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Antiretroviral Therapy in the Clinic�
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Antiretroviral therapy in the developed world has resulted in substantial reductions in HIV-associated
morbidity and mortality, changing an HIV diagnosis from a likely death sentence into a manageable chronic
infection (F. J. Palella, Jr., K. M. Delaney, A. C. Moorman, M. O. Loveless, J. Fuhrer, G. A. Satten, D. J.
Aschman, and S. D. Holmberg, N. Engl. J. Med. 338:853–860, 1998). Several million years of life have been
saved by effective anti-HIV treatment, although these successes should not obscure the magnitude of the
ongoing worldwide HIV epidemic (R. P. Walensky, A. D. Paltiel, E. Losina, L. M. Mercincavage, B. R.
Schackman, P. E. Sax, M. C. Weinstein, and K. A. Freedberg, J. Infect. Dis. 194:11–19, 2006). Readers of the
Journal of Virology are doubtless aware of the fundamental advances in retrovirology that have made possible
the development of potent inhibitors of HIV replication. In this review, we focus on the issues surrounding how
these drugs and drug regimens are actually used in clinical settings. Their proper use requires detailed
knowledge of the natural history of HIV infection, the pharmacology of the individual drugs, the complexities
of drug-drug interactions, and the use of sophisticated molecular tests for monitoring of viral load, immuno-
logic response, and drug resistance.

Currently, over 25 antiretroviral drugs and several fixed-dose
drug combinations are available in most developed countries.
Individual agents target many of the critical steps in the HIV
replication cycle—entry, reverse transcription, integration, and
proteolytic processing. Newer regimens offer greater conve-
nience and less toxicity than ones previously used, and emerg-
ing data suggest that antiretroviral therapy should be initiated
earlier during the natural history of HIV infection than was
previously recommended (54). Randomized comparative test-
ing has demonstrated superior clinical, immunologic, and vi-
rologic outcomes with certain drug combinations, although the
use of certain otherwise effective antiretroviral regimens may
sometimes be limited by co-morbid illnesses and toxicities.
This review focuses on the translation of insights gleaned from
both bench and clinical research into the day-to-day care of
HIV-infected patients. We discuss the practical issues of how
to choose an antiretroviral regimen, when to start therapy, how
to monitor the clinical response, and how to adjust therapy for
treatment failure or drug-associated toxicities.

AVAILABLE ANTIRETROVIRAL CLASSES AND DRUGS

A list of approved antiretroviral drugs is shown in Table 1.
Nucleoside and nucleotide reverse transcriptase inhibitors
(NRTIs) were the first antiretrovirals to enter clinical use, but
some of the early agents in this class (e.g., zalcitabine and
stavudine) have largely been replaced in clinical practice by
newer drugs with improved toxicity and tolerance profiles. All
drugs in this class are analogs of native nucleotides, and almost

all of them share the common motif of a lack of a 3�-OH group
on their ribose ring that prevents the addition of nucleotides to
the elongating proviral-DNA strand; this effectively terminates
proviral-DNA synthesis. The structural exception is tenofovir,
which causes chain termination because of the lack of an intact
ribose moiety. Drugs in the NRTI class must be phosphory-
lated by intracellular kinases into their active triphosphate
forms before they can effectively inhibit reverse transcriptase.
Intracellular triphosphate forms have longer elimination half-
lives ([t1/2] 3 to 50 h) than the parent drugs (1 to 10 h);
excretion of NRTIs occurs predominantly via the kidney.

All NRTIs can, to a much lesser extent, inhibit the activity of
normal cellular DNA polymerases, most notably the mitochon-
drial DNA (mtDNA) polymerase � (pol-�). This NRTI-asso-
ciated inhibition of mitochondrial function may account for
certain drug-specific adverse effects, e.g., elevated serum lac-
tate and resulting lactic acidosis, as well as disorders of the
liver, muscles, adipose tissue, and peripheral nerves. The dide-
oxynucleoside RT inhibitors exhibit the tightest binding to and
the most inefficient exonucleolytic removal from DNA pol-�,
leading to the greatest degree of mtDNA synthesis inhibition
via chain termination (4, 21, 31). Lamivudine, emtricitabine,
abacavir, and tenofovir are the currently available NRTIs least
likely to be associated with adverse drug effects resulting from
mitochondrial dysfunction and the most likely NRTIs to be
used in first-line regimens.

Tenofovir is now included in many preferred first-line anti-
retroviral regimens and can also be used in treatment-experi-
enced patients whose virus lacks the K65R mutation. Most
tenofovir is excreted unchanged in the urine via glomerular
filtration, although the drug is also actively secreted across the
renal tubule. There has been some concern about the cumu-
lative nephrotoxic potential of tenofovir, given its structural
similarity to the nephrotoxic nucleotides adefovir and cidofo-
vir. Decreases in glomerular filtration rates (GFR), a clinical
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measure of renal function, in patients receiving tenofovir are
modest for the first 6 months after starting therapy (�14 ml/
min per 1.73 m2) and appear to stabilize after 18 months (a
GFR decline of �19 ml/min per 1.73 m2); these findings are
not associated with an increased rate of tenofovir discontinu-
ation (17). Tenofovir, in combination with boosted protease
inhibitors (PIs), is associated with greater declines in renal
function than tenofovir in combination with nonnucleoside
reverse transcriptase inhibitors (NNRTIs), although it is not
always clear that observed decreases in GFR on tenofovir are
clinically significant (15). Given the relatively short periods of
follow-up in previous studies, long-term monitoring of renal
function in patients receiving tenofovir is warranted.

The barriers to NRTI resistance vary among the available
drugs. Some point mutations in RT occur commonly and may
lead to high-level resistance (e.g., M184V and lamivudine or
emtricitabine), whereas others inactivate an individual drug
but are uncommon (e.g., K65R and tenofovir). NRTI resis-
tance in the era when single or sequential drugs were used
generally occurred by the accumulation of thymidine analog
mutations (TAMs) in RT. Increasing numbers of TAMs cor-
related with higher-level and broader cross-resistance to mul-
tiple NRTIs.

NNRTIs bind reverse transcriptase in a pocket far from the
active site. Available NNRTIs have long half-lives (25 to 55 h),
do not require phosphorylation, and are HIV-1 specific; they
have no activity against HIV-2. NNRTIs are hepatically me-
tabolized and are substrates for the cytochrome P (CYP) en-
zymes. CYPs make up an enzyme superfamily that metabolizes
many therapeutic drugs of different classes. The potential for
clinically relevant drug-drug interactions is, therefore, higher
among NNRTIs than NRTIs.

The barrier to HIV-1 resistance is relatively low for available
NNRTIs. Single-point mutations in RT can inactivate all mem-
bers of this class, with the exception of etravirine. Given this
low resistance barrier, NNRTIs are often used early in therapy
when the probability of HIV resistance to these agents is low-
est and the combined protective effect of three fully active
drugs is optimal.

HIV relies on its aspartyl protease to cleave Gag and Gag-
Pol polyproteins into their essential structural and enzymatic

(RT and integrase) components. Many human monomeric as-
partyl proteases (e.g., renin and pepsin) exist, but it is the
homodimer structure of HIV-1 and HIV-2 protease that se-
lectively binds to, and is inhibited by, protease inhibitors.
Ritonavir is a PI with unacceptable levels of tolerance and
toxicity at optimal HIV-inhibitory concentrations; however,
ritonavir is also a potent inhibitor of CYP3A4 metabolism.
This property has been exploited to increase, or “boost,”
plasma drug levels of other PIs by coadministering subthera-
peutic and less-toxic doses of ritonavir. CYP3A4 inhibition can
lead, however, to drug-drug interactions with other medication
classes. PIs can be effective components of initial, second-line,
and salvage antiretroviral regimens, although elevated blood
cholesterol and triglyceride levels, also known as dyslipidemias,
can be a problem with some PIs and may develop within weeks
to months of starting PI-based therapy (56, 61, 66, 70). Al-
though certain PI-based regimens increase the risk of insulin
resistance and diabetes (3, 23, 46, 48), this is unlikely to be a
class-wide PI effect and, in certain cases, may have more to do
with a regimen’s NRTI backbone (6, 9, 12, 28, 45, 47, 69).
There is often a higher genetic barrier to resistance to protease
inhibitors than to either NNRTIs or integrase inhibitors, and
multiple mutations are typically required for protease inhibi-
tors to lose substantial antiviral activity, although exceptions
exist (e.g., saquinavir and nelfinavir). Boosted protease inhib-
itors select resistance mutations based on the major PI used,
not the low-dose ritonavir. The genotypic-mutation patterns
associated with PIs can be particularly complex and challeng-
ing to interpret; phenotypic-resistance testing can often help
resolve these clinical ambiguities (19). Limited data exist on PI
resistance mutations selected during boosted PI therapy in
treatment-naïve patients, primarily because when regimens fail
in these patients, resistance develops to the NRTI backbone
and not to the boosted PI (22).

HIV integrase catalyzes both viral-cDNA processing and
integration into the cellular genome by strand transfer. Inte-
grase strand transfer inhibitors (INSTI) block the strand trans-
fer reaction, thereby inhibiting HIV-1 and HIV-2 replication
(59). Raltegravir inhibits the catalytic activity of HIV integrase
and is now approved for use in treatment-naïve and -experi-
enced patients. Raltegravir is primarily metabolized by gluc-
uronidation. There are, at present, insufficient data reported to
determine if promoter polymorphisms in glucuronidation en-
zymes have any clinically relevant effect on the safety or activity
profile of this drug. HIV resistance to raltegravir is conferred
by amino acid substitutions that occur in proximity to the
integrase catalytic residues (8, 59). The genetic barrier to re-
sistance to integrase strand transfer inhibitors is considered to
be low; single mutations (Q148H and N155H) confer roughly
10-fold decreases in sensitivity to raltegravir (35). Raltegravir
may be used as a component in both first-line and salvage
antiretroviral regimens.

Inhibitors of HIV entry have targeted the conformational
rearrangement of gp41 (enfuvirtide) and the gp120-CCR5
interaction (maraviroc). The need for twice daily injections
with enfuvirtide, along with the local adverse effects that
accompany those injections, has limited its clinical use. Re-
sistance to enfuvirtide is conferred by amino acid substitu-
tions in the heptad repeat 1 (HR1) region of gp41; HR2
mutations can also impact susceptibility to enfuvirtide. Ma-

TABLE 1. Approved antiretroviral drugs

NRTIs NNRTIs PIs Entry inhibitors

Zidovudine Nevirapine Saquinavir Enfuvirtide
Didanosine Delavirdine Ritonavir
Stavudine Efavirenz Indinavir
Lamivudine Etravirine Nelfinavir CCR5 antagonist
Emtricitabine Fosamprenavir Maraviroc
Abacavir Lopinavir/

ritonavir
Tenofovir Atazanavir Integrase inhibitor

Tipranavir Raltegravir

Combinations available as
a single pill

Darunavir

Zidovudine/lamivudine
Abacavir/lamivudine
Tenofovir/emtricitabine
Zidovudine/lamivudine/

abacavir
Tenofovir/emtricitabine/

efavirenz
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raviroc, the first approved CCR5 antagonist, has seen lim-
ited clinical use to date, in part because it is active only
against CCR5-using viruses and thus requires an expensive
test of blood coreceptor usage prior to use. In clinical trials,
escape from maraviroc via mutation and selection has been
uncommon compared with escape via selection of minority
CXCR4-using viral populations that circulate below the de-
tection limit of coreceptor usage assays. Maraviroc confers
no virologic benefit in subjects with a CXCR-4-using virus or
with viruses that either use both receptors or exist as mix-
tures of CCR5- and CXCR-4-using viruses (dual/mixed vi-
rus) (39). The selection of CXCR4-using viruses during
treatment raises clinical concern, because in the natural
history of HIV infection, the appearance of a CXCR4-using
virus is often associated with a faster rate of CD4� T-cell
decline, more rapid disease progression, and an increased
rate of development of AIDS and death (24, 33, 62, 65). In
clinical trials to date, however, discontinuation of maraviroc
has generally resulted in a loss of detectable CXCR4-using
viruses and a reappearance of CCR5-using viral popula-
tions.

Although over 25 drugs are now available for HIV therapy,
existing problems with drug tolerability, toxicity, resistance,
and cost necessitate continued research toward development
of new antiretroviral drugs. Several new drugs from existing
classes are in advanced stages of clinical trials, though drugs
that act by novel antiviral mechanisms appear to be lagging far
behind in their clinical development.

WHEN TO START THERAPY?

Recommendations regarding when to initiate antiretroviral
therapy for HIV infection have evolved over the years. The
pendulum, based on accumulating data, is now swinging to-
ward earlier treatment for infected individuals. For all patients,
regardless of the duration of infection or prior treatment ex-
perience, the goal of therapy is the reduction of plasma viral
load to below detectable levels, currently 50 copies/ml. Most
“highly active” antiretroviral therapy (ART) regimens can now
achieve this goal. Guidelines from expert panels are periodi-
cally updated, and comprehensive online versions of these rec-
ommendations are available (14, 18, 54). The decision to begin
antiretroviral therapy for any patient must balance the burden
and toxicity of the drug regimen against the benefits of de-
creased HIV-related morbidities and increased life expectancy

(Table 2). Although clinicians are most comfortable consider-
ing the deleterious consequences of HIV infection in discrete
quanta of CD4 counts, (e.g., �50, �200, �350, or �500 cells/
�l,), there is a continuum, without clear demarcation, in the
risk of progression to clinical disease and death across the
range of declining CD4 counts from �650 cells/�l to �50
cells/�l (11, 32, 40, 57).

As the risks associated with ART have decreased because of
more-potent and -tolerable drug combinations, the risk-ben-
efit ratio of initiating ART has shifted toward beginning
therapy at higher CD4 cell counts (72). Increasing evidence
suggests a reduction in death, opportunistic infections, and
serious non-AIDS events and an increase in rates of maxi-
mal virologic suppression and CD4 cell counts in patients
who initiate therapy with CD4 counts between 200 to 350
cells/�l (5, 10, 16, 20, 29, 30, 38, 43, 49, 53, 57, 67). Data
from a large observational cohort recently demonstrated an
increased risk of death in patients who did not initiate an-
tiretroviral therapy with CD4 counts either between 351 to
500 cells/�l or of �500 cells/�l relative to patients in those
CD4 strata that did initiate therapy (26). The most recent
U.S. Department of Health and Human Services (DHHS)
guidelines suggest that treatment be initiated in all HIV-
infected patients regardless of CD4 count unless specific
clinical or patient circumstances warrant deferral (54). Al-
though treatment guidelines play a useful role in helping
physicians decide when to start therapy, patient willingness
and readiness to start life-long therapy are critical, and the
role of meticulous adherence in the success of ART is un-
deniable (1, 2, 55). The deferral of therapy until adherence
can be maximized is preferable to suboptimal or incomplete
therapy.

WHAT REGIMEN TO BEGIN?

Several patient and virus factors need to be considered when
choosing an initial regimen (Table 3). These include existing
comorbidities (e.g., cardiovascular, renal, or psychiatric dis-
ease), potential adverse drug effects and interactions with
other medications the patient may be receiving, pregnancy or
pregnancy potential, convenience, and patient adherence. De-
termining the antiretroviral susceptibility of a patient’s HIV

TABLE 2. When to initiate antiretroviral therapy in adolescents
and adults

Parameters for recommendation of initiation of therapy
History of AIDS-defining illness
Symptomatic HIV disease
CD4� T-cell count of �500/�l
HIV-infected pregnant woman
HIV-associated nephropathy
HBVa infection (when HBV treatment is indicated)

Parameter for optional/split-panel recommendation for initiation of
therapy

CD4� T-cell count of �500/�l

a HBV, hepatitis B virus.

TABLE 3. What antiretroviral regimens to start

Preferred regimens

Two NRTIs plus either an NNRTI, a ritonavir-boosted PI, or an
INSTI (raltegravir)

Preferred NRTI backbone
Tenofovir/emtricitabine (coformulated)

Preferred NNRTI
Efavirenz

Preferred ritonavir-boosted PIs
Atazanavir
Darunavir

Preferred regimen for pregnant women
Lopinavir/ritonavir with zidovudine and lamivudine
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isolate is also an important step in constructing an effective
combination antiretroviral regimen. Based on the results of
genotypic-resistance testing, a regimen should be constructed
that maximizes the probability of virologic suppression while
minimizing adverse effects, toxicities, and pill burden. Because
of cost and the longer time required, phenotypic-resistance
testing is generally reserved for more-complex cases where
multiple PI resistance mutations are present.

Most preferred regimens for treatment initiation consist of a
dual-NRTI backbone in combination with an NNRTI, a ritona-
vir-boosted PI, or an INSTI. The choice of whether to use an
NNRTI, a boosted PI, or an INSTI as part of initial therapy
needs to be individualized, based on issues including co-mor-
bid conditions, likely adherence, dosing requirements, and
pregnancy potential. A combination of tenofovir and emtricit-
abine has become the most commonly used dual-NRTI back-
bone in the developed world because of superior virologic
outcomes, reduced drug resistance, and less toxicity than other
NRTI regimens (13, 60, 64). Combination therapy without a
dual-nucleoside backbone is not generally recommended for
initial antiretroviral therapy, though several “nucleoside-spar-
ing” regimens are under study.

NNRTI-, PI-, or INSTI-based therapies, in combination with
a dual-NRTI backbone, provide effective suppression of HIV-1
replication and reconstitution of CD4 cell counts. A random-
ized prospective trial of 1,400 subjects demonstrated similar
composite endpoints of death, AIDS-defining event, or CD4
count decline to �200 cells/�l in subjects receiving either an
NNRTI- or PI-based regimen (34). A meta-analysis of clinical
trials comparing NNRTI- and PI-based therapies suggested
that NNRTI-based therapy was more effective than PI-based
therapy for virologic suppression but was similar to PI-based
therapy for clinical outcomes (7). The low genetic barrier to
resistance to NNRTIs, where single-nucleotide substitutions
may confer broad class-wide resistance (except to etravirine),
provides an additional rationale for the first use of a boosted PI
when adherence may be a problem. However, NNRTI-based
regimens may have lower pill burdens, provide greater conve-
nience (particularly the fixed-dose regimen of tenofovir/
emtricitabine/efavirenz), and possibly have improved lipid pro-
files than PI-based regimens. Although there is less experience
with INSTI-based regimens, studies to date show virologic
outcomes with raltegravir to be similar to those with efavirenz
when either is combined with tenofovir and emtricitabine over
96 weeks of observation (37).

Several clinical trials have evaluated which PIs to use
initially, and it is generally agreed that ritonavir-boosted PIs
are preferred over unboosted PIs for first-line ART regi-
mens unless patients are intolerant to ritonavir-associated
side effects. Atazanavir/r, darunavir/r, fosamprenavir/r, and
saquinavir/r have all demonstrated virologic outcomes sim-
ilar to or better than those achieved with lopinavir/r (12, 42,
50, 74), and current guidelines favor boosted atazanavir or
boosted darunavir as components of initial PI regimens be-
cause of efficacy, good tolerability, once-daily dosing, and
low pill count (54). For an initial NNRTI-based regimen,
efavirenz is preferred over nevirapine in most treatment-
naïve patients because of less toxicity and possibly greater
efficacy; these two drugs should not be used in combination
(54, 71). There are situations, however, where nevirapine is

preferred, particularly in pregnant women and women of
child-bearing age who might become pregnant, where efa-
virenz is contraindicated because of teratogenicity.

Temporary discontinuations of antiretroviral treatment have
been studied in patients with HIV infection as an experimental
strategy to minimize drug toxicities and cost, decrease treat-
ment fatigue, improve quality of life, stimulate HIV-specific
immune responses, and minimize the emergence of drug-re-
sistant viruses. To date, however, interruptions of therapy have
been unsuccessful. The body of available evidence suggests a
lack of benefit, and a large controlled study demonstrated
potential harm with this approach (11, 51).

LABORATORY MONITORING DURING
ANTIRETROVIRAL THERAPY

Blood CD4 cell counts and plasma viral loads are most
widely used to monitor the success of antiretroviral therapy.
Drug resistance testing, HLA-B57 typing, and viral tropism
assays are also important laboratory tests that assist the clini-
cian in designing the most effective and patient-specific anti-
retroviral regimen. When CCR5 antagonist therapy is being
considered, coreceptor tropism testing is essential. Routine
monitoring of liver and kidney function, along with serum
lipids, fasting glucose, and hematologic parameters, should be
undertaken when appropriate.

CD4 T-cell counts should be determined when an HIV di-
agnosis is made and should be monitored regularly thereafter
to guide both antiretroviral therapy and prophylaxis against
opportunistic infections. Once combination antiretroviral ther-
apy is started, the CD4 count may reasonably be expected to
increase between 50 to 150 cells/mm3 in the first year and 50 to
100 cells/mm3 in the second year (25, 27). In patients initiating
therapy when CD4 counts fall below 200 cells/mm3, only a
minority reconstitute their CD4 counts to �500 cells/mm3 af-
ter 4 years (25). CD4 counts can often reach levels considered
normal in patients who initiate therapy with CD4 counts of
�350 cells/mm3 (41).

Prospective screening for the HLA-B*5701 allele reduces
substantially, but does not eliminate, the risk of a hypersensi-
tivity reaction to the NRTI abacavir (36, 63). All patients being
considered for an abacavir-containing regimen should first un-
dergo HLA-B*5701 testing, and those who test positive for this
allele should not receive abacavir.

Viral-load monitoring is necessary to assess the response to
antiretroviral therapy and the durability of virologic suppres-
sion. The goal of all antiretroviral therapy, whether in treat-
ment-naïve or -experienced patients living in developed or
developing countries, is suppression of plasma HIV RNA to
undetectable levels (currently �50 copies/ml). Viral load
should be measured before starting therapy, 2 to 8 weeks later,
and then at 4- to 8-week intervals until HIV RNA is no longer
detectable. At least a 1 log10 reduction in viral load should be
expected at 4 weeks, with a decline in plasma HIV RNA to
�50 copies/ml by 16 to 24 weeks of therapy. Viral-load reduc-
tion usually precedes significant CD4 count improvement. Vi-
ral blips, or transient viral-load increases to between 50 to
1,000 copies/ml in a patient with previously suppressed plasma
HIV RNA, are occasionally seen but do not appear to be
associated with eventual virologic failure and do not necessi-
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tate a change in therapy (44, 68). In some cases, blips may be
the results of temporary lapses in patient adherence to anti-
retroviral regimens (58). True virologic failure is defined as a
persistently detectable viral load in a patient with previously
suppressed plasma HIV RNA or the inability to achieve an
undetectable viral load after 24 to 48 weeks of therapy. Al-
though multiple causes of virologic failure are possible, a de-
tectable viral load in either scenario should prompt HIV drug
resistance testing.

CHANGING THERAPY

Clinical assessment, together with measurement of HIV
RNA levels and CD4 cell counts, should be used to assess the
need to change therapy. If the patient experiences drug toxicity
or intolerance or is unable to adhere to therapy, a change in
regimens may be required. In these situations, it may be ap-
propriate simply to replace the offending drug by another that
is better tolerated and exhibits similar potency.

Clinical situations that should prompt consideration for
changing an entire regimen include a poor early virologic re-
sponse to therapy, failure to suppress plasma HIV-1 RNA to
undetectable levels by 4 to 6 months after initiation, repeated
detection of virus in plasma after initial suppression, a persis-
tent and significant decline in the CD4 T-cell count, or clinical
deterioration.

The selection of a new regimen in patients with virologic,
immunologic, and clinical failure should involve consideration
of the history of previous antiretroviral-drug exposure, current
drug resistance patterns, other medications with the potential
for drug-drug interactions, and individual co-morbid condi-
tions. At least two, and preferably three, fully active drugs
should be included in the new regimen, ideally using agents
from at least one new class. With the multiple drugs available,
the goal of the new regimen should always be to durably sup-
press plasma HIV RNA levels to below limits detectable by the
most sensitive available assay.

CONCLUSIONS

Better understanding of the HIV replicative cycle, mecha-
nisms of viral drug resistance, viral pathogenetic mechanisms,
and host responses to the virus have driven the development of
successful combination antiretroviral strategies over the past
25 years. The results have been enormously successful, extend-
ing the healthy lives of millions of infected individuals. Many
challenges remain for patients on antiretroviral therapy, how-
ever, including adherence to complex regimens, emergence of
drug-resistant virus variants, and the development of compli-
cations of therapy, including drug toxicity. Close monitoring of
patients on therapy, utilizing available laboratory tests such as
CD4 cell counts and viral-load measurements to evaluate suc-
cess or failure, remains essential. Progress is also being made
in the development of new drugs and in the roll-out of anti-
retroviral therapy in the developing world, although major
challenges remain because of the costs and infrastructure
needs required for sustainable programs. As the roll-out and
optimization of antiretroviral-treatment programs continue in
the developing world, laboratory monitoring (e.g., monitoring
of CD4 counts and plasma viral load and drug resistance test-

ing) will be increasingly important to minimize the morbidity
associated with suboptimal treatment regimens.
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9. Dubé, M. P., D. Qian, H. Edmondson-Melancon, F. R. Sattler, D. Goodwin,
C. Martinez, V. Williams, D. Johnson, and T. A. Buchanan. 2002. Prospec-
tive, intensive study of metabolic changes associated with 48 weeks of am-
prenavir-based antiretroviral therapy. Clin. Infect. Dis. 35:475–481.

10. Egger, M., M. May, G. Chene, A. N. Phillips, B. Ledergerber, F. Dabis, D.
Costagliola, A. D’Arminio Monforte, F. de Wolf, P. Reiss, J. D. Lundgren,
A. C. Justice, S. Staszewski, C. Leport, R. S. Hogg, C. A. Sabin, M. J. Gill,
B. Salzberger, and J. A. Sterne. 2002. Prognosis of HIV-1-infected patients
starting highly active antiretroviral therapy: a collaborative analysis of pro-
spective studies. Lancet 360:119–129.

11. El-Sadr, W. M., J. D. Lundgren, J. D. Neaton, F. Gordin, D. Abrams, R. C.
Arduino, A. Babiker, W. Burman, N. Clumeck, C. J. Cohen, D. Cohn, D.
Cooper, J. Darbyshire, S. Emery, G. Fatkenheuer, B. Gazzard, B. Grund, J.
Hoy, K. Klingman, M. Losso, N. Markowitz, J. Neuhaus, A. Phillips, and C.
Rappoport. 2006. CD4� count-guided interruption of antiretroviral treat-
ment. N. Engl. J. Med. 355:2283–2296.

12. Eron, J., Jr., P. Yeni, J. Gathe, Jr., V. Estrada, E. DeJesus, S. Staszewski, P.
Lackey, C. Katlama, B. Young, L. Yau, D. Sutherland-Phillips, P. Wanna-
maker, C. Vavro, L. Patel, J. Yeo, and M. Shaefer. 2006. The KLEAN study
of fosamprenavir-ritonavir versus lopinavir-ritonavir, each in combination
with abacavir-lamivudine, for initial treatment of HIV infection over 48
weeks: a randomised non-inferiority trial. Lancet 368:476–482. (Erratum,
368:1238.)

13. Gallant, J. E., E. DeJesus, J. R. Arribas, A. L. Pozniak, B. Gazzard, R. E.
Campo, B. Lu, D. McColl, S. Chuck, J. Enejosa, J. J. Toole, and A. K. Cheng.
2006. Tenofovir DF, emtricitabine, and efavirenz vs. zidovudine, lamivudine,
and efavirenz for HIV. N. Engl. J. Med. 354:251–260.

14. Gazzard, B. G. 2008. British HIV Association guidelines for the treatment of
HIV-1-infected adults with antiretroviral therapy 2008. HIV Med. 9:563–
608.

15. Goicoechea, M., S. Liu, B. Best, S. Sun, S. Jain, C. Kemper, M. Witt, C.
Diamond, R. Haubrich, and S. Louie. 2008. Greater tenofovir-associated
renal function decline with protease inhibitor-based versus nonnucleoside
reverse-transcriptase inhibitor-based therapy. J. Infect. Dis. 197:102–108.

16. Gras, L., A. M. Kesselring, J. T. Griffin, A. I. van Sighem, C. Fraser, A. C.
Ghani, F. Miedema, P. Reiss, J. M. Lange, and F. de Wolf. 2007. CD4 cell
counts of 800 cells/mm3 or greater after 7 years of highly active antiretroviral
therapy are feasible in most patients starting with 350 cells/mm3 or greater.
J. Acquir. Immune Defic. Syndr. 45:183–192.

17. Gupta, S. K. 2005. Tenofovir and changes in renal function. Clin. Infect. Dis.
41:570–571.

5462 MINIREVIEW J. VIROL.



18. Hammer, S. M., J. J. Eron, Jr., P. Reiss, R. T. Schooley, M. A. Thompson, S.
Walmsley, P. Cahn, M. A. Fischl, J. M. Gatell, M. S. Hirsch, D. M. Jacobsen,
J. S. Montaner, D. D. Richman, P. G. Yeni, and P. A. Volberding. 2008.
Antiretroviral treatment of adult HIV infection: 2008 recommendations of
the International AIDS Society–USA panel. JAMA 300:555–570.

19. Hirsch, M. S., H. F. Gunthard, J. M. Schapiro, F. Brun-Vezinet, B. Clotet,
S. M. Hammer, V. A. Johnson, D. R. Kuritzkes, J. W. Mellors, D. Pillay,
P. G. Yeni, D. M. Jacobsen, and D. D. Richman. 2008. Antiretroviral drug
resistance testing in adult HIV-1 infection: 2008 recommendations of an
International AIDS Society–USA panel. Clin. Infect. Dis. 47:266–285.

20. Jaén, A., A. Esteve, J. M. Miro, C. Tural, A. Montoliu, E. Ferrer, M. Riera,
F. Segura, L. Force, O. Sued, J. Vilaro, I. Garcia, A. Masabeu, J. Altes, B.
Coltet, D. Podzamczer, J. Murillas, G. Navarro, J. M. Gatell, and J. Casa-
bona. 2008. Determinants of HIV progression and assessment of the optimal
time to initiate highly active antiretroviral therapy: PISCIS cohort (Spain). J.
Acquir. Immune Defic. Syndr. 47:212–220.

21. Johnson, A. A., A. S. Ray, J. Hanes, Z. Suo, J. M. Colacino, K. S. Anderson,
and K. A. Johnson. 2001. Toxicity of antiviral nucleoside analogs and the
human mitochondrial DNA polymerase. J. Biol. Chem. 276:40847–40857.

22. Johnson, V. A., F. Brun-Vezinet, B. Clotet, H. F. Gunthard, D. R. Kuritzkes,
D. Pillay, J. M. Schapiro, and D. D. Richman. 2008. Update of the drug
resistance mutations in HIV-1. Top. HIV Med. 16:138–145.

23. Justman, J. E., L. Benning, A. Danoff, H. Minkoff, A. Levine, R. M. Green-
blatt, K. Weber, E. Piessens, E. Robison, and K. Anastos. 2003. Protease
inhibitor use and the incidence of diabetes mellitus in a large cohort of
HIV-infected women. J. Acquir. Immune Defic. Syndr. 32:298–302.

24. Karlsson, A., K. Parsmyr, E. Sandstrom, E. M. Fenyo, and J. Albert. 1994.
MT-2 cell tropism as prognostic marker for disease progression in human
immunodeficiency virus type 1 infection. J. Clin. Microbiol. 32:364–370.

25. Kaufmann, G. R., L. Perrin, G. Pantaleo, M. Opravil, H. Furrer, A. Telenti,
B. Hirschel, B. Ledergerber, P. Vernazza, E. Bernasconi, M. Rickenbach, M.
Egger, and M. Battegay. 2003. CD4 T-lymphocyte recovery in individuals
with advanced HIV-1 infection receiving potent antiretroviral therapy for 4
years: the Swiss HIV Cohort Study. Arch. Intern. Med. 163:2187–2195.

26. Kitahata, M. M., S. J. Gange, A. G. Abraham, B. Merriman, M. S. Saag,
A. C. Justice, R. S. Hogg, S. G. Deeks, J. J. Eron, J. T. Brooks, S. B. Rourke,
M. J. Gill, R. J. Bosch, J. N. Martin, M. B. Klein, L. P. Jacobson, B.
Rodriguez, T. R. Sterling, G. D. Kirk, S. Napravnik, A. R. Rachlis, L. M.
Calzavara, M. A. Horberg, M. J. Silverberg, K. A. Gebo, J. J. Goedert, C. A.
Benson, A. C. Collier, S. E. Van Rompaey, H. M. Crane, R. G. McKaig, B.
Lau, A. M. Freeman, and R. D. Moore. 2009. Effect of early versus deferred
antiretroviral therapy for HIV on survival. N. Engl. J. Med. 360:1815–1826.

27. Le Moing, V., R. Thiebaut, G. Chene, C. Leport, V. Cailleton, C. Michelet, H.
Fleury, S. Herson, and F. Raffi. 2002. Predictors of long-term increase in
CD4(�) cell counts in human immunodeficiency virus-infected patients re-
ceiving a protease inhibitor-containing antiretroviral regimen. J. Infect. Dis.
185:471–480.

28. Lee, G. A., M. Rao, K. Mulligan, J. C. Lo, F. Aweeka, J. M. Schwarz, M.
Schambelan, and C. Grunfeld. 2007. Effects of ritonavir and amprenavir on
insulin sensitivity in healthy volunteers. AIDS 21:2183–2190.

29. Lewden, C., G. Chene, P. Morlat, F. Raffi, M. Dupon, P. Dellamonica, J. L.
Pellegrin, C. Katlama, F. Dabis, and C. Leport. 2007. HIV-infected adults
with a CD4 cell count greater than 500 cells/mm3 on long-term combination
antiretroviral therapy reach same mortality rates as the general population.
J. Acquir. Immune Defic. Syndr. 46:72–77.

30. Lichtenstein, K. A., C. Armon, K. Buchacz, J. S. Chmiel, A. C. Moorman,
K. C. Wood, S. D. Holmberg, and J. T. Brooks. 2008. Initiation of antiret-
roviral therapy at CD4 cell counts �/�350 cells/mm3 does not increase
incidence or risk of peripheral neuropathy, anemia, or renal insufficiency. J.
Acquir. Immune Defic. Syndr. 47:27–35.

31. Lim, S. E., and W. C. Copeland. 2001. Differential incorporation and re-
moval of antiviral deoxynucleotides by human DNA polymerase gamma.
J. Biol. Chem. 276:23616–23623.

32. Lodwick, R., K. Porter, C. Sabin, B. Ledergerber, A. Cozzi-Lepri, P.
Khaykin, A. Mocroft, L. Jacobson, S. de Wit, and A. Phillips. 2008. Abstr.
15th Conf. Retrovir. Opportun. Infect., Boston, MA, 3 to 6 February 2008,
abstr. 141.

33. Maas, J. J., S. J. Gange, H. Schuitemaker, R. A. Coutinho, R. van Leeuwen,
and J. B. Margolick. 2000. Strong association between failure of T cell
homeostasis and the syncytium-inducing phenotype among HIV-1-infected
men in the Amsterdam Cohort Study. AIDS 14:1155–1161.

34. MacArthur, R. D., R. M. Novak, G. Peng, L. Chen, Y. Xiang, K. H. Hullsiek,
M. J. Kozal, M. van den Berg-Wolf, C. Henely, B. Schmetter, and M.
Dehlinger. 2006. A comparison of three highly active antiretroviral treatment
strategies consisting of non-nucleoside reverse transcriptase inhibitors, pro-
tease inhibitors, or both in the presence of nucleoside reverse transcriptase
inhibitors as initial therapy (CPCRA 058 FIRST Study): a long-term ran-
domised trial. Lancet 368:2125–2135.

35. Malet, I., O. Delelis, M. A. Valantin, B. Montes, C. Soulie, M. Wirden, L.
Tchertanov, G. Peytavin, J. Reynes, J. F. Mouscadet, C. Katlama, V. Calvez,
and A. G. Marcelin. 2008. Mutations associated with failure of raltegravir

treatment affect integrase sensitivity to the inhibitor in vitro. Antimicrob.
Agents Chemother. 52:1351–1358.

36. Mallal, S., E. Phillips, G. Carosi, J. M. Molina, C. Workman, J. Tomazic, E.
Jagel-Guedes, S. Rugina, O. Kozyrev, J. F. Cid, P. Hay, D. Nolan, S. Hughes,
A. Hughes, S. Ryan, N. Fitch, D. Thorborn, and A. Benbow. 2008. HLA-
B*5701 screening for hypersensitivity to abacavir. N. Engl. J. Med. 358:568–
579.

37. Markowitz, M., B. Y. Nguyen, E. Gotuzzo, F. Mendo, W. Ratanasuwan, C.
Kovacs, G. Prada, J. O. Morales-Ramirez, C. S. Crumpacker, R. D. Isaacs,
H. Campbell, K. M. Strohmaier, H. Wan, R. M. Danovich, and H. Teppler.
2009. Sustained antiretroviral effect of raltegravir after 96 weeks of combi-
nation therapy in treatment-naive patients with HIV-1 infection. J. Acquir.
Immune Defic. Syndr. 52:350–356.

38. Mauskopf, J., M. Kitahata, T. Kauf, A. Richter, and J. Tolson. 2005. HIV
antiretroviral treatment: early versus later. J. Acquir. Immune Defic. Syndr.
39:562–569.

39. Mayer, H., E. van der Ryst, M. Saag, et al. 2006. Abstr. XVI Int. AIDS Conf.,
Toronto, Canada, 13 to 18 August 2006, abstr. THLB0215.

40. Mocroft, A., C. Katlama, A. M. Johnson, C. Pradier, F. Antunes, F. Mulcahy,
A. Chiesi, A. N. Phillips, O. Kirk, and J. D. Lundgren. 2000. AIDS across
Europe, 1994–98: the EuroSIDA study. Lancet 356:291–296.

41. Mocroft, A., A. N. Phillips, J. Gatell, B. Ledergerber, M. Fisher, N. Clumeck,
M. Losso, A. Lazzarin, G. Fatkenheuer, and J. D. Lundgren. 2007. Normal-
isation of CD4 counts in patients with HIV-1 infection and maximum viro-
logical suppression who are taking combination antiretroviral therapy: an
observational cohort study. Lancet 370:407–413.

42. Molina, J.-M., J. Andrade-Villanueva, J. Echevarria, P. Chetchotisakd, J.
Corral, N. David, M. Mancini, L. Percival, A. Thiry, and D. McGrath. 2008.
Abstr. 15th Conf. Retrovir. Opportun. Infect., Boston, MA, 3 to 6 February
2008, abstr. 37.

43. Moore, R. D., and J. C. Keruly. 2007. CD4� cell count 6 years after com-
mencement of highly active antiretroviral therapy in persons with sustained
virologic suppression. Clin. Infect. Dis. 44:441–446.

44. Nettles, R. E., T. L. Kieffer, P. Kwon, D. Monie, Y. Han, T. Parsons, J.
Cofrancesco, Jr., J. E. Gallant, T. C. Quinn, B. Jackson, C. Flexner, K.
Carson, S. Ray, D. Persaud, and R. F. Siliciano. 2005. Intermittent HIV-1
viremia (Blips) and drug resistance in patients receiving HAART. JAMA
293:817–829.

45. Noor, M., O. Flint, J. Maa, and R. Parker. 2006. Effects of atazanavir/
ritonavir and lopinavir/ritonavir on glucose uptake and insulin sensitivity:
demonstrable differences in vitro and clinically. AIDS 20:1813–1821.

46. Noor, M. A., J. C. Lo, K. Mulligan, J. M. Schwarz, R. A. Halvorsen, M.
Schambelan, and C. Grunfeld. 2001. Metabolic effects of indinavir in healthy
HIV-seronegative men. AIDS 15:F11–F18.

47. Noor, M. A., R. A. Parker, E. O’Mara, D. M. Grasela, A. Currie, S. L.
Hodder, F. T. Fiedorek, and D. W. Haas. 2004. The effects of HIV protease
inhibitors atazanavir and lopinavir/ritonavir on insulin sensitivity in HIV-
seronegative healthy adults. AIDS 18:2137–2144.

48. Noor, M. A., T. Seneviratne, F. T. Aweeka, J. C. Lo, J. M. Schwarz, K.
Mulligan, M. Schambelan, and C. Grunfeld. 2002. Indinavir acutely inhibits
insulin-stimulated glucose disposal in humans: a randomized, placebo-con-
trolled study. AIDS 16:F1–F8.

49. Opravil, M., B. Ledergerber, H. Furrer, B. Hirschel, A. Imhof, S. Gallant, T.
Wagels, E. Bernasconi, F. Meienberg, M. Rickenbach, and R. Weber. 2002.
Clinical efficacy of early initiation of HAART in patients with asymptomatic
HIV infection and CD4 cell count � 350 	 10(6)/l. AIDS 16:1371–1381.

50. Ortiz, R., E. Dejesus, H. Khanlou, E. Voronin, J. van Lunzen, J. Andrade-
Villanueva, J. Fourie, S. De Meyer, M. De Pauw, E. Lefebvre, T. Vangeneugden,
and S. Spinosa-Guzman. 2008. Efficacy and safety of once-daily darunavir/
ritonavir versus lopinavir/ritonavir in treatment-naive HIV-1-infected patients at
week 48. AIDS 22:1389–1397.

51. Pai, N. P., J. Lawrence, A. L. Reingold, and J. P. Tulsky. 2006. Structured
treatment interruptions (STI) in chronic unsuppressed HIV infection in
adults. Cochrane Database Syst. Rev. 3:CD006148.

52. Palella, F. J., Jr., K. M. Delaney, A. C. Moorman, M. O. Loveless, J. Fuhrer,
G. A. Satten, D. J. Aschman, and S. D. Holmberg. 1998. Declining morbidity
and mortality among patients with advanced human immunodeficiency virus
infection. HIV Outpatient Study Investigators. N. Engl. J. Med. 338:853–860.

53. Palella, F. J., Jr., M. Deloria-Knoll, J. S. Chmiel, A. C. Moorman, K. C.
Wood, A. E. Greenberg, and S. D. Holmberg. 2003. Survival benefit of
initiating antiretroviral therapy in HIV-infected persons in different CD4�
cell strata. Ann. Intern. Med. 138:620–626.

54. Panel on Antiretroviral Guidelines for Adults and Adolescents. 2009. Guide-
lines for the use of antiretroviral agents in HIV-1-infected adults and ado-
lescents, p. 1–161. Department of Health and Human Services. http://www
.aidsinfo.nih.gov/ContentFiles/AdultandAdolescentGL.pdf.

55. Paterson, D. L., S. Swindells, J. Mohr, M. Brester, E. N. Vergis, C. Squier,
M. M. Wagener, and N. Singh. 2000. Adherence to protease inhibitor ther-
apy and outcomes in patients with HIV infection. Ann. Intern. Med. 133:
21–30.

56. Périard, D., A. Telenti, P. Sudre, J. J. Cheseaux, P. Halfon, M. J. Reymond,
S. M. Marcovina, M. P. Glauser, P. Nicod, R. Darioli, and V. Mooser. 1999.

VOL. 84, 2010 MINIREVIEW 5463



Atherogenic dyslipidemia in HIV-infected individuals treated with protease
inhibitors. The Swiss HIV Cohort Study. Circulation 100:700–705.

57. Phillips, A. N., B. Gazzard, R. Gilson, P. Easterbrook, M. Johnson, J. Walsh,
C. Leen, M. Fisher, C. Orkin, J. Anderson, D. Pillay, V. Delpech, C. Sabin,
A. Schwenk, D. Dunn, M. Gompels, T. Hill, K. Porter, and A. Babiker. 2007.
Rate of AIDS diseases or death in HIV-infected antiretroviral therapy-naive
individuals with high CD4 cell count. AIDS 21:1717–1721.

58. Podsadecki, T. J., B. C. Vrijens, E. P. Tousset, R. A. Rode, and G. J. Hanna.
2007. Decreased adherence to antiretroviral therapy observed prior to tran-
sient human immunodeficiency virus type 1 viremia. J. Infect. Dis. 196:1773–
1778.

59. Pommier, Y., A. A. Johnson, and C. Marchand. 2005. Integrase inhibitors to
treat HIV/AIDS. Nat. Rev. Drug Discov. 4:236–248.

60. Pozniak, A. L., J. E. Gallant, E. DeJesus, J. R. Arribas, B. Gazzard, R. E.
Campo, S. S. Chen, D. McColl, J. Enejosa, J. J. Toole, and A. K. Cheng.
2006. Tenofovir disoproxil fumarate, emtricitabine, and efavirenz versus
fixed-dose zidovudine/lamivudine and efavirenz in antiretroviral-naive pa-
tients: virologic, immunologic, and morphologic changes—a 96-week analy-
sis. J. Acquir. Immune Defic. Syndr. 43:535–540.

61. Purnell, J. Q., A. Zambon, R. H. Knopp, D. J. Pizzuti, R. Achari, J. M.
Leonard, C. Locke, and J. D. Brunzell. 2000. Effect of ritonavir on lipids and
post-heparin lipase activities in normal subjects. AIDS 14:51–57.

62. Richman, D. D., and S. A. Bozzette. 1994. The impact of the syncytium-
inducing phenotype of human immunodeficiency virus on disease progres-
sion. J. Infect. Dis. 169:968–974.

63. Saag, M., R. Balu, E. Phillips, P. Brachman, C. Martorell, W. Burman, B.
Stancil, M. Mosteller, C. Brothers, P. Wannamaker, A. Hughes, D. Suther-
land-Phillips, S. Mallal, and M. Shaefer. 2008. High sensitivity of human
leukocyte antigen-b*5701 as a marker for immunologically confirmed
abacavir hypersensitivity in white and black patients. Clin. Infect. Dis. 46:
1111–1118.

64. Sax, P. E., C. Tierney, A. C. Collier, M. A. Fischl, K. Mollan, L. Peeples, C.
Godfrey, N. C. Jahed, L. Myers, D. Katzenstein, A. Farajallah, J. F. Rooney,
B. Ha, W. C. Woodward, S. L. Koletar, V. A. Johnson, P. J. Geiseler, and
E. S. Daar. 2009. Abacavir-lamivudine versus tenofovir-emtricitabine for
initial HIV-1 therapy. N. Engl. J. Med. 361:2230–2240.

65. Schuitemaker, H., M. Koot, N. A. Kootstra, M. W. Dercksen, R. E. de Goede,
R. P. van Steenwijk, J. M. Lange, J. K. Schattenkerk, F. Miedema, and M.
Tersmette. 1992. Biological phenotype of human immunodeficiency virus
type 1 clones at different stages of infection: progression of disease is asso-
ciated with a shift from monocytotropic to T-cell-tropic virus population.
J. Virol. 66:1354–1360.

66. Stein, J. H., M. A. Klein, J. L. Bellehumeur, P. E. McBride, D. A. Wiebe, J. D.
Otvos, and J. M. Sosman. 2001. Use of human immunodeficiency virus-1
protease inhibitors is associated with atherogenic lipoprotein changes and
endothelial dysfunction. Circulation 104:257–262.

67. Sterling, T. R., R. E. Chaisson, J. Keruly, and R. D. Moore. 2003. Improved
outcomes with earlier initiation of highly active antiretroviral therapy among
human immunodeficiency virus-infected patients who achieve durable viro-
logic suppression: longer follow-up of an observational cohort study. J. In-
fect. Dis. 188:1659–1665.

68. Sungkanuparph, S., E. T. Overton, W. Seyfried, R. K. Groger, V. J. Fraser,
and W. G. Powderly. 2005. Intermittent episodes of detectable HIV viremia
in patients receiving nonnucleoside reverse-transcriptase inhibitor-based or
protease inhibitor-based highly active antiretroviral therapy regimens are
equivalent in incidence and prognosis. Clin. Infect. Dis. 41:1326–1332.

69. Tien, P. C., M. F. Schneider, S. R. Cole, A. M. Levine, M. Cohen, J. Dehovitz,
M. Young, and J. E. Justman. 2008. Antiretroviral therapy exposure and
insulin resistance in the Women’s Interagency HIV Study. J. Acquir. Im-
mune Defic. Syndr. 49:369–376.

70. Tsiodras, S., C. Mantzoros, S. Hammer, and M. Samore. 2000. Effects of
protease inhibitors on hyperglycemia, hyperlipidemia, and lipodystrophy: a
5-year cohort study. Arch. Intern. Med. 160:2050–2056.

71. van Leth, F., P. Phanuphak, K. Ruxrungtham, E. Baraldi, S. Miller, B.
Gazzard, P. Cahn, U. G. Lalloo, I. P. van der Westhuizen, D. R. Malan, M. A.
Johnson, B. R. Santos, F. Mulcahy, R. Wood, G. C. Levi, G. Reboredo, K.
Squires, I. Cassetti, D. Petit, F. Raffi, C. Katlama, R. L. Murphy, A. Horban,
J. P. Dam, E. Hassink, R. van Leeuwen, P. Robinson, F. W. Wit, and J. M.
Lange. 2004. Comparison of first-line antiretroviral therapy with regimens
including nevirapine, efavirenz, or both drugs, plus stavudine and lamivu-
dine: a randomised open-label trial, the 2NN Study. Lancet 363:1253–1263.

72. von Wyl, V., S. Yerly, J. Boni, P. Burgisser, T. Klimkait, M. Battegay, H.
Furrer, A. Telenti, B. Hirschel, P. L. Vernazza, E. Bernasconi, M. Ricken-
bach, L. Perrin, B. Ledergerber, and H. F. Gunthard. 2007. Emergence of
HIV-1 drug resistance in previously untreated patients initiating combina-
tion antiretroviral treatment: a comparison of different regimen types. Arch.
Intern. Med. 167:1782–1790.

73. Walensky, R. P., A. D. Paltiel, E. Losina, L. M. Mercincavage, B. R. Schack-
man, P. E. Sax, M. C. Weinstein, and K. A. Freedberg. 2006. The survival
benefits of AIDS treatment in the United States. J. Infect. Dis. 194:11–19.

74. Walmsley, S., K. Ruxrungtham, J. Slim, D. Ward, P. Larson, and F. Raffi.
2007. Abstr. 11th Eur. AIDS Conf./EACS, Madrid, Spain, 24 to 27 October,
abstr. PS1/4.

5464 MINIREVIEW J. VIROL.


