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Value

Notes/Citations

Clinical factors

CM survival

survival without Tx

14 days

1

median survival w/ Tx (all pts)

106 days

estimated from analysis of NSH and GSH patient 

databases

median survival w/ Tx (pts surv.>2 wks)

200 days

estimated from analysis of NSH and GSH patient 

databases

TB survival

first-year, subsequent annual mortality with 

Tx

40%, 26%

2-5, own calculations with data provided by P 

Morris, ongoing research by G Maartens

first-year, subsequent annual mortality 

without Tx

80%, 80%

natural history assumption

Utilisation

Length of stay

CM pts at GSH

18.4 days

Retrospective survey of GSH general medical wards, 

1996-97

TB pts at GSH

13.8 days

Retrospective survey of GSH general medical wards, 

1996-97

TB pts at BCH

2 months

9

Percent of CM pts on regimen 1, regimen 2

80%, 20%

G Maartens

Percent of TB pts transferred to BCH

20%

8

Percent of TB pts with new, reactivated TB

75%, 25%

14

Costs of care

Cost/inpatient day

GSH

R 741

calculated from DOH Annual Statistical Report

BCH (TB only)

R 149

calculated from DOH Annual Statistical Report

Cost/outpatient visit

GSH OPD visit

R 440

calculated from DOH Annual Statistical Report

TB clinic/ODP visit

R 40

assumption

CM Tx costs/day

amphotericin B Tx

R 93

1997 Provincial tender prices

fluconazole Tx (200mg daily)

R 38

1997 Provincial tender prices

fluconazole maintenance (100mg daily)

R 22

1997 Provincial tender prices

CM laboratory costs

full CSF

R 177

SAIMR 1997 tariff schedule

subsequent CSF

R 136

SAIMR 1997 tariff schedule

renal function

R 57

SAIMR 1997 tariff schedule

Tuberculosis Tx

GSH pharmacy costs/day

R 2

11, 1997 Provincial tender prices

DOT for new cases + dx lab tests

R 679

11, 12, 13

DOT for reactivated cases + dx lab tests

R 706

11, 12, 13
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EXECUTIVE SUMMARY

Through this research, we aimed to quantify and compare the cost-effectiveness of drug therapy for HIV-related cryptococcal meningitis (CM) and mycobacterium tuberculosis in the Western Cape province of South Africa.  For our analysis we constructed a simple decision-tree model with the cost and survival benefits for each treatment intervention.  Principal inputs were derived from local data.  We also attempted to contextualise the results with health economic outcomes reported elsewhere.  The principal results (in rands) are reported in Table 1 below.
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CM(1)

CM(2)

TB

GSH costs

13,642

         

 

13,642

         

 

10,200

         

 

Pharmacy & f/u

7,338

           

 

9,452

           

 

5,398

           

 

Total cost of Tx

20,980

         

 

23,094

         

 

15,597

         

 

Cost of no aggressive Tx

2,640

           

 

2,640

           

 

2,640

           

 

Net Costs of Tx

18,340

         

 

20,454

         

 

12,957

         

 

LY's from Tx

0.3

               

 

0.5

               

 

1.5

               

 

Cost per LY saved

72,761

         

 

40,138

         

 

8,383

           

 

CM(1) = K-M survival curve (all patients)

CM(2) = K-M survival curve (pts surviving >2 weeks)

TB = tuberculosis


Several qualified policy messages emerge.  First, the costs of treatment for CM are roughly comparable to those for inpatient TB. Second, given that inpatient hospitalisation was a high proportion of total treatment costs (69-73%), the province may be able to realise substantial savings by managing cryptococcal meningitis and tuberculosis at less-costly secondary facilities.  Such a move would make each of these interventions more feasible. Third, if we could select those patients who are likely to benefit (i.e., those who survive >2 weeks), the cost-effectiveness of anti-fungal treatment becomes much more attractive.  This finding highlights the value of better prognostic indicators of clinical success and pharmacotherapy adherence. 

These findings clearly do not allow us to conclude as to whether anti-fungal therapies or tuberculosis treatments are efficient investments of health care resources.  Rather, the results may help decision-makers prioritise different interventions.  To decide whether any intervention is an economically rational choice, a decision-maker must be able to compare the cost per life year gained with the published results of other interventions. Unfortunately, economic evaluations of other medical interventions in the South African context are relatively rare and very few report a cost per life year gained.  In the absence of more research in this area, South African policy-makers are forced rely on incomplete information on which to base their resource-allocation decisions.

INTRODUCTION

Decision-makers are disempowered by the lack of cost-effectiveness evaluations for health interventions in South Africa.  The paucity of information often fosters the misallocation of scarce health care resources.  This concern is particularly acute with HIV/AIDS, given both the striking growth in the local epidemic over the last two years and the high HIV-related health expenditure shouldered by the provincial medical system.

This analysis has two principal aims:

(1) to quantify and compare the cost-effectiveness of drug therapy for HIV-related cryptococcal meningitis and mycobacterium tuberculosis (pulmonary and extrapulmonary); and

(2) to contextualise the results with health economic outcomes reported elsewhere.

This study evaluates the two interventions among patients who are diagnosed while they are inpatients.  Patients with the first condition, cryptococcal meningitis, are treated with anti-fungal medications (amphotericin B and fluconazole) and require life-long maintenance therapy.  Patients with the second opportunistic infection, mycobacterium tuberculosis, are treated with TB antibiotics, though many require extensive hospitalisation and treatment supervision.  

The survival benefit and the observed medical utilisation for each intervention group are used to compute a cost per life year gained.

METHODS

To accomplish the first objective, we used a decision-tree model to assess the cost- benefit ratio for each treatment intervention.  Survival estimates are based on local data, unit costs reflect local prices, and utilisation are based on both observed data and expert opinion.  The sources of these data inputs is outlined below.  Note: all costs are reported in 1997 rands (US$ 1.00 = ZAR 4.54 as of June 30, 1997).

A. Survival: Cryptococcal Meningitis 

To ascertain median survival for HIV-patients on antifungal treatment for cryptococcal meningitis (CM) from time of diagnosis, we conducted a survival analysis using local data.  These data were compiled in a research database maintained by Groote Schuur Hospital, a tertiary medical facility in Cape Town.  This database captures approximately 30% of Groote Schuur (GSH) hospitalisations for CM between 1989-1996. All patients in the cohort were on therapy, though regimen and duration varied. Forty-eight cases met initial inclusion criteria; three were excluded from the analysis because date of diagnosis could not be determined.  Using these data, we constructed a general Kaplan-Meier table for all patients (n=48) and a second table for those who survived more than two weeks (n=30).  Median survival was 106 days for the first group and 200 days for the second group (i.e., those surviving more than two weeks).

Follow-up and mortality data was gathered from a variety of sources.  The hospital folders recorded the dates of death for several patients; we assumed that the date of death to be the middle of the month if only month and year were reported and if independent confirmation was unavailable.  We also searched for dates of death within the vital statistics databases maintained by the Cape Town and Tygerburg Departments of Health.  In addition, several hospice and home-based care agencies (i.e., St. Luke’s Hospice, Red Cross Home-Based Care, and the Sisters of Mercy Hospice) provided dates of death for patients who were referred to them but whose date of death had not been recorded in the medical chart.

A median survival of 14 days for patients not on treatment was extrapolated from published literature.
  The difference between the median survival in our analysis and the two-week survival estimate for patients not on treatment represents the life years gained from anti-fungal therapy for CM.

B. Survival: Inpatient Tuberculosis

To estimate survival among HIV-positive patients with a TB-related inpatient admission and who received follow-up TB treatment, we constructed a simple model with the following inputs:

First year mortality: 40%

Annual mortality risk among survivors: 26%

The first-year mortality is a weighted average of data reported in two published and three unpublished reports, all from African settings.
,
,
,
,
 The annual mortality risk among survivors is based on data from the ongoing study by G Maartens et al at GSH.

To estimate survival among HIV-positive patient with a TB-related inpatient admission and who receive no follow-up therapy, we constructed a similar equation with the following inputs:

First year mortality: 80%

Annual mortality risk among survivors: 80%

Because the natural history of HIV-related tuberculosis is relatively unquantified, we subjected both assumptions to sensitivity analyses.

The difference in the survival estimates represents the life years gained from TB therapy in this patient population.  We did not apply any discounting of life years with either the TB or CM survival. 

C. Costs: Cryptococcal Meningitis

The total costs of treatment equal the costs of GSH hospitalisation plus the expected costs of pharmacy and follow-up treatment.  To calculate the cost of GSH hospitalisation, we multiplied the length of stay (LOS) by the general cost per patient day.  To estimate the expected cost of medications and follow-up, we multiplied the likely utilisation of active patients by the survival rate at each week. 

The mean length of stay was estimated by combining the CM cases for 1996 and 1997 in our research database with those case in the same period from CM cases captured in a separate GSH patient sample over the same period.  Conveniently, these two samples are mutually exclusive.  Patients with more than one opportunistic infection were included (the most common of which was tuberculosis).  Where only the date of diagnosis was reported, the date of admission was assumed to be three days prior.  Twenty-two cases were analysed.  

To calculate the general cost per patient day, we modified the standard formula used to compute estimated daily average costs (EDAC).  The standard formula presently used in the Provincial Administration is:

EDAC = net / (1/3*out + in)

net = net expenditure

out = number of outpatient and casualty visits

in = number of inpatient days

We made two changes to the formula and inputs:

(1) To exclude patient-specific and capital costs, we subtracted all costs for medications, specific medical equipment for procedures, laboratory tests, and capital expenditures from “net.”
  

(2) To more accurately reflect costs of outpatient and casualty visits, we increased the coefficient of “out” to 0.50 from 0.33.  

These modifications allowed us to estimate the general costs (i.e., the recurrent expenditures that could not be easily apportioned to a single patient) per inpatient day at GSH.  Our use of the higher “out” coefficient is consistent with recommendations by Lombard et al (1991), though it remains lower than their point estimate; we felt that their estimate (0.70) was too high given the dramatic reductions in GSH expenditures over the past five years.

To estimate pharmacy and follow-up utilisation, we separated patients into two groups.  Regimen 1 patients receive amphotericin B + fluconazole treatment + fluconazole maintenance; these patients switch from fluconazole treatment to maintenance at week 10.  Regimen 2 patients receive a stat dose of fluconazole (400mg) + fluconazole treatment + fluconazole maintenance.  About one-half continue on primary treatment dose (200mg/day) to week 10, at which time they switch to the maintenance dose (100mg/day).  The other half switch to maintenance therapy at week 14.  The dates of the change in treatment likely correspond to follow-up OPD visits rather than any strict clinical criteria.  All patients have scheduled follow-up visits at week four, eight, and 12 following their discharge; after this point, they are seen once every three months.  From these inputs, we calculated utilisation rates, which were then adjusted by the Kaplan-Meier survival estimates.  Given the lack of data, we assumed that there was no difference in LOS among Regimen 1 and Regimen 2 patients.

The costs for therapy and laboratory tests reflect 1997 provincial tender prices and SAIMR tariff schedules.  The actual cost of treatment may have been slightly higher, depending on method of drug delivery, elevated dosing, lab monitoring, and adjuvant drugs.  

We assumed that if patients were not offered therapy, they would remain in hospital for an average of three days before being discharged to home.

D. Costs: Inpatient TB

Similar to those for cryptococcal meningitis, the total costs of TB treatment equal the costs of GSH hospitalisation plus the expected costs of pharmacy and follow-up treatment.  The mean length of stay was estimated from TB cases (pulmonary and extrapulmonary) captured in a separate GSH inpatient sample.  Patients with more than one opportunistic infection were included, yielding a total of 96 cases for analysis.  We used the same cost per GSH inpatient bed per day for TB as for CM, implicitly assuming that the intensity of utilisation was similar for all services and consumables outside of specialised pharmacy and lab tests.*
In the case of TB, however, a proportion of patients (approximately 20%)
 are transferred to Brooklyn Chest Hospital (BCH), a specialised TB inpatient facility, while others are discharged to local TB clinics for follow-up treatment.  Those who were transferred to BCH have an average LOS of approximately two months,6 after which time they continue with supervised DOTS.  We assumed that the balance of patients received clinic-supervised DOTS from time of discharge from GSH. 

We estimated the BCH general cost per inpatient day using a formula similar to that employed above for GSH.  Because BCH provides no outpatient services, the coefficient to the “out” variable was inconsequential. 

The cost for clinic-based DOTS treatment was extrapolated from published and unpublished literature.
,
,
 Our inputs reflect the fact that approximately 75% of the TB cases are new cases requiring six months of treatment, with the remainder being re-treated cases of TB necessitating eight-months of therapy.

Additional follow-up utilisation should include the scheduled OPD visit every three months after DOTS completion. These visits usually continue for approximately 18 months following diagnosis, if not longer.  Given the absence of data, we assumed a R 40 cost per outpatient visit at the local TB clinic.

Similar to the method used for CM, we adjusted utilisation rates by survival on a month-by-month basis. For patients discharged to local TB clinic care, we used survival estimates generated from TB patients at GSH.
  For BCH patients, we generated a Kaplan-Meier survival curve based on the survival observed in a small, informal sample of HIV-infected inpatients at BCH (n=54); the results were then transformed into monthly survival estimates for use in our model. Given the lack of data, we assumed that the survival of patients transferred to BCH who lived longer than the median LOS (two months) followed the survival trend observed at GSH.

As in the case of CM, we assumed that if patients were not offered therapy, they would remain in hospital for an average of three days before being discharged to home.

A summary table of costs and other input parameters is provided as Appendix A.  As in the case of life-years (benefits), the costs were not discounted in this analysis.

To contextualise our findings, we conducted an exhaustive literature search in MEDLINE (since 1985) and AIDSLINE.  Search terms included HIV, AIDS, cryptococc#, meningitis, South Africa, cost#, and health care.  These broad terms include more specific MeSH subjects (e.g., cost# for “cost of illness”, etc.) The search was conducted from May 11-15, 1999 and was confined to only those studies published in English.  Data from a January 1999 MEDLINE search regarding HIV and tuberculosis were included, as were unpublished local data and economic evaluations.  Prominent health economists in South Africa and in the United States were contacted for additional data or studies (published and unpublished).

RESULTS

The cost-effectiveness outcomes are presented in Table 1.  The CM(1) represents a relatively pessimistic survival scenario, whereas CM(2) represents the costs when those who survive less than weeks are not offered therapy.

The total cost of CM treatment, including inpatient, follow-up, and all pharmacy expenditures is R 20,980 for HIV-infected individuals.  After subtracting the costs of providing palliative care only (i.e., the cost of withholding aggressive treatment), the net cost of treatment is about R 18,340.  Dividing the net costs of treatment by the average life years gained generates a cost-effectiveness ratio (i.e., cost per life year gained) of R 72,761.
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Lower

Upper

Clinical Inputs

CM survival w/ Tx

0.60, 1.40

115,989

   

 

56,191

     

 

CM natural hx assumption

0.60, 1.40

68,586

     

 

77,477

     

 

Cost/Utilisation Inputs

GSH general inpatient costs

0.75, 1.25

59,230

     

 

86,291

     

 

Cost of CM Tx

0.75, 1.25

70,329

     

 

75,192

     

 

Cost of CM maintenance Tx

0.75, 1.25

69,734

     

 

75,788

     

 

Cost of CM laboratory

0.75, 1.25

72,208

     

 

73,313

     

 

Cost of GSH OPD 

0.75, 1.25

71,494

     

 

74,028

     

 

1

 In "Range in Input Value", upright font indicates proportion of base case and 

  italic font indicates absolute value of input.

Parameter

Range in 

Input Value

1

Univariate Sensitivity


The cost per life year gained decreases considerably when we exclude those patients who survive less than two weeks.  The cost-effectiveness ratio here is  R 40,138.  In contrast, the cost per life year gained for tuberculosis inpatient therapy for HIV-infected individuals is R 8,383.

These outcomes were sensitive to several model parameters.  The univariate sensitivity analyses are presented in Tables 2a and 2b.  
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Lower

Upper

Clinical Inputs

TB survival w/ Tx (all pts)

0.60, 1.40

13,410

     

 

6,111

       

 

TB survival w/ Tx (BCH pts)

0.60, 1.40

8,780

       

 

7,937

       

 

TB natural hx assumption

0.60, 1.40

7,874

       

 

8,962

       

 

New TB cases as % of total

60%-90%

8,494

       

 

8,271

       

 

Cost/Utilisation Inputs

GSH general inpatient costs

0.75, 1.25

6,733

       

 

10,032

     

 

Cost of GSH TB pharmacy

0.75, 1.25

8,379

       

 

8,386

       

 

Cost of BCH inpt day

0.75, 1.25

8,107

       

 

8,658

       

 

% pts transferred to BCH

10%-30%

7,545

       

 

9,324

       

 

Cost of DOT

0.75, 1.25

7,811

       

 

8,955

       

 

Cost of LTBC OPD 

0.75, 1.25

8,361

       

 

8,405

       

 

1

 In "Range in Input Value", upright font indicates proportion of base case and 

  italic font indicates absolute value of input.

Univariate Sensitivity

Range in 

Input Value

1

Parameter


With CM therapy, the estimate for the cost per life year gained from CM therapy is sensitive to CM survival, and to a lesser extent the calculation of GSH general inpatient costs.  Given the relatively high variance in the median survival estimate of 106 days,** this analysis suggests that there is a degree of uncertainty around the point estimate of R72,761 per life year gained.  It may therefore be more helpful to think of this cost-effectiveness ratio as a range between R 56,000 and R 116,000 rather than a single point estimate.

The cost-effectiveness ratio for tuberculosis treatment, however, was generally insensitive to changes to the modeling parameters.  The cost per life year gained varied somewhat as we varied the survival benefit from TB treatment, but the range remains smaller than that for cryptococcal meningitis.  Our estimate therefore appears to be a robust approximation of the cost per life year gained for inpatient TB treatment among HIV-infected individuals.
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Lower

Upper

Clinical Inputs

TB survival w/ Tx (all pts)

0.60, 1.40

13,410

     

 

6,111

       

 

TB survival w/ Tx (BCH pts)

0.60, 1.40

8,780

       

 

7,937

       

 

TB natural hx assumption

0.60, 1.40

7,874

       

 

8,962

       

 

New TB cases as % of total

60%-90%

8,494

       

 

8,271

       

 

Cost/Utilisation Inputs

GSH general inpatient costs

0.75, 1.25

6,733

       

 

10,032

     

 

Cost of GSH TB pharmacy

0.75, 1.25

8,379

       

 

8,386

       

 

Cost of BCH inpt day

0.75, 1.25

8,107

       

 

8,658

       

 

% pts transferred to BCH

10%-30%

7,545

       

 

9,324

       

 

Cost of DOT

0.75, 1.25

7,811

       

 

8,955

       

 

Cost of LTBC OPD 

0.75, 1.25

8,361

       

 

8,405

       

 

1

 In "Range in Input Value", upright font indicates proportion of base case and 

  italic font indicates absolute value of input.

Univariate Sensitivity

Range in 

Input Value

1

Parameter


DISCUSSION

A. Limitations and Uncertainty

With respect to our modeling exercise, several important limitations to this research must be acknowledged.  First, this analysis does not incorporate patient utilisation unrelated to either tuberculosis or cryptococcal meningitis subsequent to the initial hospitalisation.  Further, we were not able to include costs of a relapse event for patients with cryptococcal meningitis, which often result in additional hospitalisations.  Consequently, the costs of caring for patients who live longer are understated because quantified estimates are unavailable.  These costs may be substantial and may increase the relative cost for tuberculosis treatment in particular.   

Our cost perspective is limited to that of the provincial medical system.  Consequently, we did not consider the indirect costs/benefits of treatment, nor did we attempt to quantify the externalities of therapy.  Therefore, our estimates do not capture the public health benefits of providing treatment, particularly with regard to TB and infection control.

It is important to note that the dose of the anti-fungal drug fluconazole currently used among GSH physicians is one-half that used internationally.  This practice of prescribing reduced dosages stems from recent cost-containment measure within the provincial medical system.  The clinical efficacy of the lower dose may not be dramatically different, but evidence on this point remains anecdotal.  Should physicians in the provincial medical system prescribe the recommended higher dose on a consistent basis again, the estimates for CM treatment cost and survival benefit would require updating.

The univariate sensitivity analyses reveal the degree of uncertainty around our estimates.  The cost per life year gained from inpatient TB treatment is more robust than our estimate for CM therapy.  For this reason, we believe it to be more accurate to view the cost-effectiveness ratio of CM treatment as a range rather than a specific point estimate. 

B. Evaluation of the Results

Several qualified policy messages emerge from this analysis.  First, the costs of treatment for cryptococcal meningitis are roughly comparable to those for inpatient tuberculosis. Second, if we can select those patients who are likely to benefit clinically, the cost-effectiveness of anti-fungal treatment becomes much more attractive.  Third, given that GSH hospitalisation was a high proportion of total treatment costs (68-74%), the province may be able to realise substantial savings by managing cryptococcal meningitis and tuberculosis at less-costly secondary facilities.  Such a move would make each of these interventions more feasible and cost-effective.

The non-economic benefits of treatment should be noted.  First, the provision of CM therapy may in many instances prolong the life of individuals (particularly single mothers) such that they can make future care arrangements for their children.   Second, many academic physicians in the Western Cape advocate for the continued, limited use of fluconazole and other therapies in academic medical centres for training purposes.  Similar to the benefit of infection control with TB therapy, these externalities cannot properly quantified.  While these are important considerations in decisions regarding the provincial medical system’s drug formulary, they are not reflected in this analysis.

The results from this study clearly do not allow us to conclude as to whether anti-fungal therapies or tuberculosis antibiotics are efficient investments of health care resources.  Rather, these results may help decision-makers prioritise different interventions.  To decide whether any intervention is an economically rational choice, a decision-maker must be able to quantify the benefits (e.g., cost per life year gained) and compare them with the published results of analyses that assess other interventions.

Unfortunately, economic evaluations of other medical interventions in the South African context are relatively rare.  Several authors report the net benefits (costs) of an intervention
,
 or the conditions under which the intervention in question would prove feasible.
,
 Other studies report the costs of a particular intervention or medical condition 5,
,
,
,
,
 or compare the gross or net benefits (costs) of two or more intervention strategies.8,9,10,
  None of these studies, however, allows us to assess the whether the interventions were “efficient” health investments in terms of the cost per life year gained, cost per disability-adjusted life year (DALY), or cost per quality-adjusted life year (QALY).

The few studies that do quantify a cost per life year (or DALY or QALY) give us only a very a limited framework in which to compare the two interventions analysed above.  Marik et al report that the cost per life year gained for intensive care at Baragwanath in 1990 approximated R 625, though their calculation is difficult to validate.
  Malan et al provide a more verifiable estimate of R 344 per QALY for neonatal care at Groote Schuur in 1990.
  Perhaps the most the most sophisticated analysis is by Söderlund et al; they use a mathematical model to estimate a R 124 cost per life year gained for formula feeding interventions for HIV-positive mothers and a net savings for two alternative antiretroviral regimens for the prevention of HIV-vertical transmission.
  Wilkinson et al also use a mathematical model to analyse the cost-effectiveness of mother-to-child transmission interventions; they calculate a cost per DALY of R 27, which becomes cost-saving under more optimistic assumptions of care costs.
  Only one of these analyses above considered an intervention for adult patients, and its veracity cannot be established from the data reported.  Unlike the literature from Europe, North America, and Australia, no South African researchers have evaluated interventions and reported their findings for chronic diseases such as diabetes mellitus, hypertension, renal failure, etc. – conditions perhaps most appropriate for comparison to HIV-related interventions. 

Without the ability to compare the relative cost-effectiveness of these two interventions to others within the South African context, we endeavored to do a similar comparison for these interventions in other environments.  Unfortunately, the few anti-fungal cost-effectiveness studies outside South Africa have focused on the net benefits of primary prophylaxis
,
 or the marginal benefit of new treatments.
  The paucity of analyses in this area may be partially explained by the fact that anti-fungal therapy for cryptococcal meningitis is the baseline standard of care in the developed world.  Further, the widespread use of antiretroviral therapy in these contexts would limit the generalisability of existing studies to the South African context.  Consequently, we are unable to draw any conclusions about the relative economic benefit of these therapies in other environments.

In the absence of more research in this area, policy-makers must rely on incomplete information on which to base their resource-allocation decisions. We hope that this study may help inform those choices.  Additionally, we think that this research highlights the need for better prognostic indicators for clinical success and likely pharmacotherapy adherence.  These indicators may dramatically improve the relative economic attractiveness of anti-fungal therapies, in particular.
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Table 1: Cost-Effectiveness Outcomes

CM(1)

CM(2)

TB

Tertiary inpatient costs

13,642

R      

 

13,642

R      

 

10,200

R      

 

Pharmacy & f/u

7,338

R        

 

9,452

R        

 

5,398

R        

 

Total cost of Tx

20,980

R      

 

23,094

R      

 

15,597

R      

 

Cost of no aggressive Tx

2,640

R        

 

2,640

R        

 

2,640

R        

 

Net Costs of Tx

18,340

R      

 

20,454

R      

 

12,957

R      

 

Life Years (LYs) from Tx

0.3

               

 

0.5

               

 

1.5

               

 

Cost per LY saved

72,761

R      

 

40,138

R      

 

8,383

R        

 

CM(1) = K-M survival curve (all patients)

CM(2) = K-M survival curve (patients surviving >2 weeks)

TB = tuberculosis
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Economic Evaluation of Cryptococcal Meningitis and Inpatient Tuberculosis Treatment for HIV-Infected Individuals in South Africa











* In order to prevent a double-counting of lab costs, we excluded GSH laboratory tests from our cost estimates.  These costs are reflected in the DOTS costs that we used.


** The Kaplan-Meier analysis of the CM(1) data yielded a median survival of 106 days with an upper and lower 95% confidence interval of 48 and 164 days, respectively.
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Table 1 - CEA

		Table 1: Cost-Effectiveness Outcomes

						CM(1)		CM(2)		TB

		GSH costs				13,642		13,642		10,200

		Pharmacy & f/u				7,338		9,452		5,398

		Total cost of Tx				20,980		23,094		15,597

		Cost of no aggressive Tx				2,640		2,640		2,640

		Net Costs of Tx				18,340		20,454		12,957

		LY's from Tx				0.3		0.5		1.5

		Cost per LY saved				72,761		40,138		8,383

				CM(1) = K-M survival curve (all patients)

				CM(2) = K-M survival curve (pts surviving >2 weeks)

				TB = tuberculosis





SAs

		Table 2b: Sensitivity Analyses for Tuberculosis Tx

		Parameter						Univariate Sensitivity

								Lower		Upper

		Clinical Inputs

				TB survival w/ Tx (all pts)		0.60, 1.40		13,410		6,111

				TB survival w/ Tx (BCH pts)		0.60, 1.40		8,780		7,937

				TB natural hx assumption		0.60, 1.40		7,874		8,962

				New TB cases as % of total		60%-90%		8,494		8,271

		Cost/Utilisation Inputs

				GSH general inpatient costs		0.75, 1.25		6,733		10,032

				Cost of GSH TB pharmacy		0.75, 1.25		8,379		8,386

				Cost of BCH inpt day		0.75, 1.25		8,107		8,658

				% pts transferred to BCH		10%-30%		7,545		9,324

				Cost of DOT		0.75, 1.25		7,811		8,955

				Cost of LTBC OPD		0.75, 1.25		8,361		8,405

		italic font indicates absolute value of input.

		Table 2a: Sensitivity Analyses for Cryptococcal Meningitis Tx

		Parameter						Univariate Sensitivity

								Lower		Upper

		Clinical Inputs

				CM survival w/ Tx		0.60, 1.40		115,989		56,191

				CM natural hx assumption		0.60, 1.40		68,586		77,477

		Cost/Utilisation Inputs

				GSH general inpatient costs		0.75, 1.25		59,230		86,291

				Cost of CM Tx		0.75, 1.25		70,329		75,192

				Cost of CM maintenance Tx		0.75, 1.25		69,734		75,788

				Cost of CM laboratory		0.75, 1.25		72,208		73,313

				Cost of GSH OPD		0.75, 1.25		71,494		74,028

		italic font indicates absolute value of input.





Key Inputs

		Appendix 1: Key Modeling Inputs

		Input						Value				Notes/Citations

		Clinical factors

				CM survival

						survival without Tx		14 days				1

						median survival with Tx (all pts)		106 days				estimated from analysis of NSH and GSH patient databases

						median survival with Tx (pts surviving > 2 wks)		200 days				estimated from analysis of NSH and GSH patient databases

				TB survival

						first-year, subsequent annual mortality with Tx		40%, 26%				2-5, own calculations with data provided by P Morris, ongoing research by G Maartens

						first-year, subsequent annual mortality without Tx		80%, 80%				natural history assumption

		Utilisation

				Length of stay

						CM pts at GSH		18.4 days				Retrospective survey of GSH general medical wards, 1996-97

						TB pts at GSH		13.8 days				Retrospective survey of GSH general medical wards, 1996-97

						TB pts at BCH		2 months				9

				Percent of CM pts on regimen 1, regimen 2				80%, 20%				G Maartens

				Percent of TB pts transferred to BCH				20%				8

				Percent of TB pts with new, reactivated TB				75%, 25%				14

		Costs of care

				Cost/inpatient day

						GSH		R 741				calculated from DOH Annual Statistical Report

						BCH (TB only)		R 149				calculated from DOH Annual Statistical Report

				Cost/outpatient visit

						GSH OPD visit		R 440				calculated from DOH Annual Statistical Report

						TB clinic/ODP visit		R 40				assumption

				CM Tx costs/day

						amphotericin B Tx		R 93				1997 Provincial tender prices

						fluconazole Tx (200mg daily)		R 38				1997 Provincial tender prices

						fluconazole maintenance (100mg daily)		R 22				1997 Provincial tender prices

				CM laboratory costs

						full CSF		R 177				SAIMR 1997 tariff schedule

						subsequent CSF		R 136				SAIMR 1997 tariff schedule

						renal function		R 57				SAIMR 1997 tariff schedule

				Tuberculosis Tx

						GSH pharmacy costs/day		R 2				11, 1997 Provincial tender prices

						DOT for new cases + dx lab tests		R 679				11, 12, 13

						DOT for reactivated cases + dx lab tests		R 706				11, 12, 13
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Table 1 - CEA

		Table 1: Cost-Effectiveness Outcomes

						CM(1)		CM(2)		TB

		GSH costs				13,642		13,642		10,200

		Pharmacy & f/u				7,338		9,452		5,398

		Total cost of Tx				20,980		23,094		15,597

		Cost of no aggressive Tx				2,640		2,640		2,640

		Net Costs of Tx				18,340		20,454		12,957

		LY's from Tx				0.3		0.5		1.5

		Cost per LY saved				72,761		40,138		8,383

				CM(1) = K-M survival curve (all patients)

				CM(2) = K-M survival curve (pts surviving >2 weeks)

				TB = tuberculosis





SAs

		Table 2b: Sensitivity Analyses for Tuberculosis Tx

		Parameter						Univariate Sensitivity

								Lower		Upper

		Clinical Inputs

				TB survival w/ Tx (all pts)		0.60, 1.40		13,410		6,111

				TB survival w/ Tx (BCH pts)		0.60, 1.40		8,780		7,937

				TB natural hx assumption		0.60, 1.40		7,874		8,962

				New TB cases as % of total		60%-90%		8,494		8,271

		Cost/Utilisation Inputs

				GSH general inpatient costs		0.75, 1.25		6,733		10,032

				Cost of GSH TB pharmacy		0.75, 1.25		8,379		8,386

				Cost of BCH inpt day		0.75, 1.25		8,107		8,658

				% pts transferred to BCH		10%-30%		7,545		9,324

				Cost of DOT		0.75, 1.25		7,811		8,955

				Cost of LTBC OPD		0.75, 1.25		8,361		8,405

		italic font indicates absolute value of input.

		Table 2a: Sensitivity Analyses for Cryptococcal Meningitis Tx

		Parameter						Univariate Sensitivity

								Lower		Upper

		Clinical Inputs

				CM survival w/ Tx		0.60, 1.40		115,989		56,191

				CM natural hx assumption		0.60, 1.40		68,586		77,477

		Cost/Utilisation Inputs

				GSH general inpatient costs		0.75, 1.25		59,230		86,291

				Cost of CM Tx		0.75, 1.25		70,329		75,192

				Cost of CM maintenance Tx		0.75, 1.25		69,734		75,788

				Cost of CM laboratory		0.75, 1.25		72,208		73,313

				Cost of GSH OPD		0.75, 1.25		71,494		74,028

		italic font indicates absolute value of input.





Key Inputs

		Appendix 1: Key Modeling Inputs

		Input						Value				Notes/Citations

		Clinical factors

				CM survival

						survival without Tx		14 days				1

						median survival w/ Tx (all pts)		106 days				estimated from analysis of NSH and GSH patient databases

						median survival w/ Tx (pts surv.>2 wks)		200 days				estimated from analysis of NSH and GSH patient databases

				TB survival

						first-year, subsequent annual mortality with Tx		40%, 26%				2-5, own calculations with data provided by P Morris, ongoing research by G Maartens

						first-year, subsequent annual mortality without Tx		80%, 80%				natural history assumption

		Utilisation

				Length of stay

						CM pts at GSH		18.4 days				Retrospective survey of GSH general medical wards, 1996-97

						TB pts at GSH		13.8 days				Retrospective survey of GSH general medical wards, 1996-97

						TB pts at BCH		2 months				9

				Percent of CM pts on regimen 1, regimen 2				80%, 20%				G Maartens

				Percent of TB pts transferred to BCH				20%				8

				Percent of TB pts with new, reactivated TB				75%, 25%				14

		Costs of care

				Cost/inpatient day

						GSH		R 741				calculated from DOH Annual Statistical Report

						BCH (TB only)		R 149				calculated from DOH Annual Statistical Report

				Cost/outpatient visit

						GSH OPD visit		R 440				calculated from DOH Annual Statistical Report

						TB clinic/ODP visit		R 40				assumption

				CM Tx costs/day

						amphotericin B Tx		R 93				1997 Provincial tender prices

						fluconazole Tx (200mg daily)		R 38				1997 Provincial tender prices

						fluconazole maintenance (100mg daily)		R 22				1997 Provincial tender prices

				CM laboratory costs

						full CSF		R 177				SAIMR 1997 tariff schedule

						subsequent CSF		R 136				SAIMR 1997 tariff schedule

						renal function		R 57				SAIMR 1997 tariff schedule

				Tuberculosis Tx

						GSH pharmacy costs/day		R 2				11, 1997 Provincial tender prices

						DOT for new cases + dx lab tests		R 679				11, 12, 13

						DOT for reactivated cases + dx lab tests		R 706				11, 12, 13
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Table 1 - CEA

		Table 1: Cost-Effectiveness Outcomes

						CM(1)		CM(2)		TB

		GSH costs				13,642		13,642		10,200

		Pharmacy & f/u				7,338		9,452		5,398

		Total cost of Tx				20,980		23,094		15,597

		Cost of no aggressive Tx				2,640		2,640		2,640

		Net Costs of Tx				18,340		20,454		12,957

		LY's from Tx				0.3		0.5		1.5

		Cost per LY saved				72,761		40,138		8,383

				CM(1) = K-M survival curve (all patients)

				CM(2) = K-M survival curve (pts surviving >2 weeks)

				TB = tuberculosis





SAs

		Table 2b: Sensitivity Analyses for Tuberculosis Tx

		Parameter						Univariate Sensitivity

								Lower		Upper

		Clinical Inputs

				TB survival w/ Tx (all pts)		0.60, 1.40		13,410		6,111

				TB survival w/ Tx (BCH pts)		0.60, 1.40		8,780		7,937

				TB natural hx assumption		0.60, 1.40		7,874		8,962

				New TB cases as % of total		60%-90%		8,494		8,271

		Cost/Utilisation Inputs

				GSH general inpatient costs		0.75, 1.25		6,733		10,032

				Cost of GSH TB pharmacy		0.75, 1.25		8,379		8,386

				Cost of BCH inpt day		0.75, 1.25		8,107		8,658

				% pts transferred to BCH		10%-30%		7,545		9,324

				Cost of DOT		0.75, 1.25		7,811		8,955

				Cost of LTBC OPD		0.75, 1.25		8,361		8,405

		italic font indicates absolute value of input.

		Table 2a: Sensitivity Analyses for Cryptococcal Meningitis Tx

		Parameter						Univariate Sensitivity

								Lower		Upper

		Clinical Inputs

				CM survival w/ Tx		0.60, 1.40		115,989		56,191

				CM natural hx assumption		0.60, 1.40		68,586		77,477

		Cost/Utilisation Inputs

				GSH general inpatient costs		0.75, 1.25		59,230		86,291

				Cost of CM Tx		0.75, 1.25		70,329		75,192

				Cost of CM maintenance Tx		0.75, 1.25		69,734		75,788

				Cost of CM laboratory		0.75, 1.25		72,208		73,313

				Cost of GSH OPD		0.75, 1.25		71,494		74,028

		italic font indicates absolute value of input.





Key Inputs

		Appendix 1: Key Modeling Inputs

		Input						Value				Notes/Citations

		Clinical factors

				CM survival

						survival without Tx		14 days				1

						median survival w/ Tx (all pts)		106 days				estimated from analysis of NSH and GSH patient databases

						median survival w/ Tx (pts surv.>2 wks)		200 days				estimated from analysis of NSH and GSH patient databases

				TB survival

						first-year, subsequent annual mortality with Tx		40%, 26%				2-5, own calculations with data provided by P Morris, ongoing research by G Maartens

						first-year, subsequent annual mortality without Tx		80%, 80%				natural history assumption

		Utilisation

				Length of stay

						CM pts at GSH		18.4 days				Retrospective survey of GSH general medical wards, 1996-97

						TB pts at GSH		13.8 days				Retrospective survey of GSH general medical wards, 1996-97

						TB pts at BCH		2 months				9

				Percent of CM pts on regimen 1, regimen 2				80%, 20%				G Maartens

				Percent of TB pts transferred to BCH				20%				8

				Percent of TB pts with new, reactivated TB				75%, 25%				14

		Costs of care

				Cost/inpatient day

						GSH		R 741				calculated from DOH Annual Statistical Report

						BCH (TB only)		R 149				calculated from DOH Annual Statistical Report

				Cost/outpatient visit

						GSH OPD visit		R 440				calculated from DOH Annual Statistical Report

						TB clinic/ODP visit		R 40				assumption

				CM Tx costs/day

						amphotericin B Tx		R 93				1997 Provincial tender prices

						fluconazole Tx (200mg daily)		R 38				1997 Provincial tender prices

						fluconazole maintenance (100mg daily)		R 22				1997 Provincial tender prices

				CM laboratory costs

						full CSF		R 177				SAIMR 1997 tariff schedule

						subsequent CSF		R 136				SAIMR 1997 tariff schedule

						renal function		R 57				SAIMR 1997 tariff schedule

				Tuberculosis Tx

						GSH pharmacy costs/day		R 2				11, 1997 Provincial tender prices

						DOT for new cases + dx lab tests		R 679				11, 12, 13

						DOT for reactivated cases + dx lab tests		R 706				11, 12, 13
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Table 1 - CEA

		Table 1: Cost-Effectiveness Outcomes

						CM(1)		CM(2)		TB

		GSH costs				13,642		13,642		10,200

		Pharmacy & f/u				7,338		9,452		5,398

		Total cost of Tx				20,980		23,094		15,597

		Cost of no aggressive Tx				2,640		2,640		2,640

		Net Costs of Tx				18,340		20,454		12,957

		LY's from Tx				0.3		0.5		1.5

		Cost per LY saved				72,761		40,138		8,383

				CM(1) = K-M survival curve (all patients)

				CM(2) = K-M survival curve (pts surviving >2 weeks)

				TB = tuberculosis





SAs

		Table 2b: Sensitivity Analyses for Tuberculosis Tx

		Parameter				Range in Input Value		Univariate Sensitivity

								Lower		Upper

		Clinical Inputs

				TB survival w/ Tx (all pts)		0.60, 1.40		13,410		6,111

				TB survival w/ Tx (BCH pts)		0.60, 1.40		8,780		7,937

				TB natural hx assumption		0.60, 1.40		7,874		8,962

				New TB cases as % of total		60%-90%		8,494		8,271

		Cost/Utilisation Inputs

				GSH general inpatient costs		0.75, 1.25		6,733		10,032

				Cost of GSH TB pharmacy		0.75, 1.25		8,379		8,386

				Cost of BCH inpt day		0.75, 1.25		8,107		8,658

				% pts transferred to BCH		10%-30%		7,545		9,324

				Cost of DOT		0.75, 1.25		7,811		8,955

				Cost of LTBC OPD		0.75, 1.25		8,361		8,405

		Table 2a: Sensitivity Analyses for Cryptococcal Meningitis Tx

		Parameter						Univariate Sensitivity

								Lower		Upper

		Clinical Inputs

				CM survival w/ Tx		0.60, 1.40		115,989		56,191

				CM natural hx assumption		0.60, 1.40		68,586		77,477

		Cost/Utilisation Inputs

				GSH general inpatient costs		0.75, 1.25		59,230		86,291

				Cost of CM Tx		0.75, 1.25		70,329		75,192

				Cost of CM maintenance Tx		0.75, 1.25		69,734		75,788

				Cost of CM laboratory		0.75, 1.25		72,208		73,313

				Cost of GSH OPD		0.75, 1.25		71,494		74,028

		italic font indicates absolute value of input.





Key Inputs

		Appendix 1: Key Modeling Inputs

		Input						Value				Notes/Citations

		Clinical factors

				CM survival

						survival without Tx		14 days				1

						median survival with Tx (all pts)		106 days				estimated from analysis of NSH and GSH patient databases

						median survival with Tx (pts surviving > 2 wks)		200 days				estimated from analysis of NSH and GSH patient databases

				TB survival

						first-year, subsequent annual mortality with Tx		40%, 26%				2-5, own calculations with data provided by P Morris, ongoing research by G Maartens

						first-year, subsequent annual mortality without Tx		80%, 80%				natural history assumption

		Utilisation

				Length of stay

						CM pts at GSH		18.4 days				Retrospective survey of GSH general medical wards, 1996-97

						TB pts at GSH		13.8 days				Retrospective survey of GSH general medical wards, 1996-97

						TB pts at BCH		2 months				9

				Percent of CM pts on regimen 1, regimen 2				80%, 20%				G Maartens

				Percent of TB pts transferred to BCH				20%				8

				Percent of TB pts with new, reactivated TB				75%, 25%				14

		Costs of care

				Cost/inpatient day

						GSH		R 741				calculated from DOH Annual Statistical Report

						BCH (TB only)		R 149				calculated from DOH Annual Statistical Report

				Cost/outpatient visit

						GSH OPD visit		R 440				calculated from DOH Annual Statistical Report

						TB clinic/ODP visit		R 40				assumption

				CM Tx costs/day

						amphotericin B Tx		R 93				1997 Provincial tender prices

						fluconazole Tx (200mg daily)		R 38				1997 Provincial tender prices

						fluconazole maintenance (100mg daily)		R 22				1997 Provincial tender prices

				CM laboratory costs

						full CSF		R 177				SAIMR 1997 tariff schedule

						subsequent CSF		R 136				SAIMR 1997 tariff schedule

						renal function		R 57				SAIMR 1997 tariff schedule

				Tuberculosis Tx

						GSH pharmacy costs/day		R 2				11, 1997 Provincial tender prices

						DOT for new cases + dx lab tests		R 679				11, 12, 13

						DOT for reactivated cases + dx lab tests		R 706				11, 12, 13
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