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ABSTRACT

BACKGROUND

As antiretroviral therapy is increasingly used in settings with limited resources, key
questions about the timing of treatment and use of diagnostic tests to guide clinical
decisions must be addressed.

METHODS
We assessed the cost-effectiveness of treatment strategies for a cohort of adults in
Cote d’Ivoire who were infected with the human immunodeficiency virus (HIV)
(mean age, 33 years; CD4 cell count, 331 per cubic millimeter; HIV RNA level, 5.3
log copies per milliliter). Using a computer-based simulation model that incorpo-
rates the CD4 cell count and HIV RNA level as predictors of disease progression,
we compared the long-term clinical and economic outcomes associated with no
treatment, trimethoprim—-sulfamethoxazole prophylaxis alone, antiretroviral thera-
py alone, and prophylaxis with antiretroviral therapy.

RESULTS

Undiscounted gains in life expectancy ranged from 10.7 months with antiretroviral
therapy and prophylaxis initiated on the basis of clinical criteria to 45.9 months
with antiretroviral therapy and prophylaxis initiated on the basis of CD4 testing
and clinical criteria, as compared with trimethoprim—sulfamethoxazole prophylaxis
alone. The incremental cost per year of life gained was $240 (in 2002 U.S. dollars)
for prophylaxis alone, $620 for antiretroviral therapy and prophylaxis without CD4
testing, and $1,180 for antiretroviral therapy and prophylaxis with CD4 testing,
each compared with the next least expensive strategy. None of the strategies that
used antiretroviral therapy alone were as cost-effective as those that also used tri-
methoprim-sulfamethoxazole prophylaxis. Life expectancy was increased by 30%
with use of a second line of antiretroviral therapy after failure of the first-line
regimen.

CONCLUSIONS
A strategy of trimethoprim—sulfamethoxazole prophylaxis and antiretroviral ther-
apy, with the use of clinical criteria alone or in combination with CD4 testing to
guide the timing of treatment, is an economically attractive health investment in
settings with limited resources.
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HE USE OF POTENT ANTIRETROVIRAL

therapy has transformed the epidemic of

the acquired immunodeficiency syndrome
(AIDS) in populations with access to these drugs.?
In settings with limited resources, where the
provision of antiretroviral therapy was previously
thought to be technically impossible, combina-
tion regimens have been found to have short-term
efficacy similar to that in developed countries.?®
The dramatic rise in global funding for the hu-
man immunodeficiency virus (HIV) and AIDS,*1°
together with reduced drug costs,'*1* improves
the feasibility of providing antiretroviral therapy
in settings with limited resources.

As part of the “3 by 5” initiative to distribute
antiretroviral treatment to 3 million people in
50 developing countries by the end of 2005, the
World Health Organization (WHO) proposed
guidelines that incorporate evidence from clini-
cal trials and observational studies of the effi-
cacy and toxicity of antiretroviral therapy.’® In
addition to the relative efficacy, feasibility, and
affordability of various treatment regimens, clin-
ical guidance for treating patients with HIV infec-
tion requires consideration of criteria for initiat-
ing antiretroviral therapy, the relative performance
and costs of diagnostic tests, and coordination
with other treatment options, such as prophy-
laxis against opportunistic disease.

When the complexity of a clinical problem in-
volves competing choices and the information
required for some components of the decision is
incomplete, decision-analysis methods offer a sys-
tematic approach to synthesizing existing data
and quantifying the trade-offs for alternative op-
tions. Capitalizing on the availability of primary
data from Coéte d’Ivoire? and a recent analysis
of the costs of trimethoprim—sulfamethoxazole
prophylaxis,'® we conducted a decision analysis
to estimate the clinical and economic outcomes
associated with different treatment strategies in
adults infected with HIV type 1 (HIV-1) in Cote
d’Ivoire, a setting with limited resources.

METHODS

OVERVIEW

We modified a previously published model*” to
simulate the natural history of HIV infection in
patients in Cote d’Ivoire and to project the short-
and long-term outcomes associated with tri-
methoprim—sulfamethoxazole prophylaxis alone,

antiretroviral therapy alone, and trimethoprim—
sulfamethoxazole prophylaxis with antiretrovi-
ral therapy. We compared 22 strategies in which
thresholds for initiating and discontinuing a
single line of antiretroviral therapy were based
on clinical criteria alone or on both the CD4 cell
count and clinical criteria. The comparative per-
formance of various strategies was assessed with
the use of incremental cost-effectiveness ratios,
in 2002 U.S. dollars per year of life gained. We
calculated the incremental cost-effectiveness ra-
tio, defined as the additional cost of a strategy,
divided by its additional clinical benefit, as com-
pared with the next least expensive strategy. We
excluded strategies with higher costs and lower
benefits than other options and those with high-
er incremental cost-effectiveness ratios than other
more effective options.'®* We adopted a modified
societal perspective, in that the costs of patients’
time and travel were not included, and future costs
and benefits were discounted at 3% per year.1®

MODEL
We used first-order Monte Carlo simulation in
which disease progression in an individual pa-
tient is characterized as a sequence of monthly
transitions between health states.*® Health states
in the model, descriptive of each patient’s under-
lying true health, were defined by current and
maximum HIV RNA levels, current and nadir CD4
cell counts, and current and prior opportunistic
diseases. Individual characteristics (age, sex,
CD4 cell count, and HIV RNA level) were ran-
domly drawn from a specified distribution of pa-
tients similar to those enrolled in the placebo
group of the Agence Nationale de Recherches sur
le SIDA (ANRS) 059 trial, a randomized, controlled
trial of trimethoprim—sulfamethoxazole prophy-
laxis in Abidjan, Cote d’Ivoire?°: median age, 33
years; 40% men; and baseline CD4 cell count,
331 cells per cubic millimeter. Each patient’s life-
time clinical course was tracked, with all clinical
events and accrued costs tallied. One million pa-
tients were simulated, one at a time, in order to
provide stable estimates of long-term outcomes
for each strategy.

Disease progression was modeled as a func-
tion of both the HIV RNA level and the CD4 cell
count.'”2522 Opportunistic diseases were divid-
ed into 11 groups and categorized as severe or
mild.*23 Incidence rates of opportunistic dis-
eases and AIDS-related death were modeled as a
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Table 1. Baseline Estimates for Selected Model Variables.*

Variable Base Case Source of Data
Distribution of initial HIV RNA Seyler et al.?
>100,000 copies/ml 0.6921
30,001-100,000 copies/ml 0.2227
10,001-30,000 copies/ml 0.0706
3001-10,000 copies/ml 0.0135
501-3000 copies/ml 0.0011
0-500 copies/ml 0
Mean monthly decrease in CD4 cell count ac- Mellors et al.,>* Multicenter AIDS Cohort Study®?
cording to HIV RNA (cells/mm?)
>30,000 copies/ml 6.375
10,001-30,000 copies/ml 5.400
3001-10,000 copies/ml 4.600
501-3000 copies/ml 3.733
0-500 copies/ml 3.025
Efficacy of trimethoprim-sulfamethoxazole Yazdanpanah et al.,*® Anglaret et al.>°
(% reduction in probability of infection)
Mild bacterial infection 48.4
Severe bacterial infection 49.8
Severe malaria 88.4
Isosporiasis 81.8
Toxoplasmic encephalitis 83.2
Acute unexplained fever 59.1
Mild fungal infection -46.4
Efficacy of first-line ART (% HIV RNA suppres- 51.0 Seyler et al.?
sion at 52 wk)
Efficacy of second-line ART (% HIV RNA sup- 43.2 Ivers et al.>°
pression at 48 wk){
Drug toxicity (no. of events per 100 person-
months)
Minor, with trimethoprim—sulfamethoxazole 1.9 Landman et al.,® Laurent et al.,>® Coetzee et al.,” Djomand et al.,®
prophylaxis Anglaret et al.>°
Major, with trimethoprim—sulfamethoxazole 0.7 Landman et al.,® Laurent et al.,>® Coetzee et al.,” Djomand et al.,®
prophylaxis Anglaret et al.>°
Minor, with ART 1.47 Seyler et al.,> Landman et al.,® Laurent et al.,>® Coetzee et al.,
Djomand et al.®
Major, with ART 0.54 Seyler et al.,> Landman et al.,? Laurent et al.,>® Coetzee et al.,”

Djomand et al.®

function of the CD4 cell count and the presence
or absence of a history of opportunistic infection.
Successful HIV RNA suppression after antiretro-
viral therapy resulted in a rise in the CD4 cell
count and a corresponding reduction in the risks
of opportunistic disease and death. Virologic fail-
ure was defined in the model as a 0.5-log increase
in the HIV RNA level in 2 consecutive months
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while the patient was receiving antiretroviral
therapy, after which the CD4 cell count stayed
constant for 1 year before declining at a month-
ly rate that depended on the viral load. Although
the model updated CD4 cell counts and HIV RNA
levels monthly and determined disease progres-
sion on the basis of these values, we assumed that
clinical decisions were based on less frequent
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Table 1. (Continued.)

Variable
Annual costs of treatment ($)§

Trimethoprim-sulfamethoxazole
prophylaxis

First-line ART
Second-line ART

Laboratory tests at treatment ini-
tiation

Minor drug toxicity|
Major drug toxicity¥
Cost of tests ($)
CD4 cell count, per test
Costs of treatment for OD ($)

Base Case Source of Data
14.72 Yazdanpanah et al.*®
292 WHO,*1214 Médecins sans Frontiéres?
682 Médecins sans Frontiéres3!
7.91 Yazdanpanah et al.,** WHO-CHOICE??
8.67 Yazdanpanah et al.*®
151.64 Yazdanpanah et al.*®
25 Médecins sans Frontiéres*®

Yazdanpanah et al.*®

Severe bacterial infection 89.79

Severe fungal infection 109.74

Severe malaria 62.85

Tuberculosis 215.49

Isosporiasis 59.86

Cerebral toxoplasmosis 87.79

NTM 62.85

Other severe OD 61.85

Mild bacterial infection 34.92

Mild fungal infection 30.93

Other mild infection 34.92

Costs of long-term care ($) Yazdanpanah et al.,** WHO-CHOICE??

CD4 =200/mm? 19.40

CD4 <200/mm? 14.18

Terminal care 33.92

Other unit costs of care ($)

Clinic visit 5.11 Yazdanpanah et al.,*¢ WHO-CHOICE??

Hospital day 15.22 Yazdanpanah et al.*®

Day care 7.56 Yazdanpanah et al.*®
CD4 testing and clinical assessments (every 6 was a delay of 12 months before the CD4 cell
to 12 months) (see the Supplementary Appen- count started to decline; and that in patients with
dix, available with the full text of this article at a CD4 cell count of 50 per cubic millimeter or
WWW.Nejm.org). higher, antiretroviral therapy had an independent

Several assumptions were necessary because effect in reducing the incidence of opportunistic
of uncertainty about the efficacy of antiretro- disease and mortality from AIDS.23:28
viral therapy; the rationale for our choices for
the base case is described in the Supplementary SIMULATED STRATEGIES
Appendix.?*2? We conservatively assumed that Antiretroviral therapy was initiated on the basis
after 10 years, patients no longer had virologic of a defined number of specific opportunistic dis-
improvement; that after virologic failure, there eases, the results of a CD4 test, or both. When CD4
1144
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Table 1. (Continued.)

Variable Base Case Source of Data

0-50/mm?  51-200/mm? 201-500/mm?®  >500/mm?

Mean monthly risk of severe OD Anglaret et al.,>>*3 Losina et al.>®
(%, by CD4 stratum) |
Bacterial infection 3.36 3.04 1.73 1.08
Fungal infection 0.50 0.33 0.17 0
Malaria 0 0.50 0.42 0.50
Tuberculosis 1.08 1.16 0.58 0.50
Isosporiasis 0.50 0.75 0.25 0.17
Cerebral toxoplasmosis 0.50 0.33 0.17 0
NTM 2.06 0.25 0 0
Other severe infection 7.07 6.37 3.28 1.24
Mean monthly risk of mild OD Anglaret et al.,>*>33 Losina et al.?
(%, by CD4 stratum) |
Bacterial infection 8.23 4.40 3.36 1.57
Fungal infection 3.68 3.84 1.49 1.08
Other mild infection 3.52 1.16 1.57 1.24

0-50/mm?  51-200/mm?  >200/mm?

Mean montbhly risk of death Anglaret et al.,>*>*? Losina et al.,*?
(%, by CD4 stratum) Cole et al.?®
Without prior opportunistic 8.99 0.91 0.33
disease
With prior opportunistic disease 7.69 4.48 0.66

* Costs are in 2002 U.S. dollars. ART denotes antiretroviral therapy, OD opportunistic disease, and NTM nontuberculous mycobacteriosis.

T First-line ART efficacy and toxicity were derived from the ANRS 1203 cohort,? in which 73% of patients received two nucleoside reverse-tran-
scriptase inhibitors and one protease inhibitor, 16% received two nucleoside reverse-transcriptase inhibitors and one nonnucleoside reverse-
transcriptase inhibitor, and 11% received two nucleoside reverse-transcriptase inhibitors. For second-line ART, we used the suppression rate
from the lower bound of the 95% confidence interval reported for 12-month suppression rates in a meta-analysis on ART in resource-poor
settings.®° Virologic improvement was limited to 10 years in the base case.?* To model the independent effect of ART in patients with a CD4
count of 50 per cubic millimeter or higher,? a rate ratio of 0.24 was applied to mortality rates, and rate ratios of 0.62 to 0.66 were applied to
the incidence of severe ODs during treatment.??

I Minor toxicity included events reported as probably or definitely attributable to the drug that did not require discontinuation of therapy;
major toxicity included events that required discontinuation of therapy or, in the case of ART, a switch in drugs. Rates of toxic events with
trimethoprim-sulfamethoxazole were derived from the ANRS 059 trial with the use of methods described elsewhere.*®*° The rates of major
toxic events with ART were derived from the ANRS 1203 cohort in Céte d’Ivoire.” Since rates of minor toxicity were not reported in this cohort,
we assumed that the proportion of minor to major events would be similar to that for trimethoprim-sulfamethoxazole in the ANRS 059
trial (approximately 2.5 to 1.0).° On the basis of the literature, we established the lower and upper bounds for major ART toxicity as 2%
and 18%.%>®

§ The costs of first-line ART reflect the most recently negotiated prices for generic fixed-dose combinations (e.g., two nucleoside reverse-tran-
scriptase inhibitors and one nonnucleoside reverse-transcriptase inhibitor) for developing countries. We assumed that first-line therapy cost
approximately $24.33 per person per month ($292 per year) and used approximately $12.17 per month ($146 per year) for the lower bound
in the sensitivity analysis, on the basis of the price negotiated by the Clinton Foundation.** The estimated cost of second-line therapy was
based on costs quoted by Médecins sans Frontiéres for a boosted protease-inhibitor regimen: lopinavir and ritonavir (133.3 mg and 33.3 mg,
respectively), $500 per year, and zidovudine and lamivudine (300 mg and 150 mg, respectively), $182 per year. Also see the Supplementary
Appendix.

9 Estimated costs of minor trimethoprim—sulfamethoxazole toxicity were based on one outpatient visit and laboratory tests. Costs of major
toxicity were based on 10 days of inpatient hospitalization, as previously described.*®

| Severe bacterial infections included pneumonia, bacterial enteritis, isolated bacteremia, and invasive urogenital infections. Mild bacterial
infections included otitis—sinusitis, noninvasive urogenital infections, and skin abscess, erysipelas, or any cutaneous bacterial infection.
Severe fungal infections included cryptococcal infection and esophageal candidiasis. Mild fungal infections included oral candidiasis, vagi-
nal candidiasis, angular stomatitis, and onychomycosis. Other severe illnesses included other WHO clinical stage 3 and 4 defining events
and other events requiring hospital admission or leading to death.*2%>3
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testing was available, we assumed that antiretro-
viral therapy was started in patients with a CD4
count of less than 200 per cubic millimeter; a
CD4 count of 200 to 350 per cubic millimeter with
severe malaria, a severe bacterial infection, a se-
vere fungal infection, tuberculosis, isosporiasis,
cerebral toxoplasmosis, nontuberculous myco-
bacteriosis, or another severe illness; or a CD4 cell
count of more than 350 per cubic millimeter and
a severe opportunistic disease other than malar-
ia, bacterial infection, or tuberculosis. Antiretro-
viral therapy was discontinued, or second-line
therapy was instituted, on the basis of an observed
50% or 90% decrease from the peak CD4 cell
count during treatment. When CD4 testing was
unavailable, we assumed that antiretroviral ther-
apy was initiated if either one or two severe op-
portunistic diseases developed and was discon-
tinued (or switched to second-line therapy) if
there was clinical failure, defined as a specified
number of severe opportunistic diseases (one,
three, or five). To ensure adequate time for the
immunologic benefits of antiretroviral therapy to
be realized,?® opportunistic diseases diagnosed
during the first 6 months of antiretroviral thera-
py were not considered as criteria for discontinu-
ation of treatment.

NTM W Trial

Toxoplasmosis [ Model
Isosporiasis
Severe Malaria
Tuberculosis

Severe Fungal Infection

Mild Fungal Infection

Severe Bacterial Infection —_‘
Mild Bacterial Infection —

Other Mild Disease

Other Severe Disease
I

T T T T T T 1
0 005 010 015 020 025 030 035

Cumulative Probability of Opportunistic Disease at 9.6 Mo

Figure 1. Internal Validity of the Model.

Model-based estimates of the probability of specific opportunistic infec-
tions at 9.6 months, the median duration of follow-up for patients in the
ANRS 059 trial, are compared with data obtained from the trial. Outcomes
projected by the model are within 10 to 15% of reported trial results. NTM
denotes nontuberculous mycobacteriosis.
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We conservatively assumed that only a sin-
gle antiretroviral regimen was available, although
second-line therapy was evaluated in a second-
ary analysis. We also made the following six as-
sumptions: trimethoprim—sulfamethoxazole pro-
phylaxis was initiated when the CD4 cell count
was less than 500 per cubic millimeter or after
any opportunistic disease; if CD4 testing was not
available, routine clinic visits occurred every 12
months; after an opportunistic disease or during
treatment with trimethoprim-sulfamethoxazole
and antiretroviral therapy, visits occurred every
6 months; if CD4 testing was available, clinic
visits and CD4 testing occurred every 6 months;
treatment was provided for opportunistic dis-
eases, with the exception of Kaposi’s sarcoma,
lymphoma, invasive herpesvirus infection, and
cytomegalovirus infection; and lifelong mainte-
nance therapy was provided for pneumocystis
pneumonia and isosporiasis but not for toxoplas-
mosis or nontuberculous mycobacteriosis.

BASELINE ESTIMATES FOR MODEL VARIABLES
Baseline estimates for selected variables, as de-
rived from published studies, are shown in Ta-
ble 1.23,58,1114,16,2023,28,30-34 Additional details are
provided in the Supplementary Appendix. Esti-
mates of the initial HIV RNA distribution, effi-
cacy of antiretroviral therapy, and drug toxicity
were obtained from the ANRS 1203 study, a con-
tinuation of the ANRS 059 study of trimethoprim—
sulfamethoxazole prophylaxis in Abidjan, Cote
d’Ivoire.? Estimates of the efficacy of antiretrovi-
ral therapy implicitly reflect the rate of adherence
in the trial from which the data are drawn; we
therefore conducted a sensitivity analysis based
on estimates from a literature review.>5%35 Esti-
mates for the incidence of opportunistic diseases
and death were based on data from the placebo
group in the ANRS 059 study and estimated as
functions of four CD4 strata (£50, 51 to 200, 201
to 500, and >500 cells per cubic millimeter) as
previously described.1”20:23:33 Mortality rates
from causes other than HIV infection were based
on data specific for Cote d’Ivoire.3°

Direct medical costs of HIV-related care in-
cluded the costs of hospitalizations, outpatient
consultations, laboratory tests, clinical proce-
dures, and medications.?° Costs were estimated
for the treatment of opportunistic diseases and
for long-term care (termed “routine care costs”)
in patients with different CD4 cell counts, as pre-
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viously described (see the Supplementary Appen-
dix).1® Costs were inflated to 2002 price levels
with adjustment according to the gross domes-
tic product (GDP) for Cote d’Ivoire, and costs in
local currency were converted to U.S. dollars on
the basis of prevailing exchange rates.3”3%

The study was approved by the institutional
review boards at the participating institutions.
The requirement for informed consent was waived
because our study involved analysis of second-
ary data.

RESULTS

MODEL VALIDATION
Figure 1 shows the model-based estimates of op-
portunistic diseases as compared with data from
the ANRS 059 trial.2° Projected model outcomes
were generally within 10 to 15% of reported trial
results.

BASE-CASE ANALYSIS
Figure 2 shows the relationship between the to-
tal lifetime costs and discounted life expectancy

for all 22 treatment strategies assessed. Strate-
gies involving both antiretroviral therapy and tri-
methoprim—sulfamethoxazole prophylaxis were
consistently more effective and more cost-effec-
tive than those involving antiretroviral therapy
alone. Strategies based on CD4 measurements and
clinical criteria for initiating and discontinuing an-
tiretroviral therapy were always more effective
than strategies based on clinical criteria alone.

Table 2 shows the costs, life expectancy, and
incremental cost-effectiveness ratios associated
with the six most efficient strategies. Trimetho-
prim-sulfamethoxazole alone increased undis-
counted life expectancy by 1.6 months and cost
$240 per year of life gained, as compared with no
treatment. The incremental benefit of using anti-
retroviral therapy in addition to prophylaxis ranged
from 10.7 to 45.9 undiscounted months, depend-
ing on the criteria for initiating and discontinu-
ing antiretroviral therapy. The most effective strat-
egy used CD4 testing and provided a gain of 14.0
months in life expectancy, at a cost of $1,180 per
year of life gained, as compared with strategies
relying on clinical information alone.

757

70

60 ART and prophylaxis
Start ART: 1 OD
55 Stop ART: 3 ODs

ART and prophylaxis
65 Start ART: 1 OD
Stop ART: 5 ODs

ART and prophylaxis
Start ART: 1 OD and CD4 cell count
200-350/mm?3 or CD4 cell count
<200 /mm3
Stop ART: 90% drop in CD4 cell count

Strategies based on
both clinical criteria

°
E
? ART and prophylaxis and CD4 cell count
£ 50+ Start ART: 1 OD R :
g Stop ART: 1 OD Clinical criteria for starting ART
i 2005
s
& ART and prophylaxis ART and
= 404  Start ART: 2 ODs Strategies based Criiceganor stopping ART  ART alone prophylaxis
Stop ART: 1 OD fof frer u] n
350 P on clinical criteria 30Ds o .
5 0ODs A A
304 50% drop in CD4 cell count [ ]
Prophylaxis alone, clinical starting criteria 909 drop in CD4 cell count O [ ]
No treatment
0 T T T T T T 1
0 750 1,250 1,750 2,250 2,750 3,250 3,750
Cost ($)

Figure 2. Cost-Effectiveness of Treatment Strategies.

Strategies lying on the curve were more efficient than those lying to the right of the curve because they were more
effective and either cost less or had a lower cost-effectiveness ratio, as compared with the next least expensive
strategy. Strategies that relied on clinical criteria alone for starting and stopping antiretroviral therapy (ART), which
are clustered in the lower left portion of the curve, were always less effective than strategies that included CD4 test-
ing (clustered in the upper right portion of the curve). Strategies that involved ART alone (open symbols) were al-
ways more costly and less cost-effective than those that involved both ART and trimethoprim—sulfamethoxazole
prophylaxis (solid symbols). All costs are in 2002 U.S. dollars. OD denotes opportunistic disease.
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Table 2. Clinical Benefits and Cost-Effectiveness of Alternative Treatment Strategies.*

Strategy Testing Criteriay Criteria Life Expectancy Life Expectancy Lifetime Costs Effectiveness Ratio
mo $ $/yr of life gained

No treatment — — — 33.6399 31.4086 783 —

Trimethoprim—sulfa- No — — 35.2454 32.8148 811 240
methoxazole alone

Trimethoprim—sulfa- No 2 ODs from sub- 10D 45,9814 41.3731 1,233 590
methoxazole and ART group

Trimethoprim—sulfa- No 10D from sub- 10D 57.2883 50.6996 1,716 620
methoxazole and ART group

Trimethoprim—sulfa- No 10D from sub- 3 0ODs 65.5831 56.8151 2,171 890
methoxazole and ART group

Trimethoprim—sulfa- No 10D from sub- 50ODs 67.1231 57.8712 2,264 1,060
methoxazole and ART group

Trimethoprim-sulfa- Yes CD4 cell count 90% decrease 81.1667 69.6337 3,423 1,180
methoxazole and ART <200/mm?, in CD4 cell

CD4 cell count count

CD4 ART Starting

<350/mm?and
1 severe OD or
1 OD from sub-

group

ART Stopping  Undiscounted

Discounted Discounted Incremental Cost-

*ART denotes antiretroviral therapy, and OD opportunistic disease.
7ODs included in the base case for ART starting criteria were severe fungal infection, isosporiasis, toxoplasmosis, nontuberculous mycobac-
teriosis, and other severe illness.

1148

SENSITIVITY ANALYSIS
Figure 3 shows how the incremental cost-effec-
tiveness ratio for the most effective strategy, an-
tiretroviral therapy and prophylaxis with the use
of CD4 testing, varied with changes in selected
variables. The results were most sensitive to chang-
es in the costs of routine care, antiretroviral ther-
apy, and CD4 tests and were less sensitive to plau-
sible changes in the efficacy of antiretroviral
therapy and in the costs of treatment for oppor-
tunistic diseases.

The most influential of the base-case assump-
tions was that of an independent effect of anti-
retroviral therapy on the incidence of opportu-
nistic disease and mortality from AIDS among
patients with a CD4 cell count of 50 per cubic
millimeter or higher.1:20:23,33 For the most effec-
tive strategy (antiretroviral therapy and prophy-
laxis with the use of CD4 testing), gains in life
expectancy over that associated with no treat-
ment were approximately 50% lower and incre-
mental cost-effectiveness ratios were twice those
for the base case when we assumed no indepen-
dent effect of antiretroviral therapy. Other as-
sumptions (e.g., a delayed decline in the CD4 cell
count after virologic failure and the enduring ef-
ficacy of antiretroviral therapy) similarly influ-

enced both life-expectancy gains and costs, and
thus had minimal influence on cost-effectiveness
(see the Supplementary Appendix).

With access to second-line antiretroviral ther-
apy, life expectancy improved by 10 months (ap-
proximately 30%), lifetime costs increased by
$1,080, and the incremental cost-effectiveness ra-
tio was $1,300 per year of life gained as compared
with the most effective first-line antiretroviral
strategy. Results of sensitivity analyses that in-
cluded first- and second-line treatment were simi-
lar to those in the base case (see the Supplemen-
tary Appendix).

Table 3 shows the average CD4 cell count at
which antiretroviral therapy was initiated if CD4
testing was not available, as well as the incremen-
tal gains in life expectancy as compared with no
treatment, for three strategies with different clini-
cal criteria for initiating treatment. In the base
case, the average CD4 cell count at the initiation
of antiretroviral therapy was higher with the
more lenient criterion of one opportunistic dis-
ease than with the stricter criterion of two op-
portunistic diseases (255 vs. 189 per cubic milli-
meter), when CD4 testing was not available. With
the most effective strategy, involving the use of
both clinical criteria and CD4 test information
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Figure 3. Sensitivity Analysis of Potentially Important Model Variables.

The x axis shows the effect of changes in selected variables on the incremental cost-effectiveness ratio (cost per
year of life gained) for antiretroviral therapy (ART) and trimethoprim—methoxazole prophylaxis with the use of both
CD4 testing and clinical criteria to make decisions about starting and stopping treatment. The y axis shows the se-
lected model variables. Values in parentheses are the upper and lower bounds used in the sensitivity analysis; the
shaded bars indicate the variation in the cost-effectiveness ratio caused by changes in the value of the indicated
variable while all other variables were held constant. The vertical broken line indicates the incremental cost-effec-
tiveness ratio for the base case. The two solid lines indicate an implied cost-effectiveness threshold with the use

of the gross domestic product (GDP) in Céte d’lvoire and three times the GDP in Céte d’Ivoire. All costs are in 2002

to guide the initiation of antiretroviral therapy,
the average CD4 cell count at which treatment
was initiated was 231 per cubic millimeter, re-
flecting the most efficient targeting of patients
likely to benefit from therapy.

For all three strategies, as the set of opportu-
nistic diseases used as criteria for the initiation
of antiretroviral therapy was expanded incremen-
tally to include severe malaria, tuberculosis, and
severe bacterial disease, the average CD4 cell
count at which treatment was initiated increased
(Table 3). With the most inclusive set of oppor-
tunistic diseases, the incremental increases in
life expectancy were greatest for strategies that
rely solely on clinical criteria.

DISCUSSION

Several studies have addressed economic issues
related to the prevention and treatment of HIV
infection in developing countries,3°-#5 but few

analyses have compared different strategies for
initiating antiretroviral therapy by quantifying
their clinical benefits for individual patients.
When added to trimethoprim—sulfamethoxazole
prophylaxis, antiretroviral therapy with the use
of CD4 testing provided a gain in life expectancy
of nearly 4 years. For strategies relying only on
clinical criteria, the initiation of antiretroviral
therapy after the first severe opportunistic dis-
ease provided nearly 1 year of additional life ex-
pectancy, as compared with initiation of treatment
after two opportunistic diseases. Furthermore, if
only a single antiretroviral regimen is available,
delaying its discontinuation until three or more
opportunistic diseases occur provides substan-
tial clinical benefits. The added value of CD4 test-
ing to guide decisions about the timing of treat-
ment translated into a gain in life expectancy of
more than 1 year, as compared with the most ef-
fective strategy relying solely on clinical infor-
mation. These survival gains are similar to, or
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Table 3. Sensitivity Analysis of Opportunistic Diseases (ODs) Included in the Clinical Criteria for Starting Antiretroviral Therapy (ART).

Variable and Strategy ART Starting Criteria*

sulfamethoxazole
and ART

CDA4 cell count <350/
mm? and 1 severe OD,
or 1 OD from subgroup

ODs Used as Clinical Criteria

Base-Case Subgroup

Base-Case plus Severe Malaria,
Base-Case Base-Case Subgroup plus  Tuberculosis, and
Base-Case  Subgroup plus Subgroup plus Severe Bacterial ~ Severe Bacterial
Subgroup  Severe Malaria  Tuberculosis Infection Infection
Average CD4 cell count at initiation of ART (cells/mm?)
Trimethoprim— 2 ODs from subgroup 189 196 206 213 230
sulfamethoxazole
and ARTY
Trimethoprim— 1 OD from subgroup 255 263 266 273 287
sulfamethoxazole
and ART:
Trimethoprim— CD4 cell count <200/mm?, 231 238 239 246 256
sulfamethoxazole CD4 cell count <350/
and ART( mm?, and 1 severe OD
or 1 OD from subgroup
Incremental life-expectancy gain vs. no treatment (mo)
Trimethoprim— 2 ODs from subgroup 10.0 10.4 11.8 12.8 14.7
sulfamethoxazole
and ARTY
Trimethoprim— 1 OD from subgroup 26.5 27.3 28.8 30.5 32.8
sulfamethoxazole
and ARTH:
Trimethoprim— CD4 cell count <200/mm?, 38.2 38.6 386 39.0 39.5
sulfamethoxazole CD4 cell count <350/
and ART( mm? and 1 severe OD,
or 1 OD from subgroup
Incremental cost-effectiveness ratio($/yr of life gained)q
Trimethoprim— 2 ODs from subgroup 592 594 595 596 600
sulfamethoxazole
and ART}
Trimethoprim— 1 OD from subgroup 1057 1092 1006 1058 1045
sulfamethoxazole
and ARTx
Trimethoprim— CD4 cell count <200/mm?, 1182 1207 1283 1379 1572

st

bacteriosis, and other severe illness.

< ODs included in the base-case subgroup for starting ART were severe fungal infection, isosporiasis, toxoplasmosis, nontuberculous myco-

T This strategy assumes that CD4 testing is unavailable and that ART starting and stopping decisions are guided by clinical information only.

ART stops with the occurrence of 1 OD.

1 This strategy assumes that CD4 testing is unavailable and that ART starting and stopping decisions are guided by clinical information only.

ART stops with the occurrence of 5 ODs.

{§ This strategy assumes that CD4 testing is available and that ART starting and stopping decisions are guided by both clinical and immuno-
logic information. ART stops when the CD4 cell count drops by 90% from the peak value during treatment.
9 The incremental cost-effectiveness ratio (in 2002 U.S. dollars) was calculated by comparing the strategy in question with the next best strategy.
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exceed, those associated with most other treat-
ment interventions.*°

There is no universal definition of a threshold
ratio above which an intervention would not be
considered cost-effective. Some have suggested
that interventions with cost-effectiveness ratios
less than the per capita GDP for a given country
($708 in Cote d’Ivoire) be considered “very cost-

N ENGLJ MED 355;11
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effective,” and less than three times the per capita
GDP ($2,124 in Cote d’Ivoire) be considered “cost-
effective.”448 In the absence of available CD4
testing, providing trimethoprim-sulfamethoxa-
zole prophylaxis and antiretroviral therapy ac-
cording to the earliest initiation and latest dis-
continuation criteria would be very cost-effective,
and the most effective strategy — using both CD4
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testing and clinical criteria to guide decisions
about the timing of treatment — would also be
cost-effective; these approaches are consistent
with the WHO guidelines.

This analysis has several limitations. We fo-
cused on survival gains, since there are limited
data on disability or quality-of-life weights that
are suitable for health states in our model. In ad-
dition, data were combined from multiple sourc-
es. Some cost variables were extrapolated from a
clinical trial, although we omitted costs of pro-
tocol-driven procedures that are unlikely to be
available in low-income settings.>> We did not
include lost productivity costs associated with
AIDS, but if we had, antiretroviral therapy and
trimethoprim—sulfamethoxazole prophylaxis would
have been even more cost-effective. Since we al-
lowed for variation in CD4 measurements but did
not explicitly model errors in clinical informa-
tion, we may have unfairly biased the analysis
against CD4 testing.

To make the results most relevant to real-world
decisions, we focused on a narrow subgroup of
questions about the most effective strategies for
using clinical criteria with or without CD4 test-
ing to guide the initiation and discontinuation
of antiretroviral therapy when only a single line
of therapy is available. The results for two lines
of therapy are similar. A dynamic transmission
model would be needed to address questions at
the population level about the relative cost-effec-
tiveness of both prevention and treatment strate-
gies. The growing consensus, however, is that
both prevention and treatment are critical to the
control of HIV infection in developing coun-
tries.*+*54° Although the issue of HIV screening is
beyond the scope of this report, improved screen-
ing and linkage to care would allow a larger seg-
ment of the HIV-infected population to benefit
from antiretroviral therapy. The benefits of tri-
methoprim-sulfamethoxazole prophylaxis report-
ed for HIV-infected patients in Cote d’Ivoire should
be extrapolated with caution to sub-Saharan Afri-
can countries with a high prevalence of resistance
to trimethoprim—sulfamethoxazole,>*5* although
benefits have been shown even in these areas.>2>

Finally, this analysis focuses on HIV-1, not
HIV-2. In areas with high rates of HIV-2 infec-
tion, additional issues should be considered, such
as the optimal choice of a first-line antiretroviral
regimen in the setting of resistance to nonnucle-
oside reverse-transcriptase inhibitors.>2>3

Cost-effectiveness is only one consideration in

the allocation of scarce resources.*>5%57 There
may be differences in the availability of strategies,
and the selection of a strategy may be based on
considerations of infrastructure, equity, qualita-
tive attributes, nonmonetary constraints, or syn-
ergy with other high-priority initiatives.*9-56-58
Strategies identified as cost-effective may be unaf-
fordable in the poorest countries without assis-
tance. The results of this analysis may be used,
however, to motivate the global community to di-
rect resources toward investments that have the
greatest promise of providing gains in health. Bet-
ter data from treatment-rollout programs — data
on efficacy, toxicity, direct medical and program-
matic costs (including costs of reducing wast-
age and scaling up) — should be incorporated
when available.>® This is particularly important
because nonmedical costs have been found to ac-
count for a substantial proportion of the total
costs of interventions in other diseases.®°

Our results show that a single regimen of anti-
retroviral therapy combined with trimethoprim—
sulfamethoxazole prophylaxis affords major sur-
vival benefits. Adding second-line regimens will
increase survival further. It is always more effec-
tive and cost-effective to use trimethoprim—sulfa-
methoxazole in combination with an antiretro-
viral regimen. Approaches guided by CD4 testing,
although more costly than those based on clinical
information alone, are substantially more effec-
tive in terms of survival and are a promising pub-

lic health investment.
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