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New Drugs, Old Drugs

CD4+ T cells.

Currently prescribed antiretrovirals
To understand how ARVs work, a limited underst
HIV life cycle is required. HIV is an RNA virus 
infects CD4+ T lymphocytes. After attachment and b
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ABSTRACT

• Over the past 10 years, the management of HIV infection 
has been transformed by an increased number of effective 
antiretrovirals (ARVs), with more convenient dosing and 
improved tolerability.

• Optimal management of HIV infection includes at least three 
effective ARVs; from at least two different drug classes.

• Current strategies and drugs can effectively control HIV and 
significantly reduce morbidity and mortality. However, no 
cure is yet possible.

• Appropriate use of ARVs leads to suppression of virological 
replication (to below the limit of detection using commercial 
assays to measure HIV in plasma) and an increase in CD4+ 
T cells with few adverse effects.

• Greater than 95% adherence to drug therapy is required for 
effective viral suppression and immunological improvement.

• Monotherapy, two-drug combinations, sequential ARVs, 
drug “cycling”, and treatment interruptions are ineffective 
management strategies and lead to earlier disease 
progression and emergence of drug resistance.

• Drug–drug interactions are common and caution is required 
when prescribing ARVs that inhibit or induce the cytochrome 
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P450 pathway.
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  year marked the 10-year anniversary of the widespread

e of highly active antiretroviral therapy (HAART) for
ating HIV infection. HAART — a combination of three

antiretrovirals (ARVs) from at least two drug classes1,2 — has led to
significant reductions in HIV-related morbidity and mortality and
is a highly cost-effective medical intervention.3-7 The goal of
combination ARV therapy is firstly to suppress HIV viral load in
plasma to below the limit of detection and secondly to restore
immune function, as demonstrated by an increased number of

anding of the
that primarily
inding to the

CD4 receptor and specific chemokine co-receptors (primarily
CCR5 and/or CXCR4), the virus and host cell membranes fuse and
HIV RNA enters the target cell. The HIV RNA undergoes reverse
transcription from RNA to DNA and is then transported into the
nucleus to integrate with the host DNA. Multiple copies of full-
length and spliced HIV RNA are made and exported from the
nucleus. Viral proteins are processed by the protease enzyme and,
together with full-length HIV RNA, are packaged at the cell surface
and viral particles are released (Box 1).

Nucleos(t)ide reverse transcriptase inhibitors (NRTIs)
NRTIs remain the most commonly prescribed ARVs and are always
included in the initial treatment regimen. NRTIs are incorporated
into the viral DNA, preventing reverse transcription and therefore
inhibiting viral DNA synthesis. Viral replication is prematurely
terminated and infection of new target cells is reduced. NRTIs are
specific inhibitors of HIV reverse transcriptase, but also inhibit
human mitochondrial DNA polymerase γ  to varying degrees.

Specific NRTIs
Zidovudine (AZT) is the oldest ARV and is still frequently used.8 Its
major toxic effects include bone marrow suppression, gastrointes-
tinal upset and headache. On full blood examination, macrocytosis
is almost universal. Zidovudine penetrates the central nervous
system and has shown efficacy in settings such as prevention of
intrapartum mother-to-child transmission (E2),9 HIV-related
thrombocytopenia,11-13 AIDS dementia complex14 and post-expo-
sure prophylaxis.15

Lamivudine (3TC) has activity against both HIV and hepatitis B
virus (HBV), with few side effects. Used alone, HIV resistance to
lamivudine emerges within weeks. HBV also acquires resistance to
lamivudine — at a greater frequency in HIV–HBV co-infected
individuals than in HBV-mono-infected individuals.16

Emtricitabine (FTC) shares several properties with lamivudine —
structural homology, anti-HBV activity, identical drug resistance

profile, similar efficacy, and few adverse effects. Emtricitabine is
given once daily and infrequently causes skin hyperpigmentation.

Abacavir (ABC) is a well tolerated NRTI with low affinity for human
mitochondrial DNA polymerase γ .17 A hypersensitivity reaction is
seen in 5% of patients. The reaction commonly occurs within 6
weeks of drug commencement and manifests with fever, rash,
gastrointestinal, and respiratory symptoms. In the event of hyper-
sensitivity, rechallenge with abacavir is absolutely contraindicated
due to risk of anaphylaxis and death (E4).18,19 This hypersensitiv-
ity syndrome is strongly associated with the HLA-B57 haplo-
type.20-22 Positive and negative predictive values of HLA-B*5701
screening in a predominantly white Western Australian cohort
were 79% and 99%, respectively.22 Therefore, screening for HLA-
B*5701 before abacavir use can be cost-effective and reduce
morbidity (E32).

23,24

Tenofovir (TDF) is a nucleotide NRTI that is also highly effective
against HBV, although it is currently not licensed for treatment of
HBV in the absence of HIV infection. Tenofovir is well tolerated;
nephrotoxicity (reduced creatinine clearance and/or Fanconi syn-
drome) has been reported and may occur in individuals with pre-
existing renal failure, diabetes mellitus and low CD4+ T-cell count
(E32).

25,26

Principles of use
NRTIs make up an important component of the ARV regimen.
Most recommended regimens contain at least two NRTIs com-

E1–E4 denote evidence levels I–IV of the National Health and Medical 
Research Council (thus E1 = I; E2 = II; E3 = III; E31 = III-1; etc).10
er 3 • 5 February 2007



NEW DRUGS,  OLD DRUG S
bined with an ARV from
another class. Triple NRTI
combinations are inferior
to a combination regimen
containing at least two
classes of ARVs.27 Current
preferred combinations of
NRTIs are based largely
on efficacy and toxicity
and include zidovudine,
abacavir or tenofovir plus
lamivudine, or emtricitab-
ine plus tenofovir. Most of
these drugs are now avail-
able as fixed-dose combi-
nations.

Non-nucleoside 
reverse transcriptase 
inhibitors (NNRTIs)
NNRTIs act at the same
step in the HIV life cycle
as NRTIs, but do not
require intracellular phos-
phorylation and do not
inhib i t  hu man  D NA
polymerases. Therefore,
NNRTIs are not associated
with mitochondrial toxic-
ity. Nevirapine and efa-
virenz are the preferred
NNRTIs in Australia.

Hepatotoxicity and rash
can occur with both
NNRTIs. Nevirapine-related hepatotoxicity is more common and
can be fatal in rare cases.28 Efavirenz-related rash occurs more
readily in children.29 NNRTIs are not associated with insulin
resistance,30,31 although efavirenz is associated with mild hyper-
cholesterolaemia.32,33

Nevirapine strongly induces CYP450 3A4 isoenzymes, while
efavirenz is a mixed inducer/inhibitor of the same enzyme.
NNRTIs have multiple drug interactions, including the oestrogen-
based contraceptive pill (summarised in Box 2). Alternative meth-
ods of birth control are recommended if NNRTIs are used.

Specific NNRTIs
Efavirenz (EFV) is highly potent, as seen in several randomised
trials that compared efavirenz-based combinations with other
agents (E1).34 Efavirenz is associated with high rates of central
nervous system side effects, such as insomnia, vivid dreams,
irritability and, less commonly, psychosis. These generally dimin-
ish over the first 2–4 weeks of therapy. Efavirenz is teratogenic
(pregnancy class C); therefore all women with childbearing poten-
tial should use effective contraception.

Nevirapine (NVP) is associated with rash and hepatotoxicity, with
the latter occurring in up to 17% of patients.28 Hepatotoxicity is
more common in women, especially those with CD4+ T-cell counts
> 250 cells/mL at initiation of therapy (E1).35 All patients sus-
pected of having drug-related rash should be assessed for hepato-
toxicity as the two may occur simultaneously. Single-dose

nevirapine is highly effec-
tive in prevention of
intrapartum mother-to-
child transmission (E2),36

although development of
resistance is frequent.37

S ec o n d  g e n e r a t i o n
NNRTIs with activity
against HIV resistant to
nevirapine or efavirenz
(etravirine, [TMC 125])
are under evaluation and
now available through the
Special Access Scheme.38

Principles of use
Efavirenz and nevirapine
are equally effective, but
differences in toxicity pro-
file and potential for drug
interaction lead to prefer-
ential use in particular set-
tings (E2).32 Efavirenz
should be avoided in
patients with a history of
severe psychiatric illness.
Nevirapine is the drug of
choice for women of
childbearing potential or
during pregnancy, but is
avoided in patients taking
antimycobacterial agents
concurrently due to the
risks of hepatotoxicity.

NNRTI-based regimens are commonly prescribed as initial
therapy. These regimens generally have the advantage of estab-
lished efficacy and a lower pill burden as compared with most of
the protease inhibitor-based regimens.

The use of both nevirapine and efavirenz in the same regimen
has not been shown to have additional efficacy over the use of
either agent alone, and causes more adverse events than each drug
separately (E2).32 Therefore, this approach is not recommended.

Protease inhibitors (PIs)
PIs prevent cleavage of viral precursor proteins into the subunits
required for the formation of new virions (see Box 1). PIs block the
production of virus from infected cells. Older PI-containing
regimens are used less frequently now because of inconvenient
dosing, food restrictions (indinavir, nelfinavir), and large pill
burdens (amprenavir, saquinavir). PIs have extensive interactions
with the CYP450 system (Box 2). Ritonavir, even at a low dose, is a
potent inhibitor of the CYP450 3A4 isoenzymes. Low-dose riton-
avir (usually 100 mg) together with a second PI is referred to as a
“boosted PI” regimen, and this regimen is generally preferred to
the use of a PI without ritonavir boosting. Low-dose ritonavir will
inhibit metabolism of the second PI leading to an increase in
serum levels and the need for less frequent dosing of the second PI.
Newer PIs and ritonavir “boosted” PI regimens have improved
pharmacokinetics, reduced pill burden, and a higher barrier to the
development of ARV resistance.

1 Life cycle of HIV and site of action of antiretroviral therapy (red text)

Adapted with permission (2006) from: Furtado MR, Callaway DS, Phair JP, et al. Persistence 
of HIV-1 transcription in peripheral-blood mononuclear cells in patients receiving potent 
antiretroviral therapy. N Engl J Med 1999; 340: 1614-1622. © 1999, Massachusetts Medical 
Society. All rights reserved.  ◆
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All currently available PIs are substrates of the
hepatic CYP450 system. CYP450 3A4 inducers
such as rifamycins will reduce PI levels (rifabutin
induces CYP450 3A4 to a lesser extent). All PIs
inhibit CYP450 3A4, with ritonavir being the
most potent. Thus, PIs have numerous and bidir-
ectional drug interactions. Potential drug–drug
interactions should always be checked before
prescribing other medications for patients taking
PIs.

Specific PIs
Lopinavir (only available co-formulated with low-
dose ritonavir) is well tolerated except for the
common side effect of diarrhoea. It has a high
barrier to viral resistance. Significant reduction in
drug susceptibility is only seen in viruses with at
least four mutations within the protease gene.

Atazanavir offers the advantage of once-daily dos-
ing and is associated with less diarrhoea, dyslipi-
daemia and insulin resistance than other PIs.
Dose-dependent asymptomatic hyperbili-rubin-
aemia is commonly observed. Comparison of an
“un-boosted” atazanavir regimen with an efa-
virenz-based combination showed similar antivi-
ral efficacy (E2).39 Co-administration with
macrolides may lead to prolongation of the QTc
interval.

Fosamprenavir is rapidly converted to amprenavir
(the active form of the PI) after absorption, and is
approved for once- or twice-daily dosing when
“boosted” with ritonavir. Fosamprenavir causes
fewer lipid effects and has a favourable drug
resistance profile that may preserve other PI
options. For treatment-experienced patients, only
the twice-daily combination “boosted” fosampre-
navir is recommended.

Tipranavir and darunavir (TMC114) are novel PIs
which have activity against HIV resistant to other
commonly used PIs. Both agents require boosting
with ritonavir, and are active in both ARV-naïve
and -experienced individuals. They are com-
monly used in salvage therapy for multidrug
resistant HIV.

Principles of use
PI-based therapy is often used as an initial regi-
men and for salvage therapy when multidrug
resistant HIV has developed. Although dual PI
regimens are often used in salvage therapy, there
is no randomised controlled trial evidence for this
use.

The newer generation PIs (atazanavir, lopinavir,
fosamprenavir, tipranavir and darunavir) have the
advantages of lower pill burden, fewer side
effects, and efficacy against HIV with multiple
mutations within the protease gene. Non-boosted
PIs are associated with a lower genetic barrier to
resistance, a higher pill burden and are now
infrequently used.

2 Effect of protease inhibitors (PIs) and non-nucleoside reverse 
transcriptase inhibitors (NNRTIs) on hepatic cytochrome P450 
(CYP450 3A4) and specific drug–drug interactions* 

Common PIs NNRTIs

Lopinavir Atazanavir Indinavir Ritonavir Efavirenz Nevirapine

CYP450 3A4 subenzyme

Induction + ++ ++

Inhibition ++ ++ ++ +++ +

Antimicrobials

Rifampicin xxx xxx xxx x x xxx

Rifabutin x x x x x x

Fluconazole O O O O O x

Itraconazole x x x x x x

Voriconazole xxx x x xxx xxx x

Anticonvulsants

Phenytoin x x x x x x

Carbamazepine x x x x x x

Valproate x x O x O x

Centrally acting agents

Methadone x x O x x x

Midazolam xxx xxx xxx xxx xxx x

Ergotamine xxx xxx xxx xxx xxx x

Gastrointestinal agents

Cisapride xxx xxx xxx xxx xxx x

Omeprazole x xxx x O O O

Ranitidine O x O O O O

Lipid lowering agents

Simvastatin xxx xxx xxx xxx x x

Pravastatin O O O O x O

Atorvastatin x x x x x x

Others

Amiodarone xxx x xxx xxx x x

Ethinyloestradiol 

(OCP)

x x x x x x

Echinacea x x x x x x

Grapefruit juice O O O O O O

St John’s wort xxx xxx xxx xxx xxx xxx

* Data from http://www.hiv-druginteractions.org.
+ = mild effect, ++ = modest effect, +++ = highly significant effect on CYP450.
O = no interaction.
x = use with caution, monitor drug levels and response, look out for adverse effects.
xxx = concomitant administration is contraindicated.
OCP = oral contraceptive pill. ◆
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New ARV classes

Fusion inhibitors
Enfuvirtide (T20) prevents fusion of the HIV viral membrane with
the target cell membrane and therefore blocks HIV entry into CD4+

T cells. Enfuvirtide is not orally bioavailable and requires reconsti-
tution before subcutaneous injection. Injection site reactions are
common. Randomised trials of enfuvirtide in individuals with
multidrug resistant HIV have shown that addition of enfuvirtide to
an “optimised” ARV regimen including at least another active agent
leads to significant virological and immunological improvement
(E2).40 Enfuvirtide is not licensed for use in treatment-naïve
patients.

Entry inhibitors
This class interferes with binding of HIV to its target cell. These
drugs specifically block CCR5 or CXCR4 chemokine co-receptors
and are called “co-receptor antagonists”. Only CCR5 antagonists
have reached phase II/III clinical trials. Unfortunately, many CCR5
antagonists have unacceptable toxicities or limited virological
efficacy. Although there was initial excitement with the prospect of
a new class of ARVs, only one CCR5 antagonist remains in clinical
trials.

Integrase inhibitors
This exciting new class of ARVs irreversibly inhibit the integration
of HIV DNA into the host genome. Some agents have shown high
potency in both treatment-naïve and treatment-experienced
patients. An agent in this class has recently become available for
use in patients with multidrug resistant HIV and advanced immuno-
deficiency via the Special Access Scheme.38

Important issues in prescribing HAART

Guidelines to initial therapy
Several international bodies publish guidelines for the use of
antiretroviral therapy. The rapid changes in available agents,
descriptions of new adverse events, and information on resistance
and treatment strategies require that recommendations in guide-
lines are frequently updated. For this reason, Australia does not

publish its own guidelines, but a set of extensive commentaries on
the United States Department of Health and Human Services (US
DHHS) guidelines provides information and guidance on Austra-
lian specific scenarios. Both US DHHS guidelines and the Austra-
lian commentaries are updated 6 monthly (http://www.ashm.
org.au/guidelines). (Box 3)

Current recommendations for initial therapy for HIV infection
include the use of dual NRTI (AZT/3TC, TDF/FTC, ABC/3TC)
with either an NNRTI (efavirenz or nevirapine) or a boosted PI
(lopinavir/ritonavir). The selection of a suitable HAART regimen
should account for factors such as pill burden, adverse effects,
pregnancy potential, co-infection with hepatitis B or C, efficacy,
and comorbidities such as renal disease or metabolic syndrome.
The management of HIV infection is a complex and rapidly
changing arena. Studies have shown better outcomes for patients
who receive care from physicians with experience in HIV
medicine.41

Common adverse effects
Mitochondrial toxicity can manifest as hyperlactataemia, myopathy,
peripheral neuropathy, hepatic steatosis and lipodystrophy. Its
pathogenesis in an HIV-infected individual is debated, but is
commonly attributed to inhibition of mitochondrial DNA
polymerase γ  by NRTIs. Mitochondrial toxicity is less common
now, as the newer NRTIs (lamivudine, tenofovir, and abacavir)
have low affinity for mitochondrial DNA polymerase γ  compared
with “older” NRTIs (didanosine, stavudine [d4T], zalcitabine,
often referred to as “D-drugs”).

Lipodystrophy is a syndrome of both increased fat deposition
(lipohypertrophy) and subcutaneous fat loss (lipoatrophy).42 Fat
accumulation occurs in the dorsal cervical fat pad (buffalo hump),
abdominal visceral fat, and breast tissue. Lipoatrophy occurs
predominantly in the extremities, resulting in prominence of veins,
and loss of bilateral buccal fat pads. Both NRTIs and PIs have been
associated with lipodystrophy, which can occur with or without
dyslipidaemia. The risk of lipodystrophy increases with prolonged
ARV exposure (E4).43 Switching to a non-PI regimen is associated
with reduction in visceral fat deposition (E32).

44 Switching the
thymidine analogue (stavudine or zidovudine) to an abacavir- or
tenofovir-based regimen is associated with a slow increase in
peripheral subcutaneous fat.45,46

Dyslipidaemia can result from ARV administration. Regular moni-
toring is required and lipid-lowering agents are often indicated.
The metabolic syndrome, type 2 diabetes and vascular events are
also complications of ARVs. An association between PI exposure
and risk for increased cardiovascular events is well established
(E2).30,31 The link (although weaker) has also been demonstrated
with NRTIs and NNRTIs. New ARV drugs with less effect on lipids
and insulin resistance are under development.

Adherence
Adherence is a critical component to the success of HAART. There
is good evidence that sustained virological response is strongly
correlated with drug adherence (E1).47 Greater than 95% adher-
ence is required to achieve viral suppression in 80% of individuals
using PIs,48 although the adherence requirement may be less
rigorous for NNRTIs than PIs.49

Lack of adherence causes suboptimal viral suppression and
promotes development of drug resistance. It is hoped that the use

3 Indications for initiation of combination antiretrovirals*

• All patients with a history of an AIDS-defining illness or severe 
symptoms of HIV infection regardless of CD4+ T-cell count (E1)

• Asymptomatic individuals with < 200 CD4+ T cells/mm3 (E1)

• Asymptomatic individuals with CD4+ T-cell counts of 200–
350 cells/mm3 should be offered treatment (E3)

• For asymptomatic individuals with CD4+ T-cell counts of 
> 350 cells/mm3 and plasma HIV RNA > 100 000 copies/mL, 
most experienced clinicians defer therapy but some clinicians 
may consider initiating treatment

• Therapy should be deferred for individuals with CD4+ T-cell counts 
of > 350 cells/mm3 and plasma HIV RNA < 100 000 copies/mL

* As recommended by the Australasian Society for HIV Medicine (ASHM) 
(http://www.ashm.org.au/aust-guidelines/) and the United States Department 
of Health and Human Services (AIDSinfo website, http://aidsinfo.nih.gov/
ContentFiles/AdultandAdolescentGL.pdf). ◆
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of fixed-dose combinations together with daily dosing will
improve adherence, thereby prolonging viral suppression and
reducing emergence of resistance.

Drug interactions

Education regarding potential drug interactions is important.
Many ARVs inhibit, induce or are substrates for the CYP450
system, and undesirable pharmacokinetic interactions not uncom-
monly result (Box 2). Drug–drug interactions may occur between
ARVs themselves, leading to reduced antiretroviral activity. Only
combinations of ARVs that have undergone formal pharmaco-
kinetic evaluation should be used. As the list of drug–drug interac-
tions is extensive, it is recommended that physicians consult a
pharmacist or online resources before prescribing medications in
individuals receiving ARVs (http://www.hiv-druginteractions.org/).

Treatment interruptions

Episodic treatment strategies were evaluated clinically with the
hope that intermittent therapy might conserve ARV options (while
the risk of disease progression was low), as well as reduce toxicity,
minimise drug resistance and even boost immunity against HIV.

Numerous strategies have been studied to identify a safe and
effective approach to treatment interruptions. A large randomised
study showed an increased risk of HIV disease progression and
death with intermittent CD4-guided ARV therapy compared with
continuous therapy.50 Once treatment is initiated in chronic HIV
infection, it is recommended that it be continued without inter-
ruption (E2).

Antiviral resistance

Drug resistance rapidly emerges if viral replication is not fully
suppressed in the presence of drugs.51 Increased transmission of
drug-resistant HIV has been reported in many parts of the
developed world,52-54 and expert opinion now recommends resist-
ance testing before initiation of ARV therapy (E32).

55 In Australia,
viral resistance is measured by sequencing the reverse transcriptase
and protease genes to detect mutations that are associated with
drug resistance. Use of antiviral susceptibility testing in the
management of chronic infection, especially in the setting of a
failing regimen, has been shown to improve outcome (E32), and is
widely used in Australia.

Conclusion

The choice of ARVs for an HIV-infected individual has substan-
tially increased over the past 10 years. Despite increased ease of
administration and reduced toxicity, the management of ARV
therapy, particularly in a treatment-experienced patient, is com-
plex. ARV therapy has substantially improved the quality of life for
HIV-infected individuals.56-58 Unfortunately, ARVs are not univer-
sally available. Many challenges remain in the management of HIV
infection: these include enhanced availability of ARVs globally,
reduction of side effects and drug resistance, and increased options
for treatment-experienced individuals.
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