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to evolve, so do the requirements and expectations of deci-

sion-makers regarding “proof” of the value of pharmaceuti-
cals. While some of the expectations have been transformed into
specific requirements in other countries (eg, Australia, Canada,
the United Kingdom), there are unwritten rules or expectations
created not by edict, but by the marketplace. Regardless of the
source of the incentive, it seems that greater efforts are being
made in terms of trying to demonstrate more fully the value of
pharmaceutical interventions.

It is important to remember that these evolving expectations
are in addition to, not replacements for, the well-established re-
quirements of safety and efficacy. Given that the basics of safety
and efficacy have not changed markedly, the only place to start
to understand the value of the drug is within the clinical trial
process.

Pharmaceutical companies are increasingly being called on to
document the value of their products, not only clinically, but
also in terms of economic and humanistic value. This value can
be measured via appropriate data collection and analysis tech-
niques. Information collected early in clinical trials regarding
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the impact of a new product on the healthcare system can help
determine its price and provide initial information to prospective
purchasers regarding the value this new product will have ver-
sus current therapy. Once a product is on the market, its value
must be continually assessed relative to its role in providing
comprehensive pharmaceutical care.

Pharmacoeconomic Versus Traditional Research

Pharmacoeconomic research methods can be used to place
value on therapies by identifying and measuring variables ex-
pected to be affected by healthcare interventions. Such research
asks: What happened to the patient after an intervention? What
impact did it have on the use of other healthcare resources?
What were the outcomes? Was the patient relieved of symp-
toms? Was a condition cured, an illness prevented, or functional
status restored? Until recently, such outcomes of medical care
received little research attention. There is a paucity of data re-
garding the outcomes of medical care, surgical procedures, and
behavioral interventions. Even diets generally are not thorough-
ly evaluated before they are incorporated into medical practice.
In fact, drugs are considered to be the best paradigm for clinical
outcomes in the United States because of the rigorous testing re-
quired for their approval.!

In order for a drug to be approved for marketing in the United
States, safety and efficacy must be demonstrated, usually by
presenting evidence from two adequate and well-controlled clini-
cal studies. This experimental model is well established; safety
and efficacy are critical factors to address, but that model, in
outcomes terms, is incomplete. To obtain a complete assessment
of the outcomes of healthcare procedures and treatments re-
quires scientific evaluation in three dimensions: clinical, eco-
nomic, and humanistic. Although economic and humanistic
measures are not currently required for approval of a drug by
the Food and Drug Administration (FDA), because of their man-
date to regulate the promotion of pharmaceutical products, the
FDA has demonstrated significant interest in the area. The FDA
Modernization Act (FDAMA) was passed in November 1997;
Section 114 became effective in February 1998. Section 114 cre-
ated a new standard for healthcare economic information requir-
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ing “competent and reliable scientific evidence” (as opposed to
data from adequate and well-controlled clinical trials) encom-
passing standards “widely accepted by experts in the relevant
fields.” The FDA has not yet published any formal guidance re-
garding Section 114. Health-related quality of life (HRQOL) is
separated from healthcare economics, and the agency is work-
ing on developing guidance in both areas. This may have signifi-
cant implications regarding how HRQOL and/or healthcare eco-
nomic information generated from trials (or elsewhere) can be
used in the United States. If the goal of incorporating pharma-
coeconomic variables into clinical trials is to use the information
via traditional means of promotion, the reader is encouraged to
visit the FDA’s Web site (www.fda.gov) to determine the current
status of FDAMA and other guidances that may impact how phar-
macoeconomic information can be used.

Additionally, committees making decisions on whether to in-
clude a drug in a health maintenance organization, hospital, or
other formulary are gaining an appreciation for the importance
of evaluating its use in the clinical, economic, and humanistic
dimensions. Increasingly, these formulary committees and other
purchasing groups are expecting pharmacoeconomic issues to be
addressed in a standard fashion prior to approval or inclusion
on the formulary.

How are the three dimensions of outcomes from pharma-
cotherapy measured? The clinical dimensions of safety and effica-
cy are evaluated during the drug development process in clinical
trials. The economic and humanistic dimensions of outcomes are
measured using research methodologies and data collection
techniques within and alongside the traditional drug develop-
ment process. Although the process of drug development has
been described elsewhere,? a brief overview of the process will
provide a better understanding of how and where pharmacoeco-
nomic research fits into the process.

Clinical Research: The Drug Development Process

After basic animal research has been conducted and the pre-
clinical studies have shown that a compound warrants further
testing, a pharmaceutical candidate is then tested in humans.



262 = Principles of Pharmacoeconomics

This process is divided into three study phases. In Phase I stud-
ies, the drug is tested in small numbers of healthy volunteers to
evaluate safety. If the drug appears safe, Phase II studies begin
in patients who have the disease for which the drug is expected
to be indicated. Phase II studies are designed to define initial ef-
ficacy parameters and optimal dosing of the drug using a small
number of patients in various controlled clinical trials. After the
demonstration of safety and initial efficacy, Phase III studies be-
gin in large numbers of patients in controlled trials. Phase II1
studies are conducted to gather additional evidence for specific in-
dications and usually are considered to be the pivotal safety and
efficacy studies that support a New Drug Application (NDA).

The results of these three phases of studies, along with preclini-
cal results, are compiled into an NDA or International Registra-
tion Dossier (IRD) and submitted to the FDA and other regulatory
agencies worldwide with requests for approval to market the drug.
While regulatory agencies are reviewing the data contained in
the NDA/IRD, most companies initiate Phase IIIB studies to
provide additional information regarding use of the drug. These
studies usually involve a large number of patients, with safety
and efficacy as major endpoints. They also address practical ques-
tions regarding the drug’s use in more realistic situations.

Although this traditional method of evaluating drugs via
safety and efficacy studies is well established, from an outcomes
measurement perspective, it is incomplete. Because of the con-
trolled nature of clinical trials, the safety and efficacy data ob-
tained are likely to only approximate the effectiveness of the
drug under real-world, or less-controlled, conditions. When con-
ducting and interpreting clinical trials, it must be kept in mind
that efficacy information indicates whether a drug can work un-
der controlled conditions; it is the effectiveness of a product that
is a measure of how the drug works in the real world, under av-
erage conditions created by, for example, nonadherence, use of
concomitant therapy, or lack of access to care. Results obtained
early in controlled trials may be compared and contrasted with
results from Phase IV studies, which may have fewer controls,
to determine the consistency of outcomes results. Pharmacoeco-
nomic researchers and evaluators must keep in mind that data
collected within any controlled study may not be representative
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of the drug effects experienced by all patients who take the
drug. Study design and the pharmacoeconomic methods used
will help to determine the degree to which data gathered will
approximate what might be observed in the healthcare setting.

The shifts that are now occurring in the basic foundation of
the medical care system necessitate incorporating pharmacoeco-
nomic research within the context of clinical trial research. This
chapter identifies issues and discusses considerations surround-
ing the incorporation of pharmacoeconomics into clinical trials.
Establishing a benchmark, design issues, instrument selection
and administration, data management, analysis and interpreta-
tion, and reporting of results are discussed.

Establishing a Benchmark

It is difficult to know whether a treatment has been success-
ful if the natural course (condition without treatment) of the dis-
ease is unknown. The absence of baseline information markedly
reduces the value of any information generated by the incorpo-
ration of pharmacoeconomics into an isolated clinical study
since there is no benchmark with which to compare the results.
Thus, it is crucial that a baseline be established before begin-
ning the clinical research. Early incorporation of epidemiologic
research and methods into the drug development and pharma-
coeconomic research plans will aid in the interpretation of later
study results. Epidemiologic research methods can be used to
identify the natural course of the disease and current treat-
ments, as well as provide information that will be useful in de-
termining the burden of the disease to patients, healthcare sys-
tems, and society.

Before developing the research plan, a thorough review of the
literature should be conducted. The literature search can be
generated via MEDLINE using typical clinical search terms.
Literature sources such as Social Science Abstracts, Internation-
al Pharmaceutical Abstracts, government documents, and other
databases also should be considered. However, not all informa-
tion desired will be found in the literature; knowledge gaps can
be identified from the literature review, providing a platform for
the researcher to expand.
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Identifying what is known about the condition and its current
treatments helps focus the research effort. Questions of interest
typically include: Who does the condition most affect? In what
ways? Who bears the burden of the illness? For example, asth-
ma may affect a child clinically and in terms of lost school days.
However, in an economic sense, it may also affect a working par-
ent or the parent’s employer. Likewise, Alzheimer’s disease has
tremendous economic and humanistic consequences on the care-
givers. Additionally, some diseases have no effective treatment,
and the healthcare system can provide only minimal care for the
patient. However, these conditions may incur costs outside of the
healthcare system. Depending on the perspective taken, those
costs may be as important as the costs incurred within the sys-
tem. For example, the cost of AIDS is great in terms of the mor-
bidity costs incurred outside of the healthcare system.

It is initially important to assess the humanistic factors affected
by the disease to capture the total burden of the illness and estab-
lish baseline information. Likewise, patient satisfaction with spe-
cific aspects of current treatments or interventions should be con-
sidered and measured. These baseline humanistic (satisfaction,
HRQOL) assessments may indicate the degree to which there is
room for improvement from the patient’s perspective. If baseline
scores indicate minimal dissatisfaction or impairment, it is unlike-
ly that an intervention will result in significant improvement in
satisfaction or HRQOL, assuming valid, reliable, and precise in-
struments are used. For example, migraine headaches have been
demonstrated to impact the quality of life of people who experi-
ence them compared with those who do not, even between
headaches.? The HRQOL impact of nausea and vomiting associat-
ed with highly emetogenic chemotherapy has been documented.*
Similar work has also shown that patients with osteoarthritis
have a worse HRQOL (and therefore room for improvement) than
those without that disease.” Baseline HRQOL assessment may in-
volve cross-sectional data collection or longitudinal collection.
Cross-sectional data collection provides a fingerprint of HRQOL at
one point, with patients reporting their health status during the
past week or month. Following a group of patients over time to col-
lect longitudinal data can provide information about changes in
health status during the measurement period.
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It also is valuable to establish baseline levels of resource use.
The basis for economic evaluation is an appropriate and com-
plete assessment of the resources being used as opposed to dol-
lars being spent. This is particularly true when collecting data
from multiple locations and within environments where costs
are subject to change. Resources used also represent, in part,
the processes of care involved in patient diagnoses and treat-
ment. Until recently, there have been only minimal attempts to
link such processes of care to patient outcomes. If resources are
limited, it is important for decision- and policy-makers to ensure
that providers are using resources efficiently and effectively. If it
is not known what or how much is being used to achieve an end-
point, it is impossible to know whether efficiencies are being at-
tained. As resource use comes under greater scrutiny, it becomes
more important to know what resources are involved in treating
a condition to make proper use of the existing resources and en-
sure that new treatments are properly framed.

Although prospective studies may be required to capture the
baseline data, there are other sources to consider. Some of these
sources include patient diaries, government surveys, and medi-
cal charts. These sources can be used to conduct longitudinal
studies to capture resource use over time. Various databases ex-
ist that can provide some information regarding resources used
to treat conditions. These databases exist because many health-
care providers, including health maintenance organizations,
have been paid based on the resources they use, so there is an
incentive to provide such data. However, administrative
databases do have shortcomings since they were not designed to
provide complete outcomes information; they were designed to
pay claims. If the condition is clearly and easily defined by a dis-
ease or treatment computer code, claims databases may provide
information regarding the processes of care. However, medical
claims data should never be assumed to be accurate. Appropri-
ate validation techniques should be used to demonstrate the ac-
curacy of the claims.

The importance of establishing appropriate and rigorous bench-
marks for pharmacoeconomic assessment cannot be overstated.
The management of outcomes is dependent on the ability to mea-
sure them, and measurement must have a frame of reference.



266 m Principles of Pharmacoeconomics

Study Design
RATIONALE

After benchmarks have been established, the next critical
step is to incorporate pharmacoeconomic parameters into clini-
cal trials. The goal of this step is to provide data that will
demonstrate the value of the product or intervention from vari-
ous perspectives. Pharmacoeconomic research attempts to an-
swer the “so what” question to the observed clinical change; that
is, it documents the economic and humanistic consequences of
pharmacotherapy. Ideally, pharmacoeconomic and clinical study
plans should be developed in tandem. The degree of pharma-
coeconomic involvement will most likely be a function of the
phase of research in which the study is being conducted, the
clinical study design, the condition of interest, and the informa-
tion gathered at baseline regarding the condition and its im-
pact. Key questions to address include:

1. What is the primary purpose of the study?

2. Are economic and HRQOL measures of primary or sec-

ondary importance?

3. Why does this study need to be conducted? (eg, support reg-

istration, clinical experience)

The process defined to address these questions should be clear
and transparent so that potential issues surrounding study de-
sign or bias are easily addressed.

OBJECTIVES

The pharmacoeconomic research question(s) should be de-
fined in consideration of the clinical research question(s) raised.
The questions should be clearly stated so that the study can be
designed to answer the questions. Pharmacoeconomic research
may be incorporated into a clinical trial as a secondary or pri-
mary objective. For example, if the study is a pivotal Phase III
trial in which the primary goal is to measure safety and efficacy
for an NDA/IRD submission, pharmacoeconomics may be con-
sidered as an “add on,” and it is unlikely that the study will be
(or should be) extensively modified to make it more appropriate
for a pharmacoeconomics study.® On the other hand, a Phase
ITIB or Phase IV study, with the primary intent of measuring
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HRQOL or resource use in a general population with the condi-
tion under consideration, should be designed with the objective
of answering a pharmacoeconomic question. Having a study de-
signed primarily to collect pharmacoeconomic parameters does
not mean that safety and efficacy are ignored; clinical data must
be collected to associate resource use and HRQOL changes with
the clinical response.

DESIGN ISSUES

The pharmacoeconomic endpoints should be clearly identified
in the protocol. The protocol should be closely adhered to, and
standard precautions should be taken to minimize potential bi-
ases or systematic error that may lead to erroneous conclusions.
If the major purpose for conducting the study is to assess phar-
macoeconomic changes with treatment, then completion of base-
line pharmacoeconomic evaluations also should be part of the
protocol’s inclusion criteria.

When designing pharmacoeconomic studies, it is critical to
adhere to sound scientific principles. Randomized controlled tri-
als are generally considered to provide the strongest level of evi-
dence of efficacy. Hence, clinical trials, especially those intended
to be part of an NDA or supplemental NDA (sNDA) are typical-
ly randomized, double-blind, and placebo-controlled. However,
other study designs (observational, pretest/posttest, modeling)
may be better suited for evaluating a pharmacoeconomic ques-
tion, where blinding may mask the actual use of resources or
the impact of a means of drug administration on HRQOL. Ob-
servational studies are sometimes used by health services re-
searchers if the goal is to evaluate resource use in a realistic set-
ting for various populations using one intervention or another.
The results must be interpreted cautiously and should not be
viewed in isolation.

If resource use assessments are incorporated into the study,
the perspective (eg, patient, society, employer) must be identi-
fied as well. Several perspectives may be of interest. As the
healthcare system undergoes further shifts, some perspectives
will no doubt be of greater interest than others. Clearly, society
and patient perspectives are of interest because, as a society,
certain types of healthcare resources, such as vaccinations, are
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highly valued, in part because of their external benefits. Third-
party payer perspectives are of interest because of the decision-
making power that they have in the current healthcare system.

It is difficult to collect resource use and other economic data
that are representative of realistic situations in a clinical study
designed primarily to assess safety and efficacy. This is particu-
larly true for chronic conditions, such as hypertension, or stud-
ies designed to prevent disease that use intermediate outcomes
as endpoints (cholesterol-lowering studies designed to reduce
the incidence of coronary artery disease or studies on prevent-
ing the sequelae of osteoporosis). On the other hand, some clini-
cal trials of acute conditions may very closely mimic reality (eg,
treatment of sepsis). The researcher must be aware of the ex-
tent of the limits imposed by the clinical trial design and docu-
ment them in subsequent publications or presentations.

Likewise, the extent to which humanistic data collected in
controlled clinical trials are indicative of expectations in the
true population of patients is a function of the type of patients
enrolled in the trial and whether the study design reflects a re-
alistic use of the drug. For example, an antihypertensive clinical
trial may include only individuals with mild to moderate hyper-
tension and exclude those with other preexisting conditions.
Conversely, a study of migraine with strict enrollment criteria
may enroll only patients with the most severe symptoms. The
patients participating in a clinical trial may serve as a proxy or
may provide an indication of what to expect in future use out-
side of trial conditions. If mildly affected patients show some im-
provement, one might expect to see larger improvements in pa-
tients affected more severely. If the intervention is linked with
the improvement, results will indicate what aspects (economic
or humanistic) have changed; this can be predictive of the ex-
pected results of future studies. The results from pharmacoeco-
nomic evaluations in early clinical trials will allow for more fo-
cused research in later studies.

SAMPLE SIZE

In planning the design of a study, it is essential to determine
the appropriate sample size. Sample size may be a function of
efficacy parameters, specific HRQOL parameters, or economic
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parameters. If pharmacoeconomics is the primary objective of
the study, the sample size should be estimated based on changes
expected in those parameters. Currently, there is little informa-
tion about sample size based on pharmacoeconomic parameters.
Norms for the SF-36 Health Survey scales in the general United
States population have been published by age and gender.”
However, until more information becomes available, pilot stud-
ies with pharmacoeconomic parameters, or previous trials, also
may provide useful data. As an alternative, clinical parameters
may be used to generate sample sizes; however, such an ap-
proach does not guarantee an appropriate estimate. For exam-
ple, the number of subjects needed to show a clinical difference
in asthma treatment might be 40 based on forced expiratory
volume in one second; however, a cost-effectiveness study might
require 140 subjects if the power calculation is based on the ex-
pected difference in number of emergency department visits.
Post hoc power calculations will provide support for future stud-
ies. Additionally, in cases where pharmacoeconomic measures
were not used to estimate sample size, sensitivity analysis
should be used to place the results obtained from a study in
proper perspective.

INSTRUMENT SELECTION

Selection and design of the data collection instrument is anoth-
er important aspect of this research plan. Recognizing the symp-
tomatology of the condition and how the population is affected
will enable the researcher to select or create an instrument to
measure how an intervention might lessen the economic and hu-
manistic burden of the condition in question. Instrument choice
is critical. If HRQOL measures are to be included, the condition
in question will be the determinant of whether a disease-specific
instrument is required. If no appropriate instrument exists, an
existing instrument may have to be modified or a new instru-
ment designed. If it is not clear whether a disease-specific
HRQOL instrument is needed, it is better to err on the conser-
vative side and use one. A feasible approach is to use a stan-
dardized, validated core instrument to collect HRQOL mea-
sures, with customized additions to address the specific consid-
erations warranted by the condition under study.
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The issues of validity, reliability, and instrument sensitivity
should be considered before an instrument is selected for use in
baseline measurement and in a clinical trial. It is certainly pos-
sible to use a new instrument in a clinical trial without previous
knowledge of its validity or reliability; however, the risk the re-
searcher takes is that, after the fact, the instrument may be
shown to lack those desired properties. Before using an instru-
ment in a controlled trial, if possible, one should consider con-
ducting a pilot test to verify that it is valid, reliable, and sensi-
tive. If time does not permit it, one needs to consider the risks
involved in ending up with data that are not usable.® Resource
utilization questionnaires also should be carefully developed and
tested prior to use within a clinical trial. Data to be collected di-
rectly from patients by use of these instruments require special
considerations. Some points to consider before any instrument is
selected are literacy and translation of clinical terms into lan-
guage that the patients will understand. The number of items one
intends to include will be a function of the disease of interest.

Proper administration of the data collection instruments also
is important. The protocol should specify how data will be collect-
ed, who will collect them, the specific time(s) during the study
that data will be collected, and who will provide the information.
Investigators need to be informed of their responsibilities in pro-
viding and/or collecting data. Anticipating these questions and
addressing them before data collection starts is important to the
success of the data collection and, therefore, the study results.

Selection of investigators is another important consideration
that affects the success of the study. The number of sites involved
in a study may vary. Increasing the number of sites increases the
potential complications from a management perspective. Howev-
er, multiple sites are often needed so that sufficient numbers of
patients can be enrolled within a reasonable time frame.

If the patient is the main source of pharmacoeconomic infor-
mation, the burden placed on the patient needs to be consid-
ered. Most patients will not object to providing information;
however, if the patients are going to be asked to provide infor-
mation, they must be notified via informed consent. Patients
should be told how much is expected of them, what they are to
do, who will answer their questions, and other facts about the
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study and its effect on them. These issues must be clearly stated
in the patient consent form.

Data Management
DATA COLLECTION

In most traditional clinical trials, data are collected in the
practitioner’s office, hospital, or clinic. Since the physician is
usually the investigator and may be making decisions about
clinical efficacy, this method is appropriate. Pharmacoeconomic
data are frequently, but not always, collected from the patient.
Knowledge of the disease helps indicate who can provide the
most reliable information about its burden. The patient and the
physician are often respondents of choice. However, if the trial
involves children, elderly people with cognitive dysfunction, or
patients with other mental impairment, the patient may not be
the most ideal source of information. Rather, caregivers or par-
ents may be more appropriate respondents.

There are also trade-offs between asking for information at
the healthcare provider’s site (eg, office, pharmacy) versus col-
lecting it at home. Collecting data at the provider’s office means
that pharmacoeconomic data are collected at the same time that
clinical data are collected. If questionnaires are completed at
home, the ability to link the response with a clinical response
may be a bit more difficult. On the other hand, patients or care-
givers may feel rushed at the provider’s site, especially if they
are asked to provide additional information during the visit.
The likelihood of obtaining complete responses is higher if the
data collection forms are completed before the patient leaves the
site, and the completeness can be checked by the investigator or
another staff member. Also, if questions arise, someone is close
by to answer them.

Another potential concern of asking questions at the provider’s
site is that the patient or caregiver may respond in the manner
they think will please the provider as opposed to how they real-
ly feel. The issue of social response bias should not be ignored,
but it should be kept in perspective. It is, in part, a function of
what questions are being posed. If patient satisfaction with the
provider is the issue, a social response is of concern. But if the
questions focus on the patient’s ability to work or attend school,



272 = Principles of Pharmacoeconomics

response bias may not be as significant. Response bias is not
limited to a physician’s office; it also could occur in a home
where a spouse may coach a patient as to the “right” responses.

Social response bias may be reduced by changing the data
collection medium. A personal interview in a waiting room is not
likely to generate any information that the patient considers
confidential. Patient self-report via a paper-and-pencil format or
computer may provide a better sense of security. There is no
generally agreed-upon means to collect such data, as each
method has its pros and cons, but whatever method is used, it is
important to be consistent across all patients and throughout
the study. For example, the SF-36 Health Survey, a commonly
used, validated instrument, consistently generates higher scores
when data are collected over the telephone as opposed to a pa-
per-and-pencil completion.? If change over time is of interest,
consistent use of one approach is most appropriate.

FREQUENCY OF DATA COLLECTION

How often should pharmacoeconomic data be collected? If
change is to be measured, a baseline and final assessment are
required, at a minimum. Additional data collection points will
be a function of the trial design and the condition being evaluat-
ed. When making the frequency decision, one should consider
the pattern of intervention, and whether measures can be con-
centrated on where the maximum response to treatment is ex-
pected. Distinguishing between early and late effects of an in-
tervention may be useful. The frequency with which data are to
be collected should be stated in the protocol. Conservative esti-
mates are recommended as data can always be aggregated, but
cannot be disaggregated any finer than the original data collec-
tion points. Patient burden should also be considered when
making these decisions. For an acute treatment, a baseline and
final assessment may be appropriate; for a long-term trial, more
frequent measures may be necessary to reduce the time period
for which patients are asked to recall drug effects.

DATA ENTRY

Proper procedures must be in place to ensure that data being
analyzed are of acceptable quality. As with most studies, expect-
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ed problems in the analysis of such data will surround missing
data, multiple responses to single-item questions, illegible
items, and stray marks. As the data proceed through data entry,
quality assurance, and quality control, procedures such as how
missing data are to be handled should be identified and then ad-
hered to scrupulously. A code book should be developed address-
ing each variable to be entered and decisions made beforehand
on how to deal with likely problems. When new problems arise
with data entry (and they will), decide the response, be consis-
tent, and note it in the code book.

In the case of HRQOL analysis where several items may com-
prise a scale, it will be important to state at what point missing
items will negate the use of an observation. In the case of eco-
nomic data, missing items may reduce the usable sample size.
Lack of critical demographic information may mean that work
status cannot be identified. Missing data can be minimized by
using appropriate questionnaires that are easy to complete with
minimal burden on the patient or caregiver.

Analysis and Interpretation

An analysis plan also should be developed and either stated
in the protocol or maintained as a separate document. The data
analysis methods included in the statistical section of the proto-
col will be dictated by the types of data collected. Variables
should be identified that are hypothesized to change over time.
As is the case for the clinical component of many studies, a sin-
gle variable may not suffice as “the answer” for a pharmacoeco-
nomic study. Therefore, primary and secondary measures should
be identified. The more measures identified to be of primary im-
portance, the larger the sample size needed and the greater the
likelihood of having one measure reach statistical significance due
to chance. In the case of resource use, variables of interest may be
length of hospital stay or intensity of resource use.

Economic variables need to be evaluated as was determined be-
fore the study started. In the case of HRQOL measures, an index,
a profile, or a battery of measures may be primary variables. If
HRQOL is evaluated via a standard instrument, the instrument
should be scored according to the developer’s instructions. Multi-
ple analyses of data not specified or planned for in the original
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study protocol will have less impact (seen as data dredging)
than prespecified analyses, unless it is a pilot study intended to
generate hypotheses as opposed to testing hypotheses.

The patients to be included in the analysis need to be identi-
fied. In some cases, the intent-to-treat sample is the appropriate
choice. This typically includes all patients enrolled in the study,
whether or not they actually followed the protocol, who received
at least one dose of study medication. The intent-to-treat analy-
sis is considered to most closely reflect actual use of a drug. Not
everyone is adherent, and not every patient provides data for all
collection points. Another option is to analyze only patients who
completed the study per protocol. This subgroup may be of inter-
est if HRQOL of an intervention is being evaluated (eg, there is
interest in evaluating only patients who took the drug properly).
Analysis of both intent-to-treat and per-protocol groups and a
comment on the similarities and differences also is an option,
but it is more time consuming.

There are a variety of methods by which pharmacoeconomic
data may be analyzed. Clearly, which analytic method to use
will be a function of what level of data is collected (eg, nominal,
ordinal, interval), its distributional properties, and the number
of time points at which data are collected (cross-sectional or lon-
gitudinal). Direct comparisons, trends, percent successes, sur-
vival analyses, repeated measures, and multivariate analyses
all have been used. Whichever method is chosen, it should be stat-
ed and justified in the protocol. In general, it is best to keep the
analysis as simple as possible. Results should be reported in un-
weighted averages, in standard form. If HRQOL is measured us-
ing a profile, each dimension should be reported separately. Treat-
ment groups should be separated and analyzed by treatment.

Potential confounders of data also need to be considered. Be-
fore one can attribute an effect to a specific intervention, it is
important to minimize the likelihood of that effect being due to
other variables. Randomization into groups, control groups, ade-
quate sample sizes, and appropriate control of baseline parame-
ters help to minimize confounding.

Uncertainty can be addressed in two ways. Statistical meth-
ods can be used to address uncertainty that may be due to sam-
pling techniques.
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Sensitivity analysis can be used to address uncertainty due to
lack of knowledge. Sensitivity analyses ask “What if?” and test
the robustness of the data. When assumptions are made about
certain parameters, sensitivity analysis quantifies how comfort-
able one can be with those assumptions. For example, there is
no general agreement on the precise discount rate that should
be used to discount future healthcare benefits or costs. Since the
precise rate is unknown, it is reasonable to test study results
with a low, high, and middle value. If study results vary widely,
one can have less confidence in any single set of results. Sensi-
tivity analysis can demonstrate the dependence of a conclusion
on a certain assumption or that an assumption does not affect
results significantly. It also can be used to establish a minimum
or maximum value that a variable must possess for study re-
sults to be positive.

If the study is multinational, cross-cultural differences must
be considered. Before clinical data such as blood pressure and
laboratory values can be pooled for analysis, the data must be
evaluated for homogeneity. In the same vein, neither HRQOL
nor economic data should be pooled without cultural and homo-
geneity issues being taken into consideration. There may be
substantial differences in HRQOL responses across cultures.!*-2
Thus, instruments need to be translated to ensure linguistic
and conceptual equivalence. From an economic perspective, dif-
ferent countries may have different pricing policies, and the de-
cision as to what monetary value to use is not always clear. It
may be simpler to express economic evaluations in terms of re-
sources used rather than in monetary increments, although
some researchers have attempted to estimate country-specific
cost-effectiveness from multinational trials.'>'* Despite attempts
to control for various parameters, differences may still exist and,
in those cases, data should not be aggregated.

Reporting the Results

When reporting pharmacoeconomic data that were collected
in clinical trials, it is useful to keep the presentation simple. If
the initial questions asked were clearly stated, such an ap-
proach is realistic. One should avoid discussions of individual
patients; rather, summary measures should be used to discuss
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the differences between treatments over time. One should be
aware of potential censoring of HRQOL or economic results by
death and/or early dropouts. For example, if patients in an os-
teoarthritis trial who do not experience pain relief are dropped
from the study because the treatment is considered a failure,
these patients may be using significantly more resources than
subjects who are doing well and are still in the study. If the pa-
tients in whom treatment fails are lost to follow-up, it will be
very difficult to trace the real impact of treatment due to limited
knowledge of what happens to people in whom the treatment
does not work. Likewise, the value of treatment may be under-
estimated if the patients in the placebo group are dropping out.
The components of variance should be discussed and sensitivity
analyses should be conducted so the reader can have an idea of
the robustness of the data.

Conclusions

The decision to incorporate pharmacoeconomic parameters
into a clinical trial depends on the healthcare environment and
what information is being requested to make rational decisions
about healthcare choices. Some regulatory agencies require and
others are considering requiring economic information as a com-
ponent of the drug approval and/or reimbursement process. Just
as resource availability may limit a pharmaceutical company’s
ability to develop all of the potential drugs it has in its pipeline,
resources also may limit the extent to which pharmacoeco-
nomics will be incorporated into specific drug development pro-
grams. Realistically, some pharmaceutical products and health-
care interventions will be in greater need of pharmacoeconomic
support than others. For example, drugs that are expected to be
used for chronic conditions, to palliate symptoms, or slow the
spread of an illness, but not cure it, are more likely to generate
queries regarding their pharmacoeconomic benefit than a drug
that cures an acute condition. Marketplace competition and de-
mands also play roles in the decision. If a company plans to en-
ter a market in which a number of similar drugs already exists,
it may be sufficient to compete only on the basis of price as long
as equal efficacy and safety can be demonstrated. HRQOL stud-
ies may be of interest only if there is a reason to suggest a differ-
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ence in the adverse effects or functional status as a result of the
intervention.

Pharmacoeconomics is a valuable tool used for making
rational choices about pharmaceutical care interventions. Data
can be collected in controlled trials before a drug has been ap-
proved, and such data can be very useful as long as certain
caveats are acknowledged. Whatever pharmacoeconomic assess-
ment is chosen, it is imperative that all aspects of the study be
transparent and able to stand the tests of reproducibility and
appropriate criticism.
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