (i.e., direct,
indirect) are addressed in different ways. Direct costs are calculated using either
the “top-down” or “bottom-up” costing techniques or both. Indirect costs,
associated with lost economic activity (i.e., the value of the output that is lost to
an economy because people are too ill to work or die prematurely) are calcu-
lated using the human capital method (most common method) or the fric-
tion cost method (see term: Cost Measurement Methods). The choice of any
specific methodology used is often determined by the data available to the
investigator.

VALUE AND USE

COI studies communicate to the reader a measure of the total expenditure (as
well as the relative weighting of direct and indirect costs) spent on a particular
disease (e.g., the use of health and social care services) in comparison to the
scope of the health problem (i.e., epidemiological estimates of mortality and
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morbidity of the disease). Comparisons can theoretically be made across dis-
eases (e.g., across chronic diseases such as asthma, diabetes, or arthritis or pre-
vention programs such as breast cancer prevention) within a particular county
or region or between countries. For example, Barnes et al reviewed the litera-
ture on cost-of-illness studies in asthma and compared direct and indirect costs
across Europe, North America, and Australia.

COI studies have been controversial with respect to their use in resource
prioritizing decisions. In addition, COI studies provide a market measure
for the pharmaceutical industry with respect to assessing market volume
potential (low to high) and treatment patterns of specific health problems
and diseases.

IssuEs

COI studies certainly raise the cost-consciousness of policymakers and provide
a simple, single index of the burden of illness (total, direct, and indirect costs
versus the scope of the health problem). However, both the choice of costing
methodologies available to researchers (e.g., human capital vs friction cost to
estimate indirect costs) and the use of the results of COI studies to aid resource
prioritizing decisions remain contentious issues. Indirect costs often represent a
large proportion of reported total costs in COI studies (an issue in itself), and
can vary considerably depending on which approach is employed.

The argument that COI studies point to areas in which cost savings might be
made (if a disease is eradicated or the burden lessened) is often unrealistic or at
best overestimated. Decisions on the allocation of (scarce) resources should
depend on the availability of treatment options, their cost, and their effective-
ness. Although COI studies can provide a baseline against which new interven-
tions can be assessed, this form of study provides very limited understanding of
what health gains are attainable from specific treatment interventions and pre-
vention programs for a given level of expenditure: that is, whether specific
interventions are financially worthwhile. Cost-effectiveness, cost-utility, and
cost-benefit analyses are required for this kind of analysis.
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Cost-Utility Analysis

BRIEF DEFINITION

Cost-utility analysis (CUA) is a methodology of economic analysis that com-
pares two or more alternative choices in terms of both their costs and their out-
comes, where the outcomes are measured in units of utility or preference, often
as a quality-adjusted life year (QALY) (see term: Quality-Adjusted Life Year
[QALY]). The purpose of the analysis is to compare, using cost-effectiveness,
two or more alternative choices in terms that are both clinically meaningful and
can be compared with other economic analyses. Cost-utility analysis can be
considered the “gold standard” methodology for evaluating the cost effective-
ness of health care choices.

EXPLANATION

Cost-utility analysis is a specific type of cost-effectiveness analysis (see term:
Cost-Effectiveness Analysis) in which the denominator is measured in terms of
quality-adjusted life years gained. This standard outcomes measurement is
important because it allows cost-utility measures to be compared across studies
and allows one to determine a level of “acceptable” cost utility for health care
choices: that is, a “threshold level” of cost/QALY. In contrast, cost-effectiveness
analyses that use an intermediate outcome as the denominator such as cost per
infection cleared, or cost per cancer detected, cannot be compared with each
other. Cost-benefit analysis that uses the human capital method to evaluate sur-
vival effects can be inequitable when comparing some groups, such as males
and females, or the elderly and the young, as this measure depends on one’s
ability to earn income. CUA is a methodology that avoids these deficiencies of
the other two methods. In addition, CUA has the advantage over other cost-effec-
tiveness methodologies of including quality adjustments, which are especially
important when two alternatives differ in their effects on the quality of life as
well as on survival.

A cost-utility analysis is expressed in terms of a ratio of the incremental costs
of two alternatives over the incremental quality-adjusted life years of the two
alternatives. The result shows the cost of saving one quality-adjusted life year
(cost/QALY) for that choice.

VALUE AND USE

CUA is used to determine the relative value of alternative health care programs.
It is similar to cost-effectiveness analysis except for its use of QALY as the mea-
surement of outcome in the denominator. Therefore the focus of this discussion
is on the use of QALYs in a CUA, and one should refer to the entry on Cost-
Effectiveness Analysis for more information.

The denominator in the cost/utility ratio is the incremental gain in QALYs
comparing one program to another. The advantage of using QALYs as the out-
come measure is that it allows comparability across all CUA studies. QALYs are
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a universal measure that can be applied to all patients and all diseases. In this
way, QALYs provide the common metric that enables decision makers to com-
pare CUA ratios across different studies. See the section on Quality-Adjusted
Life Years for more details.

The quality weights for QALY are based on individual preferences for differ-
ent health states. These quality weights, or utilities, can be measured directly using
time-consuming instruments such as standard gamble, time trade-off (see terms:
Utility, Utility Measurement), or sometimes even with a visual analog scale.

The quality weights can also be provided more simply by using one of the multi-
attribute utility indexes such as the Health Utilities Index, EuroQol EQ-5D, or
Quality of Well-Being (see term: Health Utilities Index).

Alternatives to the use of the QALY for cost-utility analyses are also sug-
gested. For example, the World Bank uses the disability-adjusted life year
(DALY) (see term: Disability-Adjusted Life Year), and others suggest that a mea-
sure of healthy-year equivalents (see term: Healthy-Years Equivalent) is a more
accurate reflection of utility than are QALYs. Most CUAs, however, are con-
ducted using cost/QALY as the unit of measurement.

QALYs are calculated by summing the product of the survival years and the
utility for each year of survival. If the survival year is spent in perfect health,
that year is multiplied by one and therefore has a full value. However, if that
year is spent in a health state specified with a 0.8 utility value, that year’s sur-
vivalis 1 X 0.8 or 0.8 QALY. If all 5 years of survival due to an intervention have
a 0.8 utility value, the total QALY for that intervention (A) is calculated as 5 X
0.8 = 4 QALYs. If the alternative intervention B has the same survival of 5 years
but with perfect health, then the calculationis 5 X 1 = 5 QALYs.

The incremental CUA of alternative B versus A is calculated as:

(Cost B — Cost A)/(QALY of B — QALY of A).

If the cost of intervention B is $5000 and the cost of A is $4000, and if the
QALYs of B are 5 and the QALYs of A are 4 (as described above) so that inter-
vention B is more costly but also provides more QALYs, then the incremental
CUA of B is ($5000 — $4000)/(5 — 4) = $1000/1 QALY.

Therefore, it costs an additional $1000 per each additional QALY gained to
choose alternative B over alternative A.

EXAMPLE

A cost-utility analysis to compare the use of interferon in stage II malignant
melanoma patients who are positive for micrometastasis with a sentinel lymph
node biopsy (SLN) are presented below in steps as an example.

1. Identify the two alternative decisions: Strategy A is not to test or treat
anyone with interferon with stage II malignant melanoma, and Strat-
egy B is to test everyone with SLN and treat all positives with high dose
interferon.

2. Gather outcome data, utility data, and cost data: Clinical trial data is used
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to assess survival at 5 years with the use or nonuse of interferon in stage II
patients. A utility study which measured the utility of different health
states with malignant melanoma and with and without interferon treat-
ment is used to adjust survival to account for the effects of the side effects
of interferon and the effects of the melanoma itself on subjects. Costs
were estimated from a combination of the literature, Medicare costs, and
locally derived costs.

3. Determine life expectancy, utility, and cost:

Quality Adjusted

Survival (years) Costs
Strategy A: No test, no interferon 3.06 $18400
Strategy B: SLN test, interferon to positives 3.37 $24200

4. Calculate the incremental CUA:

Cost Strategy B — Cost Strategy A
CUA = QALY Strategy B — QALY Strategy A

$24200 — $18400

= 337 -3.06
5800

= 031

— $18700/ QALY

5. Draw conclusions: Therefore it costs an additional $18700 per additional
QALY saved if you choose to test all stage II patients with SLN and then
treat those who are positive with high dose interferon treatment rather
than not testing anyone and not providing any stage II patients with
interferon treatment. This is below the often-used cut-off threshold of
$50000 per QALY, and therefore strategy B is a cost-effective choice.

IssuEs

Several issues are debated with respect to CUA and utilities. One is whether
cost/QALY should be the “gold standard” for cost-effectiveness analyses.
Although this type of analysis offers a standardization that allows comparisons
across interventions, it may not measure equitably across all interventions. For
example, it may be necessary to provide different cut-off threshold CUA values
for chronic versus acute conditions.

Other issues important to CUA are those related to utility measurement itself.
Different methods to measure the utility score produce different utility scores.
Methods and instruments to measure utilities include both direct approaches,
such as the standard gamble and time trade-off, and indirect approaches, such
as the Health Utilities Index and EuroQol EQ-5D.

CUA includes both the length of life and the quality of life. In the early days of
CUA, utility could only be incorporated in a study by undertaking time-consum-
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ing and difficult direct measurement. Accordingly, utility was often not included in
the earliest cost-effectiveness studies or was not measured as accurately as is desir-
able. Thus in the early days there were more CEAs and fewer CUAs. More recently,
simple multiattribute utility instruments have become available (e.g., Health Utili-
ties Index, EuroQol EQ-5D, Quality of Well-Being) that can be readily added to vir-
tually any study. Accordingly, CUAs are now becoming more common.
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Cost — General

Fixed Cost
Variable Cost
Total Cost
Average Cost
Marginal Cost
Sunk Costs

BRIEF DEFINITION

Cost refers to the sacrifice of alternative benefits made when a given resource is
used for any purpose (e.g., consumption or production).

EXPLANATION

As the saying goes, there is no free lunch. Any activity we undertake involves
costs. The cost of engaging in an activity is the sum of all other benefits that can
be generated by the same amount of resources taken away from us for this activ-
ity. It is commonly seen that the terms cost and opportunity cost (see term:
Cost — Opportunity Cost) are used interchangeably. There are many subterms of
costs. For example: fixed cost, variable cost, total cost, average cost and mar-
ginal cost. In health economics, cost is composed of direct cost and indirect cost
when calculated from the societal perspective (see term: Cost — Health Economics).

Fixed cost is the type of cost that does not vary with the amount of out-
put produced (typically, within one year) and generally includes investment
such as equipment and land that cannot be obtained or traded in the short
run. However, in the long run, fixed cost will vary when a firm has enough time
to adjust its production strategy. Variable cost is composed of material expenses
and wages that can change according to the amount of output produced. In the
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short run, total cost of production equals the sum of fixed cost and variable
cost. Average cost is total cost divided by the quantity of output. Marginal cost
refers to the extra cost of producing an additional unit of output.

VALUE AND USE

Cost and benefit are the two most important factors considered by any decision
makers for resource allocation. Costs can be measured in terms of any type of
resource (e.g., time or food), but most commonly they are measured in terms
of money. In calculating a cost, it is important not to double-count. For example,
the time we spent watching a movie could have been used to play tennis or to
write a paper, but not both. Therefore, it would not be correct to count both the
forgone tennis game and the forgone paper as the cost of watching a movie.

When facing options that generate the same benefits with different costs, a
rational person will choose the option with the lowest cost. Generally, if none of
the options can generate more benefit than cost, this rational person will not
take any option. To achieve an optimal point (where the profit is maximum or
the loss is minimum), however, marginal cost and marginal revenue/benefit
will be better indices. For a firm to maximize profit (or minimize loss), given no
constraints, it should produce at the point where the marginal cost equals the
marginal benefit—the optimal point. Note that when total cost equals total
benefit it will only be break-even. For a consumer to obtain the maximum util-
ity when the budget allows, he or she will continue to consume a good until the
marginal utility equals the marginal cost.

IssuEs

Note that “cost” is not “price.” The market usually determines price. The pro-
cess of determining the “price” of a good or service is usually more complicated
than determining the “cost” because it varies in different types of market and
depends on many factors (e.g., taxes, subsidies). For example, in a monopoly or
oligopoly market (i.e., a market that only has one or very few sellers), the sellers
can charge a price that is much higher than the product’s cost.

When calculating the cost of an activity with a long duration or which
occurred several years in the past, the cost should be converted (either dis-
counted or inflated) to the present value with a properly chosen rate. When
using cost data from different countries, a common currency should be chosen
and exchange rates should be applied to convert the costs obtained in other
countries to those based on that specific currency.

Sometimes a firm is better off producing outputs even if the average cost is
higher than the market price. This possibility arises in a situation when the
price is higher than the average variable cost, so the firm can cover some of
the fixed costs and will not lose all of the investment made on capital goods.
The investment in capital goods will become sunk costs when the firm stops
production completely.
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Cost — Health Economics

Direct Cost Ancillary Cost
Indirect Cost Averted Cost
Intangible Cost Incremental Cost
Acquisition Cost Out-of-Pocket Cost
Allowable Cost

BRIEF DEFINITION

Cost in health economics refers to the resources consumed during the provi-
sion of health care.

EXPLANATION

There are generally three types of cost—direct, productivity (or indirect), and
intangible. Direct cost refers to those resources whose consumption is wholly
attributable to use of the health care intervention in question. Direct costs
include resources such as physical goods, labor, and time. The term indirect
costs is used differently in different disciplines; however, in pharmacoeconom-
ics and outcomes research it generally refers to lost productivity (paid or
unpaid) resulting from morbidity or mortality. Both direct and productivity
costs are typically presented in monetary terms. Intangible cost refers to the
pain and suffering imposed by disease and its treatment and are typically more
difficult to quantify in monetary terms.

Resources used and their costs for the same intervention will vary when
calculated from different perspectives (e.g., societal perspective or payer’s
perspective).

Several subterms related to costs in health economics:

Acquisition cost: the purchase price of a drug, device, or other health care
intervention to an institution or a person. Acquisition cost for the same
product or service typically varies depending on the purchaser and on the ar-
rangements made between the manufacturer or provider of the service and
the ultimate practitioner who delivers or provides the product to the patient.

Allowable cost: the charge for services rendered or supplies furnished by a
health provider that qualify as expenses covered by the insurer or govern-
ment payer.
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Ancillary cost: the fee associated with additional services such as laboratory
work, X-ray, and anesthesia that are performed prior to and/or secondary to
a significant procedure.

Averted cost: a potential financial outlay (for resource utilization) that is
avoided by using an alternative health care intervention, typically compared
to standard care.

Incremental cost: the additional cost of a health care product or service com-
pared to an alternative.

Intangible cost: costs assigned to the amount of suffering that occurs be-
cause of the disease or health care intervention. Increasingly these are being
included in utility assessments.

Out-of-pocket cost: the portion of a payment paid for by an individual with
his or her own money as opposed to the portion paid for by the insurer. For
example, copayments and deductibles are out-of-pocket costs.

VALUE AND USE

In any decision analysis model, cost is always one of the factors included
while its counterfactor varies from benefit (in cost-benefit analysis), effective-
ness (in cost-effectiveness analysis), and quality-adjusted life years or utility (in
cost-utility analysis). While comparing two interventions that can achieve the
same outcome, cost would be the only factor that a decision maker has to con-
sider. Such analyses are often called cost-minimization analyses.

Two elements of estimating cost are: measurement of the quantities of
resource used and the assignment of unit costs or prices. The measurement
of quantities is generally relatively straightforward with the use of case report
forms (in clinical trials), case notes, hospital records, or other data collection
systems. Unit costs might not always be available and often vary across different
regions, time periods, or providers.

Two common approaches to account indirect costs are through a human
capital method or a friction cost method (see term: Cost Measurement Meth-
ods). The main difference between the two methods is that the friction cost
method reduces the period of production loss to the period needed to replace
the sick employee: the friction period.

IssuEs

In addition to those issues covered above, several others have to be considered
when calculating costs for health products or services:

1. How can costs be estimated for nonmarket items? Patient/family leisure
time and volunteer time are major nonmarket resource inputs to health
care programs. To estimate the costs of these types of resources, the mar-
ket wage rate can be used as a proxy. One can argue, though, that the cost
of leisure time lost could be anything from zero to average overtime
earnings. For other nonmarket items, their costs can be estimated



52 COST - HEALTH ECONOMICS

through different economic techniques such as contingent valuation and
conjoint analysis.

2. How long should costs be tracked? This is up to the analyst so long as
the result does not mislead the decision maker or user. The choice of
follow-up period for estimating therapy-specific or disease-specific
costs should not bias the analysis in favor of one intervention over
another.

3. What about inconsistency in estimating morbidity costs—in numerator
or denominator? Under specific circumstances, it does not matter
whether some costs (e.g., patient intangible costs, patient out-of-pocket
productivity costs) are incorporated in the numerator (in dollar terms) or
in the denominator (QALYs) of the cost/effectiveness ratio, as long as the
practice is consistent.
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Cost — Opportunity Cost

Accounting Cost

BRIEF DEFINITION

Opportunity cost is the value or benefit of the best-forgone option. The oppor-
tunity cost of using a resource in a given activity is the value/benefit/return/
compensation that must be forgone because the resource is not available for use
in the next best option.

EXPLANATION

The opportunity costs of using a given quantity of resources to produce a unit
of health care precludes the use of those resources in their next best, most val-
ued use. There are a number of examples that illustrate the concept of opportu-
nity costs:

Suppose you have a certain amount of money and time to spend on a favor-
ite pastime. The value of your money and time in their next most valuable
and forgone use is the opportunity cost of the chosen pastime. Even if the
pastime is free, the opportunity cost is not zero, because your time could
have been spent in other valuable activities. Even though the money price of
an activity may be zero, the opportunity cost is never zero as long as valuable
alternatives exist.
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For a health services example, the opportunity cost of the resources (ortho-
pedic surgeons, anesthetists, operating room, nurses, etc) to handle traffic
accidents could be the number of total hip replacements forgone per year.

Opportunity cost is the distinguishing feature between accounting costs and
economic costs. Accounts have been primarily concerned with measuring costs
for financial reporting purposes. Accounting cost is defined as historical outlay
of funds that occur in the exchange or transformation of a resource. Econo-
mists have been primarily concerned with measuring costs for decision-making
purposes (resource allocation decisions). To achieve this objective requires that
the value of the opportunities forgone be considered. The relevant costs should
be explicitly measured, as the following simple algebraic relations show:

Accounting profit = Total revenues — Accounting costs
Economic profit = Total revenues — Opportunity costs

VALUE AND USE

Opportunity costs capture the important concept of alternative resource use.
Although it is relevant in all costing, it is particularly useful when determining
the cost of resources that either do not have a market price (e.g., hospital volun-
teers, spouse helpers) or whose market price is hard to determine (e.g., lost
patient time).

IssuEs

Perhaps the biggest issue involving opportunity costs is that these costs are
sometimes very difficult to measure. Cost estimates can be highly subjective
and arbitrary. Nevertheless, just the recognition that opportunity costs exist for
all resource use decisions is an important step toward capturing the true eco-
nomic costs of scarce resource use.
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Data Coding Systems

Diagnosis-Related Group (DRG)

Major Diagnostic Category (MDC)

Strategic Product-Line Grouping

International Classification of Diseases 9th/10th Edition Clinical Modification
(ICD 9/10 CM)

Physicians Current Procedural Terminology, Fourth Edition (CPT 4)

Health Care Cost and Utilization Project (HCUP) Coding System

National Drug Code (NDC)

Resource Intensity Weight (RIW)

BRIEF DEFINITION

The term data coding systems refers to a methodology for classifying aspects of
patient health and health care commonly used by health care policymakers,
practitioners, and researchers to summarize the characteristics of patients and
health care. This section discusses several examples of data coding systems.

Diagnosis-Related Group (DRG)

BRrRIEF DEFINITION

Diagnosis-related group (DRG) is a methodology for classifying patients
receiving inpatient care in a hospital into a clinically homogeneous category of
disease state and type of resource utilization.

EXPLANATION

Developed at Yale University in the 1970s, DRGs were designed with the explicit
objective of creating relatively homogeneous groups with respect to financial
cost. Each patient’s inpatient hospital stay is assigned a DRG based on principal
and comorbid diagnoses, the principal and secondary procedures performed
during the hospitalization, as well as the type of treatment (surgical or medi-
cal), age, sex, and discharge status.

An algorithm was developed to assign individual cases to groupings that
exhibit common resource-use tendencies as measured by length of stay. Each
DRG is assigned a relative weight intended to approximate the complexity and
relative amount of resources used by an average case in the group. There are
approximately 500 DRGs.

In 1983, the federal government, as required under the Social Security
Amendments of 1983 (Public Law 98-21), initiated DRGs as the starting point
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in determining the amount of reimbursement to hospitals for treating Medicare
patients. They are the reimbursement measures for the Prospective Payment
System that began as a means to: (1) reduce the growth in Medicare outlays; (2)
provide cost containment incentives to providers; and (3) maintain quality of care.

VALUE AND USE

In the United States, Centers for Medicare and Medicaid Services (CMS, for-
merly the Health Care Financing Administration [HCFA]) (see term: Health
Insurance Programs, Government — United States) uses DRGs to determine
prospectively reimbursement for hospital inpatient care for Medicare beneficia-
ries. The amount of the prospective payment for a specific inpatient hospital
stay is based on the patient’s DRG. Since the provider knows the payment level
per DRG beforehand, it has an incentive to identify and implement ways to
deliver care as efficiently as possible, even while the patient is in the hospital.

Using DRG weights, a hospital can develop a case-mix adjusted admissions
measure that can be used as a management tool for allocation of resources.
Typically it is a better tool than simply the number or admissions or patient
hospital days for understanding the level of resources required to serve the hos-
pital’s patient population.

In the Medicare system, the DRG payment generally covers all costs except
for capital, medical education, and bad debts by Medicare patients.

IssuEs

Although widely used, some believe DRGs do not adequately measure the com-
plexity and severity of each patient. Additionally, the payment scheme does not
seem to be consistent. Most providers believe that there is great variability in
how the payment is developed—profits can be made on a small number of
DRGs while other DRGs will always result in losses, no matter how much the
process of care is redesigned. Moreover, there is a disincentive to have high-
quality intensive care units and emergency departments in view of the fact that
hospitals are paid the same amount for a particular DRG, whether or not these
additional resources were used. Furthermore, DRG codes may not be very use-
ful for health services research since some coding is subject to “DRG creep,’
where hospitals may choose diagnosis codes that result in higher payments,
thereby maximizing their Medicare reimbursements.
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Major Diagnostic Category (MDC)

BRIEF DEFINITION

Major Diagnostic Category (MDC) refers to methodology for classifying DRGs
into clinically homogeneous categories based on major body organ systems,
therapeutic areas, and physician specialties.

EXPLANATION

In the United States, to effectively manage the large number of DRGs, the Centers
for Medicare and Medicaid Services (see term: Health Insurance Programs,
Government — United States) classifies each under one of 25 MDCs based on the
DRGS’ principal diagnosis or procedure. No DRG appears in more than one
MDC. Examples include: nervous system; eye; ear, nose, mouth, and throat; res-
piratory system; circulatory system; digestive system; hepatobiliary system and pan-
creas; musculoskeletal system and connective tissue. Although the majority of
MDC:s correspond to a single body system or therapeutic area, some represent con-
ditions that may impact more than one body system, such as infections or burns.

VALUE AND USE

In the past, there has not been much use for MDCs other than to use them to
describe a group of DRGs. However, in the future there may be a place for
MDCs as a method to determine whether health care providers should consider
specializing in an area. Because providers are finding it more and more difficult
to make money on many of their DRGs, a financial analysis could uncover a
specialty in which the provider has low costs and good outcomes. If this were
the case, a hospital could strategize to increase market share by developing the
services in that MDC (recently called a “focused factory” in the literature, see
Eastaugh 1998). In deciding which areas to develop, it would be difficult for a
hospital to analyze the more than 500 DRGs currently used. Instead, the hospi-
tal could use the MDCs knowing that it is important to ensure a highly profit-
able service line, rather than using individual DRGs.

IssuEs

MDCs are not widely known or used by health providers. Although there is
wide interest in grouping DRGs into functional categories, most of the litera-
ture provides methods other than the MDCs of doing so or it suggests that
the process needs to be provider specific. An example of another methodology is
the strategic product-line grouping (SPG), defined as a cluster of DRGs per-
formed by an identified subset of the medical staff. The only difference between
SPGs and MDC:s is that the provider develops SPGs with extensive input from the
physicians. However, both are used to determine profitability of a set of DRGs.
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International Classification of Diseases 9th/10th Edition Clinical
Modification (ICD 9/10 CM)

BRIEF DEFINITION

The International Classification of Diseases (ICD) system is a coding system
used to classify patient diagnosis as well as medical and surgical procedures.

EXPLANATION

The Tenth Revision of the International Statistical Classification of Diseases and
Related Health Problems (ICD) is the latest in a series that was formalized in
1893 as the Bertillon Classification or International List of Causes of Death.
While the title has been amended to make clearer the content and purpose and
to reflect the progressive extension of the scope of the classification beyond dis-
eases and injuries, the abbreviation “ICD” has been retained. In more recent
revisions, conditions have been grouped to facilitate epidemiological research
and the evaluation of health care and its outcomes. Adopted in 1948 by the
World Health Organization (WHO) as a basis for mortality statistics (referring
to principal cause of death), this system is in its 10th edition (ICD-10), although a
number of organizations have not yet migrated from the 9th edition—ICD 9
CM (www.ahima.org).

The ICD-10 system categorizes diseases into a three-character category (a sin-
gle letter followed by two numbers), with one-digit and two-digit refinements or
extensions. The ICD consists of more than 900 groups, which coarsely aggregate
to the level of 110 main groups. The ICD 10 CM (the current version) is a two-
part medical information coding system used in abstracting systems and classi-
fying patients for DRGs. The first part consists of a comprehensive list of diseases
with corresponding codes compatible with the WHO list of disease codes. The
second part contains procedure codes that are independent of the disease codes.

VALUE AND USE

ICD 9/10 CM was developed in the United States based on the WHO system
and has become the standard and basis for medical care coding in the United
States. Guidelines for its use as the US coding standard are published by the
Centers for Medicare and Medicaid Services. The information in the medical
record forms the basis of how a patient case is coded and is important in physi-
cian and hospital reimbursement, quality review, and benchmarking. Some
Canadian provinces also use ICD 9 CM diagnosis and procedure codes.

IssuEs

Because the ICD is the standard for capturing clinical data in the United States
and is commonly used either directly or indirectly for reimbursement of care,
many consider it appropriate for patient-level research on health care and its
costs and outcomes. In this regard, studies have demonstrated its validity with
certain types of claims or administrative data.
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However, although code administrators strive to update codes as appropriate
and eliminate ambiguities as diagnoses and health care evolve, ambiguities still
may result. More troubling is misclassification of patients or care through use
of codes that are partly but not entirely appropriate (e.g., to obtain a higher
reimbursement level), or nonuse of codes for procedures not warranting sub-
stantial payment. These errors tend to result in suboptimal findings of the
research involving data where those ICD codes are used.
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Physicians Current Procedural Terminology, Fourth Edition (CPT 4)

BRrIEF DEFINITION

The Physicians Current Procedural Terminology (CPT) system is a listing
developed by the American Medical Association (AMA) of descriptive terms
and identifying codes that describe medical, surgical, and diagnostic services.

EXPLANATION

The purpose of CPT is to provide a uniform language and therefore an effective
means for reliable nationwide communication among physicians, patients, and
payers. Each CPT code contains five numeric digits for billable medical procedures.

The AMA first developed and published CPT in 1966. The first edition
helped encourage the use of standard terms and descriptors to document pro-
cedures in the medical record; helped communicate accurate information on
procedures and services to agencies concerned with insurance claims; provided
the basis for a computer-oriented system to evaluate operative procedures; and
contributed basic information for actuarial and statistical purposes.

The fourth edition, published in 1977, represented significant updates in
medical technology and introduced a procedure of periodic updating to keep
pace with the rapidly changing medical environment. In 1983, the CPT code
was adopted as part of the Health Care Financing Administration’s (HCFA)
health care common procedure coding system. In July 1987, as part of the
Omnibus Budget Reconciliation Act, HCFA (now CMS) mandated the use of
CPT for reporting outpatient hospital surgical procedures.

In 1992, Medicare revised its payments to physicians based on a resource-
based relative value scale approach. At the same time, to ensure more consistent
coding by physicians, the AMA adopted significant changes in how physicians’
evaluation and management services were defined under the CPT methodology.
The AMA also introduced guidelines for coding these services, including the
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extent of history taking and physical examination. When implemented, there
was a shift toward higher reimbursement for primary care physicians. The CPT
guidelines for evaluation and management were further refined in 1998. Each
year an updated version is prepared. The most recent version, CPT-2002, con-
tains 8,107 codes and descriptors.

VALUE AND USE

CPT codes were developed for reporting reimbursable medical services and
procedures used by physicians, primarily in the outpatient setting. Most of the
inpatient medical services are billed by the hospital using the ICD system. Inter-
estingly, the CPT system makes no pretense regarding comprehensiveness, par-
ticularly because the CPT codes are only widely used for outpatient procedures.
The CPT terminology is the most widely accepted medical nomenclature
used to report medical procedures and services under public and private health
insurance programs. CPT is also used for administrative management purposes
such as claims processing and developing guidelines for medical care review. The
uniform language is likewise applicable to medical education and research by
providing a useful basis for local, regional, and national utilization comparisons.

IssuEs

Although more responsive and not as cuambersome to understand as the ICD sys-
tem, the CPT methodology still causes confusion for some. It appears that many
family physicians find it difficult to classify certain visits and that some physicians
have not fully learned the definitions and guidelines of the current coding system.
Additionally, because CPT codes are designed to capture procedures, not treat-
ments, some physicians are confused as to how to code certain treatments.
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Health Care Cost and Utilization Project (HCUP) Coding System

BRIEF DEFINITION

The Health Care Cost and Utilization Project (HCUP) Coding System classifies
hospital outpatients and physicians’ office services for reimbursement under
Medicare and some state Medicaid programs (see term: Health Insurance Pro-
grams, Government — United States).

ExPLANATION

The HCUP Coding System was developed by the Health Care Financing
Administration (HCFA, currently the Centers for Medicare and Medicaid Ser-
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vices [CMS]) and is used to classify services provided in the hospital outpatient
and physicians’ office settings that are covered under Medicare and many state
Medicaid programs (administered and/or funded by Medicare). It is divided
into three levels: Level I consists of CPT-4 codes for physician services; Level 11
consists of national codes for medical services, products, and supplies (includ-
ing durable medical equipment) not included in Level I; Level III consists of
local codes for services. The HCUP National Panel establishes the Level II
alphanumeric HCUP procedure and modifier codes, their long and short
descriptions, and applicable Medicare administrative, coverage, and pricing
data. All CPT codes are HCUP codes but not all HCUP codes are CPT codes.
National codes are updated annually.

VALUE AND USE

CMS mandates the use of the HCUP Coding System to report services for Part
B of the Medicare Program. In October 1986, CMS also required state Medicaid
agencies to use HCUP codes in the Medicaid Management Information System.

IssuEs

HCUP codes were selected for use in HIPAA transactions, which will very likely
increase their importance to providers and to health services researchers.
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National Drug Code (NDC)

BRrRIEF DEFINITION

The National Drug Code (NDC) is the numeric name or code assigned to each
pharmaceutical product.

EXPLANATION

The US Food and Drug Administration (FDA) developed the NDC, and each
drug receives its unique code or codes once approved by the FDA. A drug has
unique codes for different doses and package sizes. The NDC was initially
established as an essential part of an out-of-hospital drug reimbursement pro-
gram under Medicare.

The NDC was developed as a result of the Drug Listing Act of 1972, which
made available to the commissioner of the FDA a current list of all drugs manu-
factured, prepared, processed, or sold by a drug manufacturer registered under
the Federal Food, Drug, and Cosmetic Act. This act requires submission of
information on commercially marketed drugs.

Each drug dose and package is assigned a unique 10-digit, three-segment num-
ber that identifies the labeler/vendor, product, and package size. The NDC has a
hierarchy of 21 major and 139 minor drug classifications, and is updated quarterly
within five working days after the end of March, June, September, and December.
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VALUE AND USE

The NDC facilitates drug reimbursement to retail pharmacists and Medicaid
programs among others. The NDC was intended to provide a standard way of
identifying drug products, and it now serves as a universal identifier for pre-
scription drugs and a few selected over-the-counter drugs.

IssuEs

Overall, there do not seem to be issues in the development of codes or use of the
NDC. The hierarchy of code levels is one way in which the FDA makes the NDC
useful to clinicians and researchers. Another way is by allowing the pharmaceu-
tical firm to assign the second and third segments of the code.
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Resource Intensity Weight (RIW)

BRIEF DEFINITION

Resource Intensity Weight (RIW) estimates the relative resources used by
patients receiving inpatient hospital care (inpatients) and those undergoing
outpatient surgical procedures (day surgery patients).

EXPLANATION

RIWs are ratios that measure expected use of resources and are registered trade-
marks of the Canadian Institute for Health Information (CIHI, formerly the
Hospital Medical Records Institute ). A schedule of RIWs is developed and pub-
lished annually by CIHI based on its case mix group (CMG) grouper, which is
similar to DRGs in the United States, for inpatients and on its Comprehensive
Ambulatory Classification system (CACS) for ambulatory care patients. These
weights were previously based on US charge data (1985 New York data for 1991
grouper; 1991/92 Maryland data for 1993 grouper) in combination with Cana-
dian data provided by the Ontario Case Costing Project. As of 2000, primarily
Canadian data are being used because US practice patterns and associated costs
were not representative of Canadian care and costs.
An example of a typical calculation (in 1995 dollars) is detailed here:

For stroke, the New York State Service Intensity Weight (NYSI) is $3900.63, the
CIHI average length of stay is 15 days, and the New York average length of stay
is 13.9 days. Therefore the New York routine cost per day is $271.61, and the
standardized relative cost for the entire CIHI database is $1561.84. The RITW
for stroke = typical cost/1561.84. Typical cost is computed by adding 3900.63
to the product of (15 — 13.9) and 271.61. The result is a RTW of 2.68.
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By using data from New York and Canada, the RIW attempts to adjust for the dif-
ferences that exist. The result is interpreted as a stroke case that is estimated to use
2.68 times as many resources as the average typical case in the CIHI database.

RIWSs were developed responding to the need of Ontario health providers (as
expressed to the CIHI) for a measure of hospital output that would be fairer
and more flexible than the measures instituted in Canada in the early 1970s as a
part of global hospital budgets.

VALUE AND USE

Canadian hospitals use CMGs together with RIWs (which define the financial
dimension of each patient) to provide data concerning the relationship between
clinical and financial data in utilization management. It is important in Canada
to understand this tool to plan, manage, and be reimbursed for medical ser-
vices. RIWs were developed in 1989 and first used in 1990 to determine growth
and equity funding of Ontario hospitals. Much of Canada now uses RIWs to
adjust payments to hospitals, prepare budgets, and allocate resources within a
hospital.

IssuEs

Although these tools are rarely used outside Canada, RIWs mirror other coun-
tries’ attempts to categorize patients and their care. For example, in the United
States, the DRG and resource-based relative value systems are used.

Additionally, cost estimates and RIWs for the patients in each case mix group
should be calculated from a representative Canadian database of patient-specific
costs. Currently, Ontario costs are being used as reflective of national Canadian
costs. Shortly, RIWs will only encompass Canadian data.
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Decision Analysis
Expectation

BRIEF DEFINITION

Decision analysis is a quantitative approach to decision making under uncer-
tainty in which all relevant elements of the decision—alternative actions, chance
events (along with their probabilities of occurrence), and final consequences—
are stated explicitly in a model. This model typically takes the form of either a
decision tree or an influence diagram and permits the decision maker to deter-
mine systematically the relative value of alternative courses of action.

EXPLANATION

Decision analysis provides a framework for decision making based upon an
explicit structure that illustrates what is known, what is uncertain, what can be
done, what the likely outcomes are, and which decisions yield the most favor-
able outcomes. In conducting decision analysis, the modeling (see term: Model-
ing) process can illustrate the entire “structure” of the decision, thereby improving
understanding of the important issues. Given agreement on the overall struc-
ture of the decision model, the analysis can help inform the decision maker as
to which alternative decision yields the most favorable outcome under the given
circumstances. Decision analysis does not predict what consequence a specific
decision will have in a particular case, but can answer complicated questions
such as “which is the least risky alternative?”
There are six basic steps in the structuring of a decision analysis:

1. Statement of the problem and identification of the decision maker whose
perspective is being taken.

2. Enumeration of alternative courses of action and the possible conse-
quences of each action.

3. Statement of the standard by which outcomes will be valued and alterna-
tives compared. This is typically phrased as an objective or set of objec-
tives (e.g., costs, health benefits, profit) to be optimized.

4. Modeling of the decision:

« Elaboration of a model of the decision structure (perhaps using a deci-
sion tree or an influence diagram)

+ Specification of the consequences of each alternative decision choice
and the probabilities of those consequences or “events”

+ Assignment of values (e.g., cost and/or utility) to each final outcome,
incorporating the decision maker’s preferences

5. Identification of the best alternative or alternatives.

6. Sensitivity analysis.

Identification of the preferred decision, and perhaps a “recommendation to
decision makers” can be made by comparing each alternative’s expected value,
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or expectation—the weighted average of all possible consequences, based on the
probabilities of the events that follow a decision. Sensitivity analysis (see term:
Sensitivity Analysis) examines the changes in expected values and recommenda-
tions when the values of uncertain or unknown parameters are varied.

VALUE AND USE

Decision analysis provides a formal and rational approach to making decisions,
one that allows key structural and input assumptions to be made transparent,
explicit, and even visual. It is an analytical tool that can inform decision makers
as to which decision(s) will yield optimal results. This in turn can help in the
formulation of better policies.

Of course, a decision analysis can illustrate the dominance of one strategy
over another if it exists. More typically, especially in complex decision-making
environments like health care research and clinical medicine, the steps required
to build a model that accurately represents a decision can help uncover crucial
assumptions and relationships (e.g., between practice patterns, clinical out-
comes, and economic costs) that may not be readily understood by clinicians or
decision makers either because of such factors as traditional practices or signifi-
cant separation in time between cause and effect. Sensitivity analysis can guide
further research by highlighting key uncertainties that seem to have the greatest
impact on identification of a strategy as optimal.

Decision analysis provides the conceptual foundation for cost-effectiveness
analysis (see term: Cost-Effectiveness Analysis), which can be used to inform
decisions regarding the allocation of scarce health care resources.

IssuEs

The prescriptions offered by decision analysis are only valid to the extent that
the model structure adequately represents the true process and that the values
given to model parameters are accurate. Decision analysis does not guarantee
good outcomes, but it is a systematic method of making the best decisions using
the available data. At the least, decision analysis identifies those model struc-
tural aspects or parameters where data are missing or scarce.

The focus is on helping people make more informed choices rather than
determining those choices. In that spirit, it is useful to bear in mind the distinc-
tion between good decisions and good outcomes. Decision analysis aims to
promote a more reasoned, formal approach to the process of decision making.
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Decision Tree
Decision Nodes
Chance Nodes
Pathway Outcomes

BRIEF DEFINITION

A decision tree is a flow diagram depicting the logical structure of a choice
under conditions of uncertainty, including all relevant alternative decisions
available to the decision maker as well as the values and probabilities of all rele-
vant downstream consequences (see term: Modeling).

EXPLANATION
A decision tree is a graphical representation of a decision maker’s options and

their likely consequences (an example is shown in Figure 1). It contains four
basic elements:
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Figure 1. Example of a decision tree
From Roest FHJ, et al. Medical Decision Making. Vol. 17,
pp- 285-291. Copyright © 1997 by Medical Decision Making.
Reprinted by permission of Sage Publications, Inc.

1. Decision nodes indicate instances where the decision maker has a choice
of one or more possible courses of action. Branches leading out of a given
decision node represent different choices.

2. Chance nodes indicate uncertain outcomes beyond the control of the deci-
sion maker. Branches leading out of a given chance node represent mutually
exclusive, collectively exhaustive, and probabilistically determined events.

3. Each chance node is assigned a probability to represent the likelihood of
the events emerging from a chance node.

4. Pathway outcomes (or payoffs), denominated in units of the decision
maker’s objective and assigned to the terminal end of each branch of the de-
cision tree, are assigned to each possible combination of choice and chance.

The optimal decision is computed via a process called “folding back” (see
Figure 2):
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Figure 2. Computation of an optimal decision
From Roest FHJ, et al. Medical Decision Making. Vol. 17,
pp- 285-291. Copyright © 1997 by Medical Decision Making.
Reprinted by permission of Sage Publications, Inc.

radiotherap

laryngeal cancer.

1. Beginning at the ends of the decision tree, expected values are com-
puted for each chance node by multiplying pathway outcomes by their
probabilities. This is commonly referred to as “averaging out.”

2. Ateach decision node, a single action is chosen that produces the most fa-
vorable outcome value. All other actions are eliminated from consider-
ation. This is commonly referred to as “folding back.”

3. The process of averaging out and folding back assigns to every node in the
decision tree the optimal value that can be attained at any time the deci-
sion maker is at that node. Most importantly, it assigns the optimal value
to the initial decision node, thereby highlighting the course of action that
seems optimal based on the information presented in the tree.

VALUE AND USE

Decision trees provide a relatively simple means of organizing and communi-
cating the elements of a decision analysis.

Decision trees are useful in pharmacoeconomics by providing a method-
ologically transparent structure with which to determine cost of care in a given
disease or disorder, as well as the cost-effectiveness of alternative therapies.
Decision trees can also be used to enable clinicians, researchers, and decision
makers to better understand where data are missing or scarce in determining
the cost of care or cost-effectiveness of alternatives. In those cases in which the
data are reasonably comprehensive and accurate, the value of the decision tree
is maximized. Inputs into the tree may include published data from clinical trials,
epidemiology studies, and observational studies or, when those are limited, the
input from clinical experts.

IssuEs

While decision trees can convey a great deal of detail about the structure and
data underlying a decision-analytic problem, they can quickly grow to a size
that is either unmanageable for the modeler, uninterpretable by the reviewer, or
both. Thus, decision models that are clinically complete may be overly compli-
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cated to construct or to interpret. Consequently, researchers trying to commu-
nicate the key structural elements of a choice under conditions of uncertainty
may choose to supplement or complement their efforts with alternative graphi-
cal representations (e.g., influence diagram [see term: Influence Diagram] or
state-transition model [see term: Modeling]). For example, a model of the treat-
ment of a chronic disease may require a long period of time to sufficiently
unfold, or it may require dividing the problem’s time perspective into many fine
intervals to capture relevant events. Markov modeling techniques can be used
in such cases, often as a part of a decision tree.

Other specific issues relate to the data inputs that are important in formulat-
ing the ultimate results of analyses using decision trees. First, the probability
data for certain chance outcomes may be lacking in the literature, especially if
those outcomes are relatively rare events that can be highly significant if costs
are being considered. Second, if clinical literature is used in developing proba-
bility values, errors may result because of variability in clinical outcomes and
because the true population value is unknown. Third, the impact of outlier
patients which are often seen in clinical trials can have a significant effect on
terminal outcomes, especially costs, and it is difficult to determine if these
patients are true outliers or whether they are really present at that level in the
population.
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Delphi Panel Method

BRIEF DEFINITION

The Delphi Panel Method is a structured method of eliciting expert judgment
that is particularly useful as a tool to achieve consensus of opinion when the
decisive factors are subjective and not knowledge-based.

EXPLANATION
Delphi is a method for structuring a group communication process to allow a
group of individuals to deal with complex problems. It consists of a series of
interrogations in which the anonymous responses of group members are sub-
mitted to the group for comment until consensus, divergence, or stasis of opin-
ion is reached.

The Delphi Panel Method generally follows the following procedural outline:

1. The problem is identified.
2. An expert panel is developed.
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The panel is presented the problem and asked to respond.
Responses are synthesized into a series of statements.
The synthesized statements are submitted to the panel.

AN

The panel responds.
7. The process continues until convergence, divergence, or stasis is identified.

Delphi studies typically share three distinctive features: anonymity of response,
feedback of individual responses to the group, and statistical analyses using
median and dispersion.

VALUE AND USE

The Delphi Panel Method is a useful technique to derive parameter estimates
for data elements whose values are not known. This method can prove useful
for estimating data regarding effectiveness and appropriateness estimation, as
well as in determining appropriate estimates for unknown clinical or economic
parameters.

The Delphi method was designed to optimize the use of group opinion while
minimizing the adverse qualities of interacting groups, such as dominance by
influential participants and unwillingness to participate fully in group decision
situations.

IssuEs

A number of issues regarding the Delphi Panel Method have been documented
in the literature. Most commonly, the Delphi method is criticized for its lack of
adherence to traditional statistical comparisons. In addition, it can be difficult
to evaluate fully the accuracy and reliability of this method since the opinions
of panel members may be person- and situation-specific. Because of this, it is
difficult to compare subsequent applications of the methodology to previous
work. Another consideration is that the composition of the panel must be care-
fully considered in order to help ensure appropriate study outcomes.

Because of these limitations, many have suggested the Delphi Panel Method
be a method of last resort to deal with complex problems where no other
models exist. In these circumstances, the Delphi Panel Method may provide
useful information that does not exist otherwise.
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Disability-Adjusted Life Year (DALY)

BRIEF DEFINITION

Disability-adjusted life year (DALY ) can be defined as a unit of measurement of
the impact of disease in terms of both time lost due to premature death (mor-
tality) and time lived with a disability (morbidity).

EXPANDED DEFINITION

The Global Burden of Disease Study (GBD), sponsored by the World Bank, was
initiated in 1992 with the aim of quantifying the burden of disease and injury
on human populations. Such a quantification required a unit of measurement
that considered both mortality and morbidity. For this reason the concept of
DALY was developed.

The total impact of a disease is not only the loss of life resulting from prema-
ture mortality but also the disability, impairment, pain, and misery—collec-
tively known as morbidity. For example, let us take a hypothetical situation of a
woman who sustained a hip fracture at the age of 58 years, suffered for the next
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two years, and died at the age of 60 (see figure). This woman not only lost 20
years of her life (assuming an average life expectancy of 80 years for a female), but
also spent two years of her life with disability because of hip fracture.

For the calculation of a DALY, the impact of a particular disease on mortality is
estimated using the difference between the average life expectancy and the age at
which death occurred and is expressed as years of life lost (YLL). Because average
life expectancies vary by country, the method is standardized by using the average
life expectancy data from the country with the highest figures (Japan).

YLL, = Average Life Expectancy — Age at Death,,

where YLL, = the years of life lost by the ith individual, and Age at Death, = age
at death for the ith individual.

For the impact of morbidity on the DALY, years lived with disability (YLD) is
measured by considering the following factors: the extent of disability associ-
ated with different nonfatal conditions (disability weights), the relative impor-
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tance of healthy life at different ages (age weights), and the time preference for
health which is the value of health gained now as compared to the value of
health gained in the future. Thus,

DALY, = YLL, + YLD,

where DALY, = DALY of the ith individual and YLD, = YLD of the ith individual.
DALYs of different individuals can be summed to estimate the total DALY in
a country and then summed across nations to estimate the global DALYs.
The quality-adjusted life year (QALY) (see term: Quality-Adjusted Life Year
[QALY]) is another commonly used unit of measurement for health. The
QALY, however, differs in three important ways from the DALY:

1. The life expectancy used in the QALY is situation-specific. For example,
the QALYs gained from an intervention tested in clinical trial would com-
pare the mortality experience of the treatment group to that of the con-
trol group. The life expectancy used in the DALY is based on an external
standard (Japan).

2. The disability weights in the QALY are based on preferences (e.g., utili-
ties), either measured on the general public or on the patients in the trial.
Moreover, the preferences are on a continuous scale from 0 to 1. The dis-
ability weights in the DALY are not utilities, but are person trade-off
scores from a panel of health care workers, and the scores are on a discrete
scale with only seven categories.

3. The QALY does not use age weights. The DALY uses age weights that give
lower weight to years of the young and the elderly.

VALUE AND USE

The DALY captures the impact of both morbidity and mortality in a common
unit of measurement. Therefore, DALY may be used to facilitate epidemiologi-
cal surveillance of the total disease burden across disease categories and over
time (i.e., number of DALYs). It has been suggested that the DALY, being a common
measurement unit, would be particularly useful when conducting cost-effectiveness
analyses of different interventions or treatments for chronic diseases or disabling
health conditions (i.e., cost per DALY avoided). The proponents of the DALY
approach have also suggested that DALYs could provide policymakers with the
information needed for identifying the optimal package of health care services
deliverable within a fixed budget. However, the usefulness of DALYs for cost-
effectiveness analyses and health care resource allocation is still under debate.

IssuEs

Since its introduction in 1993, the DALY approach of quantifying disease bur-
den has been debated heavily, and many have questioned its validity and the
underlying value judgment. Many researchers have argued that the preference
weights applied in the DALY approach were only based on the preferences of
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the expert panel, which might not represent the preferences of society as a
whole. QALYs, on the other hand, are usually derived using societal preference
weights (e.g., EQ-5D). The DALY approach has also been criticized for violating
the principle of treating all people equally. The reason for this criticism is that
the inclusion of unequal age weights in the DALY may introduce a bias against
both children (who have little disability compared to the aged) and the elderly
(who have shorter survival compared to younger individuals). In addition to
concerns with the age weights, the inclusion of disability weights has also been
controversial in that such weights may presume that the life years of disabled
individuals are worth less than the life years of individuals without disabilities.
Therefore, the validity and equity of resource allocation decisions made using
the DALY approach have been questioned by some.

In response, the World Health Organization (WHO) has promised to
address these controversies in later versions of the Global Burden of Disease
studies. Despite its limitations, the DALY approach provides a reasonable
means to measure the burden of disease in a population.
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Discounting
Discount Rate

BRIEF DEFINITION

Discounting is a method used to adjust future costs and benefits to their
present market value.

EXPLANATION

If we had the choice to receive something of value (e.g., a new car) today versus
sometime in the future, we would prefer to receive it today. Our preference to
consume today versus tomorrow means that things of value (e.g., costs and
benefits of health care interventions) are worth less if they occur in the future
than if they occur today. To be able to consider future costs and benefits in deci-
sion making today, we must adjust future values to reflect their present day
value. This procedure is referred to as discounting. The discount rate is the rate
at which future costs and benefits are adjusted to reflect their present value.
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VALUE AND USE

Because discounting involves converting future value into present value, a com-
monly used formula for discounting is as follows:
Where interest rate = r, the value of $1 received n years from now is 1/(1 + r)".

For example, let us say that one has an opportunity to purchase several cases
of vintage wines for $10000. It is known that the cases of wines will sell for
$11000 one year from now. Would it make sense to invest $10000 that will
fetch $11000 one year from today? To evaluate the current value of $11000
one year from now (assuming an 8% interest rate), we will use our discount-
ing formula.

Current value = 11000/(1 + 0.08)' = $10185.19

The present value of the wine that will sell for $11000 one year from today is
$10185.19. Since the present value of the future revenue is greater than the
present cost, it makes sense to invest in the wines.

IssuEs

When carrying out an economic analysis, selecting the discount rate is of great
concern. The general consensus rule is to discount either at 3% or 5% and carry
out a sensitivity analysis between 0% and 10%. The majority opinion is that
costs and benefits should be discounted at the same rate; however, there are
some pharmacoeconomic experts who feel that outcomes should be discounted
at a different rate or should not be discounted at all.
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Disease Management
Disease Management Support Services

BRIEF DEFINITION
Disease management is a system of coordinated health care interventions and
communications for populations with conditions in which patient self-care
efforts are significant.

EXPLANATION

Disease management is an evolving concept in health care delivery that seeks to
improve clinical outcomes while reducing total system-wide health care costs.
Disease management (DM) is a patient-focused, comprehensive approach that
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seeks to improve the patient’s clinical, economic, and humanistic outcomes.
Disease management:

+ Supports the physician or practitioner/patient relationship and plan of care,

+ Emphasizes prevention of exacerbations and complications using evidence-
based practice guidelines and patient empowerment strategies, and

+ Evaluates clinical, humanistic, and economic outcomes on an ongoing
basis with the goal of improving overall health.

Disease management programs include all six of the following elements,
while programs consisting of fewer components are disease management sup-
port services. Disease management components include

+ Population identification processes

+ Evidence-based practice guidelines

+ Collaborative practice models to include physician and support-service
providers

+ Patient self-management education (which may include primary preven-
tion, behavior modification programs, and compliance/surveillance)

+ Process and outcomes measurement, evaluation, and management

* Routine reporting/feedback loop (which may include communication with
patient, physician, health plan, and ancillary providers, and practice profiling)

VALUE AND USE

Disease management programs reflect the confluence and application of pub-
lic health services, clinical practice guidelines, evidence-based medicine, and
outcomes research concepts. Disease management initiatives provide an
excellent opportunity to understand the value of pharmaceutical products in
the clinical, humanistic, and economic outcomes of patient treatment in a
naturalistic environment.

IssuEs

Comprehensive disease management programs require collaboration among
many health care providers; however, it is consequently difficult to create
incentives for all health care providers to provide more efficient use of health
care resources.

Not all medical conditions are candidates for disease management, and not
all programs produce favorable results.

While many health systems have begun to implement disease management
programs, the acceptance and use of disease management programs may not
satisfy all organizational objectives (e.g., clinical and financial).
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Dominance

Simple Dominance
Extended Dominance
Efficient Frontier

BrIEF DEFINITION

Dominance refers to a situation in which one alternative is dominated by
another, and accordingly the dominated alternative should be ruled out of con-
tention. There are two ways an alternative can be dominated: simple domi-
nance and extended dominance. In simple dominance, there is another
alternative that is both more effective and less costly (see term: Cost-Effectiveness
Analysis). In extended dominance, there is another alternative that is more effec-
tive and more costly, but provides better value for money. When all dominated
alternatives are eliminated, the remaining terms form the efficient frontier.

EXPLANATION

Simple dominance is also known as “strong dominance.” Extended dominance
is also known as “weak dominance.” Extended dominance can occur only if
there are three or more alternatives, although this can include the do-nothing
alternative.

Dominance is explained below using an example adapted from Hunink and
colleagues (2001). There are seven alternative programs, including the do-
nothing alternative, only one of which can be implemented, in the table. All
costs of each program have been comprehensively computed relative to the do-
nothing alternative and are shown in dollars. All outcomes of each program
have also been comprehensively determined and are shown as the number of
quality-adjusted life years (QALYs) (see term: Quality-Adjusted Life Year [QALY])
gained relative to the do-nothing alternative. The programs are listed in order
of increasing cost.

First, programs that are dominated by simple dominance are eliminated. P2 is
dominated by P1 because it is both more costly and less effective. Similarly, P6 is
dominated by P5. P2 and P6 are thus ruled out of contention and this is indicated
by “dominated” in the Incremental Cost-Effectiveness Ratio (ICER) columns.

Second, the initial incremental cost-effectiveness ratios (column 4) (see term:
Cost-Effectiveness Analysis) are calculated by comparing each program to the
one above it in the table ignoring the dominated programs. If there is no
extended dominance, these numbers will be nondecreasing. That is, each num-
ber will be equal to or greater than the number above it. We see in this table that
this is not so. P4 has an ICER of 60000 while P5 has only 15000. This indicates
that P4 is dominated by P5 using extended dominance. The reason is that it
would never be sensible from a cost-effectiveness point of view to implement
P4, given that we have P5 available. If we were willing to implement P4, we are
saying we would be willing to pay $60000 per QALY. In that case, we should
definitely implement P5 because we can purchase the additional QALYs for
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Comparison of the Cost-Effectiveness of Sample Programs

(1) (2) (3) (4) (5)

Initial Final
Incremental  Incremental
Effectiveness Cost- Cost-
(E) Incremental  Incremental  Effectiveness ~ Effectiveness
Cost (C) (number Cost Effectiveness Ratio Ratio
Program ($) of QALYs) (AC) (AE) (AC/AE) (AC/AE)
PO (do nothing) 0 0 — — — —
P1 100000 20 100000 20 5000 5000
P2 220000 18 — — Dominated Dominated
P3 420000 36 320000 16 20000 20000
P4 540000 38 120000 2 60000 Dominated
(extended)
P5 660000 46 120000 8 15000 —
240000 10 — 24000
P6 720000 44 — — Dominated Dominated

only $15000 each. Thus, P4 is ruled out by extended dominance, and this is
indicated in column 5.

Third, the final and correct ICER results are computed in column 5 by com-
paring each program to the one above it in the table, ignoring all dominated
alternatives. These are the correct ratios and those that should be used in pre-
senting the cost-effectiveness results. The interpretation of this example is that
if the decision threshold for cost per QALY was equal to or greater than $5000
but less than $20000, P1 should be implemented. If it was equal to or greater
than $20000 but less than $24000, P3 should be implemented; and if it was
equal to or greater than $24000, P5 should be implemented. P1, P3, and P5 are
said to form the efficient frontier because all are efficient in the sense of not
being dominated and the decision among them is simply based on the decision
maker’s threshold cost per QALY.

Dominance is a tricky concept, and readers who want more details should
consult the teaching references listed in the Bibliography.

VALUE AND USE

Dominance is a technical concept that is crucial to the correct interpretation of
cost-effectiveness and cost-utility results.

The reason for identifying and removing dominated alternatives is eco-
nomic. Since the goal of a cost-effectiveness analysis is to determine which
treatment options produce more effect for the cost, it makes sense to remove
options that clearly cost more but are less effective. Checking alternatives for
simple dominance is one way to remove options that will not promote cost-
effectiveness. Similarly, removing options dominated by extended dominance
removes options that do not provide good incremental value for money com-
pared to an available alternative.
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In cost-effectiveness and cost-utility articles and reports, it is customary to
list all of the alternatives and indicate those that were dominated in the ICER
column. It is understood that options labeled “dominated” were excluded from
further analysis.

If only two alternatives are being compared and one is more effective but
costs less, there is no need to conduct an analysis. Simply choose the dominant
alternative.

IssuEs

Dominance is a complex technical concept. Unfortunately, it is often poorly
understood and poorly handled in analyses, particularly extended dominance.
In critically appraising studies, readers should pay careful attention to whether
dominance has been handled correctly or not.

Simple dominance is uncontroversial and always appropriate. Extended
dominance, however, is more complicated because of possible budget implica-
tions. If, for example, there is sufficient budget for P4 but insufficient for P5,
should P4 be implemented? Or alternatively, should P5 be implemented but on
a scaled-down basis? If so, does the scaled-down version of P5 have the same
incremental cost-effectiveness as the full version? Or, alternatively, should a
budget increase be sought, or should funds be diverted from other less cost-
effective programs? These are the real issues that the decision makers must deal
with. Nevertheless, the use of extended dominance still gives the best guidance
on maximizing value for money.
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Drug

Synthetic Drug Effective Patent Life
Biologic Line Extension
Prescription Drug Generic Drug
Over-the-Counter Drug Me-Too Drug

Ethical Drug Multiple Source Drug

BRIEF DEFINITION

A drug is defined as any chemical compound that may be used as an aid in the
diagnosis, treatment, or prevention of disease or other clinical condition. Drugs
are administered for the relief of pain or suffering, or to control or improve any
physiologic or pathologic condition.

EXPLANATION

The above definition could also be used as the definition of a medicine or rem-
edy and could apply to food supplements such as vitamins and minerals. In the
United States, in practical usage, the term “drug” is limited to those substances
that are regulated by the US Food and Drug Administration (FDA) (see term:
Food and Drug Administration [FDA]). In the United States, the Food, Drug, and
Cosmetic Act (Code of Federal Regulations Title 21) defines drugs as follows.

The term “drug” means

(A) articles recognized in the official United States Pharmacopoeia, the official
Homoeopathic Pharmacopoeia of the United States, or official National For-
mulary, or any supplement to any of them; and

(B) articles intended for use in the diagnosis, cure, mitigation, treatment, or pre-
vention of disease in man or other animals; and

(C) articles (other than food) intended to affect the structure or any function of
the body of man or other animals; and

(D) articles intended for use as a component of any article specified in clause (A),
(B), or (C). A food or dietary supplement for which a claim, subject to sec-
tions 403(r)(1)(B) and 403(r)(3) of this title or sections 403(r)(1)(B) and
403(r)(5)(D) of this title, is made in accordance with the requirements of sec-
tion 403(r) of this title is not a drug solely because the label or the labeling
contains such a claim. A food, dietary ingredient, or dietary supplement for
which a truthful and not misleading statement is made in accordance with
section 403(r)(6) of this title is not a drug under clause (C) solely because the
label or the labeling contains such a statement.

The Food and Drug Administration further divides drugs into two catego-
ries, synthetic drug and biologic, depending on whether the compound is man-
ufactured synthetically in a laboratory or derived from living sources such as
humans, animals, and microorganisms. A synthetic drug is regulated by the
FDA’s Center for Drug Evaluation and Research (CDER) while a biologic is reg-
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ulated by the FDA’s Center for Biologics Evaluation and Research (CBER). In
general, a synthetic drug is typically individual molecules that are synthesized
in a pure state and then combined with chemical stabilizers and other ingredients
to form a tablet or capsule. In contrast, biologics are often complex mixtures of
ingredients that are not easily identified or characterized. In order for a drug or
biologic to be approved for sale in the United States, a manufacturer must provide
substantial evidence, usually the results of two well controlled clinical trials, that
the substance is safe and effective for its intended use.

VALUE AND USE

In the United States, drugs can be made available either with a specific prescrip-
tion by a physician licensed to prescribe medicines (i.e., prescription drug), or
sold directly to consumers as so-called over-the-counter (OTC) drug. For a
variety of reasons, including the availability of insurance coverage for prescrip-
tion drugs, OTC medications are more readily available and often less expensive
than the prescription medications that require a physician visit and prescription.

The term ethical drug has been used to denote a product that was only
advertised to physicians, a nomenclature that was derived from the 1847 code of
ethics of the American Medical Association that precluded the advertising of
physician services to the public. Since 1996, however, in the United States phar-
maceutical companies have advertised directly to consumers, and this distinc-
tion has been lost. In general use, the term “ethical pharmaceutical” usually
means a prescription drug.

The economic value of a drug is largely derived from the ability of the manu-
facturer to patent the product and restrict its manufacture and sale. In the
United States, patents are generally applied for at the time of discovery and have
a life of 20 years. The drug development process, from discovery to first sale, is a
lengthy and costly process. As a result, the effective patent life is frequently sig-
nificantly less than 20 years, and generally ranges between 8 and 12 years.
Because of the rapid erosion of market share after patent expiration, some
pharmaceutical companies have attempted to extend the life of their products
by introducing a line extension. A line extension generally use the same active
ingredient but offer additional consumer benefits through modifications in the
delivery mechanism, such as an extended release formulation, rapid dissolving
disks, and liquid suspension. In some cases, line extensions are created by com-
bining one active ingredient with a second. In these cases, the patent protection
on the combination is based on the longer-lived patent. Although manufactur-
ers of generics are able to produce the original product, new patents protecting
these line extensions enable the original company to retain a higher proportion
of their market with the new products.

In 1984, the US government recognized that the drug application process
was growing longer and longer and that this was reducing the incentive for
firms to invest in research and development. To increase the incentives, Con-
gress passed the Drug Price Competition and Patent Restoration Act. The act
made it easier for a generic drug to be approved by reducing the burden of the
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application process and at the same time offering a patent extension of up to
five years because of delays in the regulatory review process. A generic drug
contains identical amounts of the same active drug ingredient as the brand
name product and shows bioequivalence to the brand name product (see term:
Pharmacokinetics), although it may differ in certain other characteristics (e.g.,
shape, flavor, or preservatives). Because of their complexity, biologics currently
have no generic competitors. In the application process, a generic drug is shown
to be “therapeutically equivalent,” and hence it is assumed that they will have
equivalent effects. In many states, pharmacists are empowered to substitute a
generic drug for the prescribed brand name drug unless the physician indicates
that the prescription must be “dispensed as written.” As a result, after patent expi-
ration, the sales of the brand name drug typically plummet. For example, in the
first month after its patent ended in July 2001, the brand manufacturer lost over
two-thirds of its market share of Prozac® to generic competitors.

Another way in which pharmaceutical companies compete with each other is
through the introduction of branded “me-too” drugs. A me-too drug is a prod-
uct that is in the same class as the original product (such as a statin or an ACE
inhibitor). It generally has a similar molecular structure and purported mecha-
nism of action as the original product and may offer some modest improve-
ments in efficacy, safety, or convenience. Since good targets for potential
therapeutic interventions become widely known, there is often a race among
various manufacturers to bring the first drug in a new therapeutic class to mar-
ket. Thus, second and third product entrants within a given class of products
are often referred to as me-too drugs.

In some cases, two or more manufacturers hold a patent or license for a
given product. This product is considered a multiple source drug, and there is
an increased level of competition for it.

IssuEs

In the United States, the Food and Drug Administration determines whether a
product will be a prescription drug or an OTC drug. Because of the potential
for unknown safety issues, new medications are almost always available first as
prescription only. After gaining sufficient clinical experience, a manufacturer
may request that a medication be made available directly to consumers. In
many cases, because prices are higher for prescription drugs, manufacturers
will delay requesting OTC status until the patent has expired or is about to
expire. Recently, however, an insurance company requested that Claritin®, an
allergy drug, be classified an OTC drug against the wishes of its manufacturer,
in part because as an OTC drug it would no longer have to be covered by the
company. The FDA eventually granted OTC drug status to the product.

There are also significant issues of public policy related to the question of patent
life. On the one hand, patents create artificial monopolies and increase the cost of
the medication to payers (insurance companies, governments, and consumers).
On the other hand, these same rents create the incentives for pharmaceutical com-
panies to invest millions of dollars in the development of such products. Thus,
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determining the appropriate balance between the short- and long-term benefits of
patent policy plays an important and controversial role in the industry.

The creation of line extensions is also a topic of considerable debate. Critics
of the pharmaceutical industry claim that these “new” products offer no addi-
tional benefits to patients but are merely an attempt by the industry to extend
patents and continue to collect the monopoly rents. Defenders of the industry
argue that these extensions must offer real benefits to patients and consumers,
or they would simply not buy the newer products and would instead continue
to use the cheaper, older, and now generic products. The issue is compounded
by the effects of insurance (making patients and physicians less price sensitive)
and the asymmetric information (patients relying on physicians’ advice) that,
some argue, distorts the ability of consumers to make knowledgeable choices
about their pharmaceutical care. Adding to the complexity is the fact that many
of the branded products are supported by significant sales and marketing
efforts by the manufacturers, but once the patent expires these efforts cease. To
the extent that these activities influence physician prescribing behavior, it is
argued, physicians are biased toward prescribing the branded products even
when equivalent products are available in generic form.

The creation of me-too drugs is also open to contention. Some critics of the
industry suggest that these offer little therapeutic advantage over the existing
products and therefore are a waste of precious research and development
resources. They further argue that these products are used by the industry to
perpetuate patent protection and generate profits. Alternatively, substantial evi-
dence supports the position that me-too drugs offer clinical benefits to at least
some patients because of subtle differences in formulation, dosing, and tolera-
bility profiles; increase the level of competition in the industry; and result in
increased patient access to beneficial treatments. Advocates further argue that it
is very difficult to determine early on which specific product will ultimately
meet patients’ needs best, and therefore it is essential that there be research con-
ducted on competing molecules; ending research with the first agent in a class,
they say, would result in significant losses to patients.
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Drug Efficacy

Drug Effectiveness

BrIiEF DEFINITION

Drug efficacy is a clinical outcome derived from patients’ use of a pharmaceuti-
cal product in controlled settings, typically randomized control Phase I-1II trials.
Pharmaceutical regulatory agencies such as the Food and Drug Administration
(FDA) rely upon these data to approve new drug products.

EXPLANATION

Before human testing can begin, preclinical development activities of drugs are
required. The data collected for preclinical activities are the chemical name,
structural formula, drug synthesis process, preparation methods, quality and
purity data, dosage form identified, stability data, and toxicology studies includ-
ing teratogenicity, carcinogenicity, and mutagenicity data performed on several
animal species. When the preclinical development is complete, the sponsor
applies to regulatory agencies for approval to begin human clinical trials. The
pre-marketing clinical trials involve three phases, Phases I, II, and III. Phase I
trials gather data to determine the safety profile and safe dosage range through
pharmacokinetic and pharmacodynamic studies in up to 100 normal healthy
volunteers. Phase II trials determine the optimum dose and evaluate efficacy
and adverse event profiles through controlled studies in up to 500 patients.
Phase III trials are larger, double-blinded, multi-center studies of up to 3000
patients to verify efficacy, safety, and long-term drug use, usually compared
with a placebo in controlled studies. Once a regulatory agency approves a drug,
it moves into Phase IV or postmarketing studies or surveillance where long-
term safety and efficacy are evaluated through adverse event reporting and clin-
ical trials. Safety and efficacy data are gathered in all types of controlled trials.

VALUE AND USE

A medical treatment needs to be safe and efficacious for human use. The approval
process is designed to protect the public from dangerous and/or useless products.
Safety and efficacy data provide highly scrutinized information for the health care
provider to use in making decisions about treatment of patients, development of
medical treatment guidelines, and evidence-based medicine.

IssuEs

There are three major drug efficacy issues. Do drug efficacy studies in a con-
trolled environment represent the “real” environment? Do the drug efficacy
studies detect drug adverse events adequately? Are drug efficacy studies needed
for all substances used for medicinal use (i.e., herbal products).

With regard to drug efficacy studies representing the “real” word, the terms
drug efficacy and drug effectiveness have been used interchangeably in the
literature. Efficacy can answer, “Can it work under ideal conditions?” and effec-
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tiveness answers, “Does it work under real-world circumstances?” Usually efficacy
studies are Phase II and III, in a tightly controlled clinical trial environment,
whereas effectiveness studies are conducted during Phase IV, postmarketing
studies or surveillance, in the real world environment.

With regard to drug efficacy studies detecting adverse events, in the United States,
the FDA is under constant pressure to review Investigational New Drug Applications
and New Drug Applications in an expeditious manner without compromising
safety. This has advantages and disadvantages. As new drugs are approved and mar-
keted, it is important for all health care providers to monitor for adverse events and
report serious and unexpected events to the FDA's MedWatch program.

With regard to medicinal use of herbal products, in the United States, herbal
products are regulated as dietary supplements. Manufacturers of herbal prod-
ucts that do not make a treatment claim for their product are not required to
meet the FDA regulations of safety and efficacy. The FDA, however, does main-
tain a list of products that fall under the Generally Recognized as Safe (GRAS)
category. This designation is based on the use as a food additive, not as a medic-
inal or therapeutic treatment. In Germany, the Federal Department of Health’s
Commission E reviews safety and efficacy of herbal products with monographs
that describe the herbal’s mechanism of action, medical uses, contraindications,
adverse effects, drug interactions, administration, and dosage.
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Drug Formulary

Drug Formulary System
Closed Formulary
Open-Preferred Formulary
Tiered Copayment
Open-Passive Formulary
Formulary Management

BRIEF DEFINITION

A drug formulary is a continually updated list of medications that is preferred
for use by a health system and will be dispensed through participating phar-
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macies to covered persons. The formulary is the product of the drug formu-
lary system.

A drug formulary system is an ongoing process whereby a health care organi-
zation, through its physicians, pharmacists, and other health care professionals,
establishes policies on the use of drug products and therapies, and identifies
drug products and therapies that are the most medically appropriate and cost-
effective to best serve the health interests of a given patient population.

EXPLANATION

Health management organizations have used the formulary process since the
1970s. The formulary is typically the product of the organization’s pharmacy
and therapeutics committee review and evaluation process that seeks to guide
physician prescribing through the inclusion of only selected products from the
various drug classes. Drugs are usually chosen for formulary inclusion based
upon an evaluation of published literature around the efficacy, safety, and toler-
ability of a drug compared with others (if applicable) within the same class. A
pricing contract is then negotiated with the product manufacturer and factored
into the decision. A formulary is typically classified as closed (or partially
closed), open-preferred or open-passive. Closed formulary indicates that one
or more classes of drugs are closed to only certain products. Only drugs
included on the formulary in a closed class are covered by the drug benefit.
Open-preferred formulary indicates an incentive-based system to encourage
the use of preferred agents within the class. These incentives include lower
copayments for the patient, academic detailing, and requests (usually in the
form of a letter) to the physician to reconsider the choice of nonformulary
drugs. Under this style of formulary, a tiered copayment approach is often
employed. Under the tiered copayment system, the patient pays less for generic
and progressively more for brand name and nonformulary drugs. A tiered for-
mulary typically contains three to five tiers. An open-passive formulary indicates
that few incentives are provided to encourage or change prescribing nonformu-
lary drugs.

Formulary system decisions are based on scientific and economic consider-
ations that achieve appropriate, safe, and cost-effective drug therapy. A formulary
often contains information about available formulations and dosing but does not
usually contain recommendations about the therapeutic use of the drugs.

VALUE AND USE

When structured appropriately, the formulary can be a powerful tool in direct-
ing physicians to prescribe the most efficacious and cost-effective drugs to
patients. The formulary management process is dynamic, with the formulary
under constant review and revision as new products come onto the market and
new data surface on existing drugs. A well designed and well-managed phar-
macy and therapeutics committee can serve as an excellent source of expertise
and guidance for the prescribing physician.

Moreover, several organizations have begun building outcomes criteria into
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the product review and evaluation process. These criteria can include: effective-
ness (versus efficacy), quality of life, patient satisfaction, total cost of care (ver-
sus simply acquisition cost of the product), and workplace productivity.

IssuEs

Many physicians see the formulary process as restrictive and cost-driven. In
addition, because most physicians participate in multiple health plan provider
networks, they must deal with the differing formulary of each of the entities.
This can often lead to confusion, errors, and inefficiencies within the physi-
cian’s practice that can undermine the physician’s willingness to follow the for-
mulary. It is only with the highest degree of standards and communications
that these obstacles can be overcome.
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Drug Interaction

BrIEF DEFINITION

A desirable or undesirable therapeutic consequence occurring when drugs are
used in combination is a drug interaction. Drugs include pharmaceuticals,
homeopathic drugs, nutritional food supplements, herbal products, chemicals,
and diagnostic agents. Drugs can also interact with food or other substances.

EXPLANATION

Pharmacologic interactions occur when the actions of one drug are altered by
another drug or substance. Pharmacokinetic interactions occur when absorp-
tion, distribution, metabolism, or elimination of a drug is altered by another
drug or substance. Mechanisms of drug interactions include but are not limited
to the following:

1. Route of administration. Properties of drugs or chemicals given together,
intravenously, may cause physical incompatibilities resulting in adverse
events. Example: Calcium and phosphate products added to intravenous
solutions are concentration-dependent, causing precipitation, with re-
ports of death.
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2. Drug metabolites. Metabolites of a drug may interact with another drug
or its metabolites. Example: It is thought that erythromycin metabolite
inhibits the metabolism of theophylline since increased theophylline lev-
els are seen up to five days rather than in two to three days after starting
erythromycin.

3. GI absorption and transport. Some drugs may bind with or inhibit the
gastrointestinal absorption of another drug. Example: Antacids bind with
tetracycline or ciprofloxacin resulting in decreased bioavailability of the
antibiotic. Another important site for absorption and metabolism is the
drug transport system mediated by P-glycoprotein (P-gp). This transport
protein is found in the intestinal epithelium, renal tubule, liver, and blood
brain barrier. Some drugs are enhanced while others are inhibited by the
transport protein, changing the absorption and potential drug interac-
tions of many drugs. Example: The current understanding for increased
digoxin blood levels with quinidine is that quinidine inhibits P-gp, caus-
ing increased absorption and decreased renal clearance of digoxin.

4. Plasma-protein-binding interactions. One drug displaces another from
the plasma-protein-binding sites, resulting in an increased level of free
drug with increased pharmacologic effects. Example: Salicylates displace
warfarin from plasma-protein-binding sites, causing an increased inter-
national normalized ration (INR) and effects, possibly including bleeding
complications.

5. Metabolism. The most important organ for drug metabolism is the liver.
However, drug metabolism also occurs in the gut, lung, skin, kidney,
blood, and placenta. The cytochrome P-450 pathway is the leading en-
zyme pathway affected by many drugs. A drug may be classified as an in-
ducer, inhibitor, or substrate. A substrate is a drug that is metabolized by
a specific enzyme in the cytochrome P-450 pathway, which is affected by a
second drug or metabolite, an inhibitor or inducer. The effects of drug—
drug interactions can be predicted by knowing the enzyme metabolism
pathway of the drug.

+ Enzyme-induction interaction. Certain drugs cause the liver to increase
production of enzymes, resulting in rapid metabolism of the drug and
lower blood levels and effects. Example: Cigarette smoking decreases
theophylline levels. Rifampicin decreases drug levels of calcium channel
blockers, cyclosporine, protease inhibitors, etc.

* Enzyme-inhibition interaction. Certain drugs decrease the effects of
enzymes that metabolize drugs. Therefore, less drug metabolized
results in increased drug levels, possibly toxic levels. Example: Drugs
that increase toxicity of cyclosporine are clarithromycin, diltiazem, flu-
conazole, grapefruit juice, etc.

6. Renal-excretion interaction. Drugs may compete for glomerular filtra-

tion, active tubular secretion, or passive tubular reabsorption, resulting in
excessive blood levels of one or both drugs. Example: Probenecid de-
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creases clearance of beta-lactams and causes increased levels and toxicity
of methotrexate, rifampin, sulfonamide, sulfonylureas and zidovudine,
etc.

7. Pharmacodynamic interactions. These occur when the pharmacologic
properties of two drugs cause additive, synergistic, or antagonistic effects.
Example: A narcotic analgesic and a benzodiazepine medication increase
drowsiness, an additive effect. Carbidopa inhibits the metabolism of
levodopa in the peripheral system, resulting in increased levels of levodopa
crossing the blood brain barrier, a syngergistic effect. A hypertensive pa-
tient with controlled blood pressure receives a nonsteroidal antiinflam-
matory agent, which can cause fluid retention resulting in increased
blood pressure, an antagonist effect.

VALUE AND USE

The primary focus is the prevention or avoidance of morbidity and mortality
caused by an interaction between two chemical entities.

IssuEs

There are two major challenges for the health care professional: 1) keeping cur-
rent with drug interaction information and 2) non-drug/drug interactions.
Staying up-to-date with the literature on drug—drug interactions is a challenge.
New information is constantly discovered. Drug—drug interaction-detecting
software programs are available from various vendors. The validity of the soft-
ware to detect clinically significant drug—drug interaction should be evaluated
before implementation. Hazelet et al (2001) found the performance of programs
tested to be suboptimal.

Although considered safe by the general population, many herbal products
interact with pharmacological products. Example: St. John’s Wort interacts with
and decreases the effectiveness of protease inhibitor drugs. Also St. John’s Wort
may decrease the International Normalized Ratio (INR) for patients receiving
warfarin.
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Drug Marketing

Opinion Leaders
Brand

BrIiEF DEFINITION

Drug marketing is the process of raising awareness and use of a pharmaceutical
product.

EXPLANATION

As with the adoption of any new technology, the adoption and use of new phar-
maceuticals display a life cycle. There are early adopters who are advocates of
the new medication and there are the late adopters—the health care providers
who only use a medication well after it has become the standard of care. In
between are the large majority of adopters or users. The goal of pharmaceutical
marketing is to shift this curve to the left—that is, to accelerate the appropriate
adoption and use of a new prescription pharmaceutical. Successful marketing
efforts result in benefit both to the manufacturer—significant increases in sales
and profits—and to society—many more appropriate patients achieve the ben-
efits offered by the new medication.

The marketing practices of manufacturers are highly regulated. In addition,
the market for prescription pharmaceuticals is characterized by imperfections
including regulatory agency imperfections, asymmetries of information, and
global sunk costs. These combine to reduce price sensitivity on the demand
side, to enhance market power on the supply side, and to create demand curves
that do not reflect societal benefits. Despite these important differences from
other industries and markets, the pharmaceutical industry relies on many of the
same principles applied in other markets to enhance the use of its products.
Marketing and promotion are critical to raising awareness and use of any new
product. Especially in the health care sector, information is “costly” and therefore
many stakeholders—particularly physicians—are “rationally unaware” of a wide
range of information. Physicians have high search costs for information about
new therapies, since the data is often complex and their time is limited. Phar-
maceutical promotion creates awareness of a new therapy, stimulates interest,
explains attributes (benefits, side-effects), differentiates and positions the product,
informs health care professionals, and sustains awareness. Promotion also
includes education about the target disease and the range of treatments in addi-
tion to information about the marketed product.

Drug marketing strategies include development of a “brand” for a new prod-
uct, characterization of the key medical specialties and opinion leaders, identifi-
cation and prioritization of specific targets for market penetration based upon
the profile of the new drug in comparison to existing therapies, and determin-
ing what is the best mix of promotional investments. The venues of promotion
for prescription drugs largely consist of professional journal advertising, detail-
ing by manufacturer sales representatives to physicians in their offices (includ-
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ing provision of samples), professional symposia and seminars, and more
recently, direct-to-consumer advertising in various media, such as print, televi-
sion, and others. Another component of marketing strategy is setting the price
of the drug (see term: Drug Pricing).

Opinion leaders play an important role during the launch of a new product.
They are usually nationally or internationally recognized experts affiliated with
research or academic institutions. They usually are early adopters of new thera-
pies and have the platform to influence the behavior of other practitioners.

For more than a century, the importance of branding in the pharmaceutical
industry has been recognized; for example, Thomas Beecham named his new
laxative “Beechams Pills.” A brand is a name, term, sign, symbol, design, or
combination of these that is intended to identify the goods or services of one
seller or group of sellers and to differentiate them from those of competitors.
Brands convey attributes, benefits, values, culture, personality, and characteris-
tics of the user. A well-crafted brand imbues a product with brand equity—
loyalty among its users. The importance of branding perhaps is most readily
observed with the conversion of a growing number of drugs from prescription
to over-the-counter status, in which direct-to-consumer (DTC) advertising has
long been permitted. However, the building of brands was inherent in pharma-
ceuticals promotion prior to the advent of DTC advertising for prescription
drugs in the United States. It is worth noting that the onset of DTC advertising
for prescription drugs has largely resulted in a change in the mix of marketing
investments rather than increases in total promotion budgets as popularly
believed (Rosenthal et al 2002).

IssuEs

Direct-to-consumer advertising has become a lightning rod for public concerns
over the rising costs of pharmaceuticals. Critics contend that manufacturers
could lower drug prices if they reduced the costs associated with DTC advertis-
ing. This reflects a general ambivalence by the public toward pharmaceutical
marketing: does it solely drive greater profits or does it also provide an impor-
tant educational service to society? In addition, the pharmaceutical industry
has come under fire for some of its promotional practices, including the provi-
sion of meals and gifts to physicians. The American Medical Association pro-
posed a set of guidelines regarding the value of such gifts that has recently been
embraced by the pharmaceutical industry. Perhaps of even greater concern is
that some manufacturers are under investigation for potentially illegal activities
to enhance the sales of specific products or to promote their use outside of
approved indications. These developments have complicated public policy dis-
cussions about the appropriate role of pharmaceutical promotion, and have
fueled calls for greater regulation of the pharmaceutical industry.
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Drug Pricing
Pricing Strategy
Catalog Price

Average Wholesale Price
Rebates
Reference-Based Pricing
Differential Pricing

BRIEF DEFINITION

Drug pricing is a complex process that aims to maximize access to new pharma-
ceuticals and the return on investment of pharmaceutical manufacturers. The
prices in the US marketplace are set through interactions among manufacturers,
wholesalers, retailers, insurers, and pharmacy benefit managers (PBM’s). Inter-
nationally, prices may be set by governmental agencies that negotiate directly
with manufacturers following the approval of the drug for marketing through
their established regulatory review procedures. The pricing strategy developed
by a manufacturer must balance the need to fund ongoing research and devel-
opment in order to discover tomorrow’s breakthrough medicines versus the
need to make today’s drugs available to those who need them.

EXPLANATION

In the United States, the processes by which prices are determined and the final
price paid for drugs by various purchasers vary immensely. The chain of distri-
bution for a drug begins with the pharmaceutical company (manufacturer) that
distributes the drug by selling to drug wholesalers, the middlemen between the
manufacturer and the pharmacies. Using a value-based pricing model, a phar-
maceutical company establishes a catalog price by considering a number of fac-
tors including: the value of the new drug in terms of treating disease and
improving the quality of life, the value versus other available treatment options,
the need to fund ongoing research and development, the need to provide a
return to shareholders, and the need to provide access to the drug.

Frequently wholesalers may pay somewhat less than the catalog price for var-
ious reasons including timely payment. Wholesalers usually sell the drugs on a
cost-plus basis to pharmacies (independents, chains, supermarkets, mail phar-
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macies, etc). The average price that wholesalers are paid is known as the average
wholesale price or AWP. AWP is widely recognized as a benchmark and is
acquired through a survey of wholesalers. However, it is clearly not what is paid
at the pharmacy. After obtaining drugs through the wholesalers, pharmacies
charge a mark-up to patients. The evidence that AWP is not the true price paid
is evidenced by the typical reimbursement formula structured as AWP = X% +
dispensing fee. Pharmaceutical companies used to suggest AWP mark-ups (i.e.,
AWP + 15-25%), although these were not always followed. Pharmacies, the seg-
ment that is the primary customer for pricing service’s estimates of AWP, benefit
financially when the AWP + mark-up is relatively higher. Third party vendors,
such as large managed care organizations or pharmacy benefit management
companies, can frequently negotiate lower prices based upon the large volume of
drugs that they use over their distribution networks. In the United States, for
example, on average, for every dollar that a consumer pays for a prescription drug
at the pharmacy, 74 cents goes to the drug manufacturer, 3 cents to the wholesale
distributor, and 23 cents to the pharmacy. Other factors contribute to the wide
differences in pricing, such as different pricing strategies between single source
and multiple source drugs and between generic and brand name drugs.

Complicating the issue is the practice of rebates. Generally, when a MCO or
PBM (see terms: Managed Care Organization, Pharmacy Benefit Management
Organization) is considering adding, deleting, preferring, or prior-authorizing
drugs from the formulary (a list of preferred drugs) (see term: Drug Formu-
lary), it will negotiate with individual drug manufacturers about providing
incentives or discounts off the negotiated price (a rebate) based upon its ability
to move market share.

Internationally, governments or governmental agencies frequently negotiate
drug prices. Increasingly manufacturers are being asked to provide pharmaco-
economic data to justify the requested price (see terms: National Institute of
Clinical Excellence [NICE], Pharmacoeconomics). In some cases, countries
have adopted a reference-based pricing policy. This may mean that a manufac-
turer may not be allowed to charge any more than the price of the least expen-
sive drug currently marketed within a drug class (e.g., ACE inhibitors). It could
also mean that a manufacturer cannot charge more than the price of the least
expensive drug in a therapeutic category (e.g., antihypertensives). Reference-based
pricing was introduced in Germany in 1989, The Netherlands in 1991, and Sweden
and Denmark in 1993. Reference-based pricing is a mechanism to slow the
increase in costs incurred by the government by the availability and use of new
pharmaceuticals. The value of such a system is of considerable debate currently.

Developing a pricing strategy for a new product is a complex exercise and
must take numerous factors into account, including the innovative value of the
new drug compared to existing therapies, in order to determine the prices to be
charged to various purchasers. Rarely is the cost of a drug’s ingredients a signif-
icant factor in the pricing of a drug. Historical research and development
expenditures have been invoked by some people as a significant factor in pric-
ing a drug. For every 5000 medications evaluated, on average only 5 of these are
tested in clinical trials and just one is approved for patient use; only 3 out of 10
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drugs recoup or exceed their research and development costs. Thus revenues
from successful drugs must fund the development of tomorrow’s breakthrough
drugs and the associated large number of failures. However, other people sug-
gest that other factors are more important in drug pricing.

In setting the catalog price, the manufacturer must make a judgment of the
value of the new product relative to existing treatments. When a new drug rep-
resents a significant advance over existing therapies (i.e., more effective, better
tolerated), the price is usually set above the price of prevailing therapies. When a
new drug is viewed as being little or no different from the product of competitors,
the product may be priced equivalent to other products in the market. When a
drug is viewed as equal to or slightly inferior to current or anticipated offerings, it
may be priced below prevailing levels in hopes of gaining market share.

The pharmaceutical industry generally embraces a policy of differential pric-
ing. Drugs are priced differentially to different customers to enhance access and
utilization. For example, drugs sold to developing countries are priced lower
than drugs sold to European countries. Within the United States, rebates are
given to purchasers who provide care to large populations of patients and have
demonstrated that they can influence drug utilization through formulary man-
agement techniques.

VALUE AND USE

Product pricing strategies are reached in a number of ways and may change over
time, during the life cycle of the product, and as other business needs change.
Each product pricing decision is unique but should take into consideration a
number of different factors, including the company history and position in the
market, revenue goals, internal resources and capabilities, product features, past
actions of the competition, target patient characteristics, disease characteristics,
market position needs, the public policy environment, economic and social value
of the therapy, and current and anticipated insurance reimbursement.

IssuEks

Since most if not all pricing decisions should be market based, the assessment
of the above factors are performed in an effort to understand customer value.
Generally stated, customer value can be defined as customer-perceived benefits
minus customer perceived costs (e.g., risks and price). Pricing strategies that do
not provide customers with perceived value will not succeed.
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Drug Research and Development

Basic Research Phase II

Preclinical Research Phase III

Clinical Research Phase IV

Phase I Postmarketing Product Surveillance

Drug research and development consists of four stages:

1) Basic Research, 2) Preclinical Research, 3) Clinical Research (Phases I, II, and
I1I), and 4) Postmarketing Product Surveillance (Clinical Research Phase IV)

Basic Research

BRrRIEF DEFINITION

The study of medicinal chemistry, pharmacology, physiology, disease states,
and new technology for use in developing pharmaceutical products are referred
to as basic research.

ExPLANATION

For the development of medications and therapies, it is imperative that the
underlying etiology of disease states be understood: What are the symptoms,
how does the body respond to the disease, how does the body respond to an
intervention? Basic pharmaceutical research focuses on understanding diseases
and the impact of any interventions to diseases. In today’s competitive environ-
ment, many thousands of compounds are synthesized and evaluated with pre-
cise bioactivity screens to select the few that will be pursued.

VALUE AND USE

Basic pharmaceutical research has been a major impetus for our current under-
standing of the human body and the development of modern medicine.

IssuEs

It is possible for knowledge produced from basic research to be exploited. Gene
therapy is a frontier that promises to provide cures for many diseases. However,
it is possible that the discovery of gene therapies will also produce technologies
that can be used to the detriment of patients. For example, health insurance
companies could use gene information to profile and refuse coverage to patients
with “high risk genes.”

Preclinical Research

BrIiEF DEFINITION

Preclinical research is the laboratory and animal research conducted prior to
any clinical testing of a new chemical entity.
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EXPLANATION

Before a new compound can be tested in humans, research is needed to show
that using the new compound is probably not detrimental to the health of
humans. Therefore, research is performed with a new compound in at least two
animal species. This research focuses on the safety of the new chemical entity
and on the determination of doses that can be given without detrimental
effects. Data from sophisticated animal models are used to design how the ini-
tial human trials will be conducted.

VALUE AND USE

Human clinical research would not be possible without preclinical research. It
would be unethical to test new drugs in humans without knowing the safety
profile in other species.

IssuEs

It is difficult to extrapolate results found in animal studies to humans due to the
many physiological differences between animals and humans. Concerns of ani-
mal rights activists must also be addressed with regard to drug testing in animals.
Whenever possible, animal tests are being replaced by other technologies.

Clinical Research

BRrRIEF DEFINITION

Human testing of pharmaceutical products to evaluate safety and efficacy is
known as clinical research.

EXPLANATION
There are four phases of human clinical research:

1. Phase I. Testing in a small number of healthy volunteers (e.g., 20-80).
This testing determines whether there are any unanticipated safety issues
that were not discovered during preclinical testing. Maximum safe doses,
metabolic pathways, routes of elimination, and some evidence of biologic
effect may be explored.

2. PhaseIl.

+ ITIA. These dose-ranging studies are conducted in a somewhat larger
sample (e.g., 75-100) of the target populations to determine appropri-
ate doses that both exhibit biological effects and are well tolerated.

« IIB. These are proof of concept studies, also in relatively large samples
(e.g., 100-300) of the target population, in which evidence of efficacy
(usually based upon biomarkers) and tolerability and safety are sought.
Based upon the results of these studies, the dosage regimens are selected
for Phase III studies.

3. Phase III. These are the pivotal large-scale studies (e.g., up to several
thousand patients) in the target populations that support regulatory
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approval for marketing of a new drug or a new indication for an existing
drug. Usually two randomized placebo-controlled clinical trials are re-
quired to support regulatory approval, although single very large studies
may be acceptable. Phase III studies increasingly include clinical end-
points (e.g., stroke, myocardial infarction, death) in addition to biomarkers
(e.g., LDL-cholesterol, blood pressure). They may also include data on
other outcomes (e.g., quality of life, health care utilization).

4. Phase IV. Separate studies such as postmarketing product surveillance
studies may be conducted following the marketing of a new drug to eval-
uate various additional indications, the risk for particular adverse effects,
the potential for differences in the drug’s efficacy/safety profile in special
populations or disease states (e.g., elderly, renal or hepatic insufficiency
patients). In addition, studies may be conducted on alternate doses, dos-
ing intervals, formulations, and combinations with other treatments, as
well as head-to-head comparisons with particular drugs used to treat the
same indicated conditions. Phase IV clinical research is the fourth stage of
the drug research and development process.

VALUE AND USE

Clinical trials form the final basis for a drug’s marketing approval. They deter-
mine how a drug will be used in humans. In addition to efficacy data, clinical
trials provide valuable information pertaining to adverse effects, warnings, and
precautionary information that is used in the product labeling.

IssuEs

Clinical trials are time consuming, usually a minimum of three to five years. For
serious disease states patient groups often criticize this lengthy process. Although
it is difficult to shorten the timeline, drugs are often made available prior to
approval for the very ill under strict regulatory procedures. Clinical and ethical
issues have been raised about the appropriate comparator in Phase III studies.
While use of a placebo provides the strongest evidence of a drug effect, it may
not answer the questions of practicing clinicians, such as when should one use a
new drug rather than existing therapies? Additionally, the use of placebo may
not be ethical in some studies, especially when a condition is life threatening
and alternative therapies are available.
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Drug Safety

Adverse Event

Serious Adverse Event
Adverse Drug Reaction
Tolerability
Pharmacovigilance

BrIEF DEFINITION

Drug safety involves the assessment, management, and communication of the
risks involved in the use of a pharmaceutical agent. In general, there are two
phases of drug safety: preapproval and postapproval drug safety. Preapproval
drug safety relies primarily on clinical trial data; postapproval drug safety uti-
lizes information from voluntary spontaneous reports, postmarketing surveil-
lance (e.g., registry), and population-based epidemiological data for purposes
ranging from signal detection to risk quantification to causality evaluation.

EXPLANATION

The risk associated with use of a pharmaceutical product is measured by
adverse events or side effects. An adverse event (AE), opposite to drug thera-
peutic effect, is an undesired or unintended medical condition or sign tempo-
rally associated with the use of an approved or investigational pharmaceutical
product, whether or not causally related to the product. An AE meets the defi-
nition of a serious adverse event (SAE) when an AE results in death, is life
threatening, requires inpatient hospitalization or prolongation of existing hos-
pitalization, results in persistent or significant disability/incapacity, or is a con-
genital anomaly/birth defect. Adverse drug reaction (ADR) is an undesired
pharmacological effect that within a reasonable possibility is causally related to
the use of a pharmaceutical agent. (This definition excludes accidental or delib-
erate excessive dosage or misadministration.) The causation may have a phar-
macological plausibility or be of an idiosyncratic nature.

In the preapproval phase, tolerability, which represents the degree to which
overt side effects of a pharmaceutical agent can be tolerated by study subjects, is
assessed in clinical trials. Tolerability is partly reflected by the rate of discontin-
uation from the trial due to adverse events.

Despite the vigorous scientific standard for proving efficacy and safety in the
preapproval phase, controlled clinical trials have inherent shortcomings and
may have limited generalizability to the real world environment in which medi-
cal practice occurs. Clinical trials (that support initial registration) are con-
ducted in a controlled setting with restrictive inclusion and exclusion criteria,
seldom involve more than 2000 patients, and the study duration is limited to
weeks, months, or at most, a limited number of years. Uncommon side effects
or delayed adverse reactions of long-term administration may not be observed.
Moreover, many of the patients who are most likely eventually to be exposed to
the pharmaceutical agent often are not studied in this setting. This includes the
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elderly, pregnant women, children, and patients with multiple concurrent dis-
eases who are taking several concomitant medications. Postmarketing surveil-
lance, therefore, is crucial for providing additional safety information that
cannot realistically be collected before approval of a drug. A key component of
such surveillance is the voluntary reporting of spontaneous ADRs. The scien-
tific field of collecting, analyzing, and interpreting the postmarketing spontane-
ous reports is termed pharmacovigilance. Pharmacovigilance is intended to
generate, detect, and/or validate signals for potential side effects from marketed
products based on the numerator data (i.e., ADR reports). At times, a product
withdrawal decision by a regulatory agency could hinge on a few spontaneous
reports demonstrating high causal correlation. More scientifically vigorous
methods of hypothesis-testing of the causality of such events would involve the
conduct of large-scale population-based pharmacoepidemiology studies (see
term: Pharmacoepidemiology). Some researchers also include epidemiological
studies of drug safety in the field of pharmacovigilance.

VALUE AND USE

Drug safety is one side of the risk-benefit analysis when determining whether to
use pharmaceutical agents. Only when the benefit of using a pharmaceutical
agent is judged to outweigh the risk, as evaluated by patient’s medical care pro-
vider, is the use of the agent warranted.

IssuEs

The data used for drug safety assessment, including clinical trials data, post-
marketing spontaneous reports data, and population-based observational
data, have their own strengths and weaknesses. The clinical trials data are of
high accuracy but have limited generalizability to the real-life user population.
Postmarketing spontaneous reports data are generated through a passive sur-
veillance system that relies on voluntary reporting of adverse events from con-
scientious, astute health professionals and consumers. They therefore tend to
be under-reported, difficult to quantify because of the lack of a denominator,
and the reported AE cases may be a biased subset of all existing cases. Large
computerized population-based databases would enable the quantification of
causation between the pharmaceutical agent and AE by allowing the identifica-
tion of an at-risk population and the selection of comparison groups. How-
ever, the accuracy of population-based data may not be as high as clinical trials
data.
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Drug Use Evaluation

Drug Use Review

Medication Use Evaluation
Prospective Drug Use Evaluation
Concurrent Drug Use Evaluation
Retrospective Drug Use Evaluation

BrIEF DEFINITION

Drug use evaluation (DUE) is a criteria-based, ongoing, structured, organiza-
tionally authorized process designed to improve the appropriate, safe, and
effective use of drugs.

EXPLANATION

Drug use evaluation (DUE), drug use review (DUR), and medication use eval-
uation (MUE) are terms commonly used to describe the review of medication
use in individual patients and large patient populations either by individual
pharmacists or by formal processes established by health care delivery systems
(hospitals, managed care organizations, etc). The terms drug use evaluation,
drug use review, and medication use evaluation, and its predecessor term anti-
biotic utilization review (AUR), each emerged as products of initiatives, accred-
iting organizations, or legislation developed to address the growing concern
about drug appropriateness, safety, and cost. The drug evaluation movement
grew as the use complexity and cost of medications took more visible roles in
clinical and political debates regarding health care quality and affordability.
Today, the terms DUE, DUR, and MUE are commonly interchanged. In prac-
tice, drug evaluations or reviews are commonly viewed as quality-assurance activ-
ities that focus on evaluating and improving medication-use processes with the
goal of optimal patient outcomes and cost. In all cases, formal drug reviews or
evaluations are criteria-driven. The criteria are developed and approved by a
committee (i.e., health care providers). The methodology of the evaluation and
outcome measures is clearly delineated. The results and outcomes are reported
back to the committee. These data, with committee action and follow-up, would
be part of the organization’s quality improvement program for accreditation by
various organizations. (e.g., in the United States, Joint Commission on Accredita-
tion of Healthcare Organizations, National Committee for Quality Assurance).
Drug evaluations or reviews are classified in three categories:

Prospective Drug Use Evaluation: evaluation of a patient’s drug therapy
before a medication is dispensed
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Concurrent Drug Use Evaluation: ongoing monitoring of drug therapy dur-
ing the course of treatment or at the point of dispensing

Retrospective Drug Use Evaluation: review of drug therapy after the pa-
tient(s) has (have) received the medication

VALUE AND USE

DUE/MUE helps to identify actual and potential medication-related problems,
resolve actual medication-related problems, and prevent potential problems
that could interfere with achieving optimum outcomes for patients.

DUE programs play a key role in helping managed health care systems
understand, interpret, and improve the prescribing, administration, and use of
medications with the goals of improved patient outcomes and more efficient
use of scarce health care resources. Pharmacists play a key role in this process
because of their expertise in the area of pharmaceutical care. DUE affords phar-
macists the opportunity to identify trends in prescribing within groups of
patients such as those with asthma, diabetes, or high blood pressure. As a result,
pharmacists can, in collaboration with physicians and other members of the
health care team, initiate action to improve drug therapy for both individual
patients and covered populations.

IssuEs

By their very nature drug use evaluation studies are local. They are administra-
tive surveys carried out to monitor and correct local practices. As such, they
may have limited research value beyond their geographic and temporal borders.
Additionally, the pharmacist conducting the DUE may not have adequate or
complete data to evaluate the patient’s medication therapy. For example, a com-
munity (retail) pharmacist may not have access to the patient’s laboratory data
to evaluate renal or hepatic function for the appropriate dose. Electronic sys-
tems can significantly improve access to patient data.

Nevertheless, these reviews can provide useful data for studies that attempt
to examine the factors that determine inappropriate drug use.
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BrIiEF DEFINITION

Effect modification refers to a situation in which the association between the
exposure and the disease under study varies by levels of a factor (see term: Epi-
demiology). This factor is called an effect modifier.

EXPLANATION

If we divide the study population into two distinct categories or strata, the
stratum-specific effect measures may or may not be equal. If they are equal,
we say that the effect measure is homogeneous, constant, or uniform across
strata. If they are not equal, we say that the measure is heterogeneous or
modified across strata—that is, the effect of exposure on disease varies over this
factor. For example, there is an increased risk for thromboembolism among
women who use oral contraceptives (OC) as compared to women who do not
use these pills. With respect to smoking, the relative risks for thromboembolism
among women using OC is not the same. Those OC-users who smoke have a
statistically increased risk as compared to the nonsmoking OC-users. We have
an effect modification with respect to the association between use of oral con-
traceptives and thromboembolism where smoking is an effect modifier.

VALUE AND USE

From a public health perspective, information on effect modification can be
used to identify special risk groups—for example, users of oral contraceptives
who smoke, which could be targeted for preventive actions. Information on
effect modification can also be used to learn more about and to test hypotheses
of biological relationships.

IssuEs

The term “effect modification” is closely related to the concept of interaction,
which has been somewhat controversial in the epidemiological literature. An
assessment regarding the presence or absence of effect modification depends on
how one defines the state of no-effect modification. Statistical analysis of effect
modification or term interactions must be considered (see term: Uncertainty).
Multiplicative models and additive models have been used to assess different
biological models. The concept of effect modification should not be confused
with the concept of confounding (see term: Epidemiology).
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Natural History Case-Control Study
Risk Factor Risk Ratio
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Descriptive Epidemiology Odds Ratio
Cross-Sectional Study Population Attributable Risk
Analytic Epidemiology Bias
Cohort Study Confounding

BRIEF DEFINITION

Epidemiology is the branch of public health that works to understand the dis-
tribution, causes, and effects of disease in communities. Epidemiologists study
the factors and relationships that determine the presence, numbers, trends, and
distribution of diseases in communities and in specific populations.

EXPLANATION

Epidemiology translates from the Greek as the science of that which exists in
the population. Epidemiology originated in the nineteenth century as the study
of infectious disease distribution and the analysis of probable causes of epidem-
ics; epidemiology was and is very important in developing preventive measures
in public health. The causal factor per se (bacteria, virus, prions, chemicals, etc)
need not necessarily be known in order to use epidemiological findings to iden-
tify population groups at risk and to perform interventions or give health
advice to avoid further disease development.

VALUE AND USE

The basic question asked in the pioneering studies was: What factors do those
with disease have in common that individuals who remain healthy do not
have?” This is still the basic issue in epidemiological studies even though epide-
miology has expanded into the study of virtually every type of disease or out-
come at a population or group level; epidemiology now also refers to the
specific methodology and reasoning used in population studies. Epidemiological
methods are also used to study the distribution, causes, and effects of use of med-
icines in the population (pharmacoepidemiology) (see term: Pharmacoepidemi-
ology) as well as the effects of environmental exposures (e.g., pollution).
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Epidemiology can be used to study the natural history of diseases—that is, the
development and outcome of untreated disease. Thus, epidemiology today is con-
cerned not only with disease as the only outcome; the methodology also can be
used in the study of a variety of outcomes and exposures in health care research.

A risk factor (see terms: Risk, Risk Adjustment) is a factor whose presence
is associated with an increased likelihood that disease or another outcome
studied will develop at a later time. Disease and injury in populations vary
relative to many factors such as age, race, sex, occupation, geography, living
conditions, income, residence, exposure, and genetic predisposition; this type
of factor is called a sociodemographic factor.

There are two basic types of epidemiological study design: descriptive and
analytical. A descriptive epidemiology study aims to describe the incidence (see
term: Incidence), prevalence (see term: Prevalence), mortality (incidence of
death) (see term: Health Status) or fatality (incidence of death in diseased indi-
viduals) morbidity rates for diseases or injuries in a population. Descriptive
studies include what is called a cross-sectional study, which is a study per-
formed at one point in time and aims to study the correlation between risk fac-
tors and outcomes in a defined population. Ideally, data on exposure and
outcome should be known at an individual level; studies that utilize aggregated
statistics (vital statistics, drug sales data, etc), however, may be prone to ecolog-
ical fallacy—that is, spurious correlations.

Analytic epidemiology studies take the time perspective into consideration;
they are designed to verify that the suspected exposure did in fact occur before
the outbreak of disease. The main types of analytical studies are the cohort
study and the case-control study.

In the cohort study, a prospective study (see term: Clinical Trial) as shown in
the figure, individuals who are exposed and those who are nonexposed to the
suspected causal agent in a defined population are followed forward from the
time of exposure, and incidences of the outcome are determined in the two
groups. The ratio of incidence in exposed
divided by the ratio of incidence in non-  ———-o >
exposed gives the relative risk or risk
ratio (RR) (see term: Risk) for develop-
ing the outcome.

In the case-control study, a retro-
spective study as shown in the figure,
individuals with the disease or outcome Not axposed | No disease
of interest are identified as one study
group and individuals from the same
population without the outcome are  Tme
used as the control group, with the intent Cohort Study
being to mirror the rate of the outcome
in the population (see term: Retrospective Analysis). The two groups are
then retrospectively studied to identify any possible causal exposures. The
relative risk of the outcome cannot be determined directly, since the population

Exposed Disease
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orectionotsway  INCidences are not known (see term: Risk).

The relative risk is therefore approximated
Exposed Disease through the odds ratio (OR), that is, the
{Casen) odds for being exposed among the diseased
divided by the odds for being exposed
among the controls. It has been shown

Not exposed No disease ; -

(Controle) that for outcomes with a relatively low

prevalence—which is most outcomes—the

Time > odds ratio is a satisfactory estimate of
Case-Control Study the relative risk.

In an epidemiological study, it is also
possible to estimate the attributable risk (AR) and the population attributable
risk (PAR) (see term: Risk). The AR gives information on the excess risk of dis-
ease among the exposed compared with those nonexposed and is calculated as
the incidence among exposed minus the incidence among unexposed. The PAR
is defined as the excess rate of disease in the population that is attributable to
exposure under study. It is calculated as the incidence of disease in the total
population minus the incidence in the unexposed.

IssuEs

Since epidemiological studies are performed in nonrandomized, noncontrolled
environments, there are several important methodological considerations in epi-
demiological studies. Epidemiological studies can be, and often are, subject to
bias, that is, systematic errors that result in incorrect estimates of the association
between exposure and outcome studied. There are a great number of potential
sources of bias in a study, the most common be-

ing selection bias (bias in the way study subjects

are selected) and information or observation bias

(systematic differences in the way information on

exposure and/or outcome is obtained in the groups
studied) (see terms: Clinical Trial — Study Bias,
Sample Selection Model). Bias should be con-
trolled as far as possible in the design of the study,
and the possible effects of bias should always be

The Relationship between discussed in the evaluation of study results.
Exposure, Confounding Factor, Another important alternative explanation
and Disease for the association found in an epidemiological

study is confounding. Confounding refers to
the effect of the exposure under study being mixed with the effect of a third
factor. The third factor must be a risk factor for the disease as well as associated
with the exposure, as shown in the figure. Common confounding factors
include age and sex. Confounding can be controlled in the study design
through randomization, restriction (inclusion criteria), or matching. Con-
founding can also be evaluated and controlled in the analysis through strati-
fied analysis or multivariate methods.
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European Medicines Evaluation Agency (EMEA)

Centralized Procedure
Mutual Recognition Procedure
Committee for Proprietary Medicinal Products

The European Medicines Evaluation Agency (EMEA) was founded January 1,
1995. EMEA coordinates centralized drug registrations for the European Union
market as a whole. This centralized procedure exists along with the mutual rec-
ognition procedure and the national registration procedures for drugs. For sci-
entific tasks, EMEA has two key committees: the Committee for Proprietary
Medicinal Products (CPMP) and the Committee for Veterinary Medicinal
Products (CVMP). Only the former will be considered here.

Based in London, the EMEA coordinates the scientific assessment of new
biological and chemical entities, which follows the centralized procedure for
European Union registration. This scientific assessment comprises three major
aspects: quality, preclinical and clinical safety, and effectiveness. The several
hundreds of employees of the EMEA are not involved in the scientific assess-
ment procedures as reviewing experts, but they coordinate the centralized reg-
istration procedure. In addition to the centralized procedure, the EMEA has
several other tasks, including postmarketing surveillance (PMS), provision of
product information, development of guidelines, and publication of opinion
papers. The EMEA's tasks in PMS involve judgment and dissemination of infor-
mation on adverse drug effects. The scientific assessment for proprietary medi-
cal products and all other scientific assessment during the postmarketing phase
are under the responsibility of the scientific committee—the CPMP.

The CPMP consists of two delegates per member state. Delegates are assigned
by the national authorities for a period of three years. The CPMP’s drug evalua-
tion must be finalized within 210 days from the moment that the EMEA has
verified receipt of the files from the pharmaceutical company involved. The
CPMP issues an opinion to approve or reject the drug application. This opinion
is transposed into a legally binding decision by the European Commission
(EC), involving a standing committee with member state representation. Nor-
mally the EC decision will comply with the CPMP opinion. The final authoriza-
tion is valid throughout the whole European Union.

The centralized procedure is obligatory for new biopharmaceuticals and
optional for other products of an innovative nature such as new chemically
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active substances. Next to the centralized procedure, a second option for drug
registration exists in the mutual recognition procedure for products intended
for more than one member state. This procedure is executed by the National
Drug Authorities with the help of a voluntary group, the Mutual Recognition
Facilitation Group (MRFG), which meets at the EMEA. The mutual recogni-
tion procedure involves the request of a pharmaceutical industry to register a
drug in one or more member states on the basis of the registration already
achieved in another member state (known as a reference member state or
RMS). During the first four years of the procedure, it has been applied almost
500 times. The United Kingdom was most often selected by pharmaceutical
companies to act as the RMS.

The national procedures can still be used for products intended for one mar-
ket only; as soon as a pharmaceutical company wishes to register the same
product in another member state, though, the mutual recognition procedure
must be used.
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EuroQoL
EQ-5D

BrIEF DEFINITION

EuroQoL, also referred to as EQ-5D, is a generic instrument for measuring
health-related quality of life, designed to be self-completed by the respondent.
It has been in the public domain since 1990. The EuroQol group developed this
instrument to complement other health-related quality of life measures. EuroQol
has four components: description of the respondent’s health by means of the clas-
sification, rating of his/her health by means of a “thermometer,” valuation of a set
of health states, and background information about the respondent.

EXPLANATION

The EuroQoL group was established in 1987. The original members came from
various research teams in Europe. The group was multilingual and multidisci-
plinary. In 1994, the EuroQoL group was reconstituted into an association with
members from not only Europe but also other continents.

The EuroQol is a questionnaire with several sections. On page 2 (self-identifier),
the respondents are asked to describe their own health state on the following
five dimensions: mobility, self-care, usual activities, pain/discomfort, and anxi-
ety/depression. Each dimension provides three levels from which the respon-
dents can choose. On page 3 (visual analogue scale method), respondents are
asked to indicate their own current health state on a “thermometer” calibrated
from zero (“worst imaginable health state”) to 100 (“best imaginable health
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state”). Pages 2 and 3 are the only parts of the instrument that need to be used if
the researchers are interested only in measuring the health-related quality of life
of the patient. If the researchers are also interested in establishing valuations,
they need to ask the respondents to value 13 standard health states, again on 0—
100 thermometers, on pages 5 and 6. After this, on page 7, the respondents are
instructed to go back to pages 5 and 6 to draw a line to mark off the position of
the state “dead” compared to the other states. Pages 8 and 9 contain questions
eliciting background information from patients, including age, sex, education,
disease experience, smoking status, and so on.

VALUE AND USE

Based on the description above, the self-classifying section (page 2) of EuroQol
can be defined by a five-digit number. For example, the state 22223 indicates
some problems with mobility, self-care, usual activities, and pain/discomfort,
and extreme problems with anxiety/depression. Since there are three choices for
each dimension, there are potentially 3°=243 health states according to this
classification. The data of self-reported problems can be used as a profile of
health status. The information from this section of EuroQol can also be used to
derive a single summary index. In addition, researchers have used the ratings
from the visual analog scale as a measure of outcome. In past studies, the EuroQol
self-identifier and the visual analog scale have been used in a variety of ways:
comparing patients’ health status at different times; assessing the seriousness of
illness at different times; providing effectiveness evidence for approval of drugs
or processes; providing relevant resource allocation information at different
levels; and establishing local and national population health status. EuroQol
has been used in quite a number of clinical areas.

IssuEs

Several issues are worth noting with respect to EuroQol. The first is that such a
simple instrument as EuroQol is not likely to be comprehensive and sensitive in
measuring health status, although the developers incorporate a visual analog
scale to cover the whole health state spectrum from worst to best.

The second issue arises with valuation of standard health states. It involves
several aspects, the first of which is the duration of health states. The EuroQol
designers opted to present the health states to patients as lasting one year. How-
ever, the prognosis for a state, the probabilities of death, and the difference in
time preference of different respondents could all influence the valuation of
health states. The second aspect of the valuation issue is the number of health
states to value. Although empirical work has placed emphasis on valuation of
the standard health states, the EuroQol group has continued to explore the pos-
sibilities of valuing other health states. The third aspect of the valuation issue of
EuroQol is the approaches of valuation. A visual analog scale has been used for
simplicity but there is evidence that a visual analog scale does not provide car-
dinal values or utilities. Thus, the EuroQol group felt it important to explore
other possible valuation approaches.
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The third issue is the methodological requirements of EuroQol. First is the
instrument’s practicality: using pages 2 and 3 of EuroQol is a convenient way to
describe and rate respondents’ current health status, but the valuation of stan-
dard health states has not been considered easy. Besides practicality, the reliabil-
ity, validity, and response bias aspects of EuroQol also need to be considered.

The fourth issue emerges when “dead” is valued by respondents, who clearly
have difficulty in the valuation of this “state.”
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Evidence-Based Medicine

Cochrane Collaboration
Centre for Reviews and Dissemination
Evidence-Based Practice Centers

BRIEF DEFINITION

Evidence-based medicine has been defined as an approach to health care prac-
tice in which the clinician is aware of the evidence in support of his or her clini-
cal practice and of the strength of that evidence and is then able to apply that
knowledge in clinical practice. Evidence-based medicine, therefore, consists
of clinical expertise and patient preferences combined with critical appraisal of
clinical research, with the goal of providing optimal individual patient care.
Optimal care thus takes into account patient outcomes and the relative efficien-
cies among competing alternatives, as demonstrated in the medical literature.
This approach to patient care demands that the clinician’s expertise and the
appraisal of the clinical evidence base be current and up to date.

EXPLANATION

Historically, clinical care has been provided based on clinical expertise and
some notional review of the clinical literature. Today, there is an ever increasing
burden on clinicians to keep up with relevant literature and advances in their
respective fields as both the body of medical literature and clinical advances
continue to expand and accelerate. Additionally, health care delivery systems are
under pressure to provide state-of-the-art medical interventions, but in the most
efficient manner. To help balance these twin burdens, evidence-based medicine
(EBM) is being increasingly pursued as a rational approach to patient care.

EBM requires that clinicians have access to critical, unbiased reviews of cur-
rently available evidence. One especially visible example of early efforts to
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review literature in a systematic way is the Cochrane Collaboration. This effort
was begun in response to the suggestion by a British epidemiologist, Archie
Cochrane, that critical, systematic and up-to-date reviews of all relevant ran-
domized controlled trials in health care were needed to fully realize the poten-
tial of medical research for patient care. Cochrane Centres across the world
engage in the production of Cochrane reviews according to a specific method-
ology. Many other research bodies conduct rigorous systematic reviews, among
which, for example, are the Centre for Reviews and Dissemination (CRD) at
the University of York in the United Kingdom and Evidence-Based Practice
Centers (EPCs) funded by the Agency for Health care Research and Quality
(AHRQ) in the United States.

VALUE AND USE

The need for and value of EBM is increasingly being recognized. It is appearing
more frequently in medical school curricula and postgraduate workshops, and
medical journals are now devoted to EBM. The academic courses include teach-
ing critical appraisal of the literature so that clinicians become savvier regarding
individual published studies and reviews. Also, since the late 1980s, there has
been a large increase in the number of written clinical practice guidelines pro-
duced that use the principles of systematic reviews together with expert clinical
opinion to help inform patient-level decision making. Like EBM as used in clin-
ical practice, clinical practice guidelines take into account the knowledge gained
through experience of clinicians and typically reflect local or regional practice.
Systematic reviews focus less on experiential evidence and rely instead on evalu-
ation of clinical trials and aggregation of their results to make conclusions con-
cerning the evidence. The goal of EBM is to enable physicians to obtain and
take unbiased sources of information into the patient encounter and use them
in the clinical decision-making process. It is a basic tenet of EBM that patient
specific characteristics and preferences be explicitly considered.

IssuEks

Although the goal of EBM reviews and guidelines is to be timely, current, and
unbiased, EBM in actuality is also sometimes criticized for not having those
characteristics. Sometimes, reviews and guidelines are criticized for not being
timely and not reflecting current knowledge. As well, controversy exists as to
what clinical literature deserves to be included in the reviews and depended
upon for the guidelines. For example, some argue that only randomized con-
trolled trials (RCTs) should be included, while others maintain that such trials
suffer from external generalizability and other issues and can be supplemented
and complemented by a variety of outcomes studies, especially in the absence of
trial data. Similarly, some maintain that only indexed literature has the quality
to be included, while others maintain that the “gray” (nonindexed) literature
may be included if it meets predetermined criteria for inclusion. Of course, that
increases the intensity and scope of EBM reviews, and their concomitant
expense. Overall, however, it is critical that such reviews be of the highest qual-
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ity. If they are not, the field risks being perceived as simply another cover for
decision makers merely trying to reduce or contain costs with inadequate evi-
dence. This concern highlights the importance of an unbiased treatment of the
evidence base. Impartial reviewers and adherence to standard procedures can
help mitigate these concerns. It should also be noted that the most expensive
treatment may in fact be the most efficient in improving patient outcomes.
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Food and Drug Administration (FDA)

BRIEF DEFINITION

The US Food and Drug Administration (FDA) is the regulatory authority that
has responsibility for the approval of new drugs, biologics, and devices through
the Center for Drug Evaluation and Research (CDER), the Center for Biologics
Evaluation and Research (CBER), and the Center for Devices and Radiological
Health (CDRH).

EXPLANATION

The US Congress passed the Food and Drugs Act in 1906, which made it illegal
to distribute misbranded or adulterated foods, drinks, and drugs across state
lines. In 1938, Congress passed the Federal Food, Drug, and Cosmetic Act,
which required companies to prove the safety of new drugs before putting
them on the market. The new act also added the regulation of cosmetics and
therapeutic devices. Since the early 1960s, the Food and Drug Administration
has required that drugs used in the United States be both safe and effective. In
1997, Congress passed the Food and Drug Administration Modernization
Act, which reauthorized the Prescription Drug User Fee Act of 1992 and man-
dated the most wide-ranging reforms in agency practices since 1938. Provi-
sions included measures to accelerate review of devices, regulate advertising
of unapproved uses of approved drugs and devices, and regulate health claims
for foods.

VALUE AND USE

FDA reviews the results of laboratory, animal, and human clinical testing
done by companies to determine if the product they want to put on the mar-
ket is safe and effective. Premarket review is conducted for new human drugs
and biologics, complex medical devices, food and color additives, infant for-
mulas, and animal drugs. Once products are on the market, FDA keeps track
of how they are manufactured and responds to reports of adverse experiences
or newly identified risks. If monitoring turns up a problem that needs to be
corrected, FDA can ask the manufacturer to recall the product, or it can with-
draw approval (of a drug, for example), require labeling changes, or send
warnings to physicians or other health practitioners. The FDA also monitors
the marketing practices of pharmaceutical companies to ensure that promo-
tion is accurate, balanced, and does not make claims inconsistent with the
approved labeling.
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IssuEs

The FDA policies aim to preserve the high efficacy standard required for mar-
keting drugs in the United States. However, once a drug is approved for market-
ing, a physician can use it in any fashion that he or she deems appropriate. The
FDA must balance the risks and benefits associated with approval of new prod-
ucts for medical use. Since complete information about the full spectrum of
risks and benefits is not usually known at the time of approval, risk manage-
ment has received greater attention recently, and the FDA is asking manufacturers
to develop risk management strategies to accompany the launch of new products.

BIBLIOGRAPHY
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Gene Therapy

Somatic Gene Therapy
Germline Gene Therapy

BrIiErF DEFINITION

Gene therapy is a novel approach to treat, cure, or ultimately prevent disease by
changing the expression of a person’s genes. Gene therapy is in its infancy, and
current gene therapy is primarily experimental, with most human clinical trials
only in the research stages. Gene therapy can be targeted to somatic (body) or
germ (egg and sperm) cells. In somatic gene therapy the recipient’s genome is
changed, but the change is not passed along to the next generation. In germline
gene therapy, the parents’ egg and sperm cells are changed with the goal of
passing on the changes to their offspring. Germline gene therapy is not being
actively investigated, at least in larger animals and humans, although a lot of
discussion is being conducted about its value and desirability.

EXPLANATION

Cells may be modified ex vivo for subsequent administration to humans, or
may be altered in vivo by gene therapy given directly to the subject. When the
genetic manipulation is performed ex vivo on cells, which are then adminis-
tered to the patients, this is a form of somatic cell therapy. Somatic cell therapy
is the administration to humans of autologous, allogeneic, or xenogenic living
cells that have been manipulated or processed ex vivo. The process involves the ex
vivo propagation, expansion, selection or pharmacologic treatment of cells, or
other alteration of their biological characteristics, such as genetic manipulation.

Genetic manipulation may be intended to have a therapeutic or prophylactic
effect, or it may provide a way of marking cells for later identification (diagnos-
tic purpose).

Recombinant DNA materials used to transfer genetic material such as genet-
ically modified viral vectors are considered components of gene therapy. Other
ways to apply gene therapy include liposome-encapsulated DNA, antisense
techniques, naked DNA injection, DNA-mismatch repair, stem cell therapy and
xenotransplantation of genetically modified animal cells. This list is not exhaus-
tive, and still other ways are currently under investigation.

Distinction is also made between gene therapy focusing on germline and on
nongermline cells. Within the area of germline cells, investigators prefer to use
the word “genome modification” instead of gene therapy. The former may also
include genome therapy, prevention, and genome enhancement, although it
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may be difficult to make clear distinctions among them. For instance, genetic
intervention that avoids the birth of a child with cystic fibrosis would be
regarded as gene therapy and/or prevention, whereas genetic intervention to
increase the height of an otherwise normal future child would be genetic
enhancement.

Different degrees of genome modification ranging from substituting a single
nucleotide to changing a whole gene or chromosome are possible.

VALUE AND USE

Gene therapy holds the promise of enabling the diagnosis and treatment of a
variety of diseases for which there are currently no available effective therapies.
It also potentially may lead to cures for common chronic diseases that require
chronic or lifelong treatment. However, at the present time gene therapy is still
experimental and therefore its benefits and risks remain to be shown.

The benefits of gene therapy may include disease prevention, reduction of
disease severity, improved functioning, improved quality of life, and increased
longevity. The harms may have a wide and very severe range not only for the
patient, but also for future generations in case of germ cell modification with a
bad outcome such as premature death.

IssuEs

Gene therapy is still in its infancy stage. It is expected that in the near future
specific regulations for the different types of gene therapy will be considered:
how, when, and under which condition the trials may occur. Gene therapy also
raises a host of ethical issues. According to Brenner and Moen (1996) some of
these include:

+ What is normal and what is a disability of disorder, and who decides?

+ Are disabilities diseases? Do they need to be cured or prevented?

+ Does searching for a cure demean the lives of individuals presently affected
by disabilities?

+ Is somatic gene therapy more or less ethical than germline gene therapy?

* Preliminary attempts at gene therapy are exorbitantly expensive. Who will
have access to these therapies? Who will pay for their use?
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Health Care Intervention

Medical Technology

Health Technology

Preventive Intervention

Primary Preventive Intervention
Secondary Preventive Intervention
Tertiary Preventive Intervention
Diagnostic Intervention
Therapeutic Intervention

BrRIEF DEFINITION

According to the MeSH (Medical Subject Headings) definition, health care
intervention is a generic term used to describe a program, policy, measure, or
activity designed to have an impact on an illness or disease in an individual or a
population.

EXPLANATION

The entire spectrum of health care intervention activities aims at promoting
and preserving health, maintaining and restoring good health to the extent
technologically possible, and preventing the departures from health that impair
the well-being and working ability of individuals and communities.

In a real sense, all diagnostic and therapeutic activity (interventions) has a
preventive component in that it seeks to interdict deterioration of the patient’s
health or forestall spread of disease, both infectious and environmental, in the
community. Thus, prevention is often inseparable from treatment and cure.
Many factors influence individual and systematic health care interventions.
These include the historical and cultural context, which determines the values
of society; available facts about perceived human need, which is defined and
influenced by social values; and scientific and technical capability to intervene
effectively.

Following the definition of technology as “the systematic application of sci-
entific or other organized knowledge to practical tasks,” the US Office of Tech-
nology Assessment has defined medical technology as “devices, and medical
and surgical procedures used in medical care and the organizational and sup-
portive systems within which such care is provided.”

The term health technology is broader than medical technology in that it
includes interventions encouraging consumer behaviors most likely to optimize
health potential, both physical and psychosocial, through health information,
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preventive programs, and access to medical care technology. Health technology
is classified not only by its nature—that is, drugs, devices, or procedures—but
also by medical or health purpose. Health purpose can be diagnosis, preven-
tion, therapy, rehabilitation, administration, or support (e.g., hospital beds or
food services).

Preventive intervention is said to have three components: primary, second-
ary, and tertiary. Primary preventive intervention is directed toward preventing
the occurrence of disease or injury, for example by immunization against infec-
tious diseases and by the use of safety equipment to protect workers in hazard-
ous occupations. Examples of other primary preventive interventions include
health education, improved nutrition, and appropriate care for women during
pregnancy.

Secondary preventive intervention means early detection and intervention,
preferably before the condition is clinically apparent, and has the aim of revers-
ing, halting, or at least retarding the progress of a condition. It is epitomized in
screening programs in which people with early, often preclinical, manifesta-
tions of disease are identified and offered a regimen to prevent its progression.
In other words, secondary preventive interventions are measures seeking to
arrest or retard disease through early detection and appropriate treatment or
to reduce the occurrence of relapses and the establishment of chronicity,
through, for example, rehabilitative measures, corrective surgery, and the pro-
vision of prostheses. Examples include neonatal detection of congenitally dislo-
cated hips and phenylketonuria.

Tertiary preventive intervention is undertaken to minimize the effects of dis-
ease and disability by surveillance and maintenance aimed at preventing compli-
cations and premature deterioration. Examples include the use of splints and
remedial exercises to prevent contractures and deformities associated with rheu-
matoid arthritis, and care of pressure points and bladder function in paraplegia.

In epidemiological terms, primary prevention reduces the incidence of dis-
ease, secondary prevention reduces the prevalence, while tertiary prevention
alleviates the effects.

Diagnostic intervention is defined as an organized service for the purpose of
providing diagnosis to promote and maintain health and to identify therapeutic
interventions necessary to treat the established illness. Each disease category
encompasses the diagnostic interventions relevant for detecting its specific
symptoms, manifestations, and severity. Diagnostic interventions might be
noninvasive (rather, less invasive), moderately invasive, and heavily invasive.
Urinary laboratory tests that do not involve catheterization are examples of less
invasive diagnostic interventions. On the other hand, biopsies, although diag-
nostic, are considered as surgical, invasive interventions. Among the moder-
ately invasive diagnostic interventions, one would list such procedures as
densitometry, mammography, pneumoradiography, tomography, ultrasonog-
raphy, and echocardiography.

Therapeutic intervention includes the following components: pharmaco-
logical intervention (efficacious agent of relevant dose, administration, and
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duration), therapeutic surgical intervention, and specialty care administered or
provided by a health care professional. Therefore, therapeutic interventions are
combinations of provider skills or abilities with drugs or devices or both.
Examples of surgical therapeutic interventions include angioplasty, balloon
dilation, balloon occlusion, central venous catheterization, and heart catheter-
ization. Administration of a respiratory ventilator is an example of a specialty
care administered by a trained health care professional.

VALUE AND USE

Efficacy, safety, and efficiency are the basic starting points in evaluating the
overall utility of most health care interventions. If an intervention is not safe, it
should not be used, and if its efficacy is not known, statements about its value
cannot be made. Information about the efficacy of existing and new health care
interventions is also needed to determine cost-effectiveness and to guide public
policies that develop, adopt, and use health care interventions. Such informa-
tion could potentially be used to ensure that health care interventions demon-
strated to have potential benefits with acceptable risks are made available rapidly,
to constrain the diffusion and use of interventions which either lack efficacy or
cause excessive harm, and to guide appropriate use of all interventions.

For example, labeling information along with the physician’s skills and expe-
rience guide therapeutic interventions. Physicians use their own knowledge and
the patient’s reactions to make judgments regarding the applicability of a thera-
peutic intervention in each individual case, taking into account labeling data on
clinical pharmacology (mechanism of action and pharmacokinetics), indica-
tions and uses, dosages for different types of patients, available forms of ther-
apy, contraindications, precautions, side effects and adverse reactions, special
considerations, patient and family education, and monitoring parameters. The
developed information is meant for health professionals, and it explains the effi-
cacy of a drug (pharmacological intervention) and alerts them to certain dangers
and restrictions in its use. The US Food and Drug Administration’s regulations
on labeling ensure a high standard of safety and efficacy of marketed drugs.

IssuEes

There is virtually no diagnostic or therapeutic intervention that is not poten-
tially harmful to some degree. In the evaluation and treatment of every patient,
the physician must continually balance these risks against the magnitude of the
disease he or she is attempting to diagnose or treat. These accumulated risks
have been referred to as the price we pay for modern management of disease.
The bulk of information presently available concerns the acute toxic or other
adverse side effects of diagnostic and therapeutic interventions. The long-term
effects are largely unknown. The acute adverse effects of drugs do not represent
the totality of the risk they present to the patient. Our “ignorance” in this area
must be and has been acknowledged by the evolution of scientific methods
evaluating health care interventions and their respective outcomes in more sci-
entific ways.
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Our definition of benefits and outcomes expands beyond measuring mortal-
ity and morbidity. Life expectancy, quality of life, and psychosocial and func-
tional benefits have entered the domain of measurable outcomes. As a society
comes to value these benefits more, we can anticipate more studies that attempt
to measure them and that can be used in developing policies on specific health
care interventions. Studies examining and comparing costs and cost-effectiveness
of health care interventions are equally important.

BIBLIOGRAPHY

Kilbourne ED, Smilie WG. Human Ecology and Public Health. 4th ed. London: The MacMillan
Company, Ltd; 1969.

Last JM. Maxcy-Rosenau Public Health and Preventive Medicine. New York: Appleton-Century-
Crofts of Prentice-Hall, Inc; 1986.

US Office of Technology Assessment. Medical Technology and the Costs of the Medicare Program.
Washington, DC: Office of Technology, Assessment; 1984.

Health Care Payer
Single Party Payer
Third Party Payer

BrIEF DEFINITION

A health care payer is the party responsible for the financing and payment of
health care for a population of eligible persons.

EXPLANATION

Understanding a health care system should include an examination of con-
sumers (patients), health care providers, and the financing mechanism. The
most prevalent models of health care payment include single and third party
payment. In a single party payer system, a single agency or government pays for
everyone’s health care using tax revenue. Third party payer includes an organi-
zation, private or public, that pays for or insures at least some of the health care
costs of its beneficiaries. An example of third party payers includes managed
care organizations or systems (e.g., health maintenance organizations) that
receive payment from individual patients, public agencies (such as Medicaid),
or private entities (such as employers) seeking to secure health benefits for a
population of persons that they represent. The third party will arrange a net-
work of physicians and other providers that will provide health care services for
the population of persons covered by the third party for a negotiated price (see
term: Managed Care Organization). The figure below illustrates the relationship
among the third party, the patient, and the provider.

At the broadest level the essential features of managed care are that: (1) the
functions of health insurance and health care purchasing are integrated within
the same organization and (2) health care is funded prospectively (i.e., so much



HEALTH CARE PAYMENT SYSTEM 117

3rd party
Insurers
$$$ $$$
Managers
managers
& ‘ Providers
services
1st part
pary 2nd party

Example of a third party payment system: a managed care
scenario in the United States

per person or group to be covered) rather than retrospectively (i.e., fees for
treatments already purchased).

VALUE AND USE

All countries face the issue of trying to balance the desire for economic effi-
ciency with comprehensive, high-quality health services. An understanding of
who the principal “payers” are within a health care system helps us to gain an
appreciation of the possible sources of conflict that exist between the broadly
public and private organizations or agencies funding, and in some instances
providing, health care.

IssuEs

Identifying the main payers of health care is an essential requirement to under-
standing how different countries are managing and responding to increasing
financial pressures. Challenges include the introduction of new and expensive
health care technologies (often for previously untreatable conditions) and
financing health care for an ever growing elderly population. Understanding
these challenges is critical to establishing the necessary research questions and
study design to describe the value of health care technologies.
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Health Care Payment System
BRrRI1EF DEFINITION

A health care payment system is the mechanism for reimbursing various provid-
ers of health care for the services that they provide in the delivery of health care.
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EXPLANATION

Providers might receive “payment” for the services they provide by one or more
of the following methods:

+ Fee-for-service (FFS), i.e., fee per case (per diem or flat rate)
+ Capitation

+ Salary

+ Reimbursement (prospective or retrospective) or refund

A further framework for understanding provider “reward” systems is to con-
sider the specific features of public and private health care provision in terms of
(1) ownership of facilities and (2) employment and payment of general practi-
tioners, as shown in the table.

Public and Private Provision

Country Ownership of Facilities Employment and Payment of General Practitioners
Canada Private not-for-profit Mainly fee-for-service (FFS), some salaried
Germany Mixture of public and private Mainly FFES outside hospital, salaried

(for-profit and not-for-profit) in hospitals
Netherlands Private not-for-profit Hospital: FFS

General practitioners: capitation and FFS

Sweden Almost all public Salaried public service
Switzerland Mixture of public and private General practitioners: mainly FFS

Hospital: salaried

A few Health Maintenance Organizations
(HMOs) (most still insurance-owned
group practices): doctors salaried.

UK Mainly public, plus some private Hospital: salaried in the public
for-profit and not-for-profit sector
FFS in private practice
General practitioners are independent
contractors (recently reorganized as
preferred provider groups)
Mixture of salary, capitation,

and FFS
USA Mainly private (for-profit and not-for- Moving from mainly FFS to capitation
profit) supplemented by public and salaried

Mounting financial pressures in recent years have created even more cost-
conscious health care decision makers. The need for increased efficiency (i.e.,
value for money) and productivity balanced with quality improvement (partly
as a result of the increasing consumerism in health care) reflects the reality of
the scarcity of resources in all health care systems striving to deliver “evidence
based” health care (i.e., taking account of both clinical and cost-effectiveness
issues).
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VALUE AND USE

A knowledge of the main methods for describing provider reward systems is a
necessary prerequisite in understanding some of the important differences in
country-specific health care systems.

Furthermore, any analysis of sources of health care finance and finance
mechanisms has important implications for the design, conduct, and interpre-
tation of economic evaluation studies of new treatments, technologies, drugs,
etc. The perspective that is taken is also an important consideration (e.g., from
the perspective of only the payer of health care or of society as a whole). The
transferability of results is often problematic, and therefore such studies should
always be made country-by-country.

IssuEs

A key issue relates to the relationship of financial incentives and distribution of
monies (e.g., from state funds, insurance organizations, patients themselves)
across all the players involved in providing health care and the relationship of
these financial incentives to the access, quality, and cost of health care. For
example, the influence of different financial incentives on practitioners’ behav-
ior in the traditional fee-for-service reimbursement system is well known. The
incentive here is to do more because more services lead to more revenue.
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Health Care Provider

Primary Care Provider
Secondary Care Provider
Tertiary Care Providers
Allied Health Personnel

BRIEF DEFINITION

The term health care provider covers all health professionals, groups of health pro-
fessionals, and health care organizations that provide services to patients in order to
prevent or cure diseases, stop their progression, or ease disease-related symptoms.

EXPLANATION

A common classification divides general health services and consequently
health care providers by the levels of care: primary, secondary, and tertiary care.
According to this scheme, primary care provider covers basic health care for
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simple and common illnesses and injuries—in other words, routine health care
needs. Primary care providers typically include generalist physicians such as
family practitioners as well as internists, pediatricians, ophthalmologists, and
even gynecologists.

Patients whose conditions require more specialized or skilled services may
seek the care of a specialist—that is, a secondary care provider. Specialists are
physicians specially trained in certain branches of medicine related to specific
services or procedures (e.g., radiologists), certain age categories of patients
(e.g., geriatricians), certain body systems (e.g., cardiologists or urologists), or
certain types of disorders (e.g., allergists). Specialists usually limit their services
to the area they have extensive knowledge of. Secondary care can be provided in
an inpatient (hospitals) as well as in an outpatient setting. Under the last head-
ing fall services provided in ambulatory care centers, outpatient departments of
hospitals where the patient does not stay overnight, or physicians’ practice
offices.

A third level of care comprises tertiary care providers. These are “specialized
specialists,” providers who have extensive knowledge and skills in medical sub-
specialties. For instance hand surgeons, vascular surgeons, neurosurgeons, and
pediatric endocrinologists are providers on the tertiary care level. In many
countries these services are provided in specialized clinics or in university hos-
pitals, since in most cases they require sophisticated equipment and support
services.

At all three levels of care, allied health personnel also act as health care pro-
viders. These are health workers qualified by training and often by licensure to
assist, facilitate, or complement the work of physicians. Their daily work
sometimes also includes administrative services. Although the tasks of allied
health personnel can show high degrees of specialization, their services gener-
ally do not require the high level of academic education that physicians have.
Examples are surgical technicians, respiratory therapy technicians, nurses, and
midwives.

VALUE AND USE

The last century experienced a rapid increase of medical knowledge. Wide spe-
cialization patterns in the provision of medical services have largely been a
function of these diagnostic and therapeutic advances. In this respect, the dis-
tinction between primary, secondary, and tertiary care providers gives one a
classification system that allocates health care professionals or organizations
according to their level of specialization to different provider groups. This clas-
sification system is helpful in international comparisons of health care systems
and the availability of resources (e.g., the numbers of physicians, organizations,
or hospital beds). Additionally, a classification of health care providers accord-
ing to different specialization levels is helpful in the investigation and the com-
parisons of the cooperation patterns between health care providers in different
countries (e.g., in examining how integrated or fragmented care is in a particu-
lar health care system).
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IssuEs

The main issues related to the health care providers include the supply, access,
and cost of care provided by health care providers. For example, many coun-
tries, in attempting to lower costs, may limit the access to secondary and ter-
tiary providers. In this strategy, primary care providers act as “gatekeepers” to
the health care system. Different methods are employed to achieve this goal.
While in some countries reimbursed access to secondary or tertiary providers is
only possible with a referral from a primary physician (e.g., in the British
National Health System), other models offer insured patients lower insurance
premiums if they refrain from self-referrals and agree to see specialists only on
their primary physician’s advice (e.g., a reform perspective for the German
“Krankenkassen” or common practice in managed care organizations).
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Health Economics

BRIEF DEFINITION

Health economics is a discipline that analyses the economic aspects of health
and health care and that usually focuses on the costs (inputs) and the conse-
quences (outcomes) of health care interventions using methods and theories
from economics and medicine.

EXPLANATION

The overall objective of health economics is the study of the economic aspects
of all activities designed to improve or maintain health. This includes methods
of financing health care; manufacturing health care products; training health
care workers; identifying health care needs; and evaluating, distributing, and
using health care products and interventions. Health economics employs prin-
ciples of ethics, quality, utility, efficiency, and equity.

The discipline has two perspectives: positive and normative. From the posi-
tive perspective, health economics is based on rational behavioral models, pro-
duction function, supply, demand and market adjusted to the characteristics of
health care services. It takes into account consumer behavior in the health care
sector and attempts to determine consumers’ reactions to specific changes.
From the normative perspective, health economics studies the efficiency, eco-
nomic planning, and economic outcomes of health care policy in order to
establish priorities and select strategies.
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Pharmacoeconomics (see term: Pharmacoeconomics) is a discipline that
employs health economics, pharmacoepidemiology, and health outcomes research
methods to determine the costs and outcomes of health interventions, prima-
rily pharmaceuticals. The aim is to provide information that can lead to a
more efficient use of health care resources, bearing in mind the above-mentioned
principles.

VALUE AND USE

Health economics is becoming increasingly important as health care expendi-
tures rise due to an increase in chronic diseases relative to imminently life-
threatening diseases, the aging of the population, and the availability of costlier
and more complex health care interventions. For this reason, the authorities, the
private health care insurance companies, and the health care industry itself are all
interested in developing and applying a discipline that will supply data that con-
tribute to a more rational and efficient use of limited health care resources.

IssuEs

Health economics uses economic, pharmacoepidemiological, and health out-
comes research methodologies and tools. For this reason, it should be consid-
ered as not just a branch of economics, but as a multidisciplinary specialty
interrelated to economics and health care sciences.
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Health Insurance

Premium

Benefit Design

Certificate of Coverage
Third Party Administrator
Deductible

Copayment

BRIEF DEFINITION

Health insurance combines individual risks across a population and serves to
reduce the uncertainty in the amount that an individual spends on medical care
each time period (e.g., one year).

EXPLANATION

For an individual, medical illnesses may appear to strike randomly. When it
does occur, an illness may impose a large burden and lead to high costs of treat-
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ment. Health insurance is a program for pooling the risks associated with the
uncertainties of medical illnesses and the resulting expenditures for medical
care. In exchange for a certain amount of money, called the premium, the
insurer will cover a set amount of medical expenses should health services be
required. The premium must be paid periodically to keep the policy in force
or active. Because people tend to be risk-averse, they are willing to pay the
premium to avoid the chance of having to pay a large amount when illness
occurs.

The description of services available for patients for the premium paid is
generally referred to as the benefit design while the legal disclaimer of the ser-
vices available is described in the certificate of coverage.

VALUE AND USE

According to the law of large numbers, the average from many individual
events, each of which may be largely unpredictable, can be forecast reasonably
well. Hence, by operating on a large-scale basis, an insurer can achieve a lower
level of risk than is faced by an individual. Since people generally do not like
risk, the purchase of insurance can improve well-being and maintain living
standards by protecting the individual against the possibility of having to pay
the total costs of receiving medical care. The risk-spreading nature of insurance
is the source of its social value. The health insurance program may be adminis-
tered by the government, a private insurance company, or a third party adminis-
trator (TPA). A TPA is an individual or company that contracts with employers
that self-insure the health of their employees. The TPA develops and coordi-
nates the insurance program, processes and pays claims, and may locate stop-
loss insurance for the employer group.

IssuEs

The design of an efficient health insurance program must contend with issues
beyond the pooling of risks. For instance, moral hazard refers to changes in
individuals” behavior that occur once they are insured because they are no
longer liable for the full cost of those behaviors. An example is the overcon-
sumption of medical care when an insured person makes unnecessary visits to
a health care provider. The insurance policy may contain provisions that put
some of the responsibility back onto the insured individual in order to curtail
these behaviors. A deductible is the amount of medical care expenditures
incurred by the insured individual (and/or any covered dependents) that are
borne by the enrollee before the insurer begins making payments. Deductible
requirements vary by plan and policy, and are in force over the course of a set
period. A copayment is a form of cost sharing whereby the insured person
pays a specified amount of the medical care. The copayment can be a fixed
amount (e.g., $10 per drug prescription) or a percentage of the bill (e.g., 20%
of a hospital bill). The covered person is usually responsible for payment at
the time the service is rendered.
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Health Insurance Programs, Government — United States

Medicare

Medicaid

Medicaid Prudent Pharmaceutical Purchasing Act
Centers for Medicare and Medicaid Services (CMS)

BRrRIEF DEFINITION

Government supported health insurance programs in the United States are
called Medicare and Medicaid (for other than military personnel or military
veterans). Medicare is a federal government program to provide health care
coverage to individuals aged 65 or greater, disabled workers, and individuals
with end-stage renal disease. Medicaid is a program jointly funded by the fed-
eral and state governments to pay for medical care for certain individuals and
families with reduced financial capabilities. The Medicaid Prudent Pharmaceu-
tical Purchasing Act (MPPPA) is a federal law enacted as part of the United
States’ Omnibus Budget Reconciliation Act of 1990 (42 USC 1396r-8. Payment
for Covered Outpatient Drug), that mandates that pharmaceutical companies
must offer the Medicaid programs prices equivalent to the best discounted
prices of any institutional drug purchaser.

EXPLANATION

Created in 1965 as an amendment to the 1935 Social Security Act, Medicare is
the primary health insurance plan that covers the elderly and the disabled in the
United States. The plan comes under the auspices of the Centers for Medicare
and Medicaid Services (CMS), formerly the Health Care Financing Adminis-
tration). Currently, it covers 39 million Americans.

Medicare comprises two distinct components. Part A (hospital insurance) can
be seen as the basic foundation of the plan. This is financed through employee
and employer tax contributions, trust fund interest, and beneficiary cost shar-
ing (premiums, deductibles, copayments). Medicare is the primary source of
insurance for those aged 65 or greater, covering the majority of beneficiary costs
(55.1% of the total costs covered by Medicare). Patients automatically become
eligible for Part A upon turning age 65. Part B (medical insurance) is an
optional additional coverage that patients can receive. The majority of patients
choose to receive Part B because it covers physician and outpatient services. By
also covering skilled nursing facilities, hospice care, and home health care, this
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component is especially appealing to the elderly. Unlike Part A, a regular pre-
mium is paid per month for Part B. The overall coverage provided through
Parts A and B is significant, as illustrated in the figure.

The Medicaid program was instituted in 1965 by Title XIX of the Social
Security Act as a jointly funded, cooperative venture between the federal and
state governments. Its purpose is to assist the states in providing adequate
medical care to residents who cannot afford it. The federal government sets
broad national guidelines within which each state’s program must operate.
Each state then establishes its own criteria for eligibility; determines what
services will be provided; sets the reimbursement rates; and administers its
program.

To receive federal matching funds, a state program must provide basic ser-
vices. These include hospital, physician, laboratory, and X-ray services; nursing
facility and home health care services for adults; family planning, pediatric, and
family nurse practitioner services; rural health clinic services; screening, diag-
nosis, and treatment services for people younger than age 21; and other services
according to rules that are subject to change. States may also receive federal
funding for various other optional services and devices, such as eyeglasses,
prosthetic devices, and dental services.

Some Medicare beneficiaries may also receive help from the Medicaid pro-
gram for services such as nursing facility care beyond the 100-day limit covered
by Medicare, prescription drugs, eyeglasses, and hearing aids. Services cov-
ered by Medicare are reimbursed by Medicare before payments are made by
Medicaid.

In accordance with the MPPPA, pharmaceutical companies are asked to
charge Medicaid programs, via a rebate mechanism, no more than the lowest
price charged to hospitals or other organizations serving the underprivileged.
For example, these rebates can be either 15.1% of average wholesale price
(AWP; a benchmark set by the drug companies by which insurers base pay-
ment) of a given product or the difference between AWP and the “best price”
for which a manufacturer sells a product, whichever is greater.
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VALUE AND USE

Aside from their role in reimbursement of health care, the Medicare and Medic-
aid programs are important to health economics and outcomes research in sev-
eral ways.

First, CMS and state agencies set coverage and reimbursement policies for
the care provided to Medicare and Medicaid beneficiaries. Inasmuch as such
policies affect the economic viability of health care products and services, pro-
ducers of such products and services need to be able to justify their value in
terms understandable to the relevant policymakers.

Second, Medicare and Medicaid public-use data can be analyzed to help under-
stand the health care provided to beneficiaries of those programs and the associ-
ated costs. Burden (or cost) of illness studies are frequently performed using these
data. However, one must be aware of the limitations as well as the advantages of
using these data in such analyses. For example, inasmuch as Medicare does not
cover prescription drugs, data on their use is not included in the public-use data.
Additionally, little clinical detail is provided in the data. Medicaid data is also lim-
ited by the variability in program benefits across states and across time.

Enactment of the MPPPA came about because pharmaceuticals are the fast-
est growing cost in the Medicaid program, which typically accounts for between
one-third and one-fifth of total state budget outlays. Despite its enactment,
drug costs and health care costs continue to increase. This has led state legisla-
tures to tighten eligibility, reduce benefits, or both. Such ongoing changes make
it difficult to ascribe trends observed in analyses of Medicaid data to effective or
ineffective care rather than to policy changes.

IssuEs

The continuing increase of health care costs is an ongoing concern of policy-
makers responsible for the administration of the Medicare and Medicaid pro-
grams. While governments seek to contain costs, beneficiaries and health care
providers request broader coverage of services and higher reimbursement levels
respectively. The future form of these programs (e.g., who will be covered and
for what and how much) will continue to be an ongoing debate.
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Health Policy

BrIEF DEFINITION

Health policy is the way that nations, states, cities, and communities distribute
resources to competing interventions and competing populations based prima-
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rily on anticipated benefits. Health policy reflects the values of the society or
community in terms of how and to whom health resources are distributed.

EXPLANATION

Many factors can influence the health of populations including disease, injury,
genetics, lifestyle, poverty, and stress, as well as the availability of adequate sani-
tation, clean water, and education. When health breaks down, many people turn
(when available) to health care providers and institutions. Because resources are
not infinite, the availability of and access to health care services are limited.
Health policy reflects the values of the society or community in terms of how
and to whom these scarce resources are distributed—based upon what is consid-
ered efficient (maximizing the benefit obtained), what is considered a minimally
acceptable level of health care, and how resources can be equitably divided.

The process of developing health policy involves defining objectives and set-
ting priorities. Monitoring and measuring the impact of health policy generally
focuses on various aspects of health care delivery such as

+ Setting and prioritizing objectives in health care

+ Planning and financing health services

+ Framing institutions to provide health care efficiently

+ Organizing health care delivery

+ Ensuring equity and access to health care, cost-effective production, and a
combination of resources in health care

+ Developing social health insurance

+ Composing sophisticated health service packages

The instruments in health policy are health service programs designed to
support the achievement of health policy objectives. For example, the World
Health Organization in its struggle to reach the objectives of its “Health for All”
initiative has designed programs to expand health infrastructures; to increase
life expectancy; to improve nutrition, sanitation, and education; and to fight
against infectious diseases, HIV/AIDS, and the abuse of tobacco. On a national
level, health policy instruments are often regulations and incentives that enable
or steer the provision of health services and access to those same services.

The formulation and design of health policy is a stepwise process:

1. Situation analysis: Definition of the key features or characteristics of pop-
ulation health and the health care system at a given time.

2. Objective formulation: Definition of objectives and indicators which al-
low the measurement of achievement.

3. Program design: Development of proper measures to achieve the objectives.
4. Program implementation.

5. Program evaluation: Appraisal of the measures taken to achieve the objec-
tives and evaluation of the economic viability of these measures in com-
parison to standard care.
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6. Program adaptation: If necessary after program evaluation using the in-
sights from evaluation.

Health policy may take place at different levels of society and is driven by dif-
ferent stakeholders. From the governmental perspective, health policy takes
place on a national, a regional (state), and a local level. With regard to health
care delivery, physicians and their associations, hospitals and their associations,
and other providers and their associations or unions try to shape health policy.
On the payers’ side, both public and private health insurances and other gov-
ernmental or nongovernmental agencies and institutions try to influence health

policy.

VALUE AND USE

Health policy is an important part of social and economic policy that aims to
promote the welfare and well-being of citizens of a nation or community.
Health policy may also provide a framework for health economic analysis of
health care processes and institutions in health care delivery. The term is often
used as a surrogate for measures and legislation in health care or health care
provision.

IssuEs

Health policy offers a wide area of debate. Issues concerning system develop-
ment are

+ Determination of objectives and priorities

+ Responsiveness to epidemiological realities and social needs

+ Access for all members of society

+ Centralized versus decentralized controlling of the health care system

+ Systems and incentives to promote improvements of quality of health
care

+ Integration of medical innovation and progress

+ Cost-effective health care

+ Incentives to avoid wasting scarce resources

* Definition of basic packages of health care accessible for all and differentia-
tion from additional health services to be purchased individually

Issues with regard to system behavior, processes (activities within the sys-
tem), and health care delivery are

+ Control of the process of health care delivery, i.e., the comprehensiveness
and timeliness of process information

+ The evidence of political measures for health

+ Rising health care costs and cost containment

+ The effectiveness of health care programs and measures

+ The evaluation of policy recommendations in order to keep continuous
improvement ongoing
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Health-Related Quality of Life (HRQOL)

BRIEF DEFINITION

Health-related quality of life (HRQOL) is a broad theoretical construct devel-
oped to explain and organize measures concerned with the evaluation of health
status, attitudes, values, and perceived levels of satisfaction and general well-
being with respect to either specific health conditions or life as a whole from the
individual’s perspective (see term: Patient-Reported Outcomes [PRO]).

EXPLANATION

The definition of the term in the literature has shown a continuing lack of con-
sensus about its conceptualization. Its very diffuseness and ambiguity is a reflec-
tion of its complex multidimensionality. The Patient-Reported Outcomes (PRO)
Harmonization Group working in conjunction with the US Food and Drug
Administration aimed to add clarity to the use of this term within the drug
approval and labeling context by defining health-related quality of life as repre-
senting the patient’s evaluation of the impact of a health condition and its treat-
ment on daily life.

Despite difficulties in operationalizing the term, most measures of HRQOL
include two or more of the following domains: physical functioning, social
functioning, role functioning, mental health and general health, with concepts
such as vitality (energy/fatigue), pain, and cognitive functioning subsumed
under these broader categories.

These measures are generally based on one of two theoretical models. In the
model that views domains as concentric circles, the innermost circle represents
health characteristics that are intrinsic to the individual: disease, for example;
and the outermost circle represents characteristics that are external to the indi-
vidual: for example, social function. Instruments based on this model generate
a profile of scores. The other model arrays health states, defined in terms of two
or more domains, along a continuum that ranges from death to optimal health
and incorporates preferences for health to form a summary measure of health.

Because many of the domains of HRQOL cannot be observed directly,
HRQOL questionnaires are developed and evaluated according to the psycho-
metric principles of test theory. This theory proposes that there is a true
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HRQOL value that cannot be measured directly, but that can be measured indi-
rectly by asking a series of questions (items). The answers to these questions are
converted to numbers and combined to yield “scale scores,” which may also be
combined to yield domain scores or summary scores that are either statistically
computed or preference-based. The resulting scale of measurement should dif-
fer from the corresponding true value of HRQOL only by random error of mea-
surement and should possess several basic measurement properties (validity
and reliability).

Another distinction between HRQOL instruments is whether they are generic
or specific. Generic HRQOL instruments are designed to be applicable across
all diseases or conditions, across different medical interventions and across a
wide range of populations. In contrast, specific HRQOL measures are designed
to be relevant to a particular health condition or population.

VALUE AND USE

The debate about the inclusion of HRQOL when assessing the health out-
comes of medical care has arisen in part from the challenge to previous out-
comes, which have been predominantly conceptualized on the basis of
epidemiological indicators of the presence or absence of disease and/or death
(i.e., morbidity and mortality). Although it is true that these indicators are
useful for depicting health outcomes of populations, the way health is under-
stood and cared for has evolved toward providing more specific information
on the health of defined individuals or groups. This transformation has to a
large extent been caused by the numerous scientific and technical advances
that have benefited medicine in recent decades and also by the improved liv-
ing conditions in terms of housing, hygiene, and food. The application of the
new medical knowledge along with the social and environmental improve-
ments that have come about have increased patients’ life expectancy and
changed the patterns of morbidity away from highly lethal acute diseases to
disabling chronic conditions.

While there is no single measure of HRQOL that has been found to be
appropriate for use in all applications, there is general agreement that any mea-
sure of HRQOL should be designed to obtain self-report information from
individuals in the target population. An individual’s report of the impact of dis-
ease, treatment, or policy on symptoms, function, and perceptions, as well as
treatment side effects and other health-related data, provide unique informa-
tion. This information has been shown to be important for evaluating treat-
ment efficacy and effectiveness and interpreting clinical outcomes as well as
providing information about the benefits of alternative health interventions
within the context of resource allocation.

IssuEs

HRQOL reflects individuals’ self-reports of health status and well-being col-
lected from patients as well as members of the general population. With the
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continuing restricted state funding of welfare provision, HRQOL has been
viewed as providing a standardized measure of “value for money,” allowing the
targeting of resources to areas that will achieve the best return from intervention.
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Health Status

Health
Mortality
Morbidity
Prognosis

BRIEF DEFINITION

Health status can be defined as “functional capacity” or “a state of physiological
and psychological functioning or well being.” Health status has also been
defined by the World Health Organization (WHO) as “the state of health of an
individual, group or population measured against accepted standards.” These
standards would include the health expected of an individual of given age and
medical condition.

EXPLANATION

Health is a multidimensional construct that has been defined by the WHO as “a
state of complete physical, mental and social well being, not merely the absence
of disease or infirmity.” Traditional measures of health have concentrated on
mortality (quantity of life, followed by death) and morbidity (health-related
quality of life). Since illness may both reduce life expectancy and render the
remaining life less desirable, it has been deemed more appropriate to consider
health status in terms of life expectancy (mortality), functioning and symptoms
(morbidity), preference for a particular functional state (utility) (see term: Util-
ity), and duration of stay in a particular health state (prognosis), according to
the General Health Policy Model of Kaplan (1996) and others.

The primary aim of medical care is to improve or maintain the overall func-
tional capacity and general health of patients, and medical care has traditionally
concentrated on the diagnosis and treatment of physiological or anatomical
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conditions. More recent approaches have included patient self-reported global
functioning, well-being, and quality of life. This has allowed for a more accu-
rate assessment of individual or population health status and of the benefits and
harms that may result from medical intervention.

VALUE AND USE

There is no standard measure of health status, and observer assessment may
include several dimensions such as the presence, absence, or risk of life threat-
ening disease, severity of disease, and overall health. Individual health status
may be elicited from a subject according to his or her health perceptions
described in terms of physical functioning, emotional well-being, pain or dis-
comfort, and overall perception of health. Subjective health status measure-
ment can provide valuable data on the impact of clinical interventions on the
daily lives of patients.

Health state measures have been advocated as the appropriate tools for the
screening of patients requiring particular care. Normative data can be used to
compare the health state of a particular patient group with that of the general
population, while health status measures are now being routinely applied to
cost utility studies to inform decisions on cost containment and prioritization
of medical care.

IssuEs

There remains some confusion over the measurement of health status and qual-
ity of life. Indeed, early measurements of quality of life used health status ques-
tionnaires that measured physical and psychological symptoms and other
questionnaires designed to measure perceived distress, the impact of illness,
physical functioning, and life satisfaction. The rationale for this was that aspects
of life that were impacted by ill health must provide some insight into the
impact on quality of life. This approach failed to recognize that subjective qual-
ity of life was more complex than mere assessment of physical, emotional, and
social functioning. The results of a recent rigorous meta-analysis indicated that,
from a patient perspective, quality of life and health status are clearly two dis-
tinct constructs. For example, mental health has a much greater impact on
quality of life than physical functioning, while health status correlates more
closely with perceived health.
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Health Technology Assessment (HTA)
International Network of Health Technology Assessment Agencies (INAHTA)

BrIiEF DEFINITION

Health technology assessment (HTA) is a form of policy research that examines
short- and long-term consequences of the application of a health care technology.

EXPLANATION

The goal of HTA is to provide policymakers with information on policy alterna-
tives. Health care technology within the concept of HTA is defined broadly as
consisting of

+ Drugs (e.g., aspirin, antibiotics, beta-blockers);

+ Biologics (e.g., vaccines, blood products, biotechnology-derived substances);

+ Devices, equipment, supplies (e.g., cardiac pacemaker, CT scanner, surgi-
cal gloves);

*+ Medical and surgical procedures (e.g., acupuncture, cancer chemotherapy,
cesarean section);

* Support systems (e.g., drug formulary, clinical laboratory, patient record
system); and

+ Organizational, delivery, and managerial systems (e.g., emergency medical
system, immunization program, disease management program, health
care payment system).

For any given technology, properties and impacts assessed may include tech-
nical properties (this is particularly germane for sophisticated equipment), evi-
dence of safety, efficacy (including patient-reported outcomes), real-world
effectiveness, cost, and cost-effectiveness as well as estimated social, legal, ethi-
cal, and political impacts. Thus, HTA is conceived as being much broader than
is typically true of health and economic outcomes research of a health care
technology.

HTA is commonly performed at a national or multisystem level by govern-
mental, quasi-governmental, or nonprofit organized groups and individuals to
inform health care policies or decisions, such as to:

+ Support decisions by industry about technology development and marketing,

+ Advise regulatory agencies about allowing the marketing or use of a
technology,

+ Advise health plans and other payers concerning coverage and payment for
a technology,

+ Advise clinicians and patients about the appropriate use of a technology,

+ Help managers of hospitals and other providers make decisions about
acquiring a technology, and/or

+ Support decisions by financial groups (e.g., venture capitalists) about
investment in new technologies and companies.
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VALUE AND USE

In the broad sense depicted above, HTA can be (and is at times) employed by
any person or groups. However, it was originally conceived as an adjunct to
governmental policy decision making. This was exemplified by the US Con-
gress’s former Office of Technology Assessment, credited by many with having
introduced HTA in a formal sense to United States society and indeed the
world. Today, governments around the world have created internal agencies
authorized to include a broad HTA function. The International Network of
Health Technology Assessment Agencies (INAHTA) is an association of these
governmental agencies. The respective governments look to these agencies to
guide them in policy decisions such as those enumerated above.

There are also private HTA agencies, especially in the United States. Examples
are Blue Cross Blue Shield’s Technology Evaluation Center (TEC), ECRI,
HAYES Inc, and the University HealthSystem Consortium. Although these pri-
vate groups tend to practice a narrower brand of HTA than their public coun-
terparts, their reports are viewed by their respective constituents as useful
guidance for technology adoption and reimbursement decision making.

IssuEs

A key issue associated with HTA, at least as it has been practiced at the govern-
mental level (which has been its main focus worldwide) has been the lack of
collaborative relationships between the innovators, producers, and advocates
of health technology on the one hand and the governmental policymakers, on
the other hand, who are the consumers of HTA and whose charge is to decide
on societal adoption, use, and reimbursement of health care technologies.
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Health Utilities Index

BRIEF DEFINITION

The Health Utilities Index (HUI™, Health Utilities Inc) is a generic, prefer-
ence-scored system to measure health status, assess health-related quality of life,
and produce utility scores.

EXPLANATION

The HUI has two components. The first component is a multiattribute health
status classification system that is used to describe health status. The second
component is a multiattribute utility function that is used to value health status
as measured by the first component. There are two systems, the HUI Mark II
system (HUI2), and HUI Mark III system (HUI3). The only component that
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involves prospective primary data collection is the health status component.
The health status component can be interview- or self-administered, involving
self-assessment or proxy response. It is available in many languages.

The health status attributes included in the HUI systems are derived from a
system first used in pediatrics, modified to become the current generic instru-
ments. HUI2 utility scores are based on the preferences of a random sample of
293 parents of schoolchildren in Hamilton, Ontario. The utility scores for HUI3
are based on the preferences of 504 adults from Hamilton, Ontario. The utility
scores, derived using a combination of visual analog scales and the standard
gamble technique (see term: Utility Measurement), are based directly on von
Neumann-Morgenstern utility theory and extensions to that theory to accom-
modate multiple attributes. Utility scores are available not only for the overall
health state of the patient, but also for each attribute independently.

HUI2 consists of seven attributes: sensation (vision, hearing, speech), mobil-
ity, emotion, cognition, self-care, pain, and fertility. There are three to five levels
per attribute, ranging from highly impaired to normal. Similarly, HUI3 consists
of eight attributes: vision, hearing, speech, ambulation, dexterity, emotion, cog-
nition, and pain. There are five to six levels per attribute. HUI2 defines 24,000
unique health states, HUI3 defines 972,000. The system has been used in a wide
variety of clinical areas and many different countries. Reliability, validity, and
responsiveness have been demonstrated in many different applications. For fur-
ther details see the Web site http://www.healthutilities.com.

VALUE AND USE

The HUI systems are used to document health status, to quantify health-related
quality of life in utility units, to provide the utilities needed to calculate quality-
adjusted life years for use in cost-utility analysis (see term: Cost-Utility Analy-
sis), and to quantify and compare population health. An HUI questionnaire
takes a few minutes for completion if interviewer-administered and from 5 to
10 minutes if self-administered.

There is overlap between HUI2 and HUI3; however, in some ways, the two
systems complement each other. For example, the concepts of emotion differ
between the two systems: HUI2 refers to worry and anxiety while HUI3 to hap-
piness versus depression. Similarly, the concepts of pain differ: while both refer to
the degree of severity of the pain, HUI2 focuses on the use of analgesia while
HUI3 focuses on the disruption of activities. Self-care and fertility are addressed
only in HUI2; dexterity is addressed only in HUI3. HUI2 has been extensively
used in clinical studies, providing useful benchmark results for comparisons.
HUI3 has been used in four major Canadian population health surveys, provid-
ing extensive data on population norms. It has been shown through practice that
in clinical studies, the two complement each other in substantial ways.

IssuEs

Both HUI2 and HUI3 focus on a person’s physical capacity rather than his or
her actual performance, although in some instances, such as when a proxy
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respondent is used, observed performance stands as the indication of capacity.
Both also adopt a “within the skin” definition of health status, focusing on
physical and emotional dimensions of health, excluding social interaction.

Both HUI2 and HUI3 were scored using Canadian subjects. Are these utility
scores appropriate in other countries? Evidence suggests they are. HUI3 scoring
has been replicated in France with very similar results. This is consistent with
the bulk of the utility literature that finds that geographic location of respon-
dent is not a significant determinant of utility score.
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Healthy-Years Equivalent (HYE)

BRIEF DEFINITION

Healthy-years equivalent (HYE) is a health outcome measure that combines
preferences for quality of life and quantity of life into a single metric. It is the
hypothetical number of years spent in good health that is considered equivalent
to the actual number of years spent in a defined imperfect state of health or in a
series of defined imperfect states of health.

EXPLANATION

Healthy-years equivalent (HYE) is in a group of outcome measures that com-
bine quality of life and quantity of life into a single number. Unlike the more
commonly used approach to determining quality-adjusted life years (QALY)
(see term: Quality-Adjusted Life Year [QALY]), which measures preferences for
each single health state separately and combines these preferences, the HYE
approach measures the preference for the whole sequence of health states
simultaneously. This means the HYE more properly accounts for preferences
associated with the timing and sequencing aspects of the health states. However,
it also means that each measurement is much more complicated and that many
more measurements are needed. Each different time sequence of health states
(different durations or different order) requires its own measurement.

The HYE for each different time sequence of health states is determined by
a two-stage standard gamble (see term: Utility Measurement) measurement
procedure. In the first stage, a standard gamble is used to determine the con-
ventional utility of the time sequence of health states. In the second stage,
another standard gamble is used to determine the number of healthy years
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that would give the same utility. Interestingly, these two standard gambles
used in this way are equivalent to a single time trade-off (see term: Utility
Measurement) procedure and in practice would differ only by measurement
error.

IssuEs

The first stage in the HYE measurement provides a better utility for a time
sequence of health states than the conventional approach of measuring the util-
ity of each state singly and combining over time. However, in most studies the
improvement comes with a dramatic increase in measurement burden. It
remains to be seen whether the increase in accuracy is sufficient to justify the
additional burden.

The second stage produces the actual HYE. However, an HYE is not a utility
and is not intended as an alternative to utility theory. It is intended as a useful
communication tool for those not comfortable with utilities and decision trees.
If one desires an HYE, it is simpler to use the single stage time trade-off
approach rather than the two-stage standard gamble approach.
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Incidence

Incidence Rate
Cumulative Incidence
Incidence Density
Hazard Rate

BrIiEF DEFINITION

Incidence is the frequency of new cases of an event that develop within a given
time period in a defined population at risk.

EXPLANATION

Incidence quantifies the number of new cases or events that develop in a
defined population at risk during a given time period. Traditionally, the “event”
has been the occurrence of disease, but incidence can also be used for occur-
rence of any health-related event such as death, side effects, disease remission,
or admission to a hospital.

There are two main ways to consider an incidence rate: cuamulative incidence
and incidence density. Cumulative incidence is calculated with the denomina-
tor representing the number of individuals. In incidence density, the corre-
sponding person-years at risk among members of the source population is
placed in the denominator. An incidence rate or density can be used to estimate
a hazard rate.

Number of new cases in a given time period
Number of persons at risk in the same time period

Cumulative Incidence =

Number of new cases in a given time period
Number of person-years of risk in the population

Incidence Density =

VALUE AND USE

Incidence rates are used to estimate probability of occurrence or the risk of an
event. Incidence rates for groups with certain characteristics (e.g., exposed and
nonexposed) are compared and relative risks are calculated. Incidences are also
used to measure morbidity in the population. From a public health point of
view, it is important to follow changes in incidence for various diseases, such as,
for example, cancer diseases over time.

Cumulative incidence is most widely used for cohort (longitudinal) studies
in which the same group of people is followed over time. Incidence density is
used in the situation of an ever-changing population (e.g., in an open-enrollment
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clinical trial where patients are followed for different lengths of time) or when
exposure time varies among those under study (e.g., occupational exposure or
drug exposure).

There is an interrelationship between incidence (I), prevalence (P), and the
average duration of the disease (D) in a stable situation and assuming that the prev-
alence of the disease in the population is low—that is, less than 0.1.

P=1IXD

IssuEs

The numerator of an incidence rate is the number of new cases within a time
period. The time period chosen should be long enough to ensure a stable mea-
sure. The denominator of the incidence rate should reflect the number of per-
sons at risk or under study for the event. The denominator should exclude
individuals who already have or already had the event of interest, unless recur-
rence is possible, such as the case with side effects or admission to a hospital.
However, in large population studies, such as using census data, the denomi-
nator is usually not corrected for individuals who currently have or had the
event of interest.
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Influence Diagram

BRIEF DEFINITION

An influence diagram, like a decision tree (see term: Decision Tree), are repre-
sentations of the logical structure of a decision; they can be used both to visu-
ally communicate the elements of a problem and to assist in conducting
quantitative decision analysis (see term: Decision Analysis).

EXPLANATION

An influence diagram is a model constructed using symbols (“nodes”) to repre-
sent each decision and to represent uncertainty that may influence the outcome
of a process. Connecting arrows, referred to as arcs of influence, indicate rela-
tionships among the nodes, such as conditional probabilities or other values or
time ordering.

Influence diagrams may be considered structural alternatives to decision trees,
as they are mathematically equivalent.
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Treatment
success?

Treatment
Failure?

VALUE AND USE

Influence diagrams are used to graphi-
cally depict a problem, including all fac-
tors that have an impact on the outcome
of a given decision or process. They have
some of the same uses in decision analysis
as decision trees. Like decision (or proba-
bility) trees, influence diagrams depict the decisions, chance events, and objec-
tives that define the problem. Unlike decision trees, however, an influence
diagram does not depict the alternative actions for a decision or all the possible
outcomes of each event. This results in a less comprehensive, but much more
compact representation of the same model. Influence diagrams also have the
advantage of explicitly showing the influencing relationships between factors
(decisions, events, parameters).

Treatment

IssuEs

If the influence diagram is used analytically, the modeler/analyst faces the same
challenges as when using decision trees and other types of models. Specifically,
the output derived from the model depends on the accuracy and comprehen-
siveness of the data inputs.

Also, because influence diagrams do not comprehensively display the alter-
natives of decisions or the outcomes of events, they have the disadvantage, rela-
tive to decision trees, of not being able to display the complete set of
relationships at a particular decision point. Further, they are not typically able
to show asymmetry—situations in which some events or alternatives may not
occur in all paths.

BIBLIOGRAPHY

Clemen RT. Making Hard Decisions: An Introduction to Decision Analysis. 2nd ed. Belmont, Calif:
Wadsworth Publishing Co.; 1996.

Nease RF Jr, Owens DK. Use of influence diagrams to structure medical decisions. Med Decis
Making. 1997;17:263-275.

Owens DK, Shachter RD, Nease RF Jr. Representation and analysis of medical decision problems
with influence diagrams. Med Decis Making. 1997;17:351-352.



LABELING 141

AR
POR
7

Labeling

Label
Misbranding
Off-Label

BrIEF DEFINITION

According to the Medical Subject Headings (MeSH) definition, drug labeling is
the use of written, printed, graphic materials upon or accompanying a drug
container or wrapper. It includes contents, indications, effects, dosages, routes,
methods, frequency and duration of administration, warnings, hazards, con-
traindications, side effects, precautions, and other relevant information.

According to the MeSH definition, food labeling is the use of written,
printed, graphic materials upon or accompanying a food container or wrapper.
The concept includes ingredients, nutritional value, directions, warnings, and
other relevant information.

EXPLANATION

In the United States, regulations for labeling are decided by the Food and Drug
Administration (FDA) (see term: Food and Drug Administration [FDA]). Since
the early 1960s, the FDA has required that drugs used in the United States be
both safe and effective. The label information—on the container, in the package
insert, in the Physicians Desk Reference (PDR), and in any advertising—can
indicate a drug’s use only in certain “approved” doses and routes of administra-
tion for a particular condition. The 1962 revision of the law spelled out strict
new procedures for drug clearance, recording and reporting experience with
new drugs, drug labeling, factory inspection, drug manufacturing controls,
drug patents, and control of information and drug advertising to physicians.
Labeling provides information on a drug, food, device, or cosmetic to the pur-
chaser or user.

Label refers to a sign on the container, adhesive label, a package insert, a ref-
erence text, or any other physical bearer of information regulating the use of the
product. The label must contain directions for use (unless exempted by regula-
tion) and warnings. It may not contain false or misleading information.

Improper and/or illegal labeling of a drug or drug product as a consequence
of incomplete disclosure of material facts and/or misleading inaccurate word-
ing is known as misbranding.

The use of a drug for a disease not listed on the label or in a dose or by a
route not listed on the label is considered to be a “nonapproved” or “unlabel” or
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off-label use of the drug. The FDA policies on off-label use restrict proactive
distribution of written materials and discussions of off-label uses by pharma-
ceutical manufacturers or other manufacturers of medical products. Any other
party without a financial interest is allowed to discuss off-label uses.

VALUE AND USE

Labeling information is derived from the New Drug Application (NDA) that
the FDA reviews in order to determine whether a drug may be marketed in the
United States. The label may be revised as additional important information
becomes available about the risks and benefits of the drug for approved indica-
tions. The data that are reflected in labeling encompass such aspects as clinical
pharmacology (mechanism of action and pharmacokinetics), indications and
uses, dosages for different types of patients, available forms of therapy, con-
traindications, precautions, side effects and adverse reactions, special consider-
ations, patient and family education, and monitoring parameters. The developed
information is meant for health professionals, and it explains the efficacy of a
drug and alerts practitioners to certain dangers and restrictions in its use. The
FDA regulations of labeling ensure a high standard of safety and efficacy of
marketed drugs.

IssuEs

Physicians, based on their knowledge and on available current information,
may use a drug for a use not indicated in the “approved” labeling if it seems rea-
sonable or appropriate. With the rising costs of health care and the desire to
curb these costs, the issue of coverage and reimbursement for the “off-label” use
of drugs has become an issue.

Eighty percent of drugs referenced in PDR are not labeled for use in children.
An extremely large number of off-label uses is characteristic in the areas of pedi-
atrics, oncology, and HIV. Recent actions by legislative bodies, the FDA, and the
National Institutes of Health offer remedial measures to increase development of
data to support labeling of drugs for pediatric and oncology indications.
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Likelihood Ratio
Receiver Operating Characteristic (ROC) Curve

BrRIEF DEFINITION

Likelihood ratio is a statistical test used to determine how many times more (or
less) likely a diagnostic test result is to be found in diseased, as compared to
nondiseased, people (see term: Predictive Value). For a positive test, the likeli-
hood ratio is the odds of the sensitivity versus the false-positive rate, which is
equal to sensitivity/(1 — specificity). In diagnostic testing, this is the ratio of
true-positives to false-positives.
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A ROC curve plots the false positive rate on the X-axis and 1 minus the false negative rate on the
Y-axis. It shows the trade-off between the two rates. If the area under the ROC curveis close to 1,
you have a very good test result; if the area is close to 0.5, you have a very bad test result.

EXPLANATION

Likelihood ratios are useful in determining a diagnostic test’s accuracy in iden-
tifying people with the target disorder. Two questions need to be answered in
order to obtain a likelihood ratio: how likely it is to get a given test result among
people with the target disorder and how likely it is to get the same test result
among people without the target disorder. The likelihood ratio indicates by
how much a given diagnostic test result will raise or lower the pretest probabil-
ity of the target disorder. This can also be displayed graphically using a receiver
operating characteristic (ROC) curve (see figure). An ROC curve can be used
to display this relationship visually for a diagnostic test with a continuous out-
come and arbitrary cut point. This curve expresses the sensitivity (the correct
signal) and the false positive rate (the noise) for a given test. The true positives
(sensitivity) are plotted on the Y-axis and the false-positives are plotted on the
X-axis. The resulting curve helps to evaluate the properties (sensitivity, specific-



144 LIKELIHOOD RATIO

ity, and accuracy) of the diagnostic test. On an ROC curve, the closer to the
upper left-hand corner the curve is, the more accurate are the results of the test
because the true positive rate is approaching 1 and the false-positive rate is
approaching 0. As the sensitivity and specificity of a given test change, the corre-
sponding point on the ROC curve will change. The area under the ROC curve
indicates the accuracy of the test, with a value of 1 representing 100 percent sensi-
tivity and specificity and a value of 0.5 representing no discriminatory power. An
ROC curve is a graphical representation of the trade-off between the false negative
and false positive rates for every possible cut-off. By tradition, the plot shows the
false positive rate on the X-axis and 1 minus the false negative rate on the Y-axis.

VALUE AND USE

In diagnostic testing, the likelihood ratio is used to convert a physician’s pretest
probability that the patient is diseased to the posttest probability of the patient’s
disease status based on the diagnostic test properties. This is accomplished by
converting pretest probabilities into odds (probability disease/[1 — probability
disease]), multiplying by the likelihood ratio (property of the diagnostic test),
and converting the posttest odds into a posttest probability (odds/[odds + 1]).

IssuEs

While calculating likelihood ratios and interpreting ROC curves is not difficult,
recent studies of physician frequency of using these methods to appraise a test’s
diagnostic accuracy are not good. Physicians cited nonfamiliarity with likeli-
hood ratios and ROC curves as the main reason they did not use them and
retreated back to determining how often a test was right or wrong in patients
who later became diseased and nondiseased. Whether this technique is valid is
still being investigated.
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Literature Overview

Literature Review
Systematic Review
Meta-Analysis

BRrRIEF DEFINITION

A literature overview can be any of the three types of literature summarization
of a specific topic. A literature review is a nonquantitative summary of existing
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published literature. A systematic review, also known as a structured literature
review, is similar in that it summarizes a topic, but it does so in a systematic
fashion using preset criteria and a protocol. Meta-analysis is both a systematic
literature review and a quantitative synthesis of findings across multiple studies.

EXPLANATION

A literature review is a type of study generally performed to provide a (rela-
tively) brief overview of the published literature in a specified area. The review
allows readers to become familiar with a large body of work that they are
unlikely to read comprehensively themselves. Reviews can summarize literature
in a particular clinical area, studies using a specific type of methodology, or
other common themes. Information is often presented in both text and table
formats. Literature reviews (as distinct from systematic reviews) tend not to
summarize quantitatively a body of literature or set of findings. However, litera-
ture reviews may provide subjective conclusions regarding the included studies.

A systematic review has two major features that distinguish it from a tradi-
tional literature review. First, there is a formal and comprehensive search for
relevant literature. This generally includes searching computerized literature
databases such as MEDLINE and EMBASE plus all other pertinent databases
for all relevant studies (as identified by selected keywords). Additional relevant
studies may be found from references in identified literature or by discussions
with experts in the field being reviewed. Second, there are explicit, objective cri-
teria for selecting studies to be included. That is, only studies meeting certain
criteria (inclusion and/or exclusion criteria) will be accepted for the review.
These criteria are generally set, prior to the initiation of the systematic search,
in a transparent manner for use by all potential reviewers. Both the search strat-
egy and inclusion/exclusion criteria should be specified in a systematic litera-
ture review. Systematic literature reviews may also evaluate the quality of
reviewed literature.

Meta-analysis involves both a systematic review and a quantitative combi-
nation of results across similar studies. Evaluation of potential studies and
abstraction of data from included studies may be performed by multiple inde-
pendent reviewers to decrease the risk of bias. Multiple reviewers using various
scoring instruments usually assess the quality of all articles. In addition, funnel
plots may be created to summarize results and inspect for potential publica-
tion bias.

Meta-analysis is generally performed on published studies but may also
include unpublished studies. Inclusion of unpublished studies may decrease the
quality of the meta-analysis, as results from such studies have not been subject
to the peer review process. However, unpublished studies may have more recent
findings than do published studies. Further, to the extent that there is a publica-
tion bias against studies with negative findings, unpublished studies may be
more likely to have negative information. Thus, inclusion of unpublished
studies may or may not improve the overall accuracy of the meta-analysis.

Following systematic literature review and selection, study findings are com-



146 LITERATURE OVERVIEW

bined to produce quantitative summary results. The meta-analysis methodol-
ogy for combining studies can involve either “fixed effects” or “random effects.”
Briefly, “fixed effects” indicates that the results of the analysis are conditional on
the populations of the included studies, while “random effects” assumes that
the study results reflect outcomes in a broader population.

VALUE AND USE

In addition to summarizing succinctly a body of work, literature reviews also pro-
vide primary references that can be examined for more detailed information.
They thus facilitate the rapid familiarization of readers with a set of studies.

Systematic reviews provide a more objective summary of a body of literature
than do traditional literature reviews. They are more likely to discuss all rele-
vant literature within a given area and are thus less likely to be influenced by
article selection bias. However, conclusions from the discussed literature are
still subjective and are subject to reviewer (or other) bias.

Meta-analyses are typically used to increase the statistical power available to
assess an intervention’s effect on key outcomes and to better understand the size of
that effect as well as to assess the outcome effect on subcohorts. Results of meta-
analysis can be used to assess the effectiveness of a health care product or service or
to plan new studies, especially in those cases where the existing literature is com-
posed primarily of studies with small cohort sizes and conflicting results. Meta-
analyses provide the most quantitatively accurate summary of a body of literature.

IssuEs

In a traditional literature review, there is generally no systematic method used
to identify or include studies. Rather, reviewers focus on literature that they
consider to be representative of the overall field of work or importance, or that
is readily accessible or familiar to them. Inclusion of particular studies in a liter-
ature review is therefore highly subjective, and the review may be biased. Self-
quotation is widespread.

While the literature identification and inclusion process in a systematic liter-
ature review is objective, findings from included studies may not always be
combined in a quantitative fashion across studies. Overall characteristics of the
included studies, such as the number of studies showing a positive effect of a
particular therapy, may be quantified.

Meta-analysis has traditionally been used to combine data on clinical out-
comes (e.g., efficacy, mortality, adverse event rates) across studies. However, the
methodology can be used to combine economic or quality of life outcomes
across studies in a robust manner. Study quality can also be incorporated into a
meta-analysis by using an objective (and predefined) quality scoring system
and stratifying studies based on their score. Such quality scores may, nonethe-
less, include subjective elements and value judgments. Unfortunately, the
underlying studies in a particular therapeutic area or the studies that are avail-
able to answer a specific therapeutic question may not be sufficiently compa-
rable to permit a meta-analysis to be performed.
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In all overviews, the quality of the output is directly dependent upon the
quality of inputs. A pertinent issue when examining the quality of the literature
is that reviewers are never certain whether they are measuring the quality of the
research that has been done or the quality of the writing of the manuscript.
Another issue is the ability to detect original research and separate it from
duplicate or overlapping studies. Often, one paper may appear in many forms,
sometimes as verbatim copies (i.e., redundant publications), with minor modi-
fications (e.g., adding a few new cases, but with essentially the same results), or
as the same study with a different outcome.
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Managed Care Organization (MCO)

Health Maintenance Organization (HMO)
Staff Model HMO

Group Model HMO

Network HMO

Independent Practice Association (IPA)
Preferred Provider Organization (PPO)

BRrRIEF DEFINITION

Any entity that utilizes managed care concepts or techniques to manage the
accessibility, cost, and quality of health care in the provision of health care ben-
efits to eligible populations is considered a managed care organization (MCO).

EXPLANATION

Managed care organizations are entities that manage the use of medical services
and the attendant costs of services within the MCO and that measure the pro-
cess and quality of health care delivery. The goal is a system that delivers value
by giving people access to high quality, cost-effective health care.

Managed care has grown out of the original concept of prepaid health care.
In managed care, individuals who pay a certain amount of money each month
are eligible to receive a package of health benefits with no appreciable extra
charge. The MCOs try to market competitively the best benefits for the lowest
prices to their members. Typically managed care organizations exchange lower
plan costs for tighter control of the process by which a patient can use medical
services.

Managed care organizations generally share the following hallmarks: inte-
gration of financing and management with the delivery of health care services
to an enrolled population; employment of or contracting with an organized
provider network that delivers services and which, as a network or individual
provider, either shares financial risk or has some incentives to deliver high qual-
ity, cost-effective services; use of an information system capable of monitoring
and evaluating the patterns of covered persons’ use of medical services and the
cost and quality of those services.

Managed care organizations may provide services to self-enrolled individu-
als, employees of companies, and government-enrolled persons (Medicare and
Medicaid beneficiaries).

The term “managed care organization” generally includes, but is not limited
to, the following:
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Health maintenance organization (HMO). A licensed health plan that places
some medical risk, either directly or indirectly, on providers. These plans
typically provide a capitated payment to providers on a per-member per-
month basis. These organizations do not typically cover services provided
out of a predefined network of providers.

Staff model HMO. An HMO in which the physicians are salaried full-time
employees who provide services exclusively to the HMO enrollees. Providers
typically share no direct financial risk with the HMO, although they are sub-
ject to utilization reviews.

Group model HMO. An HMO that contracts with a multispecialty group
practice that provides services exclusively to the HMO enrollees. Unlike staff
model HMOs, group model HMOs bear some direct financial risk.

Network HMO. An HMO that contracts with two or more group practices
but does not require the practices to provide exclusive care to the HMO en-
rollees. Network HMOs operate under direct risk sharing arrangements but
are also able to provide care to patients outside the HMO.

Independent practice association (IPA). IPAs contract with multiple solo
and small group practices on a nonexclusive basis. IPA HMOs utilize capita-
tion and other direct risk sharing arrangements with differing degrees of
success. IPAs typically have very little control over physician practices, as the
majority of the providers’ business tends to be outside the HMO.

Preferred provider organization (PPO). In a PPO, a plan’s members are al-
lowed to seek care from a physician of their choosing, but they have signifi-
cant financial incentives to seek care from a list of providers compiled by the
managed care organization. Providers are not capitated; rather, they provide
services at a discounted fee-for-service rate in exchange for a higher volume
of patients.

VALUE AND USE

Managed care organizations and practices are generally believed to contribute
to lower overall medical costs and improved patient care.

IssuEs

The cost, quality, and access to health care remains a significant societal con-
cern, and the role of managed care continues to evolve. Managed care organiza-
tions continue to struggle with negative perceptions among consumers and
relationships with providers.
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Medical Device

BRrRIEF DEFINITION

A medical device is any instrument, apparatus, appliance, or related article that
is intended for use in the diagnosis, prevention, monitoring, treatment, or alle-
viation of disease or that is intended to affect the structure or function of the
human anatomy. A medical device may not achieve its principal intended
action through pharmacological, immunological, or metabolic means. Examples
of medical devices include cardiac balloon catheters and coronary stents (includ-
ing drug-coated stents), endoscopes, magnetic resonance imaging machines,
artificial hip joints, etc.

EXPLANATION

The medical device definition is derived from the need of government bodies to
regulate marketing of these products and for payers to cover and pay for them. In
the United States, the Food and Drug Administration (FDA) regulates the pre-
and postmarketing of medical devices. The FDA defines a medical device as

An instrument, apparatus, implement, machine, contrivance, implant, in vitro reagent,
or other similar or related article, including a component part, or accessory which is:
+ Recognized in the official National Formulary, or the United States Pharmaco-
poeia, or any supplement to them,
+ Intended for use in the diagnosis of disease or other conditions, or in the cure,
mitigation, treatment, or prevention of disease, in man or other animals, or
+ Intended to affect the structure or any function of the body of man or other
animals, and which does not achieve any of its primary intended purposes
through chemical action within or on the body of man or other animals and
which is not dependent upon being metabolized for the achievement of any of
its primary intended purposes.

Three European directives regulate all medical devices in the European Union.
The directive that defines a medical device is as follows:

Any instrument, apparatus, appliance, material or other article, whether used alone
or in combination, including the software necessary for its proper application
intended by the manufacturer to be used for human beings for the purpose of:

+ Diagnosis, prevention, monitoring, treatment or alleviation of disease,
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+ Diagnosis, monitoring, treatment, alleviation of or compensation for an injury

or handicap,

Investigation, replacement or modification of the anatomy or of a physiologi-

cal process,

+ Control of conception,

+ And which does not achieve its principal intended action in or on the human
body by pharmacological, immunological or metabolic means, but which may
be assisted in its function by such means.

The medical device regulatory bodies of other countries have similar definitions.

IssuEs

Often, medical device definitions may differ between government regulations
and payer coverage and payment criteria. For example, the Medicare Program
in the United States has a medical device definition for coverage and payment
that is different from the FDA definition. Medicare covers durable medical
equipment, supplies, and prosthetic devices. Medicare defines durable medical
equipment as equipment that

+ Can withstand repeated use; i.e., could normally be rented, and used by succes-
sive patients;

+ Is primarily and customarily used to serve a medical purpose;

* Generally is not useful to a person in the absence of illness or injury; and

+ Is appropriate for use in a patient’s home.

Medicare states that supplies and accessories as

+ Are necessary for the effective use of durable medical equipment (e.g., oxygen).

+ Such supplies include those drugs and biologicals which must be put directly
into the equipment in order to achieve the therapeutic benefit of the durable
medical equipment or to assure the proper functioning of the equipment, e.g.,
tumor chemotherapy agents used with an infusion pump or heparin used with
a home dialysis system.

Prosthetic devices, according to Medicare

+ Replace all or part of an internal body organ (including contiguous tissue), or

+ Replace all or part of the function of a permanently inoperative or malfunc-
tioning internal body organ.

+ Examples of prosthetic devices include cardiac pacemakers, prosthetic lenses,
breast prostheses (including a surgical brassiere) for post-mastectomy patients,
maxillofacial devices and devices which replace all or part of the ear or nose. A
urinary collection and retention system with or without a tube is a prosthetic
device replacing bladder function in case of permanent urinary incontinence.
The Foley catheter is also considered a prosthetic device when ordered for a
patient with permanent urinary incontinence.

Among other supplies, appliances, and devices, Medicare includes
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+ Surgical dressings, and splints, casts, and other devices used for reduction of
fractures and dislocations.

The new ICD-10 procedure coding system, which may be implemented by
the Center for Medicare and Medicaid Services (CMS) and other payers in the
near future, has a different definition of medical device for coding purposes.

The term “device” is used to specify only devices that remain after the procedure is
completed. Instruments that describe how a procedure is performed are not speci-
fied in the device character. Materials that are incidental to a procedure such as
clips and sutures are not considered devices.

+ Biological or synthetic material that takes the place of all or a portion of a body
part (e.g., skin grafts and joint prostheses)

Biological or synthetic material that assists or prevents a physiological function

(e.g., IUD).

+ Therapeutic material that is not absorbed by, eliminated by, or incorporated
into a body part (e.g., radioactive implant). Therapeutic materials that are con-
sidered devices can always be removed.

* Mechanical or electronic appliances used to assist, monitor, take the place of, or
prevent a physiological function (e.g., diaphragmatic pacemaker, orthopedic pins).

+ Examples include: drainage device, radioactive element, autograft, extralumi-
nal device, intraluminal device, synthetic substitute, tissue substitute
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Modeling

Monte Carlo Simulation Evidence Model

Deterministic Analysis Probabilistic Sensitivity Analysis
Treatment Model Stochastic Sensitivity Analysis
Markov Model

BRIEF DEFINITION

Modeling refers to the development of a simplified representation of a system
(e.g., a population). A particular model may be analytical, visual, or both. In
pharmacoeconomics specifically or health economics in general, analytical
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models can be used to pose and answer questions about interventions that can-
not be directly answered by clinical trials due to time and financial constraints
(see terms: Health Economics, Pharmacoeconomics).

Monte Carlo simulation refers to the use of a computer to repeatedly evalu-
ate a model, usually to quantify either the level of confidence in recommenda-
tions based on the model (a form of sensitivity analysis) (see term: Sensitivity
Analysis), or the level of risk associated with an intervention.

EXPLANATION
Models can be

+ Analytical—a mathematical or statistical representation of reality, with
intermediate and/or final “outputs” (e.g., life expectancy) that respond to
changes in “inputs” (e.g., particular risk factors) in a realistic way; and

* Visual—use symbols to represent key events, temporal and/or causal rela-
tionships and dependencies, and outcomes.

A variety of dedicated software packages, spreadsheet plug-ins, and even spe-
cialized software languages can be used in constructing simple and complex
analytical and visual models.

Decision trees (see term: Decision Tree) (and related probability trees) are a
common form of health economics model that can have both analytical and

cure
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10

salvage

0.57
no salvage

7.5

laryngeal cancer.

10
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1-0.38

0.28

Example of a decision tree

visual aspects. An influence diagram (see term: Influence Diagram) and flow
charts are often used as purely visual models, while models built in spreadsheets
are often analytical only.

Deterministic analysis is a standard method of evaluation used with analyti-
cal models in which, for a specified set of inputs (even inputs randomly drawn
from probability distributions), the model will always return the same result.
Model results can then be used in decision analysis or cost-effectiveness analysis.

Some methods exist for automated construction of predictive analytical
models from data sets (e.g., neural network algorithms, multivariate regression
models). However, modeling often involves attention to the nuances of what is
being modeled and, therefore, customization of each model structure to pro-
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mote accuracy and to ensure an optimal
trade-off between interpretability and
comprehensiveness. This is especially
true of a complex health economics
treatment model, such as a Markov
model, that describe the natural history
of particular diseases, with and without
treatment. To capture all critical events,
Markov models can categorize health
status with a higher level of detail and
divide the model’s time perspective into finer intervals than is possible with
decision trees.

Data availability and quality issues are of crucial importance in pharmacoeco-
nomic modeling. The model builder
often must synthesize clinical data and
other information from multiple
remission/ cure - sources. The evidence search can be
guided by an evidence model—a set
of precise statements describing such
dead issues as (1) relationships between the

clinical decisions or intervention(s)
and health outcomes, (2) the health
providers responsible for the decisions
or intervention(s), and (3) the target patient population. If the evidence search
finds disagreement in estimates of crucial model parameters, meta-analysis can
sometimes be used to reconcile them. Simplifying assumptions may be used tem-
porarily when information is missing or is of poor quality, and permanently when
removing relatively less important factors can make a model clearer or more useful.

Monte Carlo simulation is used to deal with the related issues of variability

and uncertainty in modeling. Distinctions are made in modeling between

Treatment
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Cancer
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Salvage?

Example of an influence diagram

stay in
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cure

recurrence

recurrence
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A Markov model

* Variability across groups in a population, and
+ Individual variability within groups,

and also between

+ Error/uncertainty in estimating model parameters,
+ Structural error/variability in models, and
+ Stochastic uncertainty inherent in system events (e.g., rolls of dice).

Monte Carlo simulation of health economic models is of interest primarily
as an advanced form of sensitivity analysis on uncertain parameters. The deter-
ministic analysis of a model is repeated for a large number of sets of parameter
values, as in a nonsimulation sensitivity analysis. In a simulation, however,
values are drawn from realistic probability distributions randomly—thus
“Monte Carlo”—and then statistical analysis is performed on the collected
results. This is referred to as probabilistic sensitivity analysis.
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Most analytical models include within their structure important stochastic
uncertainties (i.e., an event whose outcome for a particular individual has a
random element), the impact of which can be captured in the deterministic
analysis of the model. Some complex models, particularly Markov models, can
end up having too many stochastic uncertainties, which prevents their inclu-
sion as part of the model’s structure. In such cases, Monte Carlo simulation can
be used to introduce the additional stochastic uncertainty into the operation of
the model. Instead of a single deterministic calculation of the model, a large
number of “individuals” are randomly walked through the uncertain events in
the model, and statistical analysis is used on the aggregated results (simulation
mean substituting for a deterministic value). This is referred to as stochastic
sensitivity analysis.

During Monte Carlo simulation sensitivity analysis, the other forms of vari-
ability and uncertainty addressed by simulation (e.g., stochastic analysis) should
be isolated from parameter uncertainty, using separate simulation “loops.”

Monte Carlo Simulation
3000 patients at
mechanical prostheses

Mean Value: 20.0 years
Mode: 27.0 years
Std Dev: 11.0 years
Minimum Value: 0.0 years

2.5% 0.0 years

Median: 21.0 years
97.5% 39.0 years

Maximum Value:  47.0 years

0.0 years  16.0 years 32.0 years 48.0 years
Outcome Value
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VALUE AND USE

By combining evidence from clinical trials with expert opinion and clinical
experience, models and simulation can be used to explore the potential impacts
of a decision or an intervention in clinical practice, before actually implement-
ing the decision or intervention. As the term “health economics” suggests, the
“impacts” being modeled can cover both health outcomes for patients and eco-
nomic consequences for payers.

In addition to their use in internal decision making and in research publica-
tions, pharmacoeconomic models are increasingly a required part of submis-
sions of evidence to external agencies, private and governmental, for use in
formulary decision making.

Other aspects of modeling in pharmacoeconomics/health economics include

* Predicting long term outcomes from surrogate markers,

+ Providing evidence-based estimates for data that have not been measured
(e.g., base a model on one population and localize it to different populations),

+ Extrapolating from existing data (e.g., base a hypothetical population
model on evidence from a small number of cases),

+ Analyzing many different subgroups, scenarios, and strategies, and

+ Tailoring a population model to an individual.

In models such as decision trees that combine visual and analytical elements,
the visual representation of the model can make it easier to construct the ana-
lytical model, and at the same time it improves the potential receptivity of an
audience, so that reviewers of the model will be better able to

+ Understand the analytical model,

+ Understand and/or accept its results (particularly important in pharmaco-
economic models where the underlying data may be from diverse sources
and of varying quality), and

+ Make informed choices based on it.

Monte Carlo simulation is used primarily to assess the level of confidence in
the results of a model (and in the recommendations of decision analyses and
cost-effectiveness analyses derived from it). Monte Carlo simulation may also
be used if the questions to be addressed by an analytical model include the distri-
bution of potential outcomes (“risk analysis”). Relatively simple models can be
subject to a deterministic risk analysis without simulation. However, if the model
is a Markov model, then a deterministic analysis of the model will not be able to
generate the distribution of likely outcomes. This is also true of models in which
important parameters are assigned point values, while in reality they would be
observed to be stochastic—having some kind of probability distribution. In such
cases, a stochastic risk analysis can be performed using Monte Carlo simulation.

IssuEs

Issues of nontransparency and perceived bias have to some extent slowed the
acceptance of cost and effectiveness results and recommendations based on
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pharmacoeconomic models. Modelers can try to address such concerns by
being transparent in their model structure and documenting justification and
support for model inputs. Typically authors submitting manuscripts for publi-
cations based on models also submit detailed aspects of the model for consider-
ation by the editor(s) and reviewers. Also to counter such negative perceptions,
modelers will sometimes make model structure and/or input decisions that
explicitly bias against the novel intervention. Clearly, all nontrivial model
assumptions need to be clearly documented.

A related issue is the increasing use of more complex model forms, such as
Markov processes, and the difficulties these pose for both internal and external
validation. While having the potential for more accurate representation of nat-
ural histories of disease, the complex Markov models and accompanying Monte
Carlo simulations found in research intended for publication may be opaque to
reviewers—and, if published, remain mostly unavailable to expert, critical
readers. Again, if modelers want their work to be accepted, it is in their interest
to be as transparent as possible regarding their model structure and inputs.

Essentially all modeling guides focus heavily on the importance of thorough sen-
sitivity analysis in proving the robustness of the model and the assumptions upon
which it depends. There is typically misunderstanding about the different types of
uncertainty and variability in models and how to handle them during analysis.

Health economics modeling and simulation is a relatively young discipline,
and it is just beginning to benefit from easier availability of detailed modeling
guidelines and tutorials. The ISPOR Good Research Practices Task Force report
(Weinstein 2003) provides clear expectations for the kind of testing, calibration,
and validation of models that should be done by the model builder before pub-
lishing model results. It also provides a detailed approach for assessing the qual-
ity of models.

BIBLIOGRAPHY

Gold MR, Siegel JE, Russell LB, Weinstein MC. Cost-Effectiveness in Health and Medicine. New
York: Oxford University Press; 1996.

Hunink M, Glasziou P, Elstein A. Decision Making in Health and Medicine. Cambridge, UK: Cam-
bridge University Press; 2001.

Weinstein MC, O’Brien B, Hornbberger J. Principles of good practice for decision analytic model-
ing in health-care evaluation. Value Health. 2003; 6:9-17.

Monetary Value

Constant Dollars
Current Dollars

BRIEF DEFINITION

Monetary value is a measure of the amount of currency that a buyer would be
willing to exchange for a good, service, or resource, or the amount of currency
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that a seller would require to sell a good, service, or resource. Monetary value
can be expressed as constant dollars or current dollars.

EXPLANATION

“Value” is the amount of consumer satisfaction directly or indirectly obtained
from a good, service, or resource. Different people value things differently
according to personal taste, needs, and desires. Monetary value is a measure of
the amount of money accepted by buyers and sellers as a sufficient amount
in exchange for a good, service, or resource. Constant dollars are expressed in
terms of their purchasing power in a base year. Constant dollars adjust for
changes in buying power due to inflation or deflation between the base year and
the year of measurement. Current dollars reflect the value of dollars spent or
received at the time of the transaction, without adjusting for inflation or defla-
tion since the transaction date.

VALUE AND USE

Monetary value is similar to market value, which is the price at which a buyer is
willing to buy and a seller is willing to sell. Constant dollars are also referred to
as real dollars. When costs have been converted to constant dollars, the base
year should be reported (e.g., 2001 US$). Current dollars are also referred to as
nominal dollars.

IssuEs

It is important to determine how monetary value is estimated. Considerations
include the year and currency in which the good, service, or resource is valued
and whether adjustments for inflation and deflation have been made (constant
dollars) or not been made (current dollars). When comparing cost estimates
reported in different years, it is necessary first to convert costs to constant dol-
lars using an inflation adjustment factor.
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Monitoring Entity — Clinical Trials

Institutional Review Board (IRB)
Data and Safety Monitoring Board (DSMB)
Independent Data Monitoring Committee

BRIEF DEFINITION

A monitoring entity is a group of individuals charged with ensuring compli-
ance with rules and regulations. There are several levels of monitors that ensure
compliance with regulations involving research on animals or humans in edu-
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cational and research facilities, granting agencies, and research practice sites.
Examples of such monitoring committees include institutional review board
(IRB), data and safety monitoring board (DSMB), and independent data mon-
itoring committee (see term: Research Entities).

EXPLANATION

Monitoring boards in human or animal research have been developed to ensure
compliance with ethical concerns raised in the Nuremberg Trials and the World
Medical Association Declaration of Helsinki (I and II), which have been
expanded on in the United States by the Code of Federal Regulations, Title 45,
Part 46 “Protection of Human Subjects.”

Institutions receiving federal support in the United States are required to
have an IRB, which approves and oversees research involving human subjects.
In addition, federal granting agencies require that grantees have in place proce-
dures for insuring the safety of participants, validity of data, and termination of
studies for which new and significant risks or benefits have been determined
during the study, usually administered through the appropriate IRB. Granting
agencies further reserve the right to conduct audits to ensure that all ethical and
reporting requirements are met. Many other countries have similar committees.
Although the basic principles governing their operation are similar, the specific
rules and regulations regarding them may differ among countries.

The IRB is charged with assuring that studies have clearly defined endpoints
and acceptable risk-to-benefit ratios. They must also ensure that informed con-
sent is obtained from research subjects when appropriate and that the forms are
understandable and free from coercive or misleading language. The IRB is also
responsible for monitoring and reviewing the progress and changes to risks or
benefits of a study.

The US National Institutes of Health further requires that funded clinical
studies involving multiple sites have in place a DSMB, whose functions and
oversight of safety and monitoring issues are distinct from the study review and
approval provided by an IRB. These issues are typically specific to the research
center and study, but include review of screening, baseline, efficacy, safety, and
quality assurance data as well as other operational requirements. A DSMB allow
for the collection and reporting of data from many sites that may not otherwise
be shared and are not evaluated by an IRB.

VALUE AND USE

Monitoring entities attempt to ensure ethical conduct in human and animal
research. In addition, boards such as the IRB serve to define acceptable risk-to-
benefit ratios when conducting research. The IRB protects both the researcher
and the institution by assuring the community in which the research is being
conducted that local ethical preferences have been considered. In the event of
an adverse outcome, review of a research project by an IRB can provide some
protection from litigation to both the researchers and the institution.
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The monitoring requirements of a DSMB are much more rigid than those of
an IRB and are recommended when large numbers of patients are involved or
when the risks of a study are particularly high, such as in early human studies
involving pharmaceuticals or in cancer therapies. Close surveillance of adverse
events or lack of efficacy may result in early termination of a study, protecting
human subjects from further harm.

IssuEs

Monitoring entities may vary considerably among countries and even regions.
Acceptable research practice depends on a valuation of risk and benefit, which
may vary considerably depending on culture. The degree to which monitoring
boards require reporting of research is also highly variable and dependent upon
its assessed risks and benefits. Reporting requirements continue to change over
time and with changes in culture and technology.
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National Institute of Clinical Excellence (NICE)

BRIEF DEFINITION

The National Institute of Clinical Excellence (NICE) is a quasi-governmental
organization that attempts to provide patients, health professionals, and the
public in England and Wales with authoritative, robust, and reliable guidance
on current medical “best practice.”

EXPLANATION

NICE was created in April 1999 under the auspices of the National Health Service
(NHS). The role of the institute encompasses the progression from evidence of
clinical efficacy (used as the basis of decision making in the regulatory environ-
ment) toward clinical effectiveness and cost-effectiveness. This information is vital
in the realm of actual clinical practice, and hence NICE has an extremely impor-
tant role to play in health care decision making in England and Wales. NICE was
formed to appraise medical technologies and devices. To date the majority of its
work has related to medical technologies—that is, therapeutic interventions.

Explicitly NICE has declared that its role is to provide “guidance.” NICE pro-
vides three types of guidance: “technology appraisals” of new and existing
health technologies, “clinical guidelines” for the management of specific condi-
tions, and “clinical audit methods” to support the technology appraisals and
clinical guidelines. It is still expected that decisions will be made by the health
care provider in light of this guidance based upon the needs of the patient.
However, in reality the guidance is rarely ignored. The Commission for Health
Improvement (CHI) has the responsibility for monitoring the acceptance of
NICE guidances and to ensure that they are being followed. In cases where a
guidance is being ignored, this must be justified in detail.

The NICE process (see figure) begins with a request from the Department of
Health in England or the National Assembly for Wales to appraise a given tech-
nology. This request is typically based upon the likely impact of the technology
upon the health status of patients and/or the financial impact for the NHS. At
this time NICE invites all interested parties (companies, patient groups, etc) to
submit their evidence. NICE also commissions an independent body to conduct
an assessment of the technology. This information becomes a vital component of
the overall appraisal. There are currently six centers across the United Kingdom
that can undertake these assessments (Health Economics Centres at the Universi-
ties at York, Birmingham, Sheffield, Southampton, Aberdeenshire, and Liverpool).

The submission made by pharmaceutical/device companies is divided into
five sections:
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Disease background
Description of the technology
Clinical effectiveness

Cost effectiveness

Wider implications to the NHS

A

A revised guidance recently issued by the institute incorporates the rationale for
each of these components of information.

NICE has access to privileged data in that companies may share information
that is confidential in nature—for example, results from on-going trials and
plans for extension of the current license. The information submitted is reviewed
at a meeting of the appraisal committee. The committee brings together experts
from the all the related areas—for example, consultants, health care providers,
health economists, statisticians, and NHS executives. After this initial meet-
ing, the appraisal committee releases to all involved parties the Provisional
Appraisal Document (PAD)—or what is now called the Appraisal Consultation
Document (ACD). A detailed description of the revised appraisal process and
an updated synopsis of the process can be found in the new “Guide to the Tech-
nology Appraisal Process,” accessible through the NICE Web site. The parties
have a period of 28 days to provide a response to the PAD. After this period the
appraisal committee meets again and this time issues the Final Appraisal Docu-
ment (FAD). At this stage, the parties involved in the submissions have an
opportunity to lodge any appeals, although the reasons for which appeals can
be made are explicitly defined. Finally, the institute issues the final guidance
through its Web site and through a publication.

VALUE AND USE

NICE is regarded globally as an important institution that assesses the value of new
and existing therapies based upon an independent review by relevant experts. The
effectiveness and progress of NICE is followed closely around the world.

IssuEs

One of the major issues surrounding NICE relates to its authority. As men-
tioned above, although NICE provides guidance, the clinical decision maker
still makes the final decision based upon clinical judgment with respect to the
needs of the individual patient. This implies that adherence with NICE guid-
ance is not necessarily universal. Legal action to ensure compliance with the
NICE guidance has been proposed.

A second important issue relates to the submissions by manufacturers. As
mentioned earlier, NICE is in a privileged position insofar as it has access to
unpublished data from manufacturers. Since the data is confidential—even if it
provides key evidence for the appraisal—it cannot be disclosed in the guidance.
The ability of those outside of NICE to evaluate the outcome may be limited in
these cases. It has been suggested that NICE appraisals be made only when such
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key information is in the public domain—that is, at the time of launch or two
to three years postlaunch. The resolution of this issue will clearly have a signifi-
cant impact on the ultimate influence of NICE guidance.
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Net Benefit

Net Monetary Benefit
Net Health Benefit
Incremental Net Benefit

BRrIEF DEFINITION

Net benefit is an alternative method of displaying cost-effectiveness results
(alternative to the cost-effectiveness ratio) (see terms: Cost-Benefit Analysis,
Cost-Effectiveness Acceptability Curve, Cost-Effectiveness Analysis, Cost-
Utility Analysis). When it is expressed in monetary units it is formally a net
monetary benefit, whereas when expressed in units of efficacy or utility it is
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called a net health benefit. When two treatments are compared, the difference
between the two should be referred to as an incremental net benefit.

EXPLANATION

Let the difference in mean costs between Treatment 2 and Treatment 1 be
denoted by A.=C, — C, and let the difference in mean efficacy (or effective-
ness) between Treatment 2 and Treatment 1 be A,=E, — E,. Then the familiar
incremental cost-effectiveness ratio (ICER) (see term: Cost-Effectiveness
Analysis) for Treatment 2 against Treatment 1 is A /A,. The ICER is tradition-
ally, although not universally, compared with a threshold willingness-to-pay
K (e.g., $50 000/quality-adjusted life year gained), such that if the ICER is less
than K, then Treatment 2 should be accepted as cost-effective relative to
Treatment 1.
The cost-effectiveness plane was introduced by Black (1990) and is shown
in the figure. The true value of the efficacy and cost
NE differences between treatments is expressed as a point
NW (A, A)) on this plane. In the area above the axis
ENE marked A, the cost difference is positive, while in that
A, to the right of the axis marked A, the efficacy differ-
ence is positive. The southeast quadrant, labeled “SE,”
therefore has positive efficacy difference but negative
cost difference, and so, if the true point lies in this
The cost-effectiveness plane quadrant, Treatment 2 dominates Treatment 1. Gen-
erally, if one wishes to demonstrate cost-effectiveness
of Treatment 2, it is preferable to be as far to the south and east as possible.
Conversely, in the “NW” quadrant, Treatment 1 dominates. A line of slope K
divides the northeast and southwest quadrants. A point in the sector marked
“ENE” represents a case in which Treatment 2 is more effective than Treatment
1 but is also more costly. Neither treatment dominates, but the efficacy differ-
ence is sufficiently large relative to the cost difference for Treatment 2 to be
preferable to Treatment 1. Similarly, a point in the “SSW” sector represents the
case where Treatment 2 is less effective than Treatment 1 but is less costly, and
the cost difference is sufficiently large relative to the efficacy difference for
Treatment 2 to be more cost-effective.

Generally, then, Treatment 2 is more cost-effective than Treatment 1 for all
points below the line of slope K. In contrast, the ICER is less than K for all
points in the regions labeled “ENE,” “SE,” “WSW,” and “NW” in the figure.
Notice that this actually includes the northwest quadrant in which Treatment 1
dominates. This is why cost-effectiveness comparison is not just a question of
whether the ICER is less than K. It is also necessary to consider the sign of A,. If
this is negative, then we prefer Treatment 2 only if the ICER is greater than K.
Traditionally in cost-effectiveness analysis this is handled by using a two-step
approach. First, one checks for dominance (see term: Dominance): that is, is the
point in the SE or NW quadrants? If there is dominance, the decision is made
on that basis. If there is not dominance, the ICER is used. This is another reason

A
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why working with the ICER is unnecessarily complex. After all, what we really
wish to know is very simple: does the point (A, A.) lie below the sloping line?

Several authors who have advocated an approach based on net benefits have
made this argument. The net monetary benefit of Treatment 2 against Treat-
ment 1 is defined to be K A, — A_, while the net health benefit is A, — A /K. They
differ only in that the net monetary benefit is expressed in units of money while
the net health benefit is expressed in units of efficacy. Both have the property
that they are positive if, and only if, the point (A,, A.) lies below the sloping line
in the cost-effectiveness plane.

Because it is a linear function of A, and A, statistical inference about net
benefit is considerably more straightforward than inference about the ICER.

VALUE AND USE

It should be noted that, although usually defined as above in terms of cost-
effectiveness, the net benefit approach is equally valid and valuable in contexts
usually called cost-utility or cost-benefit analysis in health economics. We have
referred to A, as the mean difference in efficacy, but it could equally well be in
units of utility—for example, quality-adjusted life years—or some other mea-
sure of benefit.

Since the definition of net benefits is dependent on the threshold willing-
ness-to-pay K, the usual way to present a cost-effectiveness analysis using net
benefits is through a cost-effectiveness acceptability curve (CEAC). The CEAC
plots the probability that net benefit is positive as a function of K. Note that this
probability is the same for a given K, whether we are working in terms of net
health benefit or net monetary benefit.

IssuEs

Although the net benefit approach is gaining adherents in health economics,
the ICER is still the dominant approach to assessing cost-effectiveness. As a single
point estimate of cost-effectiveness, an estimate of the ICER is arguably the
most useful, although it is important to also know the sign of A,, or equiva-
lently to use the two-step approach of first checking for dominance. However, it
is invariably important to quantify uncertainty about cost-effectiveness. A con-
fidence interval for the ICER is more complex to construct and to interpret
because of the way the ratio switches sign as the sign of A, changes. The sim-
plicity of the net benefit approach is then attractive, and the CEAC provides a
cost-effectiveness summary that is of direct relevance to decision makers.
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New Drug Application (NDA)

Investigational New Drug Application (IND)
Abbreviated New Drug Application (ANDA)
Supplemental New Drug Application (SNDA)
Approvable Letter

Approval Letter

Not Approvable Letter

BRIEF DEFINITION

A New Drug Application (NDA) is the documentation provided as evidence
supporting the safety and effectiveness of a new pharmaceutical in order to
obtain approval by the US Food and Drug Administration (FDA) (see term:
Food and Drug Administration) for its commercial marketing.

EXPLANATION

The NDA process, established in 1938, requires all new drugs in the United
States to be reviewed and approved prior to sale and marketing. The FDA is an
agency of the federal government within the Department of Health and Human
Services. Within the FDA, the Center for Drug Evaluation and Research
(CDER) is responsible for review of NDAs.

Before a sponsor company can submit an NDA, it must first file an accept-
able Investigational New Drug Application (IND) to begin clinical studies. The
data collected under the IND is combined with other data on the drug and its
manufacture to complete the documentation required for a complete NDA.

The FDA reviewer of an NDA should have enough information to be able
verify that the drug is safe and effective for its proposed use(s) and that the drug
benefits outweigh the potential risks. Also, the NDA should demonstrate appro-
priate labeling and describe the manufacturing methods used to make the
product. Other information that should be found in the NDA include: drug
ingredients; the condition and patients to be treated; the appropriate dose(s)
and duration(s) of therapy; all signs, symptoms, and responses measured; and
side effects and adverse effects. Specific information and the application for
FDA approval to market a new drug can be found in section 21 of the Code of
Federal Regulations (CFR), part 314. This section of the CFR is the FDA inter-
pretation of the Federal Food, Drug, and Cosmetic Act and related statutes.

An Abbreviated New Drug Application (ANDA) requires less information
than an NDA and is submitted by a sponsor company when it wishes to gain
approval to market a generic drug. A Supplemental New Drug Application
(SNDA) may be submitted for consideration of a new indication for a previ-
ously approved drug.

Once the FDA has received an NDA submission, the agency will determine
within 60 days whether the application may be filed. This is a prereview time
to decide whether the application contains adequate information to proceed
with the in-depth review. If the NDA is filed, the 180-day in-depth review
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process, otherwise known as the “review clock,” will begin on the filing date.
During the “review clock” the FDA will make a decision to issue an approv-
able, approval, or not approvable letter. An approvable letter is a written state-
ment by the FDA stating the NDA will be accepted when additional information
is submitted or under other specific conditions. The approval letter is a writ-
ten statement by the FDA stating that the NDA has been accepted. The not
approvable letter is a written statement by the FDA stating that the NDA has
not been approved.

VALUE AND USE

To sell and market a new drug entity in the United States, an NDA must be
approved as required by federal law. Any actions that fall outside the regulations
are punishable in a court of law.

IssuEs

Understanding the process and rationale that CDER uses for evaluating an
NDA can be important and can help the progression toward gaining an approval
letter. CDER offers assistance at various times during the application process
through scheduled meetings or guidance documents. The guidance documents
are not enforceable as regulation or law but are useful to follow because they
represent the current thinking of CDER on specific subjects and can save time
in the review process for the sponsor company.
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Number Needed to Treat (NNT)

BRIEF DEFINITION

Number needed to treat (NNT) means the average number of patients needed
to be treated for a specific period of time to observe one less adverse event by
the end of the period.

EXPLANATION

Introduced by Laupacis in 1988 (Laupacis et al, 1988), the term “number-
needed-to-treat” has gained widespread use in the medical community and
medical journals. A graphic representation may ease the understanding of
NNT. Figure 1 depicts a hypothetical randomized trial aimed at treating a fatal
disease in 20 pairs of patients. In each pair of identical patients, one receives
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Figure 1. Survival times in a hypothetical trial in which
pairs of identical patients have either intervention or
nonintervention. Survival time is shown on the
X-axis and patient number on the Y-axis.
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Figure 2. The same trial depicted with survival curves.
Survival time is shown on the X-axis and proportion alive on
the Y-axis. M, and M_ are the proportions with fatal outcome

in the intervention group and control groups. The distance
between the two survival curves along the horizontal dotted
line indicates the gain in median survival time.

active therapy while the other receives placebo. Because each pair is identical,
the effect of the therapy can be observed directly by measuring survival time in
the patient receiving active therapy and in the control patient.

Early during the trial, patients on therapy fare worse than the controls, while
later in the trial patients on therapy benefit (Figure 1). Usually, the results of a trial
are shown with the proportion surviving on the Y-axis as in Figure 2. The effect of
the therapy can now be expressed with different types of measures. The vertical
measures capture effects at an arbitrary point in time (for example the vertical dot-
ted line). If at this point in time, M_ and M, are the proportions with fatal out-
come in the control group and intervention group respectively, the effects can
be expressed in the following way:
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(1) Relative risk reduction (RRR): (M. — M,)/M,

(2) Absolute risk reduction (ARR): M, — M,
The reciprocal of ARR is NNT:

(3) Number-needed-to-treat (NNT): 1/ARR

M, and M, can also be formulated as odds ratio and log odds ratio.
All five vertical measures are different mathematical formulations of the two pro-
portions M_and M.. None of these five measures are more correct than the others;
they simply express different aspects of the intervention effect.

VALUE AND USE

It has become customary to define NNT as “the number of patients needed to be
treated for x years to avoid one bad outcome.” This definition, however, is not
correct. First, NNT represents an average number. Second, adverse outcomes are
not avoided altogether, they are just postponed, as can be seen in Figure 1.

The use of NNT has been expanded to encompass harm “(“number needed
to harm,” or NNH)), screening (“number needed to screen”), education (“num-
ber needed to educate”), and exposure (“number needed to expose”).

NNT does not inform about the proportion of patients that benefit posi-
tively or negatively from an intervention. In Figure 1, NNT is 20 at the verti-
cal dotted line, and still all patients having therapy are influenced, positively
or negatively, by it. From a biological point of view, it is plausible that interven-
tions have a small effect in many patients rather than a large effect in a few.

The confidence limits of NNT are usually taken as the reciprocal of the confi-
dence limits of ARR even though this method may create a biased confidence
interval (Hutton 2000). When the confidence interval of ARR contains zero (for
example [—0.02, +0.05]), NNT has two confidence intervals (in the example:
[—oo, —50] and [+20, +o0]). The confidence interval of NNT is undefined in
the interval [—1, +1] because one needs to treat at least one patient to avoid or
induce an adverse outcome.

IssuEs

Because ARR can vary considerably in time, NNT will also vary. Therefore,
NNT may for example be 50 after 1 year of therapy, 75 after 2 years and 40 after
3 years. Also, NNT varies with the baseline risk of adverse events in the control
group. Consequently, NNT is not a number that is specific for a therapy or a
group of patients.

Figure 2 illustrates two other types of effect measures. The horizontal effect
measures capture the horizontal difference between the two survival curves.
Gain in median survival time is a measure frequently used in cancer research.
Gain in life expectancy is a combined effect measure that captures survival time
as well as survival probability. It is represented by the net area between the sur-
vival curves (Figure 2).
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In Figures 1 and 2, the adverse event is death. The arguments would be the
same if it were a nonfatal event such as myocardial infarction (MI). In that case
the combined effect measure will express the expected gain in MI free survival.
While fatal outcomes can be postponed but not prevented, nonfatal outcomes
can be prevented in the sense that an intervention postpones the event to the
extent that patients die from other causes.

There is ample evidence that patients, physicians, and health administrators
are more likely to opt for an intervention when its effect is presented in terms of
RRR than as ARR or NNT. Since there is no gold standard, it is unclear which
measure is best. There is evidence that lay people (Kristiansen 2002) as well as
physicians misunderstand NNT (Kristiansen 2003) and there is no evidence
that NNT helps people make better decisions. Vertical effect measures might
well be supplemented with combined measures in order to improve under-
standing among lay people and physicians. The use of NNT in economic evalu-
ation may create misleading results and may be better avoided (Laupacis 1988).
Economic evaluation should be based on life expectancy, not NNT.
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Observational Study

BRIEF DEFINITION

An observational study is a prospective research method for documenting clin-
ical, economic, and/or humanistic outcomes of actual medical practice absent
the constraints of a more formal experimental design (see term: Clinical Trial).

EXPLANATION

To prove or disprove a hypothesis, a research study must be constructed so as to
minimize extraneous variables that might impact upon the study’s conclusion.
Controlled clinical research is typified by statistical power, rigorous inclusion
criteria, randomization, a rigid protocol, and predetermined measures and
assessments. In most cases, the conditions that improve the statistical validity
and overall credibility associated with findings from controlled clinical research
differ considerably from those found in actual medical practice. Hence, the out-
comes achieved in clinical research may not be representative of nor achievable
in the “real world.”

An observational study is undertaken to explore processes employed and
outcomes achieved in settings more reflective of actual medical practice. In
these studies, conducted prospectively, care must be taken to engineer benign
approaches to data collection so as not to impact upon the conditions being
observed. Even greater care must be placed on the interpretation of findings
from observational studies, inasmuch as there is no guarantee of comparability
between cohorts within the study. Propensity analysis and other advanced sta-
tistical techniques, however, can be employed to minimize the impact of con-
founding variables. While not considered to be as definitive as findings from
controlled clinical trials, data from observational studies can prove to be a rich
foundation upon which to explore relationships between outcomes and clinical
processes, treatments, and disease characteristics.

VALUE AND USE

A prospective observational study can represent an ideal platform for exploring
the outcomes of medical care unencumbered by the often-artificial “protocol
driven” components of controlled clinical research. As such, observational
research can provide a reasonable basis for considering relative cost-effective-
ness, for assessing quality of life, and for examining the frequency of reportable
adverse events. Observational studies have been established in the form of
patient registries to examine the link between use of a particular product and
the occurrence of serious adverse events. In addition, patient registries have
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been established to examine directly the role of various therapies and treatment
regimens in the management of specific diseases and conditions.

IssuEs

Rarely is a prospective observational study based on a specific hypothesis. As
such, they differ importantly and intrinsically from statistically powered con-
trolled clinical trials. Rather than seeking to answer a specific question, how-
ever, an observational study is designed to be exploratory, or hypothesis
generating. Nonetheless, important trends and statistically valid conclusions
can be derived from observational study, provided that data collected are accu-
rate and that advanced statistical techniques have been used to minimize con-
founding variables. The primary advantage of observational research is in its
descriptions of actual medical practice, the actual patient population, and the
impact of actual medical practice on the actual typical heterogeneous, patient
population. Policymakers, regulatory agencies, drug and device companies,
physicians, and patients are increasingly looking to observational research to
better understand “what works” under “real-world” conditions.

BIBLIOGRAPHY

Horwitz RI, Viscoli CM, Clemens JD, Sadock RT. Developing improved observational methods
for evaluating therapeutic effectiveness. Am J Med. 1990;89:630—-638.

Michels KB, Braunwald E. Estimating treatment effects from observational data. Dissonant and
resonant notes from the SYMPHONY trials. JAMA. 2002;287:3130-3132.

Radford MJ, Foody JM. How do observational studies expand the evidence basis for therapy?
JAMA. 2001;286:1149-1152.

Rosenbaum PR, Rubin DB. The central role of the propensity score in observational studies for
causal effects. 1993;70:41-55.

Outcomes Research

ECHO Model Humanistic Outcomes
Consequences Costs

Clinical Intermediary Economic Outcomes
Clinical Outcomes Treatment Modifiers

Humanistic Intermediary

BRIEF DEFINITION

Outcomes research is the scientific discipline that evaluates the effect of health
care interventions on patient health status, often using the ECHO model
involving economic, clinical, or humanistic outcomes. Outcomes research is
generally based on the conceptual framework that evaluation of treatment
alternatives involves the simultaneous assessment of multiple types of outcomes
that are often disease-related.
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EXPLANATION

A diagram of outcomes research—-the ECHO model (economic, clinical, and
humanistic outcomes) is shown below. Outcomes research—the ECHO model
includes the following terminology.

Consequences: A general term used to refer to any effect related to the alter-
natives modeled (see term: Cost-Consequence Analysis).

Clinical intermediary: Measurements of a patient’s physical or biomedical sta-
tus used as a surrogate for or to infer the degree of disease (e.g., blood pressure,
forced expiratory volume).

Clinical outcomes: Medical events that occur as a result of disease or
treatment (e.g., stroke, disability, hospitalization) (see terms: Clinical Trial,
Epidemiology, Pharmacoepidemiology).

Humanistic intermediary: Factors that affect the formation of patients’
opinions about the effects of disease or treatment on their lives and well-
being (e.g., values, norms, perceptions) (see terms: Health-Related Quality of
Life, Patient-Reported Outcomes).

Humanistic outcomes: Patient self-assessment of the impact of disease or
treatment on their lives and well-being (e.g., satisfaction, quality of life) (see
terms: Health-Related Quality of Life, Patient-Reported Outcomes).

Costs: Direct medical, direct nonmedical, and indirect costs associated with
the treatment alternatives evaluated (see term: Cost — Health Economics).

The ECHO Model

i Humanistic
e ————— > 5 T
Disease Intermediaries Humanistic
l Effects of disease or treatment Outcomes

that affect humanistic outcomes. Functional status, health
status, or quality of life .

Clinical Clinical

Intermediaries Outcomes
Measurements of a patient’s Medical events that occur as
physical and biomedical status aresult of disease or treatment.
used to infer the degree of disease.

Treatment Modifiers

Factors that alter outcome

associated with treatment
alternatives.

External Economic
Controls Outcomes

Non-clinical factors that Treatment Total costs of medical care associated
affect availability o use | dm——) 5 with treatment alternatives balanced
of treatment alterratives. Alternatives against clinical or humanistic outcomes.

Figure reprinted from CM Kozma, CE Reeder, RM Schulz. Economig, clinical, and humanistic outcomes:
A planning model for pharmacoeconomic research. Clin Ther. 1993;15:1121-32.
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Economic outcomes: Direct and indirect costs compared to consequences of
medical treatment alternatives typically expressed as ratios of cost to conse-
quence (e.g., cost minimization, cost-effectiveness, cost utility, and cost-benefit
ratios) (see terms: Cost-Benefit Analysis, Cost-Effectiveness Analysis, Cost-
Minimization Analysis, Cost-Utility Analysis).

Treatment modifiers: Factors that may alter intermediaries or outcomes as-
sociated with treatment alternatives (e.g., side effects, compliance) (see term:
Compliance).

In outcomes research, there is a distinction between outcomes (i.e., end
results) and intermediaries (e.g., surrogate endpoints). It is an important dis-
tinction because it forces reflection on differences between “end results” and
intermediaries. For example, blood pressure is a clinical intermediary in the
treatment of hypertension while stroke or myocardial infarctions are clinical
outcomes (i.e., end results). Distinction between intermediaries and outcomes
is also important because it has implications for measurement such as reliabil-
ity, validity, and duration of a study. While most researchers believe that there is
a strong relationship between blood pressure and stroke, intermediaries for
other diseases might not be as well established. The timing of data collection
and size of sample required is also affected by choice of outcome or endpoint.
Studying stroke rates requires much longer periods of time and much larger
samples than does measuring blood pressure. The distinction between out-
comes and intermediaries may also vary depending on the perspective taken for
the analysis. For example, if a pharmacist is implementing a counseling pro-
gram, compliance would be viewed as an “end result” from the pharmacist’s
perspective. However, from the perspective of a health care organization study-
ing stroke, compliance may be viewed as an intermediary while the outcome of
interest is survival.

When planning outcomes research, a societal perspective should be used for
identification of consequences, even if this perspective is later restricted for a
particular application. During the outcomes research planning process, specifi-
cation of the disease or condition and selection of relevant alternatives for com-
parison is important. All consequences related to the treatment alternatives
should then be listed for the patient populations of interest.

VALUE AND USE

The outcomes research ECHO model represents only one of many available
outcomes research models. The outcomes research ECHO model has been used
extensively for teaching medical professionals about designing and reviewing
outcomes research studies. The value is in using it prior to development of a
study or evaluation of a body of literature. A priori specification of the factors
that are important to the evaluator can lead to better decision making.
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Patient-Reported Outcomes (PRO)

BRIEF DEFINITION

Patient-reported outcomes (PRO) is an umbrella term that includes outcome
data reported directly by the patient. It is one source of data that may be used to
describe a patient’s condition and response to treatment. It includes such out-
comes as global impressions, functional status, well-being, symptoms, health-
related quality of life (HRQL), satisfaction with treatment, and treatment
adherence (see terms: Compliance, Health-Related Quality of Life).

EXPLANATION

PRO is a term that has recently come into use. It was first proposed February
2001 at a meeting of the PRO Harmonization Group (a working group com-
posed of members of the International Society for Pharmacoeconomics and
Outcomes Research (ISPOR), International Society for Quality of Life Research
(ISOQOL), the Pharmaceutical Research and Manufacturers of America Health
Outcomes Committee (PhRMA-HOC), and the European Regulatory Issues on
Quality of Life Assessment (ERIQA). While there has been a large increase in
interest in understanding the patient’s perspective of disease and treatment, the
lack of a clear framework and agreed-upon terminology often has resulted in
communication difficulties among researchers and with regulatory authorities.
One approach to conceptualizing data collected in clinical trials is to consider
the source of the data. There are several potential sources of data to evaluate the
safety and efficacy of a new drug:

+ Patient-reported outcomes (e.g., global impression, functional status,
HRQL, symptoms)

+ Caregiver-reported outcomes (e.g., dependency, functional status)

+ Clinician-reported outcomes (e.g., global impressions, observations, tests
of function)

+ Physiological outcomes (e.g., FEV1, HbAlc, tumor size)

Each source serves as an umbrella term for the different types of data that
may be provided by each source. The different sources have been shown to pro-
vide unique information regarding the efficacy of a therapy (e.g., Surarez-
Almazor 2001; Rothman et al. 1991). The PRO component of the framework is
based on the following assumptions:

+ The patient’s subjective experience provides a unique and valuable contri-
bution to the drug development process.
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+ The information provided by the patient is inherently subjective.

+ Scientific methods for assessing subjective outcomes (e.g., psychometrics
and utility measurement) are well developed and provide the basis for
PRO assessment.

+ The design of PRO studies should follow the rules defined for other types
of clinical trials (e.g., clear specification of hypotheses, standard methods
of analysis and interpretation).

VALUE AND USE

The proposed framework recognizes the unique value of data from each source
including patients. The appropriateness of using data from each source is con-
text specific; that is, in some cases a PRO may be the best or only source of data
while in other cases clinician-reported or multiple sources of outcome data may
be most appropriate. This framework also encourages researchers to specify the
type of PRO being assessed (e.g., symptoms, HRQL, functional status). This
specificity is expected to facilitate communication among researchers and regu-
latory authorities.

IssuEs

This framework for clarifying patient outcomes assessment is proposed for use
within the context of the drug development and regulatory process. Appropriate-
ness of use beyond this context must be evaluated separately. It is recognized that
PRO assessment is an evolving field; thus the proposed framework is intended to
foster further research and enhance communication rather than be prescriptive.
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Patient Rights

BRIEF DEFINITION

Patient rights refers to a complex set of principles of health care practice either
specified by law or by the ethical doctrines of medical organizations and/or con-
sumer groups aimed at protecting those who seek and/or obtain health care ser-
vices; it also refers to the rights of patients who participate in clinical trials. These
principles and ethical doctrines may vary depending upon whether the patient is
a minor or an adult, is mentally competent to make decisions, or is incarcerated,
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or whether there is an immediate life threatening situation; they also may vary
according to locality depending upon applicable local laws and regulations.

EXPLANATION

In the United States, a federal Patient Bill of Rights has been subject to debate
and proposed legislation in Congress. The basic legal rights of patients in the
United States include being able to decide whether to accept or reject medical
care, even life-saving care. Basic rights also include the ability to obtain one’s
own medical records, the right to refuse to participate in educational or
research programs, and the right not to be discriminated against on the basis of
race, color, national origin, gender, sexual orientation, or disability. Privacy
protections are also included in certain federal, state, and local laws. Doctors
have an obligation to provide information needed for patients to make deci-
sions about medical care. Some documents on patient rights also include state-
ments on patient responsibilities. Consumer groups and advocacy groups work
on raising awareness about issues related to patient rights.

Various procedures and policy statements have been issued by medical orga-
nizations to protect patients participating in research programs. These include
the World Medical Association Declaration of Helsinki that establishes ethical
principles for medical research involving human subjects. Experimental
research typically involves review of the protocol by an independent committee
such as an Institutional Review Board. In addition, patients need to consent to
participate in the research after having been supplied information on the
potential benefits and risks of participation as well as information on sources of
funding and potential conflicts of interest.

VALUE AND USE

Goals of improved protection of patient rights and knowledge of patient
responsibility include

+ Improving consumer confidence by assuring that the health care system is
fair and responsive to consumer needs and provides a mechanism for con-
sumers to address their concerns,

+ Supporting a strong relationship between patients and their health care
providers, and

+ Establishing rights and responsibilities of all participants (patients and
providers) in improving patient health.

In addition, policy statements and laws on patient rights can provide guidance
on the conduct of medical research and the delivery of medical services. Ulti-
mately, the patient rights movement can improve the health and welfare of
patients through improved research and health care delivery practices.

IssuEs

The policies and laws that protect patient rights are evolving and complex.
Some laws are tied to the operations of health plans and reimbursement policies
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of Medicare, Medicaid, or private insurers. Other rights are overseen by organiza-
tions that conduct research involving human subjects. There are laws including
COBRA (Consolidated Omnibus Reconciliation Act) that provide certain rights
when the participation in health benefits may be interrupted by unemployment,
divorce, or death in the family. Additional protection related to privacy of med-
ical information and protection on insurability when health insurance is dis-
continued due to certain life events is part of HIPAA (the Health Insurance
Portability and Accountability Act) legislation. Some of these policies may be
administered through the benefits programs offered by employers. The Depart-
ment of Labor also has policies to protect the health and welfare of employees.
An internet search on the term “Patient Rights” resulted in over 2,910,000
entries. Many of these sites were developed by individual health care organiza-
tions and contained postings of the organization’s policy on patient rights.
Additional rights that some of these organizations aim for included the expec-
tation for prompt and courteous service, the right to ask questions, and timely
results from tests and procedures. There are many organizations and profes-
sional groups involved in work related to the protection of patient rights.
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Patient Study Recruitment

BRIEF DEFINITION

Patient study recruitment is the process of enrolling patients and other volun-
teers into a clinical research study, such as a clinical trial. The total process
spans several stages, from identifying the types of study participants desired to
obtaining informed consent from protocol eligible individuals who have satis-
fied study admission criteria.

EXPLANATION

Establishing the patient study recruitment plan early in a research study is impor-
tant. The protocol design and requirements identify the types of study partici-
pants desired, thus establishing the study admission criteria. The study research
staff must explore the various sources that may yield potentially eligible study
candidates. One obvious source is an investigator’s own medical practice.
Another source is the referral by another physician, suggesting that an individ-
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ual be considered for a particular study. Some studies seek to enroll patients
who have a particular diagnosis or specific characteristics in their medical his-
tory. Medical records, patient registries, and clinical databases can be good
sources of such information, but special precautions to respect patient privacy
must be considered and implemented if these are to be used as a source for poten-
tial study participants. If the medical condition or problem to be researched in
the study is fairly common, self-referrals may be adequate. A patient is consid-
ered a self-refer if he or she responded to external recruitment efforts such as
advertising. Another source of potential participants is mass screening in a com-
munity. This process highlights a specific disease or condition, offers screening to
the general population, and offers referral information and information about
a specific research study to those who may be qualified to enroll. Mass screen-
ings can be conducted at health fairs, shopping malls, drugstores, or even in
mobile vans that are equipped for testing.

Whatever the source used to identify potential study participants, a good
screening plan is essential to the success of the study. During the initial screen-
ing, the study team must assess the study candidate’s interest by describing the
amount of effort and the risks involved in the study. The candidate must meet
all study admission criteria; that is, he or she must possess all the characteristics
in the inclusion criteria and have none of those identified in the exclusion crite-
ria. Some studies may require that clinical tests be performed during the
screening of a study candidate, the results of which are to be used in determin-
ing eligibility. If the patient is eligible and wishes to volunteer for the study, the
investigator must obtain the patient’s informed consent prior to the start of any
study procedures. Informed consent refers to a person’s voluntary agreement
(free of coercion) to participate in research, based on adequate knowledge and
understanding of relevant information. It should be noted that if screening tests
are performed solely for study eligibility and would not have been performed
otherwise, then patient informed consent must be obtained prior to the con-
duct of the screening tests.

VALUE AND USE

Slow patient enrollment is the primary reason for delay in clinical studies. As a
result, timely enrollment of patients into studies is of paramount importance to
sponsoring organizations. Failure to recruit the necessary number of partici-
pants within a specific time frame may prevent the successful completion of a
study within the originally anticipated budget. Sponsoring organizations view
patient study recruiting in terms of enrollment and retention. An argument can
be made that the patient recruitment process directly impacts patient retention.
The human interaction that begins with the methods used by sites to reach
potential study participants is a critical link to patient retention. The methods
should be simple, direct, truthful, and noncoercive. Such methods include
forms of advertising such as the use of posters and flyers and the use of media
such as radio, television, newspapers, magazines, and journals. Advertising
campaigns are especially important since two-thirds of enrolling patients into
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studies are by a self-referral. A new trend in patient recruiting is the use of Web
sites on the Internet. There are roughly 83 million people in the United States
using the Internet at home. Many of these people are specifically searching for
health-related information. Many clinical research sites, government agencies,
and professional recruiting groups have created Web sites that identify clinical
studies and provide contact information.

IssuEs

As sponsoring organizations outsource more study activities, investigative
research sites will assume more responsibility for patient study enrollment. It is
critical that site investigators plan early for recruitment strategies and factor this
study component into the study budget. Special attention and consideration
should be given to the resources needed to carry out the recruitment plan. This
includes staff to initiate the recruiting efforts as well as staff to handle the results
of the recruiting efforts. In today’s competitive market, sponsoring organizations
usually understand the need for funds to support patient recruitment activities.

Not only is the research study team concerned with the safety and well-being
of the study participants; it must also be concerned with patient privacy and
confidentiality issues. Under federal regulations, the local institutional review
board (IRB) must review and approve all methods used to recruit people into any
research study. The IRB must ensure that the methods are not coercive and that the
confidentiality and privacy of potential research participants are protected. When a
potential study candidate is identified through medical records, databases, regis-
tries, or physician referrals, the primary physician must give approval for his or
her patient to be contacted for research purposes. The patient’s primary physi-
cian or caregiver should do any initial contact based upon private and identifi-
able medical information. In addition, the IRB must review and approve the
text of all advertisements. Failure to include this material in the study applica-
tion to the IRB could result in further delays in patient enrollment.
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Pharmacoeconomics

BRIEF DEFINITION

Pharmacoeconomics is the scientific discipline that evaluates the clinical, eco-
nomic and humanistic aspects of pharmaceutical products, services, and pro-
grams, as well as other health care interventions to provide health care decision
makers, providers and patients with valuable information for optimal out-
comes and the allocation of health care resources. Pharmacoeconomics incor-
porates health economics, clinical evaluations, risk analysis, technology assessment,
and health-related quality of life, epidemiology, decision sciences and health
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services research in the examination of drugs, medical devices, diagnostics, bio-
technology, surgery, disease-prevention services.

ExPLANATION

Pharmacoeconomics is a collection of descriptive and analytic techniques for
evaluating pharmaceutical interventions in the health care system. Pharmaco-
economic techniques include cost minimization, cost effectiveness, cost util-
ity, cost benefit, cost of illness, cost consequence, and any other economic
analytic technique that provides valuable information to health care decision
makers for the allocation of scarce resources. Pharmacoeconomics is often referred
to as health economics (see terms: Cost-Benefit Analysis, Cost-Consequence Anal-
ysis, Cost-Effectiveness Analysis, Cost-Minimization Analysis, Cost-Utility
Analysis, Health Economics) or health outcomes research, especially when it
includes nonpharmaceutical courses of therapy or preventive strategies, such
as surgical interventions or screening techniques.

VALUE AND USE

Several potential uses for pharmacoeconomic analyses are in pharmaceutical
reimbursement, price negotiations, formulary discussions, clinical practice guide-
line developments, and communications to prescribing physicians. In recent years,
pharmacoeconomics has grown rapidly because its core subject, cost-effectiveness
analysis, is easy to apply and has powerful applications for health care decision
making in both the public and private sectors. Recent research from the Tufts
Center for the Study of Drug Development suggests that the demand for phar-
macoeconomic analyses conducted by the pharmaceutical industry is likely to
grow substantially from the present spending (average 1% of pharmaceutical
research and development cost) in the near future. In Australia and Canada, the
acceptance of new chemical entities in the national or provincial formularies
depends on pharmacoeconomic studies. Different countries have different
approaches to making pricing and reimbursement decisions using formal phar-
macoeconomic evaluations. In a recent study based on nine European countries
(Finland, France, Germany, Norway, Austria, The Netherlands, Portugal, Spain,
and the United Kingdom), one-third of all respondents (government agencies,
physicians, hospital pharmacists, hospital managers, sickness funds, and the
pharmaceutical industry) across all countries stated that they have used results
from health economics studies for decision making (Hoffman 2000). In the
United States, pharmacoeconomic analyses are not required for the submission
of a new drug to the Food and Drug Administration (FDA). However, the
potential value of pharmacoeconomics in drug coverage decisions by private
and public health plans is promising. In a recent survey, 88% of the 24 managed
care decision makers from 15 companies across the United States indicated that
pharmacoeconomic information is useful. Managed care plans are increasingly
requiring or encouraging the submission of pharmacoeconomic information
(sometimes in “dossier” format) by pharmaceutical companies seeking cover-
age of or reimbursement for new therapies.
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IssuEs

The credibility of pharmacoeconomics lies in developing studies in accordance
with generally applicable standards of analysis and interpretation. Then users
can translate pharmacoeconomic research findings into practices to ensure that
decision makers allocate scarce health care resources wisely, fairly, and effi-
ciently. Several groups in the United States (an expert panel commissioned by
the United States Public Health Service, Center for Disease Control and Preven-
tion; and the Division of Drug Marketing, Advertising, and Communication
[DDMAC] of the FDA) have developed guidelines for proper conduct of pharma-
coeconomic studies. The Academy of Managed Care Pharmacy has developed
guidelines for formulary submission (AMCP 2002). This guideline contains
extensive information on which pharmacoeconomic data should be included for
consideration of drug coverage decisions. Individual countries, including Austra-
lia, Canada, Italy, Spain, The Netherlands, Switzerland, Germany, France, and
the United Kingdom have developed their own sets of guidelines. The Pharma-
ceutical Research and Manufacturers of America (PhRMA) also developed a set
of voluntary principles to guide industry members in conducting pharmaco-
economic studies that minimize bias and ensure transparency. The future suc-
cess of pharmacoeconomic analyses relies on the continued accumulation and
dissemination of robust information that can be utilized by different users
under different circumstances.
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Pharmacoepidemiology

Efficacy
Effectiveness
Channeling

BRIEF DEFINITION

In pharmacoepidemiology, the use, effects, and outcomes of drug treatment
are studied from an epidemiological perspective—that is, from a population
perspective (see term: Drug Safety).
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EXPLANATION

Pharmacoepidemiology combines knowledge from pharmacology and thera-
peutics with methods and reasoning from epidemiology (see term: Epidemiol-
ogy). The interest is focused on population groups or the population as a whole
and not merely on clinical settings. One area of interest is the extent of drug use
in the population and factors that are of importance for the prescribing and use
of drugs (see term: Drug Use Evaluation). Pharmacoepidemiology deals with
both positive outcomes—such as a better therapeutical effect, a better progno-
sis, a higher life expectancy, and an increased quality of life—and negative
outcomes—such as adverse reactions, misuse, and dependence.

VALUE AND USE

Different epidemiological designs are used in pharmacoepidemiology. Information
on sales statistics—only available on the aggregate level—is used to follow use of
drugs over time and to make comparisons between countries and regions (drug-
utilization studies). Cross-sectional studies are used to study differences in use of
drugs and related matters at a certain point in time. Case-control studies and cohort
studies are employed to analyze effects and outcomes of the use of drugs in clinical
practice. Randomized clinical trials are another important source of information on
the effect of a drug treatment. The advantage of randomized clinical trials is that
they study the outcome under controlled circumstances and with minimization of
biases. However, the trials are limited in terms of the number of patients studied
and length of exposure, and they are rarely representative of the target population.
The effect of drug treatment in controlled circumstances in clinical trials is termed
efficacy of drug use (see terms: Clinical Trial, Drug Efficacy), while the effect of
drug treatment in clinical practice, in natural or “real-world” settings, is termed
effectiveness (see terms: Drug Efficacy, Observational Study). Another important
aspect of pharmacoepidemiology is the safety of drugs and the study of adverse
reactions to drug treatment (see terms: Drug Research and Development, Drug
Safety). Both analytical studies and spontaneous reporting systems are used.
Pharmacoepidemiology conducted before marketing approval can improve
safety monitoring by organizing data resources (both internal and external) and
anticipating potential issues in advance in order to answer questions as rapidly
as possible. Pharmacoepidemiology conducted after marketing approval of a
drug can supplement information from premarketing studies, leading to higher
precision in the risk estimate of known adverse effects. Pharmacoepidemiology
can also provide, from postmarketing drug surveillance studies, information
not available from premarketing studies such as previously undetected adverse
and beneficial effects, including uncommon effects and delayed effects, patterns
of drug utilization, effects of drug overdoses, and economic implications of
drug use. In addition, pharmacoepidemiology can lead to reassurances about
drug safety and help to fulfill ethical and legal obligations. The aim of pharma-
coepidemiology is to achieve a safer and more rational use of drugs for patients
and for the society at large. In pharmacoepidemiology during the last decade,
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more and more interest has focused on patient-reported outcomes such as
health-related quality of life. At the same time pharmacoepidemiology is
increasingly being regarded as an important tool in pharmacoeconomics.

IssuEs

There are many examples in pharmacoepidemiology of controversies concerning
the outcome of a certain drug treatment. Discussions on causality, therefore, are
important. Controversies exist about the strength of certain associations as well
as about the detection of adverse reactions. Also subject to controversy in phar-
macoepidemiological studies are the drug or placebo used for comparison, the
dosage used, the patient or population group selected for the study, and so on.
There are particular problems with confounding and bias (see terms: Clinical
Trial — Study Bias, Epidemiology).

Compliance (see term: Compliance) with drug regimens is an area of consid-
erable interest, which has not been the subject of many epidemiological studies
so far. Another aspect is channeling: when a new drug is introduced, there may
be a tendency toward channeling (i.e., selecting) patients who are not doing
well on the older drug for treatment with the new drug. Thus, patients who
receive the new drug could have a worse prognosis as compared to the patients
who remain on the older treatment.

Pharmacoepidemiological studies are sometimes performed with the use of
drug sales statistics and computerized databases on disease frequency or vital sta-
tistics. There are several studies in which ecological correlations between sales sta-
tistics on drugs and the frequency of such things as suicides and cancer incidences
have been conducted. One major problem with such studies, when data is only
available on the aggregate level, is ecological fallacy. Also, several problems have
been pointed out with respect to the use of computerized databases with data on
an individual level. Some researchers claim that there is not enough relevant
medical and other information available in the databases to control for important
confounders. One much-discussed source of bias is confounding by indication, in
which it is difficult to separate the effect of the drug on the outcome studied from
the effect of the disease for which the drug is given. Another issue being discussed
is the representativeness of the databases used in research.
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Pharmacogenomics
Pharmacogenetics

BRIEF DEFINITION

Pharmacogenomics is the application of genomics to pharmaceutical research
using genome studies to identify genes that account for differences in different
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individuals (see term: Gene Therapy). Based on either genetic testing for predis-
position to a disease or variation in response to a therapeutic intervention (i.e.,
a medication, or radiation therapy), pharmacogenomics has the potential to
personalize medical therapies.

Pharmacogenetics determines what the right medicine is for the individual
patient based upon the small genetic variations that can be measured by genetic
testing of a single nucleotide polymorphism (SNP). An SNP is a common vari-
ation that occurs in human DNA at a frequency of one every 1,000 base pair.
These variations can be familial or occur de novo.

EXPLANATION

Genes produce proteins. Variation among genes and their protein products can
help us understand risk for specific conditions, the natural history of health
conditions, and potential differences in response to specific therapies. Pharma-
cogenomics links our understanding of genetics with pharmaceuticals to more
appropriately target therapies. For example, the response of Alzheimer’s
patients to tacrine, a cholinomimetic drug, is reduced among those who have
the subtype ApoE4 (Fink and Collins 2000).

VALUE AND USE

The explosion of information about the human genome and human genetics
has created enormous potential opportunity for targeting prevention and treat-
ment. Genetic information can be used to understand individuals’ risk for spe-
cific conditions and likelihood of benefit or harm from specific therapies.
Pharmacogenomics and pharmacogenetics are closely related concepts. They
involve identification of specific genomes, which can be used to develop and
target therapies based on understanding of specific mechanisms and variations
in response.

Matching patients and drugs based on the patient’s genetic characteristics
may decrease the variation in response to drugs, improve their effectiveness,
and enhance safety.

IssuEs
Genetics has historically been laden with social and ethical issues. Among these are

+ Labeling of individuals and potential risks associated with knowledge of
risk of conditions (e.g., job discrimination, privacy, and insurability);

+ Careful counseling and consents that may be required for use of pharma-
cogenetic treatments and associated testing;

+ Cost of development and implementation: pharmacogenetic treatments
are potentially costly. On the development side, therapies may be targeted
to small numbers of individuals at specific risk, which may limit use of
drugs. This leads to costly development on a per-patient basis. Conversely,
better targeting of drugs may increase their value to the individual
patient—for example, by assuring that patients are likely to benefit or
reducing risk of harms. Associated laboratory testing to identify those with
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specific genetic characteristics may also increase cost. The trade-offs
among these costs and benefits remain to be elucidated in practice;

+ Availability of potentially costly therapies; and

+ Trial design that may need to incorporate understanding of genetic varia-
tion in patient selection.
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Pharmacokinetics

Biopharmaceutics
Bioavailability

Clinical Pharmacokinetics
Pharmacodynamics
Therapeutic Drug Monitoring
Bioequivalence

BRrRIEF DEFINITION

Pharmacokinetics is the study of the time course of what the body does to a
drug (absorption, distribution, elimination) in contrast to pharmacodynamics,
which is the study of what the drug does to the body.

EXPLANATION

The study of the interrelationships of various physiochemical properties of
drugs such as absorption, bioavailability, distribution, metabolism, and excre-
tion (ADME) is called biopharmaceutics. Bioavailability is the fraction or per-
cent of an administered drug that reaches systemic circulation. Many factors
such as rate of absorption, route of administration, dosage form, gastrointesti-
nal wall metabolism, and hepatic first pass metabolism can affect a drug’s bio-
availability. The further study of these biopharmaceutic properties as they relate
to drug concentration over time is termed pharmacokinetics. The application
of these pharmacokinetic principles to direct patient care is termed clinical
pharmacokinetics. Pharmacodynamics refers to the relationship between drug
concentration at the site of action and the resulting effect, including the time
course and intensity of therapeutic and adverse effects. Lastly, the use of phar-
macokinetic and pharmacodynamic principles to individualize a specific drug
dosing and monitoring plan is termed therapeutic drug monitoring.
Bioequivalence compares the pharmacokinetic characteristics of two chemi-
cally similar drug products (pharmaceutical equivalents). For instance, a
generic drug can be considered bioequivalent to the branded product if the
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manufacturer is able to prove that it displays the same concentration-time char-
acteristics as the brand product within a statistical certainty (see term: Drug).

VALUE AND USE

Drug concentration versus time curves, as shown in the figure, can be used to
characterize various “kinetic” processes. Mathematical models can be used to cal-
culate various pharmacokinetic variables such as
peak drug concentration, time-to-peak drug
concentration, rate of drug elimination, volume
of distribution, dosing interval, etc. Specific
equations can then be written that apply these
models to various drug dosing scenarios in order
to determine more accurately the amount of drug
necessary to achieve a therapeutic concentra-
tion resulting in the desired therapeutic effect,
while avoiding both subtherapeutic and supra- Time
therapeutic or toxic drug concentrations. Drug dosing can then be individual-
ized for such patient variables as renal or hepatic insufficiency, body weight,
age, sex, and disease states. This process results in a more economic use of drug
product and hospital resources. The amount and therefore the cost of drugs
used can be optimized, thus maximizing attainment of desired clinical outcomes.

An example of the utility of bioequivalence data is in the use of FDA-rated
generic products as a substitute for more expensive branded products. Manu-
facturers of generic drugs have to submit human pharmacokinetic data to the
FDA in order to prove that their drug is bioequivalent to the branded product.
The FDA will then grant that product its “AB bioequivalence rating” (i.e.,
approved generic) thus allowing for the legal substitution of that product.
Health insurance plans also use bioequivalence data when determining reim-
bursement rates for multisource drugs. FDA-approved bioequivalence data is
found in the FDA publication Approved Drug Products with Therapeutic Equiva-
lence Evaluations (also known as the Orange Book).

Natural Log of
Plasma Drug Concentration

IssuEs

Pharmacokinetic and bioequivalence data can be used to make econo-therapeutic
decisions regarding drug formularies (see term: Drug Formulary) and appropri-
ate drug usage. An active institutional clinical pharmacokinetics program is a
valuable aid in working with medical staffs to reduce unnecessary drug costs
while also optimizing drug usage. This clinical activity can be used to support the
institution’s efforts at gaining medical staff approval for controlling overall drug
usage and expense. Physicians in some countries have learned to use the clinical
pharmacy department as a consulting service to calculate correct drug dosage and
to monitor for both desired outcomes and untoward effects. In the United States,
the Joint Commission on Accreditation of Health Care Organizations (JCAHO)
now requires hospitals to document that they have an active drug dosing and
monitoring policy for certain drugs having a narrow therapeutic index. Exam-
ples include the aminoglycosides, vancomycin, phenytoin, and warfarin.
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Pharmacy Benefit Management Organization (PBM)

BrIiEF DEFINITION

A pharmacy benefit management organization (PBM) is a company that
administers the pharmacy benefit on behalf of employers, managed care orga-
nizations, and other third party payers, with the stated goal of making prescrip-
tion drugs more affordable and safer.

EXPLANATION

To administer the benefits, PBMs process pharmacy claims, create networks of
retail pharmacies, develop formularies, negotiate discounts from retail pharma-
cies and pharmaceutical manufacturers, offer mail pharmacy services, provide
consultative services on pharmacy benefit design, and offer various clinical and
safety programs, such as drug utilization review.

VALUE AND USE

A PBM can reduce the costs associated with pharmaceuticals by providing ser-
vices for third party payers that may otherwise be too difficult or costly to admin-
ister. A single PBM may have several clients wanting similar services and can
usually provide these services at a lower cost than if their clients implemented
them independently. In addition, a PBM usually represents a large number of
patients and thus purchasing power, allowing them to negotiate better prices
from community pharmacies and rebates from pharmaceutical manufacturers.
Savings through the use of a PBM have been estimated at 2-27% of the phar-
macy benefit costs. A PBM also helps to make prescription drug use safer by
providing timely warnings to pharmacists about possible harm from inappro-
priate medications. Because a PBM processes patients’ claims from all pharmacies,
PBM is in the unique position of being able to identify drug—drug interactions,
overdosing, and other potential drug problems. After prescriptions are dispensed,
PBMs continue to identify potential safety risks and to notify physicians.

IssuEs

The relationships and incentives that a PBM has established with pharmaceuti-
cal manufacturers and retail pharmacies, including ownership, has been an area
of ongoing concern and evaluation by US governmental agencies and patient
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advocacy groups that are concerned about PBM practices and their alignment
with patient health goals and product promotional regulations.

While PBMs have reported cost-savings on pharmaceutical budgets, the sup-
port for these statements has relied heavily on PBM-supplied data. There is lim-
ited evidence on whether cost-saving measures adversely or positively affect
patient quality of care.

Several barriers exist to conducting research designed to determine the true
effects of a PBM’s interventions on the health of patients and the cost of care,
such as the proprietary nature of data, the lack of meaningful baseline mea-
sures, the complex delivery of health care, and the difficulty in combining pre-
scription claims data with clinical outcome.

BIBLIOGRAPHY

Kreling DH, Lipton HL, Collins TC, Hertz KC. Assessment of the impact of pharmacy benefit man-
agers: Final report to the Health Care Financing Administration. Publ No. PB97-103683.
Springfield, Va: National Technical Information Service; 1996.

Lipton HL, Kreling DH, Collins T, Hertz KC. Pharmacy benefit management companies: Dimen-
sions of performance. Annu Rev Public Health. 1999;20:361-401.

Saikami D. Financial risk management of pharmacy benefits. Am ] Health-Syst Pharm.
1997;54:2207-2212.

US General Accounting Office. Pharmacy benefit managers: FEHBP plans satisfied with savings and
services, but retail pharmacies have concerns. GAO/HEHS-97-47. Washington, DC: US Gov-
ernment Printing Office; 1997.

US Office of Inspector General, Department of Health and Human Services. Experiences of health
maintenance organizations with pharmacy benefit management companies. Publ. No. OEI-01-
95-00110. Washington, DC: US Government Printing Office; 1997.

Predictive Value

Positive Predictive Value
Negative Predictive Value
Sensitivity

Specificity

BRrRIEF DEFINITION

In screening and diagnostic tests, the probability that a person with a positive
test is a true positive (i.e., has the disease), is referred to as the predictive value
of a positive test, whereas the predictive value of a negative test is the probability
that the person with a negative test does not have the disease. Predictive value is
related to the sensitivity and specificity of the test and the prevalence of the dis-
ease in the population tested.

EXPLANATION

The predictive value is clearly an important public health consideration. In
effect we are asking: if test results are positive, what is the probability that the
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person has the disease? This is called the positive predictive value of the test. In
other words, what proportion of patients who test positive actually have the dis-
ease in question? To calculate the predictive value, we divide the number of true
positives by the total number who tested positive (true-positives plus false-
positives). A parallel question can be asked relating to negative tests: if the test
result is negative, what is the probability that this patient does not have the dis-
ease? This is called the negative predictive value of the test. It is calculated by

dividing the number of true

Comparison of the Results of a Dichotomous Test negatives by all those who
with Disease Status tested negative (true-negatives
Population plus false-negatives). The sen-

sitivity of the test is defined
as the ability of the test to
Positive True positive (TP) ~ False positive (FP)  identify correctly those who
Negative False negative (FN)  True negative (TN) truly have the disease, which
in other words is estimated by
dividing the number of true positives by the sum of true positive and false
negatives. The specificity of the test is defined as the ability of the test to identify
correctly those who do not have the disease. Specificity is obtained by dividing
the number of true negatives by the sum of true negatives and false positives, as
shown in the table.
Using these terms, the following metrics can be defined.

Sensitivity = TP/(TP + FN)

Specificity = TN/(TN + FP)
Positive predictive value = TP/(TP + FP)
Negative predictive value = TN/(TN + FN)

Test Result With disease Without disease

VALUE AND USE

The accuracy of diagnostic tests is evaluated in terms of their sensitivity, speci-
ficity, and predictive values. These values are commonly used in cost-benefit
analysis to assess the efficiency of diagnostic tests, screening and vaccination
programs, and other public health interventions. (See term: Likelihood Ratio)

IssuEs

The sensitivity and specificity of a test and the prevalence of the disease in the
population tested affect the positive predictive value of the test. The figure
shows the relation between disease prevalence and predictive values in a test
with a sensitivity of 95% and a specificity of 95%. Most of the gains in the pre-
dictive value occur with increases in prevalence at the lowest rates of disease
population. The higher the prevalence, the higher the predictive value. This has
significant economic consequences. A screening program is most productive
and efficient if it is directed to a high-risk target population. Screening a total
population for a relatively infrequent disease can be wasteful of resources and may
yield few previously undetected cases for the amount of effort involved. How-
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ever, if a high-risk subset can be identified and the screening can be directed to
that group, the program is likely to be more productive. This relation also dem-
onstrates that the results of any test must be interpreted in the context of the
prevalence of the disease in the population from which the subject originates.
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Prevalence

Point Prevalence
Period Prevalence
Lifetime Prevalence
Prevalence Odds

BRIEF DEFINITION

Prevalence is defined as the proportion of a population that is affected by a dis-
ease under study at a given point in time.

EXPLANATION

Prevalence can be seen as a dichotomous measurement of a disease state (hav-
ing the disease or not) at a hypothetical point in time for a defined population.
The numerator reports the group of individuals having the disease under study
at a given point in time. Prevalence rates are easily measured through cross-
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sectional studies performed at a certain point in time in a well-defined popula-
tion. A prevalence rate will result in a point prevalence estimate, which could
have a different value from a period prevalence estimate. In the latter, both the
numerator and the denominator are calculated during a period or an interval.
If the interval is, for instance, one year, the prevalence number will be a com-
pound measure including the prevalence at the starting point of the observa-
tion period plus the new cases occurring over the next year plus the recurrences
during the same time period. The denominator is the stable total population
present during the period of observation. Period prevalence is sometimes pre-
ferred over point prevalence measuring for chronic conditions in which disease
onset is difficult to define without a certain period of observation. Classical
examples are arthritis and mental disorders. A variant of the period prevalence
is the lifetime prevalence, which is the proportion of a population that has a his-
tory of a given disease at a certain point in time or who ever has been a case with
the disease under study. Therefore, the numerator contains the individuals that
have the disease under study plus those individuals that were previously cured of
the disease plus the individuals in remission. This measure could only be obtained
retrospectively and must be estimated by using subject recall and/or medical
records. A special measure sometimes used is the prevalence odds. It is the ratio of
the probability of having the disease under study divided by the probability of not
having the disease at a certain point in time within a defined population.

VALUE AND USE

Prevalence data are often used to indicate the amount of a disease problem or
its burden within a defined population at a given point in time. This is particu-
larly useful for chronic conditions in order to determine and plan workload,
resource use, and further investments to be done. Also, when monitoring and
controlling chronic conditions, it may be helpful to have access to accurate
prevalence data over time measured through cross-sectional surveys of the pop-
ulation. This is much cheaper than developing longitudinal surveillance or
cohort studies. Prevalence studies will therefore be an integral part of cost of ill-
ness studies where not only the burden but also the cost of dealing with the dis-
ease under study is reported.

There is an interrelationship between incidence (I), prevalence (P), and the aver-
age duration of the disease (D) in a stable situation and assuming that the prev-
alence of the disease in the population is low, i.e. less than 0.1.

P=1XD

IssuEs

Prevalence data are different from incidence data in which the numerator and
the denominator have different definitions and will result in different values
(see term: Incidence). Incidence data are essential for etiologic studies and are
direct indicators of risk of the disease under study, whereas prevalence data
have some important limitations in that respect. They tend to produce a biased
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picture of a disease with acute and chronic episodes toward the chronic condi-
tion that prevails. Using single cross-sectional prevalence studies to determine
incidence and/or risk factors has severe limitations since at least two measure-
ments are needed to assess both values. It is therefore appropriate that besides
measuring the prevalence of a disease under study, researchers should sepa-
rately collect and adequately report incidence data.
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Public Health

BRrRIEF DEFINITION

Public health activities are what society does to assure the conditions for people
to be healthy. The term encompasses the activities undertaken within the for-
mal structure of government and the associated efforts of private and voluntary
organizations and individuals (Institute of Medicine, 1988).

EXPLANATION
Public health is

one of the efforts organized by society to protect, promote, and restore the people’s
health. It is a combination of sciences, skills, and beliefs that is directed to the
maintenance and improvement of the health of all the people through collective or
social actions. The programs, services, and institutions involved emphasize the pre-
vention of disease and the health needs of the population as a whole. Public health
activities change with changing technology and social values, but the goals remain
the same: to reduce the amount of disease, premature death, and disease-produced
discomfort and disability in the population. Public health is thus a social institu-
tion, a discipline and practice. (Last 2001)

The core functions of public health are categorized as

Assessment—understanding the determinants and distribution of disease and
injury, and the health and economic consequences of those conditions.

Policy—Policy development requires an understanding not only about the
determinants and distribution of health conditions and their conse-
quences, but effective means for improving those conditions. Based on
the needs and evidence of what works and recognizing issues of equity
and feasibility, policy-makers are responsible for developing and imple-
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menting strategies for meeting those needs. These might include regula-
tory, educational, programmatic, guidelines and standards, research, or
other strategies.

Assurance—Government, in particular, is responsible for assuring the avail-
ability of public health services to everyone.

It is estimated that 95% of health dollars are spent on personal health care,
leaving the remainder for population health activities. These include setting
and monitoring community-wide standards (e.g., for health care, the environ-
ment), assuring safe and healthful environments, operating programs to sup-
port healthy lifestyles, identifying and responding to public health threats (e.g.,
outbreaks, terrorism, emerging health problems), assuring the availability of
health care services, and preventing and controlling health problems.

VALUE AND USE

Public health is a joint responsibility of government, the health care system,
employers, the media, academia, private and voluntary organizations, and the com-
munity. It is the broad framework under which the health care system functions.

IssuEs
There are many important issues in public health:

+ Healthy People 2010, a report of the Office of Disease Prevention and
Health Promotion, US Department of Health and Human Services, sets
out health objectives for the United States. These have been embraced by
the organized public health sector, although not by the health care system
in general. There is a keen need to have shared goals, objectives, and
efforts.

+ Health behaviors (e.g., physical activity, eating, tobacco use, sexual behav-
iors) remain the largest contributor to adverse health in this country. Bet-
ter strategies for improving these behaviors and programs to implement
them are needed.

* There are large disparities in health within the United States and even
larger disparities around the world.

+ Global health issues affect the developed world. Infectious diseases remain
globally important (e.g., malaria, acute respiratory and gastrointestinal illness)
and can readily be imported (e.g., resistant tuberculosis, West Nile Virus).

+ Public heath is responsible for controlling bioterrorism threats.
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Quality-Adjusted Life Year (QALY)

BRIEF DEFINITION

A quality-adjusted life year (QALY) is a universal health outcome measure appli-
cable to all individuals and all diseases, thereby enabling comparisons across dis-
eases and across programs. A QALY combines, in a single measure, gains or losses
in both quantity of life (mortality) and quality of life (morbidity).

EXPLANATION

Quality-adjusted life years are life years adjusted by a preference-based quality
weight. The quality weight is measured on a preference scale, usually a utility
scale, where full health has a score of 1.0, being dead has a score of 0.0, and states
worse than being dead can have negative scores (see term: Utility Measurement).

For example, if an individual lived for 10 years in full health, followed by 10
years in a health state with a quality weight of 0.5, followed by death, the indi-
vidual would have achieved 10 X 1.0 + 10 X 0.5 = 15 QALYs. Now suppose
with a new treatment the same individual could live for 10 years in full health, 6
years in a health state valued at 0.8, 6 years in a state valued at 0.5, followed by
death. In this second scenario, the individual would have achieved 10 X 1.0 +
6 X 0.8 + 6 X 0.5 = 17.8 QALYs. Note that although the treatment created
only 2.0 additional life years (LYs), it created 2.8 additional QALYs. Of course,
this will not always be the case. Sometimes the number of QALYs gained will be
less than the number of LYs gained. The important point is that the number of
QALYs gained captures both the change in quantity of life and the change in
quality of life, and the number will, in general, be different from the number of
LYs gained.

For simplicity, the above example ignored discounting. In practice, it would
be normal to “discount” the future years by an appropriate discount rate (see
term: Discounting).

The quality weights for QALYs must be preference-based and must be
measured on an interval scale on which full health has a score of 1.0 and being
dead has a score of 0.0. To be preference-based, the quality weights must rep-
resent the preferences of individuals for the relevant health states as mea-
sured with appropriate preference measurement instruments. Such instru-
ments include standard gamble, time trade-off, Health Utilities Index,
EuroQol EQ-5D, and quality of well-being (see terms: EuroQol, Health Utili-
ties Index, Utility).
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VALUE AND USE

The QALY approach is widely used. It is the preferred outcome measure for cost-
utility analysis because it captures changes in both quantity of life and quality
of life, it is universally applicable to all patients and all diseases, and it can be
linked to formal utility theory (see term: Cost-Utility Analysis). QALYs are the
preferred outcome measure identified in any of the country-specific guidelines
for economic evaluation that specify a preferred measure.

QALYs are also used in clinical studies that have no economic component.
QALYs enable disparate clinical outcomes like mortality, morbidity, and
adverse events to be aggregated into a summary measure that reflects the pref-
erences associated with the different outcomes.

QALYs are beginning to be used in routine clinical practice. Some clinics, for
example, routinely collect data using the Health Utilities Index and use the data
both for patient management as well as for research.

QALYs are increasingly being used in population health. In this field QALYs
are used to monitor, report, and compare the health of communities, provinces,
and even countries. The QALY approach is used to calculate quality-adjusted
life expectancies by age and sex for each jurisdiction. Canada has been the lead-
ing country in developing these methods. The World Health Organization is
now promoting this approach worldwide, although it calls its version disability-
adjusted life years (DALYs) (see term: Disability-Adjusted Life Year).

QALYs are particularly well suited for long-term health outcomes. They are
more problematic when applied to very short-term outcomes—as, for example,
the use of anesthesia for dental work. The value of such short-term outcomes
may be better measured using other approaches such as contingent valuation.

IssuEs

The QALY concept requires that the quality weights be based on preferences,
but does not specify whose preferences should count. In particular, should the
preferences come from the informed general public (community preferences)
or should they come from patients? Are different sources of preferences
required for different types of applications? Although this is still an area of
debate, the current recommendation for cost-utility analyses is that community
preferences are the most relevant, although patients’ preferences, if different,
should also be investigated and discussed. On the other hand, for population
health applications there is no debate; community preferences are preferred.

The QALY approach is indifferent to whether the QALY gain comes from a
small gain for a large number of individuals or a large gain for a small number
of people. Although the preference measurements implicitly take that trade-oft
into account, some researchers debate whether the result is appropriate. They
argue that more weight should be given to large gains for few people, particu-
larly when the gains are life-saving.

A healthy-year equivalent (HYE) has been proposed as an alternative to a
QALY (see term: Healthy-Years Equivalent). After much debate in the literature,
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the conclusion appears to be that the first stage of the HYE measurement pro-
cedure produces a more accurate QALY than the traditional QALY approach
but at a greatly increased measurement burden. The second stage of the HYE
measurement procedure produces the actual HYE, and this may sometimes
be useful as a communication tool. However, if the goal is to produce the HYE
result, it is simpler to bypass the two-stage measurement procedure and use
an equivalent one-stage procedure (see term: Healthy-Years Equivalent).

One of the major advantages of the QALY approach is its universality. It is
applicable to all patients and all diseases, and thus produces a level playing field
for making comparisons across programs. However, this advantage is compro-
mised if different sources of quality weights are used in different QALY applica-
tions. Unfortunately, we know that different utility measurement instruments
give systematically different results (see term: Utility Measurement). Thus, for
example, a QALY calculated with the Health Utilities Index may not be directly
comparable with one calculated with the EuroQol EQ-5D. Further research is
required to determine the extent of the problem and, if needed, to suggest pos-
sible solutions like conversion curves.
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Quality Assurance (QA)

Continuous Quality Assurance (CQA)
Practice Profiling

BRIEF DEFINITION

Quality assurance is formal set of activities that aim to measure and improve the
quality of health care services provided, including medical, administrative, and
other support services (see term: Quality of Care).

EXPLANATION

Quality assurance includes an initial assessment phase and follow-up actions to
remedy any deficiencies identified through the assessment. Continuous quality
assurance (CQA) is a dynamic quality assurance process based on the notion
that quality of health care services can be improved and that such improvement
is continuous and based on monitoring performance and identifying improve-
ment opportunities.
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VALUE AND USE

Indicative of the national effort to promote quality assurance for health insur-
ance plans is the development of “report cards” by the National Committee for
Quality Assurance (NCQA, 2003), an accreditation organization recognized by
the managed care industry in the United States. NCQA publishes a widely used
standardized quality measurement tool, the Health Plan Employer Data and
Information Set (HEDIS). Its stated purpose is to systematically collect and pub-
lish health plans’ quality information to help employers and consumers make
better decisions. HEDIS measures are based primarily on analyses of administra-
tive data sets and tend usually to measure process, rather than outcomes, related
to the delivery of appropriate preventive care and care for selected disease states.
For example, current HEDIS measures include rates of immunization of infants
and adolescents, flu shots for at-risk adults, cervical cancer screening, treatment
of otitis media, asthma treatment for children and adults, smoking cessation
efforts, and the assessment of functional status for elderly patients.

In addition, quality assurance can be applied to measure and improve physi-
cians’ performance. Practice profiling is an important and increasingly common
way of evaluating and improving physician behavior through benchmarking a
physician’s practice pattern and comparing it with his or her peer group or
peer-reviewed guidelines. This has been done both by government agencies and
by private organizations.

IssuEs

The majority of current health plan or physician performance measures, such
as HEDIS, are derived from administrative data and offer little insight into
health outcomes associated with treating serious illnesses. Problems also arise
due to the use of different operational definitions in data collection and the lack
of appropriate risk adjustment. An alternative method of standardized surveys
is proposed that may overcome the current limitations, provide outcome rather
than process data, and help develop interventions to improve quality.
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Quality of Care

BRIEF DEFINITION

A 1990 Institute of Medicine (IOM) report defined quality of care as “the
degree to which health services for individuals and populations increase the



QUALITY OF WELL-BEING SCALE 199

likelihood of desired health outcomes and are consistent with current profes-
sional knowledge” (see term: Quality Assurance [QA]).

ExPLANATION

There are generally three dimensions of quality of care: effectiveness of care,
access to care, and patient satisfaction with care. Quality of care problems can
also be categorized into two broad groups: undertreatment and overtreatment.
Examples for undertreatment include the use of beta-blockers and angiotensin-
converting enzyme (ACE) inhibitors for patients with chronic heart failure and
the use of statins for postmyocardial infarction patients. An example for over-
treatment is the over prescribing of antibiotics for children with ear aches. Inher-
ent in determining the quality of care is a strong recognition of the importance of
the peer-review process in identifying and updating quality of care measures.

VALUE AND USE

The construction of a framework to measure quality of care generally involves
five elements: (1) the purpose of quality measurement, (2) the patient popula-
tion, (3) the timing of measurement, (4) the source of patient information, and
(5) the setting(s) in which care is to be measured. Quality of care measures are
often established through a peer-review process by professional societies and
often governmental agencies. For example, the National Cholesterol Education
Program regularly reviews and updates the diagnostic and treatment guidelines
for high blood cholesterol based on risk levels of coronary artery disease.

IssuEs

Currently many quality of care measures are process instead of health outcome
measures. This is mainly due to the lack of appropriate risk adjustment meth-
ods for many diseases. Cautions should be taken in interpreting and publishing
those quality of care measures without appropriate risk adjustment so that phy-
sicians or hospitals treating more high-risk patients are not incorrectly labeled
as low-quality providers.
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Quality of Well-Being Scale (QWBS)
QWBS-Self Administered (QWBS-SA)

BRrRIEF DEFINITION

The Quality of Well-Being Scale (QWBS) was developed as part of a general
health-policy model as an alternative to economic cost-benefit analysis for
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resource allocation. The QWBS provides a single summary score and may be
used in general populations or applied to any type of condition. The QWBS
score ranges from 0.0 (death) to 1.0 (asymptomatic full function).

EXPLANATION

The QWBS assesses health-related quality of life (HRQOL) using three concepts
representing related but distinct aspects of daily functioning: mobility (three
levels or steps), physical activity (three steps), and social activity (five steps). A
fourth concept consists of symptom/problem complexes assessing health prob-
lems or symptomatic complaints that may hinder function and well-being. The
current version of the QWBS includes 26 symptom/problem complexes, whereas
the new developmental self-administered version, the QWBS-Self-Administered
(QWBS-SA), includes 58 symptoms. Using the empirically derived general pop-
ulation preference values, the functioning levels are integrated with the most
undesirable of the reported symptoms/problems to produce a single score or
index that represents an individual’s point-in-time status.

Because of the nature of the construction of the QWBS’s measurement prop-
erties, internal consistency reliability is not appropriate. A study of test—retest
reliability of both QWBS and QWBS-SA demonstrated the scores to be stable
over a one-month time period. The reliability of day-to-day assessment indi-
cated the interday correlations to be high (r = 0.90 or above) in populations of
burn patients, chronic obstructive pulmonary disease patients, and diabetes
patients.

A significant amount of data is available to support the QWBS’s validity. The
QWBS has been used in applied research to measure HRQOL in various disease
states. Hypothesizing that QWBS scores have assessed construct validity and a
number of chronic conditions should be inversely related, resulting in a Pearson
correlation coefficient of —0.96.

Studies have demonstrated that the QWBS is responsive to change resulting
from treatment interventions for a number of conditions. Clinical measures,
pain measures, and global impression measures have been found to correlate
with the QWBS.

VALUE AND USE

The QWBS may be used in clinical trials and in evaluating screening programs
for a wide range of diseases and disabilities. The QWBS may provide finer dis-
tinctions between health states than indicators, such as symptoms, chronic ill-
nesses, and physician visits. The QWBS offers a means of complete evaluation
of a health care program to estimate prognosis and operationalize “wellness.”

IssuEs
The QWBS has been criticized for being too long and complex. QWBS admin-
istration requires a trained interviewer because it involves branching and probe

questions. Completion time for the interview has been reported to range from
10 to 30 minutes. Unlike the interview-based QWBS, the QWBS-SA can be self-
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administered in 10-15 minutes. If additional testing and application of the QWBS-
SA provide evidence of its equivalence to the original, the self-administered ver-
sion will reduce both respondent and administrative burden and potentially be
a significantly more useful instrument.

Additionally, the QWBS has been criticized for its inability to identify the
cause of a change in a score and its omission of mental health symptoms.
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Qualitative Research

Open-Ended Question
Focus Group

BRrRIEF DEFINITION

Qualitative research methods aim to explore the character and meaning of
human phenomena and to develop new concepts and theories to explain and
describe phenomena.

EXPLANATION

Qualitative research has a different scientific and philosophical origin than
quantitative research. Qualitative researchers seek illumination, understanding,
and extrapolation to similar situations instead of using statistical procedures or
other methods of quantification. Therefore, qualitative analysis results in a dif-
ferent type of knowledge, and it also uses a different terminology than does
quantitative inquiry, as shown in the table.

The objective of empirically grounded and scientifically credible qualitative
research is the description or understanding of a complex human phenomenon
such as a situation or a behavior. In quantitative research, hypotheses based on
preexisting theory are rejected or confirmed, while in qualitative research,
knowledge and theory are generated from empirical data. Preexisting theories
may be used in study design but should not limit the creative process necessary
for the development of new concepts that support or contradict existing theo-
ries. Qualitative researchers study phenomena in their naturalistic settings.

There are a great variety of techniques in qualitative research. The most com-
mon conceptual grounds for methods used in medicine and health services
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Some Differences in General Features between Qualitative and Quantitative Research Methods

Qualitative Quantitative

Philosophical grounds Phenomenology, hermeneutics. Positivism

Research tradition Anthropology, sociology, nursing, ~ Biomedicine, physics, chemistry,
psychology, family medicine. mathematics, etc.

Aim Identification, description, Description (rates, proportions,
explanation. Developing associations). Testing
theory. hypothesis.

Type of study question ~ What is...? How? In what way? ~ How many? How often?

Design features

Sampling

Data collection

Type of data

Analysis

Presentation of results

Character? Meaning?
Field or documentary style.
Focuses the issue in its context.

Strategic selection. Sample size
may change during study.

Interviews (single or focus
groups) and observations.
Interactive sampling process.

Text. (Visual imaging, sound).

Systematic coding, categorization,
and summary. Interpretation.
Cyclical process.

Categories, themes, patterns
described in text.

Composition? Cause? Effect?

Experimental or survey style.
Isolates the issue, disregards
context.

Probability sample. Fixed
selection criteria, sample
size, and variables.

Objective observations and
measurements.

Numerical, ordinal, or nominal
scales.

Statistical methods. Stepwise
process.

Outcomes described in numbers.

Reprinted from International Journal of Pediatric Othorhinolaryngology, V51: 1-10, Brunne M: “Qualitative
research methods in otorhinolaryngology.” © 1999 Elsevier Ireland Ltd.

research are phenomenology and grounded theory (Bunne, 1999). Qualitative
research by its very nature mostly uses an open-ended question—that is, there
are no fixed answers to choose from. Other frequently encountered methods are
the Delphi Panel Method (see term: Delphi Panel Method) and the focus group.

A focus group is an organized discussions with nonrandomly selected groups
of individuals about their attitudes, experiences, and perspectives on a topic.
They have traditionally been used in market research but are increasingly being
employed in health services research and social research. However, they should
not be used as the only source of data.

VALUE AND USE

Historically qualitative research has been used in fields such as anthropology,
sociology, and evaluation research. Lately the use of qualitative research meth-
ods in health services research is increasing. Qualitative research data can con-
tribute to closing the gap between the sciences of discovery and the sciences of
implementation.

In the field of health services research, qualitative methods have been used to
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describe many kinds of complex settings and complex interactions. These include
interactions among patients, families, and clinicians. Qualitative research has its
strength in the study of complex real life questions, which quantitative research
(e.g., clinical trials) cannot address. For example, qualitative research methods
are well suited to analyze why health education messages on stopping smoking
can be well known to teenagers but not perceived as relevant to their everyday
lives. Qualitative research also can find out why the results from evidence-based
medicine are often not implemented in clinical practice.

Qualitative methods can also be used to generate hypotheses for subsequent
quantitative research and for measurement development. The most common
methods in this field are focus groups and cognitive interviews. Cognitive inter-
views are often considered to be an essential element of testing reliability and
validity of survey instruments.

IssuEs

Even though more and more researchers are using qualitative methods in the
field of health services research, qualitative research has struggled to find its
present position. The difference in terminology and scientific origin to positiv-
istic tradition leads to confusion and semantic problems on the epistemological
level—that is, when discussing the different kinds of knowledge and science
theoretically. Some researchers emphasize a dichotomy or incompatibility of
the traditional quantitative and the alternative qualitative approach due to these
different theoretical foundations. However, it would be more fruitful for the
relation between qualitative and quantitative methods to be characterized as
complementary rather than exclusive approaches. While qualitative and quanti-
tative research may address similar topics, each deals with a different type of
question and each gets a different type of answer. Therefore both approaches
should have their justification as research methods.

Qualitative research is not meant to replace quantitative research, but it is a
fruitful alternative to the limits of the traditional approach.
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Quantitative Research

Experimental Quantitative Research
Descriptive Quantitative Research

BRIEF DEFINITION

Quantitative research is an objective, systematic process in which numerical
data are analyzed with reliable statistical methods to obtain information. It is
essentially objective, deductive, evaluative, and numerical. The main purpose of
quantitative research is to quantify relationships between variables.

EXPLANATION

An objective of quantitative research is to provide an independent, unbiased anal-
ysis. In gaining, analyzing, and interpreting quantitative data, the researcher
attempts to remain fully detached and objective.

A second objective is to provide results that can be generalized. That is, the
data are gathered in such a way that the results can be considered representative
of a larger group or perhaps of the total population. For example, quantitative
research attempts to reliably determine whether one drug, treatment, concept,
product, package, etc., is better than the alternatives. The results from one or
more quantitative studies may be projected to the population. That is, the ratio
of participants in the research study reacting or answering a certain way is simi-
lar to the ratio of the total population that would have responded that way if the
entire population could have been included in the study.

Quantitative research is often used to test a theory. In other words, it is a log-
ical, deductive process of obtaining and analyzing data.

Finally, the most obvious feature of quantitative research is that the data are
structured in the form of numbers or the data can be immediately converted
into numbers.

VALUE AND USE

Quantitative research is typically used to test a hypothesis. The aim is to deter-
mine the relationship between one thing (an independent variable) and
another (a dependent or outcome variable) in a population. Variables are things
researchers measure on subjects, which can include humans, animals, or cells.
Variables can be anything that one wishes to measure, such as age, sex, weight,
disease status, adverse events, health outcomes, etc.

There are two basic types of quantitative research—experimental and
descriptive. Basically, experimental quantitative research studies are designed
to examine the relationship between cause and effect (e.g., clinical drug trials).
The subjects are usually measured before and after a treatment. Descriptive
quantitative research studies examine associations between variables and do
not include researcher-imposed treatments (e.g., surveys). The subjects are
usually measured only once.
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IssuEs
There is no universal standard for categorizing quantitative research designs. As
a result, the literature contains many different names for different types of
quantitative research, and many published studies do not even attempt to iden-
tify the design used. This lack of standardization may cause problems when cri-
tiquing and analyzing research.

Data obtained from quantitative research may be biased or not generalizable
if the sample is not properly selected and appropriate for the study.
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Rationing

BRIEF DEFINITION

Rationing is the denying or restricting of clinical services because those ser-
vices, although believed to be beneficial, are too costly to provide.

EXPLANATION

Historically the term “rationing” had a neutral or positive implication. Rationing
meant distributing a scarce good fairly or equitably. Rationing when applied to
health care typically carries a negative connotation in that it has come to mean
withholding useful services not necessarily because they are scarce but because
they are expensive.

Rationing can be explicit or covert, as when health care is controlled by a
fixed budget. It is implicit or covert when care is limited through strategies such
as having long waiting lists or not covering certain elective surgeries. Either way,
rationing prevents people from receiving potentially beneficial services. Ration-
ing activities have also been called health care allocation, triage, and prioritiza-
tion. All refer to controlling access to health care resources when either the
product/service or the financing is limited.

As different forms of rationing are imposed on health care services through-
out the world, researchers struggle to define the term. Ubel and Goold (1998)
point out that rationing definitions can differ in at least three ways. The first is
whether the rationing is explicit (e.g., a regulation made by administrators) or
whether it involves implicit mechanisms such as those created by the free market
system. The second is whether rationing should be limited to cases of scarcity
such as transplantable organs or whether the concept should apply to situations
in which the resource is scarce only because the payer’s structure controls access
to certain services (e.g., referrals to specialists or prior authorization in some
managed care organizations). The third is whether rationing involves only
medical services necessary for survival, such as kidney dialysis, or whether it
should be expanded to include all beneficial services. Ubel and Goold suggest
“implicitly or explicitly allowing people to go without beneficial health care ser-
vices,” contending this definition provides a useful starting point for health care
policy and priority-setting discussions.

All countries and medical systems ration medical care, although there are
large differences in the type of criteria upon which rationing is based:

+ Managed care. Managed care organizations (MCOs) in the United States
have traditionally controlled costs through a variety of implicit and explicit
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controls including utilization review, prior authorizations, limited physi-
cian choice, restricting certain types of elective surgery, using primary care
physicians as gatekeepers, and limiting drugs through a formulary and
restricted drug benefit plan. Despite the widespread use of these unpopu-
lar strategies, MCOs are finding it increasingly difficult to hold down costs.

+ The Oregon Health Plan (OHP). The OHP is the first public insurance
plan to explicitly ration medical care and deny coverage for some health
care services. It has received international attention. The OHP increased
the numbers of individuals covered by Medicaid while at the same time it
strictly rationed which services would be covered. In a recent evaluation of
the OHP, researchers delineated reasons why it has not achieved its goals.
The authors conclude that “the more that rationing decisions are made
public and explicit, the less likely that a public insurance system is able to
ration services” (Oberlander et al 2001).

+ New Zealand. A variety of guidelines for coverage of medical care have
been developed including one to ration access to end-stage renal failure
programs. There is no privately funded dialysis service in New Zealand
even for those willing to pay. In an analysis of the program, which they
consider to be a qualified success, Feek and colleagues state, “Explicit
rationing will work only when clinicians accept the link between clinical
decision making and resource allocation” (Feek et al 1999).

VALUE AND USE

Given continuing increases in health care spending, there is growing agreement
on the need to control costs. A public discussion of rationing would help address
actual and perceived inequalities in the delivery of health care resources.

IssuEs

In many places including Western Europe, Canada, Australia, and New Zealand,
explicit rationing systems are developed and controlled by the national and/or
provincial government. In the United States, medical care is restricted primarily
by private health insurers such as managed care and public agencies including
Medicare and Medicaid. These programs control spending through both
explicit and implicit rationing strategies. Asch and Ubel (1997) point out that
disguised but pervasive rationing also occurs at the individual physician level
through a variety of commonplace behaviors, including

+ Thinking beyond the individual patient,

+ Appealing to the “standard of care,”

+ Displacing responsibility,

+ Making do with less than the best, and

+ Using the “best treatment” only after others fail.

Asch and Ubel point out that these situations exemplify the frequent trade-
offs between cost and quality faced by physicians, patients, and insurers. They
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argue that “the debate should not be about some global notion of rationing or
compromise, but about which justifications are valid and which compromises
are appropriate.”

As Mechanic (1995) states, medical care has always been rationed by avail-
able supply, distribution, and the public’s ability to pay. With the increase over
the past two decades in the portion of the gross national product devoted to med-
ical care, the issue of rationing has become more important. The question is not
whether there should be rationing but upon what criteria it should be based.

Frequently, there has been implicit rationing on the basis of age and/or
socioeconomic status. Some of the strongest criticism against rationing has
been raised against age-based rationing, which although never official, was
common in Britain from the mid-1950s through the 1980s (Callahan 1996). In
the United States, as the elderly population increases and the Medicare budget
is stretched thinner, it appears it will be increasingly difficult to avoid some
form of age-based rationing, such as the direct denial of some Medicare benefits
or sharp increases in deductibles and copayments (Callahan 1996).

Evidence-based medicine and its attendant practice guidelines are sometimes
advocated as the fairest approach. It has been suggested that clinical guidelines,
although not usually considered rationing tools, can meet the necessary criteria
of transparency (the rationale behind decisions is stated explicitly), accessibility
(the criteria for inclusion and exclusion are stated in a form understandable to
physicians and patients alike), justification (the exclusion criteria are justified
with respect to medical and economic considerations) and universal validity
(reasons for exclusion are stated in a way that is recognized as valid, impartial,
and relevant) (Norheim 1999).
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Reimbursement

Allowable Cost

Copayment

Coinsurance

Reimbursement Per Episode of Illness
Per Diem Reimbursement

BrIEF DEFINITION

Reimbursement relates to public or private insurers’ payment to providers for
the delivery of health care products and services.

EXPLANATION

Reimbursement rates are generally determined through negotiation with the
providers of health care products or services or may be unilaterally set by
the payer, who determines a reasonable price for the service (allowable cost).
The allowable cost is the price that the provider agrees to accept as reimburse-
ment (payment) for a specific product or service. The allowable cost can be
determined by comparisons to other similar available products or services
delivered by other providers, or it may be determined based on available funds
in a budget. Payment of the allowable cost generally allows for better planning
and management of health care resources.

Reimbursement for some products or services may not represent the entire
payment to providers. The patient may be required to share a portion of the
cost for a product or service either by copayment (a fixed payment) or coinsur-
ance (a percentage of the product or services cost). For example, reimburse-
ment to pharmacists for dispensing medications may involve a patient
copayment for a portion of the cost not covered by the insurer. Copayment and
coinsurance costs range and may depend upon several variables such as the x,
the product’s status on a formulary, the age of the insured, and the severity of
the condition. In this example, reimbursement for the service is therefore a sum
of the various forms of payment from the patient and the payer/insurer.

Reimbursement per episode of illness refers to reimbursement in which pro-
viders are reimbursed one sum for all services provided during the course of a
specific illness, as prospectively defined. An episode includes all health care
treatment and expenditures (costs) surrounding a patient care incident, such as
hospitalization or an outpatient treatment. Per diem or per diem reimburse-
ment is reimbursement in which providers, such as a hospital, are paid a daily
rate for all services they provide. The per diem or daily rate is in lieu of reim-
bursement of all charges as billed by a provider in a typical fee-for-service envi-
ronment. Per diems may be established for major categories of care (mental
health, oncology, critical care, emergency care) and may include incremental
sliding scale volume rates, ancillary services used, and mix of days by type of
care used, or they may use a prospective per diem method such as average
length of stay.
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VALUE AND USE
Eligibility for reimbursement and the level of reimbursement are critical to the
adoption by providers of the product, and they affect the use of the product and
the commercial viability of the product or service.

In pharmacoeconomic analyses, determining an accurate payment for services
is a critical component in overall or segment assessment of costs and outcomes.

IssuEes
General issues to consider for use of reimbursement terminology include

+ Clear identification of the patient care setting or where service is delivered,

+ The date the per diem rate was set or used in addition to the time(s) of
patient care service,

+ Identified units of care defined in the per diem rate,

+ Included or excluded cost in the per diem rate,

+ Identification of the period of time or parameters surrounding the episode
of illness captured in the per diem rate used for analysis, and

+ The currency and exchange rate, if any, used for analysis.
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Reliability
Interrater Reliability
Test—Retest Reliability
Internal Consistency

BRrRIEF DEFINITION

Reliability refers to the extent to which an instrument, a scale, or another type
of measurement yields consistent and reproducible results. Reliability is context-
specific rather than a property of an instrument under all conditions.

EXPLANATION

According to classical test theory, reliability of an observed score is composed of
true (systematic) variance and random error. Random error represents the
imprecision or noises in the observed score. The concept is used in two differ-
ent types of scale validation: as a term to describe repeatability and reproduc-
ibility of measurements and as a term to evaluate multi-item scales where all
items should be consistent and measure the same underlying construct (inter-
nal consistency). There are several methods of assessing reliability, each reflect-
ing somewhat different ways of estimating random error.
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Evaluation of Repeatability Reliability

Interrater reliability reflects the level of agreement between two or more raters,
observers, or interviewers assessing the same target (patient or other stimuli). A
high correlation indicates that the score assigned to an individual is relatively
independent of who performed the rating, observation, or interview.
Test—retest reliability assesses the relationship of scores obtained by the same
person at two or more points in time. The time period selected should be suffi-
ciently short that the attribute of interest does not change, but long enough that
respondents do not remember responses from the first assessment.

Evaluation of Internal Consistency

Internal consistency assesses the extent to which items in a scale measure a sin-
gle concept and is based on item-to-item correlations in multi-item scales. It is
closely related to convergent validity. Internal consistency is most frequently
assessed using Cronbach’s alpha. The size of coefficient alpha reflects the aver-
age correlation among items and the number of items in the scale. For parallel
and some related instruments, Cronbach’s alpha is an estimate of reliability.

VALUE AND USE
Establishing the reliability of an instrument is important for several reasons:

+ Reliability is a necessary but not sufficient condition for establishing valid-
ity (whether an instrument actually reflects the concept that it is intended
to measure).

+ Low reliability can result in a decreased probability of observing differ-
ences between groups when such differences exist.

+ Knowledge of psychometric properties of an instrument in the intended
context allows better selection of instruments for inclusion in a study and
interpretation of study findings.

IssuEs

There are several issues that should be considered in the assessment of reliabil-
ity. First, it must be recognized that psychometric properties of an instrument,
including reliability, are context specific; that is, an instrument may exhibit ade-
quate reliability in one situation or with one subgroup, but not another. Reli-
ability must always be assessed in the target population. Second, it is important
to consider the question being asked when selecting and interpreting instru-
ment reliability. Some types of reliability are appropriate for a specific situation
and others are not. For example, interrater reliability is important when an
instrument is interviewer-administered, but less so when the mode of adminis-
tration is self-report unless proxy and patient responses will be mixed. In a lon-
gitudinal study, test—retest reliability is important, but internal consistency of
the scale may or may not be important. Third, interpretation of the size of a
reliability coefficient depends on how the instrument will be used. All other things
being equal, higher coefficients are better. However, a very high alpha coefficient
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may indicate undesirable redundancy in the scale, and lower reliability coefficients
may be acceptable in studies with larger sample sizes. Guidelines for interpreting
reliability coefficients are available (Nunnally & Bernstein 1994; Hays et al 1998).

Traditionally, health researchers have relied on reliability coefficients based
on classical test theory as described above. However, newer methods of reliabil-
ity assessment should also be considered when conducting a reliability assess-
ment. Three methods increasingly seen in the literature include generalizability
theory, factor analysis, and item response theory (Cronbach et al 1963, Hamble-
ton et al 1991, Nunnally & Bernstein 1994).
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Research Entities

Sponsor Principal Investigator
Funding Agency Coinvestigator

Contracting Agency Coordinating Center
Contract Research Organization (CRO) Steering Committee

Site Human Subjects Committee
Practice Research Network Ethics Committee

Trials Management Organization (TMO)

BrRIEF DEFINITION

Research entities are organizations or individuals involved in soliciting, plan-
ning, funding, conducting, and evaluating research. Depending on the nature
of the research and its funding, different entities may be involved in any portion
of a particular research project.

EXPLANATION

The research process can be complex with a large number of entities involved.
The specifics vary based on the project and the nature of the funding, structure
of the study, and the organizations involved.

Funding can be provided from a variety of sources. The most common fund-
ing entities are government agencies, private foundations, and equipment or
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pharmaceutical manufacturers. The funding entity is frequently called the
sponsor of the research, although this term is most commonly applied when
the funding entity is a manufacturer or a private foundation. If funding comes
from government or nonprofit sources, the term “sponsor” is less commonly
used. Commonly used terms for federally funded research include funding
agency or contracting agency (if the funding is based on a contract).

Research can be performed by a variety of organizations, including an aca-
demic institution (university and hospital), private consulting firm or corpora-
tion, pharmaceutical manufacturer, and a contract research organization
(CRO). A CRO is a corporate entity that specializes in facilitating the conduct
of clinical research on behalf of, and on a contractual basis with, corporate and
governmental sponsors. The CRO may engage in all aspects of study design,
implementation, and analysis, or it may be contracted to provide only some of
these services.

Many clinical trials are performed at multiple locations or sites. A site is a
clinical setting where the trial investigators are located, the patients are receiv-
ing their care, and the technology being evaluated is delivered. Sites can include
academic medical centers, nonacademic community hospitals, group practices,
individual physician offices, and managed care organizations. Some research is
performed using a practice research network. A practice research network is an
organization of physicians and practices that solicit or create research studies
that are then performed by the network members at their individual practice
sites. Some multi-center trials may use the services of a trials management
organization (TMO) or site management organization (SMO). This organiza-
tion is a corporate entity that assists in implementing clinical trials by facilitat-
ing investigator selection and recruitment and relationships between the
sponsor, the CRO, and individual trial sites.

The lead researcher in a study is called the principal investigator. For multi-
center clinical trials, a participating researcher is frequently called a coinvesti-
gator. The administration of large multi-center trials is frequently organized
into different functional entities. Data collection and analysis may be assigned
to the coordinating center. A sponsor may also convene a steering committee
comprising the principal investigator, coinvestigators, and other additional
experts to oversee a multi-center study. Other functional entities may include a
monitoring entities in clinical trials or data and safety monitoring board (DSMB)
(see term: Monitoring Entity — Clinical Trials), which is composed of researchers,
ideally independent of the trials they monitor, who periodically review data from
blinded trials. A DSMB can stop a trial early if treatment-related harms are
detected or if treatment is proven beneficial. An independent data-monitoring
committee (IDMC) performs a similar function for a study’s sponsor and can
recommend terminating or modifying a study based on results to date.

To protect the rights of study subjects, review by an independent entity is
required. The exact structure, titles, and duties of these oversight committees
vary from institution to institution. Titles include institutional review board
(IRB), human subjects committee, and ethics committee. Institutional review
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board (IRB) is the most commonly used term and generally refers to an admin-
istrative panel at a clinical site that approves the conduct of all trials or other
studies (within the site) that involve data collection from human subjects (at
that site). “IRB approval” of the study protocol, consent forms, and data collec-
tion forms is typically required for each site included in the research project.
Some institutions have a human subjects committee that specifically looks at
issues relating to human subjects while the IRB looks at the overall study qual-
ity and ethics. In some institutions a separate ethics committee may also look at
the ethical implications of a study.

Responsiveness

Distribution-Based Method
Anchor-Based Method
Minimal Clinical Importance Difference (MCID)

BrIiEF DEFINITION

The responsiveness of an instrument relates to the instrument’s ability to detect
clinically meaningful changes over time when a patient improves or deteriorates.

EXPLANATION

An evaluative instrument requires good responsiveness. The term “instrument
responsiveness” relates to the ability of an instrument to detect changes within
patients. The term “instrument sensitivity,” on the other hand, relates to the
ability of an instrument to detect differences between groups—for example,
between two treatment groups in a randomized controlled trial, or between
groups of patients with mild disease and severe disease. While the same type of
methodology can apply to both responsiveness and sensitivity, this section
focuses on within-patient change—that is, responsiveness. When there is a
change in the health state of an individual, an instrument should be able to
detect that change even if it is small. There are two common approaches to deter-
mining clinically meaningful differences:

A distribution-based method focuses on a signal-to-noise ratio, specifically
a ratio of a difference in means to the variability in scores. Distribution-
based approaches tend to share the same numerator. For within-group
change, the numerator tends to be the difference between the mean score at
follow-up minus the mean score at baseline in a group of patients. What
tends to differ is the estimate of variability in the denominator. Measures of
responsiveness include the effect size, with standard deviation of baseline
scores in the denominator; standardized responsiveness mean, with the stan-
dard deviation of change scores in the denominator; responsive statistic,
with the standard deviation of change scores in patients who remain stable in
the denominator; paired t-statistic, with the standard error of change scores
in the denominator; and the standardized error of measurement, which is a
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function of the baseline standard deviation and the reliability coefficient of
the instrument.

An anchor-based method examines the relationship between scores on an in-
strument whose interpretation is under question (the target instrument) and
some external standard (the anchor). Anchor-based approaches may vary
because there are potentially multiple anchors. For example, prospectively
measured change in an instrument can be compared with a change in a clinical
parameter (e.g., viral load) or with a retrospective report of global change (e.g.,
much better, a little better, about the same, a little worse, much worse).
Whether a single anchor or multiple anchors are used, anchors must be inter-
pretable and exhibit an appreciable association with the target instrument.

VALUE AND USE

A crucial task for patients and health care professionals concerns the interpreta-
tion of results from an instrument on measuring and evaluating observed
changes. Is the observed change clinically important—that is, does it exceed
minimally important difference to the patient and other stakeholders? Or
should it be considered trivial or insufficient to support treatment? An instru-
ment may be of limited applicability if it is not responsive to individual changes
over time. Responsiveness can also be regarded as providing additional evidence
of validity of an instrument when it confirms that the anticipated responses occur
when the patient’s status changes. An instrument may be deemed responsive, for
example, when the mean changes in its scores correspond, as expected, to cate-
gories of an anchor on patients’ global rating of change. Measures of respon-
siveness can be applied and interpreted on a relative basis, instead of an
absolute one, to compare different scales (domains) of the same instrument or
to compare different instruments in order to determine which one is most
responsive. For instance, among several generic instruments, one in particular
may be deemed the most responsive based on the effect size and standard
response mean in a specific study population.

IssuEs

Responsiveness has also been viewed as the ability of a particular instrument in a
specific application to detect the minimal clinical importance difference (MCID),
the smallest difference in a score that is considered worthwhile or important. As
descriptors of change, distribution-based and anchor-based measures of instru-
ment responsiveness do not by themselves indicate whether the change is mini-
mally important to the decision maker. But they are often interpreted and used in
order to arrive at an absolute minimum number that must be exceeded before a
difference is worth considering. Several issues emanate from this.

First, such an absolute threshold might be suspect because it ignores the cost
of resources to produce a change. Second, the estimated magnitude varies as it
depends on the distributional index or the external standard used. Third, the
amount of change might depend on the direction of change (improvement versus
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worsening). Fourth, the meaning of change might depend on initial health sta-
tus. Fifth, uncertainty may arise about whether lack of observed change reflects
true absence of change or whether the research design and analysis may have
obscured meaningful change. Sixth, distribution-based methods might not suf-
fice on their own but might be useful to the extent that they bear a consistent
relationship with anchor-based methods. Finally, even anchor-based methods
might require validation with alternative anchors.
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Retrospective Analysis

BriErF DEFINITION

Retrospective analysis is an analysis based on currently available data, generally
from administrative data systems such as medical claims, managed care
encounter data, hospital discharge data, or electronic medical records (see term:
Epidemiology).

EXPLANATION

Retrospective database studies examine the health care utilization of patients in
real-world settings. They can focus on either economic or clinical outcomes
and can be conducted from a variety of perspectives including those of patients,
health care providers, payers, and society. In fact, the defining characteristic of
retrospective studies is that they involve the analysis of data that has already
been collected—usually for some purpose other than the study at hand.

VALUE AND USE

Retrospective analyses are valuable because they provide information about
health care treatments in real-world settings. Retrospective databases are often
very large (sometimes containing information on millions of individuals) and,
because the information has already been collected, retrospective studies can be
carried out more quickly than clinical trials or prospective observational studies.

IssuEks

The main advantage of retrospective analysis—that they are based on large
samples of patient populations in real world settings—is also their main dis-
advantage. The databases used for retrospective analysis are not usually
designed with research in mind. As a result, data quality may be poor (e.g.,
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incomplete coding of diagnoses or procedures, discontinuous enrollment of
patients), important clinical data may be lacking (e.g., lab test results, clinical
measures of disease severity), and a variety of statistical problems (e.g., sample
selection bias) may threaten the validity of conclusions based upon retrospec-
tive analysis. Also, the results of retrospective studies may be invalid due to
changes in clinical practice and/or reimbursement after data was collected.
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Risk

Attributable Risk
Population Attributable Risk
Relative Risk

BRIEF DEFINITION

Risk refers to the proportion of the population who, on average, will contract
the disease of interest over a specified period of time (see term: Epidemiology).

ExprLANATION
In order to determine risk, one must first define the time period to be studied,
or “risk period.” Once a time period is stated, risk can be calculated by the fol-
lowing equation:

' Newly Affected Persons
Risk = Total Persons Observed X 100 (for percentage)

This is known as the “crude rate” of disease, as it is merely the number of new
cases relative to the entire population. Crude rates can often be misinter-
preted due to nonspecified, underlying causes, such as growth of certain cate-
gories of the population. In order to account for these possible differences,
“standardized rates” are created. These rates are statistically constructed sum-
mary rates that account for the population differences with respect to the
variables (categories) themselves. In order to directly standardize the rates,
for instance to compare two populations, the rates of incidence must be com-
pared to a standard population.
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VALUE AND UsE

Risk can be used to indicate the probability of developing disease for an indi-
vidual or a given population over a specific time period. It is often used to study
or monitor the occurrence of disease in populations.

IssuEes

The flu vaccine is a good example of the use of risk measurement. With the
many different strains of flu virus known, it would be difficult, if not impos-
sible, to vaccinate a population for every virus. Risk is calculated and used to
determine the three most likely strains to be contracted for a season, and the
vaccine is created for those specific strains. Knowing the risk makes the flu vac-
cination program much more economical.

BIiBLIOGRAPHY

Greenberg RS, Daniels SR, Flanders WD, et al. Medical Epidemiology. Stamford, Conn: Appleton
and Lange; 1996.
Hennekens CH, Buring JE. Epidemiology in Medicine. Boston: Little, Brown and Company; 1987.

Attributable Risk

BRIEF DEFINITION

Attributable risk is a measure used to explain the excess of disease in exposed
individuals versus those who are unexposed.

EXPLANATION

Also known as the “risk difference,” this measurement indicates the percentage
of disease associated completely with exposure to the disease. Instead of divid-
ing the percentage diseased of exposed individuals by the percentage diseased of
unexposed individuals, as in relative risk, attributable risk is calculated by sub-
tracting the unexposed, as in the following equation:

Attributable Risk (Risk Difference) =

Diseased Exposed Individuals — Diseased Unexposed Individuals
Total Exposed Individuals — Total Unexposed Individuals

By removing the disease that “would have happened anyway” from the dis-
ease of those exposed, the end result is the disease “attributable” to the
exposure.

VALUE AND USE

Attributable risk is used to measure how much of the risk in exposed persons
would be prevented if the exposure were eliminated.
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IssuEs

Perhaps one of the most famous instances of the use of attributable risk was in
the beginning epidemiology of AIDS. The use of this measurement aided inves-
tigators in determining a link between homosexuality and the symptoms asso-
ciated with AIDS.

BIBLIOGRAPHY
Hennekens CH, Buring JE. Epidemiology in Medicine. Boston: Little, Brown and Company; 1987.

Population Attributable Risk

BRrRIEF DEFINITION

Population attributable risk is a measure of the excess rate of disease in the
total study population of exposed and unexposed individuals that is attribut-
able to the exposure.

EXPLANATION

Also known as the “population attributable rate,” this measurement makes
attributable risk more applicable to the entire population by including total
population data in the estimation. There are two primary methods of deter-
mining population attributable risk:

‘ ' _ Total Exposed Individuals
Population Attributable Risk = Attributable Risk X Total Individuals

This first method assumes previous calculation of attributable risk and adjusts
to determine the rate of disease due to exposure for the entire population.

Population Attributable Risk =

Diseased Individuals — Diseased Unexposed Individuals
Total Individuals — Total Unexposed Individuals

This second method results in the same estimate, but better shows how the
population attributable risk is merely the percent of total disease minus the dis-
ease that “would have happened anyway.”

VALUE AND UsE

Population attributable risk has important public health implications. It is used
to measure how much of the risk in the total population (including both
exposed and unexposed persons) would be prevented if the exposure were
eliminated.
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IssuEs

When determining the risk for myocardial infarctions in Americans, it is not
enough to measure the attributable risk in a certain group of the population,
such as middle-aged Caucasian males. In addition to this, one must apply this
risk to the population, so that other groups of the population are taken into
consideration.

BIBLIOGRAPHY
Hennekens CH, Buring JE. Epidemiology in Medicine. Boston: Little, Brown and Company; 1987.

Relative Risk

BRIEF DEFINITION

Relative risk is a measure used to predict the likelihood of disease in exposed
individuals relative to those who are unexposed.

EXPLANATION

Also known as “risk ratio,” this measurement indicates the number of times
more likely an individual is to contract a disease when exposed versus unex-
posed. For instance, people who cut themselves on a rusty nail might be “5.4”
times more likely to contract tetanus than people who do not cut themselves.
The “5.4” is the relative risk measurement and can be determined by the follow-
ing equation:

Relative Risk (Risk Ratio) =

Diseased Exposed Individuals + Total Exposed Individuals
Diseased Unexposed Individuals + Total Unexposed Individuals

By calculating the proportion of exposed individuals who contracted the dis-
ease and dividing by the percentage of unexposed individuals who contracted
disease, you can determine the factor of likelihood that one will contract the
disease relative to his or her exposure status.

VALUE AND USE

Relative risk is used to measure the strength of the association between disease
and exposure. If there is no association, the relative risk would be equal to 1. If
the exposure increases the risk of disease, the relative risk would be greater than
1. Otherwise, the relative risk would be less than 1.

IssuEs

Relative risk can be used in many different contexts, not just disease. Relative risk is
calculated to help determine which vehicles are “more likely” to roll over in an
accident. This measurement tells how strong a risk factor the measured variable is.
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Risk Adjustment
Risk Factor

BRIEF DEFINITION

Risk adjustment is a method of accounting for the morbidity of individual
patients when making aggregate comparisons between population outcomes
(see terms: Epidemiology, Risk).

EXPLANATION

Since the 1970s, many studies have documented unexplained variation in out-
comes between groups of “similar” patient populations. In addition, the imple-
mentation of the DRG payment system in the 1980s is based on grouping
patients with “similar” conditions. The assumption is that the patient groups
are similar. Valid comparison of outcomes between groups of patients requires
measurement of the outcome and a method to “adjust” for individual patient
risks for the outcome to make sure the groups are made up of “similar”
patients. The goal of risk adjustment is to account for extraneous patient or dis-
ease characteristics prior to making comparative inferences based on outcome
data. Thus, risk adjustment uses complex algorithms and models to remove or
reduce the effects of a confounding factor or risk factor, when assessing out-
comes. Examples of risk factors used in models include patient demographic
characteristics (e.g., age and gender), principal diagnosis code (e.g., case mix),
comorbid conditions (e.g., number and severity), and severity of principal
diagnosis. Thus, it is important to understand that risk adjustment models use
different risk factors to predict different outcomes. Risk factors in the model are
tailored to predict the outcome being adjusted.

Varying types of outcomes may be adjusted for risk. Outcomes range from
resource use such as cost and length of stay to mortality. Different patient risk
factors may be used to adjust different outcomes for the same population. For
example, the risk factors used to adjust for mortality may be different than the
factors used to adjust for cost. It is intuitive that patients who enter the hospital
and expire after two days may be different from the patients who have high
costs. It is equally intuitive that different risk factors would predict the two dif-
ferent outcomes. The model to adjust mortality may not and probably should
not be the same as the model to adjust cost.

Several risk adjustment models with different objectives have been devel-
oped to help policy decision makers compare groups of patients. Most models
work by clustering diagnoses, patient demographic characteristics, procedure
codes, admission source, and other information into clinically meaningful cate-
gories for an individual patient to give a composite measure of risk that can
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help predict the outcome of concern. What data is used to construct the model
is controversial. Many risk models rely on administrative databases or claims
data to generate model data. Thus, the population of interest is critical. Adjust-
ing mortality for all hospitalized patients is not the same as adjusting mortality
for renal transplant patients.

VALUE AND USE

The goal of all outcomes information is to improve those outcomes and the
quality of care provided to the patient. Risk adjustment plays a role in the
concept of comparing outcomes between groups of patients. Patient groups
may be logically defined in many ways. For example, they may be grouped by
geographic location (e.g., region or hospital), clinical manifestation of disease
or treatment (e.g., patients with congestive heart failure or patients who have
had a recent heart valve replacement surgery), provider characteristic (e.g.,
physician specialty or location of the provider) and any other way of grouping
patients. Comparison of patient groups is important to public policy decision
makers. Risk-adjusted outcomes are used for a broad range of policy-related
purposes, including provider reimbursement, provider profiling and moni-
toring the quality of care. Risk adjustment is used to adjust capitation pay-
ment to providers to ensure that adverse selection does not occur. In other
words, risk adjustment can ensure that providers caring for patients with
complex medical problems are not penalized. Risk adjustment aids in the
comparison of practice patterns across providers to monitor performance.
Efforts to increase accountability for the resources consumed and quality pro-
duced point to the need to make valid comparisons. Finally, risk adjustment
is used to monitor the health of a population and accounts for morbidity. Tradi-
tional measures of population health such as mortality rates or any incidence rate
do not tell the story of population health. Risk adjustment helps by using the tra-
ditional outcomes after adjusting for morbidity and other risk factors.

IssuEs

One significant issue is the administrative complexity in accomplishing risk
adjustment. Administrative databases (e.g., diagnosis based models) are used
since that data is readily available. Clinical data is lacking and expensive to
collect. Often, risk adjustment is limited to the data available and the models
that have already been developed. The end result is that much of the variation
in the outcome of interest remains unaccounted for even after risk adjust-
ment. A related limitation is the accuracy of the coding of the diagnoses.
Incomplete or inaccurate coding (such as “up coding”) can severely impact
the validity of a risk adjustment model. Finally, it is important to note that
different risk adjustment models will produce different risk-adjusted results
for the same outcome. This scenario occurs due to the models using different
definitions of risk or risk factors. It is no surprise that controversy exists on
which model is “correct.”
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Rosser Index

BRIEF DEFINITION

The Rosser Index is a two-dimensional classification system of health states,
developed by Rachel Rosser (1972). The Rosser Index measures health out-
comes along the two dimensions of disability and distress. The index summa-
rizes a total of 32 health states by combining eight levels of disability and four
levels of distress. (See terms: Health Utilities Index, Utility)

EXPLANATION
Levels of disability in the index are

1. No disability
Slight disability which only interferes with social life

woN

Severe social disability and/or slight impairment of performance at work

o

Choice of work or performance at work severely limited. Housewives and
old people able to do light housework only, but able to go out shopping

5. Unable to undertake any paid employment. Unable to continue education.
Housewives only able to perform a few simple tasks. Old people confined to
home except for escorted outings and short walks and unable to do shopping

6. Confined to a chair or a wheelchair or able to move around in the home
only with support from an assistant

7. Confined to bed
8. Unconscious

Levels of distress in the index are

1. No distress

2. Slight distress

3. Moderate distress
4. Severe distress

VALUE AND USE

The Rosser Index has been used as a classification system for measuring health
outcomes. However, as is the case with other preference-based measures, accep-
tance of the underlying methodology awaits more consensus and documented
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evidence of its validity, reliability, and responsiveness. The robustness and qual-
ity of the latter will determine the value for its use in economic evaluation in
health care.

Issuks
Issues surrounding the Rosser Index include the following:

+ Initial valuations of alternative combinations of disability and distress are
derived from a very small sample (70).

+ Both patients and their proxies have identified health states that they con-
sider to be worse than death (being confined to bed in severe distress and
being unconscious and in no distress).

+ Limited evidence is available on congruence of Rosser Index values and
other health state preference measures.

+ It is not much used anymore. It has been superseded by more recent utility-
weighted indexes.

BIBLIOGRAPHY

Hollingworth W, Mackenzie R, Todd CJ, Dixon AK. Measuring changes in quality of life following
magnetic resonance imaging of the knee: SF-36, EuroQol or Rosser index? Qual Life Res.
1995;4:325-334.

Rosser R, Kind P. A scale of valuations of states of illness: is there a social consensus? Int J Epide-
miol. 1978;7;347-358.

Rosser RM, Watts VC. The measurement of hospital output. Int J of Epidemiol. 1972;1:361-368.



SAMPLE SELECTION MODEL 225

LT
IS
17

N7

Sample Selection Model

BRrRIEF DEFINITION

A sample selection model is a model that tests and provides a statistical correc-
tion for the presence of sample selection bias.

EXPLANATION

A sample selection model tests and provides a statistical correction for sample
selection bias (see term: Clinical Trial — Study Bias). Sample selection bias refers
to bias due to unobserved factors associated with treatment selection (e.g., phy-
sician prescribing preferences, patient illness severity) that are also correlated
with treatment outcomes.

VALUE AND USE

In any nonrandomized study, selection bias is a potential threat to the validity
of conclusions reached. Failure to account for sample selection bias can lead to
conclusions about treatment effectiveness or treatment cost that are not really due
to the treatment at all, but rather to the unobserved factors that are correlated
with both treatment and outcome. Sample selection models provide a test for the
presence of selection bias. These models also provide a correction for selection
bias, enabling an investigator to obtain unbiased estimates of treatment effects.

IssuEs

The estimation method for controlling the effects of nonrandom sample attri-
tion bias involves two steps. In the first step, a probit model of attrition is esti-
mated. The estimated probabilities from the probit model, which are a function
of observable variables, are then used to calculate a variable known as the
inverse mills ratio. This variable is intended to measure the unobserved factors
that may be correlated with treatment outcomes. The outcome equation is esti-
mated in the second step. In the outcome equation, the estimated inverse mills
ratio from the first equation is entered as an additional explanatory variable
using observations. The inverse mills ratio captures the effects of unobserved
variables on the outcome variable—enabling unbiased estimates to be obtained
for the parameters associated with the observed variables—in particular, treat-
ment effects.

A variety of factors influence how well sample selection models actually
work in practice. For example, if the observed variables used to model the prob-
ability of attrition from the trial are exactly the same as those used to model the
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outcome variable in the second equation, the inverse mills ratio will tend to be
highly correlated with the observed variables in the second equation. In this
case, sample selection models will not provide a reliable test for the presence of
sample selection bias, nor an effective control for it. On the other hand, if it is
possible to identify different sets of observable variables in the models of treat-
ment selection and outcomes (even if there is significant overlap between
them), sample selection models tend to be much more effective in controlling
for selection bias.
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Sensitivity Analysis
Tornado Diagram

BRrRIEF DEFINITION

Sensitivity analysis is a way to analyze the impact of uncertainty on an eco-
nomic analysis or a decision (see terms: Decision Analysis, Decision Tree, Model-
ing). The simplest form of sensitivity analysis is a one-way analysis—that is,
changing the value of one variable through the range of plausible values while keep-
ing the other variables constant. A tornado diagram is a set of one-way sensitivity
analyses brought together in a single graph, with the most critical variable in terms
of impact at the top of the graph and the rest ranked according to their impact
thereafter; hence the term “tornado diagram,” as it looks like a tornado or funnel.

EXPLANATION

Estimates of costs, effectiveness, and cost-effectiveness that are obtained as a
result of any analysis may be subject to uncertainty for any of several reasons.
There may be uncertainty regarding the parameters used in the analysis—for
example, due to a lack of existing data, only imprecise estimates may be avail-
able or value judgments may be needed to determine the value used. Also, while
in reality the values of a parameter may be randomly distributed within a certain
range, the analysis is often based on single point estimates such as the mean.
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There may also be uncertainty around the model used to analyze the results—
for example, uncertainty regarding how to combine the parameters or how to
generalize the results.

Therefore, the impact of uncertainty should be assessed, and the most
influential parameters and their impacts on the study results should be iden-
tified, quantified, and interpreted. There are several ways to deal with uncer-
tainty, including simple ways such as one-way sensitivity analysis, two or
multi-way sensitivity analysis, threshold analysis, scenario analysis and more
complex approaches making use of mathematical theory, and statistics, such
as Monte Carlo simulation, bootstrapping, and so on (see terms: Bootstrap-
ping, Modeling).

One-way analysis represents the simplest and most commonly used
approach to deal with uncertainty in health outcomes studies. In this context,
the value of one variable is varied within a range of plausible values, while the
other variables in the analysis are kept constant, and the single variable’s
impact on the main study result is quantified and examined. For example, the
effect of the rate used to discount costs and health benefits in an economic
evaluation can be significant in cases in which the analysis has a long-term
horizon. One may choose to apply at baseline any of the different rates pro-
posed and utilized in the literature, including 0% (i.e., not to discount), 2%,
3%, 4%, 5%, and 6%. Then, in the context of a one-way sensitivity analysis,
the discounting rate can be varied from 0% to 6%, and the impact on the
main study result (e.g., incremental cost per life year saved with treatment A
relative to treatment B) can be studied, and some inferences on the robust-
ness of the results can be drawn.

A tornado diagram is a series of one-way sensitivity analyses brought
together in a single graph. It consists of a simple way to summarize and depict
graphically the impacts of many different variables underlying an analysis on
the main study result or variable of interest. First, a range of plausible values
is assigned to each variable being analyzed, and the corresponding values on
the main study result are recorded. A horizontal bar is then generated for each
variable, where each bar reflects the values of the main study result or variable
of interest upon which the sensitivity analysis is being conducted, correspond-
ing to a range of different values of the underlying variable. A wide bar indicates
that the related variable is very critical in terms of its large potential effect on
the expected study result and vice versa. The widest bar is at the top and the
narrowest at bottom, resulting in a funnel-like appearance. The tornado dia-
gram also includes a dotted line, showing the original (baseline) result.

The example below shows the impact of four independent factors, such as
patient age, and a decision taken by the analyst, such as the discounting rate
applied, on the expected incremental cost per life year gained with treatment A
relative to treatment B. Age is the most influential variable, with 45 years corre-
sponding to an incremental cost-effectiveness ratio (ICER) of 11500 USD and
75 years of age corresponding to an ICER of 25000 USD. This is a hypothetical
illustration; a real example can be found in Chancellor et al (2001).
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E Patient age : 45to 75

7

Probability of an adverse event: 3% to 114

E Discounting rate : 0% to 64

% Percent on concominant medication Y: 6% to 25%

Percent with comorbidity X: 3:to 155

11,500 USD 25,000 USD
Incremental cost per life year gained

Tornado Diagram: key factors influencing the ICER of treatment A versus B

VALUE AND USE

As noted earlier, the results of health outcomes or pharmacoeconomic studies
are subject to a degree of uncertainty, which needs to be assessed, especially in
light of the fact that such studies are used in decision making. Sensitivity anal-
yses and tornado diagrams represent a relatively easy and straightforward
approach to interpreting the results and assessing the robustness of the results
obtained from a particular analysis. Often, because of data limitations, sensitiv-
ity analysis represents the only tool available for assessing uncertainty around a
set of results.

However, one-way analysis may be overly simplistic in representing reality.
Although it can well represent the impact of a change in only one or two vari-
ables in a certain predetermined direction, the reality is typically more complex.
In reality, many different combinations of variables may be possible, and vari-
ables may be associated with each other.

Nevertheless, tornado diagrams represent a useful graphical tool to summarize
and portray the results of one-way analyses. It is important that they be updated
as new studies are performed and new knowledge accumulated. As well, when
additional data exist, such as individual patient data on health outcomes and
resource utilization and costs collected within randomized controlled clinical trials,
then more robust approaches can be used in dealing with uncertainty. Various
mathematical and statistical approaches are described in Drummond et al (1997).

IssuEs

Due to the growing importance of health outcome studies in health care deci-
sion making, it is important to ensure that uncertainty is dealt with in a robust
manner. The conduct of sensitivity analysis and the presentation of results in
tornado diagrams help analysts and decision makers to be explicit with respect
to the key drivers of uncertainty in a model. Because sensitivity analysis involves
significant analyst discretion (as the analyst chooses which variables to vary and
the amount of variation), it is critical that good research practices be followed
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in this area to promote valid results. Briggs (1995) has produced guidelines for
presenting the results of sensitivity analysis in economic evaluation, but in gen-
eral few generally agreed-upon guidelines exist on how to conduct or interpret
sensitivity analyses in different types of health outcomes or pharmacoeconomic
or economic evaluation studies.
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Severity of Illness

BrRIiEF DESCRIPTION

Severity of illness is a component of risk adjustment (see ferms: Risk, Risk
Adjustment). It describes the extent or state of the disease existing in patients
prior to an intervention.

EXPLANATION

Severity adjustment and risk adjustment are often used interchangeably.
However, severity of illness is only one factor used for risk adjustment. Other
factors such as patient sociodemographics, comorbid illness, and preferences
can be equally essential for adequate risk adjustment. A widespread example
of disease severity is cancer staging, which is based on the degree of growth/
spread of the malignancy. While cancer stage is highly predictive of mortality risk,
other factors such as comorbid illness or patient age may also explain risk.

Severity of illness measures attempt to differentiate among patients with
respect to the state of their disease. For the most part, disease severity scores
have been created to estimate a patient’s risk of morbidity or mortality based on
a number of clinical measures related to the illness itself. These scores are used
in conjunction with other variables (e.g., sociodemographic factors, comorbid
conditions, functional status, etc.) to provide a balanced and fair comparison in
instances where there is a risk of biased results due to heterogeneous compari-
son groups.

VALUE AND USE

Several disease severity scores have been created for use in the inpatient setting,
such as APACHE, DS-Clin, DS-Scale, Medisgroups. These scores have generally
been created using statistical methods that estimate the correlation between
certain parameters and the likelihood of an event occurring, and they have been
found to be highly predictive of outcomes such as mortality. Inclusion of these
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scores in risk adjustment models can significantly increase explanatory power
versus using socioeconomic variables and/or comorbid illness alone.

IssuEs

To date, the majority of severity measures have been focused on the inpatient
setting, due to the availability of detailed clinical data, the intensity of care (and
associated cost) in this setting, and the recent increase in interest in patient out-
comes due to hospital accreditation. Therefore, use of these scores in conditions
and patients outside the hospital setting has been of limited success. Within the
hospital setting, disease severity scores have been predictive of in-hospital and
30-day mortality, but less explanatory for resource utilization or hospital length
of stay.
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Short Form 36 (SF-36)

SF-36 Health Survey

RAND 36-Item Health Survey 1.0
Health Status Questionnaire

RAND-36 Health Status Inventory (HSI)

BRIEF DEFINITION

The Short Form 36 (SF-36) is a widely-used 36-item generic health status
questionnaire (see term: Health Status, Health-Related Quality of Life).

EXPLANATION

The Short Form 36 was developed by the Rand Corporation in the United
States for use in the Health Insurance Experiment/Medical Outcomes Study
(HIS/MOS). It comprises 36 items selected from a larger pool of items used by
RAND in the MOS. As a generic health status profile, the SF-36 includes multi-
ple item scales measuring the following eight health concepts: physical func-
tioning, role limitations because of physical problems, bodily pain, social
functioning, general mental health (psychological distress and psychological
well-being), role limitations due to emotional problems, vitality (energy/
fatigue), and general health perceptions. In addition to eight domain scores, the
SF-36 health survey can be summarized into two summary scores, the physical
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and mental component summary scores. Different versions and approaches to
the scoring of the SF-36 are available; users should investigate the choices avail-
able and understand the advantages and disadvantages of each option. The 36
items are distributed by the Medical Outcomes Trust as the SF-36 Health Sur-
vey (versions 1.0 and 2.0 now distributed by qmetric), by RAND as the RAND
36-Item Health Survey 1.0, by the Health Outcomes Institute as the Health Sta-
tus Questionnaire (plus three depression screening items), and by the Psycho-
logical Corporation as the RAND-36 Health Status Inventory (HSI).

VALUE AND USE

The SF-36 survey has been described as the most widely used patient-based mea-
sure of health-related quality of life in the world. It was originally designed to
measure health status in health policy evaluation and general population surveys.
The SF-36 is also used as an outcome measure in conjunction with disease-
specific measures in clinical practice and research. The SF-36 compares favorably
to other health profile instruments, with extensive evidence on the conceptual
and measurement model, reliability, validity, respondent and administrative bur-
den, alternative forms, and cultural and language adaptations. It takes approxi-
mately 7 to 10 minutes to self-administer. Alternative forms are available as 1- and
4-week recall periods, with self-report, interviewer-based, and computer-based
versions. The SF-36 is useful in comparing general and specific subgroups, com-
paring the relative burden of diseases, differentiating the health benefits produced
by various interventions and treatments, and screening individual patients.

IssuEs

Users should be informed about several developments that are relevant to
application and interpretation of the SF-36. The philosophic and pragmatic
merits and shortcomings of different methodological approaches (i.e., oblique
versus orthogonal factor rotations) to generating physical and mental summary
scores continue to be debated in the literature. A preference-based single index
using the SF-36 that allows cost-utility analysis (see terms: Cost-Utility Analysis,
Health Utilities Index) to be performed has been explored. Ongoing research
into computer adaptive testing and measurement precision is likely to lead to
further refinements in the way that health status measures such as the SF-36 are
applied and interpreted.
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Sickness Impact Profile (SIP)

BRIEF DEFINITION

The Sickness Impact Profile (SIP) is a generic health status instrument that
measures the physical, psychosocial, and behavioral impact of disease.

EXPLANATION

The SIP measures health status using a checklist of 136 items describing behav-
ioral effects of illness (e.g., “I walk shorter distances or stop to rest often”). The
subject is asked to place a check mark next to only those items that describe him
or her on that day and that are related to his or her health. The SIP items are
divided into 12 categories, encompassing both physical and psychosocial
dimensions. The physical dimension consists of three categories: ambulation,
mobility, and body care and movement. The psychosocial dimension consists of
four categories: social interaction, alertness behavior, emotional behavior, and
communication. There are also five independent categories: sleep and rest, eat-
ing, work, home management, and recreation and pastimes. The SIP score may
be calculated as a profile with each of the 12 categories scored separately, as two
dimension scores (e.g., physical and psychosocial) or as a single total (index)
score. Scores range from 0 to 100, with higher scores reflecting a lower level of
functioning.

VALUE AND USE

The measurement properties of the SIP have been evaluated extensively, and it
is widely regarded as a valid and reliable instrument. Like other generic ques-
tionnaires (e.g., the SF-36), the SIP was developed for use with different patient
populations and, therefore is particularly useful for comparing the relative
impact of different diseases and their treatment. The SIP is also a popular
assessment tool because it produces a total score as well as individual scores for
each of 12 categories of health status. The total score provides a means of sum-
marizing the overall effect, while the individual category scores produce a more
detailed picture, or profile, of the impact of a disease or treatment. To date, the
SIP has been used to evaluate diverse patient populations including cardiovas-
cular, gastrointestinal, neurologic, respiratory, and rheumatoid arthritis.

IssuEs

When a health status measure is selected, the properties of the instrument that
are most important depend on the primary purpose of the study. While generic
instruments such as the SIP facilitate comparisons across a broad range of
patient populations, they also tend to have less responsiveness—that is, are less
sensitive to change—than a disease-specific instrument. For this reason, disease-
specific questionnaires are often preferred for evaluating treatment effects—for
example, in a clinical trial.

Another consideration in choosing a health status questionnaire is the practical-
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ity of administration. In this regard, the SIP has both advantages and disadvan-
tages. Because it can be either self-administered or interviewer-administered, the
SIP can be used in situations in which one or the other is required. Because the SIP
is valid as an interviewer-administered questionnaire, it can be completed over
the telephone or used with subjects whose physical disabilities make it difficult
or impossible to complete a written questionnaire. The SIP can also be used in
situations in which self-administration is the only viable option (e.g., in a mail
survey study). The length of the SIP (136 items) may be prohibitive for some
studies, requiring 20-30 minutes to complete when administered by an inter-
viewer. Some work has been done to develop a shorter version of the question-
naire, but it has not yet received the same level of endorsement as the original
version.

A third consideration is the availability of the SIP in languages other than
English and cultures other than American. Although the copyright holders
(MOS, Johns-Hopkins) do not currently recognize nonEnglish versions, they
do offer tips for translating the SIP. A review of the medical literature shows
that researchers have already tested translated versions (e.g., Spanish, Dutch).
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Statistics in Pharmacoeconomics

Descriptive Statistics
Inferential Statistics
Parametric Tests
Nonparametric Tests

BRIEF DEFINITION

Statistics can be described as the study of how to collect, organize, analyze, and
interpret information, especially numerical information. In most real-life situa-
tions, important questions to be addressed involve incomplete information.
The process of drawing good, reliable conclusions from incomplete informa-
tion is central to the study of statistics.

EXPLANATION

There are two primary divisions of the field of statistics: descriptive statistics
and inferential statistics. The process of describing information using descrip-
tive statistics, such as measures of central tendency (e.g., mean) and measures
of dispersion (e.g., variance), is referred to as exploratory data analysis. This
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approach is also used to identify extreme scores, or oddly shaped distributions
of scores. Although exploratory data analysis is an important process for under-
standing data in detail, we are often concerned with drawing inferences about a
population.

There are two primary approaches to statistical inference: the Bayesian
approach and the frequentist approach (see term: Bayesian Analysis). Bayesian
approach is a branch of statistics based on Bayes” theorem. Bayesian inference
does not use P-values and generally does not test hypotheses. It requires one to
formally specify a probability distribution encapsulating the prior knowledge
about, say, a treatment effect. The state of prior knowledge can be specified as
“no knowledge” by using a flat distribution. Once the prior distribution is spec-
ified, the data are used to modify the prior state of knowledge to obtain the pos-
texperiment state of knowledge. Final probabilities computed in the Bayesian
framework are probability distributions for the treatment effects and can be
used to estimate credible intervals for the treatment effect.

The most common approach to statistical inference, however, is the frequen-
tist approach. The frequentist approach is also called the sampling approach, as
it considers the distribution of statistics from hypothetical repeated samples
from the same population. This approach uses hypothesis testing, type I and
type II errors, significance level, power, confidence limits, P-values, and adjust-
ment of P-values for testing multiple hypotheses from the same study. Final
probabilities computed using frequentist methods (i.e., P-values) are probabili-
ties of obtaining values of statistics.

VALUE AND USE

In the frequentist approach, the statistical procedures involve both estimation
of one or more parameters of the distribution of scores in the population(s)
from which the data were sampled and assumptions concerning the shape of
that distribution. For example, the t-test makes use of the sample variance (s?)
as an estimate of the population variance (0?) and also requires the assump-
tion that the population from which the data were sampled is normal. Tests
that make specific assumptions about the distribution of the data or specific
assumptions about model parameters are referred to as parametric tests.
Examples include the t-test and the Pearson product-moment linear correla-
tion test.

There is a class of tests, however, that does not rely on parameter estimation
and/or distribution assumptions. Such tests are usually referred to as nonpara-
metric tests or distribution-free tests. Nonparametric tests for ordinal or con-
tinuous variables are typically based on the ranks of the data values. Such tests
are unaffected by any one—one transformation of the data (e.g., by taking logs).
If the data are not normal, a rank transformation can be more efficient than
the corresponding parametric test. Examples of nonparametric tests include the
two-sample Wilcoxon-Mann-Whitney test, the one-sample Wilcoxon signed
rank test (usually used for paired data) and the Spearman, Kendall, or Somers
rank correlation tests.
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IssuEes

The major disadvantage attributed to nonparametric tests is their lower power
relative to the corresponding parametric test. In general, when the assumptions
of the parametric test are met, the distribution-free test requires more observa-
tions than does the comparable parametric test for the same level of power.
Thus, for a given set of data, the parametric test is more likely to lead to rejec-
tion of a false null hypothesis than is the corresponding distribution-free test.
Moreover, even when the distribution assumptions are violated to a moderate
degree, the parametric tests are thought to maintain their advantage.
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Time-to-Event Models

Survival Analysis

Censoring

Survival Functions

Life Table

Log-Rank Test

Cox Regression Model
Proportional Hazards Modeling

BRrRIEF DEFINITION

Time-to-event models are models in which the main outcome is the time from
the beginning of follow-up on a participant until an event of interest occurs.
This model is often referred to as a survival analysis, because they were initially
developed to analyze situations where the event of interest was patient death.
However, the methodology can refer to any event occurring differentially over
time in two or more groups.

EXPLANATION

Time-to-event models can analyze and compare the occurrence of an event over
time. Data about whether and when the event of interest occurred is needed from
each subject. Because some subjects may leave the study before the event occurs or
the data collection period may end before all subjects have experienced the event,
time-to-event analysis uses censoring to account for the incomplete information.

Typically, the probability of an event occurring changes over time. For exam-
ple, if a patient has just undergone surgery, the likelihood of discharge from the
hospital may be small; but as time goes on and healing occurs, the likelihood of
discharge increases. The conditional probability of an event occurring at any
point in time, given that it has not yet occurred, is estimated from the study
data. These estimates are called survival functions.

Analysis involves two main steps: estimating the distribution of the survival data
to calculate a survival function followed by comparison of survival curves for two
or more alternatives to determine whether they have different survival functions.

There are two methods for estimating the distribution of the survival data over
time and calculating the survival function. The life table or actuarial method
summarizes how many subjects have had the event and how many have not at
each time point. It provides an estimate of median time-to-event (when 50% of
subjects have experienced the event). The product-limit method produces
Kaplan-Meier curves, which are really step functions, which plot the likelihood
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of survival against time. Survival refers to absence of the event, whether the
event is death or another change in condition. Every time an event or censoring
of a subject occurs, the step function drops.

Once survival functions are calculated, the differences between groups may
be assessed using a log-rank test, which compares the likelihood of survival in
each group across the whole span of time. Other tests are available which put
more weight on some parts of the curve than others.

To assess the impact of other variables on survival time, a Cox regression
model is used. For each additional variable of interest, such as age or gender, the
model provides an estimate of the relative risk for members of the cohort adjusted
for other factors in the model. A more sophisticated model can include time-
varying independent variables (e.g., lab measures taken repeatedly over the course
of the study). This analytic approach assumes proportional hazards across treat-
ment groups and is sometimes referred to as proportional hazards modeling.

VALUE AND USE

Time-to-event models have many applications in health outcomes research and
pharmacoeconomics, such as assessing differences in groups on time to dis-
charge from hospital, time to a change in prescription, time to development of
a new condition (e.g., adverse event or recovery), or time to recurrence of the
disease being studied. They may be used to analyze differences in treatment
effects on disease progression in chronic diseases such as AIDS.

IssuEs

Censoring of an observation is an inherent issue in time-to-event modeling. An
observation is censored when it can no longer be determined whether the sub-
ject experienced the event or not. For example, if a patient has not had the event
and data collection is discontinued, the observation is censored at the end of
the study. Some observations will be censored prior to the end of the study due
to other events that preclude the event of interest (e.g., the event of interest is
discharge from hospital but patient dies). The statistical methods for analyzing
this data assume that censoring is noninformative. Noninformative censoring
implies that the reason for censoring the data was not due to something that
could influence the likelihood of the event occurring. In the above example,
patient death is informative censoring because the patient never had a chance of
reaching discharge. Informative censoring is a difficult matter to detect and
handle. In cases such as this, it is prudent to define the event in advance to
include possible causes of informative censoring. For example, the event could
be defined as time to death or discharge from hospital. The analysis can then be
run once with events combined and once with them separated to determine
whether results are robust to the definition used.
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BRIEF DEFINITION

Uncertainty occurs when the true value of a parameter (x) is unknown, reflect-
ing the fact that knowledge or measurement is not perfect. Expressing the
uncertainty surrounding the true value of a parameter (x) involves identifying
the range of values that could be reasonably attributed to x.

EXPLANATION

Uncertainty is distinct from variability, which reflects known differences in
parameter values associated with identifiable differences in circumstances (e.g.,
different practice patterns in different geographical areas, or differing treatment
effects based on age and/or sex). However, the distinction between uncertainty
and variability often depends upon the question that is being addressed. For
example, in a model of antibiotic treatment, resistance rates could be repre-
sented as uncertain within a geographical community and variable between
communities. That is, there is knowledge that identifiably different communi-
ties have different resistance rates, although the actual value of the resistance in
any community is itself not known precisely.

In pharmacoeconomics, there are various sources of uncertainty including
methodological, structural, parameter, and stochastic uncertainty.

Methodological uncertainty reflects uncertainty regarding the analytic meth-
ods used within an economic evaluation. This source of uncertainty may
include, for example, uncertainty relating to the discount rate employed, the
method used for the valuation of resources, or the method used for the valua-
tion of health outcomes.

Structural uncertainty reflects uncertainty concerning the structure and
assumptions employed within an analysis—for example, the method used to
incorporate the relative risk of treatment or the method used to extrapolate
results beyond the period of measurement. This type of uncertainty is particu-
larly prevalent within analyses based upon models.

Parameter uncertainty reflects the uncertainty surrounding parameters
within a model—for example, uncertainty surrounding the effectiveness of a
technology, the utility associated with a health state, or the resource use associ-
ated with a technology.

Stochastic or first order uncertainty reflects uncertainty within a population
(e.g., the different cost associated with patients within a clinical trial, the differ-
ent number and type of events experienced by patients within a population).
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VALUE AND USE

In order for economic evaluations to be useful for decision-making purposes,
the results should include some estimate of the impact of uncertainty upon the
payoffs (costs, effects, cost-effectiveness) attributable to a technology and ulti-
mately the uncertainty surrounding the decision.

Sensitivity analysis is the method used to investigate the impact of uncer-
tainty upon payoffs and decisions (see term: Sensitivity Analysis). Commonly
used techniques include one-way sensitivity analysis and multi-way sensitivity
analysis; threshold and scenario analysis; analysis of extremes and probabilistic
sensitivity analysis. Regardless of the nature of the sensitivity analysis, the prac-
tice involves substitution of values and observation of the impact upon the
payoffs. Within the process the substitution can affect parameter values, assump-
tions, or methods (e.g., a reanalysis using a different discount rate over a shorter
follow-up period or employing a different set of price weights).

Methodological and structural uncertainty is handled through deterministic
sensitivity analysis. One-way and multi-way sensitivity analysis involves substi-
tuting different values for one or more of the parameters, assumptions, or meth-
ods used within the analysis. Analysis of extremes involves changing all parameters
to extreme values (either best or worst case) simultaneously. Threshold analysis
involves identifying the level of one or more parameters, assumptions, or meth-
ods at which the decision switches.

Variability is handled through scenario analysis. The process, a form of
multi-way analysis, involves simultaneously substituting the parameter values
and assumptions associated with an identifiable subgroup of interest.

Parameter uncertainty is handled through either deterministic or probabi-
listic sensitivity analysis. A probabilistic sensitivity analysis involves a second
order Monte Carlo simulation, and the results reflect uncertainty at the popu-
lation level. The process involves specifying a probability distribution for each
of the parameters of interest to fully reflect the parameter uncertainty. Each
distribution represents both the range of values that the parameter can take as
well as the probability that it takes any particular value. At each iteration
within the simulation, a value is selected for each parameter from its individ-
ual probability distribution, the analysis is repeated, and the result is identi-
fied. Each iteration represents a realization of the uncertainty that exists in
the analysis as characterized by the probability distributions. Within a Monte
Carlo simulation, this process is repeated a large number of times to propagate
the uncertainty and results in a distribution of possible payoffs associated with
the technologies of interest. This type of analysis is a second order simulation and
provides an estimate of the second order uncertainty (i.e., the uncertainty in the
mean or population level values). This is distinct from a first order Monte Carlo
simulation, which provides an estimate of the within-population uncertainty. A
first order simulation involves simulating the experience of each patient individu-
ally, generating a pathway for each patient with associated payofts.

Within a trial analysis, first order uncertainty is expressed using measures of
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dispersion (e.g., the standard deviation, variance, inter-quartile range). An esti-
mate of the second order uncertainty can be obtained through bootstrapping
the sample data.

While an assessment of within-population (first order) uncertainty may be
of interest, it is the level of second order uncertainty that is important to the
policymaker, who is concerned with examining the implications of policy at a
macro (population) level.

In order to express the uncertainty associated with a decision, it is necessary
to incorporate a decision rule into the analysis. In pharmacoeconomics, the
standard decision rule employed involves comparing the incremental cost-
effectiveness ratio (see term: Cost-Effective Analysis) (ICER) with a predefined
threshold value (N). A technology is then adopted if it is associated with an ICER
that is less than the threshold. Decision uncertainty is the uncertainty surrounding
a decision made upon this basis and can be presented for various levels of the
threshold using cost-effectiveness acceptability curves. It must be noted that
decision uncertainty can be very different from uncertainty surrounding pay-
offs, due to the addition of a decision rule (in this case \). For example, a tech-
nology may be associated with very large uncertainty surrounding the costs and
effects that are attributable to it without any associated decision uncertainty. This
would be the case where the entire range of costs as negative and the entire range
of effects as positive, as the technology would dominate over the entire range.

IssuEs

Deterministic sensitivity analysis can provide an initial, qualitative assessment
of uncertainty and currently prevails in the literature. However, the nature of
deterministic sensitivity analyses means that they ignore (one-way) or exagger-
ate (analysis of extremes) the interaction between parameters, providing results
that are qualitative and difficult to interpret. Indeed, it is only when a sensitivity
analysis is shown to have no impact upon the decision that the results are
usable. A complete assessment of uncertainty requires a probabilistic sensitivity
analysis. This type of analysis appropriately handles interactions between
parameters and provides interpretable, quantitative results. In addition, in the
presence of nonlinearities within model structures (for example discounting),
only a probabilistic analysis provides a good estimate of the expected payoffs
associated with health technologies.

However, probabilistic analysis can only be used to represent uncertainty in
parameters; it cannot and should not be used to represent uncertainty surround-
ing assumptions, methods, or structure. The methods of deterministic sensitivity
analysis remain the main method for handling uncertainty in these areas.
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Utility

BRIEF DEFINITION

A utility is a quantitative expression of an individual’s preference for, or desir-
ability of, a particular state of health under conditions of uncertainty.

EXPLANATION

Utilities are numbers that represent the strength of an individual’s preference
for different health outcomes under conditions of uncertainty. The conven-
tional utility scale has a utility of 0.0 for dead and a utility of 1.0 for complete
health. States worse than dead can have negative utilities.

Utility scores can be assigned by direct measurement using techniques like
the standard gamble and the time trade-off (see term: Utility Measurement).
Alternatively, the scores can be assigned indirectly by using a utility-weighted
index (see terms: EuroQol, Health Utilities Index, Quality of Well-Being Scale).

When scores are assigned by the standard gamble, which involves uncertainty,
they are true utilities. When scores are assigned by other methods that do not
involve uncertainty (e.g., time trade-off, visual analog scale) they are technically
not utilities, but values. Utilities and values are both preferences. Readers should
be aware, however, that many writers fail to make these distinctions and often
use the term “utility” to cover both types of preferences—utilities and values.

Utility scores reflect preferences for the whole health state and thus inte-
grate the effects of efficacy (improved health) and side effects (adverse
events). Utility scores are used as the quality weights when computing a qual-
ity-adjusted life year (QALY) (see term: Quality-Adjusted Life Year [QALY]).
This allows morbidity and mortality changes to be combined into one single
weighted measure, the QALY.

Utility scores from direct measurement can be provided by patients, clini-
cians or the general population. Utility scores built into the scoring formulae of
utility-weighted indexes are all provided by the general population.

In clinical trials, utility measures can be valuable because patients combine pos-
itive and negative effects of an intervention into one single value on the utility
scale. The two approaches in a clinical trial are to measure utilities directly using a
utility measurement instrument (i.e., to ask subjects to assign a value to their over-
all health using a standard gamble technique or a time trade-off method) or indi-
rectly using a utility-weighted index (i.e., to classify patients into categories based
on their responses to questions about their functional status and to score the result
with the utility scoring formula provided with the instrument). The methods are
not mutually exclusive and both can be used in the same study.
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VALUE AND USE

Utility measurements offer a patient the possibility to value different aspects of
treatment and outcomes. Hard scientific end points such as survival and labo-
ratory measurements can be supplemented with subjective results such as qual-
ity of life and incorporated in the final choice of the patient between different
therapies. Utility measurements can also be used in cost-utility analysis (see
term: Cost-Utility Analysis), a tool in the decision-making process for the allo-
cation of financial resources to health care interventions.

IssuEs

Controversy exists regarding the question “whose preferences should be used?”—
that is, the preferences of the patients who have actually experienced a particular
health state or those of a representative community sample who have not. Evi-
dence suggests that people experiencing a condition may attach a higher value to
it. The US Public Health Service Panel on Cost-Effectiveness in Health and Medi-
cine has suggested that public policy decisions involving the allocation of limited
resources should incorporate the utilities of the general public obtained through
use of preference-classification systems rather than those of the affected patients.
On the other hand, clinical decisions for particular patients should be made using
their utilities.
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Utility Measurement

Standard Gamble (SG)
Time Trade-Off (TTO)
Visual Analog Scale (VAS)

BRIEF DEFINITION

Utility measurement is a method of querying an individual in order to measure
the strength of preference that the individual has for an outcome (e.g., a health
state), and to represent that preference by a quantitative score called a utility
(see term: Utility). The more preferred the outcome, the higher the utility score.
Two widely used methods for measuring such preferences are the standard
gamble (SG) and the time trade-off (TTO). In both methods the individual
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expresses her or his lack of preference for the outcome by indicating the max-
imum loss that he or she would accept to avoid the outcome. In the standard
gamble, the loss is expressed as a risk of a specified bad outcome, often death.
In the time trade-off, the loss is expressed as a reduction in healthy life
expectancy.

ExPLANATION

Individuals have preferences for alternative health outcomes (e.g., prefer health
state A to health state B) and can express them. The health outcomes for which
preferences are measured can be simple outcomes (e.g., single health states),
complex outcomes (e.g., a profile of health states over a lifetime), or even health
programs. The preferences can be measured on an ordinal scale or a cardinal
scale. An ordinal scale is simply a rank ordering of the outcomes. A cardinal
scale is a continuous numeric scale. The particular type of cardinal scale used
for the measurement of preferences in health is an interval scale. An interval
scale is like a temperature scale (Fahrenheit, Celsius) in that any two states can
be given arbitrary scores (freezing, boiling) and all other states are then mea-
sured relative to these two. In the most common version of health utilities,
death is given a score of 0.0, perfect health is given a score of 1.0, and all other
outcomes are scored relative to these two. Note that this does not preclude out-
comes or states worse than death with scores less than zero.

The standard gamble (SG) and the time trade-off (TTO) are two widely used
methods to measure an individual’s preferences for health outcomes on an
interval scale. The SG is based directly on expected utility theory as first postu-
lated by von Neumann and Morgenstern, and is particularly designed for use in
problems in which the outcomes are uncertain (e.g., health problems). In all
fields but health (e.g., business, military, environment) the SG is the over-
whelmingly preferred method to measure utilities. In early applications in
health, the SG was cumbersome to administer and the TTO was developed as
an alternative. Unlike the SG, the TTO does not measure preferences under
uncertainty (there are no probabilities in the TTO question), and as such, the
preference scores from the TTO are technically values, not utilities. Methods for
the SG have now improved to the point where it is no longer difficult to admin-
ister, and both techniques are widely used. Many researchers consider the SG
better because of its direct applicability to a world of uncertainty, while others
disagree.

In the SG, an individual expresses his or her preference by choosing between
two alternatives. For example, an individual who prefers A to B to C would be
asked to choose between one alternative in which outcome B would be received
with certainty and a second alternative in which outcome A would be received
with probability p and outcome C with probability (1 — p). The probability p
would then be varied until the individual was indifferent between these two
choices. The indifference probability is used to calculate the utility that the indi-
vidual has for outcome B relative to the utilities for outcomes A and C. Details
of the method are widely available.
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In the TTO, an individual expresses his or her preference also by choosing
between two alternatives. For example, an individual who preferred perfect
health to B would be asked to choose between one alternative in which outcome
B would be received with certainty for the remaining life expectancy t and a sec-
ond alternative in which perfect health would be received but for a shortened
life expectancy of length x < t. The duration x would then be varied until the
individual was indifferent between these two choices. The ratio x/t is the TTO
value score for outcome B on a scale where immediate death is 0.0 and perfect
health for the lifetime duration ¢ is 1.0. Details of the TTO method are available
in the same references listed above for SG.

VALUE AND USE

Despite the distinction described above between utilities and values, it is com-
mon in the health field to use the term “utilities” as an umbrella word to cover
both. We do so from here on in this section.

Utilities may be measured directly or indirectly. Direct measurement requires
the use of SG or TTO (or sometimes other alternatives such as a visual analog
scale [VAS], or person trade-offs). These techniques are often interviewer-
administered, and thus costly and time-consuming, although self-administered
versions and computer-interactive versions are increasingly becoming available.

Indirect measurement, on the other hand, is much easier. It involves a simple,
often self-administered, questionnaire that determines the respondent’s health
status. The utility is calculated from a scoring formula that is part of the instru-
ment. The scoring formula, in turn, is based on community preferences as mea-
sured by the SG, the TTO, or the VAS. The three most widely used instruments
are the Health Utilities Index (see term: Health Utilities Index), which is based on
SG measurements, the EuroQol EQ-5D (see term: EuroQol), which is based
on TTO measurements, and the Quality of Well-Being Scale (see term: Quality of
Well-Being Scale), which is based on VAS measurements.

Because utility measurement is relatively new, many existing data sets do not
contain utility data. However, they sometimes contain other data that can be
mapped into utilities as a second best approach. Mapping routines have been
proposed or are under development for the US Annual Health Interview Sur-
vey, the US National Health and Nutritional Examination Survey and the Short
Form 36.

When utility scores are measured on the conventional health utility scale
where dead = 0.0 and perfect health = 1.0, the scores are appropriate for calcu-
lating quality-adjusted life years and for use in cost-utility analysis.

IssuEs

There is considerable debate about whose preferences should count—those of
the informed general public (community preferences) or those of patients. For
program evaluation and funding decisions, the recommendation is that com-
munity preferences are the most relevant, although it is generally conceded that
patients’ preferences, if different, should also be investigated and discussed. For
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clinical decision making for an individual patient, the patient’s preferences of
that particular patient are the most relevant.

Different ways of measuring utility give different results. This is true both for
direct measurement (e.g., SG verus TTO) and for indirect measurements (e.g.,
HUI versus EQ-5D). This is a major concern because it makes it difficult to
compare across studies that use different methods. On the other hand, different
populations (different respondents) tend not to make much difference. This is
encouraging, because it suggests that utilities measured on one group (e.g., res-
idents of a particular city or province) can be applied to other groups (e.g.,
those elsewhere in the same country, or even those in other countries).
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Validity

Face Validity
Content Validity
Criterion Validity
Construct Validity
Structural Validity
Process Validity
Outcome Validity
Validation

BRIEF DEFINITION

Validity describes how well a measurement tool or economic evaluation allows
us to infer something about the true nature and value of the object or system
being considered.

EXPLANATION

As defined here, validity may refer to the measurement of data or economic
evaluations. Measurement is used to place a value on variables; economic evalu-
ation models are used to represent how costs and consequences of alternatives
are used in actual medical practice. Both are important in pharmacoeconomics
and outcomes research.

Validity in Measuring Data

Strictly speaking, validity is not a characteristic of a measurement tool; it is a char-
acteristic of the inferences that are made about the scores that the tool produced.
However, validity is commonly described as how well a tool measures what it says
it is going measure. Either way, one needs to consider the validity of the data pro-
duced within the context of the population and setting in which it is produced.
When an instrument appears to measure what it says it will measure to the
person being measured, it is said to have face validity. Face validity is used in sur-
vey research to describe how potential respondents view the questionnaire. Many
researchers consider this aspect of validity to be too vague and subjective and have
abandoned the concept. In contrast, expert opinion is used to determine whether
an instrument has content validity (i.e., the items in the questionnaire should
measure what they are designed to measure). Criterion validity may be tested
when the results obtained by one instrument can be verified through an indepen-
dent observation or another instrument that has already been validated. Con-
struct validity is the degree to which the instrument measures the underlying
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trait of interest. The underlying trait is usually latent (i.e., not observable). In out-
comes research, such traits include satisfaction and health status.

Validity in Economic Evaluations

Models are used in economic evaluations to represent real systems. The extent
to which a model does so may be described by several other validity terms. The
degree to which an evaluation contains the type of resource (input) variables
that represent usual medical practice for a given type of clinical setting is called
structural validity. The degree to which the evaluation models a series of clini-
cal interventions to show when and how the resources are used in a manner
that mirrors actual practice is process validity. In contrast, outcome validity is
the degree to which the estimated costs and consequences of the model agree
with the observed costs and consequences of actual practice. This may also be
described as predictive validity.

VALUE AND USE

Validity is an important characteristic of measurements and models used in
pharmacoeconomics and outcomes research. If the data used for decision making
are not measured appropriately or are not analyzed in models that represent
real systems, the risk of reaching inappropriate conclusions exists. The popular
adage “garbage in, garbage out” applies here.

Valid measurement is most difficult to determine when the variables are not
explicit. Latent traits such as knowledge, satisfaction, and health status are
important outcome measures that cannot be directly measured. Validity is most
frequently evaluated and discussed in the outcomes research literature where
the results of the development and adaptation of health status and satisfaction
questionnaires are presented.

The process of testing and assuring validity in an instrument is termed vali-
dation. There are a number of methods that can be used to evaluate the validity
of an instrument (see Bibliography listings for more information). In general,
content validity is always considered important since it involves the clinical sen-
sibility of the instrument. When developing an instrument to measure a partic-
ular aspect of HRQOL there may be little prior knowledge about the constructs
and dimensionality; in this case, assuring construct validity is very important.

IssuEs

Validity is not reliability. Reliability is the ability of a measurement tool to pro-
duce consistent scores when the same trait is measured several times. It is pos-
sible to get consistent, reliable scores from an instrument that is not valid.
However, to be valid, a measurement tool should be able to produce reliably
consistent scores (i.e., it should be reliable).

The traditional concept of validity in psychometric research has been criti-
cized and modified by several researchers (Pedhazur and Schmelkin 1991; Mes-
sick 1995).
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Because validity is not a property of the instrument itself, it is important to
perform a new validation process each time an instrument is used in a new set-
ting or population. While the instrument does not change, the meaning of the
scores in the new population may. Reports of efforts to adapt and translate
health status surveys into different languages and cultures provide an excellent
example of this principle.

Instruments are usually validated by a series of studies, not a single study.
When evaluating an instrument, researchers should look at the body of litera-
ture describing the populations and situations in which it was used and the
methods by which it was administered (e.g., written questionnaire, telephone
interview).

The bottom line is “good pharmacoeconomics research requires both valid
models and valid measurements.” If either the data measurement or the model
is not valid, the researcher risks reaching a false conclusion.
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Welfare Economics

Potential Pareto Improvement
Maximin Approach

Welfarist Approach
Extra-Welfarist Approach

BriErF DEFINITION

Welfare economics is the study of the well-being of members of a society as a
group and involves both normative and positive analysis. Economic analysis
cannot determine the objectives of society, but once those objectives are deter-
mined, it can shed light on the appropriateness of different policies as means of
achieving them. The types of policy which might be assessed in this way include
government taxation and expenditure, tariffs, and industrial organization. Wel-
fare economics provides the conceptual basis for economic evaluation tech-
niques such as cost-benefit analysis, which are used in the health sector (see
term: Cost-Benefit Analysis).

EXPLANATION

The economic consequences of policies are customarily assessed in terms of
efficiency and equity. Welfare economics has a normative basis since value judg-
ments are needed on how these terms should be measured and their relative
importance to society before any assessment of policy options can take place.
Two common value judgments in welfare economics are that social ranking of
policies should be based on the rankings of individuals, and that an individual
is the best judge of his or her own welfare. The subjective nature of this judg-
ment of personal welfare means that an individual can indicate preferences
between different situations, but it makes aggregate societal comparison of wel-
fare difficult. The only situation in which a change can be declared indisputably
beneficial is when at least one individual feels better off and all other people feel
no worse off (known to economists as the Pareto criterion). These conditions
are very restrictive and few policy changes can meet this criterion. A modified
form, was developed to widen its practical application. In the modified form, a
compensation test is applied to determine whether those gaining from a policy
change could compensate the losers to the extent that they no longer feel worse
off. If the gainers can do this and still feel better off after doing so, the change is
considered a potential Pareto improvement. The compensation does not have
to take place for the criterion to be met, which immediately raises the issue of
distribution of economic benefits.

Neoclassical microeconomics demonstrates that under certain assumptions,
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individual choice and competitive markets will produce a level and distribution
of welfare that cannot be improved using the Pareto principle. However, there
are many such allocations, each with different distributional implications, and
the Pareto criterion offers no means of choosing among them. To include con-
siderations of income distribution requires the adoption of a social welfare
function based on some ethical principle. Examples include the egalitarian
maximin approach, which ranks options on the basis of how much they give to
the least well-off in society. Use of willingness-to-pay (see term: Contingent Val-
uation) by beneficiaries as a method of judging the social value of a policy
assumes acceptance of the current distribution of income.

IssuEs

In health and health care policy, issues of equity have traditionally been seen as
important, and policymakers in all countries have been reluctant to leave health
care provision to the marketplace. The main reasons for this are a belief that the
asymmetry of information between consumers and providers prevents the
achievement of efficient output (often referred to as market failure), and that
ability-to-pay should not determine access to necessary health care.

The techniques of economic evaluation have been developed to help decision
makers compare the economic benefits of different policies in situations in
which the data observed from competitive markets do not provide a complete
measure of the social benefits and costs of policies (e.g., the benefits to the
whole population from immunization programs targeted at specific groups).
However, there are difficulties with the use of these techniques in the health
field because the main benefits of health policies—reduced mortality and mor-
bidity—are not easily expressed in monetary terms. The economic methods most
closely based on economic theory (e.g., cost-benefit analysis) may not be accepted
by other professional groups involved in health policymaking.

Economists now distinguish between welfarist approach and extra-welfarist
approach to evaluation in health care. The welfarist approach follows conven-
tional economic theory and takes account of the impact of policy on the total
welfare of individuals, not just that related directly to their health status. This
would take account of the costs (in time and inconvenience as well as money)
borne by patients in obtaining treatment as well as their financial benefits
from restoration of health. This requires the use of cost-benefit analysis with
nonfinancial benefits, such as the value of health per se, evaluated using con-
tingent valuation techniques such as willingness-to-pay (see term: Contingent
Valuation).

The extra-welfarist approach treats health-gain as the objective of health pol-
icy and ignores nonhealth-related factors. This allows the use of cost-effectiveness
analysis and cost-utility analysis to rank health projects with gains measured in
terms of life-year, quality-adjusted life year, or healthy-year equivalent, with
only the costs to the health system considered (see terms: Healthy-Year Equiva-
lent, Quality-Adjusted Life Year [QALY]). Conventionally, the assumption is
made that a unit of health gain accruing to any individual is worth the same to
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society. However, it is possible to introduce other value judgments by weighting
benefits to certain groups. (This is also possible in the welfarist approach if will-
ingness-to-pay is adjusted for ability-to-pay.) The two approaches may not pro-
duce the same result, as the policy that maximizes health gain—measured, for
example, by quality-adjusted life years—may not be the one that produces the
maximum welfare as perceived by the individuals affected.

Economic evaluation techniques are now routinely applied in health care
decisions, often without regard to their origins and limitations. Welfare eco-
nomics reminds us that all methods are based on value judgments and that the
use of a method implies acceptance of the values on which it is based.
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