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Abstract

Objective:

To evaluate lifetime cost effectiveness of atazanavir-ritonavir (ATVþ r) versus lopinavir-ritonavir (LPV/r),

both with tenofovir-emtricitabine, in US HIV-infected patients initiating first-line antiretroviral therapy.

Methods:

A Markov microsimulation model was developed to calculate quality-adjusted life-years (QALYs) based on

CD4 and HIV RNA levels, coronary heart disease (CHD), AIDS, opportunistic infections (OIs), diarrhea, and

hyperbilirubinemia. A million-member cohort of HIV-1-infected, treatment-naı̈ve adults progressed at

3-month intervals through eight health states. Baseline characteristics, virologic suppression, cholesterol

changes, and diarrhea and hyperbilirubinemia rates were based on 96-week CASTLE trial results. HIV

mortality, OI rates, adherence, costs, utilities, and CHD risk were from literature and experts.

Limitations:

The incremental cost-effectiveness ratio (ICER) may be overestimated because the ATVþ r treatment effect

was based on an intention-to-treat analysis. The QALY weights used for diarrhea, hyperbilirubinemia, and

CHD events are uncertain; however, the ICER remained5$50,000/QALY when these values were varied in

sensitivity analyses.

Results:

ATVþ r patients received first-line therapy longer than LPV/r patients (97.3 vs. 70.7 months), had longer

quality-adjusted survival (11.02 vs. 10.76 years), similar overall survival (18.52 vs. 18.51 years), and higher

costs ($275,986 vs. 269,160). ATRþ r patients had lower rates of AIDS (19.08 vs. 20.05 cases/1,000

patient-years), OIs (0.44 vs. 0.52), diarrhea (1.27 vs. 6.26), and CHD events (5.44 vs. 5.51), but higher

hyperbilirubinemia rates (6.99 vs. 0.25). ATVþ r added 0.26 QALYs at a cost of $6826, for $26,421/QALY.

Conclusions:

By more effectively reducing viral load with less gastrointestinal toxicity and a better lipid profile, ATVþ r

lowered rates of AIDS and CHD, increased quality-adjusted survival, and was cost effective (5$50,000/

QALY) compared with LPV/r.

Introduction

Protease inhibitor (PI)-based, combination antiretroviral therapy (cART) for
human immunodeficiency virus (HIV) infection is one of the preferred treat-
ment options for antiretroviral-naı̈ve patients1. The increasing use of cART
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along with other medical advances has reduced mortality
among HIV-infected individuals to a level almost equal
that of uninfected populations2.

However, even with this population-level success, on
an individual patient level the adverse effects associated
with PI-based therapy (most notably gastrointestinal [GI]
toxicity and increases in lipid values) can negatively
impact medication adherence and the long-term effective-
ness of these treatments1. Atazanavir was introduced in
2003 as an alternative PI to the commonly used lopinavir,
offering advantages to lopinavir that include a better GI
tolerability profile, less impact on lipids, and once-daily
dosing with a lower pill burden. The 96-week CASTLE
study evaluated the efficacy of once-daily atazanavir-
ritonavir (ATVþ r) used in combination with tenofovir-
emtricitabine (TDF/FTC) compared with twice-daily
lopinavir/ritonavir (LPV/r) also with TDF/FTC. The pri-
mary results of the CASTLE study demonstrated that, in
antiretroviral-naı̈ve patients, an ATVþ r-based regimen is
noninferior to an LPV/r-based regimen in terms of efficacy,
with less GI toxicity and lower increases in lipids3–5.

In this analysis, CASTLE’s 96-week data were applied
to estimate long-term costs and benefits of the use of
ATVþ r versus LPV/r regimens. Specifically, an economic
model was developed to project health and economic out-
comes associated with long-term use of both regimens,

evaluated by the number of primary GI-related toxicities
(diarrhea and hyperbilirubinemia), coronary heart disease
(CHD) events, acquired immunodeficiency syndrome
(AIDS) diagnoses, and opportunistic infections (OIs).

Methods

Overview

A Markov microsimulation model (Figure 1) was devel-
oped to project, from a third-party payer perspective, the
costs and health outcomes associated with treating
antiretroviral-naı̈ve HIV-1-infected patients under two
scenarios: (1) treatment with ATVþ r in combination
with fixed-dose TDF/FTC, or (2) treatment with LPV/r
in combination with fixed-dose TDF/FTC. Individuals
whose first-line treatment failed in either scenario were
assumed to progress to a second-line treatment with a
basket of cART regimens; thus, the scenarios differed
only in the choice of first-line PI used (ATVþ r or
LPV/r), and both reflected current treatment guidelines
at the time1. For each scenario, total life-years, numbers
of AIDS diagnoses and CHD outcomes (myocardial infarc-
tion, angina, or stroke), and rates of diarrhea, hyperbili-
rubinemia, and OIs were projected over 1-, 2-, 5-, 10-,
20-year and lifetime periods.

Figure 1. Structure of Markov microsimulation model of ATVþ r compared with LTV/r among antiretroviral therapy–naı̈ve HIV-infected patients. Patients
enter model in LPV/r or ATVþ r first-line treatment, distributed among the low-viral-load states (2, 4, 6, 8) based on CASTLE trial population. HIV states are
defined by CD4 count and mRNA levels, event risks are based on HIV state, lipid levels, and treatment (LPV/r, ATVþ r, or second-line), and patients advance to
second-line treatment after severe diarrhea, severe hyperbilirubinemia, or treatment failure.
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A hypothetical, million-member cohort of HIV-
1-infected, cART-naı̈ve adults entered the model receiv-
ing first-line treatment and moved among eight HIV-spe-
cific health states defined by CD4 count (4350 cells/mL;
201–350; 50–200; and550) and HIV RNA levels (viral
load of550 or �50 copies/mL; Table 1). CD4 count wors-
ened with every two states, in each of which viral load
could be either high or low, such that disease progression
was unidirectional towards worse only in terms of CD4
counts. The four worst states represented the Centers for
Disease Control and Prevention’s definition of AIDS, in
which CD4 counts are �200 cells/mL and viral load is at
any level.

Patients progressed through health states at 3-month
cycles to reflect the US Department of Health and
Human Services’ recommended intervals for HIV RNA
and CD4 testing1, and at each cycle they faced risks of
an AIDS diagnosis, OI, diarrhea, and hyperbilirubinemia –
events for which rates were different between CASTLE
treatment arms – and death. Patients switched to
second-line treatment if they experienced: (1) virologic
failure, defined as two consecutive Markov cycles in a
health state with RNA� 50 copies/mL after 24 weeks of
treatment; or (2) severe levels of diarrhea (in the LPV/r
arm) or hyperbilirubinemia (in the ATVþ r arm), either
of which might lead to treatment discontinuation.
Individuals could transition between any state while
receiving first-line treatment and did not return to first-
line once they progressed to second-line.

First-line treatment (ATVþ r vs. LPV/r) was modeled
at the individual patient level, where patients’ histories of
CD4 counts and RNA levels, adverse effects, CHD events,
and OIs were incorporated in subsequent risk calculations.
Second-line treatment was modeled at the cohort level,
employing a deterministic methodology whereby all
patients who switched to second-line therapy, regardless

of history or treatment arm, were assumed to be treated
with a ‘market basket’ second-line treatment (comprised of
40% abacavir/lamivudineþ darunavirþ ritonavir and
60% efavirenz/emtricitabine/tenofovir) and to face the
same subsequent event risks. Included in the model were
those adverse events that occurred at different rates
between CASTLE treatment arms (diarrhea and hyperbi-
lirubinemia), and death was modeled to occur from either
any cause, HIV infection, or a fatal CHD event. All
models were built and analyzed in TreeAge Pro Suite
2009 (TreeAge Software Inc., Williamstown, MA,
USA), and all costs and quality-adjusted life-years
(QALYs) were discounted at an annual rate of 3% starting
at the first quarterly cycle6.

Model inputs

Baseline data for the CASTLE trial population provided
the model’s baseline population distributions of age and
gender as well as mean diabetes mellitus (DM) rates
(1.8%), CHD rates (0.7%), CD4 counts (214 cells/mL),
and RNA levels (181,484 copies/mL) (Table 2)3–5.
Health state transition probabilities, cholesterol changes,
and adverse effect frequencies were also derived from pub-
lished results of the 96-week CASTLE trial3–5, and rates of
OIs, treatment adherence, and mortality were estimated
based on the published literature2,9,10–12.

Effects of cART on HIV state
To calculate patients’ probabilities of transitioning
between HIV-specific states of varying CD4 counts and
RNA levels (Table 1), LPV/r transition probabilities
were first estimated from those observed among patients
in the LPV/r arm of the CASTLE trial. Specifically,
patient-level CASTLE trial data was used to calculate in
an as-treated analysis the HIV state transitions at 3-month

Table 1. HIV states in microsimulation model of LPV/r and ATVþ r for management of antiretroviral-naı̈ve HIV-1-infected patients:
definitions and transition probabilities*.

HIV state CD4 count
(cells/mL)

HIV RNA
(copies/mL)

Probability of
opportunistic infection

Probability of transitioning
from prior state

LPV/r ATVþ ry

1 4350 550 0.017 0.852z 0.864z
2 �50 0.022 0.067 0.054
3 201–350 550 0.028 0.074 0.086
4 �50 0.038 0.054 0.044
5 50–200 550 0.051 0.029 0.033
6 �50 0.099 0.047 0.038
7 550 550 0.179 0.002 0.002
8 �50 0.179 0x 0x

*Transitions per patient, per 3-month cycle.
yATVþ r transitions based on a 19% lesser likelihood of transitioning to state with greater viral load (�50 copies/mL) than when receiving
LPV/r.
zProbability of remaining in state 1.
xTransitions occurred from states other than 7.
ATVþ r, atazanavir-ritonavir; LPV/r, lopinavir-ritonavir.
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intervals among all CASTLE patients. These results were
used to estimate the model’s baseline virologic suppression,
which was applied in the model as the LPV/r treatment
effect. ATVþ r transitions were then calculated based on
CASTLE results indicating that significantly fewer
patients in the ATVþ r treatment arm had RNA levels
�50 copies/mL than did those in the LPV/r arm at the end
of 96 weeks (26% and 32%, respectively; p50.05 for 6%
difference). By using the 96-week cumulative effect, this
estimate accounts for the differences in virologic suppres-
sion between the first and second 48 weeks of treatment
that was found in ATVþ r patients. ATVþ r transition
probabilities were thus calculated to reflect this difference,
such that patients receiving ATVþ r were 19% (1 – 26%/
32%) less likely than those receiving LPV/r at each 3-
month interval to transition to a state with higher viral
load. To validate this assumption, a test simulation using
these transition probabilities was conducted, and this sim-
ulation showed that there were 6% fewer patients with
RNA� 50 copies/mL in the ATVþ r arm at 96 weeks
than in the LPV/r arm.

It was assumed in the model that cART adherence
would vary by regimen based on evidence from nontrial
settings that estimated cART-specific adherence at 71%
for LPV/r10 and 82% for ATVþ r12. Nonadherent patients
were assumed to be 10% more likely than their adherent
counterparts to experience virologic failure, which in turn
would lead to increases in viral load, OIs, and changes in
therapy13,14.

Event rates
Baseline risks of CHD events were estimated as the pooled
risks of myocardial infarction, angina, and stroke among
HIV-infected populations and stratified by pre-existing
DM and CHD status7. This risk varied by HIV state
depending on total cholesterol (TC) and high-density
lipoprotein (HDL) lipid levels. This was based on
recent evidence from the Data Collection on Adverse
Events of Anti-HIV Drugs Study (D:A:D Study)
indicating that among HIV-infected patients each unit
decrease in TC:HDL ratio predicted a significant (14%)
reduction in CHD risk, whereas low-density lipoprotein
and triglyceride levels were not significant predictors15.

CASTLE study data were applied to adjust CHD risk
by cART treatment, assuming reductions in TC:HDL ratio
between baseline to 96 weeks of 0.17 units among patients
receiving LPV/r and 0.40 units among those receiving
ATVþ r. TC:HDL ratio (and thus the risk of a CHD
event) reverted to baseline when patients advanced
beyond first-line and went on to second-line therapy,
and weighted mortality and incidence rates of myocardial
infarction, stroke, and angina were used to estimate that
35% of CHD events would be fatal8. Individuals who expe-
rienced nonfatal CHD events were subsequently classified

as having prior CHD and thus faced increased risks of
future events.

Estimated cART-specific rates of moderate and severe
diarrhea and hyperbilirubinemia were based on CASTLE
trial results. Diarrhea onset was assumed to occur only
during the first 96 weeks of treatment and to be higher
during weeks 1–48 than weeks 49–96, and hyperbilirubi-
nemia onset was assumed to occur only during the first 12
weeks of treatment. After onset, patients would continue
to experience the condition(s) until discontinuation of
treatment (e.g., advancement beyond first-line therapy).
Depending on HIV state, patients experienced between
1.7 and 17.9 OIs during each 3-month cycle (Table 1),
which was estimated based on data from published litera-
ture9. US census data from 2005 was used to estimate age-
and gender-specific all-cause mortality, which was
increased by 6.1/1000 patient-years to account for
HIV-specific risk of death2,11.

Health-related quality of life
Changes in health-related quality of life associated with
each cART regimen were based on utility decrements for
HIV states, diarrhea, hyperbilirubinemia, and CHD
(Table 3). State-specific HIV utility weights were based
on those used in a previously published model in which
utilities were estimated from patient responses to the
EuroQol-5 Dimensions quality-of-life instrument; utilities
for states that were defined more broadly here than in the
reference model were calculated as averages of multiple
states9. Quality of life worsened with disease progression9

and with treatment progression beyond first-line therapy,
such that patients in second-line treatment were assigned a
utility weight of 0.781, equal to that of the two worst HIV
states. Utilities associated with these events were esti-
mated based on those for irritable bowel syndrome (IBS)
on the assumption that this condition’s GI effects are of
similar magnitude to those among patients taking PIs. The
lowest (i.e., worst) utility reported among IBS patients was
applied in the model for severe diarrhea, and a slightly
higher utility reported among IBS patients was applied
for mild/moderate diarrhea17–19.

Because of the lack of evidence on the quality of life
decrements associated with hyperbilirubinemia as well as
evidence suggesting that hyperbilirubinemia is not associ-
ated with severe health effects22,23, expert input from an
infectious disease clinical specialist was used to assume
that a mild case of this condition would result in a 0.01
utility decrement and continuation of treatment and that a
severe case would lead to a 0.05 utility decrement and
discontinuation of treatment (Table 3). When individuals
experienced nonfatal CHD events, they were assigned a
one-time cost and a quality of life decrement that incor-
porated the subsequent lifelong changes in these outcomes
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after such events. For patients with multiple conditions,
the lowest utility weight was used25–27.

Cost estimates
Table 3 shows all cost estimates used in the model. Direct
medical costs of treatment with each cART regimen
were estimated based on drug costs, treatment adherence,
physician visits, and laboratory tests, all of which varied
with HIV state and with occurrence of diarrhea, CHD
events, and OIs. Costs of LPV/r and ATVþ r regimens
were based on launch-date wholesale list price (adjusted

to 2008 US dollars) and reduced by 20% for nonadherent
patients, who were assumed not to receive all medication
because such patients tend to delay refill (which thereby
lowers costs). The cost and frequency of physician
visits and laboratory tests were based on HIV-specific
data from published sources1,20 and incorporated estimates
of visit duration from a clinical infectious disease
specialist.

The cost of each CHD event was based on results from a
study of the cost-utility of primary prevention of CHD16,
and the costs per diarrhea episode were based on the cost of
a course of antidiarrheal agents21. The costs associated

Table 3. Net quality-adjusted life-years lost and costs incurred associated with HIV infection, diarrhea, hyperbilirubinemia, coronary heart disease, and
opportunistic infections.

Disease outcome Base-case estimate Ranges for sensitivity analyses* Reference

QALY
HIV statey

1 0.944 Uniform (0.888, 1)
2 0.935 Uniform (0.869, 1)
3 0.929 Uniform (0.858, 1)
4 0.932 Uniform (0.863, 1) 9
5 0.863 Uniform (0.726, 1)
6 0.849 Uniform (0.698, 1)
7 0.781 Uniform (0.562, 1)
8 0.781 Uniform (0.562, 1)

CHD Ongoing Event Ongoing Event
0.90 0.88 Uniform (0.800, 1) Uniform (0.760, 1) 16

Diarrhea Mild/moderate Severe Mild/moderate Severe
0.900 0.641 Uniform (0.800, 1) Uniform (0.283, 1) 17–19

Hyperbilirubinemia Mild/moderate Severe Mild/moderate Severe
0.999 0.950 Uniform (0.998, 1) Uniform (0.900, 1) Expert opinionz

Costs (2008 US dollars)
First-line LPV/r ATVþ r

4145 4604 WLP
Second-linex 4049
Effect of nonadherence on

first-line drug costs
–20% Uniform (�10%)

Nondrug costs by HIV state**
1, 3, 5 461 g (9,51)
2, 4, 6 720 g (9,80) 1, 20, expert opinionz

7 479 g (9,53)
8y 758 g (9,84)

CHD Ongoing Event
806 12,885 g (9,1432) 16

Diarrheayy 28 – 21
Hyperbilirubinemia 0 – 22,23, expert opinionz
OI 4442 g (9494) 24, MACS

*Ranges for QALY uniform distributions use as upper bounds the minimum of either the value shown above or the value of the next-least valued health state for that
condition: QALY weights for severe diarrhea or hyperbilirubinemia must be� those for the respective mild/moderate conditions; that for HIV state 2 must be� that
of state 1; that for HIV state 3 must be� that of state 4; that for HIV state 4 must be� that of state 2; that for HIV state 5 must be� that of state 3; that for HIV state 6
must be � that of state 5; those for HIV state 7 and 8 must be � that of state 6. Values shown for gamma (g) distributions are the alpha and beta parameters.
yState-specific HIV utility weights were based on published estimates from a previous model and used the EuroQol quality of life instrument; utilities for states that
were defined more broadly here than in the reference model were calculated as averages of multiple states. Utility weight for state 8 includes that for states beyond
first-line treatment.
zEstimates incorporated input from infectious disease clinician for visit duration for nondrug costs as well as for hyperbilirubinemia QALY and cost estimates.
x40% abacavir/lamivudineþ darunavirþ ritonavir and 60% efavirenz/emtricitabine/tenofovir.
**Direct medical costs of: 1 chemistry panel, 1 complete blood count, and 1 CD4 count; a 10-minute visit to a physician for states 1–6, a 15-minute visit for state 7,
and a 25-minute visit for state 8; 1 blood draw and 1 viral load assessment (ultrasensitive quantitation) in states 1, 3, 5, and 7; 2 blood draws and 2 viral load
assessments in states 2, 4, 6, and 8.
yyLoperamide 2 md bid.
ATVþ r, atazanavir-ritonavir; CHD, coronary heart disease; LPV/r, lopinavir-ritonavir; MACS, Multicenter AIDS Cohort Study; QALY, quality-adjusted life year, WLP,
wholesale list price.
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with hyperbilirubinemia were based on recent evidence
indicating that the incidence of grade III or IV hyperbilir-
ubinemia is not associated with higher risk of severe hep-
atotoxicity or with regimen discontinuation22,23; with
input from a clinical infectious disease specialist, it was
therefore assumed that no additional treatments or costs
would be associated with this diagnosis. Cost per OI was
estimated as a weighted average of all OIs, based on the
distribution of OI rates from the Multicenter AIDS Cohort
Study (MACS) data (Release P17) and OI costs from a
previous cost-effectiveness analysis24. All costs were
adjusted to 2008 US dollars using the all-item consumer
price index28.

Analysis
A Markov microsimulation model was conducted for a
hypothetical cohort of 1,000,000 HIV-1-infected cART-
naı̈ve patients, each of whom was simulated separately
through the LPV/r and ATVþ r model scenarios. All out-
comes were evaluated over 1-, 2-, 5-, 10-, 20-year, and
lifetime periods, and incremental cost-effectiveness ratios
(ICERs) were calculated as the ratios of lifetime incremen-
tal costs and incremental QALYs associated with ATVþ r
compared with LPV/r treatments.

To test the potential impact of uncertainty in model
parameter estimates, nine alternative scenarios were eval-
uated with one-way sensitivity analyses to separately vary
each of the following parameters: effect of ATVþ r treat-
ment on viral load; effects of LPV/r and ATVþ r treat-
ments on TC:HDL ratios; adherence with LPV/r and
ATVþ r; and utility weights for CHD events, moderate
and severe diarrhea, and severe hyperbilirubinemia. A
probabilistic sensitivity analysis was also conducted to
evaluate the impact of simultaneously varying all such
parameters as well as the following: event rates for fatal
CHD, OI, diarrhea, and hyperbilirubinemia; nonadher-
ence rates; the effects of nonadherence on HIV transitions
and costs; utility weights for HIV states; nondrug medical
costs by HIV state; and CHD and OI costs.

Probabilistic sensitivity analyses apply distributions to
ranges of each varied parameter and sample at random
from these distributions, thereby simulating uncertainty
and generating an empirical distribution of the cost-
effectiveness ratio. Parameter distributions and ranges for
this model (see Tables 2 and 3) were chosen based on the
original data source as well as on assumptions that consid-
ered parameter type and the inclusion of a broad range of
values. Because of its usefulness in skewed data, the gamma
distribution was applied to cost variables, for which the
alpha and beta parameters were chosen such that the
mean equaled the base value and the 95% confidence
interval covered 50–200% of the base-case value. The
beta distribution, useful for probabilities estimated from a
proportion, was used for diarrhea and hyperbilirubinemia

rates and was estimated based on numbers of events (for
the alpha parameter) and nonevents (beta) in the
CASTLE trial.

For utility weights, uniform distributions were used with
mean values equal to the model’s base-case estimates and
maximum values of one. Uniform distributions with means
equal to the base-case estimate were used for the effects of
treatment and adherence on viral load, the probability of
fatal CHD, and OI rates, with ranges of �10% for all but
OI rates, which used � half of the base-case estimate.
Normal distributions with means equal to the base case
were applied to the effects of treatment on TC:HDL
ratio (ranges to cover up to 10-fold change from base
case) and to the probability of nonadherence (range �
difference between upper bound of 1 and the greater of
ATVþ r and LPV/r base-case estimates).

Within these distributions and ranges, the ordinal
nature of particular estimates was maintained such that
certain parameter values would – because of the nature of
the condition – have to remain higher/lower than others.
For example, it was assumed that the utility weight associ-
ated with mild/moderate diarrhea would always be higher
(e.g., better) than that of severe diarrhea; HIV states with
higher CD4 counts and lower viral loads would always be
associated with higher utility weights, lower costs, and
lower OI rates than HIV states with lower CD4 counts
and higher viral loads. Probabilistic sensitivity analyses
were conducted with 125 model simulations of 100,000
individual trials, in which the parameter estimates were
randomly drawn based on the above distributions.

Results

Table 4 presents base-case results comparing first-line
treatment with ATVþ r versus with LPV/r among HIV-
1-infected, cART-naı̈ve adults in the US. Over a lifetime,
patients initiating ATVþ r were predicted to receive 26.6
more months (97.3 vs. 70.7) of first-line therapy than
those initiating LPV/r, to have 19.08 AIDS cases per
1000 patient-years compared with 20.05 for LPV/r, and
to experience fewer adverse events for four of the five out-
comes studied. Comparing patients receiving ATVþ r
with those receiving LPV/r, the model projected that,
per 1000 patient-years, there would be 0.44 vs. 0.52 OIs,
1.27 vs. 6.26 diarrhea occurrences, and 5.44 vs. 5.51 CHD
events. ATVþ r treatment would result in higher hyper-
bilirubinemia rates (6.99 vs. 0.25 per 1000 patient-years),
higher costs ($275,986 vs. 269,160), and higher absolute
(18.52 vs. 18.51 life-years) and quality-adjusted survival
(11.02 vs. 10.76 QALYs) compared with LPV/r use over
a lifetime. Overall, ATVþ r added 0.26 QALYs at a cost of
$6826, producing an ICER of $26,421 per QALY gained.

Figure 2 shows that the same health outcomes were
predicted to similarly favor ATVþ r except in the case
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of hyperbilirubinemia, at 1, 5, 10, 15, 20, and 30þ years of
patient follow-up, but with differing patterns over time.
The benefits associated with longer time spent receiving
first-line treatment and of fewer OIs and CHD events asso-
ciated with ATVþ r treatment increased over time,

whereas benefits of fewer AIDS diagnoses and diarrhea
episodes and risks of more hyperbilirubinemia episodes
associated with ATVþ r decreased over time. For exam-
ple, at 1 year of follow-up the rates of hyperbilirubinemia
among ATVþ r patients were 126/1000 patient-years

Figure 2. Predicted years spent in first-line treatment (panel a) and incidence (per 1000 person-years) of AIDS diagnoses (panel b), opportunistic infections
(panel c), CHD events (panel d), diarrhea (panel e), and hyperbilirubinemia (panel f), by treatment type and year of follow-up.

Table 4. Projected health-related, cost, and quality-adjusted life-year outcomes associated with LPV/r compared with ATVþ r treatment for antiretroviral
therapy–naı̈ve HIV-infected patients: base-case results.

Health-related outcomes

Months in first-line treatment AIDS OI CHD Diarrhea Hyperbilirubinemia

LPV/r 70.7 20.054 0.519 5.511 6.262 0.247
ATVþ r 97.3 19.081 0.443 5.437 1.272 6.986

Cost and QALY outcomes

Cost Incremental cost QALY Incremental QALY Incremental cost-effectiveness ratio

LPV/r $269,160 – 10.761 – –
ATVþ r $275,986 $6826 11.020 0.258 $26,421

ATVþ r, atazanavir-ritonavir; CHD, coronary heart disease; LPV/r, lopinavir-ritonavir; OI, opportunistic infection; QALY, quality-adjusted life year; WLP, wholesale
list price.

Journal of Medical Economics Volume 14, Number 2 April 2011

174 Cost effectiveness of atazanavir-ritonavir Broder et al. www.informahealthcare.com/JME ! 2011 Informa UK Ltd



greater than those among LPV/r patients, but this differ-
ence diminished to 27/1000 patient-years at 5 years and to
less than 7/1000 patient-years over a lifetime.

The results of the one-way sensitivity analyses for eval-
uating alternative scenarios indicated that, overall, the
ICER would exceed $50,000/QALY only when the differ-
ential effect of ATVþ r on viral load was dramatically less
than that seen in CASTLE; for all other alternative sce-
narios considered, the ICER never exceeded $35,000/
QALY (Figure 3a). When the differential effect of
ATVþ r on viral load was estimated to be smaller (9%
instead of 19%), the ICER more than doubled over the
base case, at $58,444 (vs. $26,421), and it decreased to less
than half of the base case ($13,000/QALY) when this rel-
ative effect was increased to 29%. Associated costs and
QALYs for each arm also varied with different estimated
TC:HDL ratios and with adherence rates, although only
high TC:HDL ratios for ATVþ r and high LPV/r

adherence rates resulted in ICERs above $30,000/QALY
($34,277 and $30,373, respectively).

For example, when the effect of LPV/r treatment on
TC:HDL ratio was varied, the range of ICER values was
$1800/QALY with a maximum of $27,000/QALY. Yet,
ICER results were more sensitive to the effect of
ATVþ r on TC:HDL, for which there was a $9400/
QALY range and a $34,000/QALY maximum.
Perfect adherence to LPV/r increased the ICER to
$30,000/QALY, and perfect adherence to ATVþ r
increased the ICER to $27,000/QALY, whereas reducing
adherence to LPV/r decreased the ICER to $24,000/
QALY, and reducing ATVþ r adherence by the same
absolute percentage brought the ICER to $21,000/
QALY. Results were even less sensitive to varying utilities
for mild/moderate diarrhea, with lower estimates causing
the ICER to decrease by $3000 and higher estimates
causing it to increase by $1300; however, results were

(a)

(b)

IE>0, IC>0 or <0, ICER<50,000: 94.4% 

Willingness to pay = $50,000 

IE>0, IC>0, ICER<50,000: 79.2% 

IE>0, IC<0 (dominant): 15.2% 

Figure 3. Results of one-way (panel a) and probabilistic (panel b) sensitivity analyses: incremental cost-effectiveness ratios (ICERs) of ATVþ r compared
with LPV/r with varying estimates of model input parameter values. Tornado diagram results (panel a) are displayed in order of each parameter’s magnitude of
effect on the ICER, and lower, base case, and upper values used for each one-way sensitivity analysis are shown. In panel b, each of the 125 points represents
one microsimulation analysis of 100,000 individual-level trials; 95% confidence ellipse is shown.
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not sensitive to varying estimated utility associated with
severe diarrhea or severe hyperbilirubinemia.

Figure 3B shows the results of the probabilistic sensitiv-
ity analysis in which all 47 model parameters were simul-
taneously varied to estimate 125 ICERs – represented by
the points in the figure – under such varying assumptions.
These results indicate that ATVþ r was predicted to be
cost-saving 15% of the time, as indicated by the ICER
points in the lower-right-hand quadrant of the plot,
where the health benefits of ATVþ r use were positive
and the costs were negative. Instances in which these ben-
efits were positive, costs were positive or negative, and the
ICER was less than $50,000/QALY are indicated by the
points to the right of the $50,000 threshold line; these
results suggest that ATVþ r was predicted to be cost effec-
tive at a $50,000/QALY societal willingness-to-pay 94% of
the time.

Discussion

This model predicted that patients starting an ATVþ r-
based regimen compared with an LPV/r-based regimen
would, over a lifetime, continue to receive first-line treat-
ment for 2 years longer; experience fewer AIDS diagnoses,
OIs, CHD events, and diarrhea episodes; and experience
more episodes of hyperbilirubinemia. Their quality-
adjusted survival would also be greater than that of
LPV/r patients, and overall survival would be the same.
Specifically, quality-adjusted life expectancy among
patients initiating an ATVþ r-based regimen would be
0.26 QALYs greater than it would be among those starting
an LPV/r-based regimen, and lifetime costs would be
$6,826 greater. When compared with LPV/r, ATVþ r
was thus predicted to have an ICER of $26,426/QALY,
which is well within the $50,000/QALY willingness-
to-pay threshold for healthcare interventions commonly
used in the US29,30.

In cART-naı̈ve HIV-infected patients, first-line treat-
ment with ATVþ r results in more prolonged viral sup-
pression than with LPV/r at a slightly higher cost, and the
results indicate that these additional costs are worthwhile.
Specifically, patients in the model who had greater viral
suppression ultimately spent less time taking later-line
treatments; had fewer AIDS, OI, CHD, and diarrhea
events; and had less drug resistance.

These results suggest these benefits come at a societal
cost that is acceptable by current US standards31–35. This
conclusion differs from that of previous analyses that pre-
dicted ATVþ r to be less cost effective than LPV/r36,37.
This analysis used more-recent and longer-term 96-week
CASTLE results indicating that ATVþ r was 19% more
effective at suppressing viral replication than LPV/r3.
Because the shorter-term data used by Simpson and col-
leagues suggested that ATVþ r treatment was associated

with lower viral suppression than was LPV/r, their model
predicted far lower survival and greater costs for ATVþ r
than did this model36–39. In addition, when the ATVþ r
treatment effect was as low as 9% in sensitivity analyses
(compared with 19% in the base case) over 96 weeks, the
ICER for ATVþ r was $58,000, a value that is well within
the frequently cited $50,000–100,000/QALY threshold for
cost effectiveness and the range seen in other commonly
used clinical treatments31–35.

A primary benefit of ATVþ r is its favorable adverse
effect profile compared with other PIs, a drug class typi-
cally associated with diarrhea that may be severe enough to
reduce patients’ regimen compliance and therefore regi-
men effectiveness. To reflect this benefit, this model incor-
porated the differing impacts of treatment-related diarrhea
and hyperbilirubinemia, which commonly occurs during
the first 2–12 weeks of treatment among patients receiving
ATVþ r23. This analysis thus estimated quality-adjusted
life expectancy based on not only viral load and CD4
count but also on diarrhea, hyperbilirubinemia, and
CHD outcomes. Although the quality-of-life decrement
associated with diarrhea was assumed in the model to
range from 0.10 to 0.36 utils, depending on severity, that
of hyperbilirubinemia (which is not usually clinically rel-
evant)23 was far less at only 0.001–0.050 utils (Table 3). In
addition, because diarrhea is more likely to occur among
patients taking LPV/r and hyperbilirubinemia is more
likely among those taking ATVþ r, the average quality-
of-life decrement associated with these outcomes among
patients receiving LPV/r would therefore be 5 times greater
than that among patients receiving ATVþ r.

With reduced quantity and severity of gastrointestinal
and CHD outcomes, ATVþ r was thus assumed to have
greater treatment adherence even with the hyperbilirubi-
nemia adverse effect. Because greater adherence in the
model led to greater virologic suppression, longer time in
first-line therapy, and fewer AIDS diagnoses and OIs, and
because reduced CHD events were associated with longer
survival, patients who were receiving ATVþ r were pre-
dicted to have slightly longer (by 1 day) overall survival
than were those who were receiving LPV/r. With both
greater survival and greater quality-of-life, quality-adjusted
life expectancy among patients receiving ATVþ r was
predicted to be 0.26 QALYs higher than that among
LPV/r patients, resulting in overall cost effectiveness of
ATVþ r when compared with LPV/r.

The results of this analysis must be considered in light of
its limitations. Although the treatment effect for LPV/r
was based on an as-treated analysis of CASTLE data,
that of the ATVþ r arm was estimated from CASTLE
trial results showing a 6% difference in 96-week rates of
virologic failure. The ATVþ r treatment effect was there-
fore based on an intention-to-treat analysis and may thus
overestimate the number of patients going to second-line
treatment because the estimate includes both severe
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events as well as treatment failure. However, because such
an overestimation would occur only in the ATVþ r arm,
the model results would be biased towards LPV/r and
therefore provide a conservative estimate of ATVþ r
cost effectiveness.

This analysis used treatment-specific changes in
TC:HDL ratios to predict CHD event risk, yet it is possible
that other methods could be just as valid or produce dif-
ferent results. However, even when using extreme
TC:HDL ratios that favored LPV/r, the ICER still did
not exceed $35,000, so even if CHD risk were modeled
differently the overall conclusion of ATVþ r being cost
effective relative to LPV/r would be unlikely to change. In
addition, because of limitations in data, model estimates of
quality-of life decrements associated with diarrhea were
based on those for individuals with IBS and could either
underestimate or overestimate the decrements for HIV-
infected populations. It may initially appear counterintu-
itive that the utility weight for severe diarrhea (0.641) is
lower than that for CHD (0.88 acute; 0.90 ongoing), but
because utility weights measure health-related quality of
life and not mortality, these estimates are likely to repre-
sent the impact of these conditions on domains such as
energy, role functioning, bodily pain, and general health
perceptions. These estimates were further tested in a sen-
sitivity analysis that considered severe-impact CHD and
mild-impact diarrhea, using weights of 0.08 for acute and
ongoing CHD and 0.95 for moderate and severe diarrhea.
Even when using such extreme estimates, the ICER was
still low at $31,638/QALY.

Because of the similar lack of data, quality-of-life dec-
rements associated with hyperbilirubinemia were esti-
mated based on evidence that it is not associated with
severe health effects22,23; hyperbilirubinemia was thus
assumed to have a minimal impact of 0.01–0.05 QALYs
over a lifetime. Although this could have caused model
results to underestimate the effect of hyperbilirubinemia
and thus the ATVþ r ICER, sensitivity analyses showed
that results and conclusions did not change with variations
in this utility estimate.

Finally, the same QALY weight estimate (0.781) was
used in this model for patients who advanced to second-
line treatment because of severe diarrhea or hyperbilirubi-
nemia and for those who advanced because of virologic
failure. Although not all patients experiencing severe
events would necessarily have advancing disease nor
have such low quality of life, this estimate was used as a
simplifying assumption because only a small proportion of
patients entering second-line would do so due to severe
events rather than due to virologic failure, with the risk
of severe adverse events being less than 0.23% (varying by
time on regimen and ongoing until 96 weeks) for LPV/r
and 0.68% (during the first 3 months of treatment only) for
ATVþ r. Thus, making this assumption may have caused
the model to slightly underestimate lifetime QALYs and

bias results against LPV/r. To test the degree of this poten-
tial bias, the model was run using the median of all eight
HIV states’ QALY weights (0.897) as the QALY weight for
second-line treatment among patients who advanced
because of severe events. The resulting ICER increased
slightly from the base case of $26,421–27,319 in this sen-
sitivity analysis; therefore, the use of this simplifying
assumption had only a minimal impact that does not
change the model’s conclusions of ATVþ r’s cost
effectiveness.

Conclusion

By reducing viral load with less gastrointestinal toxicity
and a better lipid profile, ATVþ r was predicted in this
model to lower rates of AIDS and CHD events and
increase quality-adjusted survival compared with LPV/r.
Using the standard US cost-effectiveness threshold of
$50,000 per QALY, ATVþ r is cost effective compared
with LPV/r in cART-naı̈ve HIV-infected patients. In this
era of ever-increasing healthcare costs, this knowledge will
be useful to physicians, policymakers, and payers alike in
their efforts at making clinically appropriate yet cost-con-
scious decisions.
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