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ABSTRACT



In disease prevention, often there are several different treatment regimens to choose from, each with different effectiveness, levels of complexity, possible side effects, and costs.  In areas of the world with sufficient health care resources, the recommended treatment is often the one that is considered most effective, regardless of the cost.  However, in areas where the resources for health care are poor, that decision is often tempered by what is feasible economically.  Cost-effectiveness analysis offers a rational basis for deciding among competing alternative treatment regimens.  A spreadsheet analytic model is used to examine the comparative cost-effectiveness of several alternative drug treatment regimens intended to prevent mother-to-child transmission of human immunodeficiency virus type 1 in Thailand.  The primary outcome measure is incremental cost-effectiveness expressed as cost per infant HIV infection averted. 







INTRODUCTION



Human immunodeficiency virus (HIV) infection has emerged as a major public health problem among women of childbearing age in Thailand [5] [7] [11].  According to the Thai Ministry of Public Health, the HIV prevalence rate in women attending antenatal clinics in 1998 was approximately 1.5% [6].  It is estimated that one million Thai women are pregnant in a year and that 15,000 to 20,000 of them are HIV-infected.  The transmission rate from untreated HIV-infected mothers to their newborn children is between 19% and 25% so it is estimated that, without intervention, 3,000 to 5,000 HIV-infected children are born annually in Thailand [6].



The Pediatric AIDS Clinical Trials Group (PACTG) protocol 076 demonstrated that giving the drug zidovudine (ZDV) to HIV-infected women during the second and third trimesters of pregnancy through labor and to their newborn infants for six weeks after birth reduces vertical transmission of HIV by 67% [2] [8].  Several subsequent studies confirmed this finding and showed that the infection rates of infants whose HIV-infected mothers received ZDV according to the PACTG 076 regimen were 3.4% - 8.6% compared to 19% - 25% without treatment.



The PACTG 076 regimen was quickly adopted as the standard of care in areas of the world with sufficient health care resources.  The cost of the drug therapy for the treatment of one mother-infant pair under this regimen is approximately $800 [3].  Thailand, where the annual per capita public expenditure on health in 2000 was less than $27, was not able to adopt the PACTG 076 regimen [9].  This study examines the expected outcomes, costs, and cost-effectiveness of several drug regimens to reduce transmission of HIV in Thailand.      



COST-EFFECTIVENESS OF PACTG 076 REGIMEN





For comparability with other treatment regimens, the cost-effectiveness analysis assumes HIV antibody testing of consenting pregnant women, counseling for all women who test positive for HIV, ZDV administration according to the PACTG 076 regimen for those who test positive and who choose to participate in the treatment program, and ZDV syrup for their infants.  It is assumed that there is no breast-feeding since that is another route of transmission of the virus.    



Cost-effectiveness from the health care system perspective is used in order to assess the impact of the treatment program on national health care resources.  The model compares the expected number of HIV-infected infants under the treatment program to the expected number of HIV-infected infants with no program.  Parameter estimates are shown in Table 1 for rate of HIV prevalence among mothers; proportion of mothers who accept HIV testing; proportion of mothers testing positive who accept drug treatment; positive and negative predictive values of the HIV test; perinatal HIV transmission rate without treatment; perinatal HIV transmission rate after treatment; and costs for medication, testing, and counseling.



Parameter estimates were determined from published literature and from personal communication with personnel at the Thai Red Cross AIDS Research Center in Bangkok, Thailand.  The health care outcome established by the analytic model is expressed in number of infant HIV infections expected to occur with the treatment program compared with no program.  It is assumed that in the “no program” option none of the pregnant women would receive counseling and testing for HIV.  However, it is assumed that all women testing positive in the treatment program would receive counseling, whether or not they choose to participate in the ZDV treatment program.  Cost-effectiveness results are expressed as cost (defined as the cost of testing, counseling, and medication) per infant HIV infection averted.  No estimate is made of the present value of future medical costs averted by the prevented HIV infections, a cost that is greater than zero and which should be subtracted from the cost per prevented infection as defined in this paper.  In the same way, no allowance is made for the averted costs of morbidity and mortality.



Table 1: Parameter Estimates for ACTG 076 Program��Parameter�Data�Source��Annual number of live births�1,000,000�Assumed*��Mother HIV+ prevalence�0.015�[6]��Untreated mother-to-infant transmission rate�0.220�[6]��Expected number HIV+ babies if untreated�3300�Calculated��ELISA test Probability 1 (HIV+ given test positive)�0.998�[4]��ELISA test Probability 2 (HIV- given test negative)�0.999�[4]��Mother voluntary testing rate�0.900�Assumed*��Expected number of pregnant women tested�900,000�Calculated��Testing cost per HIV ELISA test�$2�Thai Red Cross��Cost of testing mothers to determine seropositivity�$1,800,000�Calculated��Expected number who tested positive�12,638�Calculated��Expected number who tested positive and are HIV+�12,613�Calculated��Expected number who tested positive but are HIV-�25�Calculated��Expected number who tested negative�887,362�Calculated��Expected number who tested negative but are HIV+�887�Calculated��Expected number who tested negative and are HIV-�886,475�Calculated��Mother participation rate for treatment�0.950�Assumed��Expected number of women who tested positive and were treated�12,006�Calculated��Average medication cost of treatment for one mother-baby pair�$800�[3]��Expected cost of medicine for mothers and babies�$9,604,814�Calculated��Average cost of counseling and testing for one HIV+ test result�$60�Thai Red Cross��Expected cost of counseling and testing�$758,275�Calculated��Treated mother-to-infant transmission rate�0.076�[8]��Expected HIV+ births under PACTG 076 regimen�1575�Calculated��Expected from mothers not tested and hence not treated�330�Calculated��Expected from mothers who tested positive but refused treatment�139�Calculated��Expected from treated mother-infant pairs�911�Calculated��Expected from untreated false negatives�195�Calculated��Expected number of HIV+ births with no program�3300�Calculated��Expected number of HIV+ births averted�1725�Calculated��Expected total cost�$12,163,089�Calculated��Expected cost per averted HIV+ birth (cost-effectiveness)�$7,049�Calculated��*unimportant in cost-effectiveness determination����

It is shown in Table 1 that the total annual cost of implementing the PACTG 076 regimen in Thailand is approximately US$12.2 million with a resultant reduction from 3,300 HIV-infected babies to 1,575, a reduction of 1,725 or 52%.  The cost per averted infection is approximately US$7,050.



COST-EFFECTIVENESS OF THAI RED CROSS REGIMEN



In 1996, the Thai Red Cross AIDS Research Center initiated a ZDV donation campaign to reduce the incidence of vertical HIV transmission.  The main purpose of this campaign is to procure ZDV and offer it at no cost to HIV-infected pregnant women throughout the country.  Over 2,500 HIV-infected women and their offspring had benefited from this program through September of 1999 [10].  This program has allowed the Thai Red Cross to assess the feasibility of using ZDV prophylaxis in reducing vertical HIV transmission and to evaluate its efficacy in Thailand outside the context of a clinical trial setting.



The regimen used in the Thai Red Cross program is less expensive than that used in ACTG-076.  It consists of: (1) oral ZDV 500 mg daily beginning 14-34 weeks gestation until onset of labor, (2) oral ZDV 300 mg every three hours during labor until delivery, and (3) syrup ZDV 2mg/kg four times per day for six weeks for infants [10].  The transmission rate for 726 births was 5.98%.  The medication cost for this program is estimated to be US$195 per mother-infant pair, based on a price of 12 Thai Baht per 100-mg ZDV tablet and 770 Thai Baht for syrup for each infant.  The exchange rate for conversion to US$ is 37.5 Thai Baht = US$1, the rate in effect in December, 1999.









Table 2: Parameter Estimates for Thai Red Cross ZDV Program��Parameter�Data�Source��Average medication cost of treatment for one mother-baby pair�$195�Thai Red Cross��Expected cost of medicine for mothers and babies�$2,341,174�Calculated��Average cost of counseling and testing for one HIV+ test result�$60�Thai Red Cross��Expected cost of counseling and testing�$758,275�Calculated��Treated mother-to-infant transmission rate�0.06�[10]��Expected HIV+ births under Thai Red Cross regimen�1383�Calculated��Expected from mothers not tested and hence not treated�330�Calculated��Expected from mothers who tested positive but refused treatment�139�Calculated��Expected from treated mother-infant pairs�719�Calculated��Expected from untreated false negatives�195�Calculated��Expected number of HIV+ births with no program�3300�Calculated��Expected number of HIV+ births averted�1917�Calculated��Expected total cost�$4,899,448�Calculated��Expected cost per averted HIV+ birth (cost-effectiveness)�$2,556�Calculated��*unimportant in cost-effectiveness determination����

Without the Thai Red Cross ZDV program, the expected annual number of new infant infections is 3,300 per million births.  Using the assumptions, the Thai Red Cross ZDV program would be expected to reduce that number to 1,383, a reduction of 1,917 or 58%.  Of these remaining infections, 330 infected infants are expected from mothers who refused testing and subsequently were not treated, 139 are expected from mothers who tested positive but chose not to be treated, 719 are expected from mothers treated with ZDV, and 195 are expected from untreated false negatives.  Almost half of the expected HIV-infected infants are from untreated mothers.  The expected reduction of 1,917 infected infants comes at a cost of US$4.9 million for a cost per averted infant infection of approximately US$2,560.



COST-EFFECTIVENESS OF SHORTENED ZDV REGIMEN



In a study of the optimal duration of zidovudine administration [3], women were given two 300 mg doses of oral ZDV starting at 28 weeks’ gestation through delivery with zidovudine administered in the infant from birth through week six.  This was a simplified version of the PACTG 076 regimen and less costly at US$174.  The rate of HIV transmission was 6.5%.  



It is shown in Table 3 that the total annual cost of implementing the Shortened ZDV regimen in Thailand is approximately US$4.6 million with a resultant reduction from 3,300 HIV-infected babies to 1,443, a reduction of  1,857 or 56%.  The cost per averted infection is approximately US$2,500.



Table 3: Parameter Estimates for Shortened ZDV Program (Lallemant, et al.)��Parameter�Data�Source��Average medication cost of treatment for one mother-baby pair�$174�[3]��Expected cost of medicine for mothers and babies�$2,089,047�Calculated��Average cost of counseling and testing for one HIV+ test result�$60�Thai Red Cross��Expected cost of counseling and testing�$758,275�Calculated��Treated mother-to-infant transmission rate�0.065�[3]��Expected HIV+ births under Shortened Zidovudine regimen�1443�Calculated��     Expected from mothers not tested and hence not treated�330�Calculated��     Expected from mothers who tested positive but refused treatment�139�Calculated��     Expected from treated mother-infant pairs�779�Calculated��     Expected from untreated false negatives�195�Calculated��Expected number of HIV+ births with no program�3300�Calculated��Expected number of HIV+ births averted�1857�Calculated��Expected total cost�$4,647,322�Calculated��Expected cost per averted HIV+ birth (cost-effectiveness)�$2,502�Calculated��*unimportant in cost-effectiveness determination����





COST-EFFECTIVENESS OF COMBINATION ANTIRETROVIRAL THERAPY



In Europe and the United States, treatment with a combination of antiretroviral agents has largely replaced zidovudine prophylaxis in the prevention of mother-to-child transmission of HIV [1].  The resultant low transmission rate of 1 percent is the main reason.  However, widespread implementation in countries with limited resources is not feasible, as shown in Table 4 where it is assumed conservatively that the cost of such antiretroviral therapy is US$1,000 per mother-infant pair.



Table 4: Parameter Estimates for Combination Antiretroviral Therapy��Parameter�Data�Source��Average medication cost of treatment for one mother-baby pair�$1,000�Estimated��Expected cost of medicine for mothers and babies�$12,006,018�Calculated��Average cost of counseling and testing for one HIV+ test result�$60�Thai Red Cross��Expected cost of counseling and testing�$758,275�Calculated��Treated mother-to-infant transmission rate�0.01�[1]��Expected HIV+ births under Combination Therapy�784�Calculated��     Expected from mothers not tested and hence not treated�330�Calculated��     Expected from mothers who tested positive but refused treatment�139�Calculated��     Expected from treated mother-infant pairs�120�Calculated��     Expected from untreated false negatives�195�Calculated��Expected number of HIV+ births with no program�3300�Calculated��Expected number of HIV+ births averted�2516�Calculated��Expected total cost�$14,564,293�Calculated��Expected cost per averted HIV+ birth (cost-effectiveness)�$5,788�Calculated��*unimportant in cost-effectiveness determination����

It is shown in Table 4 that the total annual cost of implementing the antiretroviral therapy regimen in Thailand is approximately US$14.6 million with a resultant reduction from 3,300 HIV-infected babies to 784, a reduction of 2,516 or 76%.  The cost per averted infection is US$5,790.  It should be noted that, because of the assumed non-compliance with the program and the imperfections of the HIV tests, it is not possible to avert more than 2,636 annual infections, an 80% reduction from the 3,300 without any treatment program.



SUMMARY



If health care resources are limited and the most effective therapy for disease prevention is not economically feasible, cost-effectiveness offers a rational decision approach.  Ideally, one would choose the drug treatment regimen with the greatest effectiveness.  However, if that is unaffordable, the regimen with the best ratio of cost to effectiveness might be considered.  In the allocation of scarce resources, this methodology offers a way for public policy decision makers to weigh the alternatives.  It can also be used to compare the cost and effectiveness of drug treatment regimens with other preventive interventions, such as education.
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