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ABSTRACT
This study examined the optimization of formulary decisions concerning the
selection of therapeutic options for reimbursement. It sought to identify an appropriate
procedure to facilitate formulary decision making and guide healthcare policy in
satisfying multiple therapeutic objectives representing an acceptable level of healthcare

outcomes to be achieved with respect to the values and preferences of stakeholders.

Multiattribute decomposition measurement and goal-programming methods were
combined to optimize the selection of antiretroviral agents used in the treatment of HIV-1
infection. The case study method employed focused specifically on the antiretroviral
treatment of an asymptomatic, treatment-naive HIV infected population with regard to
the achievement of defined therapeutic objectives, and subject to clinical management

decision constraints.

The research questions were studied through the development and validation of a
goal programming formulary decision model specific to the selection of evidence-based
antiretroviral pharmacotherapy aimed at optimizing health outcomes through formulary
reimbursement policies. The optimization of health outcomes was defined in terms of

maximizing the achievement of therapeutic objectives.

This study identified an optimal formulary selection reimbursement policy,
determined its corresponding funding requirements, and quantified the tradeoffs made in
defining the patient-specific optimal therapeutic selection under conditions of

unrestricted cost-based reimbursement.



The study also examined the potential impact of restricted drug formulary
reimbursement policies on the maximal achievement of therapeutic objectives and related
health outcomes by quantifying the magnitude and extent of tradeoffs required to
compensate for shifting optimal solutions when progressively restricted cost-based

constraints on reimbursement were introduced.
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CHAPTER 1

INTRODUCTION

Over the past 10 years, annual provincial drug benefit plan cost increases have
averaged 18% per year while private sector drug plans have been reporting cost increases
averaging 15% annually, far in excess of changes in the consumer price-index. '2 Johnson
and Bootman (1994) suggest that the greatest challenge of the next decade will be making
the best use of limited available resources to attain the highest quality healthcare for the
lowest cost. In the struggle to control the rapidly escalating costs of drug benefit plans,
drug plan sponsors have increasingly been forced to implement a variety of cost-control
measures in administering and designing drug benefit plans. One principal method of
controlling drug benefit plan costs has been the implementation of restricted formularies
which are essentially lists of pharmaceutical products that a given health benefit plan will
choose to reimburse plan enrollees for the treatment of specific conditions based on their

therapeutic value and cost. >*

According to McElwain (1993), the major points of contention concerning the
implementation of formularies relate to their impact on the quality of patient care and
total healthcare costs. Rucker and Schiff (1990) advocate that paramount of the
organizing principles of a drug formulary is to “maximize cost-effectiveness and benefits
by excluding more expensive agents when possible, without compromising patient care.”
However, an examination of the literature reveals that the implementation of these
restrictive policies has often resulted in paradoxical consequences. While costs associated

with the drug plan may in fact decline, unintended negative effects on the achievement of



optimal patient health outcomes, as well as increased total health care costs and increased

stakeholder dissatisfaction often result.’

Skaar, Oki, and Elenbaas (1992) and Dunne and Soberman (1993) concur that
such problems most often are the result of using inadequate decision criteria to support
formulary decisions by largely ignoring the benefit profiles of competing drug therapies.
Government and private sector third-party payers, and their benefit consultants focusing
their formulary design efforts on minimizing drug benefit plan costs is a recurrent theme
in the literature.® The focus on drug cost often causes formulary decision-makers to
eliminate or not list costly, new drug therapies irrespective of the long-term benefits they
provide. Brogan (1993) suggests that comparative evaluations of alternate drug therapies
that consider drug benefits must be incorporated into formulary decisions to ensure wise

spending of healthcare dollars.

In this context, formulary decisions are generally treated as a drug selection
problem in which the decision makers essentially rank and select the drugs for formulary
reimbursement based on the highest multiattribute ranking which will contribute the most
to minimizing the cost of the drug plan. In this scenario, the principal obj ective consists
of minimizing the drug plan costs, with the contributory variable of drug costs being so
heavily weighted that the clinical benefit profiles that differentiate the alternative drugs
are virtually ignored. However, in a comprehensive review of pharmacoeconomic
assessment techniques, Bootman, Townsend and McGhan (1991), and Freund and Dittus
(1992) clearly identify the principle limitation of cost-minimization analysis in its
fundamental assumption that only alternative drug therapies of equal benefit can be

properly evaluated using this technique. In reality, drugs in a given therapeutic class



being evaluated for inclusion in formularies are frequently not of equal benefit.
Consequently, this fundamental assumption in cost-minimization analysis with respect to
formulary design is almost always violated, rendering this type of analysis inadequate to

support formulary design processes and drug selection decisions.

Rucker and Schiff (1990) assert that the application of a carefully designed
formulary theoretically provides the foundation for guiding clinicians in choosing the
safest, most-effective agents for treating particular medical problems. They suggest that
the objective of drug formularies should be the promotion of rational drug therapy that
minimizes social cost through the maximization of cost-effectiveness and health benefits
without compromising patient care. While this notion is generally accepted in theory, its

real world promise has yet to be realized.

If maximizing cost-effectiveness of a formulary relates to deriving the maximal
health outcome benefits for a given level of resources, four observations can be made.
The first relates to the notion that any given formulary should satisfy at least one
therapeutic objective such that resulting health outcomes achieve an acceptable level of
healthcare. The second relates to the reality that health care decisions are almost always
characterized by multiple therapeutic objectives. The third observation relates to the fact
that stakeholder preferences, whether patient, physician, or formulary decision maker,
vary across each of these distinct attributes. The fourth and final observation highlights
the linear relationship between health outcomes and health expenditures alluded to in
Montague et al (1997), where health care expenditures are limited and act as a constraint

rather than as sole measure of a formulary’s effectiveness.



This study approaches the formulary drug selection problem as a multiple criteria
decision making problem, where an appropriate and comprehensive decision analytic
framework is developed to optimize the achievement of multiple therapeutic objectives
subject to budgetary constraints. In setting objective levels of particular decision
attributes such that they contribute to the realistic achievement of defined goals, the

preferences of stakeholders in the formulary decision process must be taken into account.

This study necessitates that a decision framework be developed and tailored to
the specific complexities inherent in a particular therapeutic/disease scenario. For the
purposes of this study, the antiretroviral drug therapy class used in managing HIV
infection has been selected. The HIV antiretroviral drug therapy class provides an
interesting case study in which to study and evaluate the proposed formulary design
framework that forms the basis of this research because of the recent convergence of
drug-plan cost expansion and critical health-outcomes maximization issues. However, it
is thought that the general approach in developing the formulary decision framework

could be adapted and applied to other therapeutic areas.

Until recently there were very few therapeutic options available to people living
with HIV/AIDS and the efficacy of the available agents as well as the knowledge to
clinically manage this disease was extremely limited. However, since 1996 a number of
new therapeutic agents, including protease inhibitors, have been made available in
Canada and abroad to these individuals with generally very positive results leading to
decreased morbidity and mortality, as well as hospitalizations.7 Despite rising reports of
HIV infection, disease progression to AIDS has leveled off in the period 1993-1995, and

has shown a decline in 1996 for the first time in Canada. Additionally a 20-30% decline



in deaths attributable to AIDS has been reported. Health Canada attributes these
dynamics to the effect of new therapeutic and prophylactic regimens, and improved

overall management of persons living with HIV 2

However the provision of these agents and their appropriate management to
achieve the desired health outcomes for a growing population is very costly. In fact
Highleyman (1997) sites numerous U.S. studies which demonstrate a two to three fold
increase in HIV antiretroviral drug plan costs as patients make more extensive use of new
combination drug regimens. In Canada, given the catastrophic nature of HIV disease,
antiretroviral therapy is largely subsidized or provided free to a rapidly growing afflicted

patient base by provincial drug plans with little or no restriction.

However, a number of factors are diminishing the financial ability of drug benefit
programs to sustain the current level of benefits and could cause the optimal allocation of
limited health care resources in this area to become increasingly important in the very
near future. These factors include an expanding treatment-seeking patient base, numerous
new and expensive antiretroviral agents coming to market, and increasingly complex and

costly drug regimens being advocated by treatment experts.

In seeking to support appropriate prescribing, the primary objective of this study
was to identify the optimal formulary drug selection solution or policy to optimize
therapeutic objectives and related health outcomes with respect to antiretroviral agents
used in the initial treatment of asymptomatic, treatment naive persons infected with HIV.

This objective was achieved through the formulation and solution of a weighted goal-



programming formulary design model specific to the selection of evidence-based

antiretroviral pharmacotherapy combinations.

A secondary objective of this study was aimed at identifying and quantifying the
impact of cost-based restricted reimbursement policies on the optimal selection of
antiretroviral agents used in the treatment of HIV as well as the potential consequences of

such policies with respect to the achievement of optimal health outcomes.

This study is organized as follows. The next two chapters review formulary
decision making, and the use of HIV antiretroviral therapies. Chapter 4 presents the
research questions, and the decision problem studied. Chapters 5 presents the experiment
and methods supporting the formulation of the goal programming model utilized in
structuring and solving the decision problem. Chapter 6 analyses and discusses the results
of the experiment. The conclusion and suggestions for further research are presented in

Chapter 7.



CHAPTER 2

FORMULARY DEVELOPMENT AND DECISION MAKING

Formulary development is the process by which a formulary, a preferred list of
drug products reimbursed by a particular drug benefit plan, is constructed and
continuously revised to reflect improvements in available marketed therapies based on
clinical experience and scientific data.’ The application of a carefully designed formulary
theoretically provides the foundation for guiding clinicians in choosing the safest, most
effective agents for treating particular medical problems.lo The concept and use of drug

formularies in fostering rational prescribing can be traced back several centuries.'!

Historically, formularies have been used in a hospital setting to improve
prescribing behavior by directing prescribing to the drugs selected by a pharmacy and
therapeutics (P&T) committee or the medical staff !%!3 However, the formulary concept
has expanded beyond institutions to include managed healthcare groups and government
sponsored drug programs such as Medicaid in the United States and the provincial drug

. . . . 4
plans in Canada as a principal method of cost-containment,'*!>16:17:18

In Canada, provincial governments, on behalf of their beneficiaries, represent the
largest purchasers of drug products and nearly all employ formularies in identifying
which drugs will be reimbursed for their respective eligible populations. As such,
decisions regarding drug reimbursement through formulary drug selection are made at the
provincial level by independent review committees that advise their respective Ministries

of Health regarding the addition or deletion of formulary items. 19



Whether in the government or private sector setting, drug selection in formulary
development, like other healthcare resource allocation decisions, is complex because
formulary decision makers must simultaneously achieve multiple quality and cost-
containment objectives in an environment of competing interests with limited
information, resources and ability to analyze the complex environment.?%?' Further
complications and controversy stem from the fact that associated costs and benefits are
not generally expressed in terms of dollar figures or program budgets. Instead, the real
costs of healthcare interventions are viewed as the opportunity costs in terms of the health
outcomes achievable from other programs foregone by committing resources to the
programs or interventions in question. In other words, the lives saved and diseases cured
must be comparatively evaluated against the lives that could have been saved and the

diseases that could have been cured had the resources been allocated differently.??

2.1 DRUG FORMULARY OBJECTIVES AND RESTRICTIONS

As an effective cost-control measure, the formulary’s primary purpose is to direct
prescribing behavior towards improving therapeutic outcomes, while controlling costs.”
It is important, however, to distinguish between quality and cost objectives as the raison
d’étre of a formulary. In trying to respect fixed drug budgets, P&T committee members
often focus on their cost-cutting objectives, resulting in confusion about the primary
purpose of their formulary, and increased antagonism and resistance between those

making formulary decisions and those clinicians and patients bound by them.?*

Rucker and Schiff (1990) identify the basic objectives and operational

requirements of an effective formulary (outlined in Table 1). Their basic objectives 3 and



4, as well as their operational requirements 2, 3, and 4 reflect some of the basic rationale

and methods of restricting formularies.

Table 1: Characteristics of an Effective Formulary

Basic Objectives:

Specify drugs of choice as determined by relative safety and efficacy.

Include second-line alternatives in categories where needed

Minimize therapeutic redundancy by excluding superfluous/inferior preparations.
Maximize cost effectiveness and benefits by excluding more expensive agents when
possible without compromising patient care

Bwn

Operational Requirements:

1. Content and procedures determined by representative group of knowledgeable
physicians and pharmacists

2. Deletion/addition decisions based on criteria consistent with scientific information
that supports basic objectives

3. Newly marketed products added when evidence of unique therapeutic contribution is
accumulated.

4. Non-formulary orders permitted only under well-controlled protocol.

5. Communication methods support user productivity and understanding.

6. Adequate administrative support.

Adapted from Rucker T.D., Schiff G. (1990). Drug Formularies: Myths-in-Formation. Medical Care,
Vol .28, No.10, p.929.

The more drugs are excluded for reimbursement, the more ‘restricted’ the
formulary. Whether aimed at cost containment or directing prescribing behavior, the
resulting impacts of formulary restrictions and their associated methods of restriction
have become the subject of increasing scrutiny and controversy. For a formulary
restriction to be considered cost effective, the total healthcare costs of treating patients,
including hospitalization and other medical services, after the exclusion should be less
than the total cost of the patient treatment mix prior to the restriction. An extensive and
growing international literature questions the effectiveness of restricted drug formularies
both as a means of containing drug and/or overall healthcare costs and in promoting

optimum patient care. 2




Rucker and Schiff’s fourth basic objective relates to maximizing cost-
effectiveness, a frequently recurring theme in the formulary literature. Doubilet,
Weinstein, and McNeil (1986), however question the precise definition of “cost
effectiveness” as a description of a medical practice’s associated costs and benefits. The
generic term “cost effectiveness” can be misleading as it is frequently used to describe
strategies that are “cost saving,” “effective,” “cost saving, with an equal or better health
outcome,” or “having an additional benefit worth the additional cost.” The distinctions
between these meanings are critical in defining the objectives and decision criteria used
in designing a formulary. They assert that appropriate use of the term cost-effective must
take into account both costs and effectiveness, as well as the critical inherent tradeoffs
between costs and effectiveness. Consequently, they recommend that the term “cost-
effective” be restricted to situations where a given medical practice offers additional

benefit worth additional cost with respect to the available alternatives.

2.1.1 Restricted Formularies in Guiding A ppropriate Prescribing

Nash, Catalano, and Wordell (1993) identify three basic types of formularies that

vary in terms of their degree of restriction on prescribing. These include:

1. Open and unrestricted formularies which place no limits on which drugs can
be prescribed;

2. Mixed formularies in which selection is unlimited but where generic
substitution is permitted; and

3. Closed or restricted formularies that are strictly controlled in which only
certain pharmaceuticals are reimbursed and therapeutic substitution with the
most recognized agent within a pharmacological class is standard procedure.

10



The restricted formulary is an accepted method of achieving safe, effective, and
cost-conscious use of medications for patients in the hospital setting as reflected by the
considerable literature detailing the operation of formularies in the institutional setting®®.
While the hospital based formulary literature documents the high level of acceptance and
many examples of formulary restrictions resulting in successful maintenance of patient
care and achieving cost savings, literature concerning jurisdictional formularies in the

outpatient setting is generally less 1:oositive.27

While the original intentions of the formulary system are to improve prescribing
and minimize drug therapy costs, there is limited evidence to support the success of
traditional formularies in achieving these goals in the outpatient setting.?® Rucker and
Schiff (1990) concur that the promise of rational prescribing of the drugs of choice has

yet to be realized.

McElwain (1993) traces the major points of contention regarding restrictive
formularies to the appropriateness of therapeutic substitution and the resulting effects of
substitution on the costs and quality of patient care. He cites differences in the
operational setting of a formulary, inpatient vs. outpatient, as well as failure to consider
predictable inappropriate therapeutic-substitution behaviors as major weaknesses of
restricted formulary programs. Kozma, Reeder and Lingle (1990) also site differences
between relatively controlled hospital settings and outpatient settings in achieving the

actual vs. intended objectives of a formulary.

In their comprehensive examination of the effects of formulary restrictions on

patient care, Soumerai et al. (1990) list the following situational factors that cause

11



hospital formularies to be more accepted and potentially more successful than

jurisdictional formularies.

1. Prescribing physicians in a hospital setting have shared goals/incentives and are more
likely to sympathize and comply with, as well as reap the benefits of cost containment
objectives of their local hospital, than of a government setting jurisdictional
formulary policies.

2. Hospital formularies are more likely to be supported with in-service education and
administrative control designed to minimize the problems of sub-optimal therapeutic
substitution due to formulary restriction.

3. Patients in a hospital setting generally face acute conditions and require a more
restricted set of medications than the more heterogeneous outpatient population using
jurisdictional-wide formularies, where the chronic use of drugs highlights the
importance of patient tolerance of and compliance with certain medications.

In healthcare research, efficacy is defined as proof of an intervention’s therapeutic
value supported by well defined clinical trials for a restricted patient population in a
highly controlled setting; whereas effectiveness relates to the degree of efficacy of a
therapeutic intervention in the whole population at risk in an uncontrolled real-world

setting.?’

These distinctions and factors highlight that in order to be effective in directing
prescribing behavior to “effective” rather than simply “efficacious” products, formularies
need to be tailored for a specific institution, organization, or population, and should be

supported by appropriate education and communication strategies.’®""

2.1.2 Restricted Formularies in Cost Containment

McElwain (1993), Nash, Catalano, and Wordell (1993), and Kozma et al. (1993)
identify the most prevalent restrictive formulary based cost-containment strategies. These

include:

12



1. Delisting non-essential drugs from the formulary;

2. Rejecting newly marketed products for formulary addition until evidence is
presented documenting “unique” therapeutic contributions;

3. Developing and implementing restrictive and monitored drug policies or
treatment protocols for expensive and high-risk drugs;

4. Curtailing the use of non-formulary drugs;
5. Generic and/or therapeutic substitution.

6. Delaying the addition of new drugs, despite evidence of clinical benefit, to
defer costs of new medications.

Formulary advocates defend rejection and delisting decisions to exclude superfluous
or inferior medications, and restricted policies guiding the use of expensive and high-risk
drugs as legitimate parts of a process to encourage evidence supported rational
prescribing.32 Conversely, formulary opponents question the long-term impact of such
restrictive policies citing evidence that patient health status levels often fall while the
total costs to the health care system and taxpayers, overall private sector sponsored health
benefit costs, and costs shouldered by employers with respect to increased absenteeism
and decreased productivity all increase thereby offsetting the reduced cost of the drug

plan 33,34, 35, 36,37

Soumerai et al. (1990) comprehensively examine the impact of eliminating a large
number of prescription drugs that were judged to be ineffective or marginally effective
from the formularies of Medicaid and other public programs in the United States. Their
findings indicate that while both desirable and unimbroved therapeutic substitutions
resulted, curtailment of reimbursement for those agents did not necessarily reduce either

drug costs or total healthcare costs. They further suggest that supplementing restrictions

13



with education is necessary to promote practices that are more therapeutically and

economically more appropriate.

Delays in formulary listing, usually caused by unreasonable lengthy approval
process requirements and/or by conscious decisions to defer the cost of new medications,
are equally criticized by pharmaceutical industry representatives and formulary advocates
in the medical community alike, for both harming the quality of patient care, and for
denying the cash flow rewards to firms that have invested in these medical advances. In
spite of this, such intentional delays appear to be increasing in frequency in Canada, as
drug plan managers are increasingly finding that the deferral of new listings is one of the

only expenditure management options open to them. 38

In their 1994 study of issues influencing new drug submission listings on the
Ontario Drug Benefit formulary, Benjamin and Katsanis examine the interrelated issues
of ambiguity in drug listing decision criteria, envelope or “silo” budgeting, cost-
containment, fears of market expansion, with respect to formulary listing delay tactics.

Their study reveals that:

1. Both price and overall cost to the drug budget were identified by both government
and industry representatives as the main formulary decision making criteria;

2. A general perception exists among pharmaceutical industry representatives that
contrived provincial government concerns regarding safety and efficacy are used to
reject or delay listings due to cost concern issues and fears of market expansion;

3. While government representatives assert that economic information must be reviewed
in order to protect consumers/tax payers’ interests, they are ambiguous in identifying
which specific criterion are critical in decisions, giving credence to industry claim
that the demand for economic analysis is being used to create additional delays in
listing drugs;
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4. Due to envelop budget cutting, government objectives have shifted from maximizing
cost effectiveness to maximizing cost-savings or cost-minimization, a condition
viewed as unfavorable to listing new more effective, though more expensive
therapeutic agents;

5. Where governments’ publicly stated objectives are to maximize cost-effectiveness or
value for the money,””” of their formulary, their actual formulary decision criteria is
aimed at minimizing cost. This is indicative of a lack of transparency in the decision
making process, as well as inconsistencies between the types of information that
government requests from the pharmaceutical industry in terms of demonstrating
cost-effectiveness and the types of evidence that will result in achieving listing;

6. The Ministry of Health allocates separate (silo) budgets to each department
administering a particular aspect of the healthcare system. While each department is
fighting for a bigger piece of the pie, there is no incentive or mechanism either to
track or transfer funds or costs savings between departments.

This raises an important issue: is drug market expansion a negative consequence to be
avoided? The cost-containment focused government position advocates that market shifts
and market expansion is often not attributable to increased beneficial effects, but are
rather the outgrowth of the pharmaceutical industry’s marketing and publicity campaigns
to expand overall use of drugs and to switch utilization from older, low-cost, generic
drugs to newer and more expensive brandname drugs. Conversely, the industry position
counters that pharmaceuticals remain the most cost-effective therapeutic modality known
to modern medical science*® and that market expansion translates into more people being
treated, saving money in the long-run through preventive medicine.*! The answer lies
somewhere between the two diametrically opposed positions, and is the subject of world-

wide debate and research.*?

2.2 IMPACT OF FORMULARIES ON DRUG PLAN AND TOTAL HEALTH CARE
CoSTS

In theory, perfectly operating restricted formularies eliminate only those

redundant drugs for which lower cost substitutes are available, forcing physicians to

15



prescribe more “efficient” drugs in order to save money. When formularies fail to operate
perfectly, they do more than simply exclude patients from receiving high priced duplicate
goods. They set off a chain reaction of unintended effects, that potentially compromise
the quality of patient healthcare and often cause total health care costs to rise rather than
fall in a phenomena that Moore and Newman (1992) refer to as the ‘service substitution
effect.’ This effect causes the actual outcome of a restricted formulary to differ from the
intended outcome and is the direct or indirect consequence of two factors. 1) As a method
to correct what is viewed as a market failure or deviation from ideal medical practice,
formulary restrictions often function worse than the supposed defect of the market failure
or treatment deviation that they are supplanting. 2) The degree of “drug efficiency” that
formulary restrictions seek to increase is difficult and costly to predict as patients vary

and frequently respond differently to drugs.

While there are numerous studies evaluating the effectiveness of formularies in
cost-containment in the United States, there is no published literature in Canada
replicating those U.S. Medicaid studies. However, the theoretical issues faced by

Canada’s pharmacare programs are similar to those in the United States.*

Jang (1988) comprehensively reviews a number of state-specific studies
conducted in the United States, evaluating the short term effects of state Medicaid
programs moving from open to more restricted formularies. Studies that focused solely
on the effects of restricted formularies on prescription expenditures reported mixed
results. While he criticizes some of the earlier studies in terms of weaknesses in their
methodologies, most, but not all, of the studies concluded that restricted formularies did

reduce Medicaid expenditures on pharmaceutical services. However, many of these
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studies also noted that the change in degree of formulary restriction had significant
increases on other parts of the total Medicaid budget. Jang concludes his review by
stating that formulary restrictions often cause dynamic changes in the total Medicaid
program of a complex and costly nature and require considerable careful thought and

analysis prior to implementing such restrictions.

Glennie et al. (1993) corroborate Jang’s findings citing evidence that lower drug
expenditures accrue in hospitals that utilize restrictive drug formularies. However, they
highlight that the impact of such restrictions on the quality of pharmacotherapy is less
clear and still debated. In their 1990 analysis of US Medicaid drug formularies, Kozma,
Reeder and Lingle concluded that the various aspects of healthcare are interdependent;
therefore policy makers’ tendency to minimize expenditures in each program area

contributes to overall suboptimal allocation of resources.

In attempting to refine and analyze the interrelationship of prescription drug
availability and the use and cost of other services, Moore and Newman (1992) studied the
long-term effects of restricted formularies on the total Medicaid healthcare expenditures
as well as on prescription drug expenditures. After accounting for differences with regard
to recipient population, economic conditions, and other cost-containment environment
characteristics, they found that restrictive formularies did lower prescription drug
expenditures per capita by 13.4%. However, they found no significant impact on total
Medicaid expenditures, as the savings in drug expenditures were completely offset by
service substitution elsewhere in the system. They conclude that the implementation of
formulary restrictions does not save money when the impact of a restricted formulary on

total healthcare costs is considered, and to the extent that formulary restrictions entail
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administrative costs, the adoption of such a policy might actually increase overall

Medicaid expenditures.**

2.3 FORMULARY DECISION MAKING

The contradictions in the literature regarding the ability of formularies in either
managing healthcare costs or optimizing patient outcomes reflect limitations in the
processes and analytical frameworks that currently support formulary decisions.** Faced
with inadequate formulary design and decision support methods, payers struggle to
manage drug budgets through short-sighted restrictive measures that deny patients and
clinicians access to proven therapies, often compromising the delivery of optimal health

outcomes, and increasing total healthcare costs ‘47

Cano and Fujita (1988) characterize the process of formulary decision making as
being “very subjective” and prone to resulting in hasty, emotional, and ill-advised
decisions in the absence of comprehensive and well documented drug evaluation. They
further promote the belief that an objective and comprehensive means of evaluating drugs

for formulary purposes is required.

Drummond, Stoddart, Labelle, and Cushman (1987), also acknowledge the
subjectiveness of the formulary evaluation process. They relate that choices in health
care, whether in health policy planning or treatment mode, inevitably involve value
judgements and indicate the importance of acknowledging this reality and explicitly

identifying these values when possible.
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Eddy (1990) reports that the quality of medical care is determined by two main
factors: the quality of the decisions that determine what actions are to be taken, and the
quality with which those actions are implemented. If the wrong actions are taken, the
quality of care will suffer. Similarly, if the correct actions are chosen but the execution is

flawed, the quality of care will suffer.

He further states that the goal of health practice decisions should be to select the
action that would most likely deliver the outcomes that patients find desirable, whereas
the decision process consists of first, estimating the outcomes of the alternative practices;
then comparing the desirability of each outcome. The comparisons involved in the second

step consist of:

1. Comparing the benefits of a practice with respect to the harms;
2. Comparing the health outcomes with respect to the costs that have to be paid;

3. If resources are limited and it is not possible to do everything, the amount of benefit
gained and the resources consumed by a practice must be compared with respect to
other practices so as to give priority to those practices that have the highest yield.

2.3.1 Formulary Drug Selection Decision Methodologies

In theory, formulary decisions based on cost minimization analysis (CMA) are
relatively simple: the least expensive but equally effective agent is chosen for approval **
Whether, selected agents are truly equally effective in actual decision making is
debatable, given the magnitude of service substitution effects and the
formulary/expenditure paradoxes explained by Moore and Newman (1992) and reviewed
by Jang (1988). The appropriate selection of “effective” agents often depends on

subjective judgements concerning the actual treatment objectives, acceptable standards of
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medical practice, the ability to achieve various health outcomes in an uncontrolled real-
world setting, as well as value placed on the various health outcomes as viewed by

patients, healthcare providers, and policy makers.

Drummond, Stoddart, Labelle, and Cushman (1987), advocate an alternate view
of the formulary evaluation process where the primary focus should fall on an
examination of the marginal costs and benefits, rather than those of the whole healthcare
activity. They believe that in the health care field there is a mistaken tendency to present
choices on an absolute all or nothing basis, whereas the real relative decisions must
determine how much of a given intervention ought to be delivered to a particular
individual patient or population. However, they fail to present any decision analytic
model or method that can be used to facilitate such an examination of the marginal costs

and benefits.

In their 1988-formulary analysis of third-generation cephalosporins, Cano and
Fujita advocate the use of using decision analysis as a method of supporting objective
formulary review to promote rational drug prescribing and achieve cost savings. Decision
Analysis has been defined as “a systematic approach to decision making under conditions
of uncertainty” where decision-makers must select from numerous alternatives in
achieving multiple objectives.*’ The selection should be based on the probability of the
possible consequences of each alternative and the decision-makers’ preferences for those
consequences.50 Glennie et al. (1993) also note that the use of clinical decision analysis
is worth consideration in the formulary development process. Kresel et al. (1987)
demonstrate the use of decision analysis in supporting drug selection decisions for

formulary addition applied to primary antimicrobial therapeutic regimens. Freund and

20



Dittus (1992) advocate the use of decision trees, influence diagrams, Markov processes,
and logical networks in developing comprehensive modeling frameworks to support
economic analyses of drug therapy to examine the benefits and costs of alternative

possible decisions.

Multiattribute utility theory (MAUT) provides a procedure for identifying,
characterizing, and comparing many variables that may influence a decision. Nash,
Catalano and Wordell (1993) as well as Bootman, Townsend and McGhan (1991)
suggest the use of MAUT as a systematic approach that provides a common basis for
measuring and comparing dissimilar variables involved in the formulary decision making
process. Schumacher (1991) demonstrates the use of MAUT evaluation in formulary
decision making as applied to calcium-channel blockers in the single agent treatment of
chronic stable angina in ambulatory patients for one year based on effectiveness, safety,
patient acceptance and cost decision attributes. The steps used by Schumacher in his

application of MAUT to formulary decisions are listed in Table 2 on page 22.
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Table 2.

Steps of the Multiattribute Utility Theory Decomposition Method

1.

Determine the viewpoint of the decision-makers.
Who are the decision-makers?

2.

Identify the decision alternatives.
What alternatives (e.g. drug products) are to be compared?

Identify what attributes are to be evaluated.

What variables (e.g. safety, effectiveness, and cost) are to be
considered in evaluating decision alternatives?

Identify what factors are to used in evaluating the attributes.

What factors (e.g. frequency of adverse reactions as a measure of
the safety attribute)?

Establish a Utility Scale of 0-100 for scoring each factor.

What range of values for each factors represents the worst (0) to
best (100) plausible scores?

Transform the values for each factor to scores on its utility scale.

Where does the value for a factor (e.g. drug cost per month) fit on
the 0-100 scale.

Determine the relative weight for each attribute and factor.

What is the relative importance of each attribute and factor in the
decision process?

Calculate the total utility score for each decision alternative.

For each alternative, sum the utility scores or each attribute
multiplied by its weight.

Determine which decision alternative has the greatest total utility score.

The alternative with the greatest total utility score is the best
choice, given the attributes, factors, and weights selected for the
evaluation.

10.

Perform a sensitivity analysis.

Vary the weights of the attributes, and perhaps the scales for the
some of the factors, to see if the decision changes.

Adapted from Schumcher 1991.
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2.3.2 Traditional Decision Criteria: Safety, Efficacy, and Cost

On the basis of three primary parameters, safety, efficacy, and cost, Hanson,
Shepherd and Pleil (1992), and Shepherd and Salzman (1994) cite evidence that efficacy
is considered the most important of the three parameters among P&T committee
members in the United States. Cost and adverse effects, although important, appear to

carry less weight in the decision making process.

However, their findings are countered by empirical evidence cited by Sclar
(1993), in his testimony delivered to United States Congress Human Resources &
Intergovernmental Relations Subcommittee Hearings, relating that the operational
objective of government administered health programs and health maintenance
organizations (HMOs) is to “minimize pharmaceutical expenditures, and to view
pharmaceuticals as an independent line item in a profit and loss statement, rather than as
an essential and interactive component in a global health budget,” reflecting a primary

focus on cost.

In Canada, there appear to be variations in the perception of most important
criteria for government formulary listing. Where pharmaceutical industry representatives
cite cost, as well as its impact on the drug budget, as government’s deciding factor,
government respondents are more inclined to identify both effectiveness and cost as

equally important criteria.”!

In can be argued that safety and efficacy for any particular drug have been already
been established by the time it is approved for sale by the Food and Drug Administration

(FDA) in the United States, or by the Health Protection Branch (HPB) in Canada.
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However, in designing formularies, P & T committees comparatively evaluate safety and
efficacy, as well as cost, between agents in a particular class with respect to the treatment
indication that the manufacturer is submitting for formulary acceptance. This differs from
FDA and HPB approval that is concerned with the safety and efficacy of individual

pharmaceuticals with respect to the manufacturer’s labeled use or indication.

Pharmaceutical drug prices are also monitored and regulated in Canada by the
Patented Medicine Prices Review Board (PMPRB) to ensure that prices of patented
medicines charged by the patentees are not excessive with respect to the established
guidelines. The PMPRB guidelines evaluate the price of the medications with regard
differences in efficacy, safety, time required to achieve optimal effect, length of
treatment, percentage of the population treated effectively, success rate, and degree of

technological innovation.

Because cost-containment is a major reason for maintaining a restricted
formulary, a pharmaceutical’s cost relative to other comparable agents within a
therapeutic class is a very important consideration taken into account in deciding whether
or not to list a particular product. Formularies generally reduce drug expenditures by

selecting less costly medications, theoretically, without compromising patient care.”2

However, market prices generally reflect an amalgam of the valuations consumers
place on goods and services and their alternative uses.>? So by eliminating more
expensive drugs, it can also be argued that decision-makers are often trading-off

therapeutic benefits valued by patients to reap cost savings and should ensure that they
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are not sacrificing quality below accepted standards of medical treatment solely for the

purpose of minimizing costs.

2.3.3 Effectiveness and Other Important Drug Selection Criteria

The importance of appreciating the difference between drug efficacy (how the
drug performs under carefully controlled conditions) and drug effectiveness (actual

performance in clinical practice) cannot be overstated.**

The nature of systemic inefficiencies must be considered in formulary decision
making process for two reasons. 1) The efficacy demonstrated in clinical trials may not
be achieved in actual clinical practice due to those systemic inefficiencies. 2) A critical
assumption is that resources saved by selecting efficient healthcare interventions will be
appropriately used in other efficient healthcare programs. “However if these resources are
instead wasted, society may realize an increase in cost without a corresponding

improvement in healthcare.”*

Shepherd and Salzman (1994) pay particular attention to the ease of product use
by both the patient and health care provider and demographic characteristics ofa
particular patient base as important determining factors of patient compliance and

effectiveness that should be taken into account in making formulary decisions.
2.3.4 Use of Pharmacoeconomic Data in Drug Selection Decisions

As pressure to control the costs of drug benefit plans continues to grow in

Canada, pharmacoeconomic analyses, which include cost-benefit, cost minimization,
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cost-effectiveness, and cost-utility analyses, are increasingly stressed in the selection of
pharmaceutical products for listing on formularies. Pharmacoeconomic analyses are
aimed at evaluating the costs and consequences of drug therapy to healthcare systems and
society. These types of analysis are appropriate and useful only after having established
the safety, efficacy, and availability of the intervention in question.*®

In the larger context of formulary design, pharmacoeconomic analyses are of
limited use to the decision maker because, even in the context of the most comprehensive
cost-effectiveness and cost-utility analyses, individual drugs are evaluated against a
single comparator rather than being studied in the context of all relevant therapeutic
options available within a given system. Furthermore, the data utilized is most often
based on that of randomized controlled clinical trials over a limited set of homogeneous
patients rather than targeted to the population characteristics for which the formulary is
designed. The net result is that the “average” formulary is designed for the "average”
patient, while the actual needs of individual patients who deviate from average are not
fuifilled leading to suboptimal outcomes and increased total healthcare costs for the

population as a whole.

Healthcare resource allocation decisions must be made on the basis of limited
resources, imperfect information, and difficult tradeoffs, supported by less than perfect
analytical methods and models. Weinstein and Stason (1977) assert that imperfect
analyses are preferred to no analyses at all in supporting complex resource allocation
decisions. However, they do concede and caution that because the conclusions of the

most comprehensive analyses rest on uncertain data and subjective values, even with all
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possible sensitivity analyses, flexibility should be maintained in making and interpreting

resulting policies.

2.3.5 Use of Sensitivity Analysis in Drug Selection Decisions

In the context of any modeling framework, the issue of uncertainty in the data, or
its interpretation, must be addressed. The standard method of evaluating the impact of
uncertainty regarding any particular parameter or combination of parameters on the
conclusions derived from a given modeling exercise is to conduct sensitivity analyses.”’
Detsky (1993), and Briggs, Sculpher and Buxton (1994) emphasize the importance of
sensitivity analysis in "assessing the robustness of the qualitative conclusions while
identifying areas where more research is needed to precisely estimate the values of
‘sensitive’ variables." While Briggs et al. suggest numerous types of sensitivity analysis
that can be conducted to evaluate various sources of uncertainty, they do not present a
comprehensive decision framework within which these types of analysis can be applied

to specifically support the formulary decision process and carried out practically.

Another area of particular concern with regard to the use of pharmacoeconomic
methods in making formulary decisions relates to the limitations of methods in
systematically handling uncertainty with respect to achieving desired therapeutic
outcomes and incorporating the conflicting objectives of the various stakeholders in the
formulary drug selection process. 58,59 Critics of cost-effectiveness analysis in medical or
healthcare decision-making argue that conditions of uncertainty render useless all
attempts to quantify the health-related benefits of a given intervention. Its supporters

counter that resource allocation decisions must be supported by a coherent analytical
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decision making framework incorporating the best available information in conjunction
with sensitivity analyses on a range of subjective estimates to account the effects of
uncertainty.*

This ongoing debate is indicative of a need to develop an integrated formulary
decision-making framework so as to improve the processes by which drugs formularies
are designed. Such a framework would facilitate the drug selection processes, as well as
the evaluation of formulary decisions in achieving explicitly stated therapeutic objectives,
the determination of the impact of resource constraints and potential variation of sensitive

parameters, as well as the identification and assessment of the resulting trade-off impacts.

2.4 STAKEHOLDERS IN FORMULARY DECISIONS

Given the subjective nature of formulary decision making, Drummond et al.

(1987) raise two complex questions:

1. Who should set health service planning priorities? and

2. Whose values should be used in evaluating benefits and making choices?

2.4.1 Formulary Decision Makers: The Role of Policy Makers

In socialized or subsidized medical systems, policy makers and payers are
charged with ensuring an equitable allocation of finite healthcare resources among their
covered population in an era of continuous healthcare improvement. Continuous
healthcare improvement raises the minimal accepted standards of medical practice but
comes at a cost that policy makers and payers are not necessarily willing to pay due to
budget constraints. Efforts to be equitable to the population as a whole and accountable to

taxpayers often results in restrictive policy decisions which sacrifice the healthcare
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quality and achievement of optimal healthcare outcomes of individuals. This also
highlights the need to ensure that policy decisions are making efficient use of the public
purse to maximize whatever health outcomes can be achieved given their constrained

nature.

If patients were treated in a world without resource considerations, it would be
considered wrong to withhold treatment on the basis of cost. However, as Drummond,
Stoddart, Labelle, Cushman (1987) point out a problem arises once resources
considerations enter the picture in that if a disproportionately high level of resources is
allocated to one patient, someone else will lose out according to both opportunity cost

and zero-sum game principles.

Formulary decision-makers are charged with the task of selecting drugs for
inclusion in a formulary that will essentially define a practice policy. The process of
defining a formulary and therapeutic guidelines requires that time, resources, and
analytical skills be applied in order to facilitate the task of the prescribing physician in

improving actual patient outcomes.®'

In the context of the “benevolent dictator” as explained by Keeney and
Kirkwoods (1975), and considering the “quality” concept in clinical decision making
outlined by Eddy (1990), the formulary decision maker should not only incorporate
scientific facts and clinical evidence, but more importantly the personal values and

preferences of clinicians and patients.5
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2.4.2 Healthcare Providers: Physicians and Pharmacists

Attempting to base medical decisions on both health and monetary considerations
is a difficult task that raises serious ethical issues. On a basic level, some argue that it is
inappropriate for physicians to consider costs and that the ethics of their profession

demand that they should do everything that they believe may benefit each patient.63

However, Drummond, Stoddart, Labelle, Cushman (1987) point out the
distinction between medical decisions made on behalf of an individual patient and those
made on behalf of a group of patients or population. In their view, it is entirely consistent
for clinicians to give each individual patient as much care as their condition requires,
while participating in a decision making process that evaluates competing claims for the
allocation of resources or the development of services in consideration of the wider social

perspective.

Physicians often view formulary restrictions, mandated generic substitutions and
therapeutic interchange as encroaching upon their independent decision-making (Nash,
Catalano, and Wordell, (1993)). Some healthcare providers believe that only the clinician
caring for the patient can appreciate a patient’s unique individual characteristics and thus
select the appropriate drug. Any attempt to narrow therapeutic options fails to confront
the real world of disease and patient heterogeneity and may ultimately result in causing
patients harm.5*%® However, Rucker and Schiff 1990 counter by asserting that an
effective formulary does not constitute a restriction on clinical freedom, but rather
acknowledges the reality that each clinician prescribes from a limited subset of 25 to 400

preparations out of the entire universe of available agents numbering in the thousands.
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2.4.3 Patients

Cost containment measures that restrict patient access and choice, and control
physicians’ practices cause the quality of healthcare to stagnate and lead to public
dissatisfaction.®® In a 1996 US national survey of 12 industries, health insurers and
managed care organizations ranked third from last in terms of effectively meeting the

needs of their customers; with the tobacco industry ranked last.%

In order to achieve improved health outcomes and increase patient satisfaction,
treatment decisions should be based on outcomes that are important to patients. The logic
for this principle stems from the ultimate purpose of all medical practice: to improve and
maintain the health of patients. The only way to achieve this is to focus on the health
outcomes that patients experience and care about.®® However, patients, as the ultimate
healthcare consumer, frequently do not have the knowledge to make informed decisions.
This means that their clinicians become key players as the patients’ advocates in
determining the demand for care on behalf of their patients in what economists refer to as
an agency relationship. While it is possible to find many examples in the literature
where the health care provider’s values have been assessed and have been proven to vary
from the values of the patients, their actions and demands for particular services are a

general reflection of patients’ demands.™

Traditionally, patients have been viewed as a “passive vehicle, whose role is to
carry out a specified treatment regimen.”7l However, as health care research expands to
examine the patients’ contemporary roles in treatment, patients are increasingly being

described as health care consumers to be satisfied. Holmes-Rovner, Kroll and Schmitt
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(1996) relate the middle ground view that envisions patients and healthcare providers
working collaboratively in complex decision environments in selecting appropriately
from among treatment alternatives, of which none is perfect in the eyes of patient,

provider, or payer.
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CHAPTER 3

HIV ANTIRETROVIRAL THERAPIES

3.1 HUMAN IMMUNODEFICIENCY VIRUS (HIV) INFECTION, ACQUIRED
IMMUNE DEFICIENCY SYNDROME (AIDS), AND DISEASE PROGRESSION.

Human immunodeficiency virus (HIV) infection is an infection caused by the
HIV-1 retrovirus that progressively destroys white blood cells called CD4™ T
lymphocytes, causing acquired immune deficiency syndrome (AIDS) and other related
diseases that result from the impaired immunity and increased vulnerability to infection.
HIV-1 infection is most common in the Western Hemisphere, Europe, Asia, and in
Central, South, and East Africa.”? However, in certain parts of the world, primarily West
Africa, AIDS is most often caused by HIV-2, a related retrovirus that differs from HIV-1
in terms of its genetic makeup as well as its lower pathogenicity.”” While HIV-2 also
represents a significant health problem, this study focuses exclusively on HIV-1

infection.

Bartlett 1997 divides the natural progression of HIV infection into seven distinct
stages: 1) viral transmission, 2) primary HIV infection, 3) seroconversion, 4) clinical
latency period, 5) early symptomatic HIV infection, 6) AIDS and 7) advanced HIV
infection. Please refer to appendix 1A for a description of the characteristics of each
disease stage. In the absence of treatment directed at HIV, the entire process of disease
progression for an average patient is approximately ten years in duration from
seroconversion to death. The average annual rate of decline of CD4" cells is about

50/mm’ and the average viral burden without therapy is 30,000-50,000 copies/ml. The

33



prognosis in terms of time to AIDS and death increases with a steeper CD4" declineand a
higher viral burden.” However, as a consequence of recent changes in the management
and treatment of HIV infection, the life expectancy of a patient newly diagnosed with

HIV infection may be as high as 15-20 years.”

Two important variables that have been found to predict the rate of HIV related
disease progression are the viral load and the CD4” count.”®’” HIV viral load measures
the number of copies of HIV viral RNA/mL and accurately assesses the level of viral
replication, as well as its associated rate of CD4~ T cell destruction, as an indicator of
HIV disease progression and to facilitate clinical assessment of when to initiate and
change a therapeutic regimen.78'79 Mellors et al (1995) and Mellors et al (1997) research
findings continue to support that the key element in HIV pathogenesis is the high level of
productive HIV-1 viral infection, measured by viral load testing, and characterized by an
intense rate of HIV virion turnover. Minimal estimates derived from kinetic data suggest
that at least 10 billion HIV virion particles are produced and destroyed each day by the
immune system of an infected person.**®' In parallel, CD4" cell counts reflect the level
of immune system damage caused by HIV infection and the level of disease progression
characterized by the downward spiral of wasting and the development of opportunistic
infections and rare cancers. Because HIV disease is a state of chronic immune activation
aimed at fighting HIV infection, productively infected CD4" cells also experience
similarly high turnover rates estimated between 1.8 and 2.6 x 10° CD4™ cells being

produced, infected and destroyed each day.8%%
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3.2 EPIDEMIOLOGY OF HIV AND AIDS

In December 1997, a United Nations epidemiological study reported that an
estimated 30.6 million people, 29.5 million adults and 1.1 million children, worldwide
were living with HIV/AIDS. This indicates that approximately one in every 100 adults
aged 15 to 49 is infected with HIV, the etiologic agent of acquired immunodeficiency
syndrome (AIDS)84‘85‘86. The same report estimates that 5.8 million new HIV infections
occurred during 1997; representing a daily transmission rate of 16,000 new infections
each day, with more than 90% of these new infections occurring in developing countries.

In Canada alone, the Bureau of HIV/AIDS and STD estimates that as of the end
of 1996, a cumulative total of 50,000-54,000 Canadians had been infected with HIV and
that 32,000-36,000 are estimated to currently be living with HIV. 87 While the reported
numbers of HIV infection continue to rise, the disease progression to AIDS leveled off in
the period 1993-1995, has shown a decline in 1996 for the first time. Additionally a 20-
30% decline in deaths attributable to AIDS has been reported. Health Canada attributes
these findings to the effect of new therapeutic and prophylactic regimens, and improved

overall management of persons living with HIV. 8

3.3 HIV INFECTION TREATMENT OBJECTIVES AND OUTCOMES

Since 1995, startling advances in understanding the pathogenesis of HIV, the
development of new treatment agents, and the development and validation of new-
monitoring techniques have made a major impact on the clinical management of HIV
infection. Bartlett (1997) identifies the four treatment strategies proven to prolong

survival: 1) Antiretroviral therapy, 2) Pneumocystis carinii prophylaxis, 3)
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Mycobacterium avium prophylaxis, and 4) care by a physician experienced in treating

HIV and AIDS. This research study is concerned strictly with antiretroviral treatment.

In the literature, the primary therapeutic objective relates to durably suppressing
HIV viral replication to undetectable levels as long as possible. This ultimately leads to
preventing further disease progression, improving the quality of life, and prolonging the
survival of afflicted patients.89'9° An undetectable viral load after 12 weeks of therapy
predicts a durable response to that regimen at 24 weeks. This is significant in that an
undetectable viral load after 24 weeks of therapy is associated with a decreased relative
risk of developing opportunistic infections, improved quality of life, and prolonged
survival of afflicted patients.”’”> Emerging evidence also suggests that complete
suppression of HIV viral replication is the mechanism by which the emergence of drug-
resistant variants can be prevented thereby allowing the long-term maintenance of these

potent antiretroviral regimens and their associated benefits.”

3.4 HIV INFECTION ANTIRETROVIRAL TREATMENT STRATEGIES

Markowitz 1996 emphasizes that effective antiretroviral therapy should be
introduced early in the disease process. This rationale is based on the premise that
treatment is more likely to succeed, with the patient less likely to develop drug-
resistance, if treatment is initiated while the viral population is still relatively
homogeneous and the treatment consists of multiple, non-cross resistant agents with no
overlapping toxicity. Additionally, Ho (1996) emphasizes that the enormous turnover of
HIV and the resulting extensive immunological damage being sustained by the patient as
massive numbers of CD4+ cells are infected and destroyed each day also supports the

rationale of early and aggressive therapeutic intervention in HIV infection. Given the
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widespread support of an early intervention HIV treatment strategy, the formulary design

exercise to be evaluated in this study will be aimed at supporting this treatment strategy.
3.4.1 Clinical Considerations for Initiating Treatment

Numerous sets of therapeutic guidelines have been developed and published
consisting of expert panel based recommendations on the use of antiretroviral agents in
treating HIV-1 infection. Most notable of these guidelines are those recently published by
the U.S. Department of Health and Human Services (DHHS) which serves as a
companion document to the report formulated by the National Institutes of Health (NIH)
panel to define principles of therapy of HIV infection summarized in Appendix 2. The
purpose of both documents is to translate the dramatic scientific advances in
understanding and treating HIV infection into information that health practitioners and
their patients can utilize in making informed decisions regarding the use of the new
therapies and monitoring tools to achieve the greatest and most durable clinical benefits.
As rates of HIV related disease progression vary among individuals, there is consensus in
the literature among various sets of antiretroviral therapeutic guidelines that treatment
decisions should be individualized by the level of risk indicated by plasma HIV RNA

levels and CD4™ T cell counts as listed in Appendix 3.9493.9657

However, there are other considerations that need to be taken into account in
deciding whether or not to begin early intervention therapy in asymptomatic patients. The
factors that should be considered are: 1) the willingness of the patient to begin therapy; 2)
the risk of disease progression as determined by plasma HIV RNA; 3) the degree of
existing immunodeficiency as determined by CD4" T cell count; 4) the potential risks and

benefits of initiating therapy in asymptomatic individuals (listed in Appendix 4); 5) and
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the likelihood of adherence to the prescribed treatment regimen.’® These factors are
critical in making appropriate treatment decision as to whether or not to initiate therapy
for a given patient. However, this study is focused on the selection and provision of
optimal antiretroviral therapy through a formulary based system once the decision has
been made to initiate therapy in treatment-naive patients with asymptomatic HIV

infection.
3.4.2 Combination Therapy

Monotherapy with even the most potent antiretroviral agents has been found
insufficient to achieve long-term suppression of HIV replication. This is based on inter-
related effects of the massive rate at which HIV virions are produced in conjunction with
the rapid rate at which HIV-1 viral enzymes generate mutations that cause drug
resistance. In other words, the more HIV virions that are produced, the more likely the

virus is to mutate and become resistant to drug therapy.

This becomes very important as Abdullah (1997) explains that monotherapy
generally requires the virus to make only 1-3 mutations to resist a single drug, whereas
three or four drug combinations that attack two or more viral enzyme systems
simultaneously require the virus to mutate simultaneously at many more codons to evade
drug therapy. As a result, the maximal chance of viral suppression occurs when several
potent agents are used simultaneously and the virus remains relatively homogeneous.”
Incomplete viral suppression of HIV replication in the presence of treatment offers the
opportunity for the accumulation mutations that will result in high-level drug resistance

to even the most potent drugs available. 100
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In addition, it has been shown repeatedly in clinical trials that treatment with
combinations of antiretroviral agents vs. monotherapy leads to more potent and durable
HIV suppression as well as improved clinical benefits, decreased morbidity and
mortality. ! Monotherapy antiretroviral treatment is not recommended because it leads to

the rapid development of resistance,'%% and thus has been excluded from consideration in

this study.

The preferred initial antiretroviral treatment regimen is one that is most likely
achieve viral suppression reflected by the reduction and maintenance of plasma RNA
levels below the level of detection using the most sensitive viral load tests available.
Currently, such a regimen would include 2 nucleoside reverse transcriptase inhibitors
(NRTI) and a protease inhibitor (PI) with high in vivo potency. 193 Other important
desirable characteristics of drugs that are used in combination antiretroviral therapy
include:

e Synergistic or additive anti-HIV activity,

e No cross resistance or overlapping toxicities, antiviral activity in all cellular and
tissue reservoirs of HIV,

e The lack of antagonistic and harmful pharmacodynamic interactions between drugs of
the antiretroviral regimen and between other important or commonly used drugs.

e Easy to take in terms of tolerability and ease of dose administration and frequency

e (Relatively) low cost'®*

3.4.3 HIV Infection Treatment Options

When initiating therapy in antiretroviral naive patients, the U.S. guidelines
emphasize that one should begin with a regimen that is expected to reduce virus
replication to undetectable levels. Based on the scientific evidence presented to date, the

preferred treatment strategy to achieve this consists of 2 NRTI’s and 1 PI. Alternative
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regimens, some consisting of 2 PI’s, have also been employed. However, the safety of
such regimens has not been demonstrated according to FDA guidelines. For the list of
antiretroviral agents for the treatment of HIV infection and the treatment strategies
recommended by the US. Department of Health and Human Services treatment
guidelines please consult Appendix Sa. The rating scheme for clinical practice
recommendations as determined by the panel on clinical practices for the treatment
guidelines of HIV Infection, convened by the US Department of Health and Human

Services can be found in Appendix 5b.

3.5 FORMULARY ISSUES IN ANTIRETROVIRAL THERAPY FOR HIV
INFECTION

3.5.1 Cost Impacts of Advances in HIVAntiretroviral Treatment

The economic burden of HIV/AIDS to Canadian society is massive and continues
to grow. If the HIV epidemic remains uncontrolled in Canada, Health Canada forecasts
that HIV will cost the Canadian economy as much as $22.2 billion over the next five
years. As the epidemic spreads, more cases are being diagnosed, and more people are
embarking on more effective, expensive antiretroviral therapeutic regimens and thus
living longer. It is estimated that each individual with HIV costs the economy $153,000
in direct healthcare costs such as drugs, hospitalization, ambulatory treatment, diagnostic
and laboratory costs, chronic and long-term hospice care; as well as $600,000 in indirect

costs associated with the loss of productive members of society.'®

Traditionally, the overwhelming costs of acute hospitalization and treatment of
opportunistic infections, particularly in late-stage disease, have been reported as the

major cost drivers in HIV disease.!%® However, with the development and more
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widespread use of therapeutic regimens effective in achieving durable suppression of
HIV viral replication, and improving measures of immune system function and predictors
of clinical disease progression, increasing numbers of patients are being diagnosed and
are seeking treatment. In addition, the expansion of HIV treatment guidelines has
dramatically increased the intensity and costs of outpatient HIV management. While
emerging data reflects a significant shifting of costs from acute hospitalization to drug,
outpatient and home care resulting in a net annual savings of 20-30%, concerns about the
durability of these treatment effects has in-turn raised concerns that this may be a short-

term cost-deferment rather than a life-time cost avoidance '’

Combination therapeutic regimens, while more effective, are more expensive than
monotherapy regimens. However, Moore and Bartlett (1996) suggested that these costs
are likely to be offset by decreases in other healthcare costs associated with a reduced
burden of illness if disease progressions can be slowed and survival improved. In their
study, Moore and Bartlett projected the costs of antiretroviral therapy in a model to assess
the incremental cost-effectiveness of triple combination regimens over monotherapy
regimens. Based on a three year increase in the average life-span and only $30,000US of
additional healthcare costs, given assumed healthcare offsets, over six years of survival,
HIV combination therapy would yield a cost-effectiveness ratio of $10,000 per life-year
gained. In the unlikely scenario that there were no other healthcare cost offsets, the
incremental cost of combination regimens would yield cost-effectiveness ratio of $18,000
per life-year gained. They conclude that incremental cost-effectiveness compares
favorably with respect to other therapeutic regimens used in the treatment of

cardiovascular disease, renal failure or cancer prevention.
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However, more recently increasing evidence is emerging that supports the notion
that more effective therapy will generate cost saving offsets in more expensive health
services and lower total healthcare costs. In a study of the John Hopkins AIDS treatment
program, acute hospitalizations were reduced by 40-50%. Given that the average
hospitalization cost is approximately $10,309US, the offset savings are substantial. At
present, hospitalization accounts for 52% of the program’s costs and continues to drop
due to combination antiretroviral therapy, whereas pharmacy costs account for 19% of
costs. Ambulatory clinic care, home care, and chronic care respectively represent 16%,
6%, and 7% of the total program costs.!%® Therefore, they conclude that limiting access to
combination retroviral therapy, solely on the basis of drug costs would be short sighted,
leading to both greater subsequent costs of care and an increased clinical burden of illness

and early mortality that is now avoidable in patients with HIV Infection. 109

Given the strength of emerging clinical evidence, and revised international, U.S.,
and the soon to be released Canadian HIV antiretroviral therapeutic guidelines, clinicians
are being encouraged to achieve optimal health outcomes by treating infected individuals
early and aggressively to suppress HIV viral replication in the hope of preserving cellular
immunity, delaying disease progression and death, while hopefully enhancing quality of
life. Concurrently, health care payers and providers are being advised to maintain access
to effective antiretroviral therapeutic combinations in the hopes of reducing the need for
very expensive acute hospitalization, and providing more cost-effective healthcare to

their patient populations.'"’
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3.5.2 HIV Antiretroviral Treatment Formulary Design Issues

The system cost of any healthcare intervention depends on the product of the
intervention cost and the number of people to which it is applied. However, the value or
cost-effectiveness of the incremental costs needs to be determined with regard to the
benefits derived from the intervention. In addition, the benefits need to be evaluated and
adjusted with regard to improvements in survival, quality of life, and patient preferences.
In the case of antiretroviral treatment, prolongation of life may be valued differently
depending at which point in the disease stage process that it occurs. If the resulting
longevity only prolongs suffering, it can be argued that the intervention will be less
desirable to patients. Conversely, it is assumed that those patients prefer that life be

prolonged at the asymptomatic stages earlier in the disease process.'"'

In designing an effective formulary, it is important to explicitly define the
relevant patient population, their and other stakeholder needs, as well as preferences and
values in determining the criteria for drug selection decisions with regard to achieving
specific therapeutic objectives. This particular study in formulary design is concerned
with optimal antiretroviral combination treatment of the asymptomatic, treatment naive
population for whom early therapeutic intervention is advised in an environment of

constrained financial resources.

The adoption of arbitrary formulary restrictions based solely on drug acquisition
costs in the area of HIV could have potentially devastating consequences because of
inter-patient variability in therapeutic response to treatment, ability to tolerate and self-
administer complex regimens that vary in terms of adverse drug reactions frequency and

severity, and often the prevalence of drug resistant strains of the virus passed on from a
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pretreated infection source to a treatment naive host. The ability of physicians and
patients to establish a mutually acceptable treatment plan should not be hampered by the
selection of an arbitrary one, two, or three therapeutic combinations to be included in a
formulary. The combinations that should be selected for formulary listing should be those
that optimally satisfy treatment objectives as valued by a given patient population, in

conjunction with their healthcare providers, given resource constraints.

To date, no clinical studies have demonstrated the long-term clinical benefits of
combination antiretroviral treatment for patients with CD4™ T Cell counts greater than
500cells/mm>. However, the scientific research findings of Ho, Mellors. Markowitz and
their colleagues, discussed in section 3.4, as well as the 1997 International Aids Society
Antiretroviral Treatment guidelines, the NIH Principles of Antiretroviral Therapy, and
the most recent treatment guidelines published by the British Columbia Centre of
Excellence in AIDS, support early intervention treatment strategies in patients with viral
load levels greater than 5000 copies /mL regardless of CD4+ levels based on the rationale
that theoretical clinical benefit is likely to be realized. Factors supporting this strategy
relate to the presence of a more homogeneous viral population, a more complete
lymphocyte repertoire that is more capable of reconstituting the immune system, and an
improved ability of asymptomatic patients who are otherwise in good health to tolerate
and comply with antiretroviral regimens. In addition, it is hypothesized that early
initiation of antiretroviral treatment will render such treatment more cost-effective by
prolonging life in the asymptomatic disease stage when it is most valuable and productive

to patients.112
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3.5.3 HIV Antiretroviral Therapeutic Objectives and Constraints

While recognizing the constrained nature of real-world health-care resources, this
study aims to identify the optimal selection of antiretroviral therapeutic regimens aimed
at maximizing the best available care that can be provided to patients for a given resource
level. Consequently, it is important to explore the therapeutic decision objectives that
figure prominently in the clinical setting. Therapeutic objectives should be reflected by
the formulary decision objectives although they may not correspond exactly due to
differences in the purpose, focus and setting of the decision making activity. Based on the
therapeutic objectives identified in this section, formulary decision objectives for
antiretroviral therapy are defined in Chapter 4 with respect to the decision problem being

studied.

In the context antiretroviral treatment for HIV infection, objectives can be defined
in terms of efficacy, safety/ tolerability, ease of use, and potential to develop resistance as
listed in Table 3. The role of cost also figures prominently among antiretroviral
therapeutic issues. However, cost issues are generally treated as constraints rather than
objectives. This is based on Drummond et al. (1987) view thatin a world without
resource constraints it would be unethical to deny patients access to the best available

care.

The recent guidelines on the appropriate treatment of HIV infection and AIDS
released by the Panel on Clinical Practices for the Treatment of HIV infection appear to

concur as they suggest that aggressive anti-HIV therapy should be offered to all
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Table 3:

HIV Antiretroviral Therapeutic Objectives Sources

Efficacy:

1. Achieve maximum durable suppression of HIV replication 1,2,3,4,5,6,7,8

2. Minimize immune system destruction/Maximize immunological | 1,4,5,6,7,8
benefit

3. Maximize clinical benefit in terms of disease progression and | 1,4,5,6,8
survival.

Safety/Tolerability:

1. Minimize the potential of patients developing drug related adverse | 1,4,5,6,8
effects

2. Minimize the potential of patients experiencing antagonistic or toxic | 1,4,5,6,8
drug interactions

Ease of Use: Minimize the complexity of the regimen 1,3,5,6,8,10

1. Dosing Frequency

2. Total number of pills/day

3. Diet Constraints

4. Recommendations to minimize adverse effects

5. Storage Recommendations

Resistance: Minimize the potential development of viral mutations that 1,3,4,5,6,9

result in the decreased susceptibility of the virus to antiretroviral
therapy and limit future therapeutic options.

1. Potential for developing resistance
2. Potential for developing cross-resistance
3. Downstream therapeutic options in case of treatment failure or

intolerance

Sources: 1.) Carpenter et al. (1997), 2.) National Institute of Health (1997), 3.) US Department of Health
and Human Services (1997), 4.) British Columbia Center for Excellence in AIDS (1997), 5.) Abdullah
(1997), 6.) Bartlett JG. (1997). 7.) Saag (1996), 8.). Grubb and McClure (1997). 9.) Condra and Emini
(1997).10.) Williams (1997)

asymptomatic patients with CD4+ cell counts of < 500/mm® or with viral load of >

10,000 copies/mL measured by the bDNA test or > 20,000 copies/mL measured by the

RT-PCR test. In Canada the most recent antiretroviral therapeutic guidelines published by
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the British Columbia Centre for Excellence for the treatment of HIV/AIDS are even more
aggressive as their eligibility criteria includes HIV+ patients with CD4+ cell counts of <
500/mm° or with viral load of > 5,000 copies/mL. However neither set of guidelines

addresses the high cost of treatment.

Cost constraint issues have raised concern among AIDS activist movement that
the costs of treatment would render it inaccessible for the majority of afflicted patients.
The position of the National Association of People with AIDS on the guidelines states
that “for these guidelines to truly make a difference there must be commitment from both
the public and private sector to find the resources to allow all people the ability to access
the best treatment available.”!'? This view raises three practical questions that are central

to this study:

1. What constitutes “best treatment available?”
2. What is the resource level required to make it available?

3. Does “best treatment” constitute an effective deployment of available
resources?

In trying to define “best” or “optimal” antiretroviral treatment for an individual or
a population with regard to the efficacy of antiretroviral treatment, there is great
consensus in the literature supporting the achievement of maximum durable suppression
of HIV replication preferably to undetectable levels as the primary objective of therapy;
and hence a key determinant of optimal treatment. The suppression of HIV replication is
associated with other treatment goals relating to the prevention of further disease
progression, improvements in the quality of life, and prolonging the survival of afflicted

patients. However, recognizing the significant limitations of currently available
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antiretroviral therapy as well as the difference between efficacy and effectiveness, other
factors must be taken into account in decisions pertaining to the selection of “optimal”

therapeutic regimens in the context of patient needs and preferences.

These factors include the demands of therapeutic regimens in terms of safety and
tolerability, and ease of use, as well as the impact of such regimens on future therapeutic
decisions with regard to the development of resistance and cross-resistance between
antiretroviral agents.

Patient adherence to a prescribed antiretroviral regimen is critical to achieving
success with such therapy. Patient adherence can be enhanced by maximizing the ease of
use of the selection of therapeutic combinations so as to enhance patient compliance and
decrease the potential of developing resistance by minimizing the complexity of the
dosing regimen.'"*

It is also critically important to recognize the tradeoffs between such factors that
need to be made in defining “optimal” therapy. For example: a given therapeutic
combination may be the most efficacious in suppressing viral replication. However, ifa
patient cannot tolerate the regimen due to adverse effects, a less toxic regimen carrying
less than maximal potency may be more effective in the long term and thus more
appropriate. Conversely, if a patient is willing to put up with the side effects and rigors of
a complex dosing schedule to obtain maximum suppression of viral replication for a very
efficacious therapeutic regimen, this may be the appropriate decision and the most
effective treatment option for this particular patient. This highlights Eddy’s (1990) view

that the objective of health practice decisions should be aimed at selecting the course of
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action that is most likely to deliver the outcomes that patients find desirable and value

most highly.

3.5.4 HIV Antiretroviral Therapeutic Decision Attributes and Factors

Structuring drug formulary decisions so that critical therapeutic goals are
optimized requires the systematic identification, measurement, comparison and analysis
of the numerous variables involved in the decision making process. In order to facilitate
this process, objectives, decision alternatives and constraints can be represented in the
form of decision attributes and factors in accordance with the Multi-Attribute Utility

Theory (MAUT) procedure proposed by Schumacher (1991).

Table 4: HIV Antiretroviral Therapy Formulary Decision Attributes and Factors

Attribute Factor Sources

Viral load suppression 1,2,3,4,5.6,
Immunological benefit 7.8
Clinical Benefit Impact (reduced morbidity/mortality)
Treatment Guideline Recommendations

Strength of Scientific Evidence

Efficacy

e

. Potential for Adverse Effects 1.4,5,6,8

Safety / . Potential for Drug Interactions

Tolerability

Dosing frequency 1.3.5.6.8
. Total number of pills per day T
. Diet Constraints

Storage Recommendations

Ease of Use

. Potential for drug resistance 1,3,4,5,6
Potential for protease inhibitor cross-resistance
Downstream therapeutic options

Resistance

. Drug Acquisition Costs 6.8.9

. Drug Monitoring Costs N

. Direct Health Care Costs
4. Indirect Health Care Costs

1
2
1
2
3
4.
5. Recommendations to minimize adverse effects
1
2
3
Cost 1
2
3

Sources: 1.) Carpenter et al. (1997), 2.) National Institute of Health (1 997), 3.) US Department of Flealth
and Human Services (1997), 4.) British Columbia Center for Excellence in AIDS (1997), 5.) Abdullah
1997), 6.) Bartlett JG. (1997). 7.) Saag (1996), 8.) Grubb and McClure (1997), 9.) Tseng and Fletcher
(1997)
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For the purposes of this study, the decision attributes have been defined as a series
of therapeutic objectives or goals that can be used to differentiate various decision
options under consideration. Each attribute consists of one or more components or factors
that can be used to quantify and evaluate the relative contribution of a given attribute in
achieving a specified objective within the decision process. The decision attributes and
factors used to represent these objectives, decision alternatives and constraints are listed
in Table 4 on the previous page. It is from among this list that the relevant decision
attributes and factors in formulary decision making were selected for inclusion in the

formulation of the decision problem presented in Chapter 4.

Treatment guideline recommendations for various treatment strategies as well as
particular treatments can also serve as decision attributes that favor the selection of
alternatives supported by appropriate scientific evidence and bear the strongest

recommendations of the most recent treatment guidelines.

3.5.5 HIV Antiretroviral Stakeholder Preferences in Therapeutic Decision Making:
As previously stated it is important to incorporate the viewpoints of the multiple
stakeholders as they relate to the decision process in question to ensure that all relevant
attributes, which vary across perspectives, can be appropriately integrated into the
evaluation of alternatives and the decision making process. It is also important to valuate
the therapeutic objectives, attributes, factors, and constraints with regard to the
preferences of patient and clinician stakeholders as they relate to the decision process in

question. This helps to ensure that the values of relevant attributes, which vary across
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perspectives, can be appropriately captured and integrated into the evaluation of

alternatives in the decision making process.

This is especially important given the limitations of current antiretroviral
treatment options in terms of side effects, complex dosing regimens, storage difficulties
and cost. While many people have seen the benefits of advances in antiretroviral
treatment, not all people living with HIV have benefited to the same degree, whereas
some have not been able to tolerate or adhere to these therapeutic regimens and thus have

not benefited from the new treatments at all.!*®

In seeking to maximize the effectiveness of these regimens and achieve optimal
outcomes for patients, tradeoffs between efficacy for the sake of perceived effectiveness
often need to be made. However, because of the complexity of the decision problem, and
the ambiguity surrounding the relationship between efficacy and other treatment
objectives, such tradeoffs may well compromise the patient’s long-term well being if not
evaluated carefully. Given the need for such tradeoffs it also is important to weight these
preferences with respect to the valuation of health outcomes and treatment
characteristics.!'® Patients should be encouraged to take an active role in the treatment
decision making process, and necessary tradeoffs in terms of long-term suppression of
viral replication must be acceptable to patients in view of the constraints on future

therapeutic options.'"’
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CHAPTER 4

THE RESEARCH QUESTIONS & THE DECISION PROBLEM

The aim of this study is to investigate the optimization of formulary decisions
concerning the selection of therapeutic options for reimbursement. This study attempts to
identify an appropriate procedure that can facilitate formulary decision making and guide
healthcare policy to maximally achieve therapeutic objectives which contribute to
achievement of optimal health outcomes, while incorporating the needs and preferences
of stakeholders with regard to therapy. As a result of this procedure, reimbursement
decisions in this study are directed towards the maximization of treatment objectives and
related health outcomes of a specific patient population, at a given resource level, subject
to clinical management or therapeutic objectives, while incorporating the needs and
preferences of patients and their healthcare providers. This chapter presents the research

questions and the decision problem central to this study.

4.1 RESEARCH QUESTIONS

As previously discussed, one of the primary goals of a formulary is to promote
rational prescribing by directing prescribing behavior to the most cost-effective
medications without compromising patient care.''® If this goal is to be achieved and
patient care is not to be compromised, prescribing behavior must be supported by a

policy that directs such behavior to optimal therapy.

This study approaches the identification of cost-effective medications in two

steps. First the relative effectiveness of various therapies under consideration is assessed
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and the optimal selections are identified. The second step evaluates the cost levels
required to deliver optimal selections for a given population. If various optimal solutions
all yield the same level of effectiveness without compromising the level of patient care,

the least expensive may then be selected.

This approach is consistent with the goal of patient advocacy and healthcare
professionals in providing best care to patients. While recognizing the fact that best care
is subjective and must be defined according to stakeholder objectives and preferences,
this study attempts to identify the resource levels required to make best care accessible

and clarify the tradeoffs that result when resource constraints are introduced.

This study first seeks to identify an optimal reimbursement policy and the
corresponding level of financial resources required to direct efforts at maximizing
healthcare outcomes as valued by patients their healthcare providers under conditions of
no budgetary constraints. The study then investigates the potential impact of cost-based
restricted drug formulary reimbursement policies on the achievement of optimal

healthcare outcomes.

4.1.1 Identifying the optimal formulary reimbursement policy to maximize health-
outcomes

Formulary reimbursement policy decisions vary from treatment decisions in that
the decision-maker must take into account the heterogeneous needs and preferences of

many patients, opposed to the homogeneous needs of an individual patient.

Identifying the optimal formulary reimbursement policy to maximize health-

outcomes essentially consists of identifying a treatment selection solution that best serves
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patients by contributing most to satisfying specific treatment objectives across a defined
patient population. If a formulary reimbursement policy is selected and implemented to
support the optimal satisfaction of patients needs, it can be argued that the service
substitution effects that result from arbitrary cost-based formulary restrictions discussed
by Moore and Newman (1992) can be avoided. Given this scenario, budget constraints

and cost are not considered in defining best care.

Best healthcare is relative. Choices in health care, whether in health policy
planning or treatment mode, inevitably involve value judgements. While Eddy advocates
the position that healthcare choices must be determined in the context of patient
objectives, needs and preferences, patients frequently do not have the knowledge to make
informed decisions. This means that healthcare providers determine care on behalf of
their patients in what economists refer to as an agency relationship. However, because
health care provider’s values have often varied from the values of the patients this study
seeks to capture, compare, and incorporate patient and healthcare provider values

concerning objectives and preferences for treatment.

4.1.2 Assessing the potential impact of restricted reimbursement on the achievement
of optimal health outcomes.

The primary research question was concerned with identifying the formulary
decision policy that would yield best care for a given population under conditions with no
budgetary constraints. The secondary research question is concerned with defining best

“available” care under conditions of budgetary constraints.

While it is understood that best care is always the most desirable care, tradeoffs in

the level of care provided must often be made due to the reality that healthcare resources
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are not unlimited. However, when decisions are made in determining cost-based
formulary restrictions and the level of funding to commit to any given therapeutic area,
the consequences of those decisions need to be carefully evaluated. When those decisions
result in the provision of a sub-optimal level of healthcare, it should always be
remembered that patients, and potentially the health care system as a whole, will pay a

price in terms health outcome opportunity costs.

This second research question is aimed at identifying the nature and implications
of those costs so that they can be more fully appreciated prior to implementing arbitrary
cost-based restrictions that can have unnecessary and potentially damaging consequences
to patients, the healthcare system, and society as a whole. This research question is
studied through the introduction of a cost-based reimbursement constraint into the
validated goal-programming formulary decision model previously used to identify the
optimal selection of therapeutic regimens in a formulary reimbursement policy, and the

execution of sensitivity analyses on the cost parameter at various levels restriction.

4.2 THE DECISION PROBLEM

The problem to be considered in this study relates to identification of an optimal
formulary reimbursement policy to maximize health-outcomes with respect to the
treatment of HIV infection with antiretroviral agents in a population of asymptomatic,
treatment naive patients whose viral loads are in excess of 10,000 copies per mL and
whose CD4+ counts range between 200-500 cells per mm’. The optimal policy being
sought is one that will best satisfy the concurrent achievement of multiple therapeutic

goals which serve as decision attributes in this problem and are listed in Table 5.
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These objectives have been repeatedly cited in the peer review literature (i.e.
Carpenter et al. (1997), Abdullah (1997), Condra and Emini (1997)), and at numerous
recent scientific meetings by experts such as Dr. D. Ho and Dr. J Mellors. These
objectives are now widely recognized as critical determinants of long-term success in

treating people infected with HIV. These goals are more fully discussed in Chapter 3.

Table S:
Antiretroviral Treatment Formulary Goals / Decision Attributes
1 Achieve durable suppression of HIV replication
2 Prevent or delay disease progression
3 Minimize antiretroviral drug related adverse effects
4 Maximize ease of use of an antiretroviral regimen
5 Minimize the potential of developing resistance to antiretroviral therapy
6 Treat HIV infection according to most recent evidence-based peer-review
antiretroviral treatment guidelines
7 Maximize the number of therapeutic options available in case of therapeutic
failure

In seeking to satisfy these goals, ten therapeutic decision options are being
considered. In this particular therapeutic area, the antiretroviral therapeutic decision
option or entity is defined as a combination of multiple antiretroviral agents. This is due
to relatively recent research, which has found that mono-antiretroviral therapy is
inadequate to achieve therapeutic goals and any clinical benefit derived is transient and

not generally sustained, as previously discussed in section 3.4.2.

The antiretroviral therapeutic combinations being evaluated for inclusion in a
hypothetical formulary have been identified through a recent market research study

conducted by ISIS Research in August 1997 and are listed in Table 6. In their study of
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more than 674 patients and 34 physicians, of which 14 were HIV specialists, the most

frequently used combinations were identified by their current overall antiretroviral

market share. Treatment combinations most commonly used as first-line antiretroviral

therapy, and to initiate treatment for a therapy naive patient were also identified. All

specified combinations displayed in table 6 (shaded in gray) that have not since been

categorically rejected by current treatment guidelines have been included for evaluation

in this decision problem.

Table 6: Most Commonly Used Antiretroviral Drug Combination by Market Share

I Total Antiretroviral Drug

Combination Market Shares

First line antiretroviral
therapy market shares by

date initiated — 1997

Antiretroviral therapy
used to initiate treatment
for a therapy naive

atient.
1 [d4T+3TC+Ind 14%|1 | AZT+3TC+Ind [25% AZT+3TC+Ind |33%
2 |AZT+3TC+Ind 12%|2 [AZT+3TC 20% Triple 17%
combination
with a PI
(unspecified)
3 |AZT+3TC 10%|3 |d4T+3TC+Ind [25% AZT+3TC 14%
4 | AZT+3TC+Saq 8% |4 |AZTH3TC+Saq |10% d4T+3TC+Ind | 14%
5 |d4T+3TCHRit 6%!5 |3TC+d4T 5%
6 |3TC+d4T 4%|6 |AZT +ddC n/s*
7 |d4T+3TC+Saq 3%|7 |AZT +ddl n/s*
8 |d4T+3TC+Rit+Saq | 2% |8 |AZT n/s*
9 |AZT+3TC+HRit 2%
10 |d4T +ddI + Ind 2%

Source: ISIS Research. (1997). Treatment of HIV Disease in Canada: Phase LX. August, pp.9,13.
*/s = not specified, very low usage. Unexplained market share % are patients either on infrequently used
marketed therapy, experimental therapy, or not on any therapy.

While there are numerous other agents currently being studied in asymptomatic

HIV infected patients, these agents have not been approved for sale in Canada at present

and therefore would not be eligible for formulary acceptance at present. The agents
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excluded from consideration include the protease inhibitor, nelfinavir, as well as an entire
new class of medications called non-nucleoside-reverse-transcriptase inhibitors including

neverapine, delavirdine, and DMP-266.

All therapeutic decision options under consideration for inclusion in the
hypothetical formulary can be evaluated in accordance with the goals listed in Table 5

and with regard to the following decision attributes:

Level of support of recent treatment guidelines,

1. HIV viral load suppression,

2. Prevention or delay of disease progression,
3. Drug-related adverse effects,

4. Ease of use,

5. Resistance,

6.

7.

Downstream therapeutic options in case treatment failure.

These decision attributes or goals have been broken down into their respective
components or factors to impose structure on the decision problem have been organized

in the form of a decision value tree displayed in Table 7 on page 59.

While antiretroviral therapy can undoubtedly be characterized by numerous other
attributes, they are not relevant to the formulary decision problem under study and have
been excluded from the decision problem to produce a parsimonious, focused formulary

decision model.

A number of potentially relevant attributes were also excluded from consideration
in the decision problem due to the fact that there is not enough clear scientific evidence to
adequately support their inclusion at this time. Prime among these is the cross-resistance

between protease inhibitors within a combination. This was eliminated as a distinct
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attribute due to the fact that the relationship between genotypic resistance, in-vitro
phenotypic resistance findings, and clinical significance regarding the sequencing of

protease inhibitors is still unclear and much debated.''>'*°

Based on consultation with experts in the field of antiretroviral therapy, drug
interactions have been included in the decision problem as clinical constraints for a sub-
population rather than objectives, due to the fact that they are not necessarily relevant to
most patients within this population. Given that most asymptomatic patients are usually
early in the disease process, they may not require the great majority of the medications
subject to drug-interactions with antiretroviral agents. If the analysis was considering the
selection of treatment for a patient group more advanced in the disease process, the

minimization of drug interactions would likely need to be incorporated as an objective.

In addition to therapeutic objectives, therapeutic constraints have also been
included in the decision problem. This reflects reality in that while not all therapeutic
objectives can be met, due to tradeoffs required in satisfying prioritized objectives,
certain objectives should achieve at least a minimum leve! of care to be considered

acceptable to patients and/or healthcare professionals.

Costs and budget limitations are only included as constraints in the second part of
the analysis of the decision problem aimed at assessing the potential impact of restricted
reimbursement on the achievement of optimal health outcomes. The costs included are
strictly limited to monthly drug acquisition costs. Costs beyond the scope of this analysis
relate to other drug related costs such as pharmacy dispensing fees and monitoring costs,
total direct healthcare costs, and indirect costs in terms of costs to society due to lost

productivity, morbidity and mortality attributable to the burden of HIV infection and its
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progressive debilitating disease process. Drug related pharmacies dispensing fees and
monitoring costs are relatively common across combination therapy and do not serve as
principal differentiating factors between antiretroviral combinations. However, total
direct healthcare costs and indirect costs are more significant but could not be adequately
captured given the scope of this study and have been excluded from the current analysis.
This decision was based on the assumption that the impact of effective antiretroviral drug
therapy has prevented disease progression and reduced the need for more costly inpatient
services which is supported by increasing evidence from the leaders in HIV disease
management such as the John Hopkins and San Francisco General Hospital’s HIV
treatment programs in the United States which have demonstrated overall cost savings

attributable to antiretroviral therapy.
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CHAPTER S
THE EXPERIMENT

5.1 SUBJECTS

This study is concerned with adequately capturing and incorporating the
objectives and preferences of patients and healthcare professionals into a highly specific
formulary drug selection decision model. Therefore, a case study approach focusing on
the objectives and preferences of patients and healthcare professionals with regard to
antiretroviral drug therapy was utilized in executing the experiment. A total of eleven
individuals were recruited to participate in the study. The respondents representing
healthcare professionals consisted of two leading infectious disease specialists who are
experts in the treatment of HIV infected patients, and two highly regarded clinical

pharmacists specialized in the field of HIV treatment.

Seven patients were recruited to participate in the study through an AIDS
advocacy organization in Toronto. Each patient was pre-screened by this organization to
ensure that they were representative of asymptomatic patients who are initiating
antiretroviral treatment and that their awareness of issues surrounding HIV treatment was
adequate to properly understand and answer the questions related to the assessment of
their objectives and preferences. Only six of the seven patients, completed the interview.

The seventh patient failed to present himself for the interview.
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5.2 STUDY DESIGN AND METHODOLOGY

The initial problem of antiretroviral formulary reimbursement was first identified
following the approval of numerous new and costly agents in 1996. Following an
extensive review of the peer-reviewed literature; the abstracts of numerous scientific
conferences; and discussions with patient advocacy organizations, pharmaceutical
industry representatives, and healthcare professionals, several major issues relating to the
selection and reimbursement of antiretroviral therapy were identified. These issues

include:

1. Determining the optimal treatments that will maximally and durably suppress
viral replication in an HIV infected patient to prevent disease progression, and
the development of resistance to therapy.

2. Optimizing the selection of effective antiretroviral treatment by tailoring it to
satisfy specific patient needs in terms of tolerability, and ease of use.

3. Considering downstream therapeutic options from the currently selected
regimen in case of failure.

4. Making this optimal treatment accessible to patients by ensuring that
reimbursement policy supports and is consistent with optimal treatment
recommendations.

These issues made it necessary to focus on a particular aspect of the HIV infected
population that could serve as a feasible case study, rather than the population as a whole
who are at varying stages of the disease process and have different needs that would
define optimal treatment. The patient population selected consisted of asymptomatic,
treatment naive patients whose baseline viral load was in excess of 10,000 copies/mL and
CD4+ cell counts were between 200-500 per mm® who had made the decision to initiate

therapy and were either in the process of selecting therapy or who had already selected
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therapy within the previous six months. This particular population was selected for

several reasons:

1. Early intervention strategies (i.e. hit hard/hit early) are gaining increasingly
widespread support in attempts to eradicate the virus.

2. The first therapeutic regimen should be selected to achieve maximal, durable
suppression of HIV replication because in all likelihood subsequent regimens post-
failure of the initial regimen are less likely to be effective

3. Formulary decision-makers are most likely to restrict therapeutic intervention on the
basis of cost in this growing early-stage, asymptomatic treatment seeking population.

Once the patient population and major treatment issues had been defined, the next
step in determining the appropriate formulary reimbursement policy was the
identification of the relevant decision options, therapeutic objectives, decision attributes

and factors.

Based on extensive review, data extraction, and synthesis of the peer review
literature, the major issues previously identified were broken down into seven distinct
therapeutic objectives or decision attributes which were assumed to be independent (non-
interactive) for the purposes of this study. These decision attributes composed of one or
more component factors are organized in a decision value tree which is displayed in
Table 7 on page 59. The benefits and harms of the ten alternative treatments (decision
options) under consideration were then identified from the literature and assessed in

terms of distinctness, quantitative or qualitative characteristics.

Once it became apparent that the formulary drug selection problem was in fact a
multi-objective problem whose distinct decision attributes consisted of both quantitative

and qualitative characteristics which were measurable in dissimilar units, two
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requirements were identified in terms of the methods used to address this decision

problem. These requirements included:

1. An overall decision framework that could appropriately structure the decision
problem by modeling the decision attributes as therapeutic objectives in need of
satisfaction in a quantitative manner that could be employed to systematically identify
one or more optimal solutions in selecting from various decision alternatives. Further
the overall decision framework would need to be capable of facilitating the systematic
handling of sensitivity analysis to assess tradeoffs necessary to achieve optimal care
through the optimal reimbursement policy.

2. A measurement strategy capable of measuring the various dissimilar variables that
could be employed to convert qualitative measures into a linear value function in
order to be appropriately incorporated into the quantitative analysis.

Both MAUT decision analysis and goal programming methods were evaluated to
determine which would be best suited to structure and analyze the decision problem in
addition to identifying an optimal solution. As an overall decision framework MAUT was
limited due to its inability to set target levels for specific goals. In addition, its need to
aggregate utilities in making a decision makes it difficult and cumbersome to
systematically assess the tradeoffs made between decision attributes or objectives in

designing a formulary reimbursement policy.

A weighted goal-programming model was selected as an overall decision
framework due to its ability to set specific targets for the defined goals. This target setting
defined the minimal or maximal standard or level of a given objective that must be
achieved to best satisfy a therapeutic objective that contributes to the maximization of

health outcomes.

Because of the multiple and sometimes conflicting objectives, weighted-goal

programming facilitated the identification and assessment of tradeoffs required to
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minimize deviation from the series of defined goals which were prioritized through the
incorporation of penalties and deviation variables in the objective function. Non-
preemptive weighted goal programming was more suited to this particular decision
problem than lexicographic goal programming given the nature of the objectives and
preferences of patients and their healthcare professionals. For example: It is very
important to achieve the maximal durable suppression of HIV viral replication. However,
to achieve and/or maintain this degree of HIV suppression it is necessary for patients to
be able to adhere to and tolerate these medications. Therefore, lexicographic goal-
programming was generally expected to be incompatible with the utility functions of the
decision makers in this case resulting in an inadequate, unacceptable solution with

potentially harmful consequences.

In the case of the formulary decision problem under study, the decision attributes
and factors were measured using the multiattribute decomposition method demonstrated
by Schumacher (1991), and Clemen (1996). Each of the ten decision options under
consideration were subsequently reviewed and assessed with respect to the defined
therapeutic objectives (decision attributes) and factors which were discussed in Chapter
4. The resulting data synthesis displayed in Appendix 8, provided a basis on which to

construct a formulation of decision problem.

Cross sectional data from the synthesis was utilized to develop measurement
scales for each of decision attributes and its respective factors. Each measurement scale
was then applied to consistently evaluate the ten decision options. These measurement
scales for each decision attribute and its contributing factors are displayed in Tables 8a-k

at the end of this chapter.
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This process allowed a preliminary formulation of the weighted-goal-
programming model that was used in studying the research questions. This preliminary
formulation is displayed in Table 10 at the end of this chapter. However, significant
information was required but lacking to appropriately complete the formulation. This

information related to:

1. The conversion of various qualitative factors into linear value functions so they could
be adequately measured and incorporated into the model,

2. The assessment of patient and healthcare professional preferences with regard to the
relative importance of various treatment objectives; and

3. The assessment of patient and healthcare professional preferences with regard to the
relative importance and value of various antiretroviral attributes and factors involved
in the selection decision.

This lacking information was captured through the development and
administration of healthcare professional and patient questionnaires tailored for the
aforementioned purposes and attached in Appendices 9 and 10 respectively. Upon
examination of the comprehensive questionnaires, it was decided that to feasibly derive
the required information, only a limited number of participants representing patients and
healthcare professionals could be interviewed to the extent necessary to complete those

lengthy questionnaires.

Participating healthcare professionals were contacted and recruited directly by
telephone in order to administer interviews based on the questionnaire. Asymptomatic,
HIV infected patients over the age of 18 years were recruited from AIDS advocacy
organizations. In order to protect the confidentiality of these patients given the
stigmatized nature of HIV and AIDS, the interviews were conducted through a third

party. This interviewer is highly experienced in interviewing HIV patients and is also
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very aware of antiretroviral therapy, as well as important issues concerning political-
correctness, and appropriate protocol when dealing with members of the HIV infected

community.

Once the interviews had been administered and data was collected and compiled,
an observational assessment of the data suggested a high degree of consistency between
healthcare professional respondents, and the presence of significant variation between
patient respondents with respect to:

1.) The relative importance and desirability of achieving various treatment
objectives.

2.) The valuation of each attribute and/or factor levels.

3.) The minimum acceptable levels of each relevant attribute and/or factor.

Given the apparent variations between respondents and the need to accurately
represent the preferences of the respondents in selecting optimal therapy, four goal-
programming models were constructed. Each model incorporated the relevant decision
attributes in addition to important constraints on the minimal acceptable level of each
attribute as a quality control level that could not be waived in making tradeoffs to achieve
competing goals. Each model was subsequently validated against a corresponding MAUT

decomposition decision model used as a comparative benchmark, to:

1.) Identify inter-patient variability with regard to therapeutic objectives and strength
of preferences and its impact on the selection of optimal treatment.

2.) Determine the appropriate level of preference aggregation for patients (i.e. by
individual patient, patient type, or aggregated population)

3.) Identify differences with regard to therapeutic objectives and strength of
preferences between patients and healthcare professionals
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4)) Determine the appropriate level of preference aggregation weighting between
patients and healthcare professionals (i.e. 70/30%, 50/50%, 30/70%)

The four goal-programming modeis and respective MAUT benchmark decision

models were formulated based on the following:

1.) Individual patient level preferences and linear value functions
2.) Weighted-averaged patient population preferences and linear value functions

3.) Weighted-averaged healthcare professional population preferences and linear
value functions

4.) Combined weighted-averaged (50/50%) patient and healthcare professional
preferences and linear value functions

In structuring this decision problem model to derive meaningful and valid
solutions, weighted-goal programming required that a scaling and normalizing procedure
be applied to the goals prior to solving any of the aforementioned formulations. If left
unadjusted, the incommensurable nature of the goals in this problem would result in the
introduction of an artificial bias that was not reflective of the actual decision maker

preferences.

In this case, utilizing the scaling method demonstrated by Romero (1991), each
goal incorporated in the proposed goal programming decision problem was normalized to
a maximum optimal level set at 100 with the coefficients of the integer decision variables
adjusted accordingly. Since each goal was set to the maximum level and it is not possible
to surpass this level, only negative or underachievement deviational variables were
incorporated in each goal programming model. The goal programming formulations for

each of the four models are displayed in Tables 11-14 at the end of this chapter.
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Each goal-programming model was subsequently solved as an integer goal-
programming problem using LINDO to identify the optimal selection of antiretroviral
combinations without cost constraints. The goal programming solutions for each of the
four models are displayed in Tables 15-18 at the end of this chapter. Corresponding
MAUT analyses were also carried out models. Because MAUT does not handle decision
constraints, the analysis first consisted of ranking the decision alternatives based on the
relevant decision-maker preferences. Once the rank ordering was complete, the ability of
each regimen to satisfy the minimal acceptable level of care constraints was determined

manually. The analyses are displayed for each of the models in Tables 19-22 at the end of

this chapter.

Inconsistent selections between 3 of the 4 formulations were identified on
comparing the goal programming solutions vs. the MAUT solutions. Those comparisons
and their implications are presented in Table 25 in Chapter 6. The first model based on
individual preferences and linear value functions proved to be the only valid model based
on its accuracy in selecting optimal therapy which addressed inter-patient variation when
compared against the six individual patient MAUT analyses in determining the optimal

treatment selection for the population displayed in Table 15.

The findings of this analysis and validation procedure permitted the selection of
an appropriate weighted goal programming formulary decision model that yielded a
unique optimal, and thus Pareto-efficient solution. The level of resources required to
achieve the optimal solution was then calculated using monthly drug acquisition costs for

each of the therapeutic combinations under consideration. Those cost values can be found
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in Table 9. The calculated resource levels for each of the four models is presented in

Table 26 in Chapter 6.

At this point, cost-based reimbursement constraints were introduced into the
model to represent the monthly level of formulary reimbursement. The revised
formulation and solution based on the unrestricted optimal solution are displayed
respectively in Tables 23 and 24 at the end of this chapter. The impact of cost-based
reimbursement policies was assessed through sensitivity analysis on the level of
restriction of the right-hand side value of monthly drug acquisition costs for the entire
population at three sub-optimal levels. These levels were identified by calculating the
three drug acquisition costs for each of the therapeutic combinations under consideration
using the solutions from the three other models found to be inferior to the one previously
selected as most appropriate and valid. The calculations for this sensitivity analysis were
executed by rerunning the model in LINDO due to inability to interpret shadow prices
and reduced costs in the LINDO output which refer to sub-problems generated during the

branch and bound solution rather than the proper integer-programming solution.

Through this sensitivity analysis procedure, the impact of those cost-based
formulary restrictions on the achievement of therapeutic objectives was identified, and

implications on the achievement of optimal health outcomes were evaluated.

The results of all of the aforementioned analyses are presented and discussed in

Chapter 6.
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Tables 8a-k: HIV Antiretroviral Formulary Decision Attribute / Factor
Measurement Scales:

Table 8a: Formulary Decision Attribute 1

The Ability of Antiretroviral Therapy to Durably Sup

ress HIV Replication

Relative
Weight:

FACTOR:

Measurement:

Degree of viral load suppression (logl0
reduction in viral load, assay limit of

detection 500 copies/mL)

Actual log reduction converted
into a linear value function

% of patients achieving undetectable levels
at 500 copies/mL at six months/24 weeks
(proportion of patients deriving durable

benefit from treatment)

Actual % converted into a
linear value function

Durability of Effect

The following qualitative
measures were ranked and
weighted by stakeholders and
converted into a linear value
function:

Sustained suppression of
plasma viral load in most
atients.

Less likely to provide sustained
suppression of plasma viral
load in most patients.

Suppression of plasma viral
load is not sustained in most
patients

Suppression of plasma viral
load is not achieved in most
atients.
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Table 8b: Formulary Decision Attribute 2
Clinical Benefit of Antiretroviral Treatment:

The ability of antiretroviral therapy to prevent or delay disease progression

FACTOR:

Measurement:
The following qualitative measures were ranked and
weighted by stakeholders and converted into a linear
value function:

Demonstrated clinical benefit in
terms of reduced morbidity and
mortality:

Strong evidence of clinical benefit > = 50% reduction in
disease progression and/or AIDS related mortality over
dual-therapy benefit.

Some evidence of clinical benefit reduction in disease
progression or AIDS related mortality)

Transient clinical benefit, does not alter long-term
natural history of the disease

No demonstrated clinical benefit

Table 8c: Formulary Decision Attribute 3:

Antiretroviral Drug Related Adverse Effects

Weight:

Relative [Mild to moderate bothersome adverse effects

Serious or Potentially Life Threatening Adverse Effects

Sub-clinical effects / Drug effects on Lab Values
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Table 8d: Mild to Moderate Bothersome Adverse Effects

Measurement:

The following qualitative measures were ranked and weighted by stakeholders and
converted into a linear value function:

Baseline adverse effects occurring with similar frequency on average across most

antiretroviral combinations:

Abdominal pain, anorexia (reduced appetite), arthralagia (joint pain), chills, constipation,
depression, diarrhea, dizziness, fatigue, fevers, headache, insomnia, malaise, myalgia
(muscle pain), nausea, neurological symptoms, neuropathy, pancreatitis, paresthesia
(numbness, prickling, tingling), rash, vomiting

Baseline + each of the following side effects which occur with increased frequency
and/or severity for specific antiretroviral combinations

Rash

Nephrolithiasis (kidney stones); Benign Hyperbilirubinemia sometimes
associated with Jaundice

Altered taste; Numbness, prickling, tingling sensation; Rash

Altered taste; Reduced appetite; Numbness, prickling, tingling sensation;
Rash; Frequent and often severe Diarrhea, Nausea, and Vomiting

Altered taste; Dizziness; Numbness; Rash; Reduced appetite; prickling,
tingling sensation; Frequent and often severe Diarrhea, Nausea, and
Vomiting

Nephrolithiasis (kidney stones); Benign Hyperbilirubinemia sometimes
associated with Jaundice; Altered taste; Reduced appetite; Numbness,
prickling, tingling sensation

Altered taste; Constipation; Nausea; Nephrolithiasis (kidney stones); Benign
Hyperbilirubinemia sometimes associated with Jaundice; Rash; Diarrhea

Dizziness; Numbness, prickling, tingling sensation; Rash; Frequent and often
severe Diarrhea, Nausea, and Vomiting.
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Table 8e: Serious or Potentially Life Threatening Adverse Effects

Measurement:

The following qualitative measures were ranked and weighted by
stakeholders and converted into a linear value function:

Bone marrow suppression (anemia or neutropenia)

Neuropathy (15-21%); Pancreatitis (1%)

Seizures<1%; Neuropathy (34%); Pancreatitis (10%)

Table 8f: Sub-clinical effects / Drug effects on Lab Values

Measurement:

The following qualitative measures were ranked and weighted by
stakeholders and converted into a linear value function:

No significant sub-clinical effects / Drug effects on Lab Values

Elevated Creatinine

Elevated Bilirubin; Elevated Triglycerides

Anemia; Elevated Bilirubin; Elevated Triglycerides; Neutropenia

Anemia; Elevated Bilirubin; Elevated Creatinine; Neutropenia

Elevated Alkaline Phosphatase; Elevated Creatinine; Elevated Liver
Functions; Elevated Triglycerides

Elevated Alkaline Phosphatase; Elevated Amylase; Elevated Creatinine;
Elevated Liver Functions; Elevated Triglycerides

Anemia; Elevated Alkaline Phosphatase; Elevated Creatinine; Elevated
Liver Functions; Elevated Triglycerides; Neutropenia
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Table 8g: Formulary Decision Attribute 4

Ease of Use of Antiretroviral Regimens

Relative |Dosing Frequency
Weight :

Total number of pills per day

Diet Constraints

Storage Recommendations

Recommendations to minimize the impact of adverse effects.
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Table 8h: Ease of Use Factors

Factor:

Measurement:

Dosing Frequency

Total number of times drug combination taken per day converted into a
linear value function.

Total number of
pills per day

Total number of pills, tablets, capsules per day converted into a linear value
function.

Diet Constraints

Measurement:

The following qualitative measures were ranked and weighted by
stakeholders and converted into a linear value function:

No food restrictions.

Take 2 of 2 doses with food.

Take 2 of 2 doses with large, preferably high-fat meal.

Take 3 of 4 doses on an empty stomach or with a light meal or fat free
snack.

Take 3 of 3 doses with a large, preferably high-fat meal.

Take 3 of 4 doses with a large, preferably high-fat meal

Take 3 of 4 doses on an empty stomach or with a light meal or fat free
snack. 4th dose must be taken on an empty stomach.

Storage
Recommendations

Measurement:

The following qualitative measures were ranked and weighted by
stakeholders and converted into a linear value function:

Store at room temperature, protect from light and moisture.

Store at room temperature, protect from light and moisture. Protease
Inhibitor capsules must be kept refrigerated

Recommendations
to minimize the
impact of adverse
effects.

Measurement:

The following qualitative measures were ranked and weighted by
stakeholders and converted into a linear value function:

Minimize alcohol intake.

Take in an upright position with a full glass of water. To minimize nausea
take with food.

Minimize alcohol intake. Drink at least 1.5 liters of water/liquids during
each day to decrease the chance of developing kidney stones

Take in an upright position with a full glass of water. To minimize nausea
take with food. Drink at least 1.5 liters of water/liquids duning each day to
decrease the chance of developing kidney stones
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Table 8i: Formulary Decision Attribute 5

Probability of developing resistance on a given antiretroviral treatment regimen

Measurement:

The following qualitative measures were ranked and weighted by stakeholders and
converted into a linear value function:

Low probability of developing resistance:

< 20% of adherent patients resistant at 1 year on treatment

Moderate probability of developing resistance:

between 21-79% of adherent patients resistant at 1 year on treatment

High probability of developing resistance:

> 80% of adherent patients resistant at 1 year on treatment
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Table 8j: Formulary Decision Attribute 6

Strength of Treatment Guideline Recommendations

Relative Factor: Measurement:
Weight:
Strength of recommendation regarding |Preferred
treatment strategy
Alternative

Not Generally Recommended
Not Recommended

Strength of recommendation
regarding specific treatment.

NRTI component strength of
recommendation

Strong - should always be offered

Moderate - can usually be offered
Optional - can sometimes be offered
Should generally not be offered
Should never be offered

NRTI quality of scientific evidence

At least one clinical trial with clinical
endpoints + clinical trials with
laboratory endpoints

Clinical trials with laboratory
endpoints

Expert Opinion

PI component strength of
recommendation

Strong - should always be offered

Moderate - can usually be offered
Optional - can sometimes be offered
Should generally not be offered
Should never be offered

PI quality of scientific evidence

At least one clinical trial with clinical
endpoints + clinical trials with
laboratory endpoints

Clinical trials with laboratory
endpoints

Expert Opinion

Not applicable - No PI
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Table 8k: Formulary Decision Attribute 7

Future Options for change in therapy in case of treatment failure

Measurement:

The following qualitative measures were ranked and weighted by stakeholders and
converted into a linear value function:

From Dual NRTI therapy:
e 2 new NRTI's/PI
e 2 new NRTI's/NNTRI
e new NRTL/PI/NNRTI*
e 2 PI'S/NRTI*

e 2 PI'S/NNRIT*

From Triple Therapy (2 NRTI’s +1 PI):
e 2 new NRTI's/NNTRI
e new NRTLU/PI/NNRTI*
e 2 PI'S/NRTI*

e 2 PI'S/NNRTI*

From Quadruple Therapy (2 NRTI’s + 2 PI’s):
e 2 new NRTI's/ NNRTI

*Only limited data supporting the use of these treatments is available
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Table 9: Cost of Antiretroviral Treatment Combinations

Drug Combination

Total costmonth of
drugs in
combination

1|d4T (40mg/BID)+3TC (150mg/BID)+ind (800mg/q8h) $1,004.19
2|AZT (200mg/TID)+3TC (150mg/BID)+ind (800mg/q8h) $1,158.09
3|AZT (200mg/TID)+3TC (150mg/BID) $673.30
4]AZT (200mg/TID)+3TC (150mg/BID)+Saq $1,164.70
(600mg/TID)
5[d4T (40mg/BID)+3TC (150mg/BID)+Rit (600mg/BID) $1,000.14
6/d4T (40mg/BID)+3TC (150mg/BID) $519.40
7|d4T (40mg/BID)+3TC (150mg/BID)+Saq (600mg/TID) $1,010.80
8|d4T (40mg/BID)+3TC (150mg/BID)+Rit (400mg/BID) + $1,058.29
Saq (400mg/BID)
9|AZT (300mg/BID)+3TC (150mg/BID)+Rit (600mg/BID) $1,154.04
10/ddI (400mg /QD) +d4T (40mg/BID) +Ind (800mg/q8h) $924.59

10 most frequently prescribed antiretroviral combinations, with indicated dosing, or with recommended
dosing adjustments due to synergistic effects (Table 5) x cost of antiretroviral agents (4ppendix 6).

81




Table 10:

Definition of Decision Variables:

Let Xik = the patient j, put on therapeutic combination k.

Where patient j = 1 to 6, where j = the patient number identifier
Where therapeutic combinationk = 1 to 10

Let @ ij = the goal i, for patient j.

Where patient j =1 to 6, where j = the patient number identifier
Where the goal i = 1 to 7, where i = the goal number identifier

Let N ij = the underachievement deviational variable related to goal i, for patient j.

Where patient j = 1 to 6, where j = the patient number identifier
Where the goal i = 1 to 7, where i = the goal number identifier

Let O ij = the penalty coefficient related to the underachievement deviational variable n,
for goal i, and patient j.

Where patient j =1 to 6, where j = the patient number identifier
Where the goal i = 1 to 7, where i = the goal number identifier

Let C ij = the therapeutic constraint representing a minimal acceptable level of care to be
satisfied by goal i, for patient j

Where patient j = 1 to 6, where j = the patient number identifier
Where the goal i = 1 to 7, where i = the goal number identifier

Let fij = the Target for goal i, for patient j

Where patient j = 1 to 6, where j = the patient number identifier
Where the goal i = 1 to 7, where i = the goal number identifier
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Table 10 cont:

Formulary Decision Problem

Goal Programming Formulation of Antiretroviral Treatment

k = | Antiretroviral Therapeutic Combination
1 d4T (40mg/BID) + 3TC (150mg/BID) + Ind (800mg/q8h)
2 AZT (200mg/TID) + 3TC (150mg/BID) + Ind (800mg/q8h)
3 AZT (200mg/TID) + 3TC (150mg/BID)
4 AZT (200mg/TID) + 3TC (150mg/BID) + Saq (600mg/TID)
5 d4T (40mg/BID) + 3TC (150mg/BID) + Rit (600mg/BID)
6 d4T (40mg/BID) + 3TC (150mg/BID)
7 d4T (40mg/BID) + 3TC (150mg/BID) + Saq (600mg/TID)
8 d4T (40mg/BID) + 3TC (150mg/BID) + Rit (400mg/BID) + Saq
(400mg/BID)
9 AZT (300mg/BID) + 3TC (150mg/BID) + Rit (600mg/BID)
10 ddl (400mg /QD) + d4T (40mg/BID) + Ind (800mg/q8h)
g = | Antiretroviral Treatment Formulary Decision Objectives
glj | Maximize durable suppression of HIV replication
g2j | Maximize clinical benefit - prevent or delay disease progression
g3j | Minimize antiretroviral drug related adverse effects
g4j | Maximize ease of use of an antiretroviral regimen
g5j | Minimize the potential of developing resistance to antiretroviral
therapy
g6j | Treat HIV infection according to most recent evidence-based peer-
review antiretroviral treatment guidelines
g7j | Maximize the number of therapeutic options available in case of

therapeutic failure
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Table 11: Goal Programming Formulation Based on Individual Patient
Level Preferences and Linear Value Functions

Variable Definition:

Let Xtik = the patient j, put on therapeutic combination k.

Where patient j = 1 to 6, where j = the patient number identifier
Where therapeutic combinationk = 1to 10

Let @ ij = the goal i, for patient j.

Where patient j = 1 to 6, where j = the patient number identifier
Where the goal i = 1 to 7, where i = the goal number identifier

Let N ij = the % underachievement of goal i, for patient j.

Where patient j =1 to 6, where j = the patient number identifier
Where the goal i = 1 to 7, where i = the goal number identifier

Let (X ij = the penalty coefficient related to the underachievement deviational variable n,
for goal i, and patient j.

Where patient j =1 to 6, where j = the patient number identifier
Where the goal i = 1 to 7, where i = the goal number identifier

Let C ij = the therapeutic constraint representing a minimal acceptable level of care to be
satisfied by goal i, for patient j

Where patient j =1 to 6, where j = the patient number identifier
Where the goal i = 1 to 7, where i = the goal number identifier

MIN 10 N11 + 100 N12 + N13 + 10 N14 + 99 N15 + S0 N1l6 +
10 N21 + 100 N22 + 100 N23 + 100 N24 + 100 N25 + 100 N26 +
75 N32 + N33 + N34 + 100 N35 + 90 N36 +
N4l + 20 N42 + N43 + 98 N45 + N46 +
10 N51 + N52 + 100 N53 + 10 N54 + 90 N55 + 10 N56 +
5 N61 + 40 N62 + N64 + 100 N65 + 50 Né6 +
3 N71 + 40 N72 + 3 N73 + N74 + N75 + 80 N76
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SUBJECT TO

G1ll)

G12)

G13)

G1l4)

G15)

G16)

G21)

G22)

G23)

G24)

G25)

G32)

G33)

G34)

76 X11 + 76.2 X12 + 1.2 X13 + 7 X14 + 76 X15 + 4.6 X16

+ 7.8 X17 + 100 X18 + 75.4 X19 + 76 X110 + N1l =

100

77.55 X21 + 77.88 ¥22 + 1.32 X23 + 11.55 X24 + 77.55 X25
+ 7.59 X26 + 12.21 X27 + 99 X28 + 76.56 X29 + 77.55 X210 + N12

= 100

72.5 X31 + 72.5 X32 + 2 X33
+ 100 X38 + 72.5 X39 + 72.5

49.69 X41 + 49.69 X42 + 2.7
+ 2.79 %46 + 5.67 X47 + 100

= 100

+ X34 + 72.5 X35 + X36 + 2 X37
X310 + N1i3 = 100

X43 + 3.87 X44 + 49.6 X45
X48 + 49.33 X49 + 49.6 X410 + N14

74.05 X51 + 74.06 X52 + 1.93 X53 + 1.32 X54 + 74.05 X55
+ 1.2 X56 + 2.26 X57 + 100 X58 + 74.02 X59 + 74.05 X510 + NI15

= 100

60.4 X61 + 60.73 X62 + 1.99 X63 + 11.56 X64 + 60.4 X65
+ 70.6 X66 + 12.88 X67 + 100 X68 + 59.41 X69 + 60.4 X610 + N16

= 100

100 X11 +
+ 100 X17

100 X21 +
+ 100 X28

100 X31 +
+ 100 X37

100 X41 +
+ 100 X47

100 X51 +
+ 100 X57

100 X6l +
+ 100 X67

87.17 X11

= 100

77.74 X21 + 50.81 X22 + 90.55 X23 +
+ 100 X26 + 78.07 X27 + 12.05 X28 +

+ N32 =

100 X12 +
+ 100 X18

100 X22 +
+ 100 X289

100 X32 +
+ 100 %38

100 X42 +
+ 100 X48

100 X52 +
+ 100 X58

100 X662 +
+ 100 X68

+ 57.42 ¥X12 + 77.39 X13 +
+ 70.25 X16 + 100 X17 + 23.05 X18 +

100

50 X13 + 100 X14 + 100 X15 + 50 X16
+ 100 X19 + 100 X110 + N21 = 100

2 %23 + 100 X24 + 100 %25 + 2 X26 + 100 X27

+ 100 X210 + N22 = 100

20 X33 + 100 X34 + 100 X35 + 20 X36
+ 100 X39 + 100 X310 + N23 = 100
50 X43 + 100 X44 + 100 X45 + 50 X46
+ 100 X4S + 100 X410 + N24 = 100
90 X53 + 100 X54 + 100 X55 + 90 X56
+ 100 X5% + 100 X510 + N25 = 100
50 X63 + 100 X64 + 100 X65 + 50 X66
+ 100 X69 + 100 X610 + N26 = 100

92.32 X14 + 1.32 X15
12.07 X19 + 19.76 X110 + N31

74.59 X24 + 34.96 X25
14.65 X29 + 1.95 X210

94.8 X31 + 49.27 X32 + 100 X33 + 68.47 X34 + 0.68 X35
+ 93.22 X36 + 76.95 X37 + 23.73 X38 + 11.86 X39 + 20.11 X310

+ N33 =

100

56.43 X41 + 60.48 X42 + 100 X43 + 69.98 X44 + 0.2 X45
+ 90.26 X46 + 78.01 X47 + 40.16 X48 + 11.04 X49 + 21.18 X410

+ N34 =

100
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G35)

G36)

G41)

G42)

G43)

G44)

G45)

G46)

G51)

G52)

G53)

G54)

G55)

G56)

G61)

G62)

90.09 X51 + 68.97 X52 + 100 X53 + 70.26 X54 + 38.15 X35
+ 55.71 X56 + 79.31 X57 + 13.79 X59 + 16.81 X510 + N353 = 100

66.06 X61 + 22.76 X62 + 100 X63 + 70.73 X64 + 0.2 X65 + 94 X66
+ 79 X67 + 29.78 X68 + 10.87 X69 + 26.42 X610 + N36 = 100

72.78 X11 + 43.55 X12 + 81.67 X13 + 24.65 X14 + 75.62 X15
+ 100 X16 + 60.65 X17 + 66.63 X18 + 39.64 X19 + 53.02 X110 + N4l
= 100

21.1 X21 + 9.9 X22 + 100 X23 + 55.24 X24 + 37.23 X25
+ 55.76 X26 + 26.23 X27 + 37.05 X28 + 51.44 X29 + 17.38 X210
+ N42 = 100

46.03 X31 + 41.78 X32 + 94.75 X33 + 37.19 X34 + 38.53 X35
+ 99 X36 + 55.56 ¥X37 + 38.95 X38 + 0.28 X39 + 43.35 X310 + N43
= 100

60.14 X41 + 49.52 X42 + 92.47 X43 + 28.04 X44 + 54.7 X45
+ 100 X46 + 51.19 X47 + 54.7 X48 + 15.93 X49 + 26.55 X410 + N44
= 100

S0.82 X51 + 51.86 X52 + 100 X53 + 49.03 X54 + 79.59 X55
+ 82.68 X56 + 23 X57 + 75.88 X58 + 55.67 X59 + 20.99 X510 + N45
= 100

38.27 X61 + 34.01 X62 + 100 X63 + 31.94 X64 + 70.67 X635
+ 93.33 X66 + 38.87 X67 + 47.47 X68 + 50.67 X69 + 34.93 X610
+ N4g& = 100

100 ¥11 + 100 X12 + 100 X15 + 100 X18 + 100 X19 + 100 X110
+ N51 = 100

100 X21 + 100 X22 + 100 X25 + 100 %28 + 100 X29 + 100 X210
+ N5S2 = 100

100 X31 + 100 X32 + 100 X35 + 100 X38 + 100 X3 + 100 X310
+ N53 = 100

100 X41 + 100 X42 + 100 X45 + 100 X48 + 100 X49 + 100 X410
+ N54 = 100

100 X51 + 100 X52 + 100 X55 + 100 X58 + 100 X59 + 100 X510
+ 100 NS5 = 100

100 X61 + 100 X62 + 100 X65 + 100 X68 + 100 X69 + 100 X610
+ N56 = 100

77 X11 + 100 X12 + 11 X13 + 9 X14 + 77 X15 + 7 X16 + 50 X17
+ 66 X18 + 100 X19 + 100 X110 + N61 = 100

75 X21 + 100 X22 + 38 X23 + X24 + 75 X25 + 13 X26 + 25 X27
+ 75 X28 + 100 X29 + 100 X210 + N62 = 100
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G64)

G65)

G66)

G71)

G72)

G73)

G74)

G75)

G76)

Cll)

Cl2)

C13)

Cl4)

C15)

Cl16)

Cc21)

c24)

Cc25)

55 X41 + 100 X42 + 6 X43 + X44 + 55 X45 + 5
+ 52 X48 + 100 X49 + 100 X410 + N64 = 100

97 X51 + 100 X52 + 50 X53 + X54 + 97 X55 + 2
+ 95 X58 + 100 X59 + 100 X510 + N65 = 100

75 X61 + 100 X62 + 13 X63 + X64 + 75 X65 + 1
+ 63 X68 + 100 X69 + 100 X610 + N66 = 100

50 X11 + 50 ¥X12 + 100 X13 + 50 X14 + 50 X15
+ 10 X18 + 50 X19 + 50 X110 + N71 = 100

98 X21 + 98 X22 + 100 X23 + 98 X24 + 98 X25
+ X28 + 98 X29 + 98 X210 + N72 = 100

100 X31 + 100 X32 + 100 X33 + 100 X34 + 100
+ 100 X37 + 100 X39 + X310 + N73 = 100

10 X41 + 10 X42 + 100 X43 + 10 X44 + 10 X45
+ 10 X49 + 10 X410 + N74 = 100

67 X51 + 67 X52 + 100 X53 + 67 X54 + 67 X55
+ 33 X58 + 67 X59 + 67 X510 + N75 = 100

10 X61 + 10 X62 + 100 X63 + 10 X64 + 10 X65
+ X68 + 10 X69 + 10 X610 + N76 = 100

X46 + 50 X47

5 X56 + 26 X57

3 X66 + 50 X867

+ 100 X16 + 50

+ 100 X26 + 98

X35 + 100 X36

+ 100 X46 + 10

+ 100 X56 + 67

+ 100 X66 + 10

76 X11 + 76.2 ¥X12 + 1.2 X13 + 7 X14 + 76 X15 + 4.6 X16

+ 7.8 X17 + 100 X18 + 75.4 X1% + 76 X110 >=

38

77.55 X21 + 77.88 X22 + 1.32 X23 + 11.55 X24 + 77.55 X235

+ 7.59 ¥X26 + 12.21 X27 + 99 X28 + 76.56 %29
>= 61.71

+ 77.55 X210

72.5 %31 + 72.5 X32 + 2 X33 + X34 + 72.5 X35 + X36 + 2 X37

+ 100 X38 + 72.5 X39 + 72.5 X310 >= 0.51

49.69 X41 + 49.69 X42 + 2.7 X43 + 3.87 X44 + 49.6 X45

+ 2.79 X46 + 5.67 X47 + 100 X48 + 49.33 X49
>= 48.6

74.05 X51 + 74.06 X52 + 1.93 X53 + 1.32 X54

+ 49.6 X410

+ 74.05 X55

+ 1.2 X56 + 2.26 X57 + 100 X58 + 74.02 ¥X59 + 74.05 X510 >=

60.4 X61 + 60.73 X62 + 1.99 X663 + 11.56 X64
+ 7.6 X66 + 12.88 X67 + 100 X68 + 59.41 X69
>= 36.234

+ 60.4 X65
+ 60.4 X610

100 X11 + 100 X12 + 50 X13 + 100 X14 + 100 X15 + 50 X16

+ 100 X17 + 100 X18 + 100 X19 + 100 X110 >=

50

100 X41 + 100 X42 + 50 X43 + 100 X44 + 100 X45 + 50 X46

+ 100 X47 + 100 X48 + 100 X49 + 100 X410 >=

50

100 X51 + 100 X52 + 90 X53 + 100 X54 + 100 X55 + 90 X56

+ 100 X57 + 100 X58 + 100 X59 + 100 X510 >=

S0

X17

X27

X47

X57

X67
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C26)

C31)

C32)

C33)

C34)

C35)

C36)

C41)

C42)

C43)

C44)

C45)

C46)

C51)

C53)

C54)

100 X61 + 100 X62 + 50 X63 + 100 X64 + 100 X6S5 + 100 X66
+ 50 X67 + 100 X68 + 100 X6S + 100 X610 >= 50

86.17 X11 + 57.52 X12 + 77.39 X13 + 92.32 X14 + 1.32 X15
+ 70.25 X16 + 100 X17 + 23.05 X18 + 12.07 X19 + 19.76 X110 >= O

77.74 X21 + 50.81 X22 + 90.55 X23 + 74.59 X24 + 34.96 X25
+ 100 X26 + 78.07 X27 + 12.05 X28 + 14.66 ¥X29 + 1.95 X210
>= 27.8

94.8 X31 + 49.27 X32 + 100 X33 + 68.47 X34 + 0.68 X35
+ 93.22 %36 + 76.95 X37 + 23.73 X38 + 11.68 X39 + 20.11 X310
>= 6.99

56.43 X41 + 60.24 X42 + 100 X43 + 69.98 ¥X44 + 0.2 X45
+ 90.26 X46 + 78.01 X47 + 40.16 X48 + 11.04 X49 + 21.18 X410
>= 60

90.09 X51 + 68.97 X52 + 100 X53 + 70.26 X54 + 38.15 X55
+ 55.71 X56 + 79.31 X57 + 13.79 X589 + 16.81 X510 >= 64

60.06 X61 + 22.76 X62 + 100 X63 + 70.73 X64 + 0.2 X65 + 94 X66
+ 79 X67 + 29.78 ¥X68 + 10.87 X69 + 24.62 X610 >= 14.65

72.78 X11 + 43.55 X12 + 81.87 X13 + 24.56 X14 + 75.62 X135
+ 100 X16 + 60.65 X17 + 66.63 X18 + 39.64 X19 + 53.02 X110
>= 3.8

21.1 X21 + 9.9 ¥X22 + 100 X23 + 55.24 ¥X24 + 37.23 X25
+ 55.76 X26 + 26.23 X27 + 37.05 X28 + 51.44 X29 + 17.38 X210
>= 0

46.03 X31 + 41.78 X32 + 94.75 X33 + 37.19 X34 + 38.53 X35
+ 99 X36 + 59.56 X37 + 38.95 X38 + 0.28 %39 + 43.9 X310 >= 0

60.14 X41 + 49.52 X42 + 92.47 X43 + 28.04 X44 + 54.7 K45
+ 100 X46 + 51.19 X47 + 54.7 X48 + 15.93 X49 + 26.55 X410
>= 37.5

50.82 X51 + 51.86 X52 + 100 ¥53 + 49.03 X54 + 79.59 X55
+ B82.68 X56 + 23 X57 + 75.88 X58 + 55.67 X59 + 20.99 X510
>= 2.36

38.27 X61 + 34.01 X62 + 100 X63 + 31.94 X64 + 70.67 X65
+ 93.33 X66 + 38.87 X67 + 47.47 X68 + 50.67 X69 + 34.93 X610
>= 26.25

100 X11 + 100 X12 + 100 X15 + 100 X18 + 100 X198 + 100 X110
>= 50

100 X31 + 100 X32 + 100 X35 + 100 X38 + 100 X39 + 100 X310
>= 0

100 X41 + 100 X42 + 100 X45 + 100 X48 + 100 X49 + 100 X410
>= 50
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C55)

C56)

cel)

C62)

C64)

C66)

C71)

c72)

C74)

C75)

c76)

C81)

C82)

c83}

Cc84)

C85)

C86)

N1)
N2)

N3)

100 X51 + 100 X52 + 100 X55 + 100 X58 + 100 X59 + 100 X51C

>= 50

100 X61 + 100 X62 + 100 X65 + 100 X68 + 100 X669 + 100 X610

>= 0

77 X11 + 100 X12 + 11 X13 + 9 X14 + 77 X15 + 7 ¥X16 + 50 X17
+ 66 X18 + 100 X19 + 100 X110 >= 76

75 X21 + 100 X22 + 38 X23 + X24 + 75 X25 + 13 X26 + 25 X27

+ 75 X28 + 100 X289 + 100 X210 >= 91

55 X41 + 100 X42 + 6 X43 + X44 + 55 X45 + 5 X486 + 50 X47

+ 52 X48 + 100 X49 + 100 X410 >= 50

75 X61 + 100 X62 + 13 X63 + X64 + 75 X65 + 13 X666 + 50 X67
+ 63 X68 + 100 X639 + 100 X610 >= 75

50 X11 + 50 X12 + 100 X13 + 50 X14 + 50 X15 + 100 X16 + 50
+ 10 X18 + 50 X19 + 50 X110 >= 50

98 X21 + 98 X22 + 100 X23 + 98 X24 + 98 X25 + 100 X26 + 98
+ X2B + 98 X29 + 98 X210 >= 98

10 X41 + 10 X42 + 100 X43 + 10 X44 + 10 ¥X45 + 100 X46 + 10
+ 10 X49 + 10 X410 >= 10

67 X51 + 67 X52 + 100 X53 + 67 X54 + 67 X55 + 100 X56 + 67
+ 33 X58 + 67 X59 + 67 X510 >= 67

10 X61 + 10 X62 + 100 X63 + 10 X64 + 10 X65 + 100 X66 + 10
+ X68 + 10 X69 + 10 X610 >= 10

47.56 X11 + 44.6 X12 + 92.13 X13 + 67.52 X14 + 96.16 X16

+ 60.74 X17 + 1.74 ¥18 + 4.71 X19 + 12.36 X110 >= 42.75

48.11 ¥X21 +
+ 74.06 X27

52.13 X31 +
+ 68.35 ¥X37

52.13 X41 +
+ 68.35 X47

44.73 X51 +
+ 66.31 X58

48.48 X6l +
+ 73.81 X67

48.07 X22 + 99.98 X23 + 79.65 X24 + 94.351 X26
+ 2.57 X29 + 14.43 X210 +

51.7 X32 + 98.88 X33
+ 5.1 X38 + 5.52 X398

51.7 X42 + 98.88 X43
+ 5.1 X48 + 5.52 X49

42 ¥52 + 93.75 X53 +

+
+

+
+

79.
21.

79.
21.

2 53X28 >=

97 X34 + 88.

18 X310 >=

97 X44 + 88.

18 X410 >=

46.39

72 X36
47.15

72 X46
47.15

68.66 ¥54 + 100 X57

+ 2.35 X59 + 7.8 X510 >=

48.48 X62 + 100 X63 + 79
+ 2.8 X68 + 2.8 X69 + 15

42

| X21 + X22 + X23 + X24 + X25 + X26 + X27 + X28 + X29 + X210

¥X31 + X32 + X33 + X34 + X35 + ¥X36 + X37 + X38 + X39 + X310

.96 X64 + 93.8 X66
.15 X610 >=

46.53

X1l + X12 + X13 + X14 + X15 + X16 + X17 + X18 + X19 + X110 =

X17

X27

X47

X57

X67
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N4)

N3)

N6)
END

SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
suB
INTE
SuUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB

X41 + X42

X51 + X52

X6l + X62

X11
X1l
X12
X12
X13
X13
X14
X14
X15
X15
X16
X1l6
X17
X17
X18
X18
X19
X19
X110
X110
X21
X21
X22
X22
X23
X23
X24
X24
X25
X25
X26
X26
X27
X27
X28
X28
X29
X29
X210
X210
X31
X31
X32
X32
X33
X33
X34
X34
X35

+ ¥X43 +

+ ¥X53 +

+ X63 +

X44 + X455 + X46 + X47 + X48 + X49 + X410

X54 + X55 + X56 + X57 + X58 + X59 + X510

X64 + X65 + X66 + X67 + X68 + X69 + X610

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.0000¢C

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000
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INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE

X35
X36
X36
X37
X37
X38
X38
X39%
X39
X310
X310
X41
X41
X42
X42
X43
X43
X44
X44
X45
X45
X4e
X46
X47
X47
X48
X48
X49
X49
X410
X410
X6l
X61
Xe2
X62
X63
X63
X64
X64
X65
X65
X66
X66
X67
X67
X68
X68
X69%
X689
X610
X610
X51
X51
X52
X52
X53
X53

1

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

. 00000

.0000¢C

. 00000

.00000

.00000

.00000

. 00000

.00000

.00000

.00000

.060000

.00000

.00000

.00000
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SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE

X54
XS54
X55
X55
X56
X586
X57
X57
X58
X58
X589
X59%
X510
X510

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000
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Table 12: Goal Programming Formulation Based on Weighted-averaged
patient population Preferences and Linear Value Functions

Variable Definition:

Let Xk = the number of patients put on therapeutic combination k
Where therapeutic combinationk = 1to 10

Let @ i = the goal i, (for all patients).
Where the goaii=1to 7

Let I i = the % underachievement of goal i, (for all patients).

Where the goali=1to 7

Let (i = the penalty coefficient related to the underachievement deviational variable n,
for goal i, (for all patients).

Where the goali=1to 7

Let C ij = the therapeutic constraint representing a minimal acceptable level of care to be
satisfied by goal i (for all patients).

Where the goali=1to 7

MIN 6.8 N1 + 12.9 N2 + 2.5 N3 + N4 + 6.8 N5 + 3.3 N6 + 2.4 N7

SUBJECT TO

G1l) 11.88 X1 + 11.91 X2 + 0.28 X3 + 1.11 X4 + 11.88 X5 + 0.75 X6
4+ 1.27 X7 + 16.67 X8 + 11.79 X9 + 11.88 X10 + N1 = 100
G2) 16.67 X1 + 16.67 X2 + 7.28 X3 + 16.67 X4 + 16.67 X5 + 7.28 X6
+ 16.67 X7 + 16.67 X8 + 16.67 X9 + 16.67 X10 + N2 = 100
G3) 14.24 X1 + 7.78 X2 + 16.67 X3 + 12.58 X4 + 1.19 X5 + 14.65 X6
+ 14.52 X7 + 2.74 X8 + 0.79 X9 + 1.84 X10 + N3 = 100
G4) 8.83 X1 + 5.56 X2 + 16.67 X3 + 6.63 X4 + 8.46 X5 + 15.18 X6
+ 7.94 X7 + 8.1 X8 + 5.14 X9 + 6.34 X10 + N4 = 100
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GS)

G6)

G7)

Cl)

C2)

C3)

C4)

C5)

Cé6)

C7)

C8)

C9)

END
GIN
GIN
GIN
GIN
GIN
GIN
GIN
GIN
GIN
GIN

16.67 X1 + 16.67 X2 + 16.67 X5 + 16.67 X8 + 16.67 X9
+ 16.67 X10 + N5 = 100

13.33 X1 + 16.67 X2 + 3.67 X3 + 5.67 X4 + 13.33 X5 + 1.83 X6
+ 5.67 X7 + 10 X8 + 16.67 X9 + 16.67 X10 + N6 = 100

8.68 X1 + 8.68 X2 + 16.67 X3 + 8.68 X4 + 8.68 X5
+ 16.67 X6 + B.68 X7 + 8.68 X9 + 8.68 X10 + N7 = 100

71.3 X1 + 71.4 X2 + 1.7 X3 + 6.7 X4 + 71.3 X5 + 4.5 X6 + 7.6 X7
+ 100 X8 + 70.7 X9 + 71.3 X10 >= 316.2

100 X1 + 100 X2 + 43.7 X3 + 100 X4 + 100 X5 + 43.7 X6 + 100 X7
+ 100 X8 + 100 X9 + 100 X10 >= 374.6

83.9 X1 + 45.8 X2 + 98.2 X3 + 74.1 X4 + 7 X5 + 86.3 X6
+ 85.5 X7 + 16.1 X8 + 4.7 X9 + 10.8 X10 >= 140.7

49.7 X1 + 31.3 X2 + 93.8 X3 + 37.3 X4 + 47.6 X5 + 85.4 X6
+ 44.7 X7 + 45.6 X8 + 28.9 X9 + 35.6 X10 >= 74.4

100 X1 + 100 X2 + 100 X5 + 100 X8 + 100 X9 + 100 X10 >= 300

80 X1 + 100 X2 + 22 X3 + 34 X4 + 80 X5 + 11 X6 + 34 X7 + 60 X8
+ 100 X9 + 100 X10 >= 318

52.2 X1 + 52.2 X2 + 100 X3 + 52.2 X4 + 52.2 X5 + 100 X6
+ 52.2 X7 + 52.2 X9 >= 313.2

47.68 X1 + 45.28 X2 + 93.63 X3 + 69.86 X4 + 95.78 X6 + 63.28 X7
+ 1.9 X8 + 4.3 X9 + 12.8 X10 >= 54.88

X1 + X2 + %3 + X4 + X5 + X6 + X7 + X8 + X9 + X10 = 6

X1
X2
X3
X4
X5
X6
X7
X8
X9
X10
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Table 13: Goal Programming Formulation Based on Weighted-
averaged Healthcare Professional Population Preferences and
Linear Value Functions

Variable Definition:
Let Xk = the number of patients put on therapeutic combination k

Where therapeutic combinationk = 1 to 10

Let € i = the goal i, (for all patients).

Where the goali=1to 7

Let 1! i = the % underachievement of goal i, (for all patients).

Where the goali=1to 7

Let & i = the penalty coefficient related to the underachievement deviational variable n,
for goal i, (for all patients).

Where the goali=1to 7

Let C ij = the therapeutic constraint representing a minimal acceptable level of care to be
satisfied by goal i (for all patients).

Where the goali=1to 7

MIN 3.5 N1 + 3.92 N2 + 2.8 N3 + 2.6 N4 + 2.75 N5 + 1.6 N& + N7
SUBJECT TO
Gl) 13.18 X1 + 13.24 X2 + 1.11 X3 + 2.82 X4 + 13.18 X5 + 2.16 X6
+ 2.92 X7 + 16.67 X8 + 13.02 X9 + 13.18 X10 + N1 = 100
G2) 16.67 X1 + 16.67 X2 + 6.46 X3 + 16.67 X4 + 16.67 X5 + 6.46 X6
+ 16.67 X7 + 16.67 X8 + 16.67 X9 + 16.67 X10 + N2 = 100
G3) 9.77 X1 + 7.92 X2 + 16.67 X3 + 12.46 X4 + 1.38 X5 + 15.77 X6
+ 12.25 X7 + 0.49 X8 + 1.14 X9 + 2.44 X10 + N3 = 100
G4) 4.01 X1 + 4.16 X2 + 16.67 X3 + 4.83 X4 + 9.979998 X5 + 16.09 X6
+ 7.35 X7 + 9.28 X8 + 4.38 X9 + 3.17 X10 + N4 = 100
GS) 16.7 X1 + 16.7 X2 + 16.7 X5 + 16.7 X8 + 16.7 X9 + 16.7 X10 + N5
= 100
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G6)

G7)

Cl)

C3)

C4)

C6)

Cc7)

c8)

C9)
END
GIN
GIN
GIN
GIN
GIN
GIN
GIN
GIN
GIN
GIN

13 X1 + 16.67 X2 + 1.83 X3 + 8.33 X4 + 13 X5 + 1.83 X6

+

7.96 X1 + 7.96 X2 + 16.

+

79.1 X1 + 79.43 X2 + 6.

+

47.

<+

8.33 X7 + 10.5 X8 +

7.96 X7 + 7.96 X9 +

17.54 X7 + 100 X8 +

73.5 X7 + 2.96 X8 +

41.67 X7 + 52.64 X8

X1 + 100 X2 + 11 X3
100 X9 + 100 X10 >=

16.67 X9 + 16.67 X10 + N6 = 100

67 X3 + 7.96 X4 + 7.96 X5 + 16.67 X6
7.96 X10 + N7 = 100

65 X3 + 16.9 X4 + 79.1 X5 + 12.94 Xé
78.11 X9 + 79.1 X10 >= 406

.86 X1 + 47.49 X2 + 100 X3 + 74.73 X4 + 8.25 X5 + 94.59 X6

6.86 X9 + 14.62 X10 >= 0

.68 X1 + 23.6 X2 + 94.5 X3 + 27.41 X4 + 56.58 X5 + 91.25 X6

+ 24.83 X9 + 18 X10 >= 103.1

+ 50 X4 + 78 X5 + 11 X6 + 50 X7 + 63 X8
210

76 X1 + 47.76 X2 + 100 X3 + 47.76 X4 + 47.76 X5 + 100 Xé

47.76 X7 + 47.76 X8

+ 47.76 X10 >= 286.6

23.1 X1 + 45.28 X2 + 93.63 X3 + 69.86 X4 + 95.78 X6 + 63.28 X7
+ 1.9 X8 + 4.3 X9 + 12.8 X10 >= 38.7

X1 + X2 + X3 + X4 + X5 + X6 + X7 + ¥XB + X9 + X10 = 6

X1
X2
X3
X4
X5
X6
X7
X8
X9
X10
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Table 14: Goal Programming Formulation Based on Combined Weighted-
averaged (50/50%) Patient and Healthcare Professional
Preferences and Linear Value Functions

Let Xk = the number of patients put on therapeutic combination k
Where therapeutic combinationk = 1to 10

Let € i = the goal i, (for all patients).
Where the goali=1to 7

Let N i = the % underachievement of goal i, (for all patients).

Where the goali=1to 7

Let i = the penalty coefficient related to the underachievement deviational variable n,
for goal i, (for all patients).

Where the goali=1to 7

Let C ij = the therapeutic constraint representing a minimal acceptable level of care to be
satisfied by goal i (for all patients).

Where the goali=1to 7

MIN 3.04 N1 + 4.96 N2 + 1.56 N3 + 1.07 N4 + 2.8 N5 + 1.43 N6 + N7

SUBJECT TO

Gl) 12.53 X1 + 12.57 X2 + 0.69 X3 + 1.96 X4 + 12.53 X5 + 1.45 X6
+ 2.1 X7 + 16.67 X8 + 12.4 X9 + 12.53 ¥X10 + N1 = 100
G2) 16.67 X1 + 16.67 X2 + 6.87 X3 + 16.67 X4 + 16.67 X5 + 6.87 X6
+ 16.67 X7 + 16.67 X8 + 16.67 X9 + 16.67 X10 + N2 = 100
G3) 12.11 X1 + 8.189995 X2 + 16.67 X3 + 12.5 X4 + 1.24 X5
+ 15.22 X6 + 13.46 X7 + 1.67 ¥X8 + 0.94 X9 + 92.16 X10 + N3
= 100
G4) 6.42 X1 + 4.86 X2 + 16.67 X3 + 5.73 X4 + 9.22 X5 + 15.64 X6
+ 7.65 X7 + 8.689999 X8 + 4.76 X9 + 4.76 X10 + N4 = 100
G5) 16.67 X1 + 16.67 X2 + 16.67 X5 + 16.67 X8 + 16.67 X9
+ 16.67 X10 + NS = 100
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G6)

G7)

Cl)

C2)

C3)

C4)

CS)

Cco)

Cc7)

C8)

C2)

END
GIN
GIN
GIN
GIN
GIN
GIN
GIN
GIN
GIN
GIN

13.17 X1 + 16.67 X2 + 2.75 X3 + 7 X4 + 13.17 X5 + 1.83 Xé
+ 7 X7 + 10.25 X8 + 16.67 X9 + 16.67 X10 + N6 = 100

8.33 X1 + 8.33 X2 + 16.67 X3 + 8.33 X4 + 8.33 X5 + 16.67 X6

+ 8.33 X7 + 8.33 X9 + 8.33 X10 + N7 = 100

75.18 X1 + 75.43 X2 + 4.17 X3 + 11.78 X4 + 75.18 X5 + 8.72 X6
+ 12.59 X7 + 100 X8 + 74.41 X9 + 75.18 X10 >= 361.35

100 X1 + 100 X2 + 41.21 X3 + 100 X4 + 100 X5 + 41.21 X6

+ 100 X7 + 100 X8 + 100 X9 + 100 X10 >= 487.32

72.64 X1 + 49.13 X2 + 100 X3 + 74.99 X4 + 7.43 X5 + 91.35 X6
+ 80.75 X7 + 10.03 X8 + 5.62 X8 + 12.95 X10 >= 94.77

38.52 X1 + 29.17 X2 + 100 X3 + 34.4 X4 + 55.32 X5 + 93.82 Xé6
+ 45.87 X7 + 52.17 X8 + 28.57 X9 + 28.53 X10 >= 88.77

100 X1 + 100 X2 + 100 X5 + 100 X8 + 100 X9 + 100 X10 >= 450

79 X1 + 100 X2 + 16.5 X3 + 42 X4 + 79 X5 + 11 X6 + 42 X7
+ 61.5 X8 + 100 X9 + 100 X10 >= 264

49.98 X1 + 49.98 X2 + 100 X3 + 49.98 X4 + 49.98 X5 + 100 X¢
+ 49.98 X7 + 49.98 X9 + 49.98 X10 >= 295.88

47.68 X1 + 45.28 X2 + 93.63 X3 + 69.86 X4 + 95.78 X6 + 63.28 X7

+ 1.9 X8 + 4.3 X9 + 12.8 ¥X10 >= 42.87

X1 + X2 + X3 + X4 + X5 + X6 + X7 + ¥8 + X9 + X10 = 6

X1
X2
X3
X4
X5
X6
X7
X8
XS
X10
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Table 15: MAUT Decision Analysis Based on Individual Patient Level
Preferences and Linear Value Functions

IScaied Individual Patient MAUT Model

|

[Patient 1 Relative x3] x4 x5] xef x7| xs8] X9 Xio]
Importance of
Decision
Attributes
g11 Durable Viral Load| 26% 19.49 0.31] 1.79]19.49] 1.18] 2.00}25.64]19.33]19.49
Suppression
21 Clinical Benefit 26% 12.82] 25.64] 25.64] 12.82] 25.64] 25.64] 25.64] 25.64
g31 Adverse Effects] 0% 0.00} 0.00 0.00r 0.00{ 0.00] 0.00] 0.00] 0.00
g41 Ease of Use 3% 2.09] 0.63}] 1.94] 256] 1.56] 1.71] 1.02} 136
g5t Resistance 26% 0.00f] 0.00]25.64] 0.00] 0.00]25.64] 25.64} 25.64
_g61] Treatment guidelines} 13% 1.41] 1.15] 9.87] 0.90} 641] 8.46]12.82112.82
g71 Future options 8% 7.69] 3.85] 3.85] 7.69] 3.85] 0.77] 3.85f 3.85
Total 24.32] 33.07] 86.43] 25.15] 39.45} 87.86 88.30{ 88.80
Rank 10] 8] 5 9l 7 4 3 1
Satisfies All no no no no no no no no
Constraints
Patient 1 Selection
Total # of Violated Constraints 4.00F3.0c11.oo| 4.00| 3.oo| 3.00] 1.00} 1.00
ctt]| Durable Viral 1.00f 1.00f o000} 1.00] 1.00] 0.00] 0.00f 0.00
Load
Suppression
c21 Clinicall 0.00 1.00] 0.00] 0.00] 1.00] 0.00} 0.00f 0.00} 0.00
Benefit | |
c31 Adverse| 0.00| 0.00] 0.00] 0.00] 0.00] 0.00f 0.00f 0.00] 0.00
Effects
c41 Ease of Use] 0.00 0.00] 0.00] 0.00] 0.00] 0.00] 0.00] 0.00] 0.00
c51 Resistance] 0.00 1.00] 1.c0] o0.00} 1.00] 1.00] 0.00f§ 0.00] 0.0
c61 Treatment] 0.00 1.00] 1.00] 0.00} 1.00f 1.00{ 1.00f 0.00} 0.00
_guidelines|
¢71] Future options] 0.00 0.00] 0.00] 0.00f 0.00f§ 0.00f 1.00] 0.00} 0.00
c81 Drug] 0.00 0.00] o.oof 1.00] 0.00f 0.00} 1.00} 1.00§] 1.00
Interactions
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{Scaled Individual Patient MAUT Model
]Patientz Relative X3 X4 X5) X6 X7] X8| X9} Xi10
Importance of
Decision
Attributes
g12 Durable Viral Lo:dl 27% 0.35] 3.07]20.63] 2.02] 3.25]26.60]20.36] 20.63
Suppression
g22 Clinical Benefit] 27% 0.53] 26.60] 26.60 0.53“ 26.60] 26.60} 26.60] 26.60
g32 Adverse Effects] 20% 18.06] 14.88] 6.97]19.95| 15.57] 2.40] 2.92] 0.39
g42 Ease of Usel] 5% 532] 294] 1.98] 297] 1.40] 197] 274] 0.92
g52 Resistance] 0% 0.00] 0.00] 0.27] 0.00] 0.00] 0.27] 0.27] 027
g62| Treatment guidelinesl 11% 4.04] 0.11] 7.98 1.38] 2.66] 7.98|10.64] 10.64
gr2 Future options 11% 10.64] 10.43] 10.43] 10.64§ 10.43] 0.11]10.43] 10.43
Total 38.95] 58.02] 74.85] 37.48] 59.90] 65.92] 73.95] 69.87
Rank 2l 8| 3 10 7 6 4 5
Satisfies All no no no no no no no no
Constraints
Patient 2 Selection
Total # of Violated Constraints 4.00[ 3.ool z.ool 4.ool 3.oo| 4.00] 200] 200
c12|Durable Viral 1.00] 1.00] o0.00}] 1.00] 1.00] 0.00] 0.00f 0.00
Load
Suppression
c22{Clinical 1.00] 0.00] o.0o] 1.00] 0.00] 0.00] 0.00] o0.00
Benefit I I
c32jAdverse 0.00] 0.00] 0.00] 0.00f 0.00] 1.00] 1.00f] 1.00
Effects
c42|Ease of Use 0.00] 0.00f 0.00{ 0.00f 0.00} 0.00] 0.00] 0.00
c52|Resistance 1.00] 1.00] o0.00] 1.00] 1.00f} 0.00] 0.00] 0.00
¢62|Treatment 1.00f 1.00] 1.00] 1.00f 1.00f 1.00] 0.00f 0.00
guidelines
c72|Future options 0.00] 0.00} 0.00] 0.00] 0.00} 1.00{ 0.00] 0.00
¢82|Drug 0.00I 0.00] 1.00] 0.00{ 0.00] 1.00{ 1.00] 1.00
Interactions
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led Individual Patient MAUT Model

Sca
IPatient3 Refative x2] x3] x4] xsI x6] x7] x8] xs| x10
Importance of
Decision
Attributes
g13 Durable Viral Load 0% 0.35] 0.01] 0.00] 0.35] 0.00] 0.01] 0.49] 0.35] 0.3S
Suppression
g23 Clinical Benefit 49% 48.54] 9.71]48.54] 48.54] 9.71] 48.54] 48.54] 48.54] 48.54
g33 Adverse Effects 0% 0.24] 0.49] 0.33] 0.00] 04S] 0.37] 0.12] 0.06] 0.10
43 Ease of Use 0% 0.20] 0.46] 0.18] 0.19] 0.49] 0.29} 0.19] 0.00] 0.21
53 Resistance) 49% 48.54] 0.00] 0.00l48.54] 0.00] 0.00]48.54] 48.54] 48.54
g63| Treatment guidelines) 0% 0.00] 0.00} 0.00] 0.00] 0.00] 0.00] 0.00f 0.00}] 0.00
g73 Future options; 1% 1.46] 1.46] 1.46] 1.46] 1.46] 1.46] 0.00] 1.46f 146
99.34] 12.12] 50.52] 99.09] 12.11] 50.67] 97.88] 98.95{ 99.21
2 gl 8l 4 10 7 6 5 3
yes| no nq nol nol nol no] no no
Patient 3 Selection
Total # of Violated Constraints o.oo] 2.001 1.oo| 200} 2.00] 1.00] 2.00] 1.00} 1.00
¢13|Durable Viral 0.00] 0.00] 0.00] 0.00] 0.00f 0.00] 0.00] 0.00
Load
Suppression
c23|Clinical 0.00H 1.00| 0.00] o0.00] 0.00] o0.00
Benefit
c33|Adverse 1.00] 0.00] 0.00} 0.00f§ 0.00] 0.00
Effects
c43|Ease of Use
c53|Resistance
¢63| Treatment
uidelines
c73|Future options N
c83|Drug ‘
Interactions

102



caled Individual Patient MAUT Model

S
FPatient4 Relative x3] x4] xs| xe| x7} xs8] Xx9] Xio
Importance of
Decision
Attributes
g14|Durable Viral Load 8% 0.22} 0.31] 4.03] 0.23] 0.46] 8.13] 4.01] 4.03
Suppression
g24|Clinical Benefit 81% 40.65] 81.30] 81.30} 40.65] 81.30] 81.30] 81.30] 81.30
‘ g34|Adverse Effects 1% 0.81] 0,571 0.00f 0.73} 0.63] 0.33] 0.0 017
g44|Ease of Use 0% 0.00] 0.00] 0.00 0.00| 0.00] 0.00] 0.00} 0.00
g54|Resistance 8% 0.00f 0.00] 8.13] 0.00] 0.00] 8.13] 8.13] 8.13
g64 Treatment guidelines 1% 0.05] 0.01] 0.45] 0.04] 0.41} 0.42] 0.81] 0.81
ﬂ Future options 1% . o0.81] 0.08] 0.08] 0.81] 0.08] 0.00] 0.08] 008
Total] 94.45 42.54] 82.27] 93.99] 42.46] 82.88] 98.31] 94.43] 94.53
Rank of 8 6 10 7 1 5 3
Satisfies All noj no} no nol nol] no|] no no
Constraints
Patient 4 Selection
Total # of Violated Constraints 3.00§ 4.00] 200 3.00I 2.00f 3.00f 3.00] 3.00
c14| ODurable Viral 1.00] 1.00] 0.00] 1.00} 1.00] 0.00] 0.00] 0.00
Load
Suppression
c24 Clinical 0.00I 0.00f o0.00] 0.00] 0.00] 0.00] 0.00{ 0.00
Benefit I I
c34 Adverse 0.00l 0.00] 1.00] 0.00] o0.00} t.00] 1.00} 1.00
Effects
c44| Ease of Use| 0.00I 1.00] 0.00] 0.00f 0.00] 0.00] 1.00f 1.00
c54 Resistance, 1.00] 1.00] o.00] 1.00] 1.00] 0.00] 0.00] 0.00
c64 Treatment 1.00[ 1.00f 0.00] 1.00] 0.00] 0.00] 0.00] 0.00
guidelines l
c74} Future options 0.00} 0.00§ 0.00] 0.00§ 0.00}] 1.00] 0.00} 0.00
c84 Drug o.ool o.ooI 1.00] 0.00] 0.00] 1.00 1.00] 1.00
Interactions
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|Scaled individual Patient MAUT Model

Patient § Relative X2] X3 X4] X5 XGF X7 X8 x9] X10
importance of
Decision
Attributes

g15 Durable Viral Load 0.32] 0.22]12.47] 0.20] 0.38]16.84] 12.46] 12.47

Suppression
25 Clinical Benefit 15.31]17.01}17.01]15.31} 17.01] 17.01} 17.01} 17.01
35 Adverse Effects 17.01§11.95 6.49F 9.47{13.49 0.00F 235} 286
45 Ease of Use 16.67 8.17J13.26 13.78] 3.83]12.65] 9.28] 3.50
55 Resistance 0.00] 0.00]15.31] 0.00§ 0.00{15.31] 15.31] 15.31
65 Treatment guidelines 8.50] 0.17]16.50] 4.25] 4.42|16.16]17.01] 17.01
75 Future options 0.17] 0.11] 0.11] 0.17] 0.11] 0.06] 0.1} 0.11
57.98] 37.63] 81.14] 43.18] 39.24] 78.01} 73.52] 68.26
71 10 3 gl 8 4 5 6
yesl no no no| no nol nol no no

Patient 5

Total # of Violated Constraints 3.00[ 2.00[ 2.00] 4.00] 2.00] 3.00f 2.00] 200
¢15| Durable Viral 0.00} 0.00] 0.00] 0.00] 0.00] 0.00|] C.00f 0.00
c25 1.00] 0.00] o.00] 1.00] 0.00] 0.00] 0.00] 0.00
c35 0.00} 0.00} 1.00F 1.00] 0.00] 1.00] 1.00] 1.00
c45 0.00] 0.00] o0.00{ 0.00] 0.00] 0.00f 0.00§ 0.00
c55 1.00] 1.00] 0.00] 1.00} 1.00{ 0.00] 0.00} 0.00
c65 1.00] 1.00] o.00] 1.00] 1.00f 0.00] 0.00f 0.00
c75| Future options 0.00} 0.00] 0.00} 0.00] 0.00] 1.00] 0.00] 0.00
¢85  Drugli 0.00] 0.00} 1.00] 0.00] 0.00] t.00f 1.00] 1.00
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IScaled Individual Patient MAUT Model

[Patient 6 Relative x2] X3] Xx4f X5 Xxe] X7 X8| X9] Xi10
importance of
Decision
Attributes
g16|Durabie Viral Load 21% 12.98] 0.43] 2.47]1291] 1.62] 2.75(21.38|12.70] 12.91
Suppression
g26/Clinical Benefit 24% 23.75] 11.88] 23.75{ 23.75] 11.88] 23.75} 23.75] 23.7S] 23.75
_g36|Adverse Effects 21% 4.87121.38] 15.12] 0.04}20.10}16.89] 6.37] 2.32] 565
g46|Ease of Use 0% 0.08] 0.24] 0.08] 0.17] 0.22} 0.09] 0.11] 0.12} 0.08
gS6|Resistance 2% 2.38} 0.00] 0.00] 2.38] 0.00f] 0.00] 2.38] 238} 238
g66| Treatment guidelines 12% 11.88] 1.54] 0.12] 891] 154] 594 7.48]11.88] 11.88
g7é Future options 19% 1.90] 19.00] 1.80] 1.80§19.00f 1.90] 0.19] 1.90{ 1.90
57.83] 54.46] 43.44] 50.06] 54.37] 51.33] 61.66] 55.05] 58.55
4 6] 10 9| 7 8] 2 5 3
yes| no no no no no, no no no
Patient 6 Selection
Total # of Violated Constraints o.ool 4.00 3.00I 2.00 4.00' 300] 3.00] 2.00] 1.00
¢16{Durable Viral 0.00] 1.00] 1.00f 0.00f 1.00{ 1.00] 0.00f 0.00] 0.00
Load
Suppression
c26|Clinical 0.00{ 1.00] 0.00] 0.00] 1.00] 0.00] 0.00] 0.00] 0.00
Benefit |
c36|Adverse 0.00] 0.00} 0.00] 1.00] 0.00] 0.00] 0.00; 1.00§ 0.00
Effects
c46|Ease of Use 0.00] 0.00] 0.00] 0.00{ 0.00f 0.00] 0.00} 0.00f 0.00
c56]|Resistance 0.00] 1.00] 1.00] 0.00} 1.00] 1.00] 0.00f 0.00{ 0.00
c66| Treatment 0.00] 1.00} 1.00} o.00f 1.00] 1.00] 1.00] 0.00f 0.00
uidelines L
¢76|Future options B 0.00} 0.00] 0.00] 0.00} 0.00] 0.00} 1.00] 0.00] 0.00
¢86|Drug 0.00§ 0.00f 0.00f 1.00} 0.00] 0.00 1.00| 1.00] 1.00
Interactions
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Table 16: MAUT Decision Analysis Based on Weighted-averaged
patient population Preferences and Linear Value Functions

Scaled AGG. Patient MAUT Relative X1 X2 x3] x4l xs5] x8] x7] X8 X8} X10
Model Importance of
Decision
Attributes
gt Durable Viral Load 18% 13.60[13.63] 0.32] 1.27|13.60] 0.86] 1.46]19.08] 13.49] 13.60
Suppression
g2 Clinical Benefit 8% 36.19] 36.19] 15.81] 36.19] 36.19} 15.81| 36.19§ 36.19] 36.19 36.19|
g3 Adverse Effects 7% 6.05] 3.54] 698] 5.25] 046] 6.15f 6.14] 1.19] 030] 0.79
g4 Ease of Use 3% 1.49] 094] 281] 1.12] 1.43] 256] 1.34] 1.37] 087 1.07
a5 Resistance 19% 19.08} 19.08] 0.00] 0.00] 19.08] 0.00] 0.00] 19.08} 19.08| 19.08
g6 Treatment guidelines 9% 7321 9.15] 201] 3.11] 7.32] 1.01] 3.11] 549] 9.15f S.15
7 Future options 7% 3.50f 3.50 6.70l 3.50f 3.50] 6.70] 3.50} 0.00f 350} 3.50
Totall 87.23] 86.03] 34.63} 50.45] 81.58} 33.08] 51.74} 82.41] 82.59] 83.38
Rank 1 2 9 8 6l 10] 7 5 4 3
Satisfies All] yes] yes nol no no| no no| no| no no
Constraints
Selection X
Total # of Violated Constraints 0.00] 0.00] <4.00] 3.00[ 2.00] 4.00{ 3.00f 3.00{ 2.00{ 1.00
c1{Durable Viral 0.00{ 0.00] 1.00] 1.00] 0.00| 1.00{ 1.00| 0.00] 0.00| 0.00
Load
Suppression
c2|Clinical Benefit | 0.00] 0.00] 1.00] 0.00] 0.00{ 1.00] 0.00{ 0.00! 0.00] 0.00
c3|Adverse 0.00] 0.00}] ©.00[ 0.00{ 1.00{ 0.00| 0.00| 1.00| 1.00{ 1.00
Effects
c4lEase of Use 0.00] 0.00] 0.00] 0.00] 0.00] 0.00{ 0.00] 0.00] 0.00| 0.00
cS|Resistance 0.00] 0.00] 1.00] 1.00] 0.00] 1.00{ 1.00f 0.00] 0.00| 0.00
c6| Treatment 0.00] o0.00{ 1.00[ 1.00[ 0.00] 1.00] 1.00{ 0.00{ 0.00{ 0.00
quidelines
c7|Future options | 0.00] 0.00] 0.00! 0.00; 0.00] 0.00] 0.00] 1.00{ 0.00; 0.00
c8|Drug 0.00] 0.00f 0.00{ 0.00{ 1.00{ 0.00| 0.00] 1.00] 1.00{ 0.00
Interactions
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Table 17: MAUT Decision Analysis Based on Weighted-averaged
Healthcare Professional Population Preferences and Linear

Value Functions

Scaled AGG. HCP MAUT Model Relative X1 X2 X3 X4 XS X6 X7 X8 X9] X10
Importance of
Decision
Attributes
g1 Durable Viral Load 19% 15.30] 15.36] 1.29] 3.27] 15.30] 250} 3.39f 19.34] 15.10] 15.30
Suppression
g2 Clinical Benefit 22% 21.55] 21.55] 8.35] 21.55] 21.55] 8.35] 21.55} 21.55] 21.55} 21.55
g3 Adverse Effects 18% 9.07| 7.35| 15.47} 11.56] 1.27] 14.63]11.37] 046] 1.07} 226
g4 Ease of Use 14% 3.45] 359]14.36] 4.17] 8.60] 13.87] 6.33] 800} 3.77] 274
g5 Resistance 18% 14.92f 14.92] 0.00f 0.00} 14.92] 0.00{ 0.00{ 14.92| 14.92{ 14.92
g6 Treatment guidelines 9% 6.90f 8.84] 097] 4.42] 6.90] 097] 4.42] 557| 884} 884
7 Future options 8% 264] 264] 552] 2641 2.64] 552f 2.64] 0.00] 2.64] 2.64
Total] 73.81] 74.24] 45.97] 47.60] 71.16] 45.85] 49.70] 69.84] 67.89{ 68.23
Rank 2 1 9 8 3 10 7 4 6 S
Satisfies All} yes} yes no no no no no no nol yes
Constraints,
Selection X
Total # of Violated Constraints o0.00f 0.00] 400] 2.00f 1.00] 4.00] 2.00] 2.00] 1.00] 0.00
c1{Durable Viral 0.00| 0.00] 1.00/ 1.00{ 0.00| 1.00[ 1.00} 0.00| 0.00{ 0.00
Load
Suppression
c2|Clinical 0.00] 0.00] 1.00] 0.00| 0.00[ 1.00f 0.00| 0.00{ 0.00] 0.00
Benefit
c3|Adverse 0.00] 0.00f] 0.00| 0.00! 0.00f 0.00| 0.00( 0.00| 0.00| 0.00
Effects
c4|Ease of Use 0.00| 0.00] 0.00] 0.00{ 0.00] 0.00{ 0.00} 0.00{ 0.00{ 0.00
c5|Resistance 0.00] 0.00] 1.00] 1.00] 0.00] 1.00{ 1.00/ 0.00| 0.00] 0.00
c6|Treatment 0.00] 0.00] t1.00] 0.00f 0.00] 1.00{ 0.00f 0.00| 0.00| 0.00
uidelines
c7|Future 0.00] 0.00] 0.00] 0.00] 0.00] 0.00f 000{ 1.00( 0.00| 0.00
options
c8|Drug 0.00| 0.00] 0.00| 0.00| 1.00{ 0.00} 0.00| 1.00{ 1.00| 0.00
Interactions
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Table 18: MAUT Decision Analysis Based on Combined Weighted-
averaged (50/50%) Patient and Healthcare Professional
Preferences and Linear Value Functions

Scaled Combined (50/50) MAUT Relative X1 X2| x3] x4} xs5] xef X7] X8| X9 X10
Model importance of
Decision
Attributes
g1|Durable Viral Load 19% 14.41]14.46] 0.80 2.26]14.41] 1.67] 2.41}19.17]14.26] 14.41
Suppression
g2|Clinical Benefit 1% 31.25]31.25}12.88}31.25]31.25]12.88]31.25]31.26]31.25] 31.25
3|Adverse Effects 10% 7.15| 4.84] 9.85] 7.38] 0.73} 8.99| 7.95] 0.99] 0.55 1.28
__g4|Ease of Use 7% 259] 1.96] 6.71] 2.31] 3.71} 6.30} 3.08] 3.50] 1.92 1.92
__g5|Resistance 18% 17.68}17.68] 0.00} 0.00}17.68] 0.00] 0.00{17.68|17.68] 17.68
__g6|Treatment guidelines 8% 7.14] 9.04} 1.49} 3.80] 7.14] 0.99] 3.80] 5.56] 9.04 9.04
_g7|Future options 6% 3.15] 3.15} 6.30f 3.15] 3.15] 6.30] 3.15] 0.00] 3.15 3.15
Total]83.37] 82.38] 38.03]50.15] 78.08]37.14}51.64} 78.15{77.86] 78.72
Rank 1 2 9 8 5§ 10 7 4 6 3
Satisfies All] yes] yes] no nof noj no no| no no no
Constraints] I
Selection X
Total # of Violated Constraints 0.00] 0.00] 4.c0] 3.00] 2.00] 4.00] 3.00} 3.00} 2.00 1.00
c1{Durable Viral | 0.00] 0.00] 1.00| 1.00] 0.00{ 1.00} 1.00] 0.00} 0.00 0.00
Load
Suppression
c2|Clinical 0.00| 0.00{ 1.00{ 0.00| 0.00| 1.00| 0.00{ 0.00{ 0.00 0.00
Benefit
c3|Adverse 0.00| 0.00| 0.00| 0.00{ 1.00] 0.00( 0.00[ 1.00] 1.00 1.00j
Effects
c4|Ease of Use 0.00] 0.00] 0.00] 0.00] 0.00{ 0.00{ 0.00] 0.00| 0.00 0.00
c5|Resistance 0.00] 0.00] 1.00{ 1.00] 0.00] 1.00{ 1.00{ 0.00] 0.00 0.00
c6] Treatment 0.00] 0.00| 1.00] 1.00| 0.00| 1.00] 1.00] 0.00} 0.00 0.00
guidelines
c7|Future 0.00] 0.00| 0.00| 0.00{ 0.00| 0.00( 0.00[ 1.00{ 0.00 0.00
options
c8|Drug 0.00| 0.00| 0.00] 0.00| 1.00{ 0.00| 0.00{ 1.00| 1.00 0.00
Interactions
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Table 19: Goal Programming Solution Based on Individual Patient Level

Preferences and Linear Value Functions

OBJECTIVE FUNCTION VALUE

1)

VARIABLE
X11
X12
X13
X1l4
X15
X16
X17
X18
X19

X110
X21
X22
X23
K24
X25
X26
X27
X28
X289

X210
X31
X32
X33
X34
X35
X36
X37
X38
X39

X310
X41
X42
X43
X44
X45
X46
X47
X48
X49

X410
X6l
X62
X63
X64d
X65

327%0.01

VALUE
.000000
1.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
1.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
1.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
1.000000
.000000
.000000
.000000
.000000
.006000
.000000
.000000
.000000
1.000000
.000000
.000000
.000000
.000000

REDUCED COST

-1972.
-1945.
-383.
-234.
-1975.
-436.
-278.
-2086.
-1833.
-1953.
279217.
25716.
13123
21774.
25041.
13574.
21520.
21584.
23703.
22168.
-512.
-462.
-495.
-405.
-410.
-492.
-437.
-161.
-383.
~-138.
-1568.
-1617.
~-183.
-69.
-1511.
-173.
~144.
~-2042.
-1564.
~1577.
-259689.
-23348.
-22929.
-18288.
-20074.

780000
550000
670000
650000
620000
000000
650000
630000
640000
020000
500000
750000

.250000

050000
600000
200000
850000
750000
550000
850000
430000
650000
850000
760000
810000
320000
610000
780000
740000
610000
330000
380000
000000
680000
200000
160000
710000
160000
340000
180000
670000
110000
100000
040000
670000
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X66
X67
X638
X69
X610
X51
X52
X53
X54
X55
X56
X57
X58
X589
X510
N1l1
N12
N13
N1l4
N15
N1é
N21
N22
N23
N24
N25
N26
N32
N33
N34
N35
N3é
N41l
N42
N43
N45
N46
N51
N52
N53
N54
N55
N56
N6l
N62
N64
N65
N&6
N71
N72
N73
N74
N75
N76
N31
N44

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
23.
22.
27.
50.
25.
39.

.000000

.000000

.000000

.000000

.000000

.000000C
49.
.199997
39.
.910004
33.
56.
90.
53.
49.
61.
.000600
.000000
.000000
. 000000
. 000000
.000000
.000000
.000000
.000000
.000000
. 000000
.000000
.000000C
. 000000
90.
33.
90.
42,
50.

800000
120000
500000
310000
950000
600000

190000

520000

940000
450000
100000
970000
180000
730000

000000
000000
000000
580000
480000

-28557.330000
-21608.070000
-24957.670000
-22175.870000
-23648.730000
-31176.310000
-29467.220000
-25080.070000
-12127.620000
-28801.770000
-16391.440000
-13074.740000
-26958.240000
-24318.640000
-21224.970000
.000000
.000000
.000000
.000000
.000000

. 000000
10.000000
.000000
100.000000
100.000000
100.000000
.000000
.000000
.000000
.000000
.000000
.000C00
.000000
.000000
.000000
.000000C
.000000
.000000
1.000000
100.000000
.000000
.000000
10.000000
5.000000
40.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000060
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ROW SLACK OR SURPLUS DUAL PRICES

G11l) . 000000 -10.000000
G12) .000000 -100.000000
G13) .000000 -1.000000
G14) .000000 -10.000000
G15) .000000 -99.000000
Gl6) .000000 -380.000000
G21) .000000 .000000
G22) .000000 -100.000000
G23) .000000 . 000000
G24) .000000 .000000
G25) .000000 .000000
G26) .000000 -100.000000
G31) .000000 .000000
G32) .000000 -75.000000
G33) .000000 ~1.000000
G34) .000000 -1.000000
G35) .000000 -100.000000
G36) .000000 ~-90.000000
G41) .000000 -1.000000
G42) .000000 -20.000000
G43) .000000 -1.000000
G44) . 000000 .000000
G45) .000000 -98.000000
G46) .000000 -1.000000
G51) . 000000 -10.000000
G52) .000000 .000000
G53) . 000000 . 000000
G54) .000000 -10.000000
G55) . 000000 -.8000090
G56) .000000 .000000
G6l) .000000 .000000
G62) .000000 .000000
G64) .000000 -1.000000
G65) .000000 -100.000000
G66) .000000 -50.000000
G71) .000000 -3.000000
G72) .000000 -40.000000
G73) .000000 -3.000000
G74) .000000 -1.000000
G75) .000000 -1.000000
G76) .000000 -80.000000
Cll) 38.200000 .000000
Cl2) 16.170000 .000000C
C13) 71.920000 .000000
Cl4) 1.080000 .000000
C1ls5) 73.250000 .000000
Cl6) 24.166000 .000000
C21) 50.000000 .000000
C24) 50.000000 .000000
C25) 10.000000 .000000
Cc26) 50.000000 .000000
C31) 57.520000 .000000
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C32)
C33)
C234)
C35)
C36)
Cc41)
C42)
C43)
C44)
C45)
C46)
CS1)
C53)
CS54)
C55)
C56)
Cé1l)
C62)
C64)
C66)
C71)
C72)
C74)
C75)
C76)
c81)
c82)
Cc83)
c84)
C85)
C86)

N1)

N2)

N3)

N4)

N5)

N6)

NO. ITERATIONS=
6 DETERM.=

BRANCHES=

23.010000
87.810010
.240002
26.090000
45.410000
39.750000
9.900000
46.030000
12.020000
48.460000
12.020000
50.000000
100.000000
50.000000
50.000000
100.000000
24.000000
9.000000
50.000000
.000000
.000G00
.000000
.000000
.000000
.000000
.849988
.680000
. 980000
.54999%
.730000
.950001
.000000
.000000
.000000
.000000
.000000
.000000

L N

351

1.000E

10.

0

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.0000060
.000000
.000060
.0000600
.0000G00
.000000
.000000
.00000G
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
000000
.000000
.900000
.000000
.000000
.000000
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Table 20: Goal Programming Solution Based on Weighted-averaged
patient population Preferences and Linear Value Functions

OBJECTIVE FUNCTION VALUE

1)

VARIABLE
X1
X2
X3
X4
X5
X6
X7
X8
X9

X10
N1
N2
N3
N4
N5
N6
N7

ROW
Gl)
G2)
G3)
G4)
GS)
G6)
G7)
Cl1)
C2)
C3)
C4)
C5)
C6)
CT7}
C8)
C2)

771.4300

VALUE

5.
.000000
1.
.000000
.000000
.000000
.000000
.000000
.000000
.000000
40.
9.
12,
39.
.650000

16

29.
39.

SLACK OR SURPLUS
.000000
.000000
.000000
.000000
.000000
.000000
.000000

42.

168.
377.
.900000

267

200.
104.
47.
277.
.000000

NO. ITERATIONS=

BRANCHES=

33 DETERM.= 1.000E 0

000000

000000

320000
369989
130000
180000

680000
880000

000000
100000
000000

000000
000000
799890
150000

291

REDUCED COST

-518
-510
-206
-300
-485
-196
-307
-489
-491
-495

DUAL
-6
-12
-2
-1
-6
-3
-2

.458000
.264000
.280000
.238000
.463000
.864000
.486000
.705000
.553000
.990000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

PRICES
.800000
.900000
.500000
.goo0000
.800000
.300000
.400000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
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Table 21: Goal Programming Solution Based on Weighted-averaged
Healthcare Professional Population Preferences and Linear

Value Functions

OBJECTIVE FUNCTION VALUE

1)

VARIABLE

X1
X2
X3
X4
X5
X6
X7
X8
X9
X10
N1
N2
N3
N4
NS
N6
N7

ROW SLACK OR SURPLUS

552.3518

VALUE

31

.000000
5.
. 000000
. 000000
. 000000
. 000000
.000000
.000000
.000000
.000000
.640000
10.
44.
63.
l6.
14.
43.

000000

190000
630000
110000
500000
820000
530000

Gl1) .000000
G2) . 000000
G3) .000000
G4) .000000
GS) .000000
G6) . 000000
G7) .000000
Cl) 4.090001
C3) 332.040000
Cc4) 106.150000
C6) 301.000000
C7) 52.199990
C8) 283.480000
C9) .000000
NO. ITERATIONS= 687
BRANCHES= 156 DETERM.=

1.000E

REDUCED COST
—-223.943400
-225.235400
-138.824200
-143.950400
-215.973400
-138.471200
-150.264400
-211.916400
-206.053400
-207.107400

.000000
.000000
.000000
.000000
.000000
.000000
.000000

DUAL PRICES
-3.500000
-3.920000
-2.800000
-2.600000
-2.750000
-1.600000
-1.000000

.000000
.000000
.000000
.000000
.000000
.000000
.000000

0
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Table 22: Goal Programming Solution Based on Combined Weighted-
averaged (50/50%) Patient and Healthcare Professional
Preferences and Linear Value Functions

OBJECTIVE FUNCTION VALUE

1)

VARIABLE
X1
X2
X3
X4
X5
X6
X7
X8
X9

X10
N1
N2
N3
N4
N5
N6
N7

ROW
G1l)
G2)
G3)
G4)
GS5)
G6)
G7)
C1l)
c2)
C3)
c4)
CS)
Cé6)
c7)
c8)
c2)

NO. ITERATIONS=
BRANCHES= 88 DETERM.= 1.000E 0

383.5101

VALUE
5.000000
.000000
1.000000
.000000
.000000
.000000
.0060000
.000000
.000000
.000000
36.660000
9.780000
22.780000
51.230000
16.650000
31.400000
41.680000

SLACK OR SURPLUS

.000000
.000000
.000000
.000000
.000000
.000000
.000000
18.720000
53.8899S0
368.430000
203.830000
50.000000
147.500000
50.019990
289.160000
.000000

527

REDUCED COST

-220.374500
-217.716700
~100.617400
~132.612700
-206.413300
-98.248100
-136.590300
-206.597000
-205.782800
-348.481300
.000000
.000000
.000000
.000000
.000000
.000000
.000000

DUAL PRICES
-3.040000
-4.960000
-1.560000
-1.070000
-2.800000
-1.430000
-1.000000

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
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Table 23: Goal Programming Formulation Based on Individual Patient

Level Preferences and Linear Value Functions with
Unrestricted Cost-Based-Constraints

Definition of Decision Variables:

Let Xjk = the patient j, put on therapeutic combination k

Where patient j = 1 to 6, where j = the patient number identifier
Where therapeutic combinationk = 1 to 10

Let @ ij = the goal i, for patient j

MIN

Where patient j =1 to 6, where j = the patient number identifier
Where the goal i = 1 to 7, where g = the goal number identifier

10 N11 + 100 N12 + N13 + 10 N14 + 99 N15 + 90 N16 +

10 N21 + 100 N22 + 100 N23 + 100 N24 + 100 N25 + 100 N26 +

75 N32 + N33 + N34 + 100 N35 + 90 N36 +

N4l + 20 N42 + N43 + 98 N45 + N46 +

10 N51 + N52 + 100 N53 + 10 N54 + 90 N55 + 10 NS6 +

5 N61 + 40 N62 + N64 + 100 N65 + 50 N66 +
3 N71 + 40 N72 + 3 N73 + N74 + N75 + 80 N78&

SUBJECT TO

Gl1)

G12)

G13)

G14)

G15)

G16)

76 X11 + 76.2 X12 + 1.2 X13 + 7 X14 + 76 X15 + 4.6 X16
+ 7.8 X17 + 100 X18 + 75.4 X19 + 76 X110 + N1l = 100

77.55 X21 + 77.88 X22 + 1.32 X23 + 11.55 ¥X24 + 77.55 X25
+ 7.59 X26 + 12.21 X27 + 99 X28 + 76.56 X29 + 77.55 X210 + N12
= 100

72.5 X31 + 72.5 X32 + 2 X33 + X34 + 72.5 X35 + X36 + 2 X37
+ 100 X38 + 72.5 X39 + 72.5 X310 + N13 = 100

49.69 X41 + 49.69 X42 + 2.7 X43 + 3.87 X44 + 49.6 X45
+ 2.79 X46 + 5.67 X47 + 100 X48 + 49.33 X49 + 49.6 X410 + N14
= 100

74.05 X51 + 74.06 %52 + 1.93 X53 + 1.32 X54 + 74.05 X55
+ 1.2 X56 + 2.26 X57 + 100 X58 + 74.02 X59 + 74.05 X510 + NIS
= 100

60.4 X61 + 60.73 X62 + 1.99 X63 + 11.56 X64 + 60.4 X65

+ 70.6 X66 + 12.88 X67 + 100 X68 + 59.41 X69 + 60.4 X610 + N16
= 100
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G21)

G22)

G23)

G24)

G25)

G26)

G31)

G32)

G33)

G34)

G35)

G36)

G41)

G42)

G43)

G44)

100 X11 +
+ 100 X17

100 X21 +
+ 100 X28

100 X31 +
+ 100 X37

100 X41 +
+ 100 X47

100 X51 +
+ 100 X57

100 X6l +
+ 100 X67

87.17 X11
+ 70.25
= 100

77.74 ¥21 + 50.81 X22
+ 100 X26 + 78.07 X27

= 100

94.8 X31 + 49.27 X32 + 100 X33 + 68.
+ 93.22 X36 + 76.95 X37 + 23.73 X38

+ N33 =

56.43 X41

+ 90.26 X46

+ N34 =

90.09 X51

+ 55.71 X586

66.06 X61

100 X12 +
+ 100 X18

100 X22 +
+ 100 X29

100 X32 +
+ 100 X38

100 X42 +
+ 100 X48

100 X52 +
+ 100 X58

100 X62 +
+ 100 Xé&8

+ 57.42 X12
X16 + 100 X17

100

50 X13 + 100 X14 + 100 X15 + 50 X1lé

+ 100 X19 + 100 X110 + N21

100

2 X23 + 100 X24 + 100 X25 + 2 X26 +

+ 100 X210 + N22 = 100

X35
N23

20 X33 + 100 X34 + 100
+ 100 X39 + 100 X310 +

X45
N24

S50 X43 + 100 X44 + 100
+ 100 X49 + 100 X410 +

X55
N25

90 X53 + 100 X54 + 100
+ 100 X59 + 100 X510 +

X865
NZ2©

50 X63 + 100 X64 + 100
+ 100 X69 + 100 X810 +

+ 77.39 X13 +
+ 23.05 X18 +

+ 90.55 X23 +
+ 12.05 X28 +

+

+

+

I

20 X36

100
50 X46
100
90 X56
100
50 X&6
100

92.32 X14 + 1.32 X15
12.07 X19 + 19.76 X110 + N31

47 X34 + 0.68 X35
+ 11.86 %39 + 20.11 X310

+ 60.48 X42 + 100 X43 + 69.98 X44 + 0.2 X45

100

+ 68.97 X52 + 100 X53 + 70.26 X54 + 38.15 ¥55

+ 22.76 X62 + 100 X63 + 70.73 X64 +
+ 79 X67 + 29.78 X68 + 10.87 X69 + 26.42 X610

72.78 X11 + 43.55 X12 + 81.67 X13 + 24.65 X14
+ 100 X16 + 60.65 X17 + 66.63 X18 + 39.64 X19

= 100

0

+

+
+

+ 79.31 X57 + 13.79 X59 + 16.81 X510 + N35

100 X27

74.59 ¥X24 + 34.986 X25
14.65 X29 + 1.95 X210 + N32

+ 78.01 X47 + 40.16 X48 + 11.04 X49 + 21.18 X410

100

.2 X65 + 94 X66

N36 =

100

75.62 X15
53.02 X110 + N41

21.1 X21 + 9.9 X22 + 100 X23 + 55.24 X24 + 37.23 X25
+ 55.76 X26 + 26.23 X27 + 37.05 X28 + 51.44 X29 + 17.38 X210

+ N42 =

100

46.03 X31 + 41.78 X32 + 94.75 X33 + 37.19 X34 + 38.53 X35
+ 99 X36 + 59.56 X37 + 38.95 X38 + 0.28 X39 + 43.9 X310 + N43

= 100

60.14 X41 + 49.52 X42 + 92.47 X43 + 28.04 X44 + 54.7 X45

+ 100 X46 + 51.19 X47 + 54.7 X48 + 15.93 X49 + 26.55 X410 + N44

= 100
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G45)

G46)

G51)

G52)

G53)

G54)

G55)

G56)

G61)

G62)

G64)

G65)

G66)

G71)

G72)

G73)

G74)

G75)

50.82 X51 + 51.86 X52 + 100 X53 + 49.03 X54 + 79.59 X55
+ 82.68 X56 + 23 X57 + 75.88 X58 + 55.67 X59 + 20.99 X510 + N45

= 100

38.27 %61 + 34.01 X62 + 100 X63 + 31.94 X64 + 70.67 X65
+ 47.47 X68 + 50.67

+ 93.33 X
+ N46 =

100 X11 +
+ N51 =

100 X21
+ N52 =

+

100 X31 +
+ N53 =

100 X41
+ NS4 =

+

100 X51 +
+ 100 N55

100 X61 +
+ NS56 =

77 X11 +
+ 66 X18

75 X21 +
+ 75 X28

55 X41 +
+ 52 ¥48

97 X51 +
+ 95 X58

75 X61 +
+ 63 X68

50 X11 +
+ 10 X18

98 X21 +

+ X28 + 98 X29 + 98 X210 + N72

100 X31 + 100 X32 + 100 X33 + 100 X34 + 100 X35 +
100

66 + 38.87 X67
100

100 X12 + 100
100

100 X22 + 100
100

100 X32 + 100
100

[
(]

100 X42 + 1
100

100 X52 + 100
= 100

100 X62 + 100
100

X15

X25

X35

X45

X55

X65

100

100

100

1606

100

100

X18

X28

X38

X48

X58

X68 + 100 X69 +

100

100

100

100

100

X69 + 34.93 X610

X19

X29

X38

X4S

X59

100 X110

100 X210

100 X310

[
o

160 X4

100 X510

100 X610

100 X12 + 11 X13 + 9 X14 + 77 X15 + 7 ¥X16 + 50 X17
+ 100 X19 + 100 X110 + N6l =

100

100 X22 + 38 X23 + X24 + 75 X25 + 13 X26 + 25 X27
+ 100 X29 + 100 X210 + N6&62 =

100 X42 + 6 X43 + X44 + 55 X45 + 5 X46 +

+ 100 X49 + 100 X410 + N64 =

100 X52 + 50 %53 + X54 + 97 X55

+ 100 X59 + 100 X510 + N65 =

100 X62 + 13 X63 + X64 + 75 X65

+ 100 X69 + 100 X610 + N6é6 =

50 X12 + 100 X13 + 50 X14 + 50 X15 + 100
100

+ 50 X19 + 50 X110 + N71

98 X22 + 100 X23 + 98 X24 + 98 X25 + 100
100

+ 100 X37 + 100 X39 + X310 + N73

10 X41 + 10 X42 + 100 X43 + 10 X44 + 10 X45 + 100
+ 10 X49 + 10 X410 + N74

67 X51 + 67 X52 + 100 X53 + 67 X54 + 67 X55 + 100
100

100

+ 33 X58 + 67 X59 + 67 X510 + N75

100

100

+ 25 X56

100

+ 13 X66

100

50 X47

+ 26 X57

+ 50 X867

X16 + 50 X17

X286 + 98 X27

100 X36

X46 + 10 X47

X56 + 67 X57
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G76)

Cll)

Cl2)

Cl13)

C1l4)

Cl1l5)

C16)

C21)

Cc24)

C25)

C26)

C31)

C32)

C33)

C34)

C35)

C36)

10 X61 + 10 X62 + 100 X63 + 10 X64 + 10 X65 + 100 X66 + 10 X867
+ X68 + 10 X69 + 10 X610 + N76 = 100

76 X11 + 76.2 X12 + 1.2 X13 + 7 X14 + 76 X15 + 4.6 X16
+ 7.8 X17 + 100 ¥X18 + 75.4 X19 + 76 X110 >= 38

77.55 X21 + 77.88 X22 + 1.32 X23 + 11.55 X24 + 77.55 X25
+ 7.59 X26 + 12.21 X27 + 99 X28 + 76.56 X29 + 77.55 X210
>= 61.71

72.5 X31 + 72.5 X32 + 2 ¥33 + X34 + 72.5 X35 + X36 + 2 X37
+ 100 X38 + 72.5 X39 + 72.5 X310 >= 0.51

49.69 X41 + 49.69 X42 + 2.7 X43 + 3.87 X44 + 49.6 X45

+ 2.79 X46 + 5.67 X47 + 100 X48 + 49.33 X49 + 49.6 X410 >= 48.

74.05 X51 + 74.06 X52 + 1.93 X53 + 1.32 X54 + 74.05 ¥55

+ 1.2 X56 + 2.26 X57 + 100 X58 + 74.02 X59 + 74.05 X510 >= 0.

60.4 X61 + 60.73 X62 + 1.99 X63 + 11.56 X64 + 60.4 X65
+ 7.6 X66 + 12.88 X67 + 100 X68 + 59.41 X69 + 60.4 X610
>= 36.234

100 X11 + 100 X12 + 50 X13 + 100 X14 + 100 X15 + 50 X16
+ 100 X17 + 100 Xi8 + 100 X19 + 100 X110 >= 50

100 X41 + 100 ¥42 + 50 X43 + 100 X44 + 100 X45 + 50 X46
+ 100 X47 + 100 X48 + 100 X49 + 100 X410 >= 50

100 X51 + 100 X52 + 90 X53 + 100 X54 + 100 X55 + 90 X56
+ 100 X57 + 100 X58 + 100 X59 + 100 X510 >= 90

100 X61 + 100 X62 + 50 X63 + 100 X64 + 100 X65 + 100 X&6
+ 50 X67 + 100 X68 + 100 X69 + 100 X610 >= 50

86.17 ¥X11 + 57.52 X12 + 77.39 X13 + 92.32 X14 + 1.32 X153
+ 70.25 X16 + 100 X17 + 23.05 ¥18 + 12.07 X19 + 19.76 X110 >=

77.74 X21 + 50.81 X22 + 90.55 X23 + 74.59 X24 + 34.96 X25
+ 100 X26 + 78.07 X27 + 12.05 X28 + 14.66 X29 + 1.95 X210
>= 27.8

94.8 X31 + 49.27 X32 + 100 X33 + 68.47 X34 + 0.68 X35
+ 93,22 X36 + 76.95 X37 + 23.73 X38 + 11.68 X39 + 20.11 X310
>= 6.99

56.43 X41 + 60.24 X42 + 100 X43 + 69.98 X44 + 0.2 X453
+ 90.26 X46 + 78.01 X47 + 40.16 X48 + 11.04 X49 + 21.18 X410
>= 60

90.09 X51 + 68.97 X52 + 100 X53 + 70.26 X54 + 38.15 X55
+ 55.71 X56 + 79.31 X57 + 13.79 X59 + 16.81 X510 >= 64

60.06 X61 + 22.76 X62 + 100 X63 + 70.73 X64 + 0.2 X65 + 94 X66
+ 79 X67 + 29.78 X68 + 10.87 X69 + 24.62 X610 >= 14.65

0
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C41)

C42)

C43)

C44)

C45)

C46)

Csl)

C53)

C54)

C55)

C56)

Cél)

C62)

C64)

C66)

c71)

c72)

72.78 X11 + 43.55 X12 + 81.87 X13 + 24.56 X14 + 75.62 X15
+ 100 X16 + 60.65 X17 + 66.63 X18 + 39.64 X19 + 53.02 X1«0
>= 3.8

21.1 X21 + 9.9 X22 + 100 X23 + 55.24 X24 + 37.23 X25
+ 55.76 X26 + 26.23 X27 + 37.05 X28 + 51.44 X29 + 17.38 X210
>= o

46.03 X31 + 41.78 X32 + 94.75 X33 + 37.19 X34 + 38.53 X35
+ 99 X36 + 59.56 X37 + 38.95 X38 + 0.28 X39 + 43.9 X310 >= 0

60.14 X41 + 49.52 X42 + 92.47 X43 + 28.04 X44 + 54.7 %45
+ 100 X46 + 51.19 X47 + 54.7 X48 + 15.93 X49 + 26.55 X410
>= 37.5

50.82 X51 + 51.86 %52 + 100 X53 + 49.03 X54 + 79.59 X55
+ B82.68 X56 + 23 X57 + 75.88 X58 + 55.67 X59 + 20.99 X510

>= 2.36

38.27 X61 + 34.01 X62 + 100 X63 + 31.94 X64 + 70.67 X865
+ 93.33 X66 + 38.87 X67 + 47.47 X68 + 50.67 X69 + 34.93 X610
>= 26.25

100 X11 + 100 X12 + 100 X15 + 100 X18 + 100 X19 + 100 X110
>= 50

100 X32 100 X35 + 100 %38 + 100 X39 + 100 X310

+

100 X31
>= 0

4

100 X45 + 100 X48 + 100 X49 + 100 X410

+

100 X42

+

100 X41
>= 50

100 X52 100 X55 + 100 X58 + 100 X59 + 100 X510

+

100 X51
>= 50

+

100 X61 100 X62 100 X65 + 100 X68 + 100 X69 + 100 X610

>= 0

+
+

77 X11 + 100 X12 + 11 X13 + 9 X14 + 77 X15 + 7 X16 + 50 X17
+ 66 X18 + 100 X19 + 100 X110 >= 76

75 X21 + 100 X22 + 38 X23 + X24 + 75 X25 + 13 X26 + 25 X27
+ 75 ¥28 + 100 X29 + 100 X210 >= 91

55 X41 + 100 X42 + 6 X43 + X44 + 55 X45 + 5 X46 + 50 X47
+ 52 X48 + 100 X49 + 100 X410 >= 50

75 X61 + 100 X62 + 13 X63 + X64 + 75 X65 + 13 X66 + 50 X67
+ 63 X68 + 100 X69 + 100 X610 >= 75

50 X11 + 50 X12 + 100 X13 + 50 X14 + 50 X15 + 100 X16 + 50 X17
+ 10 X18 + 50 X19 + 50 X110 >= 50

98 X21 + 98 X22 + 100 X23 + 98 X24 + 98 X25 + 100 X26 + 98 X27
+ X28 + 98 X29 + 98 X210 >= 98
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C74)

C75)

Cc76)

c81)

c82)

C83)

C84)

C85)

C86)

N1)
N2)
N3)
N4)
NS)
N6)

COST)

END

10 X41 + 10 X42 + 100
+ 10 ¥X49 + 10 X410 >=

67 X51 + 67 X52 + 100

X43 +
10

X53 +

+ 33 X58 + 67 ¥X59 + 67 X510

10 X61 + 10 X62 + 100 X63 +
+ X68 + 10 X69 + 10 X610 >=

10 X44 + 10 X45 + 100 X46 + 10 X47

67
>=

X54 + 67 X55 + 100 X56 + 67 X57
67

X64 + 10 X65 + 100 X66 + 10 X&7
10

10

47.56 X11 + 44.6 X12 + 92.13 X13 + 67.52 X14 + 96.16 X16

+ 60.74 X17 + 1.74 X18 + 4.71 X19 + 12.36 X110 >=

48.11 X21 +
+ 74.06 X27

52.13 X31 +
+ 68.35 X37

52.13 X41 +
+ 68.35 X47

44.73 X351 +
+ 66.31 X58

48.48 X611 +

42.75

48.07 X22 + 99.98 X23 + 79.65 X24 + 94.51 X26

+ 2.57 X29 + 14.43 X210 + 2 53X28 >=

51.7 X32 + 98.88 X33
+ 5.1 X38 + 5.52 X39

51.7 X42 + 98.88 X43
+ 5.1 X48 + 5.52 X49

42 ¥X52 + 93.75 X53 +
+ 2.35 X59 + 7.8 ¥X510 >=

48.48 X62 + 100 X63 + 79

46.39

+
+

79
21.18 X310 >=

.97 X34 + 88.72 X36
47.15

+
+

79
21

.97 X44 + 88.72 X46
.18 X410 >= 47.15

68.66 X54 + 100 X57
42

.96 X64 + 93.8 X66

+ 73.81 X67 + 2.8 X68 + 2.8 X69 + 15.15 X610 >= 46.53
X1l + ¥X12 + ¥X13 + X14 + X15 + X16 + X17 + X18 + X19 + X110
X21 + X22 + X23 + ¥X24 + X25 + X26 + X27 + X28 + X29 + X210
X31 + X32 + X33 + X34 + X35 + X36 + X37 + X38 + X39 + X310
X41 + X42 + X43 + %44 + X45 + X46 + X47 + X48 + X49 + X410
X51 + X52 + X53 + X54 + X55 + X56 + X57 + X58 + X59 + X510
X61 + X62 + X63 + X64 + X65 + X66 + X67 + X68 + X69 + X610

1004.19 X11 + 1158.09 X12 + 673.3 X13 + 1164.7 X14

+ 1000.14 X15 + 519.4 X16 + 1010.8 X17 + 1058.29 X18

+ 1154.04 X19 + 924.59 X110 + 1004.19 X21 + 1158.09 X22

+ 673.3 X23 + 1164.7 X24 + 1000.14 X25 + 519.4 X26

+ 1010.8 X27 + 1058.29 X28 + 1154.04 X29 + 924.59 X210

+ 1004.19 X31 + 1158.09 X32 + 673.3 X33 + 1164.7 X34

+ 1000.14 X35 + 519.4 X386 + 1010.8 X37 + 1058.29 X38

+ 1154.04 X39 + 924.59 X310 + 1004.19 X41 + 1158.09 X42

+ 673.3 X43 + 1164.7 X44 + 1000.14 X45 + 519.4 X46

+ 1010.8 X47 + 1058.29 X48 + 1154.04 X49 + 924.59 X410

+ 1004.1 X61 + 1158.09 X62 + 673.3 X63 + 1164.7 X64

+ 1000.14 X65 + 519.4 X66 + 1010.8 X67 + 1058.29 X68

+ 1154.04 X69 + 924.59 X610 + 1004.19 X51 + 1158.09 X532

+ 673.3 X53 + 1164.7 X54 + 1000.14 X55 + 519.4 X56

+ 1010.8 X57 + 1058.09 X58 + 1154.04 X59 + 924.59 X510

<= 6486.84
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SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE

X11
X1l1
X1l2
X12
X13
X13
X14
X14
X15
X15
X16
X16
X17
X17
X18
X18
X1¢9
X19
X110
X110
X21
X21
X22
X22
X23
X23
X24
X24
X25
X25
X286
X26
X227
X27
X28
X28
X29
X29
X210
X210
X31
X31
X32
X32
X33
X33
X34
X34
X35
X35
X36
X36
X37
X37
X38
X38

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.000600

.00000

.00000

.00000

.00000

.00000

.00000

SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SuUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
suUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
suB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE

X398
X39
X310
X310
X41
X41
X42
X42
X43
X43
X44
X44
X45
X45
X46
X486
X47
X47
X48
X48
X49
X498
X410
X410
X6l
X6l
X62
X62
X63
X63
X64
X64
X65
X65
X66
X66
X67
X867
X68
X68
X869
X69
X610
X610
X51
X51
X52
X52
X53
X53
X54
X54
X55
X55
X56
X56

.00000

.00000

. 00000

.00000C

.00000

.00000

.G000¢C

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

122



SUB
INTE
SUB
INTE
SUB
INTE
SUB
INTE

X57
X57
X58
X58
X59
X59
X510
X510

.00000

.00000

.00000

.00000
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Table 24: Goal Programming Solution Based on Individual Patient Level

Preferences and Linear Value Functions with Unrestricted
Cost-Based-Constraints

OBJECTIVE FUNCTION VALUE

1)

VARIABLE
X11
X12
X13
X14
X15
X1e6
X17
X18
X19

X110
X21
X22
X23
X24
X25
X26
X27
X28
X29

X210
X31
X32
X33
X34
X35
X36
%37
X38
X39

X310
X41
X42
X43
X44
X45
X46
X47
X48
X49

X410
X6l
X62
X63
X64
X65
X66

32790.01

VALUE

1.

.000000
000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.0000060
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

REDUCED COST

-913.
-865.
-383.
-236.
-916.

-439

-243.
-1037.
-853.
-873.
-7887.
~5676.
-12683.
-1734.
-5001.
-13134.
-1480.
-1544.
-3663.
-2128.
-113.
-63.
-176.
.660000
-11.
.220000

-6

-173

-38.
-62.
15.
-36.
-463.
-467.
-177.
-18.
-406.
-168.
-44.

-3940

-414.
-427.
-169689.
-14348.
-178289.
-8288.
-11074.
-23557.

480000
550000
770000
550000
320000
700000
650000
230000
640000
0620000
500000
750000
250000
050000
600000
200000
850000
750000
550000
850000
330000
550000
750000

710000

510000
680000
360000
510000
330000
380000
000000
680000
200000
160000
710000
160000
340000
180000
670000
110000
100000
040000
670000
330000
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X67
X68
X689
X610
X51
X52
X53
X54
X55
X586
X57
X58
X59
X510
N11
N1l2
N13
N14
N15
N1lé
N21
N22
N23
N24
N25
N26
N32
N33
N34
N35
N36
N41
N42
N43
N45
N46
N51
N52
N353
N54
N55
N56
N61
N62
N64
N65
N66
N71
N72
N73
N74
N75
N76
N31
N44

27

.000000
.000000
.006000
.000000
.0000060
.000000
.000000
.000000
.000000
.000000

000000

.000000

.000000

.000000
23.
22,
.500000
50.
25.
38.

.000000

.000000

.000000

.000000

.000000

.000000
49.
.199997
39.
.510004
33.
56.
90.
53.
49,
61.
.000000
.000000
. 000000
.000000
.000000
.000000
.000000
.0000060
.000000
.0000006
.0000006
. 000000
.000000
.000000
90.
33.
90.
42.
50.

800000
120000

310000
950000
600000

190000

520000

940000
450000
100000
$70000
180000
730000

000000
000000
000000
580000
480000

-11608.070000
-15957.670000
-13175.870000
-14648.730000
-31177.310000
-29468.220000
-25091.070000
-12128.620000
~28802.770000
-16392.440000
-12075.740000
—-26959.240000
-24319.640000
-21225.970000
.000000
.000000
.000000
.000000
.000000
.000000
10.000000
200.000000
101.000000
101.000000
100.000000
100.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
10.000000
1.000000
100.000000
10.000000
.000000
.000000
5.900000
40.000000
1.000000
.000000
.000000
.0000C0
.000000
3.000000
.0ooco00
.000000
.000000
.000000
.000000

125



ROW
Gll)
G1l2)
G13)
G1l4)
G15)
G16)
G21)
G22)
G23)
G24)
G25)
G26)
G31)
G32)
G33)
G34)
G35)
G36)
G41)
G42)
G43)
G44)
G45)
G46)
G51)
G52)
GS3)
G54)
G55)
G56)
G61)
G62)
G64)
G65)
G66)
G71)
G72)
G73)
G74)
G75)
G76)
Cl1l)
C1l2)
C13)
Cl4)
C15)
Cl6)
C21)
C24)
C25)
Cc26)
C31)
C32)
C33})
C34)

SLACK OR SURPLUS

38.
16.
71.

73.
24.
50.
50.
10.
50.
57.
23.
87.

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
200000
170000
990000
.090000
250000
166000
000000
000000
000000
000000
520000
010000
810010
.240002

DUAL PRICES
-10.000000
-100.000000
-1.000000
-10.0006000
-$9.000000
-90.000000
.000000
100.000000
1.000000
1.000000
.000000
.000000
.000000
-75.000000
-1.000000
-1.000000
100.000000
-90.000000
-1.000000
-20.000000
-1.000000
.000000
-98.000000
-1.000000
.000000
.000000
.000000
.000000
-.800000
-10.000000
.900000
.000000C
.000000
000000
-50.000000
-3.000000
-40.000000
.000000
-1.000000
-1.000000
-80.000000
.000000
.000000
.000000
.000000C
.000000
.000000
000000
.000000
000000
000000
000000
000000
.000000
.000000

|
=
o
o
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C35)
C36)
C41)
C42)
C43)
C44)
C45)
C46)
C51)
C53)
C54)
C55)
C56)
Cél)
c62)
C64)
C66)
c71)
Cc72)
Cc74)
C75)
Cc76)
C81)
c82)
c83)
Cc84)
c85)
c86)
N1)
N2)
N3)
N4)
N5)
N&)
COST)

NO. ITERATIONS=
2 DETERM.=

BRANCHES=

26.090000
45.410000
39.750000

9.900000
46.030000
12.020000
48.460000
12.020000
50.000000

100.000000

50.000000
50.000000

100.000000

24.000000

9.000000
50.000000
.000000
.000000
.000000
.000000
.000000
.000000
.849998
.680000
.980000
.54999%9
.730000
.950001
.000000
.000000
.000000
.000000
.000000
.000000
.089966

N B

155

1.000E

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
40.000000
.000000
.000000
.000000
.000000
.000000

C
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CHAPTER 6

RESEARCH FINDINGS & DISCUSSION OF RESULTS

This study was concerned with two principal research questions:

1. Identifying an optimal reimbursement policy and the corresponding level of financial
resources required to direct efforts at maximizing healthcare outcomes as valued by
patients and their healthcare providers under conditions of no cost-based restrictions.

2. Quantifying the potential impact of cost-based restricted drug formulary
reimbursement policies on the achievement of therapeutic objectives and related
optimal health outcomes.

These research questions were studied through the formulation and solution of a
weighted integer goal-programming formulary design model applied to the selection of
evidence-based antiretroviral pharmacotherapy combinations used in the initial treatment
of asymptomatic, treatment naive persons infected with HIV. This chapter will present

the results of this research experiment in answer to the aforementioned questions.

6.1 FINDINGS ON THE IDENTIFICATION OF THE OPTIMAL FORMULARY
REIMBURSEMENT POLICY TO MAXIMIZE HEALTH OUTCOMES

The identification of an optimal reimbursement policy or selection of therapies
was the culmination of a generally straightforward linear goal-programming formulation
process. This process essentially consisted of defining specific therapeutic objectives or
decision attributes and evaluating the ability of alternative therapies or decision options in

satisfying these objectives.

One of the major obstacles in identifying an optimal reimbursement policy, was to
assess and address the significance of the level of variation observed between individual
patients, as well as between healthcare professionals and patients as a group. In order to

determine whether or not the differences were significant three integer goal-programming
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models were formulated and solved. Each yielded a unique optimal solution. In each case

this solution represented the optimal assignment of patients to antiretroviral therapeutic

combinations under consideration as determined by the model. The results are

summarized below in Table 25.

Table 25: Four Model Comparison of Goal Programming vs. MAUT as an Overall
Formulary Drug Selection Decision Framework.

Individual Aggregated |Aggregated Combined
Patients Patients Healthcare Healthcare
Professionals  |Professionals
and Patients
(50%/50%)
Goal Programming Combol: Combol: Combo 2: Combol:
Optimal Therapeutic |patients 3,5,6 5 patients 5 patients 5 patients
Selection Combo 2: Combo 3: Combo 6: Combo 3:
patients 1,24 1 patient 1 patients 1 patient
MAUT Optimal Combol: Combol: Combo 2: Combol:
Therapeutic Selection |patients 3,5,6 all patients all patients all patients
Combo 2:
patients 1,2.4
GP Solution Evaluation |Optimal Selection |3 patients 3 patients receive|3 patients
receive suboptimal care, |receive
suboptimal 2 patients placed [suboptimal care,
care, 2 patients |on therapy not |2 patients placed
placed on best satisfving  [on therapy not
therapy not best(needs, and 1 best satisfving
satisfying patient placed on |needs, and 1
needs, and 1 inadequate patient placed on
patient placed {therapy inadequate
on inadequate therapy
therapy
MAUT Solution Optimal Selection |3 patients 3 patients receive|3 patients
Evaluation receive suboptimal care. [receive
suboptimal 3 patients placed suboptimal care.
care. on therapy not |3 patients placed
3 patients best satisfying  {on therapy not
placed on needs. best satisfying
therapy not best needs.
satisfying
needs.
Validity Valid Not Valid Not Valid Not Valid
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Based on the fact that each of the first three goal-programming models (individual
patient, aggregated patient, and aggregated healthcare professional) yielded a different
optimal solution, one can conclude that the observed variations are indeed significantly

different. This conclusion, while not surprising, raised three important questions:

1. Do the objectives and preferences of healthcare professionals or patients carry
more weight?

2. Are each of the identified optimal solutions and corresponding decision
models valid?

3. If more than one of the models and solutions are valid, which should be used
in supporting a decision?

To answer to the first question a fourth model was formulated and solved where
the objectives and preferences of aggregated healthcare professionals and aggregated
patients were combined in varying ratios to determine which had the stronger preferences
and should carry more weight in making a decision. The three relative weightings
between healthcare professionals and patients evaluated were respectively 50%:50%,
70%:30%, and 30%,70%. In each of the three cases the optimal solution remained the
same. The results from the model generated from the 50%:50% relative weighting
between healthcare professionals and patients are shown in Table 25. Those results
support the conclusion that patients had significantly stronger preferences than did
healthcare professionals with regard to the selection of treatment. This is based on the
fact that the optimal solution from the combined model is equal to the solution generated

from the aggregated patient model.

In order to determine which, if any, of the decision models were valid a two step

evaluation process was conducted with respect to each of the four models. First each of
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the four formulations were adapted, modeled and solved as a MAUT decomposition
method decision-analysis problem. Each MAUT decision analysis yielded a rank order
for the ten alternative therapeutic decision options being evaluated. The constraints were
applied manually in rank order to each of the solutions generated by the four models. The
optimal MAUT solution selection which satisfies all decision constraints is displayed in
Table 25 and served as a bench mark against which to evaluate the optimal solution

generated the corresponding goal programming model.

The second step of the evaluation process consisted of evaluating each of the
optimal solutions derived through either MAUT or goal-programming to determine
whether they best satisfied therapeutic objectives at the group level and at the individual
level. While each of the goal programming models did in fact minimize the deviations
from the therapeutic objectives at the group level, it appears that maximization of the
objectives for the majority of patients came at the expense of 1 patient who had indicated
a greater willingness to trade-off maximum durable viral load suppression for increased
tolerability and ease of use and was consequently assigned by all but the individual
patient model to inadequate therapy. This is also problematic for patients assigned to the
more potent agents who would desire increased tolerability and ease of use but not
necessarily at the expense of a trade-off in viral load suppression. The net result is that
the aggregated patient model, the aggregated healthcare professional model, and the
combined model traded off individual benefit to achieve greater group benefit. This in
essence replicates a frequent complaint of policies aimed at “average” patients rather than
addressing the need of real patients who deviate from average and end up deprived of

optimal care.
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Similarly the MAUT decision analysis models corresponding to the aggregated
patient, the aggregated healthcare professional, and the combined goal-programming
model traded off individual benefit to achieve greater group benefit. However, the results
were generally more positive with the MAUT models. While all patients were assigned
the same therapeutic combinations yielding an adequate level of care within a given
model, 3 patients received optimal treatment while three others were assigned to adequate

treatment that however did not best satisfy their defined objectives and preferences.

The individual patient goal-programming model yielded the best optimal solution
in that all patients were assigned to therapeutic combinations that best satisfied their
individual defined therapeutic objectives and preferences. In order to validate the
individual patient goal-programming model and its corresponding optimal solution,
MAUT decision analyses were conducted for each of the six patients. The six MAUT
decision analyses yielded the same solution as the individual patient goal-programming
model. Based on these and the previous findings, one can conclude that of the four goal-
programming models evaluated, the individual patient goal-programming model yielded
the only truly valid and optimal solution based on the individual objectives and
preferences of the interviewed patients, and thus can be used in supporting a decision for

this particular population.

However, given that this analysis is based on individual preferences of a very
small selection of patients, these results cannot be generalized and assumed to be
reflective of the objectives and preferences of other patients. This poses a problem in
terms of feasibly applying such a methodology and model to a substantially larger

population numbering in the hundreds or thousands. Obviously not all patients can be
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interviewed to capture individual objectives and preferences. Nonetheless, if a sampling

method could be applied to identify statistically significant homogeneous population

subgroups which share enough similarities to be optimally assigned the same treatment,

the objectives and preferences of patient subgroups could be modeled as were the patients

in this example. While this is an interesting area to explore further, it is beyond the scope

of this study and is suggested as an area for future research.

6.2 FINANCIAL RESOURCES REQUIRED FOR OPTIMAL FORMULARY REIMBURSEMENT

POLICIES

Table 26: Four Model Comparison of Monthly Drug Acquisition Costs Required for
a Six Patient Formulary.

Individual Aggregated |Aggregated (Combined
Patients Patients Healthcare Healthcare
Professionals |Professionals
and Patients
(50%/50%)
Goal Programming [Combol: Combol: Combo 2: Combol:
Optimal Therapeutic |patients 3,5,6 |5 patients |5 patients 5 patients
Selection Combo 2: Combo 3: |Combo 6: Combo 3:
atients 1,2,4 |1 patient 1 patients 1 patient
MAUT Optimal Combol: Combol: Combo 2: Combol:
Therapeutic Selection |patients 3,5,6 |all patients |all patients all patients
Combo 2:

patients 1,2.4

Monthly Drug $6,486.84 $5,694.25 {$6,309.85 $5,694.25
Acquisition Financial

Resources Required for

six patients - GP

Monthly Drug $6,486.84 $6,025.14 |$6,948.54 $6,025.14

Acquisition Financial
Resources Required for
six patients - MAUT
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The previous section was concerned with identifying the most appropriate

formulary reimbursement model and its corresponding optimal solution. The solution

identified assigned three patients to the therapeutic combination d4T + 3TC + Indinavir,

whereas the other three patients were assigned to AZT + 3TC + Indinavir. Given that

each combination has a per/patient monthly drug acquisition cost of respectively

$1004.19 and $1158.09, the total calculated financial resources required to provide this

optimal formulary therapeutic selection for those six patients is $6486.84 per month. The

level of financial resources required by the optimal solutions derived through the other

models are displayed on the previous page in Table 26.

However the level of financial resources does little to explain the level of

therapeutic objectives satisfied by this optimal solution for each of the six patients. Table

27 displayed below summarized the level of each therapeutic objective satisfied and

conversely the level of tradeoffs made for each patient by the identified optimal solution.

However, these values reflect the values of individual patients and cannot be compared

directly between patients. The interpretable levels of therapeutic attributes achieved by

the optimal solution for assigned patients are related in Table 28 on the following page.

Table 27: Level of Therapeutic Objectives Satisfied Each of Six Patients

100%-Njj Patient 1 Patient 2 | Patient 3 Patient 4 | Patient 5| Patient 6
Combo2| Combo2| Combol Combo2| Combol| Combol

Goal 1 76.2% 77.88% 72.5% 49.69% 74.05% 60.04%
Goal 2 100% 100% 100% 100% 100% 100%
Goal 3 57.42% 50.81% 94.81% 60.48% 90.09% 66.06%
Goal 4 43.55% 9.9% 46.03% 49.52% 50.82% 38.27%
Goal 5 100% 100% 100% 100% 100% 100%
Goal 6 100% 100% n/a 100% 97% 75%
Goal 7 50% 98% 100% 10% 67% 10%
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Table 28:

Level of Therapeutic Objectives Satisfied by the Optimal Solution

Combo 1:

Patients 3,5,6

Combo 2:

Patients 1,2,4

Degree of Durable Viral Load
Suppression Achievable

100-1000 fold reduction in viral
load achieved in 90% of patients
and sustained for at least one year
in most patients

100-1000 fold reduction in viral
load achieved in 91% of patients
and sustained for at least one year
in most patients

Strong evidence of clinical

Strong evidence of clinical

Degree of Prevention or Dela
of Disease Progression | benefit > = 50% reduction in benefit > = 50% reduction in
disease progression and/or AIDS | disease progression and/or AIDS
related mortality. related mortality.
Adverse Effect Profile Nephrolithiasis (kidney stones) Nephrolithiasis (kidney stones)
Benign Hyperbilirubinemia Benign Hyperbilirubinemia
Altered taste
Reduced appetite
Numbness. prickling, tingling
sensation
Ease of Use of Regimen
Daily Dosing Frequency: | 4 times per day 4 times per day
Total Number of Pills/day: | 10 14
Diet Constraints: | Taking Indinavir on an empty Taking Indinavir on an empty

Storage Recommendations:

Recommendations to minimize
side effects:

stomach or with a light, low-fat
meal.

No Refrigeration Required

Indinavir: Drinking at least 1.5
litres of water per day to
minimize chance of developing
kidney stones.

stomach or with a light. low-fat
meal.

No Refrigeration Required

Indinavir: Drinking at least 1.5
litres of water per day to
minimize chance of developing
kidney stones.

d4T Minimizing alcohol intake. AZT: Take in an upright position
with a full glass of water. To
minimize nausea take with food.
Potential of developing < 20% of compliant patients < 20% of compliant patients

Resistance at 1 year

developing drug resistance at one
year.

developing drug resistance at one
year.
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Table 28 continued:

Level of Therapeutic Objectives Satisfied by the Optimal Solution

Combo 1: Combeo 2:
Patients 3,5,6 Patients 1,2,4

Degree of Support of

Treatment Guidelines for:

Treatment Strategy: | Preferred Strategy Preferred Strategy
Particular Treatment: | Strong Support for both PI and Strong Support for both PI and

NRTI Components. However d4T | NRTI Components. However
+ 3TC scientific evidence does AZT + 3TC scientific evidence

not have clinical endpoint data. has clinical endpoint data.
Therapeutic Options Available 2 new NRTI 2 new NRTI's/NNTRI
in Case of Failure from new NRTI/PI/NNRTI* new NRTI/PI/NNRTI*
Selected Regimen 2 PI'S/NRTT* 2 PI'S/NRTI*

2 PI’S/NNRTI* 2 PI'S/NNRTI*
Monthly Drug Acquisition costs | $1004.19 $1158.09

per patient

*only limited data available

6.3 FINDINGS ON THE IMPACT OF COST BASED RESTRICTED REIMBURSEMENT OF
ANTIRETROVIRAL TREATMENT ON THE ACHIEVEMENT OF THERAPEUTIC

OBJECTIVES AND RELATED HEALTH OUTCOMES

In the previous section, the level of resources was identified that supports the optimal
formulary reimbursement policy in achieving the maximum level of defined therapeutic
objectives in relation to individual patient preferences. However, two observations should
be noted. The first recognizes that the optimal solution was not able to fully satisfy all
objectives for any of the patients and that tradeoffs were required as no therapy was
without imperfections in the eyes of patients. The objective of the previous exercise was
simply to minimize the tradeoffs required to best satisfy those competing objectives. The

second observation is that the optimal solution obtained was independent of cost in that
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