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THE YEAR 2006 MARKS THE 25TH

anniversary of the initial clini-
cal descriptions of what would
be later termed the acquired im-

munodeficiency syndrome (AIDS).1,2 AIDS
has grown to pandemic proportions re-
sulting in 25 million deaths and 40 mil-
lion persons living with human immu-
nodeficiency virus (HIV) worldwide by
the end of 2005.3 This year is also the
10th anniversary of what has been com-
monly termed the HAART (highly ac-
tive antiretroviral therapy) era, a decade
that began with the introduction of po-

tent 3-drug combination regimens and
resulted in substantial reductions in HIV-
related morbidity and mortality.4-7

Clinical advances have been sup-
ported by increased understanding of
virologic and immunologic markers of
disease stage, viral transmission, and the
evolution of viral resistance to antiret-
roviral drugs. These advances coin-
cided with major breakthroughs in the

understanding of disease pathogen-
esis, the introduction of viral load moni-
toring, and the clinical application of
drug resistance testing.8-11 Debate con-
tinues over the optimal time for initia-
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Context Guidelines for antiretroviral therapy are important for clinicians worldwide
given the complexity of the field and the varied clinical situations in which these agents
are used. The International AIDS Society–USA panel has updated its recommenda-
tions as warranted by new developments in the field.

Objective To provide physicians and other human immunodeficiency virus (HIV) cli-
nicians with current recommendations for the use of antiretroviral therapy in HIV-
infected adults in circumstances for which there is relatively unrestricted access to drugs
and monitoring tools. The recommendations are centered on 4 key issues: when to
start antiretroviral therapy; what to start; when to change; and what to change. An-
tiretroviral therapy in special circumstances is also described.

Data Sources and Study Selection A 16-member noncompensated panel was
appointed, based on expertise in HIV research and patient care internationally. Data
published or presented at selected scientific conferences from mid 2004 through May
2006 were identified and reviewed by all members of the panel.

Data Extraction and Synthesis Data that might change previous guidelines were
identified and reviewed. New guidelines were drafted by a writing committee and re-
viewed by the entire panel.

Conclusions Antiretroviral therapy in adults continues to evolve rapidly, making de-
livery of state-of-the-art care challenging. Initiation of therapy continues to be rec-
ommended in all symptomatic persons and in asymptomatic persons after the CD4
cell count falls below 350/µL and before it declines to 200/µL. A nonnucleoside re-
verse transcriptase inhibitor or a protease inhibitor boosted with low-dose ritonavir
each combined with 2 nucleoside (or nucleotide) reverse transcriptase inhibitors is rec-
ommended with choice being based on the individual patient profile. Therapy should
be changed when toxicity or intolerance mandate it or when treatment failure is docu-
mented. The virologic target for patients with treatment failure is now a plasma HIV-1
RNA level below 50 copies/mL. Adherence to antiretroviral therapy in the short-term
and the long-term is crucial for treatment success and must be continually reinforced.
JAMA. 2006;296:827-843 www.jama.com
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tion of antiretroviral therapy, driven pri-
marily by the range of metabolic
complications and other toxicities as-
sociated with treatment regimens, the
consequences of suboptimal adher-
ence, and drug class cross-resistance.

The International AIDS Society–
USA panel has published its antiretro-
viral therapy guidelines 7 times since
1996, a period that coincides with the
rapid evolution in practice brought on
by the HAART era. The rationale for is-
suing revised guidelines in 2006 is based
on several developments: (1) contin-
ued refinement of the recommended ini-
tial treatment regimen with a focus on
the nucleoside (or nucleotide) reverse
transcriptase inhibitor (nRTI) compo-
nents of nonnucleoside reverse tran-
scriptase inhibitor (NNRTI)– and pro-
tease inhibitor (PI)–based regimens; (2)
the US Food and Drug Administration
(FDA) approvals of tipranavir and
darunavir, which provide new options
for management of treatment-experi-
enced patients; (3) the redefinition of the
goal of regimens for highly treatment-
experienced patients to achieve plasma
human immunodeficiency virus 1
(HIV-1) RNA levels below assay detec-
tion limits; (4) the availability of a
triple-drug combination formulated in
1 pill to be given once daily; and (5) new
information on drug-sparing therapeu-
tic strategies, such as supervised treat-
ment interruptions and ritonavir-
boosted PI monotherapy.

The guidelines are internationally
based and designed for caregivers
who practice in relatively resource-
unconstrained environments with re-
gard to the availability of drugs and
monitoring tools. However, the prin-
ciples of therapy outlined in these
guidelines are pertinent to antiretrovi-
ral rollout initiatives in resource-
limited settings in that key to the suc-
cess of such programs are use of potent
combinations of drugs designed to fully
suppress virus replication, excellent ad-
herence, and avoidance of toxicity.12 As
drugs and diagnostic tools become more
affordable and widely available, the prin-
ciples outlined herein can help guide na-
tional programs in the developing world.

The panel was originally convened
by the International AIDS Society–
USA in 1995 to prepare evidence-
based guidelines for the treatment of
adult HIV infection. Its last report was
in 2004.13 Physician members were se-
lected based on their expertise in HIV
basic science, clinical research, and pa-
tient care. Panel members are not com-
pensated; random rotations have been
initiated such that one quarter to one
third (4 or 5 members) now rotate off
the panel after each new report.

The full panel reconvened in Octo-
ber 2005 to consider new data relevant
to the current guidelines and met in
person or by conference call regularly
thereafter. Data published or presented
at selected scientific conferences from

mid 2004 through May 2006 were re-
viewed by the panel members. A
MEDLINE search was conducted to
identify published trials with antiretro-
viral agents used during that time frame;
of 749 citations identified, 181 were con-
sidered potentially relevant. In addi-
tion, published or presented data from
mid 2004 on were requested from all
manufacturers of antiretroviral prod-
ucts that were FDA approved or avail-
able via expanded access as of January
1, 2006. Data were critically reviewed in
a systematic fashion. Specific panel mem-
bers were appointed to modify the rat-
ing scale (M.A.T.); conduct the
MEDLINE search (P.A.V.); and pre-
pare drafts of each of the manuscript sec-
tions based on panel review and discus-
sion of available data (S.M.H., M.S.S.,
M.S., J.S.G.M., R.T.S.). All drafts and
searches were reviewed by the entire
panel.

The quality and strength of the evi-
dence were rated according to a scale
adapted from those used by other or-
ganizations (eg, American Heart Asso-
ciation,14 American Association for the
Study of Liver Diseases,15 National In-
stitutes of Health,16 and Infectious Dis-
eases Society of America17 (BOX).

This report focuses on 4 issues perti-
nenttoantiretroviralmanagementofadult
HIVdisease inthesettingofroutineclini-
calcare:whentostarttherapy,whatdrugs
to use in the initial regimen, when to
change a regimen, and what to change.
Thisreportalsoincludesclinicalmanage-
mentrecommendations forselectedspe-
cial patient situations for which unique
considerations are required. New evi-
dencethathasledtochangesintheguide-
lines since the last report isdescribed. In
areas in which the guidelines have not
changed, supportive evidence can be
found in the previous report.13

When to Start Antiretroviral
Therapy
Antiretroviral therapy is recom-
mended for all patients with symptom-
atic HIV disease (AIa; TABLE 1).13 For
patients without symptoms, therapy
should be initiated at some point after
the CD4 cell count declines below

Box. Strength of Recommendation and Quality of Evidence
Rating Scale

Strength of Recommendation

A: Strong evidence to support the recommendation

B: Moderate evidence to support the recommendation

C: Insufficient evidence to support the recommendation

Quality of Evidence*

Ia, Ib: Evidence from 1 or more published randomized, controlled clinical trials

IIa, IIb: Evidence from nonrandomized clinical trials; cohort or case-control studies

III: Recommendation based on the panel’s analysis of the accumulated avail-
able evidence

*“a” Indicates published in the peer-reviewed literature and “b” indicates presented in ab-
stract form at peer-reviewed scientific meetings.
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350/µL but before it reaches 200/µL
(AIIa). No new evidence has emerged
to define the optimal CD4 cell count
that provides a treatment-related sur-
vival advantage, and based on the in-
herent difficulty with designing and ex-
ecuting such studies, it is unlikely that
a randomized, controlled trial will be
conducted to answer this question.
Rather, recommendations rely on well-
conducted cohort studies.18 Data from
one observational study showed a ben-
efit to starting therapy when CD4 cell
counts were higher than 350 cells/µL
compared with starting at an unspeci-
fied later time, but these data do not re-
solve the questions of the precise CD4
cell count at which to start.19

Individualization continues to guide
the timing of treatment initiation, with
consideration of patient readiness, rate
of CD4 cell count decline, and plasma
HIV-1 RNA level.13 Newer formula-
tions of antiretroviral drugs and com-
binations with improved tolerance and
convenience may mitigate previous re-
luctance to begin therapy early.

The debate about aggressive antiret-
roviral treatmentof primary (acute) HIV
infection continues. Recent reports of
substantial depletion of CC chemo-
kine receptor 5 (CCR5)−expressing
CD4 cells in gut-associated lymphoid
tissue in the setting of primary infec-
tion, which may be slow or refractory
to reconstitution with antiretroviral
therapy, represent advances in the
understanding of HIV pathogenesis
that confirm earlier studies in the sim-
ian immunodeficiency virus—rhesus
macaque system.20-23 It remains to be
determined what the implications are
for the timing of therapy in estab-
lished HIV infection.

Choice of Initial Regimen
Recent Data. Since the last edition of
these guidelines, clinical trial and co-
hort studies have led to refinements in
the choice of initial regimen. The rec-
ommended initial regimen remains a
combination of 2 nRTIs with either an
NNRTI or a PI boosted with low-dose
ritonavir. Given the high degree of com-
parability of the recommended compo-

nents of these regimens in treatment-
naive persons with drug-susceptible
virus, the choice of drug centers on ac-
ceptability; predicted tolerance; pill bur-
den; comorbid conditions; short-term,
mid-term, and long-term adverse event
profiles; and successful alternatives
should the initial regimen fail and drug
resistance emerge. The successful out-
comes of several “switch studies” sug-
gest that the initial choice of regimen
does not preclude safely changing drugs
once viral suppression is achieved.

There are no data to establish that
either an NNRTI- or a PI/ritonavir-
based regimen is superior in efficacy at
any stage of disease. Although some
providers prefer a ritonavir-boosted PI
over an NNRTI in very advanced dis-
ease with high viral loads because of the
higher genetic barrier to resistance and
slower rate of mutation selection seen
with PIs, data to support PI- over
NNRTI-based regimens are not yet re-
ported. They perform equally well in
settings with low CD4 cell counts and
high plasma HIV RNA levels.

Specific considerations in selecting
an initial regimen include results of
baseline genotypic drug resistance
testing; viral hepatitis coinfection
status; presence of lipid abnormali-
ties, diabetes mellitus, cardiac, he-
patic, or renal dysfunction; reproduc-
tive status and use of contraception; and
concomitant medications (see the “Spe-
cial Populations” subsection).

NNRTI-Based Regimens. Data con-
tinue to accrue confirming the effi-
cacy and ease of NNRTI-based regi-
mens. Efavirenz plus 2 nRTIs has
become a standard-of-care compara-
tor in clinical trials. Efavirenz use re-
quires adequate contraception in
women of child-bearing potential given
its teratogenic risk in the first trimes-
ter. Efavirenz is available in a fixed-
dose formulation with tenofovir and
emtricitabine, which allows patients to
take only 1 pill a day.

Nevirapine has virologic activity
similar to efavirenz and is safe for the
fetus in all stages of pregnancy if ap-
propriate for the mother. There is a risk
of potentially fatal hepatotoxicity in
women with CD4 cell counts higher
than 250/µL and in men with counts
higher than 400/µL. Data from Thai-
land,24 where the drug was well toler-
ated in the patients studied, have raised
the question about the true risk to
women and whether it applies to all
populations. It is not known whether
switching from efavirenz to nevira-
pine when the CD4 cell count has risen
above these thresholds while receiv-
ing treatment is associated with the
same risk as starting nevirapine de novo
in a treatment-naive woman or man
with CD4 cell counts higher than 250
or 400 cells/µL, respectively.

Since the last Guidelines publica-
tion, data confirm that 4 drugs are gen-
erally no better than 3 drugs when con-

Table 1. Recommendations for Initiating Antiretroviral Therapy in Treatment-Naive Adults
With Chronic HIV Infection*

Measure Recommendation (Rating)†

Symptomatic HIV disease Antiretroviral therapy recommended (AIa)

Asymptomatic HIV disease
CD4 cell count �200/µL Antiretroviral therapy recommended (AIIa)

CD4 cell count �350/µL
but �200/µL

Antiretroviral therapy should be considered and decision
individualized (see subsection “When to Start”
[AIIa])‡

CD4 cell count �350/µL
but �500/µL

Antiretroviral therapy generally not recommended (BIIa)§

CD4 cell count �500/µL Antiretroviral therapy generally not recommended (BIIa)
Abbreviation: HIV, human immunodeficiency virus.
*In nonpregnant adults only. For all individuals regardless of whether they are receiving treatment, intensive counseling

to prevent secondary transmission is indicated. Adapted from Yeni et al.13

†See Box for definitions of ratings.
‡The closer the CD4 cell count is to 200/µL, the stronger the recommendation, particularly if the plasma viral load is

high (�100 000 HIV-1 RNA copies/mL) or if the CD4 cell count is declining rapidly (�100/µL per year).
§Consider treatment for patients with high plasma viral load (�100 000 HIV-1 RNA copies/mL) or with rapid decline of

CD4 cell count.
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sidering treatment with currently
available nRTIs and PIs in treatment-
naive patients not infected with drug-
resistant virus.25 In the final analysis of
AIDS Clinical Trials Group (ACTG)
A5095, which had previously shown
that the zidovudine, lamivudine, and
abacavir regimen was inferior to
efavirenz plus 2 nRTIs,26 efavirenz plus
zidovudine and lamivudine per-
formed comparably to efavirenz plus zi-
dovudine, lamivudine, and abacavir
with 80% and 86% rates of virologic
suppression to less than 50 HIV-1 RNA
copies/mL of plasma at 48 weeks, re-
spectively.27

PI-Based Regimens. Ritonavir-
boosted PIs remain a standard-of-care
option for initial treatment.13

The largest cumulative data set ex-
ists for ritonavir-boosted lopinavir,
which now is available in a formula-
tion that does not require refrigera-
tion. This is especially important for the
developing world. To the developed
world, it offers convenience and lower
pill burden. Since our last report,
ritonavir-boosted lopinavir has been ap-
proved for once daily dosing in treat-
ment-naive patients in the United
States. Approvals in other countries are
pending. The incidence of diarrhea is
greater with 800 mg of lopinavir with
200 mg of ritonavir given once a day
than with 400 mg of lopinavir with 100
mg of ritonavir twice a day. Lipid el-
evations appear comparable. The single
dosage of ritonavir-boosted lopinavir is
not approved for treatment-experi-
enced persons or for children.

Direct comparative trials of ritonavir-
boosted fosamprenavir or atazanavir vs
lopinavir in treatment-naivepatientshave
not been formally reported; however, re-
sults of a study of the latter comparison
(the KLEAN trial) are expected to be re-
leased in August 2006. Ritonavir-
boosted atazanavir has the potential ad-
vantage of causing less hyperlipidemia
than other ritonavir-boosted PIs.28 Its
major drug-specific adverse effect is
hyperbilirubinemia, which is more fre-
quent in persons with the uridine
5�diphospho-glucuronosyl transferase
(UGT) UGT1A1-28 genotype or the CC

genotype of the 3435C→T polymor-
phism in the multidrug resistance
(MDR1) gene.29-31 The latter is associ-
ated with higher atazanavir levels and
thus a greater risk of hyperbilirubin-
emia.Thesegenotypicassociations, along
with the HLA-B-5701 genotype associ-
ated with abacavir hypersensitivity, may
ultimately lead to a greater degree of in-
dividualization of therapy with routine
genotypic profiling of patients in the fu-
ture. However, it is premature to recom-
mend this form of patient screening.
With atazanavir in particular, the indi-
rect hyperbilirubinemia is generally
asymptomatic and unassociated with
liver enzyme elevations. Knowledge of
an increased risk of hyperbilirubinemia
would not necessarily preclude its use.

Resistance patterns at the time of vi-
rologic failure among participants in the
Bristol-Myers Squibb AI424-089 trial32

support the use of ritonavir-boosted ata-
zanavir over atazanavir alone when
choosing this agent as part of an ini-
tial regimen. In this study, 200 treat-
ment-naive participants were random-
ized to receive atazanavir or atazanavir
plus ritonavir each in combination with
extended-release stavudine and lami-
vudine. In the intent-to-treat analysis,
at 48 weeks, HIV-1 RNA suppression
to levels less than 50 copies/mL was
comparable: 70% and 75%, respec-
tively. Of the 10 virologic failures in the
atazanavir-alone group, PI mutations
were seen in 3 and nRTI mutations in
10 participants. Of the 3 virologic fail-
ures in the group receiving atazanavir
plus ritonavir, no PI mutations and 1
nRTI mutation were seen. Hyperbiliru-
binemia and lipid elevations were
greater in the group receiving ataza-
navir plus ritonavir.

In the MaxCmin2 trial,33 400 mg of
lopinavir and 100 mg of ritonavir twice
daily plus 2 nRTIs was compared with
the soft-gel formulation of 1000 mg of
saquinavir plus 100 mg of ritonavir
twice daily plus 2 nRTIs in treatment-
naive participants. At 48 weeks, the vi-
rologic failure rate was higher in the
saquinavir-plus-ritonavir group. This
difference may have occurred because
patients had less tolerance for the

saquinavir-based combination than
those taking the lopinavir-based com-
bination. A trial with the saquinavir
hard-gel formulation showed good vi-
rologic efficacy.34

Dual nRTI Components. Nonnucleo-
side reverse transcriptase inhibitors or PIs
typically are given with 2 nRTIs in com-
binations that have advantages with re-
spect to side effect profiles and availabil-
ity in fixed-dose combinations; virologic
potencies appear comparable. Since the
last edition of the guidelines, data con-
tinue to support use of lamivudine or
emtricitabine (with these drugs consid-
ered interchangeable) as one of the dual
nRTI components because each of these
thiacytidine compounds is well-
tolerated and potent. Lamivudine is avail-
able in fixed-dose combinations with
either zidovudine or abacavir and emtri-
citabine has been coformulated with
tenofovir disoproxil fumarate. As dual
nRTI components, zidovudine and lami-
vudine, abacavir and lamivudine, and
tenofovir and emtricitabine all produce
1.5 to 2.0 log10 copies/mL reductions in
plasma HIV-1 RNA levels and early vi-
rologic failure usually selects for the
M184V substitution associated with re-
sistance to lamivudine or emtricita-
bine. Thus, assuming the presence of
fully drug-susceptible virus, the choice
of the dual nRTI component relates to the
toxicity profiles and predicted toler-
ance of zidovudine, abacavir, or teno-
fovir. Differentiating adverse effects in-
clude headache, nausea, anemia, and
lipoatrophy for zidovudine; hypersensi-
tivity reaction with abacavir; and renal
dysfunction in patients with baseline re-
nal compromise with tenofovir.35 As a
fixed-dose combination, zidovudine and
lamivudine is given twice daily; aba-
cavir and lamivudine and tenofovir and
emtricitabine are given once daily.

In a recent randomized controlled
trial, zidovudine plus lamivudine was
compared with tenofovir plus emtri-
citabine, each in combination with
efavirenz in 517 treatment-naive par-
ticipants.35 Tenofovir and emtricita-
bine with efavirenz resulted in 80%
plasma viral suppression below 50
HIV-1 RNA copies/mL at 48 weeks com-
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pared with 70% for zidovudine and
lamivudine. The former was also su-
perior in CD4 cell count responses and
adverse events. There were more dis-
continuations in the zidovudine and
lamivudine group. Better tolerance of
tenofovir and emtricitabine, rather than
differences in intrinsic antiretroviral ac-
tivity, may explain these results.

Important data for the field concern-
ing an nRTI-sparing strategy are pend-
ing from the analysis of ACTG A5142,
which is comparing lopinavir and
ritonavir plus 2 nRTIs; efavirenz plus
2 nRTIs; and lopinavir and ritonavir
plus efavirenz.

Recommendations. Either of 2
basic 3-drug regimens continues to be
recommended for initial therapy:
NNRTI-based or PI ritonavir-boosted–
based combinations. Of the NNRTIs,
efavirenz is recommended due to its
consistent efficacy demonstrated in
numerous randomized trials and its
toxicity profile (AIa).35-37 Efavirenz is
not recommended for women in the
first trimester of pregnancy (AIIa).
Nevirapine is recommended as the
NNRTI component for women in
whom pregnancy may occur on treat-
ment or who are pregnant and have
fewer than 250 CD4 cells/µL (AIIa).
Nevirapine is also recommended as an
alternative NNRTI in men or women
in whom the central nervous system
toxicity of efavirenz is not tolerated or
does not abate within 2 to 3 weeks of
starting treatment.38 The drug should
be avoided as initial therapy in women
with CD4 cell counts higher than
250/µL and in men with CD4 cell
counts higher than 400/µL (AII).

Of the ritonavir-boosted PIs, recom-
mended components are lopinavir (AIa),
atazanavir (BIII), fosamprenavir (BIII),
or saquinavir (BIII). More data exist for
lopinavir and ritonavir but the hyper-
lipidemia and other metabolic conse-
quences of therapy also support use of
atazanavir and ritonavir. Induction of
hyperlipidemia with atazanavir and
ritonavir is lower than lopinavir and
ritonavir; the most frequent agent-
specific adverse effect of atazanavir is
asymptomatic hyperbilirubinemia. Data

comparing lopinavir and ritonavir and
atazanavir vs ritonavir in treatment-
naive persons are not yet available and
will be important. The efficacy of the
soft-gel formulation of saquinavir and
ritonavir was inferior to lopinavir and
ritonavir33 but this was probably due to
differences in tolerability and the hard-
gel formulation has good virologic effi-
cacy. Data on fosamprenavir and
ritonavir support its use in initial regi-
mens. The choice is dependent on pro-
vider and patient preference.

Recommended nRTI components in
the initial regimen are tenofovir and
emtricitabine (AIa), zidovudine and
lamivudine (AIa), or abacavir and lami-
vudine (AIa). Tenofovir is well toler-
ated but should be used with caution,
or avoided, in patients with preexist-
ing renal insufficiency (AIa).

There are almost 20 years of accrued
data for zidovudine but, as a thymi-
dine analogue, it produces adverse
gastrointestinal tract, central nervous
system, and mitochondrial effects
more frequently than tenofovir or aba-
cavir. Abacavir, in combination with
lamivudine, has comparable antiretro-
viral activity with the other dual nRTI
components listed. However, abacavir-
containing regimens carry a 5% to 8%
risk of discontinuation due to a hyper-
sensitivity reaction. The risk of aba-
cavir hypersensitivity has been associ-
ated with the HLA-B-5701 genotype in
some populations and genotypic pro-
filing of patients for whom abacavir
therapy is being considered.39,40 Fur-
thermore, abacavir retains activity
against viruses with the M184V sub-
stitution that occurs commonly with
regimens containing lamivudine or
emtricitabine, making the drug useful
in constructing regimens in which
these nRTIs have failed. TABLE 2 pre-
sents the considerations for each nRTI
backbone.

Other nRTIs can be combined for ini-
tial regimens if none of the recom-
mended combinations can be used.
However, certain nRTI components
should not be combined. Zidovudine
and stavudine should not be used be-
cause of antagonism (AIa). Stavudine

and didanosine should not be used (AIa)
because of overlapping toxic effects, and
tenofovir and didanosine should not be
used in treatment-naive patients with
wild type virus (AIa) because of damp-
ened CD4 cell responses and toxic ef-
fects.49-52 Its cautious use in treatment-
experienced patients can be considered,
however, when treatment options are
more limited. Also, abacavir and teno-
fovir should not be used as the dual nRTI
component of an initial regimen be-
cause of genetic fragility (eg, K65R sub-
stitution emergence and impact).

Triple nRTI regimens are inferior to
NNRTI- or ritonavir-boosted PI–based
regimens and should only be used in
highly selected circumstances, such as
high risk of toxic effects, drug-drug in-
teractions,orpatientnonadherencetoan
NNRTI or PI and ritonavir component.
Of the triple nRTI regimens, the largest
experience is with zidovudine, lamivu-
dine, and abacavir but it is inferior to
efavirenz-basedregimens.26 Zidovudine,
lamivudine,andtenofoviriscurrentlyun-
der investigation in the Development of
AntiretroviralTherapyinAfricatrial53and
quadruple nRTI regimens (eg, zidovu-
dine,lamivudine,abacavir,andtenofovir)
remain experimental.54

Patient Monitoring
Considerations. Recommendations for
the initial workup of newly diagnosed
HIV-infected persons have been pub-
lished recently.7,55 Baseline and peri-
odic CD4 cell counts and plasma HIV-1
RNA levels, and in selected settings,
baseline drug resistance genotypic test-
ing (see below) are indicated to guide
decision making, as is evaluation for co-
morbid conditions that may influence
the timing and choice of initial therapy
(presence of hepatitis B or C virus [HBV
or HCV] infection, diabetes mellitus,
hyperlipidemia, coronary artery dis-
ease, renal disease, etc).

Monitoring Treatment Response.
The aim of antiretroviral therapy re-
mains the maintenance of the plasma
HIV-1 RNA level below the limits of de-
tection of the most sensitive assays com-
mercially available (ie, less than 50 cop-
ies/mL).13 Effective regimens and high
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levels of adherence result in a decrease
of at least 1.0 log10 copies/mL or 90% per
month and suppression of plasma HIV-1
RNA level to below 50 copies/mL will
generally be achieved by 16 to 24 weeks,
depending on pretreatment level.56 Af-
ter 48 weeks, measures of HIV-1 RNA
should be obtained at regular intervals

(eg, every 3 or 4 monthly) to confirm
that the plasma HIV-1 RNA level re-
mains below the limits of detection.57,58

A confirmed rebound in plasma HIV-1
RNA level after achieving an undetect-
able level should prompt a careful evalu-
ation of the patient’s adherence to the
treatment regimen. Although isolated

low-level rebounds (range, 50-500
copies/mL) in HIV-1 RNA level are of-
ten of no clinical consequence, consecu-
tive rebounds in plasma HIV-1 RNA
higher than 500 copies/mL can be as-
sociated with the development of drug
resistance mutations and virologic
failure.59

Table 2. Recommended Components of Initial Antiretroviral Therapy and Considerations for Choosing the Regimen

Component Considerations for Choice Major Toxic Effects and Cautions Resistance Considerations

Nucleoside (or nucleotide) reverse
transcriptase inhibitors
Tenofovir*/emtricitabine† Well tolerated

Efficacy �zidovudine/lamivudine35 or
stavudine/lamivudine41

Available as a fixed-dose
Spares thymidine analogues
1/d

Baseline renal function should be
evaluated before initiating
tenofovir

Use with caution or avoid in patients
with renal dysfunction

M184V, K65R

Zidovudine/lamivudine‡ Most extensive clinical trial data set
and phase 4 experience
supporting use

Standard-of-care comparator in
many trials, 2/d

Available as a fixed-dose

Headache, nausea
Anemia
Lipoatrophy

M184V, thymidine
analogue-associated mutations

Abacavir/lamivudine‡ Supportive clinical trial data
Spares thymidine analogues
Available as a fixed-dose
1/d

Hypersensitivity syndrome in 5% to
8% of persons (greater risk in
person with the HLA-B5701
genotype)

M184V, K65R

Nonnucleoside reverse transcriptase
inhibitors
Efavirenz Efficacy proven in controlled trials

Standard-of-care comparator in
many trials

Available as a fixed dose

Central nervous system toxic effects
may be limiting

Teratogenic in first trimester of
pregnancy

Single-step high-level resistance
occurs with treatment failure
with cross-resistance to
nevirapine

Nevirapine Efficacy proved in controlled trials
Safe to the fetus

Rash
Hepatotoxicity
Hypersensitivity syndrome
Avoid in women with �250 CD4

cells/µL and men with �400
CD4 cells/µL

Single-step high-level resistance
occurs with treatment failure
with cross-resistance to
efavirenz

Ritonavir-boosted protease inhibitors
Ritonavir-boosted lopinavir Substantial clinical trial data set and

phase 4 experience supporting
efficacy

Heat-stable formulation available
1 or 2/d for treatment naive; 2/d, for

treatment experienced

Gastrointestinal adverse effects
Hyperlipidemia
Lipodystrophy
Insulin resistance

Protease inhibitor mutations are rare
in treatment failure if virus is fully
susceptible at baseline

Ritonavir-boosted atazanavir§ Decreased potential for
hyperlipidemia than with other
protease inhibitors

1/d

Hyperbilirubinemia (UGT1A1-28
alleles and T3435C
polymorphism in MDR1 gene)

Avoid concomitant antacid use
(separate dosing times)

Do not use concomitant proton
pump inhibitors

Limited data on resistance
mutations in previously
antiretroviral-naive patients

Ritonavir-boosted
fosamprenavir§

No food restrictions Rash Limited data on resistance
mutations in previously
antiretroviral-naive patients

Ritonavir-boosted saquinavir§ Lower lipid effects(?)
Soft-gel formulation is less effective

than ritonavir-lopinavir33

Gastrointestinal toxic effects with
soft-gel formulation; incidence
diminished with hard-gel
formulation

Limited data on resistance
mutations in previously
antiretroviral-naive patients

*Recent guidelines recommend a baseline urinalysis and estimation of creatinine clearance or glomerular filtration rate rather than serum creatinine level alone for assessment of
renal function.17 Patients receiving tenofovir should be observed for the development of renal dysfunction because this toxic effect occurs in a small proportion of treated patients
but may require intervention.42-48 To date, the prevalence and predictors for this toxic effect have not been fully established, so vigilance in all patients receiving tenofovir is war-
ranted.

†Or lamivudine.
‡Or emtricitabine.
§Direct comparisons between this drug and ritonavir-boosted lopinavir are under way.
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Resistance Testing. Genotypic and
phenotypic assays are widely used to
evaluate HIV resistance to antiretrovi-
ral drugs.60 In the setting of treatment
experience, resistance testing should be
performed while the patient is taking
the failing regimen. Resistance assays
may also be of value in selecting the ini-
tial treatment regimen, because trans-
mission of drug-resistant HIV strains
leading to suboptimal virologic re-
sponses has been documented and there
is evidence of increasing rates of drug
resistance among newly diagnosed pa-
tients both in Europe and the United
States.61 Early virologic failure in pa-
tients receiving combination antiretro-
viral therapy has been shown to be of-
ten associated with resistance to a single
component of a multidrug regimen.62,63

Results for genotypic assays can be
available in 1 to 2 weeks, whereas re-
sults for phenotypic assays can take 3
to 4 weeks; however, interpretation may
be complex, requiring precise knowl-
edge of the mutations associated with
decreased susceptibility to each anti-
retroviral drug, the interactions among
these mutations, and their potential to
confer cross-resistance.64 Expert ad-
vice should be sought whenever pos-
sible to interpret genotypic results.

Phenotypic assays quantify the abil-
ity of the virus to grow in varying con-
centrations of specific antiretroviral
drugs. Automated recombinant virus
phenotypic assays are commercially
available; however, the test usually re-
quires weeks for turnaround and is more
expensive than genotypic testing.

Cost, differing interpretations of re-
sistance testing, and insensitivity for de-
tection of minor viral species are limi-
tations of genotypic and phenotypic
tests. Both tests identify only the pre-
dominant circulating virus in plasma
(dependent on the selective pressure ex-
erted by the patient’s current regimen).

Therapeutic Drug Monitoring.
Therapeutic drug monitoring (TDM) is
of potential interest because of inter-
patient variability in drug exposure and
the established relationships among
drug exposure, therapeutic effect, and
toxic effects. Protease inhibitors and

NNRTIs are candidates for TDM be-
cause serum concentration–response
relationships are relatively well char-
acterized. Because the active moieties
of nRTIs are intracellular triphos-
phate, or diphosphate in the case of
tenofovir, forms of the drugs, measur-
ing serum levels of these agents is less
helpful.

Expert advice is recommended when
using TDM. The role of TDM in clini-
cal practice remains controversial
largely due to the lack of prospective
studies demonstrating that TDM im-
proves clinical outcome. In addition,
one has to be certain that the labora-
tory used can reliably measure antiret-
roviral drug concentrations under rig-
orous quality control standards.

Fitness Testing. Antiretroviral re-
sistance mutations may affect the ca-
pacity of HIV to replicate in vitro as
measured by replication competence,
which is considered a reflection of in
vivo viral fitness. A virus with a lower
replicative capacity in vitro may be as-
sociated with less virulence in vivo as
measured by the rate of CD4 cell loss
or clinical disease progression, but this
has not been established in prospec-
tive clinical trials. Some would con-
tinue to prescribe a drug whose signa-
ture resistance mutations are associated
with compromised replicative capac-
ity if the agent is well tolerated and CD4
cell level and clinical status are stable,
even in the face of established resis-
tance to that drug.

Recommendations. Once antiretro-
viral therapy is initiated, plasma HIV-1
RNA level should be checked relatively
frequently (eg, every 4-8 weeks; AIIa) un-
til it reaches levels below the limits of de-
tection of the assay and regularly there-
after (eg, 3 times per year to 4 times per
year [BIII]).65 CD4 cell count generally
should be monitored in tandem with
HIV-1 RNA level.

Genotypic testing for HIV resis-
tance is preferred over phenotypic test-
ing in most settings because it is faster,
readily available, and less expensive;
phenotypic testing may be more use-
ful for patients with virologic failure fol-
lowing 2 or more regimens. Baseline re-

sistance testing is recommended if the
prevalence of transmitted HIV drug re-
sistance is greater than 5% (BIII) and
should be considered if the preva-
lence is unknown, but antiretroviral
penetration in the population is thought
to be high enough that transmission of
drug resistance is likely (BIII). Thus, re-
sistance testing has become a routine
part of the baseline evaluation of pa-
tients with established infection in
many settings.7 Resistance testing is rec-
ommended in the setting of virologic
failure (AIa) and ideally should be per-
formed when the patient is taking the
failing regimen, which maximizes se-
lective pressure on the virus thus in-
creasing the likelihood that resistance
testing will detect the mutations that the
patient harbors. Resistance testing
should also be considered after a new
regimen is introduced if the HIV-1 RNA
trajectory is not optimal (AII). Drug-
resistance testing should not be per-
formed if the plasma HIV-1 RNA level
is below 500 to 1000 copies/mL be-
cause the assay does not perform reli-
ably at that level.

Therapeutic drug monitoring for
NNRTIs and PIs has entered clinical
practice in a number of countries (eg,
Western Europe and Canada) but in
others remains a research tool and is not
recommended as a part of routine care
(CIII). Monitoring of serum nRTI con-
centrations is not recommended in
clinical practice (CIII). Replication-
capacity assays are also not recom-
mended as part of routine care, al-
though, as noted, this in vitro viral
characteristic is already being re-
ported by at least 1 commercial drug-
resistance testing company (CIII).

When to Change
and What to Change
Recent Data. Despite availability of regi-
mens that arepotent,well tolerated, con-
venient, andrelativelyeasy to take,many
patients still require a change in regi-
men, often related to treatment-related
toxic effects, intolerance, inconve-
nience, or failure. Trials with newer anti-
retroviralagentshaveshownthat it ispos-
sible toachieveplasmaHIV-1RNAlevels
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below 50 copies/mL even in highly treat-
ment-experienced patients.66,67 Simi-
larly, several studies have demonstrated
that many treatment-related toxic effects
can be avoided, reversed, or at least par-
tially controlled with judicious modifi-
cations of antiretroviral regimens.68,69

Changing for Reasons of Intoler-
ance, Inconvenience, or Toxic Effects.
Intolerance or toxicity frequently oc-
curs within the first several weeks of
starting a new regimen. In a previously
treatment-naive patient not expected to
harbor archived drug resistance muta-
tions, if 1 offending drug can be identi-
fied, changing only that drug in an oth-
erwise successful regimen is virologically
safe. With some acute toxic effects such
as rash, hepatic dysfunction, and fe-
brile systemic reactions, it may be best
to stop all antiretroviral drugs.

The principle of switching a single
agent for management of toxic effects
may apply to late onset effects as well.
For instance, atazanavir is less likely to
cause increased lipid levels than other
PIs,70 and lipoatrophy is more com-
monly associated with stavudine than
with other nRTIs.69 Switching from a
thymidine analogue to a nonthymi-
dine analogue and from a hyperlipi-
demia-inducing PI and ritonavir to ata-
zanavir and ritonavir may be a useful
clinical strategy.71

Changing for Treatment Failure. The
benefits of plasma HIV-1 RNA suppres-
sion to less than 50 copies/mL on du-
rability of response and prevention of
emergence of resistance support using
persistent elevations above this cutoff as
a definition of virologic failure. Previ-
ous guidelines recommended establish-
ing a plasma HIV-1 RNA target of at least
0.5 to 1 log10 HIV-1 RNA copies/mL be-
low baseline for patients with more ad-
vanced treatment failure and a high level
of multidrug resistance. However, sev-
eral recent studies evaluating newer an-
tiretroviral agents designed to have ac-
tivity against multidrug-resistant virus
have demonstrated that a high propor-
tion of heavily treatment-experienced
patients can achieve HIV-1 RNA levels
of less than 50 copies/mL.66,72,73 When
this is not achievable, stability of CD4

cell count and clinical status usually can
be maintained for relatively long peri-
ods with reductions of HIV-1 RNA to
levels at least 0.5 to 1.0 log10 copies/mL
below baseline, although cumulative ac-
quisition of new resistance mutations is
a consequence of this approach. Iso-
lated episodes of intermittent viremia or
transient episodes of plasma HIV-1 RNA
levels higher than 50 copies/mL but
lower than 500 to 1000 copies/mL do not
necessarily predict subsequent viro-
logic failure and should not prompt an
immediate change in therapy.74

For selecting subsequent therapy,
data from recent trials showed no
benefit of double-boosted PIs (2 ac-
tive PIs and low-dose ritonavir) over
single-boosted PIs.66,72 Moreover, phar-
macokinetic interactions, tolerance, and
long-term adverse effects complicate
double-boosted PI therapy.

Drug-Sparing Strategies. Ritonavir-
Boosted PI Monotherapy. The potency
and high genetic barrier to resistance of
ritonavir-boosted PIs might make them
potentially useful as initial therapy or as
part of a simplification strategy. In the
OK study, 42 participants were ran-
domly assigned to continue lopinavir
and ritonavir plus 2 nRTIs or to begin
lopinavir and ritonavir monotherapy fol-
lowing suppression to less than 50 cop-
ies/mL on lopinavir and ritonavir plus
2 nRTIs. At 48 weeks, 81% and 95% of
the participants in the 2 groups, respec-
tively, maintained HIV-1 RNA levels
lower than 50 copies/mL. This was not
statistically different because the num-
bers in the trial were small.75 In the
single-group, pilot ACTG A5201 study76

of 36 participants, simplification of
therapy to atazanavir and ritonavir alone
following 6 weeks of induction with ata-
zanavir and ritonavir plus 2 nRTIs re-
sulted in a 91% rate of suppression of
plasma HIV-1 RNA to less than 50 cop-
ies/mL at 24 weeks. In both of these stud-
ies, PI mutations were not detected in
the patients in whom monotherapy
failed virologically. These data are still
preliminary but add to the growing ex-
perience with nRTI-sparing strategies
and suggest that further studies are war-
ranted.

Treatment Interruptions and Intermit-
tent Therapy. Recent studies have dem-
onstrated no beneficial effect, and some-
times deteriorating clinical outcomes,
by using structured (or supervised)
treatment interruptions (STIs) as a
treatment strategy. Two general ap-
proaches have been evaluated: therapy
interruption done at predefined inter-
vals of time or interruption based on tar-
geted CD4 cell responses.

The Staccato,77 Window,78 Triva-
can,79 and Istituto Superiore di Sanità
Pulsed Anti-Retroviral Therapy
(PART)80 studies each looked at vari-
able or fixed intervals of treatment in-
terruptions that lasted from weeks to
months. A common theme that
emerged is that short intervals of stop-
ping and starting therapy can be asso-
ciated with relatively high rates of emer-
gence of drug resistance and are
generally not advisable. Longer inter-
vals of starting and stopping therapy
may not result in significantly more fail-
ure, but there is no clear consensus on
the safety and value of this approach.

Other studies used CD4 cell count
triggers of treatment interruption. The
Strategies for Management of Anti-
Retroviral Therapy study81 evaluated
routine interruption of therapy when
CD4 cell counts reached a threshold of
more than 350/µL and reintroduction
of therapy when the CD4 cell count de-
creased to less than 250/µL vs continu-
ous therapy. There was increased pro-
gression to a new AIDS-defining event
or death, as well as more non-HIV–
related serious adverse events among
those in the STI group than those in
the control group. Similarly, the group
whose treatment was interrupted by
CD4 cell count in the Trivacan study
was discontinued early as a result of
an increased incidence of severe
morbidity.78

Available data from ongoing trials
evaluating treatment interruptions at
higher CD4 cell counts are difficult
to interpret, given their lack of statis-
tical power to compare clinical end
points.77,80,82

Some studies that used STI as a means
to improve immunologic host re-
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sponses to HIV through autoimmuniza-
tion have shown some improvement in
the level of HIV-1 viremia in the STI
group compared with the control group.
In one such study, the effect of the STI
was small and several participants
developed mutations associated with
resistance to the drugs in their discon-
tinued regimens and had difficulty re-
establishing control of replication when
therapy was reintroduced.83

NewDrugs.Since the previous guide-
lines, 2 new drugs have become avail-
able for use in treatment-experienced
patients (TABLE 3).

Tipranavir. A PI designed to have ac-
tivity against multi-PI-resistant virus is
the combination of 500 mg of tipranavir
with 200 mg of ritonavir twice a day. The
Randomized Evaluation of Strategic In-
tervention in Multi-drug Resistant Pa-
tients with Tipranavir (RESIST) trials I84

and II75,85 evaluated tipranavir in pa-
tients in whom PI-, NNRTI-, and nRTI-
containing regimens had failed. Pa-
tients who had 2 or more mutations
associated with high-level tipranavir re-
sistance were not eligible for enroll-
ment. The 2 studies had similar inclu-
sion criteria and were conducted in
North America, Europe, Australia, and
Latin America. The tipranavir-plus-
ritonavir group demonstrated greater re-
ductions in plasma HIV-1 RNA levels
and increases in CD4 cell counts than
did the comparator PI group when each
was combined with optimized back-
ground regimens. Of note, in this heavily
treatment-experienced population, 33%
of the enfuvirtide-naive participants
achieved levels of less than 50 cop-
ies/mL if enfuvirtide was part of the op-
timized background regimens.66 The
likelihood of reaching an HIV-1 RNA
level lower than 50 copies/mL was high-
est if more than 2 active drugs were in
the regimen, especially if 1 of the drugs
was enfuvirtide.

The principal toxic effects of tipranavir
are gastrointestinal, with approxi-
mately 20% of participants experienc-
ing nausea and 30% diarrhea. Fatal and
nonfatal intracranial hemorrhage has re-
cently been reported among patients tak-
ing tipranavir. Liver enzyme elevations

are not uncommon, particularly in pa-
tients with chronic HBV or HCV, or with
elevated liver enzymes at initiation of
tipranavir-ritonavir therapy.Aswithother
PIs, the presence of a greater number of
key mutations leads to stepwise reduc-
tion in activity.88 A 1.8-fold phenotypic
change in tipranavir susceptibility is as-
sociated with reduced activity of
tipranavir-ritonavir-containing regi-
mens in the clinical studies conducted
thus far. Pharmacologic interactions be-
tween tipranavir and other drugs me-
tabolized by the liver may limit its use
for patients taking numerous drugs.

Darunavir. Formerly known as TMC-
114, darunavir, is a potent new PI also
designed to have activity against multi-
PI-resistant virus; it is given at a dose
of 600 mg twice a day combined with
low-dose ritonavir (100 mg twice a
day). Darunavir was evaluated in 2 stud-
ies (Performance of TMC-114/r When
Evaluated in Treatment-Experienced
Patients With PI Resistance[POWER]
I and II)86,87 conducted in the United
States, Europe, and South America. En-
try criteria were similar to that in the
RESIST trials84,85 except that the exis-
tence of baseline genotypic mutations
associated with PI resistance was not an
exclusion criterion. Heavily treatment-
experienced participants (eg, there was
a 70- to 80-fold reduction in lopinavir
susceptibility) were assigned to re-
ceive optimized background regimens
combined with either darunavir or a
comparator PI. The comparator PI sub-
set performed similarly as it had in the
RESIST studies. Plasma HIV-1 RNA
level reductions and CD4 cell count in-
creases were significantly greater in the
darunavir group. Of note, at 24 weeks
more than 60% of enfuvirtide-naive par-
ticipants who were treated with enfu-
virtide achieved undetectable levels.74

POWER III,67 an open-label study, pro-
vided safety and relative efficacy data
for darunavir and ritonavir in heavily
treatment-experienced patients.

The principal toxic effects of darunavir
are gastrointestinal, 18% of participants
experienced nausea and 17% diarrhea.
Mutations at positions 32, 33, 47, and 54
on the protease gene are associated with

reduced susceptibility to darunavir and
a 4- to 10-fold change in phenotypic sus-
ceptibility is associated with reduced ac-
tivity of drug.89

Recommendations. The recommen-
dations for when to change and what
to change to depend on the reasons for
changing and on the availability of ac-
tive drugs for constructing a potent regi-
men.

Changing Therapy Because of Toxic-
ity, Intolerance, or Inconvenience. Low-
grade and often transient symptoms that
typically occur early after initiation of
therapy (eg, zidovudine-related head-
ache and nausea; efavirenz-related cen-
tral nervous system adverse effects) can
often be addressed with appropriate pa-
tient education and symptomatic medi-
cations without stopping the offend-
ing drug.

In successfully treated patients who
need to modify their regimens be-
cause of toxic effects or intolerance and
in whom the offending agent can be
identified with reasonable certainty,
single-drug substitution is generally
safe, particularly in previously treat-
ment-naive patients not expected to be
harboring archived drug-resistance mu-
tations (AII).

When a toxic effect cannot be con-
fidently attributed to a single drug and
is severe enough to require temporary
discontinuation of therapy, all drugs in
the regimen should be stopped (AII).

For patients taking drugs with sub-
stantially different half-lives (eg, NNRTI
and nRTIs) and whose reason for chang-
ing therapy is inconvenience or ad-
verse effects that do not require imme-
diate action, staggered discontinuation
of the drugs should be considered (eg,
stopping the NNRTI 5 to 7 days before
the nRTIs), in an attempt to avoid the
emergence of drug resistance (BIII). Nev-
ertheless, given wide interpatient vari-
ability, it is not possible to determine
with certainty what is a safe time inter-
val for differential stoppage of antiret-
rovirals.90 Once the toxicity resolves, a
new regimen can often be introduced.

Symptomatic lactic acidosis is a life-
threatening condition that is most of-
ten associated with the use of nRTIs,
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Table 3. Selected Randomized Studies of Tipranavir and Darunavir

Study Drug
No. of

Patients

Population/Prior
Antiretroviral

Therapy
CD4 Cell
Count/µL

Log10

Copies of
HIV-1

RNA/mL

End Points

% With
�50 HIV-1

RNA
Copies/mL

Increase in
CD4 Cell
Count/µL

Important Safety
Results

RESIST 184 Tipranavir 620 Treatment-
experienced

Virologic failure of �1 nRTI,
�1 NNRTI, �2 PIs; �1
major PI mutation but
�2 mutations at codons
33, 82,84, or 90;
median of 15 baseline PI
mutations in each group

RESIST 1 and 2 pooled
data: AST/ALT, �5% to
�7%; triglycerides,
�20%; higher overall
rate of adverse events in
ritonavir-tipranavir
groups than comparator

Optimized background
� 500 mg/d of
tipranavir � 200
mg/d of ritonavir

123 4.81 32.8* 36*

Optimized background
� comparator PI

123 4.84 14.3* 6*

RESIST 285 Tipranavir 863 Treatment-
experienced

Virologic failure of �1 nRTI,
�1 NNRTI, �2 PIs; �1
major PI mutation but
�2 mutations at codons
33, 82, 84, or 90;
median of 12 prior
regimens in each group

Optimized background
� 500 mg of
tipranavir � 200 mg
of ritonavir 2/d

175 4.78 22.5* 31*

Optimized background
� comparator PI

196 4.77 8.6* 1*

POWER 186 Darunavir 128 Treatment-
experienced

Virologic failure of 3
classes; HIV-1 RNA
�1000 copies/mL;
median of 8 baseline PI
mutations in each group

POWER 1 and 2 pooled
data: �adverse events
vs comparator PI;
similar lipid, hepatic,
and cardiac toxicity,
�glucose effects,
�nausea and insomnia
with darunavir;
�diarrhea with
comparator PI

Optimized background
� 600 mg of
darunavir and 100
mg of ritonavir 2/d†

204 4.5 53* 124*

Optimized background
� comparator PI

233 4.40 18* 20*

POWER 287 Darunavir 110 Treatment-
experienced

Virologic failure of 3
classes; �1 PI mutation;
HIV-1 RNA �1000
copies/mL; median
of 8 baseline PI
mutations in each
group; no NNRTI in
optimized background

Optimized background
� 600 mg of
darunavir and 100
mg of ritonavir 2/d†

99 4.7 39* 59*

Optimized background
� comparator PI

113 4.60 7* 12*

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; HIV, human immunodeficiency virus; LPV, lopinavir; NNRTI, nonnucleoside reverse transcriptase inhibi-
tor; nRTI, nucleoside (or nucleotide) reverse transcriptase inhibitor; PI, protease inhibitor.

*Statistically significant difference between groups.
†Other dosages were used in the original study but are not reported herein.
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