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ABSTRACT 

The primary objectives of this research were to (1) estimate survival functions and 

the natural history of patients infected with human immunodeficiency virus who are using 

antiretroviral medication with a protease inhibitor and those who are under treatment 

protocols without protease mhibitors, and (2) estimate average life time treatment costs of 

infected patients for both drug regimens. A secondary objective was to provide a step by 

step discussion of the applicability of a Markov process in modeling survival and cost 

profiles of acquired immunodeficiency syndrome, a complex set of diseases, to managed 

care organizations. 

Data used in this study were collected using two techniques; expert physician panel 

interviews and a literature search. The transition rates for patients moving fi-om one 

disease state to another were obtained from both sources. Cost estimates were calculated 

predominantly fi"om published literature. The fiindamental matrix solution of a Markov 

chain model was used to estimate survival fiinctions, natural history profiles, and life time 

costs of therapy for HIV-infected patients. The research was conducted fi"om the 

perspective of a managed health care organization. 

Results indicated that protease inhibitors significantly improved overall survival of 

infected patients by deterring the progression of disease and onset of various opportunistic 

infections. Life time costs of treatment, however, were substantially higher for treatment 

protocols using protease inhibitors as one of the components of recommended 

combination retroviral therapy. Estimates obtained fi-om this study also indicated that 
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unless significant reductions in high resource intensive events such as hospitalization can 

be achieved, protease inhibitors might not be cost efiBcient in treating HIV-infected 

patients. Lastly, this research showed that Markov modeling techniques can ofifer valuable 

benchmarks for both clinical and economic decision making in planning disease 

intervention to improve health outcomes and evaluate costs. 
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CHAPTER 1 

INTRODUCTION 

The acquired immunodeficiency syndrome, AIDS, was first described in 1981 

when a group of physicians in Los Angeles diagnosed an unusual form of pneumonia in 

previously healthy homosexual men. Subsequent clinical and epidemiologic studies 

revealed that the human immunodeficiency virus (HIV) is responsible for a series of 

inmiuno-deficient syndromes in humans, collectively known as AIDS. This is a disease 

characterized by severe immuno-deficiency, resulting in the occurrence of life-threatening 

opportunistic infections and malignancies. When an HTV positive individual exhibits one or 

more of the Centers for Disease Control and Prevention (CDC) recognized 23 heralding 

diseases, such as Pneumocystis carinii pneumonia (PCP) or Kaposi's sarcoma (KS), they 

are then diagnosed as having AIDS (Table 1.1). In its revised case definitions of AIDS, on 

January I, 1993, the CDC now considers all HIV-infected patients with CD4 cell counts < 

200 cells/mm^ to have AIDS regardless of whether a patient shows any symptoms of one 

or more indicator conditions (CDC, 1993). 

An enormous public health dilemma has resulted fi'om the epidemic of AIDS in the 

United States. As of July I, 1993, approximately 315,000 people had developed AIDS, 

and more than half of these people had died. A more recent statistic shows that, as of June 

1994, 243,000 people had died fi'om AIDS and 401,749 cases had been reported to the 

CDC (Normand et al., 1995). At the present time, more than one million people have 

already been exposed to HTV in the United States and, although new drugs in the market 
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Table l.l: Indicator conditions included in the 1993 AIDS surveillance 
case deflnition 

Candidiasis of bronchi, trachea, or lungs 

Candidiasis, esophageal 

Cervical cancer, invasive' 

Coccidioidomycosis, disseminated or e.Ytrapulmonary 

Cryptococcosis. e.xtrapuimonaiy 

Cryptosporidiosis, chronic intestinal (> I-month duration) 

Cytomegalovirus disease (other than liver, spleen, or nodes) 

Encephalopathy, HTV-related 

Herpes simplex: chronic ulcer(s) (> 1-month duration) or bronchitis, pneumonitis, or esophagitis 

Histoplasmosis, disseminated or extrapulmonaiy-

Isosporiasis. chronic intestinal (> 1-month duration) 

Kaposi's sarcoma 

Lymphoma, Burkitt's (or equivalent term) 

Lymphoma, primary in brain 

Mycobacterium avium complex or Mycobacterium kansasii, disseminated or extrapulmonary 

Mycobacterium tuberculosis, any site (pulmonary' or extrapulmonary) 

Pneumocystis carinii pnuemonia 

Pneumonia, recurrent' 

Progressive multifocal leukoencephalopathy 

Salmonella septicemia, recurrent 

Toxoplasmosis of brain 

Wasting syndrome. HIV-related 

"• Added in the 1993 expansion of the AIDS surveillance case definition. 

Source: Centers for EMsease Control. 1993 revised classification system for HTV infection and e.\panded 

surveillance case ctefinition for AIDS among adolescents and adults. MMWR 4I(RR-I7);15. 

1992. 
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show promise in deterring the progression of the disease, the infected people are expected 

to progress to AIDS. The International AIDS Center of the Harvard School of Public 

Health projected that up to 110 million people may be infected by the year 2000, 90 

percent of whom will be in Third World countries (Marm et al., 1992). 

Historically, the progress from HTV infection to AIDS may occur over a period of 

months or can take up to eight to ten years. This uncertain latency period gives rise to 

fluctuations in both the duration of prophylactic measures and the actual treatment 

strategy profiles across individual patients. Thus, the estimates of average costs of treating 

HTV/AIDS patients are extremely sensitive to the actual distribution of a sequence of 

disease states. One estimate showed that costs of HTV and AIDS in the United States 

reached $2.2 billion in 1989 alone (Bozzette, 1995). Although different preventive 

measures along with a greater emphasis on the general awareness of this disease and the 

disease-related complications have overall improved knowledge about AIDS, the costs of 

both antiretroviral treatments and treatments of different opportunistic diseases show an 

increasing trend. This increasing trend is attributed to both drug costs and increasing 

number of reported infections. 

The treatment options for deterring the progression of disease is changing in an 

extremely rapid pace in the United States. This could be attributed to the development and 

subsequent Food and Drug Administration (FDA) approval of new drugs to take 

aggressive measures against the reproduction of the virus. Ongoing research in 

understanding the nature of the disease itself and associated opportunistic infections is 
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offering new ways to look at the problem. On March 1987, six years after the discovery of 

AIDS, the FDA approved zidovudine (ZDV), a reverse transcriptase inhibitor (RTI) 

formerly known as azidothymidine (AZT), to treat HTV/AIDS patients. Subsequently, 

several other RTIs, namely, zaicitabing, formerly known as dideoxycytidine (ddC), 

didanosine (ddl), stavudine (d4T) and lamivudine (3TC) were approved by the FDA for 

antiretroviral therapy. More recently, a new series of drugs, the protease inhibitors, were 

approved by FDA for use in combination with RTIs. These new drugs have been shown to 

be more effective relative to the RTIs in fighting against the deadly disease. 

The available set of protease inhibitors shows major clinical success in treating 

HTV infection. However, due to the high cost of the newly developed drugs, the health 

care system is facing a major problem in sustaining an aggressive level of therapeutic 

intervention. The question which remains to be addressed is whether it is worth investing a 

large amount of limited health resources to underwrite this therapeutic revolution. A direct 

comparison between the outcome improvement and incurred costs to the system due to 

the imposition of new treatment regimen could shed some light on this. 

BACKGROUND CLINICAL INFORMATION 

Progression of Disease in Persons Having Seropositive HIV 

The most recent CDC case definition of AIDS proposes that people are to be 

classified according to both CD4 cell count and disease symptoms. The course of HTV 

infection can be divided into four stages: (1) an acute phase (initial infection), (2) an 
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asymptomatic phase, (3) a symptomatic phase, and (4) AIDS with multiple opportunistic 

infections. 

The acute phase occurs shortly after the HIV infection. This stage, with a typical 

duration of 1 to 4 weeks, is characterized by the occurrence of flu-like symptoms, 

lymphadenopathy, a maculopapular rash, loss of appetite, and fatigue. The typical range of 

CD4 cell counts is 1000 - 500 cells/mm" (Harrison and McArthur, 1995). The infected 

patient does not produce any antibodies during this period, and the individual is highly 

infectious producing higher levels of virus than perhaps at any other time in the 

progression of the disease. 

The asymptomatic phase, sometimes referred to as the incubation period, is the 

period from HTV infection until the emergence of AIDS. It is worth noting that some 

authors like to incorporate "acute phase" in the incubation period in its entirety. A 

majority of researchers, though, prefer the 4 distinct stages classification scheme presented 

here. A 1989 nonparametric estimate from San Francisco data found a median of 9.8 years 

for the asymptomatic phase with a typical range of 2 to 15+ years (Bacchetti and Moss, 

1989). It should be noted that such estimates reflect historic treatment protocols, not the 

most recent development of therapeutic achievements in treating HIV/AIDS patients. 

During this period, antibodies produced are capable of neutralizing HIV as well as directly 

disintegrating infected cells. Hence, although seroconversion is actively going on in the 

virus infected cells, no overt symptoms of the disease have been revealed. The typical 

range of CD4 counts in this stage is 750 - 200 cells/mm^ (more commonly, used as > 500 



counts). It has recently been observed that during this stage, the ability to mount a 

response to common antigens, such as tetanus toxoid, is lost. This stage could, thus, be 

considered as the beginning of a sequence of immunological impairments that uhimately 

leads to the annihilation of the CD4 helper cells and a subsequent loss of immune function. 

The symptomatic phase (typical range of CD4 count is 200 - 499 cells/mm") is 

characterized by the development of one or more of the following symptoms; (I) some 

"constitutional symptoms" such as fever, fatigue, night sweats, diarrhea, and similar 

problems; (2) skin and mucous membrane problems such as herpes, thrush, oral hairy 

leukoplakia, human papillomavirus, and canker sores; (3) lymphadenopathy; and (4) 

central nervous system impairment as indicated by some noticeable evidence of cognitive 

deficits. This stage has previously been described as the AIDS-related complex or ARC. 

The AIDS stage has been identified either by CD4 cell counts (200 cells/mm^), or 

by the presence of some opportunistic infections such as Kaposi's sarcoma, PCP, invasive 

cervical carcinoma, or pulmonary tuberculosis. A CD4 cell count of 200 or lower is 

clinically meaningfiil because the risk of acquiring several opportunistic infections becomes 

significant at or around this number. Although the CDC has defined CD4 < 200 cell counts 

as an independent indicator of AIDS, it has fi"equently been observed that the CD4 cell 

counts of less than 300/mm^ are closely associated with the development of one or several 

opportunistic diseases. In a recent study, Moore and Chaisson (1996) reconfirm that 

"these infections or cancers seldom occur at higher (more than 300) CD4* counts" 

(p. 635). 



Two parameters have usually been used to characterize progression from the HIV 

positive asymptomatic state to the actual exposition of AIDS: progression rate and the 

length of the incubation period. Progression rate is the ratio of HIV positive patients 

diagnosed with ADDS to the total number of infected patients, as defined by the CDC over 

a specific period in time. Although seropositive men over age 35 have been shown to be 

associated with a higher progression rate than those under 35, no correlation between 

sexual behavior and the rate of disease progression has so far been established (Moss et 

al., 1988). Progression to a symptomatic disease stage may be influenced by simultaneous 

infection with other viruses such as cytomegalovirus (CMV) or Epstein-Barr virus (EB V). 

Other factors which contribute to the rapid progression of the disease include prior 

exposure to allogenic antigens, malnutrition, and the use of immunotoxic or mutagenic 

drugs (Goedert et al., 1986). 

Time variations of the incubation stage make it extremely difficult to understand 

the natural history of ADDS. This has further been complicated by the recent introduction 

of a set of new drugs, the protease inhibitors, where aggressive therapeutic intervention 

seems to delay disease progression by reducing the amount of virus in the blood. The 

mean estimate of duration was approximately 9.8 years for the incubation stage (Bacchetti 

and Moss, 1989). Early in the epidemic, the average incubation period was estimated to be 

around I to 2 years. These are mostly neonates or people of average older age who 

received some type of blood transfiision. The earlier records are considerably biased 

downward because the cases with shortest incubation periods appear first in the record. It 
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has also been shown that the estimated probabilities of developing AIDS increases with 

the progression of time out from the point of seroconversion (Bacchetti and Moss, 1989). 

Indicators of Disease Progression 

The absolute CD4 cell count is the most important diagnostic marker of disease 

progression. Loss of CD4 (T-helper) lymphocytes, accompanied by a reversal of the 

CD4/CD8 (helper/suppresser) ratio, has been recognized as an important characteristic of 

HTV infection. Some independent predictors of the risk of developing AIDS are 

(1) Serum level of Pa-microglobulin >3.0 microgram/ml, 

(2) T4 count < 200 cells/mm^, 

(3) T4 lymphocytes < 25% of total lymphocytes, 

(4) Presence of p24 antigen 

(5) Hematocrit < 40, and 

(6) Viral Load. 

The CDC has developed a thorough classification system for staging patients 

immunologically according to some well established clinical symptoms, CD4 cell counts, 

and AIDS-indicator. This classification assists medical experts in making appropriate 

therapeutic decisions. 

Recently, a more precise indicator of disease progression, viral load in the blood, 

has frequently been used to monitor health of infected people. Viral load tests measure the 

amount of HTV in the infected blood. This information along with CD4 cell counts has 



now been used for (I) evaluating the rate of disease progression by accounting for how 

quickly an infected person's illness becomes more serious, and (2) measure the efiBcacy of 

antiretroviral drugs as used to improve the clinical condition of the patient (Saag et al., 

1996). 

THE PERSPECTIVE OF A HEALTH MAINTENANCE ORGANIZATION 

The United States Health Care Sector, Medicare, Medicaid, and HIV/AIDS 

Under a system of vigorous price competition, suppliers are motivated to offer the 

lowest possible set of prices for the goods and services without sacrificing quality. Hence, 

it is redundant to say that a market with serious price competition does not always focus 

on price alone, but that quality and product characteristics enter in the equation with 

considerable importance in decision making. As stated by Enthoven (1993), "perhaps 

value-for-money competition would be a more apt phrase" for a price-competitive market. 

The traditional fee-for-service system with its cost-unconscious demand of insured 

patients offers no incentive to contain costs of medical treatment in this country. Medical 

expenditures in the United States have been rising at a much faster rate than any other 

sector of the economy. It has well exceeded the rate of inflation over the last thirty years. 

In 1990, health care expenditures comprised 12 percent of the Gross Domestic Product 

(GDP), but the figure is expected to grow to 18 percent by the year 2000. 



Increases in health care expenditures result in long-term effects on the overall 

economic welfare of this country. When the costs of employer sponsored health insurance 

rise, real wages earned by workers tend to fall. This diminution in the marginal income 

effect adversely affects worker productivity, which, in turn, hurts the long term 

performance of firms. Moreover, if a subset of the working population is affected by a 

deadly disease, like AIDS, the realization of actual productivity diminishes. Loss of job 

and the consequent loss of employer sponsored insurance coverage are two major 

concerns to the patients with HIV or ADDS. Labor mobility is also restricted by the policy 

structure of different insurance agencies. For example, a majority of insurance companies 

do not pay for "pre-existing conditions" for a period of time (Timour, 1997; Hanssens, 

1997). Although under the new law, the Kennedy-Kassebaum Health Coverage Act of 

1996, the maximum length for pre-existing condition waiting period is 12 months, this 

time gap could still have a devastating effect on both the clinical and the financial health of 

the infected person. 

In majority of cases, the progression of the disease itself along with increasing 

susceptibility of the infected body to several paralyzing comorbidities leave the patient 

unable to work. One estimate suggests that 60% of AIDS patients have various functional 

limitations at hospital discharge and may require immediate rehabilitation intervention 

(O'Dell et al., 1991). Financing these patients for their medical treatment remains 

extremely uncertain and only a handful of options are available m such cases (Timour, 

1997). For example, if a patient is disabled for at least 29 months and unable to wort 
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irrespective of the income or savings, he or she may be eligible for the Part A of the 

Medicare program, which covers hospital costs. On the other hand, monthly income of 

less than $525 for a single patient would make him or her eligible for Medicaid benefits. 

Thus, as pointed out by Feldstein (1993), "the financial burden of caring for ADDS victims 

has fallen on Medicaid and on hospitals providing uncompensated care." (p. 167) 

The consequences of the public provision for financing care to HIV/AIDS patients 

is far reaching. In order to support the huge increase in costs for publicly financed 

programs like Medicare and Medicaid, government will either have to reduce investing in 

other programs, raise more taxes, or increase borrowing to finance an ever-increasing 

budget deficit. The nature of the problem is even more acute at the state level. As the 

costs of providing Medicaid for the medically indigent increase, state budgets, which are 

fi"equently constrained by balanced budget laws, experience growing pressure to cut 

funding elsewhere. Cutting other programs, in any reasonable sense, may not be socially 

desirable or politically feasible. The nature of the health care dilemma, thus, is that 

government has to reduce the health care expenditures to support other constructive 

projects (education, environment, and others) or it has to cut back those investments to 

support the rising cost of health care expenditures. 

Managed Health Care and Health Maintenace Organizations 

Curtiss (1989) states that "health care can be considered to be managed when at 

least one of the following fundamental components is present; prospective pricing, UCR 



28 

(usual, customary, and reasonable) pricing of services, bundling of services, peer review, 

mandatory use review, benefit redesign, capitation payments, channeling, quality criteria, 

and health promotion." The majority of these provisions are aimed at reducing 

unnecessary duplication of services and thereby curtailing the supplier-induced demand of 

health services at the point of medical treatment. Some type of financial risk sharing 

arrangements between providers and insurers is the core cost control focus of a managed 

care plan. The success of a managed care plan depends on the degree of efBciency with 

which an organization, private or government, tries to offer quality care to a large group 

of consumers by structuring and continuously readjusting the market to create price-elastic 

demand for health care, to distribute risk among various agents in the economy, to force 

providers to compete for patients on the basis of price, and to establish a sense of equity in 

the health care system. 

At the present time, the managed care industry can be partitioned into three 

distinct types of plans: health maintenance organizations (HMOs), preferred provider 

organizations (PPOs), and fee-for-service (FFS) plans with some preimposed cost 

containment restrictions (Curtiss, 1989). An HMO in the United States is characterized 

by the presence of the following five components (Curtiss, 1989): a specific population 

enrollment, prepaid premiimis for medical benefits, comprehensive medical coverage, 

centralization of medical and hospital services, and capped or salaried staff physicians. An 

HMO generates a series of contracts between physicians and other provider groups for 

treating a particular volume of patients. The nature of the contract depends on the 
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demographic characteristics and general health of the population, number of enroUees, the 

nature of disease under consideration, the type of services provided, the market structure 

of the community, the willingness of physicians and other related providers to agree on a 

binding contract, and specifically, the nature of profit sharing and the stability of estimates 

of future income to the organization. This system of internalization of both the financial 

and medical risks offers no income generating incentive to the provider (physicians) by 

virtue of overtreating patients. Moreover, if two or more HMOs compete for market 

penetration in a particular area, the need for more preventive types of services, like early 

detection of disease and ex ante identification of the high risk group of patients for a 

particular disease, is realized. Such preventative measures against illness have long term 

consequences in cost containment (Feldstein, 1993). 

Managed Care and Treatment of HIV/AIDS 

HIV/AIDS is a disease which has major longitudinal variation in its clinical 

manifestations and severity. Every year, an increasing number of people are being infected 

with HIV. Social costs, expressed in terms of lost productivity, associated with this 

disease are substantial. As mentioned before, due to the loss of productive capacity, 

patients lose their jobs, and, as a consequence, seek help fi-om government welfare 

programs, like Medicaid. Medical research has established the fact that extremely 

aggressive prophylactic treatment regimen fi"om the very early stages of the disease could 
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significantly diminish disease progression. Hence, an early medical intervention against 

EHV/AIDS may have enormous public health and cost consequences to the government. 

A managed care organization tries to obtain the maximum value for money for its 

members as well as for the employers. The basic goal of this endeavor is "to create 

powerful incentives for health plans to succeed by improving quality and patient 

satisfaction, not by selecting good risks and avoiding bad ones" (Enthoven, 1993). But, 

due to the heavily skewed nature of health care costs, as observed by the RAND Health 

Insurance Experiment that in a given year, only 1 percent of patients account for 28 

percent of total costs on average, the strategy of selective enrollment of the healthy sector 

of the population is always a highly profitable strategy for the provider. Under the system 

of managed care, an HMO tries to avoid such risk selection procedure by a set of 

coordinated strategic plans which could include a single point of entry for the patients, 

standardized coverage contract and risk-adjusted premiums (Enthoven, 1993). Although 

various attempts have already been in place to develop a number of readily applicable risk-

adjustment models, based on demographic variables, behavioral risk distribution, and other 

diagnostic information, no single available information set is a good predictor of risk-

adjustment. This problem is particularly true for a complicated disease like HTV/AIDS, 

which is characterized by high cost variations around a specific mean. Because of the 

unpredictable nature of the cost distribution, some HMOs are considering carving out 

HTV/AIDS care as a separate managed care plan. 



Given the cost containment focus of a managed care organization, the issue is 

whether "lives" of HTV/AIDS patients are "being managed by profit-making companies, 

funded with private or public resources, with costs capitated" (STEP, 1997). It has 

fi-equently been postulated that managed care organizations have a tendency to assign 

AIDS patients to inexperienced doctors for the purpose of saving money. Unfortunately, it 

has also been reported that 

"the survival of persons treated by physicians who have treated less than 5 HIV-

positive persons a year was significantly less than the survival of persons treated by 

physicians who treated more than 5 HIV-positive people a year Aggressive, 

competent care is expensive, even if it saves money in the future by preventing 

opportunistic infections and keeping people healthier." (STEP, 1997) 

If this is generally the case, the health care system may be reluctant to introduce 

more efifective, new, and thus, more expensive drugs to their formulary. On one hand, new 

drugs may be more efifective in fighting against the disease and improving the quality of 

life of patients, and on another extreme, as suspected by a managed care organization, 

costs of these drugs may well exceed any realized short term benefit. 

The major concern to the society is that, firom an economic viewpoint, the phrase 

"long term therapeutic benefits of new drug regimens" may not be a viable solution to the 

problem under consideration. For example, it may take several years to establish efiBciency 

of protease inhibitors in reducing the overall medical expenditures for the treatment of 



HIV/AIDS. Moreover, the concept of time value of money states that money at hand 

today is more valuable than the same amount of money next year, and this valuation 

difference could be quantified by the term interest, which is defined as the cost of using 

money over time (Dyckman et al., 1992: p. 234). Thus, although evidence may suggest 

that new drug therapies are effective in treating the disease, a business organization could 

realize a significant net loss after weighing the short term cost increment and discounting 

any positive gains, like reduced events of future inpatient care and other high resource 

intensive service utilizations. 

STATEMENT OF PURPOSE 

The Need for a Comprehensive Cost Model 

The argument proposed earlier that an HMO may consider whether or not to 

incorporate a new drug into their formulary assumes that both the incremental costs and 

effectiveness of the new drug are known with certainty to aid decision making. Thus, fi^om 

the perspective of decision making theory, the system under such a circumstance could be 

defined as operating under full-information. In other words, it assumes that (a) the 

information necessary to compute relative cost-effectiveness among various available 

drugs is perfect and complete, and (b) processing the information within the system is at 

its highest level of efficiency. Unfortunately, in the majority of cases, neither of these 

assumptions hold (Varian, 1992). For example, information about efficacy and safety of a 
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drug may be complete because it is a product of a set of methodologically sound 

experimental trials, it is never adequate, and hence incomplete, for its limited external 

validity. Similarly, advanced technical knowledge is necessary to process relevant 

information in order to make rational decision making. Careful modeling of costs and 

outcomes of various disease intervention strategies is thus extremely important to form a 

common communication link among clinicians, the pharmaceutical industry, and health 

care providers. 

From a managed care perspective, a key requirement in the development of a 

comprehensive cost model is the detailed specification of treatment protocols for each 

stage in HTV/AIDS therapy. These protocols also set benchmarks for treatment delivery 

and provide templates for resource profiling. For example, if the basic goal of an 

organization is to manage costs against a set of outcome targets, it is important to set 

contracted or capitated cost of treatment for participating physicians. For a global 

assessment of costs within a disease or therapy intervention, it is extremely important to 

agree on the classification of resources utilized and the unit prices to be assigned to those 

specified resources. A cost model provides the basis for a cost-outcome assessment of 

alternative disease management options. In the treatment of HTV/AIDS, a formal costing 

model for HIV/AIDS is necessary for the contracting of therapy interventions. Such a 

model should be able to generate the lifetime cost of a variety of therapy options in a 

dynamic treatment setting, over a given contract period for the cost of therapy, and more 
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importantly, must be capable of accommodating new treatment protocols and the 

survivorship impact of these on overall cost of treatment. 

The success of an HMO in treating a population of HTV/AIDS patients depends 

primarily on identifying the average lengths of time a cohort of patients are expected to 

spend in several possible opportunistic infection states along with identification of the 

stages of disease progression. Unless a reasonable set of estimates for measurement of 

disease complexity has been known to the organization, a well-defined risk-adjustment 

model is impossible to implement. This is particularly relevant when a set of new drugs, 

such as the protease inhibitors, are being used in treating HIV/AIDS patients. The new 

guidelines for treating HTV/AIDS patients propose the use of different protease inhibitors, 

saquinavir, ritonavir, indinavir, and nelfinavir, as combination therapy with non-nucleoside 

reverse transcriptase inhibitors (NNRTIs), such as nevirapine, or nucleoside reverse 

transcriptase inhibitors (NRTIs), such as AZT, ddl, ddC, 3TC, or d4T. Since (1) the 

mechanism of protease inhibitors is different from those of other antiretroviral drugs, (2) 

data regarding the efficacy of these drugs have yet to be well documented, (3) resistance 

and cross-resistance of various combinations of drugs are not fiilly known, and above all, 

(4) neither the long term benefits nor the cost profile of using these new drugs have been 

quantified in the literature, decision regarding adopting a new and expensive drug into 

formulary becomes highly volatile in nature. 

The overall purpose of this research is to (I) model survival ftmctions of 

HIV/AIDS patients undergoing treatment with protease inhibitors in combination with 
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RTIs as recommended in the recent treatment guidelines, (2) model the costs of new 

HIV/AIDS therapies (protease inhibitors), and (3) compare these costs and survival 

functions with pre-protease inhibitor therapy era of HIV/AIDS treatment. 

RESEARCH OB-TECTIVES 

The specific objectives of this research are: 

(1) Determine the transition probabilities from one disease state to other, including 

mortality probabilities, for both before and after the adoption of protease inhibitors; 

(2) Calculate survival functions for a cohort of HTV/AIDS patients starting from different 

starting disease states for both before and after the adoption of protease inhibitors; 

(3) Calculate average time spent by a cohort of HTV/AIDS patients in different specified 

disease states for both before and after the adoption of protease inhibitors; 
J 
i 

• (4) Determine the average costs of treating a cohort of HIV/AIDS patients for both before 

I and after the adoption of protease inhibitors. 

I 
; (5) Show the applicability of a Markov modeling technique in systematically analyzing a 
i' 

dynamic therapeutic system. 

DEFINiriONS 

Cost-benefit Analysis (CBA) - This economic analysis attempts to value to consequences 

of a medical intervention in money terms, so as to make them commensurate with the 
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costs. This is potentially the broadest form of economic evaluation technique, where one 

can easily analyze whether the beneficial outcomes of a program adequately justify the 

costs incurred in the system. The main problem associated with this technique is to 

establish a universally accepted and internally consistent set of functions which can 

transform a wide range of health outcomes into an economic dollar unit. 

Cost-effectiveness Analysis (CEA) - This a type of economic analysis where the 

consequences of programs are measured in the most appropriate natural or physical unites, 

such as 'cases correctly diagnosed', 'disability days avoided', and 'years of life gained'. 

The analysis involves the comparison of the net resource effects (costs) of an intervention 

with some nonmonetary measures of its net effect (effectiveness) on health outcomes. This 

technique does not attempt to assign a dollar value to outcome measures. Although CEA 

explicitly incorporates the value of life, it fails to compare interventions with different 

health outcomes due to lack of a single metric which quantifies different outcome 

measures. 

Cost-minimization Analysis (CMA) - Under this method of cost analysis, costs of two 

or more equivalent therapeutic interventions are compared to seek out the lease cost 

alternative therapy. The methods of cost minimization have limited application because it 

is, in principle, based on assumption that outcome differences of the alternatives are 

nonexistent or insignificant. Such studies are often performed simultaneously with, or 

immediately following, controlled experimental trials. 
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Cost-Utility Analysis (CUA) - This type of economic analysis tries to assign a 'utility' 

level. Utility could be defined as the level of satisfaction a health care consumer could 

enjoy fi"om a particular medical intervention. This approach is a broader form of analysis 

than CEA in the sense that one can assess the 'quality' of life-years gained, not just a 

crude number of years produced by the CEA This method is particularly useful for those 

therapeutic interventions that extend life only at the expense of side effects. The advantage 

of CUA over other methods is that it can simultaneously incorporate both the increase in 

the quantity of life (reduced mortality) and the increase in the quality of life (reduced 

morbidity). 

Epidemic - This refers to any disease which is occurring at a greater fi-equency than what 

is expected in a normal environment. Historically, the idea of an epidemic was 

predominantly restricted to infectious diseases, like cholera. Changes in disease 

distribution with time required broadening the term to every disease (Hennekens and 

Buring, 1987). 

Maculopapular rash - Palpable elevated skin color change. 

Pareto optimality - A settlement of a bargaining equilibrium where no traders could be 

better off without making others worse off. 



CHAPTER 2 

LITERATURE REVIEW 

This chapter provides a review of the salient literature pertaining to this research. 

The chapter is divided into two broad sections. In the first. Modeling Costs of Treatment 

Interventions, an analysis of the literature relevant to cost determination of HIV/ADDS 

medical treatment interventions in pharmacoeconomics is presented. The second section, 

Markov Chains and the Fundamental Matrix, describes the essential components of the 

Markov modeling technique used in this research. The major areas covered in this chapter 

are; 

Modeling Costs of Treatment Intervention; 

(1) Applicability of Traditional Cost-Outcome Analyses in Medical Decision 

Making; a critical review of both theoretical and empirical problems associated 

with the traditional economic evaluation procedures. 

(2) HTV/AIDS; Drug A Versus Drug B Approach and a Systems Approach; a 

detailed comparison of the traditional approach and the systems approach with 

special reference to HIV/AIDS treatment. 

(3) Focus of Analysis; a critical review of the applicability and relevance of a 

systems approach in recent controversial issues in treating HTV/AIDS patients. 



Markov Chains and Fundamental Matrix: 

(6) Stochastic Process, Markov Process, and Fundamental Matrix: an analysis of 

time-dependent probability processes relevant to the modeling approach 

adopted in this research. 

(7) Transitional Probabilities and Fundamental Matrix Solution to the System: an 

overview of a definite solution to a finite space Markov modeling technique. 

(8) Markov Modeling Techniques and the Impact of New Treatment Regimens: a 

summary of the applicability of Markov modeling technique in medical 

decision making. 

MODELING COSTS OF TREATMENT INTERVENTION 

Applicability of Traditional Cost-Outcome Antdyses in Medical Decision Making 

A well structured economic analysis of the comparative costs of various treatment 

alternatives and health care programs is necessary for the purpose of cost containment. 

Increasing competition among different providers and the well-justified concern over 

rising health care costs have prompted providers to adopt various cost control efforts to 

improve efficiency in the system by decelerating unnecessary expenditures. This objective 

allows us to focus on some recognized economic evaluation techniques, which aid in 

understanding and analyzing some characteristic input-output profiles for different health 

care programs. A fiall economic evaluation technique incorporates both the costs and the 
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consequences of various activities under the assumption of limited resource availability in 

a choice space. 

In health care technology assessment, four main research methods have been 

recognized. These are cost-minimization (CMA), cost-effectiveness (CFA), cost-benefit 

(CBA), and cost-utility (CUA) analysis (Drunraiond et al., 1987; Bootman et al., 1991; 

Pettiti, 1994). Although all of these methods identify various elements of costs in the same 

way, each of them defines outcome under different methodological assumptions. 

With the emergence of managed care systems, the underlying concept of formulary 

management and medical decision making has also evolved. A managed care group would 

like to have detailed knowledge of the impact of the introduction of a new drug on the 

distribution of patients by therapy, the resources needed to support this distribution, the 

costs associated with this, and the overall outcome impact of this new drug regimen. 

Projected patterns of drug substitution against the potential and identifiable comparator 

therapies are the main focal points to assess the impact of new drugs on costs and benefits 

in a particular disease area. The market share of a new product in a particular disease area 

dictates a new equilibrium in the system. Marginal patients are usually shifted from the old 

drug regimen to the new one (Langley, 1996; Langley and Bhattacharyya, 1997). Cost 

fimctions do not stay stationary in such a dynamic adjustment process. All of the 

traditional techniques of economic evaluation assume a constant cost per unit of outcome. 

Karlsson and Johannesson (1996) emphasized that proper utilization of a cost-

eflfectiveness analysis depends heavily on assumptions: (1) that the costs and health efiFects 
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per patient treated are independent of the number of patients treated in that group, and (2) 

that costs and effects do not depend on the size of the program (constant returns to scale). 

Without loss of generality, these assumptions are implicit in CMA, CBA, and CUA. 

In reality, the cost incurred in the system is also a function of the pattern of 

distribution of patients in different drug regimens (Langley, 1994). None of these 

analytical techniques incorporates any notion of an equilibrium state, where a number of 

therapeutic options coexist at any particular point in time. Moreover, these do not include 

any concept of an adjustment process in response to the addition of a new available 

therapy option in the system. Each equilibrium state is characterized by a revelation of 

physicians' expectations of intervention outcome, and a particular distribution of patients 

with some well-defined socio-demographic properties. Resource allocations are functions 

of the elements of the associated state contingent equilibrium. Hence, cost functions 

depend on the nature of the equilibrium and budget allocated to a treatment area, and, 

thus, are not constant in this dynamic setting (endogenous to the dynamics of the 

adjustment process). The assumption of constant cost not only oversimplifies the situation, 

but also makes the economic analysis incomplete and generates potentially erroneous 

results. 

The conventional view in performing economic analyses is to take the societal 

perspective, since the goals of these techniques historically have been to determine how 

society would optimize resource allocation for a given outcome. Although the importance 

of such a viewpoint is well taken, this perspective might not reflect the concerns of an 
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insurer, or even a health care provider. Implementation of a cost-outcome analysis without 

proper understanding of the specific goal and resource or cost constraints will generate 

considerable confusion due to the existence of conflicting interest groups. For example, a 

study, which compares cost-effectiveness ratios between drug A versus drug B without 

concern about a potential shift in the cost structure will fail to comprehend the overall 

impact on the system of these two drugs. A major difficulty in relying on analysis of this 

kind is that, in the real world, one can not control the proportion of patients who will 

receive various treatments. The system equilibrates itself by adjusting its characteristic 

elements in response to the exogenous shock. These modified therapeutic differences 

along with the distribution and characteristics of prospective patients after the 

incorporation of the new drug could be modeled based on a retrospective data source. 

HIV/AIDS: Drug A Venus Drug B Approach and a Systems Approach 

Costing the treatment of HIV/AIDS patients is highly complicated due to extreme 

variation in the natural history of the disease. It is, thus, of utmost importance to define 

and categorize different treatment states in order to accommodate a rapidly changing 

treatment environment. Survivorship profile for a group of patients, with various periods 

of time spent in widely different and complex infection states, changes continuously as a 

function of associated treatment patterns, budgets allocated, nature of contracts within the 

system, and the importance of therapeutic interventions targeted to particular disease 

states. This has been further complicated by the rapid availability of a wide selection of 



therapeutic regimens in the United States. Moreover, individual patients vary in their 

reaction to each therapeutic intervention combination and in their compliance behavior. 

Use of toxic drugs, particularly in the late stages of the disease, exposes the patient and 

the health system with the threat of increased adverse effects and associated unpredictable 

cost profiles of drug and medical treatment. All of these factors add to the uncertainty of 

estimating the costs of treatment of HIV/AIDS. The simultaneity of such a wide variety of 

problems demands an endeavor which takes a system perspective in order to reach a 

global conclusion regarding the usage of available information as a management tool for a 

provider organization. 

Historically, HIV/AIDS costing studies are of lunited applicability to managed care 

requirements. The majority, if not ail, of the economic evaluation studies in this area are 

focused mainly on cost effectiveness determination among selected antiretroviral drug 

therapies and prophylactic therapies for different opportunistic infections (Scitovsky et al., 

1990; Freedberg et al., 1991; Schulman et al., 1991; Moore et al., 1994; Bozzette et al., 

1994). These studies could be divided into two major categories. First, the placebo 

controlled studies where cost-effectiveness of antiretroviral medication, predominantly 

zidovudine (AZT), was compared with no medication given to the patients. 

Predominantly, results fi"om these studies show that although adherence to medication 

lowers high resource utilization events like episodes of hospitalization, lifetime costs of 

treating HTV/AIDS patients may not be lowered for AZT users. Overall, due to a 

significant survival benefit, the cost effectiveness studies favor the use antiretroviral drugs 
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(Scitovsky et al., 1990; Schulman et al., 1991; Moore et al., 1994). The other set of 

studies compares different available antiretroviral medications to evaluate their relative 

cost-effectiveness profile and substitution dynamics in case of drug resistance and advese 

drug effects (Volberding et al., 1990; Bozzette et al., 1995; D'Aquila et al., 1995; Moore 

et al., 1996). For example, Bozzette et al. (1995) found that zidovudine monotherapy has 

substantial advantages, in terms of lowering the probability of undergoing invasive 

procedures or hospitalization, over the use of zaicitabine as initial therapy for treating 

AIDS patients. 

Recent clinical studies indicate that protease inhibitors, in combination with reverse 

transcriptase inhibitors, significantly reduce viral load and deters the progression of disease 

(Collier et al, 1996; Gulick et al., 1996; CATIE, 1997). Unfortunately, the actual 

realization of this improvement does not come without its cost. Results fi-om the model of 

Moore and Bartlett (1996) indicates that "compared with monotherapy (zidovudine only), 

combination therapy (zidovudine + lamivudine + indinavir) is associated with a 3-year 

increase in the average lifespan and $US30000 higher marginal cumulative costs after 6 

years yields a cost-effectiveness ratio of $US 10000 per life-year gained." 

The major problem with such an analysis is that it does not consider the impact of 

new drug therapies on the survivorship of patients. As a cohort of patients is treated with 

a set of more sophisticated drugs, the nature of disease progression changes as a function 

of increased drug efficacy, drug resistance, and compliance behavior. The functional 

relationship among various input factors may not be simple. Traditional cost-outcome 
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evaluation teciiniques are not adequate in capturing tlie data needed to model the disease 

system in a comprehensive maimer. Moreover, as mentioned earlier, cost-effectiveness 

analysis, the most commonly used method of evaluating health care programs, suffers 

from some major methodological limitations (Hillman, 1995; Schmid, 1995). Birch and 

Gafiii (1992) showed that although the theoretical objectives of CEA are consistent with 

Pareto optimality, the applications of this method are not. This suboptimality stems from 

how CEA has been operationalized in the literature. Birch and Gafiii point out that "the 

problem lies not in the concept of the cost effectiveness ratio, but in the failure of analysts 

to adhere strictly to the notion of opportunistic cost in the measurement of the incremental 

cost of a program." A similar criticism is found in a review article written by Arnold M. 

Epstein of the Harvard Medical School (1995), which says that "although these techniques 

are very important and are becoming more prevalent, they are still not being used 

properly." 

Since studies generated from a "paradigm" of drug A versus drug B analysis do 

not provide the appropriate information for decision making, these are of limited use for a 

managed care organization in formulary decision making. As treatment options become 

more widespread and therapeutic choices vary widely, the sheltered environment of a 

clinical trial is grossly violated. Since no trial can replicate the treatment environment, in 

general, these studies fail to comprehend the overall impact of a set of therapeutic 

interventions on the system. Moreover, the distribution of concomitant illnesses (namely, 

different opportunistic infections), the intensity and distribution of noncompliance 



behavior, particularly at the late stages of the HIV/AIDS progression and with an 

increasing probability of adverse drug reactions, age-race-gender variations in the 

population may lead to resuhs drastically different from those attained in controlled 

clinical settings. The management and cost determination of a chronic and complicated 

(probably the most complicated disease at the present time) disease like AIDS demands a 

considerably richer set of analytical techniques to be used. In conclusion, although the 

findings of previous HIV/AIDS costing studies add some understanding regarding the 

effectiveness of one drug versus the other, the results suffer from limited external validity 

(Simpson, 1995; Bozzette, 1995). Moreover, it should be noted that many of these smdies 

are (1) based on charges, not costs, (2) highly aggregated, and (3) based on an 

inappropriate perspective, which limits their applicability as a management tool. 

Focus of Analysis 

Purchasers of pharmaceutical products and other therapeutic interventions, 

including a managed care organization, need to focus on the overall impact of a new set of 

drugs on their decision variables, namely, the distribution of an available budget among 

different disease areas, clinical study results on the efficacy and safety of the drugs under 

consideration, costs of treatment, and the nature of contractual arrangement underlying 

the system. Reliance upon economic analyses, which are based on idealized comparative 

drug A versus drug B cost-outcome measurements has to be replaced by a more 

comprehensive assessment of several treatment options within the managed care sector. 
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This argument could be defended on the grounds that, in the treatment of HTV/AIDS, 

although several clinical studies show definite improvement of patients' clinical condition, 

as measured by CD4 cell counts or viral load, HMOs are reluctant to pay for these drugs 

(Infectious Disease News, 1997). For example, various well controlled clinical studies 

suggest that protease inhibitors can effectively reduce the amount of virus in blood cells by 

99% (Markowitz, 1997; Collier et al., 1996; Bartlett, 1996b; Gulick et al., 1996; Merck & 

Co.Inc., 1996; Abbott Laboratories, Limited, 1996). Despite these results, patients are 

being denied "health coverage for treatments that they and their physicians believe they 

need. This is where the energy is being spent and the blood is being spilt on technology 

assessments, grievances over coverage, fights between providers and plans, lawsuits, and 

press headlines." (Eddy, 1997) 

The question remaining to be answered is whether the use of protease inhibitors, 

the new antiretroviral therapies, could be considered as "investigational treatments" 

because there is still not "sufiBcient evidence to determine their effects on health 

outcomes", particularly in long term sustainable care for HIV infected patients. This is 

particularly true for the case of antiretroviral drugs used to treat HIV/AIDS patients 

where, on average, the FDA takes approximately six weeks to approve those drugs for 

marketing (HIV/AIDS History: Milestones 1995-1996, July 1997). As advocated by 

David M. Eddy of Kaiser Health Plan and Permanente Medical Group of Southern 

California, "any money spent on investigational treatments will eventually be paid by 

society - people who subscibe to insurance plans, are members of health maintenance 
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organizations,or pay the taxes that support Medicaid and Medicare." A well-

controlled study which utilizes carefully documented data from real life treatment 

envirormients may well be a rational solution to this problem. Given the cost contairmient 

focus in the health care sector of the United States, the need for a balance between 

properly measured outcomes and cost dynamics associated with the intervention(s) is 

worth probing. A modeling approach with endogenously determined variables should, 

thus, be adopted to describe the system in its entirety. 

MARKOV CHAINS AND THE FUNDAMENTAL MATRIX 

Stochastic Processes, Markov Processes, and Markov Chains 

It has already been established that probability models are more representative of 

real life situations than deterministic models. A stochastic process in a probability space is 

characterized by a set of states and an index parameter t which is an element of an index 

set T (Hoel, Port, and Stone, 1972). In mathematical terms, this family of random 

variables is designated as {X(t), t e T}, where X(t) denotes the observation at time t, and 

t, usually a time variable, ranges between 0 to -hm. States, designated by x(t) are the values 

assumed by the random variable X(t). The set of all possible states is called the state space 

in stochastic processes . This space could be continuous or discrete. For example, if we 

consider CD4 cell counts as a primary state indicator for HIV/AIDS patients, then CD4 2: 

500 could be a discrete state, which has no intercept with another state of 500 < CD4 ^ 
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200. We can define the state space for any HIV+ patient as {(CD4 S 500), (500 < CD4 < 

200), (CD4 < 200)}. Examples of continuous state space include temperature inside a 

furnace or water level in a dam. It is worth noting that the system is completely defined by 

one parameter, t, because all states are functions of time. Hence, a stochastic process 

could be classified as either a continuous parameter stochastic process or a discrete 

parameter stochastic process, based on whether the index set T is continuous, e.g. T = {t; 

0 < t < +<»}, or discrete.g. T = (0, 1, 2, 

It is expected that when the system moves fi-om one state to the other, the random 

variables X(ti),.., X(tn), where T = (t; 1 < t < n} is a discrete and finite index set, 

exhibiting some sort of dependence. For example, the quality of life of a patient with CD4 

cell counts between 200 and 500/mm^ could clearly be a function of how he or she was 

feeling during his or her stay in a state of CD4 cell counts > 500/mm^. This time 

dependence of the random variables could make the structure of a system extremely hard 

to deal with. The simplest type of dependence is termed as Markovian dependence or first 

order dependence, where the state in which the system finds itself at time t depends only 

on where it was at time t - 1 (Bhat, 1972). Hence, in this process, if the state is 

characterized by a specific value at tune t, that information is sufficient to predict the 

behavior of the process beyond that point. This second (and higher) order memoryless 

process is termed as the Markov process. For the example noted above, the quality of life 

of a patient during his or her stay in a state of CD4 < 200, thus, depends only on the 

quality of life in a state where CD4 cell counts fall between 200 and 499/mm^. In other 
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words, the patient only remembers the pain and suffering from the immediate preceding 

state, not from any other previous states of disease. 

As discussed above, the Markov process, a subset of stochastic processes, could 

be discrete or continuous with respect to time and/or states. Depending on the nature of 

the state space and the time space, we can divide Markov processes into four different 

classes, which are given in Table 2.1. Markov chains may thus be characterized as 

discrete-time, continuous state or discrete-time, discrete state models. 

Table 2.1: Classification of Markov processes based on the nature of state space and 
parameter space of the problem under consideration 

Parameter (time) space State space 
Discrete Continuous 

Discrete 

Continuous 

Maricov Chain with discrete 
sute space 

Markov process with discrete 
state space 

Maricov Chain with continuous 
state space 

Mari«}v process with continuous 
state space 

For a discrete-time, discrete-state Markov chain, we observe the state of a system 

at a discrete set of times. Without loss of generality, we can also assume a finite time index 

set T = {0, 1,.., n}. The successive observations Xo, Xi,..., Xn define the set of random 
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variables at time steps 0, 1,n, respectively. Since this system, by definition, follows 

first order time dependence, the following relationship holds. 

Prob {X„ = x„ I Xo = xo, Xi =xt,X„.i 

= Prob {X„ = Xa i Xn-i = Xo-l}. 

Hence, the fact that the system was in states xo at time 0, xi at time I, and so on is 

completely irrelevant in predicting its being in the state Xa . The probability of the 

occurrence of the state Xn depends only on the immediately preceding state Xn-i. These 

probabilities, referred to as single-step transition probabilities (or, more simply, transition 

probabilities) of the Markov chain, give the conditional probabilities of making a transition 

fi-om state Xn.i to state Xn when time moves fi"om (n - 1) to n. 

Transition Probabilities and the Fundamental Matrix Solution to the System 

Disease progression, irrespective of the particular nature of it, can be considered as 

being described by patients moving fi-om one discrete state to the other as a function of 

time. Death in such an instance is a state of being where there is no transition out from it. 

As mentioned in the last section, transition from one state to the other may be represented 

by a set of probabilities, namely Py, where i is the starting state and j is the ending state. It 

is customary to arrange these probabities into a square array of numbers. This matrix, 

termed transition matrix, is more formally defined as a square matrix of entries Py for all i, 

j e S, the state space, such that 
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(a) for any i, j e S, Py > 0 and 

(b) for each i, j e S, Zj e s = 1 

In other words, all the elements in the transition matrix are non-negative (from the 

definition of probability) and individual row elements sum to one. The second condition is 

saying that starting from one disease state, a patient has a finite number of exhaustive 

choices to move to another state. 

States in a transition matrix may be of a different nature. For example, it is possible 

that some states are transient, i.e., starting from those states, there is a positive probability 

that the process may not eventually come back to those states. On the other hand, there 

may be some states where it is guaranteed that the process will return to those states with 

certainty. These states are called recurrent states. In mathematical terms, let X be a 

Markov chain with state space S and transition matrix P and T is the time of first visit to 

state j. State j is called a recurrent state if Pj (T < oo} = 1. The number of steps required to 

return to the same state for the first time is termed as the recurrence time, designated by i. 

If I = 00 for a recurrent state j, i.e., mean recurrence time is infinity, the state is called a 

null recurrent state. In contrast, a recurrent state is called positive recurrent if and only if 

mean recurrent time is finite, i.e., i < x. This positive recurrent state is important for the 

analysis of survival profile for patients with terminal diseases like AIDS because it could 

be shown that an absorbing state i (death), defined by Pu == 1, could be shown to be 

equivalent to a positive recurrent state (Bhat, 1972). 
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Finite Markov chains with recurrent and transient states are important in medical 

decision making. This is due to the fact that a transition matrix can be used to calculate 

average time spent by a stochastic system in individual transient state before it enters a 

recurrent state (absorbing state). Thus, modeling HIV/AIDS disease progression using a 

finite Markov chain transition matrix method would lead us to determine the natural 

history of the disease. The process could be developed as follows. If we partition the S-

state P matrix into four submatrices such that D, an r x r matrix, is the submatrix with 

transition probabilities among the recurrent states; Q is an (S - r) x (S - r) matrix with 

probabilites of going firom transient states to transient states; and R is an (S - r) x r matrix 

with elements representing probabilites of transition firom transient states to recurrent 

states, we can answer the following clinically relevant questions. 

If a process starts in a transient state i, the probability matrix generates estimates 

of average number of times it visits another transient state j, where i and j belong to the 

state space S. It could be shown that if Ny is the number of times a process, starting at the 

state i, visits j eventually enters a recurrent state, E(Ny ) could be represented by the 

elements of the matrix N, which is equal to (I - Q)where I is the (S - r) x (S - r) identity 

matrix (Cinlar, 1975; Srinivasan and Mehata, 1978). This matrix is termed as the 

fimdamental matrix of finite Markov chain with recurrent and transient states. 

The fimdamental matrix also generates estimates of variances (a^ij) for the number 

of visits from one transient state (i) to another 0)- It can be shown that 

o^ij = N (2 Nd -1) - N, 
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where N is the fundamental matrix as calculated in the first step of the process; Nd is the 

square matrix with elements of E(Njj) in the diagonal and zeros in both upper and lower 

triangles throughout; and Ns is the square matrix with all the elements represent the square 

of individual E(N]j) estimated obtained fi-om the fundamental matrix. Thus, if E(Njj) = |i^, 

then the Nd matrix has the following form: 

The Nj matrix, on the other hand, has all the elements representing the square of |ijj terms: 

Hii 0 0 

0 (J.22 0 

0 0 

^•^21 V^rz 

IJ' nl ii2 

The set of variance estimates are important because they give a reliable measure of 

sensitivity of the model. 



Thirdly, the fijndamental matrix generates estimates of probabilities of entering a 

recurrent state of interest starting from a particular transient state i. For example, it is 

possible to calculate the probability that a patient will enter a state of death startmg from a 

state of CD4 cell count below 200. If pir is the probability that a dynamic process starting 

from a transient state i enters a recurrent state (absorbing state) j, the value of pir could be 

estimated by the formula pi = N R, where N is the fundamental matrix and R is the matrix 

resulting from the original partition of the transition matrix of finite Markov chain. These 

probabilities are of extreme importance for the calculation of survival function of 

HIV/AIDS patients. 

Markov Modeling Techniques and the Impact of a New Treatment Regimen 

The fundamental matrix approach in Markov modeling offers a sophisticated tool 

to estimate changes in both the outcome and cost structure of a treatment environment 

after the introduction of a new therapy alternative. For example, patients infected with 

HIV used to be treated with a particular set of drugs, namely the reverse transcriptase 

inhibitors, before the launching of first protease inhibitor, Invirase (saquinavir) in 

December 1995. Thus, adherence to treatment guidelines to those drugs generates a set of 

probability estimates which could be used as the input in the fundamental matrix. As the 

system accepts the introduction of three protease inhibitors with improved clinical 

indications, the original probability estimates equilibrate to a new dynamic setting. The 

Fundamental matrix with its new set of input data (transition rates) generates a new set of 
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survivorship estimates, and thus, the equilibrium shift of the survival function, a reliable 

measure of outcome, can be calculated with input measurements endogenous to the 

system under consideration. 

The outcome differences, in terms of average time spent in different disease 

categories specified in the model, for the old and the new therapeutic interventions could 

be compared to the data, actual or estimated, pertaining to the differential costs of 

treatment. In this maimer both the cost and the outcome profiles for two different dynamic 

treatment settings could be compared. This information could subsequently be used by a 

health care provider in making a choice regarding the inclusion of new drugs onto the 

formulary for the treatment of the disease. 

CONCLUSIONS 

Traditional techniques of cost-outcome analysis are unsuitable for a complex 

disease like AIDS. The progression of HIV/AIDS has enormous longitudinal variation in 

its progression and severity. Therapeutic and non-therapeutic interventions may have 

differential effects on the natural history of the disease. The nature of the side effect 

profile, drug resistance and interactions, and noncompliance behavior may not be reflected 

in a controlled experimental setting. Results fi'om clinical studies show that protease 

inhibitors used in combination with RT inhibitors seem to delay the onset of drug 

resistance (Roberts, 1995; Schmit et al, 1996). On the other hand, protease inhibitors 

generate more side effects than the RTIs, and, unfortunately enough, some of these side 
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effects may cause prolonged damage to the patients (CATEE, May 1997). Treatment 

dynamics and subsequent clinical improvements of a representative patient in a real life 

situation would thus be a function of several complex clinical (for example, CD4 counts) 

and behavioral expositions (for example, compliance behavior) of the entire system. 

Understanding the nature of a complex system like this in a reasonably comprehensive 

manner requires careful modeling which incorporates information from a dynamic treating 

environment. 
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CHAPTERS 

METHODOLOGY 

GOAL 

The principal objective of this research is to estimate the average time spent by a 

cohort of HIV/ADDS patients in each key phase of the disease so that costs of treatment 

can be estimated as a direct function of the natural history of the disease. Since this study 

focuses on model building, detailed methodological issues and steps are warranted. The 

previous chapter established the theoretical underpiimings of the stochastic model which 

will be elaborated here with a specific example of HTV/AIDS treatment fi-om a managed 

care organization perspective. 

This chapter is divided into four sections. In the first two, a step-by-step discussion 

of the applicability of a Markov chain model will be developed with specific reference to a 

hypothetical HIV/AIDS treatment system. In the third section, a detailed description of 

procedures adopted in this research for the estimation of transitional probabilities and 

treatment alternatives with associated costs will be oflfered. Finally, a critical analysis of 

the potential limitations of the study has been presented in the last section of this chapter. 
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A HYPOTHETICAL MODEL (MODEL D OF THE NATURAL HISTORY OF 

HIV INFECTED PATIENTS 

Defining Markov States and Possible State Transitions 

For the purpose of modeling this complex phenomenon, first, we need to define 

different disease states in as precise terms as possible. Any given patient could be 

classified under one of various states of the natural history of this disease. Table 3.1 shows 

a hypothetical state space which consists of a number of mutually exclusive and 

collectively exhaustive disease states for patients diagnosed with HTV. 

Table 3.1: Description of some hypothetical disease states (Model I) 

States Name Description 

Absorbing 

Nonabsorbing 

D 

HIV^ HIV,: CD4 & 500 
N HIV2: 400 s CD4 < 500 

HIV3: 300 s CD4 < 400 
HIV4; 200 s CD4 < 300 

AIDS 

QjJ = l.2 

I, Qj 

Death 

HTV but not AIDS 
(CDC, 1993 definitioa) 

CD^ < 200, no infection 
(CDC. 1993 definition) 

Opportunistic infections 
I or 2 

0{^rtunistic infections 
Iand2 



The state space for this problem consists of {HTVi, HIV2, HIV3, HIV4, AIDS, Oi, 

O2, Ot+02, D}. It is worth noting at this point that certain transitions are not allowed in 

such a modeling environment. For example, if a patient has already been diagnosed with 

AIDS, he or she caimot move back to a state of HIV+. The most extreme example is the 

state of death (D), where the Markov process terminates forever. 

The second step of Markov chain analysis is to specify different state transitions 

possible in the system. Table 3.2 shows the transitions of the states allowed in the present 

model. No reversal of CD4 counts from a more progressive disease state to a better 

clinical state are considered in this model. However, aggressive therapeutic interventions 

using protease inhibitors have been found to improve CD4 counts in many patients. This 

tells us that, if necessary, the model could allow some reversible transitions from a lower 

level of CD4 count to a higher level one during the progression of disease. The implication 

of such reversal of CD4 counts will be considered in Chapter 4. 

Table 3.2: Various state transitions allowed for HIV/AIDS disease progression 
GVIodel I) 

From HIVj to HIVj.k , AIDS, Oi, O2, 0,+0iand D, k = 1, 2, 3 
From AIDS to AIDS, Oi, O2, O1+O2, and D 
From 0, to Oj, O1+O2, and D 
From o  ̂ to O2, O2+O1, and D 
From O1+O2 to O2+O1, and D 



Transition Probabilities: Some Theoretical and Empirical Concerns 

The third step in the Markovian analysis is to find the probabilities of each state 

transition. In mathematical term, these transition probabilities are defined as 

Poj = Prob {X„ = j I X„-i = m}, 

where pmj is the conditional probability of making a transition fi-om state Xn-i to state Xn. 

An important point to notice here is that these probabilities are assumed to be independent 

of the time parameter. This may not necessarily be the case of Markov chain models. The 

transition probabilities, or, in other words, how long a patient would stay in a particular 

disease state, could well be a fimction of time. Age of a patient could be a confounding 

variable in the analysis. Let us consider a situation where two patients, one is 55 years of 

age and the other is only 30 years, are infected with HTV. The probability that the older 

patient will develop AIDS within one year fi-om today could be much higher than that for 

the younger one. This is merely due to the fact that a younger person is likely to have 

more resistance to different infections. Note that if the data set consists of a group of 

patients similar age in age, demographic characteristics, and gender, this assumption of 

time invariance of transition probabilities should not be a problem. In other words, this 

problem could have a serious effect on the results of this study if the cohort of patients is 

not homogeneous with respect to age (race and genetic factors could also be possible 

confounders). When the transitions out of a state do not depend on the time t, the Markov 

chain is said to be homogeneous. 
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Although probabilities associated with each transition are both sufiBcient and 

necessary to analyze the Markov chain model, in HIV/AIDS, these are neither directly 

observable, nor easily obtained from available data sources. As described in Petitti (1994), 

there are basically three ways to gather information regarding the necessary transition 

probabilities of the Markov chain analysis; from published work, from available clinical or 

economic data sources, by expert opinion, and/or all of the above. Although Petitti 

conmients that "the use of personal experience and guessing are not recommended 

approaches to estimating probabilities outside the clinical setting" (p. 154), sometimes it is 

the best we can do because of the lack of any clinical information regarding the subject 

matter. Overwhehningly, synthesized data in the medical field do not offer probabilities 

directly. State transitions are commonly expressed as rates (r), defined by ratios of the 

number of patients moving from one state to another (without loss of generality, the 

destination state could also be the starting state, i.e., the rate will show the ratio of people 

staying in the same state) to the total number of patients in a particular initial state of 

disease. For example, if 50 out of 100 patients move from an HTV state to AIDS state in 

one year, the rate parameter X could be calculated as 50/100 = 1/2 per year. Note that this 

number is not a transition probability from one state to the other. Table 3 .3 shows a 

hypothetical rate matrix (9 by 9 square matrix) where the elements of each row indicate a 

series of transitions observed from a starting state to a number of ending states, including 

the absorbing state, death. 
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Table 3 J: The yearly rate matrix (Model I) 

Starting 
States 

i HIVI HIV2 HIV3 HIV4 

Ending States 

AIDS on 012 011+012 Death 

HIV1 0.87 0.07 0.04 0.01 0.01 0 0 0 0 

HIV2 0 0.64 0.13 0.11 0.06 0.01 0.01 0 0.04 

HIV3 0 0 0.35 0.15 0.1 0.15 0.15 0 0.1 

H1V4 0 0 0 0.3 0.2 0.12 0.13 0.1 0.15 

AIDS 0 0 0 0 0.1 0.2 0.25 0.25 0.2 

011 0 0 0 0 0 0.2 0 0.4 0.4 

012 0 0 0 0 0 0 0.3 0.3 0.4 

011+012 0 0 0 0 0 0 0 0.1 0.9 

Death 0 0 0 0 0 0 0 0 1 

For example, the elernems of the first row of the rate matrix tell us that after 

following 100 patients with CD4 counts greater than or equal to 500 for one year (the 

window period), we find 87 of them stayed in same disease state, 7 of them progressed to 

a disease state characterized by CD4 counts between 400 and 499, 4 progressed to a 

higher level of disease progression, and so on and so forth. Also note that nobody died 

starting from HIVi state in one year. 

Conversion of rates, expressed per unit in time, to probabilities over a given time 

interval t are given by the following relation 

P ( t ) = l - e ^ ,  
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where e is the exponential function and r is the rate of transition (Appendix A provides the 

statistical interpretation of this conversion). Table 3.4 shows the matrix of transitional 

probabilities calculated using the above formula but changing the cycle length to I month. 

Table 3.4: The probability matrix with cycle length = 1 month (Model I) 

Starting 
States Ending States 

HIV1 HIV2 HIV3 HIV4 AIDS on OI2 OI1+OI2 Death 

HIV1 0.9892 0.006 0.0033 0.0008 0.0008 0 0 0 0 

HIV2 0 0.97 0.0108 0.0091 0.005 0.0008 0.0008 0 0.00333 

HIV3 0 0 0.9461 0.0124 0.0083 0.0124 0.0124 0 0.0083 

HIV4 0 0 0 0.942 0.0165 0.01 0.0108 0.0083 0.01242 

AIDS 0 0 0 0 0.9257 0.0165 0.0206 0.02062 0.01653 

on 0 0 0 0 0 0.9344 0 0.03278 0.03278 

OI2 0 0 0 0 0 0 0.9425 0.02469 0.03278 

OI1+OI2 0 0 0 0 0 0 0 0.92774 0.07226 

Death 0 0 0 0 0 0 0 0 1 

SUM 
(P) 

P = 1 - exp (-rt/12) 
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The formula used for this change in the cycle length has also been shown in Table 3.4. 

This modification has been done to capture the fact that certain opportunistic infections 

might not prevail more than one or one and half months, particularly at the end stage of 

the disease. 

The one-step transition probabilities pnj can be represented by a matrix P = [ pm, ] 

such that the summation of the elements of each row is equal to one. It should also be 

noted that all the elements in this matrix are bounded by 0 and I. Each row of this matrix 

represents a distribution of probabilities for a given starting state in the system for a single 

Markov cycle. We could easily generalize this single step transition probability matrix to 

an n-step transition probability matrix by using the Chapman-Kohnogorov (CK) equation 

for the Markov chain, which is particular, = p '> = p = p". 

This simply states that it is possible to write any n-step homogeneous transition probability 

as the sum of products of 1-step and (n - l)-step transition probabilities, or, in other words, 

the matrix of n-step transition probabilities could be obtained by multiplying the matrix of 

one-step P matrix by itself (n - 1) times. Since all the elements in the P matrix are bounded 

by 0 and 1, this P° matrix converges to an equilibrium matrix Pe for a particular n. In other 

words, after a certain time period n, the transition probabilities become invariant with time 

and these equilibrium values are independent of the starting state of process. The value of 

nc depends on the probabilities assigned to the system. This Markov model is unique in the 

sense that because the long run outcomes of a Markov process are determined not only by 
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the values of the input elements of the transition matrix, but are also independent of the 

starting state of the process itself. 

The Unique Fundamental Matrix Solution 

The last step to this process is to calculate the average life expectancy of a cohort 

of patients infected with HTV. The enumeration of various states and the reasonable 

estimation of transition probabilities are found to be suflScient to calculate the average life 

expectancy. If the system has at least one absorbing state, an exact solution to its 

dynamics can be obtained by using the above mentioned matrix solution. From our model, 

the length of time that the patient will live, clearly depends on the elements of the upper 

left 8 by 8 nonabsorbing state matrix Q (Table 3.5). From the discussion of the CK 

equation, we know that if Q represents the probabilities of being in various states after one 

Markov cycle, Q" represents the probabilities of being in different states after n steps. It is 

easy to see that the size of the elements diminishes as Q is raised to successively higher 

powers. Let N = I + Q + Q^ + Q^ + ...; this geometric series can be shown to be 

numerically equivalent to (I - Q)'V The first matrix in this series is an identity matrix, 

which confirms that when a patient starts in a particular initial state, the probability that he 

or she is in that state at the beginning of the analysis is always 1. Hence, the diagonal 

elements of the first matrix are Is, and the off-diagonals are zeros. The Q matrix depicts 

the probabilities of a patient being in a particular state after the end of the first cycle (one 

month). This matrix has all nonnegative entries whose row sums are less than or equal to 



67 

1. Also note that since the states represented by Q are transient, Q" tends to 0 as n 

becomes large (everybody will eventually die). 

Table 3^: Probability matrix with absorbing states only - the Q matrix (IVIodel I) 

Starting 
States 

1 
HIV1 HIV2 HIV3 

Ending States 

HIV4 AIDS on 012 OI1+OI2 

HIV1 0.9892 0.006 0.0033 0.0008 0.0008 0 0 0 

HIV2 0 0.97 0.0108 0.0091 0.005 0.0008 0.0008 0 

HIV3 0 0 0.9461 0.0124 0.0083 0.0124 0.0124 0 

HIV4 0 0 0 0.942 0.0165 0.01 0.0108 0.0083 

AIDS 0 0 0 0 0.9257 0.0165 0.0206 0.02062 

on 0 0 0 0 0 0.9344 0 0.03278 

OI2 0 0 0 0 0 0 0.9425 0.02469 

OI1+OI2 0 0 0 0 0 0 0 0.92774 

The question arises of how we know that I - Q matrix is invertible. Without going 

into detail of the mathematical logic behind this, it can be shown that all of the eigen 

values of Q have absolute values strictly less than 1 owing to the fact that there is at least 

one row in Q matrix whose elements do not sum up to one. Hence, I - Q is invertible. The 

elements of this N matrix by column represent the expected time in each state before 

absorption, given the starting state corresponding to the row of the matrix. In other 
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words, the expected number of visits to s starting at j is given by Njs, the (j, s) entry of N. 

This matrix is known as the fundamental matrix of the Markov chain model. For the Q 

matrix of Table 3.5, the fundamental matrix, N, is shown in the following table (Table 

3.6). 

Table 3.6: Fundamental matrix (N) of the hypothetical Model I 

H1V1 HIV2 HIV3 HIV4 AIDS on 012 OI1+OI2 Sum(C) Sum(Y) 

HIV1 92.506 18.01 9.3171 6.1596 4.6572 4.1027 5.1002 5.64049 145.49 12.124 

HIV2 0 33.47 6.6945 6.7018 4.4855 3.8412 4.7975 5.43172 65.4184 5.4515 

HIV3 0 0 18.565 3.978 2.9588 4.8668 5.8198 5.49794 41.6867 3.4739 

HIV4 0 0 0 17.249 3.8375 3.585 4.6104 6.27799 35.5598 2.9633 

AIDS 0 0 0 0 13.46 3.3931 4.8286 7.03024 28.7123 2.3927 

on 0 0 0 0 0 15.251 0 6.91979 22.1712 1.8476 

012 0 0 0 0 0 0 17.399 5.94531 23.3445 1.9454 

OI1+OI2 0 0 0 0 0 0 0 13.8396 13.8396 1.1533 

126 months 19 5 months months months 

Index: 

Sum(C) = summation of the elements, expressed in months, of a particular row 

corresponding to a particular starting state. 

Sum(Y) = summatiai of the elements, expressed in years, of a particular row 

corresponding to a particular starting state. 



69 

The result from this hypothetical model (Model I) indicates that a cohort of 

patients identified with HIV+ and with a CD4 count greater than or equal to 500 (first row 

of the N matrix) is expected to live an average of 145.49 months (12.12 years), among 

which he or she is likely to spend 126 months (10.5 years) in a disease state with no 

opportunistic infections and CD4 count above 200 cells/mm^. The rest of the time is 

characterized by the presence of either one or both of the infections and/or CD4 counts 

less than 200 cells/mm^. This fundamental matrix approach not only gives the overall life 

expectancy of infected patients, but also ofifers the information of how a cohort of patients 

may be expected to move through different disease states as they progress into more 

complex and advanced stages of infection. 

DETERMINATION OF COSTS OF TREATING A COHORT 

OF HIV/AIDS PATIENTS (MODEL f) 

This sub-section will show how cost estimates were generated from the 

fundamental matrix solution of the hypothetical model described in the previous section. 

Generation of Cost Estimates from the Hypothetical Model 

The determination of lifetime system costs of treating a cohort of HIV/AIDS 

patients depends on several factors, such as the types and combinations of drugs used for 

each disease state, frequency of physician visits in one month, treatment of different side 

effect, other services like consulting and patient education interventions, and various other 
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factors. Since a comprehensive coverage of all of the above mentioned factors is presently 

beyond the scope of this study, some simplified assumptions regarding available resource 

utilization have been set forth in order to estimate the lifetime average costs. It has been 

assumed that each disease state represents a physician visit per month costing $60n, where 

n is the number of visits, which is same as the number of disease states identified 

associated with an infected patient. For example, a patient identified with any one of the 

four HTV states is assumed to see a physician once a month. On the other hand, if a patient 

has one opportunistic infection, he or she is expected to visit a physician two times (one is 

for regular check up merely for being infected with HIV, and the other for having the 

infection associated with some other microorganism) a month. Similarly a patient with two 

opportunistic infections is likely to go to the provider facility three times a month. This 

assumption of the relationship among the fi"equency of physician visits, identified disease 

states, and associated cost structures has been translated for costing "other services". It 

has, thus, been assumed that each visit for other services costs $40 a visit and is a direct 

fiinction of the number of disease states a patient has. 

Antiretroviral Therapy 

Bartlett (1996a) states that "studies on the natural history of HTV infection dealing 

with the dynamics of HIV replication justify enthusiasm for an aggressive attack on the 

virus at all stages of disease, and the rapid evolution of resistance provides that rationale 

for combination treatment" (p. 68). Although antiretroviral therapy is undergoing 
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continuous evolution, currently the FDA approved NRTI drugs, zidovudine, didanosine, 

zalcitabine, stavudine, and lamivudine, for the treatment of HTV infected patients. 

Zidovudine has been shown to slow HTV disease progression and enhance survival and is, 

thus, recommended as the initial therapy in most patients. On the other hand, if there is 

evidence of disease progression in patients who are on ZDV, or if patients are intolerant to 

ZDV, ddl has been recommended alone or in combination with ZDV, depending on the 

clinical situation of the patient. Without going into detail of currently practiced drug 

intervention strategies, we assume that upon enrollment in the managed care organization, 

the patient will be given a combination antiretroviral therapy of ZDV and ddl. This 

treatment strategy will be continued until the death of the patient. 

Information regarding the treatment regimen and monthly cost is given in Table 

3.7. It should be noted at this point that the hypothetical model does not take into account 

any protease inhibitor as a component of the combination antiretroviral therapy. 

Opportunistic Infections and Associated Treatment Protocols 

Candidiasis (both oral and esophageal), a fungal infection, has been considered as 

one of the opportunistic infections. The impact of a prophylactic treatment has been 

controversial because of increased fluconazole resistant strains and the lack of any 

effective alternative therapy. Since most physicians find no significant utility in 

prophylaxing against candidiasis, we assume that patients will be treated with clotrimazole 

until the Candida resolves and the patient is asymptomatic. 
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Table 3.7: Antiretrovirals and Candidiasis (oral and esophageal) 

Generic Name Trade Name Strength Daily Dose Monthly Cost 

Zidovudine Rrtrovir 100 mg 200 mg tid $ 236.84 

Didanosine Videx 100 mg 200 mg bid $ 79.06 

Zalcitabine Hivid 0.375 0.75 mg tid $ 155.91 

0.750 $ 195.43 

Stavudine Zerit 20 mg 40 mg bid $ 190.74 

40 mg $ 206.33 

Fluoc(xiazole 

Clotriniazole 

100 mg 

200 mg 

10 mg 

200 mg qd or 

100 mg qd 

1 tab 5 times 
per day 

•) 

$ 46.94 

Source: Foundation Health Pharm. Aug 27, 1996. 

Mycobacterium avium complex (MAC) has been chosen to represent the second 

opportunistic infection. Several agents have commonly been used to treat patients with 

MAC infection (Table 3.8). FDA approved rifabutin for prophylaxis of MAC, preferably 

when the patient is exhibiting a CD4 of less than 75/mm^ (CDC, 1995). Bartlett in the 

Johns Hopkins Guide to Medical Care to HTV Patients (p. 81) recommends 

Clarithromycin 500 mg for the treatment of MAC patients (only Clarithromycin and 



Azithromycin are considered to be the first line treatments for MAC infected patients). 

Ignoring the concern that rifabutin might interact with clarithromycin (Libman and 

Witzburg, 1996, Narang et ai., 1994), we assume that upon enroUment in the organization, 

all patients will be treated prophylactically with rifabutin until death, and they will be 

treated with clarithromycin whenever diagnosed with MAC infection. 

Table 3.8: Mycobacterium avium Complex (MAC) 

Drug name Strength Daily Dose Monthly cost 

Clarithromycin 500 mg 500 mg - Ig $ 162.99 

Azithromycin 1 gsusp 9 S 239.07 

Ethambutol 400 mg ? S 128.02 

Ciprofloxacin 500 mg or 750 mg bid S 165.29 

750 mg tabs $ 291.55 

Rifabutin 300 mg 450-600 mg qd $ 194.63 

Rifampin 300 mg 600 mgqd $ 85.30 

Source: Foimdation Health Phann. Aug 27, 1996. 

Lifetime System Cost of Treating HTV/AWS Patients 

The fimdamental matrix solution to the hypothetical model developed in the 

previous section estimates a series of average lengths of time a cohort of patients is 

expected to spend in various disease states starting fi"om a particular HTV/AIDS state. For 

example, at the time of enrollment in the HMO, if a patient is diagnosed with CD4 counts 



between 300 and 399 cells/mm^ (i.e., classified under the initial state of HTVs), and if he 

she has been exposed to various treatment interventions upon enrollment, he or she is 

expected to spend 18.6 months in the starting state, 4 months in the state of HrV4, 3 

months in the state characterized by CD4 counts below 200 cells/mm^, almost 5 months 

with opportunistic infection 1 (say, candidiasis), slightly less than 6 months with 

opportimistic infection 2 (say, MAC), and 5.5 months in a state characterized by the 

presence of both infections. This accounts for a total of 41.7 months of life expectancy. 

Table 3.9 shows the calculation of the lifetime costs of treating a patient who is enrolled 

the program with CD4 in the range 300-399 cell/nlm^ 

Table 3.9: Life time costs of treating HIV infected patients using a 
hypothetical model (Model I) 

A 

Two HIV and AIDS states 

A total of 2S.5 moaths spent by the patient 

AZT and ddl prophylaxis: $ (236.84+79.06) = $ 315.90/month 

Rifabutin prophylaxis: $ 194.63/month 

One doctor visit per month; S 60.00 

One "other services" per month; $ 40.00 

A total cost of $ 610.53 per month bome by the HMO 

=:> A total cost of S 15,568.51 for the padent for the given states. 



B 

Candidiasis infection state 

A total of 4.87 months spent by the patient. 

AZT and ddl prophylaxis: $ (236.84+79.06) = $ 315.90/month 

Ri&butin prophylaxis: $ l94.63/month 

Clotrimazole drug interventioa; $ 46.94/mcxith 

Two doctor visits per month: $ 120.00 

Two "other services" per month: $ 80.00 

A total cost of $ 757.47 per month borne by the HMO 

A total cost of$ 3,688.88 for the patiait for the given state. 

C 

MAC infection state 

A total of 5.82 months spent by the patient. 

AZT and ddl prophylaxis: $ (236.84+79.06) = $ 315.90/month 

Ri&butin prophylaxis: S 194.63/month 

Clarithromycin drug intervaiti<»: $ l62.99/month 

Two doctor visits per month: $ 120.00 

Two "other services" per month: $ 80.00 

A total cost of $ 873.52 per month borne by the HMO 

=> A total cost of $ 5,083.89 for the patient for the given state. 
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D 

MAC and CAN disease states 

A total of 5.5 mOTths spent by the patient. 

AZT and ddl prophylaxis: $ (236.84+79.06) = $ 315.90/tnonth 

Rifebutin prophylaxis: $ l94.63/month 

Clotrimazole drug intervaition: $ 46.94/moiith 

Clarithromycin drug ioterveotioa: $ 162.99/month 

Three doctor visits per month: $ 180.00 

Three "other services" per mraith: $ 120.00 

A total cost of $ 1,022.46 per mcmth bome by the HMO 

=> A total cost of $ 5,623.53 for the patioit for the given state. 

Compiling all of the above information gives us a total lifetime cost of treating a 

single patient with a starting disease state of HIV3. This amounts to 

$ (15,568.51 + 3,688.88 + 5,083.89 + 5,623.53) = $ 29,964.81. 

It is now easy to see that if N3 number of patients enter into the system with the starting 

disease state of HIV3, the total lifetime cost incurred by the health maintenance 

organization is expected to be ($29,965)*N3. 

The above calculation for all of the starting states could easily be done by using a 

matrix solution to the system. Since the cost of treatment is directly related to the number 

of months a patient is expected to spend in a series of states starting from a particular 
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initial disease state, post multiplying the fundamental matrix with a column vector of cost 

distribution gives the desired result. In other words, [Ct] = [N] [C], where [Ct] is the 

column vector of total costs, each row of which represents the total costs of treating a 

patient given a prespecified initial disease state, [N] is the fimdamentai matrix (Table 3 .2) 

obtained from the Markov chain solution to the model, and [C] is the column vector of 

monthly costs, each row of which represents monthly cost of treating a patient identified 

with a particular starting state. Tables 3.10 and 3.11 show the solution to the problem. 

Table 3.10: The cost column vectors (Model I) 

Drug. 

MAC = 02 CAN = 01 
Antiretroviral 

I Drug 
^ sum 

AZT ddl RifabutinClarithromydn Clotrimazole $ 

236.84 79.06 194.63 0 0 510.53 

236.84 79.06 194.63 0 0 510.53 

236.84 79.06 194.63 0 0 510.53 

236.84 79.06 194.63 0 0 510.53 

236.84 79.06 194.63 0 0 510.53 

236.84 79.06 194.63 0 46.94 557.47 

236.84 79.06 194.63 162.99 0 673.52 

236.84 79.06 194.63 162.99 46.94 720.46 

Physician 

Services 

$ / Visit 

60 

60 

60 

60 

60 

60 

120 

120 

180 

Other 

Services 

$ / Visit 

40 

40 

40 

40 

40 

40 

80 

80 

120 

Note: The elements of each column of the above set of column vectors corresponds to the elements of the 

rows of the Fimdamentai matrix N. Columns are set in such a maimer that premultiplying N matrix to the 

last column of this table will give us total lifetime costs of treating a single HTV/AIDS patient given a 

particular starting disease state. 
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Table 3.11: Lifetime Costs for different starting states 

N 

(8 by 8) 

fundamental 
matrix 

$ I month 

610.53 

610.53 

610.53 

610.53 

610.53 

757.47 

873.52 

1020.46 

Total costs 
per month 

$ 

93082 

43993 

29950 

26023 

22180 

18614 

21265 

14123 

Lifetime 
costs 

CD4 > 500 

CD4 : 400 - 499 

CD4 : 300 - 399 

CD4 : 200 - 299 

CD4 < 200 

Infection 1 

Infection 2 

I n f e c t i o n s  1 + 2  

Initial disease 
states upon enrollment 

DEVELOPMENT OF THE MODEL 

This section describes the estimation procedures adopted in this research to 

calculate the natural history of HTV/AIDS patients and life time costs of treatment for 

treatment regimens with and without protease inhibitors. A Markov chain model has been 

used to calculate the progression of disease starting from a CD4 count of 500 or more. 

This state has been designated as HIVi. The classification scheme used to enumerate 

different states of disease progression is shown in Table 3.12. Note that at this stage of 
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model development, the consideration of potential data sources and related problems of 

data acquisition are addressed. 

Table 3.12: Description of possible mutually exclusive states in patients identified 
with positive HIV infections 

State Characteristics 

HTV, 

HIV, 

HIVj 

HIV4 

AIDS 

Opportunistic infections: 

CD4 > 500; 

CD4 6 [400-499]; 

CD4 e [300-399]; 

CDa e [200-2991; 

CD4 < 200 and no opportunistic infections; and 

PCP, KS, Candidiasis, ETementia, CMV, MAC, and all possible 

combinations of these life threatening diseases 

Note: 6 individual opportunistic infections, IS combinations of two of these infections. 20 
combinations of thiee of these infections, IS combinations of four of these infections, 6 
combinations of S opportunistic infections, and finally 1 state with all of the 6 opportunistic 
infections. These account for a total of 63 distina states of various opportunistic infections. 

Including D, death, as the sole absorbing state in the model, a total of 69 mutually 

exclusive states have been identified in this model (Table 3.13). It should be noted that the 

occurrence of some of the combinations of these infections may well be clinically 

improbable or unheard of For example, the probability of a patient with more than 3 or 4 
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Table 3.13: All possible combinations of HIV/AIDS states 

One state (12) HTV, , HT/j, fflVj , HIV4 , AIDS 
KS, PCP, MAC, CMV, CAN, DEM, and 
Death. 

Two State 
Combination (15) 

KS + PCP. KS + MAC, KS + CMV, KS + CAN, KS + DEM. 
PCP + MAC, PCP + CMV, PCP + CAN, PCP + DEM. 
MAC + CMV, MAC + CAN, MAC + DEM, CMV + C AN. 
CMV + DEM, and CAN + DEM. 

Three State 
Combination (20) 

KS + PCP + MAC, KS + PCP + CMV, KS + PCP + CAN 
KS + PCP + DEM, PCP + MAC + CMV. PCP + MAC + CAN. 
PCP + MAC + DEM, MAC + CMV + CAN. MAC + CMV + KS. 
MAC + CMV + DEM, CMV + CAN + DEM. CMV + CAN + KS, 
CMV + CAN + PCP. CAN + DEM + KS, CAN + DEM + PCP. 
CAN + DEM + MAC, DEM + KS + MAC, DEM + KS + CMV. 
KS + MAC + CAN. and PCP + CMV + DEM. 

Four State 
Combination (IS) 

KS + PCP + MAC + CMV, KS + MAC + CMV + CAN 
KS + CMV + CAN + DEM, KS + PCP + CMV + CAN, 
KS + PCP + CAN + DEM, KS + PCP + CMV + DEM, 
KS + PCP + MAC + DEM, KS + PCP + MAC + CAN. 
KS + MAC + CAN + DEM. PCP + CMV + CAN + DEM. 
KS + MAC + CMV + DEM, PCP + MAC + CMV + CAN. 
PCP + MAC + CMV + DEM, MAC + CMV + C AN + DEM. 
and PCP + MAC + CAN + DEM. 

Five State 
Combination (6) 

KS + PCP + MAC + CMV + CAN, 
KS + PCP + MAC + CMV + DEM, 
KS + PCP + MAC + CAN + DEM, 
KS + PCP + CMV + CAN + DEM, 
KS + MAC + CMV + CAN + DEM. and 
PCP + MAC + CMV + CAN + DEM. 

Six State 
Combination (1) 

KS + PCP + MAC + CMV + CAN + DEM. 
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infections persisting for a time period as long as one year seems quite unrealistic. 

Longitudinal data extracted from different available data sets should reveal this fact. Since 

data should eventually drive the results of such an economic analysis, for the purpose of 

modeling, there does not seem to be any a priori reason to restrict our attention to any 

subsection of the probability matrix of state transitions. The next subsection will describe 

the rationale behind the choice of only a subset of some commonly encountered 

opportunistic infections in HIV/AIDS patients. 

The Choice of Opportunistic Infections and the Dementia Complex 

A total of 15 opportunistic diseases have been included in Category C of the AIDS 

surveillance criteria of the CDC (Table 1.1). Moore and Chaisson (1996) found that the 

most common opportunistic infection among HIV patients is Candida esophagitis (for 

convenience, all forms of candidiasis infections has been incorporated in the analysis). 

These are described as "CAN", a group of diseases encountered in AIDS patients. 

The other frequently observed infections are PCP, MAC, and CMV. Dementia, not an 

opportunistic infection, has been defined as a set of neurologic and cognitive dysfunction 

that interfere with daily normal activities of the infected patients. The model refers this as 

DEM. 

According to the Moore and Chaisson study (1996), KS, toxoplasmosis, 

cryptococcal meningitis, herpes zoster, and wasting syndrome occur with second order of 



incidence frequency in HIV/AIDS patients. Several epidemiologic studies confirm this 

result. In the Moore and Chaisson study, the authors calculated incidence rates for various 

diseases among which CAN, PCP, MAC, CMV, DEM, and KS topped the list (strictly 

speaking, the incidence rate for KS is significantly less than the other five). Although KS is 

not one of the most frequently encountered opportunistic infections in US patient 

population, it is invariably an important aspect of the disease which has been observed to 

occur in approximately 15% of patients with AIDS at some point during the course of 

disease progression (Beral et al., 1990). It has also been reported that rates for KS are 

highest among patients who acquire infection by sexual transmission. Because of these 

clinical and behavioral phenomena, KS has been considered one of the most important 

opportunistic infections associated with HIV/AIDS patients. 

Immunosuppression and Six Major Infections 

Although the overall incidence of opportunistic infections and cancers increases 

with increased immunosuppression, these infections do not appear to occur 

simultaneously. The occurrence of a particular disease depends largely on the degree of 

immunodeficiency of the patient in the course of the natural history of HIV infections. As 

noted by Moore and Chaisson (1996), 

infections with herpesviruses, Candida species, or pyogenic bacteria may 

occur in asymptomatic persons with moderate immunosupression, whereas the risk 

for Pneumocystis carinii pneumonia markedly increases when the CD4' count is 
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less than 200 cells/mm^. Mycobacterium avium complex bacteremia, 

cytomegalovirus infections, and non-Hodgkin lymphoma typically develop 

when the CD4* count is less than 100 cells/mm^, (page 633) 

Moore and Chaisson (1996) estimated mean CD4 cell counts associated with 15 

CDC defined opportunistic infections obtained within 6 months before the related disease 

was diagnosed. The results clearly show that KS, CAN, and PCP tend to develop under a 

comparable immunodeficiency status (average CD4 cells count ranges between 79 to 87 

cells/mm^). The mean CD4 cell counts for DEM is clearly intermediate between these two 

groups of opportunistic infections (Table 2 in Moore and Chaisson, 1996). On the other 

hand, CMV and MAC infections occur in the more severe immunodeficient conditions of 

patients. In particular, several studies using prospective data show that most of the 

patients who do not die firom other AIDS related complications will eventually acquire 

MAC and/or CMV infections (Iseman, 1985, Crumpacker and Heath-Chiozzi, 1991). 

Moreover, CMV is considered to be the most common cause of life-threatening viral 

infection in patients with HIV disease. 

Estimation of Transition Rates 

The first step to this procedure is to obtain information regarding various rates of 

state transitions. In other words, this matrix shows the rates at which people are seen to be 

transiting fi^om one state to the other. The I by 1 element of the matrix indicates that out 

of 100 people with CD4 > 500, 86 are observed to remain in that state after one year. 
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Other elements of the rate matrix could also be interpreted in the same manner. The 

determination of this 69 by 69 matrix, R59 is the only information required to complete a 

Markov chain model. It is worth noting that the yearly rates can only approximate disease 

progression. For example, if somebody's CD4 count came down to 450 and, due to 

subsequent therapeutic intervention, increased some time during the year, this rate will 

ignore that temporary transition. 

Transition Rates from Published Literature: 

Finkelstein et al. (1996) quantified the increase in relative risk of various 

opportunistic infections associated with the previous occurrence of an infection. They 

have shown that even after adjusting for the CD4 counts, the occurrence of a particular 

opportunistic infection is a direct fiuiction of whether the patient has a history of a prior 

occurrence of an infection. The result of this study is based on four common AIDS 

defining infections: PCP, MAC, CMV, and a systemic mycosis, which include esophageal 

candidiasis, cryptococcosis, and histoplasmosis. The Finkelstein et al. paper offers a set of 

very important data, namely, the rates of transition firom one opportunistic infections to 

the other per 100 patient years. For example, the authors found that following a previous 

occurrence of PCP, the rates per 100 patient years of occurrence of PCP, MAC, CMV, 

and death are 22.8, 29.2, 36.7, and 60.2 respectively. The authors also classified their 

sample according to CD4 counts and calculated these rates for each subclass of 

immunodepression. Their study not only shows that patients with previous infections are 
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more vulnerable to subsequent opportunistic infections, but it also demonstrates the fact 

that patients with lower CD4 counts become more prone to infections. Finkelstein's paper 

also confirms that MAC and CMV are the two most dangerous and terminal opportunistic 

infections conmionly encountered in AIDS patients. Some of these numbers were directly 

used in the R69 matrix. In particular, the available absorbing rates of transitioning fi-om one 

state to death have been fixed in accord with the Finkelstein et al. paper, and subsequently, 

other rates have been compiled in the matrix by working with three expert clinicians in the 

field of infectious diseases. 

Although this paper offers valuable information about transition rates of infected 

patients, the values obtained do not correspond to improved therapeutic interventions, 

namely combination therapy which includes at least one protease inhibitor in the regimen. 

This is due to the fact that the paper utilizes data prior to the approval of any protease 

inhibitor as one of the main antiretroviral therapies for HIV/AIDS patients. Thus, the 

above information is only suitable for a pre-protease inhibitor era of disease management. 

Also, the rates obtained firom this study were not adequate for running the model because 

the model requires to input all the elements of the transition rate matrix, which was not 

available fi-om the study mentioned earlier. Moreover, a literature search did not provide 

any useful data. 
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Transition Rates from Expert Panel. 

The Markov modeling technique used m this research clearly dictates the nature of 

data required. Elements in the rate matrix represent average number of HTV infected 

patients transiting or staying in a particular disease state starting from a specific initial 

state of disease. Two distinct sets of transition rates, one for pre-protease inhibitor 

treatment era and the other for combination therapy regimens which include a protease 

inhibitor as one of the main components of antiretroviral drugs, have been obtamed from 

an expert panel in Tucson, Arizona. 

A simplified description of the nature of the input set and the output was given to 

the expert panel members. This was done both in a written format and by a formal 

interview technique. One 69 by 69 square rate matrix was distributed to each individual 

physician. The matrix was partially ftill based on documents obtained from literature 

search. Individual panel members were asked to (1) reconfirm the existing numbers, and 

(2) put numbers in the blank spaces (Appendix B). Two sets of transition rates were 

obtained: first, for patients who never took a protease inhibitor (pre-protease inhibitor 

regimen), and second, for patients who are experiencing disease control with the help of 

combination therapy (post-protease inhibitor regimen). Thus, both transition rate matrices 

are of same size but with different elements representing the change in dynamics of disease 

progression after the widespread use of protease inhibitors as a therapeutic intervention. 

Mean values of the transition rates obtained from three physicians were used in the model. 



87 

Expert Panel: 

The panel was made up of three physicians who were experts in infectious diseases 

with professional interest in HIV/AIDS. Member 1 was an assistant professor of Clinical 

Medicine in the section of Infectious Diseases of the Department of Internal Medicine at 

the University of Arizona Health Sciences Center. She, a member of Infectious Disease 

Society of America, also served as the Director of Special Immunology Program at the 

University. Her M.D. degree was from the School of Medicine at the University of 

Colorado, Denver, Colorado. Among other activities, she served as the principal 

investigator in a double blind, phase m, multicenter, randomized study which compared 

the antiretroviral drug regimens of AZT alone, AZT-ddC, and a combination therapy using 

protease inhibitor in HTV infected patients. 

The second member, the Medical Director of the Home and Community Based 

Services at the Department of Internal Medicine of the Kino Community Hospital in 

Tucson, was in charge of a HIV/AIDS clinic at the hospital. He was also an assistant 

professor of Internal Medicine of the College of Medicine at the University of Arizona.He 

received his M.D. from the Mayo Medical School of Rochester, Minnesota, and was a 

resident in Internal Medicine at the University of Arizona, Tucson, Arizona. He was 

named the Houseofficer Educator of the Year in 1988, and had a wide range of experience 

in treating HTV/AIDS patients, particularly in the primary care in HIV diseases. 

Member 3 was an associate professor of Pharmacology in the GTB Hospital 

located at Shahdara, Delhi. He, with an M.D. from the Delhi University, had a wide range 
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of practice experience with infectious diseases in the Indian subcontinent and in the Middle 

Eastern countries. He was also involved in various collaborative projects with medical 

researchers outside India. 

Transition Probabilities and Analysis of Cycle Length 

In the next step of Markov modeling, probabilities were calculated for each 

transition. The formula used to convert rate data to a probability is Prob = 1 - exp(rate/12) 

(Drake, 1967). Sonnenberg and Beck (1993) noted that "the probability of transition in 

time t is always less than the corresponding rate per time t because as the cohort members 

die, fewer are at risk for the transition later in the time period." (p 333). The elements of 

this matrix are probabilities of transition from one transition state to the other in a one 

month period. This has been done to accommodate differential transition probabilities for 

the progression of disease itself and various opportunistic infections. For example, patients 

with MAC, a late stage opportunistic infection, may not be expected to stay in that state 

anywhere close to one year or more. Thus, if the cycle length of the analysis is kept in one 

year, it is very likely that the model overlooks various transitions from the state of MAC 

to other states with possible combinations of diseases. 

One of the pitfalls of the present model is the assumption that probabilities, with a 

cycle length of one month, are uniformly distributed throughout the year, which, in real 

life, may be unlikely to be the case. Infections are probably likely to occur at the later 

months of any particular 12 month cycle due to disease progression and subsequent 
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immunosuppression. Hence, as the cycle length shortens to one month, transition 

probabilities become very small for each state. This is due to the fact that in one month 

period, people are not likely to switch from one state to the other. Beck and Pauker 

(1983) state that "the residual probability of remaining in a given state increases with 

decreasing cycle length, and must be calculated as one minus the sum of the transition 

probabilities." (424) The same method has been adopted in order to calculate the main 

diagonal of the probability matrix. Peg. 

The fundamental matrix solution has been used to obtain the matrix representing a 

set of average time spent given a particular initial state of clinical condition. To do this, 

first, the 69th column and the 69th row of the probability matrix were ignored considering 

only the 68 by 68 nonabsorbing submatrix (Q) of the Peg matrix. In the next step, (I - Q) 

was calculated, where I represents a 68 by 68 identity matrix. Using the formula N = (I -

Q)"', the elements of the fundamental matrix were calculated. 

Choice of Drugs and Costs of Therapy 

Antiretroviral drugs: pre-protease inhibitor period 

The antiretroviral treatment choice for HTV infected patients is a du-ect flmction of 

CD4 cell counts and clinical status of the patient under consideration. The following table 

(Table 3.14) shows specific recommendations for drug therapy based on the manifestation 

of various diseases (patient is symptomatic or not), CD4 cell count, and toxicity profile of 



the antiretroviral drug (Libman and Witzburg, 1996). Since zidovudine is well tolerated in 

most HTV infected patients, this research, for the purpose of modeling life time costs, 

assumes AZT as the sole antiretroviral therapy. Moreover, due to the increased risk of 

potentially dangerous side effects, combination therapy was not recommended for the 

antiretroviral treatment (Remick et al., 1993). 

Table 3.14: Treatment protocol as a function of CD4 ceU counts 

CD4 cell count 
Clinical manifestation Treatment 

> 500 cells/mm^ Not recommended 

200 - 500 cells/nmi^ 
Symptomatic 

Zidovudine 
200 mg PO tid 

200 - 500 cells/mm^ 
Asymptomatic 

Zidovudine* 
200 mg PO tid 

< 200 cells/mm^ Zidovudine 
200 mg PO tid 

Toxicity with ZDV: 
Neuropenia, anemia, and 
nonhematologic problems 

Monotherapy with 
ddI,ddC, ord4T 

* Some practitioners may choose not to start medicati<m at this level. 

It is worth mentioning at this point that the therapeutic dynamics in the 

antiretroviral treatment of HIV/AIDS is changing rapidly. Due to a continuous evolution 
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of the system toward a better understanding of the disease, a strict division of the time 

period into a pre-protease inhibitor era and a post-protease inhibitor era may not be 

realistic. For example, almost through the middle of 1996, protease inhibitors were not 

recommended unless patients showed high risk for the progression of disease. Moreover, 

several sets of scientific data firom various clinical trials, phase 3 controlled trials, virologic 

endpoint analysis and like started indicating the efficiency of two nucleoside combination 

therapy, zidovudine + lamivudine, zidovudine + didanosine, or zidovudine + zalcitabine, as 

the best available regimen for deterring the disease progression (Carpenter et al., 1996). 

The change fi-om a predominantly monotherapy era (zidovudine) to a combination therapy 

era of treatment can be attributed partially to the discovery of viral load, a new measure of 

disease progression. It has been pointed out that "at present time, monotherapy with any 

of the available antiretroviral drugs is not recommended for initiation of treatment of HTV 

disease monotherapy causes a transient decrease in plasma viral load but 

compromises future efiFective therapies by selecting viral mutants that are resistant to I or 

more antiretroviral drugs." (Carpenter et al., 1997) 

Thus, the phrase "pre-protease inhibitor period" in this research indicates the 

period of time when (1) monotherapy, based on the-then available knowledge, was 

considered to be the best antiretroviral treatment for the infected patients; and (2) a 

combination therapy with double-NRTI drugs are most preferred over any other 

combination of regimens. A recent survey study indicates that the tolerability of 

lamivudine (3TC) and CNS penetration of zidovudine (AZT) make the combination most 
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preferred by practicing physicians (GMHC, 1997). Thus, AZT-3TC combination therapy 

will also be used in modeling the costs of HIV/AIDS in this research. 

Antiretroviral drugs: post-protease inhibitor period 

Increasing numbers of clinical trials have demonstrated that "the preferred initial 

regimen is one that is most likely to reduce and maintain plasma HTV RNA levels below 

the level of detection currently, such a regimen would include 2 NRTIs and a 

protease inhibitor with high in vivo potency." (Carpenter et al., 1997). Two predictors of 

disease progressions have recently been in use for measuring eflBcacy of antiretroviral 

therapies: the traditional CD4 cell counts, and the new viral load counts. Although viral 

load measurement has become popular as a disease predictor, very few studies have so far 

been done to establish a correlation between this measurement and long term clinical 

health of the infected patient (Lyons, 1997). Thus, given the level of available information, 

"we don't know if lowering a person's viral load with drugs will mean they'll stay healthy 

as long as people whose viral load is already low without antiretroviral drugs" (Lyons, 

1997). Table 3.15 shows that decision regarding when to start the antiretroviral therapy 

with protease inhibitors. 

The antiretroviral therapy guideline from The Johns Hopkins ADDS service 

indicates that among the protease inhibitors, indinavir, ritonavir, and nelfinavir have 

distinct advantage over saquinavir due to their better bioavailability (Johns Hopkins ADDS 

Service, 1997). Since no significant distinction among the three protease inhibitors 



mentioned above could be drawn from the available literature, this model would include all 

three of them with equal probability in order to calculate expected costs of treatment. 

Thus expected costs of treatment will equal to 

1/3 (AZT-3TC + indinavir) + 1/3 (AZT-3TC + ritonavir) + 1/3 (AZT-3TC + nelfinavir) 

or, after simplification, 

AZT-3TC + 1/3 (indinavir + ritonavir + nelfinavir). 

Table 3.15: Opinions as when to start antiretrovirai therapy based 
on CD4 count and viral load measurement 

CD4 cell counts Viral Burden Treatment 
(/ntm^) (copies/ml) 

>500 Observe 
>500 10,000 - 30,000 Treat or observe 
>500 > 30,000 Treat 
350 - 500 Treat or observe 
350 - 500 > 10,000 Treat 

(Any value) Treat 

Source: adapted from Johns Hopkins AIDS Service Guidelines (1997) 

Pnetmocystis carinii pneumonia: prophylaxis and mainterumce therapy 

The two widely accepted drugs for the treatment of PCP are pentamidine and 

trimethoprim-sulfomethoxazole (TMP-SMX). Although the response rate to pentamidine 

medication is very high (44 to 100 percent) for patients with PCP, therapeutic failure is 
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also widespread due to toxicity and adverse side effects of the medicine (Come et al., 

1990; Soo Hoo SW et al., 1990). Studies show that 22 to 92 percent patients started on 

pentamidine are switched to TMP-SMX for continuing treatment of PCP infection 

(Wharton et al., 1986; Klein et al., 1992). Thus, TMP-SMX, as the initial drug therapy 

with the response rate of 58 to 86 percent, is considered to be the preferred regimen for 

patients infected with PCP (Sattler et al., 1988). 

Because of the high incidence rate of PCP with the progressive impairment of the 

immune system, asymptomatic patients with CD4 count of less than 200/nim^ are 

recommended for prophylactic treatment. Table 3.16 shows various regimens used for 

PCP prophylaxis (adapted from Libman and Witzburg, 1996). Considering differential 

advantages and disadvantages. United States Public Health Service has recommended the 

use of TMP-SMX as the first initial prophylactic treatment for patients with CD4 count 

less than 200 cells/mm^ (CDC, 1995). 

Table 3.16: Characteristics of various regimens used to treat PCP 

Issue TMP-SMX Dapsone AP* 

EflBcacy High Moderate Moderate 
Toxicity Moderate Low Lowest 
Drug Interaction Zidovudine Didanosine None 
Toxoplasmosis protection Yes Yes No 
Cost Low Low High 

* AP stands for aerosol pentamidine 
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Kaposi's sarcoma therapy 

Localized skin lesions are successfully treated with topical liquid nitrogen (lesions 

< 1 cm) and intralesional dilute vinblastine injection (lesions > 1 cm). The application of 

such a therapeutic modality has been found to be more than 90% effective for cutaneuos 

kaposi's sarcoma (Conant et al., 1989; Epstein et al., 1989). Radiation therapy, although 

recommended for alleviating localized mass effect and pain, has various side effects (e.g., 

mucositis), and thus, widely considered as the last resort for treating Kaposi's sarcoma 

(Libman and Witzburg, 1996). In patients with widespread disease involvement, 

chemotherapy with adriamycin, bleomycin, and either vincristine or vinblastine 

monotherapy is recommended (Bartlett, 1996a). 

AIDS Clinical Trials Group proposes a staging system for KS in order to aid 

treatment choice and outcomes evaluation (Krown et al., 1989). However, for the purpose 

of modeling costs of HTV/AIDS, no such staging system, a measure of severity index, has 

been incorporated into this research. Thus, patients with infection are assumed to be 

uniformly treated with topical liquid nitrogen and dilute vinblastine injection, the two most 

widely used therapies for Kaposi's sarcoma. 

Candidiasis: initial and maintenance therapy 

Clinical manifestations of this fungal disease, commonly referred to as thrush, are 

infections on the tongue or oral mucosa (mucocutaneous infection), esophagitis, and 
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vulvovaginal infections in women. Since mucocutaneous infection is the dominant form of 

candidiasis and the drugs used to treat this infection could also be used for other 

indications, this study adopts the recommended drugs for oral and mucosal thrush for 

modeling purposes. This mucocutaneous infection is initially treated with nystatin in the 

form of oral suspension or clotrimazole in troche form (Bartlett, 1996a). In the case where 

these two drugs fail to improve the clinical condition of the infected patient, treatment 

with fluconazole is indicated (Bartlett, 1996a). Maintenance therapy with nystatin, 

clotrimazole, or fluconazole is optional in nature, and due to an inadequacy of 

experimental data, prophylactic therapy for candidiasis is not recommended (Klein, 1989; 

Bailey et al., 1994; Sangeorzan et al., 1994). 

Mycobacterium avium complex: prophylaxis artd maintenance therapy 

Rifabutin, an antibiotic drug, has been recommended for the prophylaxis of MAC 

for patients with CD4 counts less than 100/mm^ (Masur and Public Health Service Task 

Force, 1993). In practice, patients with CD4 count less than 200/mm^ are often given 

rifabutin to reduce the rate of infection by as much as 50 percent (Nightingale et al., 

1993). This drug is also used in combination with other drugs like clarithromycin, 

azithromycin, rifampin, amikacin, ethambutoL, or ciprofloxacin for the treatment of MAC. 

The most common combination used to treat MAC is clarithromycin + ethambutol + 

rifabutin (Shane and Maclean, 1997). 
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Cytomegalovirus Infection: induction and maintenance therapy 

Ganciclovir and foscaraet, two antiviral agents, are widely used for aggressive 

treatment against conunon cytomegalovirus diseases like retinitis, esophagitis, colitis, and 

encephalitis. There is substantial debate as to which one of these two should be preferred 

for initial treatment of CMV disease. Several clinical criteria regarding the health status of 

infected patients could be used to determine differential advantage of one drug over the 

other (Libman and Witzburg, 1996). Studies of the Ocular Complications of AIDS 

Research Group, in collaboration with the AIDS Clinical Trials Group report that 

cumulative probability of mortality among cytomegalovirus retinitis patients taking 

ganciclovir is statistically higher than the foscamet users. 

In order to model life time costs of treating HIV/AIDS patients, this model 

assumes the use of foscamet as both the induction and the maintenance therapy for the 

treatment of CMV diseases in AIDS patients. 

Dementia 

HIV-associated dementia complex, one of the major causes of progressive 

cognitive impairment of infected patients, could be treated pharmacologically or 

nonpharmacologically. The use of the antiretroviral drug, AZT, is the first line treatment 

of dementia (Leary and Zeifert, 1994). Interventions for behavioral modification include 

education to the patient, family, and significant others associated with the patient. 
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medication to (a) control psychosis and agitation (perphenazine or molindone), and (b) 

treat depression (methylphenidate), and others (Leary and Zeifert, 1994). 

Input Cost Data 

Gable et ai., 1996 and Moore and Chaisson, 1997 are the two main sources of cost 

data used in this research. Table 3.17 shows the overall costs of various opportunistic 

infections (adapted from Gable et al., 1996). These values incorporate service costs 

(hospitalization, intensive care unit), drug costs, procedure costs (skin test), and like to 

treat the disease under consideration. 

Table 3.17: Monthly costs of various opportunistic infections 

Infections Monthly Costs ($) 

Pneumocystis carinii pneumonia 957' 
Kaposi's sarcoma 573' 
Cytomegalovirs retinitis 8,361 
Kiycovarium avium complex 1,680 
Candidiasis esophagitis 183 
Dementia complex 3,712'' 

* These are calculated from the weighted average annual costs. 
Actual costs vary as a function of severity of the disease. 

'' This is taken from Moore and Chaisson, 1997. 

Costs of antiretroviral therapy, on the other hand, are calculated by adding 

pharmacy costs for both treatment and prophylaxis therapy, costs incurred due to adverse 



drug reactions, and laboratory monitoring of infected patients. These costs have been 

estimated for four distinct disease states as quantified by the CD4 cell counts. It should 

also be noted that the data used in Gable et al. study follow the pre-protease inhibitor 

antiretroviral treatment protocol (closely follow the protocol used in this research). Table 

3.18 shows monthly costs associated with the antiretroviral treatment in the pre-protease 

inhibitor era of treatment (adapted fi-om Gable et al., 1996). 

Table 3.18: IVfoathly costs for antiretroviral therapy for HIV/AIDS patients 

CD4 (cells/mm^ 

Category <50 50-199 200-499 >500 
($) 

Primary antiretroviral 256 307 341 72 
Prophylaxis 374 132 2 0 
Laboratory monitoring 135 112 112 82 
Adverse events 32 13 7 2 

Total Monthly Costs 797 564 462 156 

Detailed cost data for the post-protease inhibitor era are not available in the 

literature. The underlying reasons behind this could be two fold. First, the drugs are fairly 

new to the market. For example, FDA approved Agouron to market its protease inhibitor 

Viracept (nelfinavir) on March 14th, 1997 (Agouron, 1997). As indicated earlier, this last 

protease inhibitor received wide acceptance in the therapeutic market in a fairly short 



period of time. The second reason for data unavailability is that recording relevant 

information in a usable form requires a considerable amount of time. Thus, available 

information will be used to calculate life time costs of treatment for the post-protease 

inhibitor era. The next table (Table 3.19) shows the range of price difference among major 

antiretroviral therapies presently available in the market (adapted from Moore and 

Bartlett, 1996). As seen from the table, on average, protease inhibitors are two to three 

times more expensive than reverse transcriptase inhibitors. This price difference amounts 

to an $12,000 to $18,000 in estimated annual expenditure in antiretroviral treatment of 

HIV/AIDS disease (James, 1997). 

Table 3.19: Annual prices of various antiretroviral therapies available in the market 

Drugs Annual Price (S) 

Reverse Transcriptase Inhibitors 
Zidovudine 3,340 
Stavudine 2,900 
Lamivudine 2,690 
Zalcitabine 2,486 
fHdanosine 2,230 

Protease Inhibitors 
Ritonavir (Abbott) 8,010 
Saquinavir (Hofl&nan-La Roche) 6,870 
Nelfinavir (Agouron) 5,650' 
Indinavir (Merck) 4,320 

* Taken from Agouron, 1997 
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Moore and Chaisson (1997) use a longitudinal cohort of patients from the claims 

data base in Maryland Medicaid to calculate costs of treatment of HIV/AIDS patients in 

the Baltimore area. Table 3.20, adopted directly from the Moore and Chaisson study 

results, shows average monthly Medicaid payments by different service categories and 

state of disease quantified by CD4 cell counts. 

Table 3.20: Service costs for Medicaid patients 

CD4 (ceUs/mni^ 

Category <50 51-200 201-500 >500 
(S) 

Inpatient 1,355 660 674 617 
Outpatient clinic 287 209 209 186 
Emergency 30 20 21 23 
Homecare 165 59 43 40 
Professional fees 39 54 45 39 
Special services 45 14 12 22 

Total Monthly Payments 1^21 1,015 998 943 

Source: Moore and Chaissoa, 1997 

STUDY LIMITATIONS 

Time-dependent heterogeneity 

The study uses a Markov chains modeling approach to calculate average time 

spent by a cohort of patients in different disease states. This process assumes that 



probabilities are homogeneous across the observation time period. In other words, the 

probability of switching from one state of disease to another remains constant throughout 

the year. In reality, this may not be the case. Patients, as they get more and more 

immunologically impaired, are more likely to progress from one state to another more 

rapidly with time. This time dependence of state contingent probabilities could be more 

severe for life threatening opportunistic infections like MAC and CMV. Although the 

model calculates monthly probabilities from the transition rate data to minimize the time 

homogeneity nature of the system, the problem may still remain for patients with advanced 

state of disease manifestation. 

Cohort-dependent heterogeneity 

The natural history of HIV/AIDS has extreme longitudinal variation. Age, race, 

gender, and socio-economic status of patients may have significant impact on how the 

disease progresses and at what rate. For example, Kaposi's sarcoma is found to be four 

times more common in infected women with bisexual partners than in those who were 

associated with partners with other risk behaviors (Beral et al., 1990). Thus, a single 

transition probability indicating movement of patients from one designated state to the 

next offers an average idea of the dynamics of the system. Diflferent populations of 

patients may, thus, show a range of values of these transition dynamics depending on 

various demographic and socio-economic conditions underlying the system. This problem, 

referred to as cohort dependent heterogeneity of probabilities, is an inherent problem to 
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the majority, if not ail, data driven research endeavors, and is commonly referred to as 

external validity of the research design under consideration. 

Along the same point of concern, variations among different transition rates as 

suggested by different panel members have been noted during data collection. This may 

partially be attributed to individual expert's clinical experience in treating demographically 

different HIV/AIDS populations. Fortunately, the nature and extent of disagreement did 

not have a significant impact on the outcome of the model. 

Omission of states 

Although there are sixteen CDC defined indicator opportunistic infections common 

to HIV infected patients, the present study includes six major ones to calculate life time 

costs of treating HIV/AIDS patients. Similarly, the state AIDS, defined by CD4 cell counts 

of less than 200/mm^, could further be divided into substates. This may be of interest 

because, as indicated earlier in the study, an infected body may not become vulnerable to 

some opportunistic infections until the CD4 cell count is below 50/mm^ (MAC, for 

example). However, a finer division of states has not been attempted because addition of 

states would have exponentially increased computational rigor with a potential for not 

offering any significant incremental insight to the problem under consideration. 
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Data Collection Techniques 

Data used in this research have been obtained from expert panel opinion and an 

extensive literature search. Although the present study takes the perspective of a health 

maintenance organization, no data were directly collected from HMO records, and thus, 

the lifetime costs of treatment may be underestimated or overestimated depending on the 

nature of discount, hospital and other service facilities, and whether a new drug has been 

deleted from the formulary because of its high cost profile. It should be emphasized at this 

point that this research is an attempt to develop a costing model, not to generate estimates 

with high degrees of precision. 
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CHAPTER 4 

RESULTS AND DISCUSSION 

This chapter provides major findings of the model used to calculate life time costs 

of treating a cohort of HIV infected patients. The results have been divided into four 

distinct categories conformable to the specific objectives of the research described in 

Chapter 1. The first section summarizes the estimated transition rates of disease 

progression as obtained fi"om expert panel evidence. Special attention has been given to 

emphasize the rate differences between the pre-protease inhibitor (Model IIA) and post-

protease inhibitor (Model IIB) era of antiretroviral treatment. The second section 

d e s c r i b e s  v a r i o u s  s u r v i v a l  f i m c t i o n s  f o r  f i v e  m a j o r  s t a r t i n g  d i s e a s e  s t a t e s ,  H i y , ,  j = l , 4 ,  

and AIDS, as calculated fi"om the monthly transition probabilities of the Markov chain 

model. This section establishes the effectiveness of protease inhibitors as quantified by the 

shift of survival functions toward a longer average life span of a predesignated cohort of 

patients. The third section describes the natural history of patients both before and after 

the use of protease inhibitors. The average time spent in different disease states could be 

used to establish the shift of disease progression dynaniics as a function of improved 

therapeutic regimens available in the market. The forth section of the chapter shows the 

life time costs of treatment of HIV/AIDS. Assumptions behind the calculation costs are 

also explicated in this subseaion. The last section comments on the importance of present 

value calculation in medical decision making regarding adding new drugs to the formulary. 
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TRANSITION RATES 

Transition rates from one state to the other represent the disease progression as a 

function of time. Although various demographic and socio-economic factors may partially 

be responsible for the dynamics of the system, it is hypothesized in this research that 

aggressive measures of medical intervention are solely responsible for differential disease 

progression in a homogeneous cohort of infected patients. Thus, guidelines and protocols 

used for treating HIV/AIDS patients determine these rates. Since the literature does not 

provide such information in a comprehensive maimer, opinions from an expert panel were 

used to estimate two distinct sets of transition rates, one for treating patients without 

protease inhibitors, and the other with widespread use of protease inhibitors as the major 

antiretroviral agents. 

Transition Rates and CD4 Cell Counts 

Tables 4.1 and 4.2 show annual transition rates among various disease states 

characterized by CD4 cell counts along with the rates of transition to the absorbing state, 

death, used in the Markov analysis. As indicated in these two tables, the use of protease 

inhibitors as prophylaxis or treatment of the disease could be characterized by a significant 

reduction of disease progression at various starting states of clinical manifestation. For 

example, if protease inhibitors are used in a group of patients with CD4 cell count less than 

200/mm^, 50% of them are expected to stay in that state without showing any progression 



107 

of disease. This is in sharp contrast to the transition rate as observed in patients without 

protease inhibitor therapy, where 99% of patients are expected to develop at least one 

opportunistic infections or die at the end of one year. 

Table 4.1: Transition rates used for pre-protease inhibitor antiretroviral 
drug therapy of HIV/AIDS (Model HA) 

Rate of transition to 

Enrollment Sitae HIV, HIV2 HIV3 BIV4 AIDS Death 

HIV, 0.86 0.07 0.04 0.01 0.005 0 
BIV2 0 0.64 0.13 0.11 0.055 0.015 
HIV3 0 0 0.45 0.15 0.10 0.06 
HIV4 0 0 0 0.20 0.15 0.09 
AIDS 0 0 0 0 0.01 0.20 

Index: HTVi = CD4 ^ 500; HIV2 = CD4 cell counts between 400 and 499/tnm^; 
HTVj = CD4 cell counts betweai 300 and 399/nun^; 
HIV4 = CD4 cell counts between 200 and 299/mm^; 
AIDS = CD4 cell counts less than 200/mni^. 

Table 4.2: Transition rates used for post-protease inhibitor antiretroviral 
drug therapy of HIV/AIDS (Model IIB) 

Rate of transition to 

Enrollment State HIV, HIV2 HIV3 HIV4 AIDS Death 

HIV, 0.90 0.07 0.02 0 0 0 
HIV2 0 0.75 O.ll 0.06 0.03 0.005 
HIVj 0 0 0.60 0.15 0.10 0.020 
HIV4 0 0 0 0.50 0.05 0.032 
AIDS 0 0 0 0 0.01 0.155 



One important point to be noticed from the Table 4.2 is that no transition from a 

state characterized by a higher CD4 cell count to a lower one has been allowed in the 

model. Clinical studies show that protease inhibitors not only restrict the progress of 

disease, but it could also improve the condition of patients by increasing the CD4 cell 

counts or reducing the viral load in the infected cells (CATIE, 1997). This study, thus, 

could have populate the lower triangular elements of the rate matrix to account for the 

clinical improvement of patients. This has not been done for two reasons. First, the time 

window of analysis for disease progression from one HIV state to another was intially one 

year for the present model (the model subsequently translated all of these to monthly 

rates). As a consequence of this relatively long time horizon, CD4 cell counts may not be 

expected to regress at the terminal point of observation. Secondly, as described in Chapter 

3 (page 100), the present model considers a homogeneous patient population. Thus, 

although one can expect increase in CD4 cell counts for a subgroup of patients, namely, 

who are complaint to the prescribed medication, it may not be the case for a different 

patient group characterized by non-compliant behavior or resistant to drugs or both. On 

average, thus, protease inhibitors may not effectively increase the CD4 cell counts for a 

group of heterogeneous patients. 

The clinical improvement owing to the use of a protease inhibitor is also reflected 

in various absorbing transition rates. The following table (Table 4.3) summarizes the 

differential improvement of survival rates for a cohort of 1,000 infected patients with 

different enrollment CD4 cell counts. The largest benefit of using a protease inhibitor is 
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expected to occur when therapy starts at a CD4 cell count between 200 and SOO/mm". In 

terms of death rate, prophylactic therapy with protease inhibitor (combination therapy 

with two RTIs) reduces 58 deaths among 1,000 infected patients in one year. 

Table 4^: Effectiveness of protease inhibitor in terms of reducing 
incidence of death in a cohort of patients 

Transition to Death 

B^ore After Drug 
Enrollment State protease inhibitor protease inhibitor Effectiveness 

(1,000 Patients) 

fflVi 0 0 0 
HIV2 0.015 0.005 10 
HIV3 0.060 0.020 40 
HIV4 0.090 0.032 58 
AIDS 0.200 0.155 45 

] Opportunistic Infections: The Dynamics of Disease Progression 

Incidence of opportunistic infections depends on the degree of immunologic 

impairment of infected blood. Thus, rates of transition from a particular disease state, 

characterized by CD4 count measure, to the clinical manifestation of one or more 

opportunistic infections indicate the dynamics of disease progression. Since protease 

inhibitors in combination with RTIs are found to be more effective than RTI monotherapy 

or combination therapy regimens, incidence rates of various opportunistic mfections are 

expected to be lower in the case of protease inhibitor users. Tables 4.4 and 4.5 show some 



selected transition rates to be used in the Markov analysis in this research. Appendix C has 

the entire rate matrix for patients with no protease drugs in the treatment protocol. 

Similarly, Appendix D shows the input rate matrix for HIV infected patients who are 

treated with combination therapy with one protease inhibitor. 

Table 4.4: Transition rates for selected opportunistic infections used for 
pre-protease inhibitor antiretroviral drug therapy of HIV/AIDS 

Rate of transition to 

Starting State PCP CAN DEM KS MAC CMV 

mvi 0.005 0.01 0 0 0 0 
HIV2 0.010 0.02 0 0.005 0 0 
HIV3 0.030 0.07 0.01 0.010 0.005 0.005 
HIV4 0.100 0.15 0.05 0.050 0 0 
AIDS 0 0 0 0 0 0 

Table 4.5: Transition rates for selected opportunistic infections used for 
post-protease inhibitor antiretroviral drug therapy of HIV/AIDS 

Rate of transition to 

Starting State PCP CAN DEM KS MAC CMV 

mVi 0.005 0.005 0 0 0 0 
HIV2 0.010 0.015 0 0.005 0 0 
BIV3 0.025 0.050 0.010 0.010 0 0 
HIV4 0.100 0.150 0.005 0.050 0 0 
AIDS 0 0 0 0 0 0 
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One of the major findings regarding the rates of transitions to various opportunistic 

infection is that excepting Kaposi's sarcoma, incidence rates of all of the opportunistic 

infections have been reduced following introduction of protease inhibitors in the drug 

regimen. For example, patients with enrollment CD4 cell counts between 300 and 399 

(HTVs) are not expected to succumb to the two most devastating opportunistic infections, 

MAC and CMV. 

Also, there may be an apparent discrepancy in the transition rates starting from 

AIDS state of disease to various opportunistic infections because for both the pre and post 

protease inhibitor treatment profiles, these rates are shown to be zero. In actuality, since 

the immunologic impairments of the infected body may be quite severe at CD4 counts of 

less than 200/mm^, patients are expected to get more than one opportunistic infection 

simultaneously. The following table (Table 4.6) shows some selected transition rates from 

a starting state (AIDS) to more than one opportunistic infections estimated in this study. 

Table 4.6: Transition rates from AIDS to selected combinations of 
opportunistic mfections 

Regimen Ending States 

KS+PCP CAN+DEM KS+MAC KS+CAN CAN+DEM+PCP 

Before Pis 0.10 0.05 0.050 0.075 0.05 

After Pis 0.05 0.02 0.015 0.050 0.01 

Index: Pis = Protease inhibitors 
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SURVIVAL FUNCTION ESTIMATES 

One of the major impacts of new drug therapies on the treatment of HTV/AIDS 

could be quantified by a detailed survival analysis of infected patients. The estimated rates 

of transition from one disease state to another indicates enhanced therapeutic efficiency of 

protease inhibitors. However, these rates represent movement of a cohort of patients in 

only a predetermined time span, an one year cycle in this research. Although this 

information offers a significant understanding of how the dynamics of the system changes 

as functions of two distinct therapy interventions, it does not explicate the exact nature of 

temporal evolution. It is thus important to estimate survival functions which show how 

infected patients are expected to leave the system (death) after spending time in different 

nonabsorbing states of illness. A survival function in this regard could be defined as the 

locus of rate of death as a function of time. 

A Brief Methodological Note 

We know that the elements of the probability matrix, Q, represent the probabilities 

of transition after one Markov cycle and Q' represents probabilities afler j-th cycle of the 

Markov process (Chapter 3). Thus, death probabilities for progressive time periods could 

be calculated using the formula (I + ZjO") R, where j =1, , n, and R is the column 

vector representing death probabilities in the original Q matrix. For example, the 

probability of death in the system at the end of 5th year is given by the matrix notation 

D, = (I + Q + + Q') R. 
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The basic assumption used to estimate these progressive death probabilities is that 

death rates are time-invariant. Also to be noted from the above mentioned formula, yearly 

probabilities, not monthly ones, have been used to trace various survival flmctions. This 

process avoids mathematical rigor for calculating monthly rates without loss of any 

significant information regarding the evolution of the system. 

Estimated survival functions 

The following table (Table 4.7) shows expected survival rates of patients starting 

from the state of HTVi for both before and after the use of protease inhibitors as one of the 

main components of antiretroviral therapy. The survival functions have been shown in 

Figure 4.1 corresponding to the data in Table 4.7. 

The shift of the survival curve to the right for protease inhibitor users clearly 

indicates that the newer combination of drugs provides better management of the disease. 

It may not only deter the progression of disease, but it also has the potential to reduce the 

incidence rates of various life threatening opportunistic infections. The reduction of the 

death rate could thus be a function of a combination of factors. The median survival time 

for the old drug regjmen, represented by the solid line in Figure 4.1, is estimated to be 8.6 

years. On the other hand, median survival time for patients with new drug regimen which 

includes one protease inhibitor is estimated to be 12.9 years. It should be noted that this 

median estimate is for patients with enrollment CD4 counts greater than or equal to 500 

cells/mm^. 



Table 4.7: Survival rates of patients starting with CD4 cell counts 
greater than or equal to 500 cells/mm^ 

Starting state: HIV1 

End of Year 
Death Prot)abllity Survival Probability 

End of Year Before Pis After Pis Before Pis After Pis 

1 0.012 0.005 0.988 0.995 
2 0.042 0.017 0.958 0.983 
3 0.093 0.036 0.907 0.964 
4 0.159 0.064 0.841 0.936 
5 0.234 0.099 0.766 0.901 
6 0.312 0.141 0.688 0.859 
7 0.387 0.188 0.613 0.812 
8 0.459 0.238 0.541 0.762 
9 0.525 0.289 0.475 0.711 
10 0.584 0.339 0.416 0.661 
11 0.638 0.389 0.362 0.611 
12 0.685 0.438 0.315 0.562 
13 0.726 0.484 0.274 0.516 
14 0.763 0.528 0.237 0.472 
15 0.795 0.569 0.205 0.431 
16 0.822 0.607 0.178 0.393 
17 0.846 0.623 0.154 0.377 
18 0.867 0.675 0.133 0.325 
19 0.885 0.705 0.115 0.295 
20 0.901 0.733 0.099 0.267 
21 0.914 0.758 0.086 0.242 
22 0.926 0.781 0.074 0.219 
23 0.936 0.801 0.064 0.199 
24 0.945 0.802 0.055 0.198 
25 0.952 0.837 0.048 0.163 
26 0.959 0.853 0.041 0.147 
27 0.964 0.867 0.036 0.133 
28 0.969 0.879 0.031 0.121 
29 0.973 0.891 0.027 0.109 
30 0.977 0.902 0.023 0.098 



Figure 4.1: Survival functions for patients starting with a CD4 count > 
500 cell/mm^. 
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Similar calculations have been done for various other starting states of disease. A 

significant improvement of survival profile has been documented in all of the starting 

cohort (Figures 4.2,4.3, 4.4, and 4.5). The following two tables (Table 4.8 and Table 4.9) 

summarize findings regarding survival function estimates. 

Table 4.8: Expected mortality for a cohort of patients starting 
with various disease states: regimen without protease inhibitors 
(values are expressed in years). 

Starting States 

% Death HIV2 tnvj HIV4 AIDS 

25 2.3 1.2 0.5 0.4 
50 3.8 2.2 1.1 0.8 
75 5.9 3.6 2.3 1.4 

100 30.0 19.0 14.0 13.0 

Table 4.9: Expected mortality for a cohort of patients starting 
with various disease states: regimen with protease inhibitors 
(values are expressed va years). 

Starting States 

% Death HIV2 fflVa HIV4 AIDS 

25 3.5 2.0 1.9 0.7 
50 5.9 3.5 2.1 1.3 
75 9.0 5.5 3.7 2.4 

100 >40.0 29.0 21.0 18.0 



Figure 4.2: Survival functions for patients starting with a CD4 count 
between 400 and 499 cell/nun'^. 
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Note: The left hand ciu^ is for treatment regimai without protease 
inhibitor and the curve to the right represents a regimen with 
new HIV/AIDS drug therapy 



Figure 4 J: Survival functions for patients starting with a CD4 count 
between 300 and 399 cell/mm^. 
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Note: The left hand curve is for treatment regimen without protease 
inhibitor and the curve to the right represaits a regimea with 
new HTV/AIDS drug therapy 



Figure 4.4: Survival functions for patients starting with a CD4 count 
between 200 and 299 cell/nun^. 
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Note: The left hand curve is for treatmait regimen without protease 
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Figure 4^: Survival fimctions for patients starting with a CD4 count 
below 200 cell/mm'^ (AIDS). 
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Note: The left hand curve is for treatmoit regimai without protease 
inhibitor and the curve to the rigjbt represents a regimen with 
new HIV/AIDS drug therapy 
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A Brief Summary of Survival Analysis 

One way to estimate the efBciency of a set of therapies to treat HTV infected 

patients both to restrict the spread of disease and incidence of various opportunistic 

infections is by estimating survival potential of a cohort of representative patients enrolled 

in a health care provider organization. Any significant change in the treatment environment 

perturbs the existing equilibrium survival fimction. This may be due to incorporation of a 

new set of drugs, improving compliance behavior, or several other clinical and behavioral 

aspects of the overall therapy dynamics. This research assesses the impact of the 

introduction of protease inhibitors into the drug formulary to treat HIV/AIDS patients. 

The results suggest that early therapeutic intervention with a combination drug therapy 

including protease inhibitors significantly improves the survival potential of a cohort of 

patients. This may be attributed to enhanced therapeutic efficacy of the drugs in deterring 

onset of life threatenmg opportunistic infections in the immunosuppressed body. 

The information obtained fi'om the survival function estimation could also be used 

as an input for various decision making purposes. For example, fi'om a managed care 

perspective, quantification of the shift of one equilibrium distribution of patients to a new 

one, as estimated by several survival fimctions, could be used effectively to allocate budget 

to treat a cohort of patients within the system. The following tables (Table 4.10A and 

Table 4. lOB) show a hypothetical situation where the target of the health care provider is 

to estimate budget allocations for a heterogenous cohort of HIV infected patients. The 
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survival probabilities used in the calculation have been taken from the survival analysis of 

this research. Figure 4.6 shows the survival profiles for this hypothetical situation. 

Table 4.10A: Expected number of patient enroUments in three years 
for a five year contracting period 

Enrollment States Beginning of Year 

HTVj 
HIV3 

AJDS 

1 2 3 4 5 

HTVj 
HIV3 

AJDS 

Xi 0 0 0 0 
Yi Yz 0 0 0 
0 Zz Z3 0 0 

Table 4.10B: Expected number of patients surviving in different 
disease states for the contracting period in the absence 
of protease inhibitors 

Enrollment States End of Year 

1 2 3 4 5 

mwz 0.93X, 0.79Xi 0.63Xi 0.48X, 0.34X, 

HIV3 
0.77Y, 0.55Y, 

+ 
O.77Y2 

0.33Y, 
+ 

0.55Y: 

0.19Y, 
+ 

O.33Y2 

O.lOYi 
+ 

O.I9Y2 

AIDS 
0 0.36Z2 O.I5Z2 

+ 
O.36Z3 

O.O6Z2 
+ 

O.15Z3 

O.O2Z3 

+ 
O.O6Z3 
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Figure 4.6: The aggregate survival function for the hypothetical system 
as represented by Tables 4.10A and 4.10B 

AIDS(III 

HIV3(I) 

HIV2(I) 

HIV3(il) : 

AIDS(li) 

Index: HrV2®: HIV2 cohort enrolled at the beginning of year 1. 
HIV3(I); HTVs cohort enrolled at the beginning of year 1. 
HrV3(II): HIV3 cdiort enrolled at the beginning of year 2. 
AIDS(II); AIDS cohort enroUed at the beginning of j/ear 2. 
AIDS(III): AIDS cohort enrolled at the beginning of year 3 
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The above information could then be used to calculated expected costs of treating 

this cohort of patients starting at various time points in a prespecified contracting period. 

Thus, if average costs of treatment for individual disease state, HIV2, HIV3, and AIDS, 

are known, total costs of the system could be estimated for the entire time period. 

Moreover, it would also be possible to estimate the present value of the projected costs of 

treatment. 

Thus, survival analysis is not only a measure of output which may be used for 

clinical decision making, but it could also serve as significant input to economic decision 

making for an organization. 



NATURAL fflSTQRY OF HIV/AIDS 
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The fundamental matrix solution to the Markov chain model used in this research 

estimates the natural history of HTV infected patients starting with different enrollment 

states of clinical condition. Thus, the outputs of the definitive solution to this approach 

show how many months, on average, a cohort of patients is expected to spend in some 

major combinations of opportunistic infections with states of various CD4 counts. 

Elements by colunrn represent the expected time in each state before absorption, given the 

starting state corresponding to the row of the matrix. For example, if a patient began in 

the state of HTVi, and was never treated with protease inhibitors, he or she can expect to 

spend approximately 86 months in HIVi state, 16 months in HIV2, 10-2 months in HIV3, 

5.3 months in HIV4, and almost 1.14 years in the state of AIDS with or without 6 

opportunistic infections before dying (Table 4.11). Hence, a patient is expected to live 

134.7 months, which is approximately 11.23 years, of which the asymptomatic phase 

(SHTVi) lasts approximately 9.84 years. 

It should be noted that the table does not include all of the possible combinations 

of disease states because the various time durations in those combinations are comparably 

much smaller with respect to what has been presented here. For example, a patient is 

expected to spend only 0.05 months (one and half days) in a state of pure MAC infection. 

This makes clinical sense because MAC is one of the most advanced stage of infections in 

AIDS patients. This infection is thus always associated with one or two other 
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opportunistic infections. Since a number of other possible combinations has not been taken 

into account, the numbers in Table 4.1 IB shows the minimum time spent in the specified 

opportunistic infection. 

The estimated time spent in asymptomatic phase of disease progression is given by 

the summation of months spent in four HIV states specified in the model. This amounts to 

118.11 months or 9.84 years (Table 4.1IC). This number is very close to the 

nonparametric estimate of the asymptomatic phase duration of San Francisco patients' 

data as reported in Bacchetti and Moss, 1989. Also, as shown in the Table 4.1IC, the 

average longevity of a cohort of patients starting from a CD4 count of greater than or 

equal to 500/nmi^ has been estimated to be 134.71 months or 11.23 years. 
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Table 4.11: Number of months spent in some major specified states when the patient 
is entering the system with HIVi in the absence of protease inhibitors 

B 

State Months qrent 

HIV, 85.89 
HIVi 16.73 
HIV3 10.21 
HIV4 5.28 
AIDS 2.93 
KS alone 0.45 
PCP alone 1.46 
CAN alone 2.72 
DEM alone 0.37 
KS and PCP 0.92 
KS and MAC 0.20 
KSandCMV 0.20 
KS and CAN 0.72 
KS and DEM 0.14 
PCP and CAN 1.21 
PCP and DEM 0.26 
CAN and DEM 0.45 
KS, PCP, and CAN 0.84 
KS, PCP, and DEM 0.42 
PCP, MAC, and CMV 0.17 
PCP, MAC, and CAN 0.21 
MAC. CMV, and CAN 0.29 
CAN, DEM, and KS 0.39 
CAN, DEM, and PCP 0.45 

State Months spent 

KS and others 4.28+* 
PCP and others 5.94+ 
CAN and others 7.28+ 
DEM and others 2.48+ 
CMV and others 0.66+ 
MAC and others 0.87+ 

C 

S^HIVj 118.11 
AIDS and OIs 16.60 
Life Span 134.71 

* This number gives the minimum time spent in the specified 
opportunistic infections 
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The estimated fundamental matrices for both the pre-protease inhibitor and post-

protease inhibitor treatment protocols show an apparent discrepancy in time span between 

the first and the second rows of the N matrix (Table 4.12). For example, the second 

column of the first row of the N matrix for Model HA is telling us that if a patient with 

CD4 > 500 (HIV2) enters into the system, he or she is expected to spend approximately 17 

months in a state of CD4 counts between 400 to 499 before his or her transition to another 

nonabsorbing state or to the absorbing state, death. On the other hand, if a patient is 

diagnosed with HIV2 condition when he or she enters the system, he or she is expected to 

spend more than 33 months (the 2 by 2 element of the matrix) in that state. 

Table 4.12: First two columns of the Fundamental 
Matrix in the absence of protease 
inhibitors 

Ending State 

Starting State mv, HTVz 

EOVi 
HTVz 

85.89 16.73 
0 33.46 

Clinically this may not seem very appealing because the bulk of the patients, if they 

are homogeneous with respect to age, racial, and demographic considerations, should 

spend approximately the same time in each disease state irrespective of when they are 
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entering the system. This apparent discrepancy is due to the procedural fact that Markov 

process does not remember anything beyond the immediate preceding state. Since a 

Markov chain modeling procedure has been adopted in this research, every element of the 

N matrix has been determined based on the realization of a fixed initial state, and hence, 

comparing results across different rows of the matrix is not a viable option. 

This apparent discrepancy also appeals to a reasonable clinical explanation to the 

results of this model. One reasonably good explanation could be that when a person with 

CD4 cell counts > 500 is exposed to a prophylactic treatment regimen, he or she could 

logically be expected to spend less and less time in more serious immunosuppressed 

condition. This is due to the feet that the patient is being treated early to deter the 

progression of disease and disease related complications. The first row of the N matrix 

reflects the fact that the patient is being treated by the HMO at the very first stage of the 

viral infection. Hence, he or she is spending only 17 months in the next stage of disease 

progression. On the other hand, as depicted by the elements of the second row of the N 

matrix, a patient is entering in the prophylactic drug therapy system with CD4 cell counts 

between 400 and 499. This patient is thus just starting to stabilize his or her condition. So, 

it is expected that he or she will respond to the medicine and spend more time in HIV2 

state because the disease progression is somewhat restricted by drug intervention. As a 

consequence, the patient spends almost 34 months in HIV2 state. 

As noted earlier, elements in the main diagonal of the N matrix show that people 

are spending most of their time in the same state they are starting with. There is a pure 
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methodological explanation for this. Since monthly transitions are considered for input in 

the matrix modeling, the probabilities of staying in a single state is the highest (in most of 

the cases, it is > 0.9). During the calculation of the fundamental matrix, these large 

numbers have been subtracted from Is in the main diagonal of the matrix (I - Q), which 

gives very small numbers in the diagonal. In the last stage, the process inverts the (I - Q) 

matrix. This eventually gives rise to relatively large numbers in the main diagonal of the N 

matrix. 

Tables 4.13 through 4.21 show the estimated time spent on different disease states 

for a cohort of patients with specific disease manifestation at enrollment and with or 

without protease inhibitors as one of the primary antiretroviral drugs. 



Table 4.13: Number of months spent in some major specified states when 
the patient is entering the system with HlVi and protocol uses 
protease inhibitors 

State Months spent 

HIV, 120.26 
pnvj 33.69 
HIV3 15.30 
HIV4 8.62 
AIDS 5.95 
KS alone 0.76 
EXTP alone 2.30 
CAN alone 3.20 
DEM alone 0.20 
BCSandPCP 1.06 
KS and MAC 0.18 
KSandCMV 0.13 
KS and CAN 0.89 
PCPandCAN 1.03 
CAN and DEM 0.34 
KS.PCP,andMAC 0.14 
KS, PCP, and CMV 0.12 
KS,PCP,andCAN 0.64 
KS, PCP, and DEM 0.17 
PCP. MAC, and CMV 0.27 
PCP, MAC, and CAN 0.27 
MAC, CMV, and CAN 0.34 
MAC, CMV, and KS 0.12 
CMV, CAN, and PCP 0.10 
CAN, DEM, and KS 0.33 
CAN, DEM, and PCP 0.30 
KS, PCP, MAC, CMV 0.10 

State Months spent 

Z^jHIVj iiusn 
AIDS and Ob 20.49 
Life Span 198.36 



Table 4.14: Number of months spent in some major specified states when the 
patient is entering the system with HIV2 in the absence of protease 
inhibitors 

State Months spent 

HIV2 33.46 
HIVj 7.89 
HIV4 6.07 
AIDS 3.27 
KS alone 0.56 
PCP alone 1.19 
CAN alone 2.15 
DEM alone 0.39 
KS and PCP 0.99 
KS and MAC 0.23 
KSandCMV 0.23 
KS and CAN 0.76 
KS and DEM 0.14 
PCP and CAN 1.20 
PCP and DEM 0.26 
CAN and DEM 0.49 
KS, PCP, and CAN 0.82 
KS, PCP, and DEM 0.45 
PCP, MAC, and CMV 0.15 
PCP, MAC, and CAN 0.18 
MAC, CMV, and CAN 0.23 
CAN, DEM, and KS 0.39 
CAN, DEM, and PCP 0.45 

State Months spent 

Z^jHIVj 47.42 
AIDS and OIs 16.37 
Life Span 63.79 



Table 4.15: Number of months spent in some major specified states when 
the patient is entering the system with HIV2 and protocol uses 
protease inhibitors 

State Months spent 

HIV: 48.14 
fflVj 13.22 
HIV4 9.74 
AIDS 6.51 
KS alone 0.87 
PCP alone 1.88 
CAN alone 2.87 
DEM alone 0.18 
KS and PCP 1.12 
KS and MAC 0.20 
KSandCMV 0.15 
KS and CAN 0.97 
PCP and CAN 1.11 
PCP and DEM 0.14 
CAN and DEM 0.38 
KS, PCP, and MAC 0.15 
KS, PCP, and CMV 0.13 
KS, PCP, and CAN 0.60 
KS, PCP, and DEM 0.18 
PCP, MAC, and CMV 0.23 
PCP, MAC, and CAN 0.25 
MAC, CMV, and CAN 0.31 
MAC, CMV, and KS 0.14 
CMV. CAN, and PCP 0.10 
CAN, DEM and KS 0.33 
CAN, DEM and PCP 0.26 
DEM, KS, and CMV 0.10 
KS, PCP, MAC, CMV 0.11 

State Months spent 

Z^HIVj 71.10 
AIDS and Ob 20.61 
Life Span 91.71 



Table 4.16: Number of months spent in some major specified states when the 
patient b entering the system with HIVj in the absence of protease 
inhibitors 

State Months spent 

HTVj 21.89 
HIV4 4.09 
AIDS 2.62 
KS alone 0.43 
EXTP alone 1.08 
MAC alone 0.11 
CMV alone 0.11 
CAN alone 2.17 
DEM alone 0.43 
KSandPCP 0.96 
KS and MAC 0.18 
KS and CMV 0.18 
KS and CAN 0.81 
KS and DEM 0.19 
PCP and CAN 1.61 
PCPandDEM 0.35 
CAN and DEM 0.44 
KS, PCP, and CAN 0.71 
KS, PCP, and DEM 0.38 
PCP, MAC, and CMV 0.14 
PCP, MAC, and CAN 0.18 
MAC, CMV, and CAN 0.23 
CAN, DEM, and KS 0.33 
CAN, DEM, and PCP 0.39 

State Months spent 

Z'jHIVi 25.98 
AIDS and Ob 15.69 
Life Span 41.67 



Table 4.17: Number of months spent in some major specified states when 
the patient is entering the system with HIVs and protocol uses 
protease inhibitors 

State Months spent 

HIV3 30.12 
HIV4 9.00 
AIDS 6.92 
KS alone 0.76 
PCP alone 1.83 
CAN alone 2.88 
OEM alone 0.35 
KS and PCP 1.05 
KS and MAC 0.19 
KSandCMV 0.15 
KS and CAN 0.91 
PCP and CAN 1.04 
PCP and DEM 0.14 
CAN and DEM 0.36 
KS. PCP, and MAC 0.14 
KS,PCP,andCMV 0.12 
KS, PCP, and CAN 0.59 
KS, PCP, and DEM 0.18 
PCP. MAC, and CMV 0.23 
PCP. MAC, and CAN 0.25 
MAC, CMV, and CAN 0.31 
MAC, CMV, and KS 0.13 
CMV, CAN, and PCP 0.10 
CAN, DEM, and KS 0.32 
CAN, DEM, and PCP 0.26 
DEM, KS, and CMV 0.12 
KS, PCP, MAC, CMV O.IO 

State Months spent 

Z'jfflVj 39.12 
AIDS and Ob 20.84 
Life Span 59.96 



Table 4.18: Number of months spent in some major specified states when 
the patient is entering the system with HTV4 in the absence of 
protease inhibitors 

State Months spent 

HIV4 15.05 
AIDS 1.52 
KS alone 0.76 
PCP alone 1.52 
CAN alone 2.27 
DEM alone 0.76 
KS and PCP 0.78 
KS and MAC 0.20 
KSandCMV 0.19 
KS and CAN 0.39 
KS and DEM 0.18 
PCP and MAC O.IO 
PCPandCMV 0.10 
PCP and CAN 1.00 
PCP and DEM 0.35 
CAN and DEM 0.73 
KS, PCP, and MAC O.ll 
KS, PCP, and CAN 0.84 
BCS, PCP, and DEM 0.39 
PCP, MAC, and CMV 0.17 
PCP, MAC, and CAN 0.18 
MAC, CMV, and CAN 0.25 
MAC, CMV. and DEM 0.14 
CAN, DEM. and KS 0.40 
CAN. DEM. and PCP 0.56 
DEM. KS, and CMV 0.13 

State Months spent 

HW 15.05 
AIDS and OIs 15.55 
Life Span 30.60 



Table 4.19; Number of months spent in some major specified states when 
the patient is entering the system with HrV4 and protocol uses 
protease inhibitors 

State Months spent 

HIV4 24.08 
AIDS 2.41 
ICS alone 1.22 
rcP alone 2.44 
CAN alone 3.63 
DEM alone 0.12 
KSandPCP 0.89 
KS and MAC 0.23 
KS and CMV 0.10 
KS and CAN 0.56 
PCPandCAN 0.86 
PCPandDEM 0.18 
MAC and CAN 0.14 
CAN and DEM 0.59 
KS.PCP,andMAC 0.16 
KS, PCP, and CMV 0.12 
KS. PCP, and CAN 0.82 
KS, PCP, and DEM 0.21 
PCP, MAC, and CMV 0.27 
PCP. MAC, and CAN 0.27 
MAC. CMV, and CAN 0.38 
MAC, CMV, and KS 0.15 
CAN, DEM, and KS 0.49 
CAN, DEM, and PCP 0.27 

State Months spent 

HIV 24.08 
AIDS and OIs 17.89 
Life Span 41,97 



Table 4^0: Number of months spent in some major specified states when the 
patient is entering the system with CD4 counts less than 200/mm^ 
in the absence of protease inhibitors 

State Months spent 

AIDS 12.17 
KS and PCP 1.25 
KS and MAC 0.63 
KS and CMV 0.63 
KS and CAN 0.99 
BCS and DEM 0.12 
PCP and CAN 0.63 
PCP and DEM 0.13 
CAN and DEM 0.62 
KS, PCP, and MAC 0.10 
KS. PCP, and CAN 1.33 
KS, PCP, and DEM 1.30 
MAC, CMV. and KS O.ll 
CAN, DEM, and KS 0.67 
CAN, DEM, and PCP 0.66 
KS, PCP, MAC, CMV 0.13 

State Months spent 

AIDS and OIs 23.22 
Life span 23.22 



Table 4.21: Number of months spent in some major specified states when the 
patient is entering the system with CD4 counts less than 200/mm^ 
and protocol uses protease inhibitors 

State Months spent 

AIDS 24.07 
KS and PCP 1.24 
KS and MAC 0.37 
KSandCMV 0.37 
KS and CAN 1.24 
ICS and DEM 0.25 
PCP and MAC 0.13 
PCPandCMV 0.12 
PCP and CAN 1.24 
PCP and DEM 0.25 
MAC and CAN 0.13 
MAC and DEM 0.13 
CMV and CAN 0.12 
CMV and DEM 0.12 
CAN and DEM 0.50 
KS, PCP, and MAC 0.16 
KS, PCP, and CMV 0.16 
KS, PCP, and CAN 0.20 
KS, PCP, and DEM 0.29 
PCP, MAC, and CMV 0.13 
PCP. MAC, and CAN 0.15 
PCP, MAC, and DEM 0.13 
MAC, CMV, and DEM 0.14 
MAC, CMV, and KS 0.15 
MAC, CMV, and KS 0.15 
CMV, CAN. and PCP 0.15 
CAN, DEM, and KS 0.17 
CAN. DEM, and PCP 0.29 
CAN, DEM. and MAC 0.14 
DEM. KS, and CMV 0.13 
PCP, CMV, and DEM 0.13 
KS, PCP, MAC, CMV 0.14 

State Months spent 

AffiS and OIs 33.76 
Life span 33.76 
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LIFETIME COSTS OF TREATMENT 

The use of protease inhibitors as one of the major antiretroviral drug therapies has 

considerable impact on the treatment costs of HTWAIDS patients. These drugs, although 

improving the clinical condition of infected patients, are more expensive than reverse 

transcriptase inhibitors. Lifetime cost estimates of two different treatment protocols (pre-

protease versus post-protease) enable the system to compare the relative efficiency of 

using one over the other. This section will provide life time cost estimates of the two 

models (Model DA and Model EDB) and explicate assumptions behind the estimation 

procedures. 

Lifetime Costs of Treating HTV/AJDS Patients without Protease Inhibitors 

The following table (Table 4.22) shows components of average costs of various 

available drug therapies and services for the treatment of HTV infected patients. It is to be 

noted that average costs of treatment for specified opportunistic infections are not 

considered to be a fimction of underlying CD4 counts of the infected blood. This has been 

done due to the unavailability of relevant information in the literature. However, this 

should not bias the results because the original document of the data source did consider 

disease severity in estimating the costs of treatment of the opportunistic infections (Gable 

et al., 1996; Moore and Chaisson, 1997). 
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Table 4.22: Average monthly costs of therapies and services in the 
absence of protease inhibitors 

CD4 (ceUs/mm^ 

Category <50 50-199 200-499 >500 
($) 

Total Service Fees 1,921 1,015 998 943 
Antiretroviral Therapies 797 564 462 156 

Monthly Costs 2,718 1,579 1,460 1,099 

Cytoraegalovirs retinitis 8,361 
Dementia complex 3J12 
Mycovarium avium complex 1,680 
Pneumocystis carinii pneumonia 957 
Kaposi's sarcoma 573 
Candidiasis esophagitis 183 

Sources: Tables 3.17, 3.18, and 3.20 

The lifetime costs of treatment for HIV/AIDS patients with no protease inhibitor 

1 in the drug regimen have been shown in the following table. 

Table 4.23: Lifetime costs of treating patients with tUV/AIDS (Model DA) 

Costs ($) 

Starting State (CD4 counts in cells/ntnC) 

<200 200-299 300-399 400-499 >500 

84^39 61,695 74,633 108,536 179,679 



Protease Inhibitors and Hospital Cost Savings for Discrete Time Spans 

Due to the higher costs of protease inhibitors in the market, costs of treating 

HIV/AIDS patients would be higher than treating them with RTIs only. However, use of a 

protease inhibitor in combination with RTIs significantly reduces the rate of disease 

progression. As a result, patients experience later onset of various opportunistic infections. 

This has been documented in both survival analysis and natural history estimates obtained 

in this research. The improved eflBciency of the system, in turn, has the potential to reduce 

the probability of resource intensive health services utilization, like episodes of 

hospitalization, emergency room visits, and other. For example, prolonged asymptomatic 

phase, characterized by high CD4 counts, significantly reduces inpatient hospital costs 

(Table 3.20). 

Although it has fi^equently been hypothesized in the literature that protease 

inhibitors could be cost saving by reducing hospitali2ation for infected patients, no 

statistical data substantiating this information are available. This research could give an 

estimate of potential cost savings due to use of protease inhibitors in the drug regimen. 

The estimation procedure has been shown in Table 4.24. The major advantage of using 

protease inhibitors over RTIs is that these drugs are more effective in reducing the rate of 

disease progression. Thus, costs incurred by the system in treating various opportunistic 

infections are expected to show up significantly later in the life span of an infected patient. 

Table 4.24 shows that there is no difference in inpatient treatment costs for more than 7 

years, a major portion of the asymptomatic phase of disease progression. This has also 
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been observed by Moore and Bartlett (1996). They stated that "the incremental costs of 

additional antiretroviral drugs are highest when the patient is asymptomatic, since there is 

no opportunity for a decreased burden of illness to reduce hospitalization...." 

Table 4.24: Estiniatioa of potential cost savings due to the reduction of hospitalization 
events as a result of using protease inhibitors for patients with starting CD4 
counts of greater than or equal to SOOceils/mm^ 

A 

No PI PI Inpatient Costs 
(months) (months) (S) 

CD4^S00 86 120 617 
CD4: 200-299 32 58 674 
CD4 < 200 3 6 2,015 

Sources: Tables 3.20, 4.11, and 4.13 

B 

At the End of Cost Savings ($) 

60 months 0' 
72 months 0' 
84 months 0' 
96 months 570" 

108 months 1,254" 
120 months 4,620" 

* X months*617 - X mOTths*617 = 0 
" 86»617 + 10*674 -96*617 = :570 
'86*617 + 22*674 -108*617 = 1,254 
•' 86*617 + 32*674 + 2*2,015 - 120*617 = 4,620 
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Lifetime Costs of Treating HIV/AIDS Patients with Protease Inhibitors 

Two approaches have been adopted in this research to estimate lifetime costs of 

treating HIV/AIDS patients with a combination therapy using protease inhibitors. This has 

been done due to the scarcity of relevant cost data on protease inhibitors. For example, 

unlike RTIs, no average monthly costs of antiretroviral therapies as a function of 

underlying CD4 cell counts are available m the literature. Some assumptions have thus 

been made to estimate life time costs of treatment using protease inhibhors. First and 

foremost, it has been assumed that prophylactic therapy starts at CD4 counts as high as 

500 cells/mm^. This assumption is defended by the fact that although there are treatment 

guidelines for initiation of antiretroviral therapy, opinions are fairly divergent in this matter 

(Table 3.15). However, starting therapy at higher CD4 count is a popular choice among 

physicians due to the initial restriction of viral multiplication (GMHC, 1997)). 

In the first procedure, called estimation I, it has been assumed that there is no 

practice preference among three protease inhibitors; indinavir, ritonavir, and nelfinavir. 

Thus, an infected patient is equally likely to receive any one of them along with the RTI 

combination AZT-3TC. Thus monthly costs of treatment could be estimated by using the 

expected value calculation (Table 4.25). It is noteworthy that this calculation assumes 

costs are uniformly distributed across disease states, characterized by CD4 cell counts. In 

other words, antiretroviral therapy costs do not change as the disease progresses. This is 

clearly a simplification of the real life situation, particularly when there is evidence that 

costs of antiretroviral therapy change as diseases progress (Table 3.18). Thus, the first 
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procedure may underestimate the antiretroviral therapy costs with protease inhibitors. The 

degree of bias depends on various factors like resistance and cross-resistance of drugs, 

increased adverse effects, and compliance dynamics. 

Table 4.25: Antiretroviral cost estimation for protease inhibitors 

Protease Inhibitor Expected use Monthly Costs ($) 

Ritonavir 1/3 667.50* 
Nelfinavir 1/3 470.83 
Indinavir 1/3 360.00 

* Annual cost of Ritcmavir = 8,010.00 {source: Table 3.19) 
Expected m<xithly cost = l/3*(667.50+470.83+360.00) = $499.44 

The second method (estimation 11) uses the information that protease inhibitors 

cost between $10,000 to $18,000 per patient annually to a health care provider 

organization (James, 1997). Thus, assuming costs are monotonously increasing function of 

the degree of immunosuppression of the infected body, the following monthly 

antiretroviral cost profile was used to calculate life time costs of treating HIV/AIDS. 

Table 4.26: Monthly treatment costs with protease inhibitors 

Starting State (CD4 counts in cells/mn^) 

Monthly Costs ($) <200 200-299 300-399 400-499 >500 

1^ 1^34 1,167 1,000 833 
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The lifetime costs of treatment using protease inhibitors for both estimation 

procedures have been shown in the following table (Table 4.27). 

Table 4.27: Lifetime costs of treating HIV infected patients 
using protease inhibitors 

Starting State (CD4 counts in cells/mn^) 

Costs (S) <200 200-299 300-399 400-499 >500 

Estimation / 143,711 93,456 147,646 205,656 307,111 

Estimation II 131,724 87,548 132,754 193,638 379,153 

Comparison of Antiretroviral Therapy Costs 

Costs of drugs in treating a group of HIV/AIDS patients vary significantly based 

on the treatment protocol used for antiretroviral therapy. Although the use of protease 

inhibitors has the potential to reduce high cost events like hospitalization, drug cost is a 

significant part of the total treatment costs. On the other hand, a health provider 

organization incurs a much lower drug cost if a combination therapy with RTIs are 

prescribed for the treatment. Tables 4.28 and 4.29 show the ratios of antiretroviral drug 

costs to the total lifetime costs of treatment for patients with or without protease 

inhibitors in the treatment protocols. These tables demonstrate that the costs of protease 

inhibitors constitute a bulk portion of the total costs of treatment. For example, for a 
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Starting disease state with CD4 ceil counts greater than or equal to 500/mm^, the lifetime 

antiretrovirai drug cost in the absence of protease inhibitors is only 12% to the total cost 

of treatment in compared to 44% when the treatment protocol uses protease inhibitors for 

treating HIV infected patients. Depending on the starting disease state of an HIV infected 

patient, protease inhibitors could attribute as much as 64% of the lifetime costs of 

treatment (CD4 cell counts between 200 and 299/mm^). In contrast, drug costs for RTI 

therapy may amount to a maximum of 27.15% for patients with enrollment disease state 

characterized by CD4 cell counts between 400 and 499/mm^. Thus, unless the health care 

system experiences a significant reduction in resource intensive events, there may not be 

much incentive to the organization for the use of these expensive drugs. 

Table 4.28: Lifetime antiretrovirai drug costs for the treatment 
of HIV/AIDS 

Starting State (CD4 counts in ceils/nut^) 

Costs ($) <200 200-299 300-399 400A99 >500 

RTI only' 15^1 14,137 19,251 29,471 21,015 

RTl + Pt 50,640 55,988 69,973 91,710 165,234 

Sources:' Tables 4.11, 4.14, 4.16, 4.18, 4.20, and 4.22 
" Tables 4.13, 4.15, 4.17, 4.19, 4.21, and 4.26 

Index: PI - protease inhibitors 
RTI - reverse transcriptase inhibitors 
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Table 4.29: The proportions (%) of antiretroviral drug costs 
to the total treatment costs 

Starting State (CD4 counts in cells/mn^) 

<200 200-299 300-399 400-499 >500 

RTI only* 18.69 22.91 25.71 27.15 11.70 

RTI+Pf 38.44 63.95 52.71 47 J6 43.58 

Sources: ' Tables 4.23 and 4.28 
'' Tables 4.27 (estimation H) and 4.28 

Index: PI - protease inhibitors 
RTI - reverse transcriptase inhibitors 

Inpatient and Outpatient Costs: A Comparison between Model IIA and Model HB 

Lifetime costs of treating patients with only RTIs are significantly less than those 

with a combination therapy using one protease inhibitor. Explanations for this 

phenomenon include (a) patients are enjoying a prolonged life by using protease inhibitors; 

(b) continues prophylactic therapies are employed to sustain such survival improvement; 

(c) onset of various opportunistic infections are deterred hut not obliterated; and (d) costs 

of antiretroviral therapies with protease inhibitors are significantly higher than the 

equivalent RTI regimens. From a purely economic point of view, a business organization 

like an HMO would not prefer incorporating protease inhibitors into the formulary unless 

significant reduaion of resource intensive services could be achieved by using the new 
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drugs. Thus, the question worth addressing is what is the threshold number of 

hospitalization events below which protease inhibitors will be more effective in reducing 

the overall costs to the system. The following table (Table 4.30) shows the calculation for 

such a determination. 

Table 430: Number of redaced inpatient hospital events necessary to make 
protease inhibitors cost efficient: Patients starting with CD4 count 
less than 200 cells/nun  ̂

Life time costs without protease inhibitors; $84,539* 
Life time costs with protease inhibitors; $143,711"* 

A differaice of $59,172 

Among $143,711, $68,026 is due to inpatiait hospitalizatiOTi' 

The rest, $75,685 is for treatment of disease and infecticns, 
predominantly drug therapy 

Allowable inpatient care expenditure to make protease inhibitors 
cost efiBcient; $8,854'' 

This is equivalent to 10 days of hospital stay'̂  

' Source: Table 4.23 
'' Source: Table 4.27 (Estimation D 
° Assimiing opportunistic inf^ons rarely happoi above CD4 counts 
of 200 cells/mm^, total months spent in the state of AIDS and OIs; 
33.76 (Table 4.20). With an average monthly costs for inpatient 
treatment of $2,015, total life time inpatient cost = $(2,015*33.76) 

^ $(84,539 - 75,685) 
" Assuming average costs per day of hospitalization of $907.15 
(Source: Fortgang and Moore, 1994), $8,854 is equivalent to (8,854/907.15) 

hospital days 
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From the above calculation, a decision rule regarding the economic use of protease 

inhibitors could be formulated, which is: if inpatient costs for treatment using protease 

inhibitors are more than the cost difference between the Model HA and Model HB, 

protease drugs do not offer any cost advantage over a life span of a representative patient 

in the sample. Similar calculations have been done for various other starting states of 

disease in order to determine whether there exists any break-even point for protease 

inhibitors to be cost eflScient with respect to only RTI drug regimen. The following table 

(Table 4.31) summarizes the results for other starting disease states characterized by CD4 

cell counts. 

Table 4J1: Comparison between pre-protease inhibitor and post-protease inhibitor 
drug regimens based on events of hospitalization 

Starting State 
CD4; cells/mm^ 

Difierence: 
with PI - no PI 

($) 

Inpatient costs: 
with PI 

($) 

Economic 
Decision 

>500 127,432 154,156 Use PI if expected 
hospital days < 30 

400-499 97,117 64,947 Do not use PI 

300-399 73,013 68,360 Do not use PI 

200-299 31,761 52,278 Use PI if expected 
hospital days < 23 
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PRESENT VALUE OF LIFETIME COSTS 

The previous sections show that protease inhibitors significantly improve survival 

profile of mv/AIDS patients starting at different enrollment health status. It also 

documents that the health care system incurs high costs by using these new drugs, and m 

certain cases, reduction in resource intensive health care services, like hospitalization, fails 

to compensate for a high pharmaceutical care cost needed to sustain the survival benefit of 

protease inhibitors. However, the life time cost estimates of two drug regimens may 

overstate the problem under consideration. This is due to the time value of money, which 

states that money should be valued with decreasing weight on it as a fiinction of time. 

Thus, although life tune costs of protease inhibitors are significantly higher for patients 

starting firom different CD4 counts, the major portion of this cost may not be realized until 

very end of the life cycle. It is important to recognize that the estimates of present value 

could be used for financial decision making by an organization because these represent the 

opportunity costs (next best earning potential by investing the money elsewhere in the 

economy) to the organization. In other words, life time treatment of a cohort of 

HIV/AIDS patients requires setting aside an amount of money equal in value to the 

present value estimates. The following table (Table 4.32) shows the present values of life 

time costs of treatment for various starting states of the disease. The assumptions and 

detailed calculations have been provided in the Appendix E. 



Table 4^2: Present value estimates of life time costs of treating 
a cohort of HTV patients 

Starting States Regimen without 
Protease Inhibitors 

(S) 

Regimen with 
Protease Inhibitors 

(i) 

HIV, 56,713 153,156 

HIVz 43,252 124,634 

HIV3 36,761 108,245 

HIV4 35,649 67,640 

AIDS 55,186 123,840 
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CHAPTERS 

CONCLUSIONS AND RECOMMENDATIONS 

Systematic Evaluation of Costs and Consequences of New Drug Therapies 

Given the recent health care pressures in the United States regarding the need for 

cost containment and the presence of only fragmentary economic analyses of comparative 

cost-eflfectiveness of drugs, current economic information is of limited relevance to drug 

purchasers. Although a number of clinical studies of the relative efficacy between one drug 

versus another have been done in AIDS research, a global analysis of the costs and 

equilibrium properties of health system has yet to be accomplished in this disease area. 

Hellinger (1993) reports that the direct lifetime health care cost of HIV disease in the 

United States is approximately $119,000 per infected patient, and the economic costs after 

diagnosis of ADDS is close to $69,000 per year. Although this information is quite 

important, it is still too broad for the purpose of decision making from a managed care 

organization perspective. 

Cost of treatment for HIV/AIDS patients is a direct function of the patients' 

clinical status and the rate of disease progression. Moreover, differential onset of several 

opportunistic infections makes it extremely hard to use approximations of average cost 

information for the purpose of policy making from a managed care organization's 

perspective. Thus, it is worthwhile to find out the distribution of costs as a function of 

different disease states in a group of HIV seropositive patients with or without the 
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development of AIDS. A complete knowledge of the duration of stages of the disease and 

its severity as a fimction of time deems necessary for the purpose of a full economic 

evaluation of HTV/AIDS. An economic modeling approach was adopted in this research 

endeavor to describe a scientific procedure by which the overall clinical outcomes (in 

terms of survival functions) and associated cost structures of different therapeutic 

interventions for HTV/AIDS patients could be integrated and evaluated. 

Development of this model included tracing the locus of final outcomes, in terms 

of identifying therapy costs for a management tool, against various resource inputs in 

order to accommodate a rapidly changing treatment environment associated with 

HTV/AIDS. Protease inhibitors in combination with RTIs have been shown to improve the 

clinical condition of patients over the monotherapy or combination therapy with only 

RTIs. However, due to the fact that these drugs are new to the market, the long term 

consequences of using protease inhibitors are yet to be realized in the system. High costs 

of these drugs necessitate a systematic comparative evaluation of the treatment outcomes 

between two distinct drug regimens, the traditional RTI therapy and the new protease 

therapy. Health care systems in the United States and other countries have already felt that 

there may be a significant disincentive for private or government financing organizations 

for supporting the costs of protease inhibitors therapy for the treatment of HIV/AIDS. 

This research was focused on evaluating the relative eflFectiveness of two drug regimens 

with a global consideration of significant other cost driver elements in the system, namely. 



events of hospitalization, outpatient visits, other supporting services for the well being of 

an infected patient. 

A Markov chain modeling approach was selected to estimate the survival functions 

and costs of treating HIV/ADDS patients with two distinct treatment protocols. The 

stochastic behavior of the whole system was modeled using techniques which could 

incorporate various concomitant variables in a single setting. Markov chain models have 

enabled researchers to consider not only the aggregate time spent by a group of patients 

with given entry characteristics in any treatment state or a combination of such states, but 

it has also accommodated, implicitly or explicitly, the impact of new or modified 

treatments on survivorship, combinations of treatment protocols at selected disease states, 

and the costs associated with fixed treatment spans for any medically approved state or 

combination of states. 

The central feature of the development of this dynamic cost model was to describe 

the incidence and characteristics of a life threatening disease like AIDS in a real life setting 

where the health system was not forced to achieve some type of a synthetic equilibrium. 

This is a key difference between a traditional clinical trial approach and a systematic 

modeling approach. Markov techniques allow the system to evaluate movement from one 

equilibrium point to a new one. An equilibrium state, owing to its own characteristics of 

medical intervention strategy (RTI therapy, in this research), generates a specific 

survivorship function and associated average cost schedules. An external shock to the 

system, for example, in the fonn of a new drug intervention strategy (protease drugs). 
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shifts the survivorship function and hence, changes the cost outcome profiles. A 

fundamental matrix solution used in the Markov model employed in this research can be 

used to predict the equilibrium shift of both the survivorship and the cost functions. 

Hence, given a set of system parameters (transition probabilities), the equilibrium 

redistribution of the treatment space could be characterized. In summary, although the 

methodology applied in this proposal suffers fi^om the imposition of some possibly 

unrealistic assumptions and data unavailability problems, this is the first comprehensive 

modeling attempt to understand the cost-outcome structure for HIV/AIDS patients in a 

dynamic equilibrium setting. 

Formulary Decision Making 

The intervention dynamics for treating HIV/AIDS patients have been changing in a 

rapid pace over the past two years following the approval of four protease inhibitors. The 

introduction of these drugs into the formulary of a managed care organization and 

subsequent adherence to the new antiretroviral treatment guidelines require careful 

observation regarding the incremental eflSciency of the new regimen. The policy 

implication to such determination is enormous. If imposition of and strict adherence to a 

clinical guideline could be shown to be cost-minimizing, health care providers under the 

current cost contaiimient pressure will be inclined to adopt it. From a managed care 

perspective, the cost of treatment compared to clinical improvement remams the major 

concern for approving a comprehensive drug coverage to the enrolled patient population 
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(Timour, July 1997). A similar problem has been encountered in Canada where, 

irrespective of the government regulatory body's acceptance of protease inhibitors as safe 

and eflBcacious drugs for antiretroviral treatment, insurance companies, provincial 

governments, and other agencies are refusing to pay for these new drugs (CATIE, May 

1997). 

This research shows that the use of protease inhibitors significandy improves the 

survival of infected patients. Depending on the initial state of disease, duration of 

asymptomatic phase, characterized by high CD4 counts, could be increased as much as 

34.37 months or almost 3 years (Tables 4.11 and 4.13). Moreover, such a reduced rate of 

disease progression also minimizes the susceptibility to various opportunistic infections. 

From both the survival function and natural history estimates obtained in this research, 

protease inhibitors, in combination with RTIs, could be considered clinically more eflBcient 

in treatiag HTV/AIDS. 

However, improved clinical outcomes have been accompanied by a significant 

increase in pharmaceutical costs. This research shows that the difference between the life 

time costs of treating patients with protease inhibitors and those without protease drugs 

could be as large as $150,000 to $200,000 (Tables 4.23 and 4.27), depending on the 

starting state of disease and specific assumption(s) underlying the cost calculation. A 

present value calculation also shows that, although this difference is reduced, it is still 

significant (Table 4.30). Thus, unless the increased pharmaceutical costs are 

counterbalanced by a reduction in various resource intensive health care utilization 
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elements, like hospitalization events, a health maintenance organization would be reluctant 

to incorporate these new drugs into the treatment protocol. The threshold number of 

hospital days, indicating how many days of inpatient care is allowable for making protease 

drugs cost efficient, have also been calculated in this study (Table 4.29). For example, if a 

patient is enrolled in the health care organization with a CD4 count between 200 and 299 

cells/mm^, less than 23 hospital days are allowable in his or her lifetime in order to achieve 

cost minimization solution to the system. 

The final question to be addressed is whether a health care organization should 

incorporate protease drugs into the formulary and finance the sustained use of it to 

improve the quality of life of infected patients. This research, although not providing any 

definitive answer, oflfers valuable insights into the issue. It clearly documents improved 

therapeutic outcomes and increased costs associated with the use of protease inhibitors. It 

addresses the implications of considering the effects of various resource intensive services 

in medical decision making. Results obtained in this study may be used to justify the 

disincentive of a health organization paying for these expensive drugs, irrespective of 

significantly improved survivorship profiles of HIV/AIDS patients. However, the concern 

still remains regarding a strict economic decision making based on direct cost calculations. 

From a patient's perspective, an extra four or five years of life enjoyment without much 

pain and suffering may be truly indispensable. No cost calculation may provide a reason 

for not paying for these new drugs to keep a group of dying patients happier and active for 

some extra years. The value of life, however hard to measure, should be kept in mind. 
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Other Markov Modeling Techniques 

Markov chain models assume that transition probabilities are constant over time. 

Disease progression for a chronic disease like HTV/AIDS could also be modeled by using 

a Monte Carlo simulation method or Markov Cohort analysis. Both of these methods 

consider time-dependence of transition probabilities. In a Monte Carlo approach, a single 

patient is simulated through each cycle of disease state until he or she reaches the 

absorbing state under consideration. The accuracy of this method depends on the number 

of patients simulated, the distribution of transition probabilities, and the quality of random 

number generator used for the analysis (Beck and Pauker, 1983). On the other hand, a 

cohort analysis considers a large number of patients moving through the entire process as 

a single homogeneous group. Since Markov cohort analysis simulates a number of patients 

simultaneously, it does not provide enough detail and flexibility as the individual Monte 

Carlo simulation. 

Although the fundamental matrix approach assumes time-invariant transitions from 

one disease state to the other, it offers a number of major advantages over the other 

methods. Beck and Pauker (1983) states that this method is the most efiBcient in that "it 

does not require simulation The problems of deciding how many patients to simulate 

in Monte Carlo analysis and deciding when to terminate a Markov cohort model do not 

occur in the fundamental matrix solution. Furthermore, there is an exact solution to the 

problem " (p. 430). For the type of comprehensive analysis used in this research, the 
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fundamental matrix approach was deemed the most efiScient, and thus, suitable for 

addressing the issues under consideration. Secondly, Beck and Pauker (1983) also state 

that the fundamental matrix is "equivalent to running the cohort simulation for an infinite 

time with an infinitesimally short clock cycle" (p. 429). Thus, as the cycle length of the 

analysis gets smaller, the output of the Markov chain model approaches that fi-om a 

simulation modeling technique. The fundamental difference between these two approaches 

is conceptually very similar to "the difference between determining the area under a curve 

by dividing it into blocks and summing their areas versus calculating the area by solving 

the integral of the function describing the curve" (Sonnenberg and Beck, 1993, p. 328). 

Since this research considers one month as the cycle length of analysis, the half-cycle 

correlation to adjust the timing of observation for individual transition was not performed. 

Thirdly, it has also been demonstrated in the literature that the life expectancy differences 

between time-independent models and the simulation models may be viewed as the relative 

magnitude of the excess risk of mortality of patients and that of the healthy population 

(Beck et al., 1982). The short cycle length used in this research also alleviates the potential 

problem of differential rates of mortality. 

Recommendations 

Various demographic and socio-economic factors could affect the results of this 

study. For example, transition rates are considered to be homogeneous over the entire 

patient population. This is a simplification of reality. The rates of disease progression may 
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well be a function of the patients' age distribution. Two patients with the same CD4 counts 

could show significantly different progression rates solely because they belong to different 

age groups. A more comprehensive modeling approach could be undertaken for various 

age groups to determine whether age has any significant influence on costs and survival of 

infected patients. Similarly, race, gender, and economic status of the population could be 

considered as other independent variables in the system. 

This research selected five opportunistic infections and dementia complex for the 

analysis. Several other infections could simultaneously be taken into consideration (Table 

1.1) for the purpose of more comprehensive modeling. Similarly, as information regarding 

viral load and its predictive power for disease progression becomes more widely available, 

it should be considered to fiirther classify the states of the Markov model. For example, 

CD4 counts and measurements of viral load could be taken simultaneously to construct a 

finer set of disease states for HTV/AIDS patients. This would strengthen the validity of the 

model under consideration. 
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APPENDIX A 

POISSON PROCESS AND RATE TO PROBABILITY CONVERSION 

The formula for converting rates to probabilities is based on what is commonly 

referred to as a Poisson process in probability theory. Let a stochastic process {X(t)}, 

with state space {S; 0, 1, 2,...}, is characterized by events occurring in nonoverlapping 

intervals of time (to, ti,t„, t), and are independent to each other. If X is the mean 

number of events per unit time, it could be shown that, for a given t, X(t) has a Poisson 

distribution with mean Xt; 

Prob [ X(t) = n ] = (e ( Xlf)l n! n = 0, 1, 2, 

This process is termed as the Poisson process. This relation simply states that the 

number if events occurring during a time interval (0, t] has a Poisson distribution with 

mean A.t. X, in the case of HIV disease progression, could be viewed as nothing but the 

rate of transition from one state to the other. Moreover, it can also be shown that 

(1) the interoccurrence times of Poisson events are independent and identically 

distributed, and they have a negative exponential distribution given by 

Prob [ Z„ < X ] = I - e x > 0; n = I, 2, where Zn = t„ - tn-i; 

(2) if R(t) be the time until the next occurrence of a Poisson event, the distribution of 

R(t) is independent of t and is given by 

Prob [ R(t) < x ] = 1 - ex>0; 

and more importantly, 

(3) if S(t) be the time since the last occurrence, the distribution S(t) has a probability 

concentration at t is given by 

Prob[S( t )  =  t ]=e-^  x>0 

P r o b [ S ( t ) < x ]  =  1 - e " " ^  0 < x < t .  

This last theorem states that the probability of at least one event occurring in the time 

interval (t - x, t) is 1 - e' ̂  . Hence, if we consider a one year cycle length for the Markov 

model, X = 1. On the other hand, if the cycle length has been chosen to be one month, the 
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probability for each transition will be equal to 1 - eBeck and Pauker (1983, page 

423 - 424), worked out some example problems to this conversion. 
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APPENDIX B 

EXPERT PANEL DATA COLLECTION 

Introduction: 

This research is aimed at estimating average life time costs of treating HTV/AJDS 

patients from a managed care organization perspective. The first step to this process Is to 

estimate the natural history of the infected patients. Input data requirements for achieving 

this goal include transition rates of patients from one disease state to the other. More 

explicitly, how patients are moving from one disease state to the other at any fixed interval 

of time. For example, if a group of 1,000 patients is enrolled in a health care organization 

on 1st January of 1997 with a starting CD4 counts between 200 and 299 cells/mm", the 

required information is how many of them could be expected to progression to a disease 

state with CD4 counts less than 200 cells/mm^ at the end of the year. Similarly, on average, 

how many of these cohort of patients are expected to be infected by two opportunistic 

infections (say, candidiasis and pneumonia) simultaneously. 

Protease inhibitors and transition rates: 

As the dynamics of disease progression depends on demographic characteristics 

(age, gender) of the cohort under consideration as well as the type of medication they are 

exposed to, the aggregate information may overstate or understate the rates of 

progression. This research does not differentiate among demographic characteristics. 

However, results from ongoing research show that use of protease inhibitors in 

combination with RTIs show significant improvement of the clinical status of infected 

patients. This research is aimed at comparing the long term survival benefits and 

associated costs of two drug regimens: one, with no protease inhibitors, and the other, 

with protease inhibitors. Two distinct sets of transition rates characterize these two 

different therapeutic dynamics. 
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Transition rate matrix: 

The following infonnation was obtained from available literature. For example, if a 

cohort of 1,000 patients with CD4 counts greater than or equal to 500 cells/mm", 

designated by the state HIVi, are enrolled in an HMO, 860 of then are expected to stay in 

that state of disease at the end of 12 months. As shown by the second element of the first 

row, 70 of then are expected to progress to a disease state characterized by CD4 counts 

between 400 and 499 cells/mm^. Thus, individual elements of a particular row of the rate 

matrix represents how a group of patients are expected to progress in disease starting 

from a specified disease state. This example assumes that this group of patients is taking 

protease inhibitors as one of the antiretroviral drugs. In the similar way, several other 

transition rates including mortality rates were obtained from the literature. 

Instructioris: 

You are asked to provide your expertise concerning the rates of disease 

progression for two drug regimens as mentioned earlier. Please fill up the blank spaces of 

the entire matrix and also verify the rates obtained from the literature. Please note that this 

matrix assumes zl yearly window period for estimating the transition rates. It may not 

always be possible to state b. yearly rate of transition, particularly at an advanced state of 

disease with a number of opportunistic infections. In such cases, monthly rates could serve 

the modeling purpose. Any change of the cycle length should be indicated in the matrix. 

Thank you for your valued participation in this research. 
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TRANSITION RATES - NO PROTEASE DRUGS 

Transition rates from one disease state to another as obtained from available 
literature and expert panel 

Treatment protocol does not use protease inhibitors: 

Starting Ending States 
States 1 2 3 4 5 6 7 8 9 

1 0.86 0.07 0.04 0.01 0.005 0 0.005 0 0 
2 0 0.64 0.13 0.11 0.005 0.005 0.01 0 0 
3 0 0 0.45 0.15 0.1 0.01 0.03 0.005 0.005 
4 0 0 0 0.2 0.1 0.05 0.1 0 0 
5 0 0 0 0 0.01 0 0 0 0 

Starting Ending States 
States 10 11 12 13 14 15 16 17 18 

1 0.1 0 0 0 0 0 0 0 0 
2 0.02 0 0.005 0 0 0.005 0 0 0 
3 0.07 0.01 0.02 0 0 0.02 0.005 0 0 
4 0.015 0.05 0.03 0.005 0.005 0.01 0.01 0.005 0.005 
5 0 0 0.1 0.05 0.05 0.075 0.01 0.005 0.005 

Starting Ending States 
States 19 20 22 23 25 26 27 28 29 

1 0 0 0 0 0 0 0 0 0 
2 0.005 0 0 0 0 0 0 0 0 
3 0.05 0.01 0 0 0 0.005 0 0 0 
4 0.05 0.02 0.005 0.005 0.005 0.04 0 0 0.02 
5 0.05 0.01 0.005 0.005 0.005 0.05 0.005 0.005 0.1 

Starting Ending States 
States 30 31 32 33 34 35 36 37 38 

1 0 0 0 0 0 0 0 0 0 
2 0 0 0 0 0 0 0 0 0 
3 0 0 0 0 0 0 0 0 0 
4 0.01 0 0 0 0 0 0 0 0 
5 0.1 0.005 0.005 0.005 0.001 0.005 0.005 0.001 0.005 



starting Ending States 
States 39 40 41 42 43 44 45 46 69 

1 0 0 0 0 0 0 0 0 0 
2 0 0 0 0 0 0 0 0 0.015 
3 0 0 0 0 0 0 0 0 0.06 
4 0 0.01 0.001 0 0 0 0 0 0.09 
5 0.005 0.05 0.05 0.005 0.001 0.005 0.001 0.005 0.2 

Starting Ending States 
States 6 7 9 10 11 12 13 14 15 

6 0.001 0 0 0 0 0.01 0.05 0.05 0 
7 0 0.001 0 0 0 0.1 0 0 0 
8 0 0 0 0 0 0 0 0 0 
9 0 0 0.001 0 0 0 0 0 0 

10 0 0 0 0.001 0 0 0 0 0.05 
11 0 0 0 0 0.001 0 0 0 0 

Starting Ending States 
States 16 17 18 19 20 21 23 24 25 

6 0 0 0 0 0 0 0 0 0 
7 0 0.01 0.01 0.02 0.01 0 0 0 0 
8 0 0 0 0 0 0.05 0 0 0 
9 0 0 0 0 0 0.084 0 0 0 
10 0 0 0 0.05 0 0 0 0.005 0 
11 0.01 0 0 0 0.01 0 0.005 0 0.004 

Starting Ending States 
States 26 27 28 29 30 31 32 33 34 

6 0 0.074 0.05 0 0.005 0 0 0 0 
7 0 0.01 0.01 0.05 0.01 0.1 0.02 0.02 0 
8 0 0.01 0 0 0 0.03 0 0 0 
9 0 0 0.005 0 0 0.1 0 0 0 
10 0.01 0 0 0.1 0 0 0.05 0 0.1 
11 0.01 0 0 0 0.04 0 0 0.02 0 



00 vO 

<y 

o> 
,c 
"6 2 
5" 

00 n 

Ni 
n 

u> n 

IO 
n 

lO CM 
P O O O O p 
o o 

»o 
O O O O o O 

d 

VO 
O O O O p o 

o 

P o o  o 

o p o 
o 

p o o  
o 

o o o 

«n T-

O p p 
o' o' 

00 

O O o 

CO 

O o O 

00 o « O o o 

«o 
« o ° o o o 

UJ 
O o o 

lo m 
P O O O 

Oi 

I: 
CO 

Si o> 
S" CO 
O) 

s  

O) 
.c 

? § <» s  
d O o O O 

1- CM 
O p O O O p 

o o 

41) «0 
P O O O o O 
O ^ 

in T-

O o O o o 
d d 

M >  e o  a >  ®  ' 6 g « 0 K « 0 » ® ^  
s 

in 
CN| 

CM 

CM 

I  
to 
o> 
^ «0 

10 

to 

CM 

&) ^ 
IS 

O O O O O O O O O O O O O o O  

d 

O O O O O O O O O O O O o O O  
d 

O O O O O O O O o O O O O O O  
d 

O O O O O O O o O O O O O O O  
d 

O O O O O O O O O O O O O O O  
d 

O O O O o O O O O O O O O O O  
d 

O O O Q O O O O O O O O O O O  
d 

O O o O O O O O O O O O O O O  
d 

O O O O O O O O O O O O O O O  
d 

C M O ^ I O U > N . f O O > O T - C M r > ^ I O < 0  ^ T - ^ ^ r - ^ ^ m C M C M C M C M C M C M C M  



vO 

A o o o o o o o o o o 

0.
02

 

o 

6S
00 

o o 
33

 

o o o o o o o o 
CM 
p 
d 

o o 

0.
01

 

o o o 

32
 

o o o o o o o 
CM 
P 
d 
o o o o o o o 

2 in 
o 
o o o o o o o o o o 
in 
o 
o o o o o o 

<0 
0> 

d 

1 
iS 
O 
to 0.

02
 

o o o 

0.
02

 

o o o 

0.
02

 

o o o o o o 

29
 

0.
02

 

o o 

0.
02

 

o o o 

0.
02

 

o o o o o o o 

28
 

0.
02

 

o p 
d 

o o o 

0.
04

 

o o o o o o o o 

27
 

0.
02

 
0.

01
5 

o o o 

0.
02

 

o o o o o o o o o 

26
 o o 

d 

26
 

o o o o o o o o o o o o o o o o 
d 

st
ar

tin
g
 

1 12
 

13
 

15
 

16
 

17
 

18
 

19
 

20
 

CM 22
 

23
 

CM 25
 

26
 

st
ar

tin
g
 

5) 

to 

CM 

5 
<0 
CD 
.C 

CO CO 

CO 

(O 
to 

to 
n 

C M  
o o o o p o o o o o o o o o o  

o  

C M  
o o o o o o o o o o o o o o P  

o  

C M  C M  C M  
o o o o o o o P P o o o o o P  

o  o  o  

C M  C J  C M  
o o o p p o o o o o o o o o o  

o  o  o  

C M  1-

o o o o o o o p o o o o p o o  
o  o  

C M  T -
o o o p o o o o o o o o p o o  

o  o  

C M  
o o o o o o o o o o o o o o P  

o  

lo f~ 
o o p o o o o o o o o o o o o  

^ O 
lO 
o o 
C D  

(O © 
o o o o o o o o o o o p o p o  

o  o  

O) c 
( M « o ^ i n « o t » e o o i o ^ c M f O < « i ( ) « 0  T - * - * - 5 r - * - * - T - > r - C M C M C M C M e < i r i c M  



Starting 
States 44 45 46 47 

Ending States 
48 52 56 57 58 

12 0 0 0 0.07 0 0 0 0 0 
13 0 0 0 0.029 0 0 0 0 0 
14 0 0 0 0.059 0 0 0 0 0 
15 0 0.02 0 0 0.07 0 0 0 0 
16 0.02 0 0 0 0 0 0 0.07 0 
17 0 0 0 0.02 0 0 0 0 0.003 
18 0 0 0 0.07 0 0 0.003 0 0.003 
19 0 0 0 0 0 0 0 0 0.07 
20 0 0 0.02 0 0 0 0 0 0 
21 0 0 0 0.005 0 0 0 0 0 
22 0 0.01 0 0 0.01 0 0 0 0.01 
23 0 0 0 0 0 0 0 0.005 0 
24 0 0 0 0 0.02 0 0.02 0 0 
25 0.01 0 0.01 0 0 0.01 0 0.029 0 
26 0 0 0 0 0 0 0 0 0 

starling Ending States 
States 59 60 61 69 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

0 0 0 0.849 
0 0 0 0.941 
0 0 0 0.88 
0 0 0 0.849 
0 0 0 0.849 

0.003 0 0.003 0.951 
0.003 0 0 0.88 

0 0 0 0.849 
0.07 0 0 0.849 

0 0 0 0.985 
0 0 0.01 0.94 

0.005 0 0 0.95 
0 0 0 0.88 
0 0 0 0.88 
0 0.07 0 0.849 
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Starting Ending States 
States 47 48 49 50 51 52 53 54 55 

47 0.005 0 0 0 0 0 0 0 0 
48 0 0.005 0 0 0 0 0 0 0 
49 0 0 0.005 0 0 0 0 0 0 
50 0 0 0 0.005 0 0 0 0 0 
51 0 0 0 0 0.005 0 0 0 0 
52 0 0 0 0 0 0.005 0 0 0 
53 0 0 0 0 0 0 0.005 0 0 
54 0 0 0 0 0 0 0 0.005 0 
55 0 0 0 0 0 0 0 0 0.005 

Starting En<Bng States 
States 56 57 58 59 60 61 62 63 64 

47 0 0 0 0 0 0 0.005 0.005 0 
48 0 0 0 0 0 0 0.005 0 0 
49 0 0 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0.005 0 0 
51 0 0 0 0 0 0 0 0 0.005 
52 0 0 0 0 0 0 0 0.005 0 
53 0 0 0 0 0 0 0 0.005 0.005 
54 0 0 0 0 0 0 0.005 0 0.005 
55 0 0 0 0 0 0 0 0 0.005 
56 0.005 0 0 0 0 0 0 0 0 
57 0 0.005 0 0 0 0 0 0.005 0 
58 0 0 0.005 0 0 0 0.005 0 0 
59 0 0 0 0.005 0 0 0 0.005 0 
60 0 0 0 0 0.005 0 0 0 0 
61 0 0 0 0 0 0.005 0 0 0.005 

Starting Ending States 
States 65 66 67 68 69 

47 0 0 0 0.005 0.98 
48 0 0.005 0 0.005 0.98 
49 0.005 0.005 0 0.005 0.98 
50 0.005 0 0 0.005 0.98 
51 0.005 0 0 0.005 0.98 
52 0.005 0 0 0.005 0.98 
53 0 0 0 0.005 0.98 
54 0 0 0 0.005 0.98 
55 0 0.005 0 0.005 0.98 
56 0.005 0 0.005 0.005 0.98 
57 0 0.005 0 0.005 0.98 
58 0 0 0.005 0.005 0.98 
59 0 0 0.005 0.005 0.98 
60 0 0.005 0.005 0.005 0.98 
61 0 0 0.005 0.005 0.98 



Starting 
States 62 63 64 65 

Ending States 
66 67 68 69 

62 0.001 0 0 0 0 0 0 0.999 
63 0 0.001 0 0 0 0 0 0.999 
64 0 0 0.001 0 0 0 0 0.999 
65 0 0 0 0.001 0 0 0 0.999 
66 0 0 0 0 0.001 0 0 0.999 
67 0 0 0 0 0 0.001 0 0.999 
68 0 0 0 0 0 0 0.001 0.999 

Index: 

Disease state 

1 HIV, 
2 HTV. 
3 HIV, 
4 HIV4 
5 AIDS 
6 KS 
7 PCP 
S MAC 
9 CMV 
10 CAN 
11 DEM 
12 KS + PCP 
13 KS + MAC 
14 KS + CMV 
15 KS + CAN 
16 KS + DEM 
17 PCP + MAC 
18 PCP + CMV 
19 PCP + CAN 
20 PCP + DEM 
21 MAC + CMV 
22 MAC+CAN 
23 MAC + DEM 
24 CMV+CAN 
25 CMV + DEM 
26 CAN + DEM. 
27 KS + PCP + MAC 
28 KS + PCP + CMV 
29 KS + PCP + CAN 
30 KS + PCP + DEM 
31 PCP + MAC + CMV 



32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 

175 

PCP + MAC + CAN 
PCP + MAC + DEM 
MAC+CMV+CAN 
MAC + CMV + KS 
MAC + CMV + DEM 
CMV + CAN + DEM 
CMV + CAN + KS 
CMV + CAN + PCP 
CAN + DEM + KS 
CAN + DEM + PCP 
CAN + DEM + MAC 
DEM + KS + MAC 
DEM + KS + CMV 
KS + MAC + CAN 
PCP + CMV + DEM 
KS + PCP + MAC + CMV 
KS + MAC + CMV + CAN 
KS + CMV + CAN + DEM 
KS + PCP + CMV+CAN 
KS + PCP + CAN + DEM 
KS + PCP + CMV + DEM 
KS + PCP + MAC + DEM 
KS + PCP + MAC + CAN 
KS + MAC + CAN + DEM 
PCP + CMV + CAN + DEM 
KS + MAC + CMV + DEM 
PCP + MAC + CMV + CAN 
PCP + MAC + CMV + DEM 
MAC + CMV + CAN + DEM 
PCP + MAC + CAN + DEM 
KS + PCP + MAC + CMV + CAN 
KS + PCP + MAC + CMV + DEM 
KS + PCP + MAC + CAN + DEM 
KS + PCP + CMV + CAN + DEM 
KS + MAC + CMV + CAN + DEM 
PCP + MAC + CMV+ CAN + DEM. 
KS + PCP+ MAC + CMV + CAN + DEM 
Death 
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APPENDIX D 

TRANSITION RATES - WITH PROTEASE DRUGS 

Transition rates from one disease state to another as obtainedfrom available 
literature and expert panel 

Treatment protocol uses protease inhibitors: 

Starling Ending States 
States 1  2 3 4 5 6 7  1 0  1 1  

1 0.9 0.07 0.02 0 0 0 0.005 0.005 0 
2 0 0.75 0.11 0.06 0.03 0.005 0.01 0.015 0 
3 0 0 0.6 0.15 0.1 0.01 0.025 0.05 0.01 
4 0 0 0 0.5 0.05 0.05 0.1 0.15 0.005 
5 0 0 0 0 0.5 0 0 0 0 

Starting Ending States 
States 12 13 14 IS 16 17 18 19 20 

1 0 0 0 0 0 0 0 0 0 
2 0.005 0 0 0.005 0 0 0 0.005 0 
3 0.01 0 0 0.01 0 0 0 0.01 0 
4 0.02 0.005 0 0.01 0.001 0.001 0 0.02 0.005 
5 0.05 0.015 0.015 0.05 0.01 0.005 0.005 0.05 0.01 

Starting Ending States 
States 21 22 23 24 25 26 27 28 29 

1 0 0 0 0 0 0 0 0 0 
2 0 0 0 0 0 0 0 0 0 
3 0 0 0 0 0 0 0 0 0 
4 0 0.005 0 0 0 0.02 0 0 0.01 
5 0.001 0.005 0.005 0.005 0.005 0.02 0.005 0.005 0.005 

Starting Ending States 
States 30 31 32 33 34 35 36 37 38 

1 0 0 0 0 0 0 0 0 0 
2 0 0 0 0 0 0 0 0 0 
3 0 0 0 0 0 0 0 0 0 
4 0.005 0 0 0 0 0 0 0 0 
5 0.01 0.005 0.005 0.005 0.001 0.005 0.005 0.001 0.005 



starting Ending States 
States 39 40 41 42 43 44 45 46 69 

1 0 0 0 0 0 0 0 0 0 
2 0 0 0 0 0 0 0 0 0.005 
3 0 0 0 0 0 0 0 0 0.02 
4 0 0.01 0.001 0 0 0 0 0 0.032 
5 0.005 0.005 0.01 0.005 0.001 0.005 0.001 0.005 0.155 

Starting Ending States 
States 6 7 9 10 11 12 13 14 15 

6 0.001 0 0 0 0 0.01 0.05 0.05 0 
7 0 0.001 0 0 0 0.1 0 0 0 
8 0 0 0 0 0 0 0 0 0 
9 0 0 0.001 0 0 0 0 0 0 

10 0 0 0 0.001 0 0 0 0 0.05 
11 0 0 0 0 0.001 0 0 0 0 

Starting Ending States 
States 16 17 18 19 20 21 23 24 25 

6 0 0 0 0 0 0 0 0 0 
7 0 0.01 0.01 0.02 0.01 0 0 0 0 
8 0 0 0 0 0 0.05 0 0 0 
9 0 0 0 0 0 0.084 0 0 0 

10 0 0 0 0.05 0 0 0 0.005 0 
11 0.01 0 0 0 0.01 0 0.005 0 0.004 

Starting Ending States 
States 26 27 28 29 30 31 32 33 34 

6 0 0.074 0.05 0 0.005 0 0 0 0 
7 0 0.01 0.01 0.05 0.01 0.1 0.02 0.02 0 
8 0 0.01 0 0 0 0.03 0 0 0 
9 0 0 0.005 0 0 0.1 0 0 0 

10 0.01 0 0 0.1 0 0 0.05 0 0.1 
11 0.01 0 0 0 0.04 0 0 0.02 0 
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Starting 
States 44 45 46 47 

Ending States 
48 52 56 57 58 

12 0  0  0  0.07 0  0  0  0  0  
13 0  0  0  0.029 0  0  0  0  0  
14 0  0  0  0.059 0  0  0  0  0  
15 0  0.02 0  0  0.07 0  0  0  0  
16 0.02 0  0  0  0  0  0  0.07 0  
17 0  0  0  0.02 0  0  0  0  0.003 
18 0  0  0  0.07 0  0  0.003 0  0.003 
19 0  0  0  0  0  0  0  0  0.07 
20 0  0  0.02 0  0  0  0  0  0  
21 0  0  0  0.005 0  0  0  0  0  
22 0  0.01 0  0  0.01 0  0  0  0.01 
23 0 0 0 0 0 0 0 0.005 0 
24 0 0 0 0 0.02 0 0.02 0 0 
25 0.01 0 0.01 0 0 0.01 0 0.029 0 
26 0 0 0 0 0 0 0 0 0 

Starting Ending States 
States 59 60 61 69 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

0  0  0  0.849 
0  0  0  0.941 
0  0  0  0.88 
0  0  0  0.849 
0  0  0  0.849 

0.003 0  0.003 0.951 
0.003 0  0  0.88 

0  0  0  0.849 
0.07 0  0  0.849 

0  0  0  0.985 
0  0  0.01 0.94 

0.005 0  0  0.95 
0  0  0  0.88 
0  0  0  0.88 
0  0.07 0  0.849 
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starting Ending States 
States 47 48 49 50 51 52 53 54 55 

47 0.005 0 0 0 0 0 0 0 0 
48 0 0.005 0 0 0 0 0 0 0 
49 0 0 0.005 0 0 0 0 0 0 
50 0 0 0 0.005 0 0 0 0 0 
51 0 0 0 0 0.005 0 0 0 0 
52 0 0 0 0 0 0.005 0 0 0 
53 0 0 0 0 0 0 0.005 0 0 
54 0 0 0 0 0 0 0 0.005 0 
55 0 0 0 0 0 0 0 0 0.005 

Starting Ending States 
States 56 57 58 59 60 61 62 63 64 

47 0 0 0 0 0 0 0.005 0.005 0 
48 0 0 0 0 0 0 0.005 0 0 
49 0 c 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0.005 0 0 
51 0 0 0 0 0 0 0 0 0.005 
52 0 0 0 0 0 0 0 0.005 0 
53 0 0 0 0 0 0 0 0.005 0.005 
54 0 0 0 0 0 0 0.005 0 0.005 
55 0 0 0 0 0 0 0 0 0.005 
56 0.005 0 0 0 0 0 0 0 0 
57 0 0.005 0 0 0 0 0 0.005 0 
58 0 0 0.005 0 0 0 0.005 0 0 
59 0 0 0 0.005 0 0 0 0.005 0 
60 0 0 0 0 0.005 0 0 0 0 
61 0 0 0 0 0 0.005 0 0 0.005 

Starting Ending States 
States 65 66 67 68 69 

47 0 0 0 0.005 0.98 
48 0 0.005 0 0.005 0.98 
49 0.005 0.005 0 0.005 0.98 
50 0.005 0 0 0.005 0.98 
51 0.005 0 0 0.005 0.98 
52 0.005 0 0 0.005 0.98 
53 0 0 0 0.005 0.98 
54 0 0 0 0.005 0.98 
55 0 0.005 0 0.005 0.98 
56 0.005 0 0.005 0.005 0.98 
57 0 0.005 0 0.005 0.98 
58 0 0 0.005 0.005 0.98 
59 0 0 0.005 0.005 0.98 
60 0 0.005 0.005 0.005 0.98 
61 0 0 0.005 0.005 0.98 



Starting 
States 62 63 64 65 

Ending States 
66 67 68 69 

62 0.001 0 0 0 0 0 0 0.999 
63 0 0.001 0 0 0 0 0 0.999 
64 0 0 0.001 0 0 0 0 0.999 
65 0 0 0 0.001 0 0 0 0.999 
66 0 0 0 0 0.001 0 0 0.999 
67 0 0 0 0 0 0.001 0 0.999 
68 0 0 0 0 0 0 0.001 0.999 

Index: 

Disease state 

I HIV, 
2 HIV: 
3 HIV3 
4 HIV4 
5 AIDS 
6 KS 
7 PCP 
8 MAC 
9 CMV 
10 CAN 
11 DEM 
12 KS + PCP 
13 KS + MAC 
14 KS + CMV 
15 KS + CAN 
16 KS + DEM 
17 PCP + MAC 
18 PCP + CMV 
19 PCP + CAN 
20 PCP + DEM 
21 MAC + CMV 
22 MAC+CAN 
23 MAC + DEM 
24 CMV+CAN 
25 CMV + DEM 
26 CAN + DEM. 
27 KS + PCP + MAC 
28 KS + PCP + CMV 
29 KS + PCP + CAN 
30 KS + PCP + DEM 
31 PCP + MAC + CMV 
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32: PCP + MAC + CAN 
33: PCP + MAC + DEM 
34: MAC + CMV + CAN 
35: MAC + CMV+KS 
36: MAC + CMV + DEM 
37: CMV + CAN + DEM 
38: CMV + CAN + KS 
39: CMV + CAN + PCP 
40: CAN + DEM + KS 
41: CAN + DEM + PCP 
42: CAN + DEM + MAC 
43: DEM + KS + MAC 
44: DEM + KS + CMV 
45: KS + MAC + CAN 
46: PCP + CMV + DEM 
47: KS + PCP + MAC + CMV 
48: KS + MAC + CMV + CAN 
49: KS + CMV + CAN + DEM 
50: KS+PCP + CMV + CAN 
51: KS + PCP + CAN + DEM 
52: KS +PCP + CMV + DEM 
53: KS+PCP + MAC + DEM 
54: KS + PCP + MAC + CAN 
55: KS + MAC + CAN + DEM 
56: PCP + CMV + CAN + DEM 
57: KS + MAC + CMV + DEM 
58: PCP + MAC + CMV + CAN 
59: PCP + MAC + CMV + DEM 
60: MAC + CMV + CAN + DEM 
61: PCP + MAC + CAN + DEM 
62: KS + PCP + MAC + CMV + CAN 
63: KS + PCP + MAC + CMV + DEM 
64: KS + PCP + MAC + CAN + DEM 
65: KS + PCP + CMV + CAN + DEM 
66: KS +MAC + CMV + CAN + DEM 
67: PCP + MAC + CMV + CAN + DEM. 
68: KS + PCP + MAC + CMV + CAN + DEM 
69: Death 
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APPENDIX E 

PRESENT VALUE CALCULATIONS 

The present values of treatment cost outflows are calculated using the formula 

PV = 5^ Cn [1 / (1 + r)°], where n is the number of years under consideration, r is the 

interest rate, and Co is the costs for the year n (Dyckman et al., 1992). For example, for a 

three year cost outflow profile with a prevailing interest rate of 10% in the market, the 

present value of total costs to the system could be calculated as 

PV = Ci[ l / ( l  +0 .1) ' ]  +  C2[ l / (1  +0 .1)^]+C3[ l / ( l  +0 .1)^] .  

A 10% interest rate was used to calculate the present values of life time costs of 

treating HTV/ADDS patients starting fi'om different disease states as specified in the model. 

Costs of treatment for both Model HA (no protease inhibitors in the regimen) and Model 

HB (protease inhibitors in the regimen) were obtained from Tables 3.17, and 3.18. For 

calculating yearly cost outflows for Model HB, the estimation II procedure was adopted 

(page 142). Moreover, it was also assumed that opportunistic infections appear at the CD4 

counts less than 200 cells/mm^. Thus, costs of opportunistic infections and the disease 

state AIDS were added to calculate the present value of the life time costs. 
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