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Purpose of review
This article reviews recent studies in the field of clinical pharmacology of antiretroviral

drugs and highlights the relevance of the findings to clinical practice in developing

Differences in antiretroviral pharmacokinetics are associated with polymorphisms of
genes encoding drug metabolizing enzymes. Inadequate concentrations of
antiretrovirals in children are common. A study in African children found subtherapeutic
concentrations in 40% of patients receiving efavirenz at recommended doses.

Recent findings on the pharmacokinetics of antiretroviral agents relevant to clinical

257 practice in developing countries are reviewed. Widespread poverty impacts negatively
on HIV/AIDS treatment and prevention efforts. Improved access to treatment, social and
economic support and pharmacology research in target populations are needed.
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Introduction

The roll-out of antiretroviral drugs in developing
countries has become the largest and most ambitious
pharmacology project in history. About 2 million people
in developing countries now have access to life-saving
antiretrovirals, approximately 28% of those in need [1].
Among treated patients, comparable response rates to
those seen in western countries have been demonstrated
in the first few years of antiretroviral therapy [2]. It is
important to sustain these successes by the efficient use
of acceptable, efficacious and minimally toxic regimens.
This can be achieved by building up knowledge of the
pharmacology of these agents within the context of daily
life in resource-limited settings.

Antiretroviral therapy in developing countries
The high disease burden compounded by resource con-
straints in developing countries necessitates a public
health approach to the pharmacology of HIV therapy.
While the future of HIV treatment in western countries
leans towards individualized medicine [3,4°], the focus in
developing countries still remains on the optimization of
therapy for large population groups and subgroups living
in poverty. Furthermore, guidelines need to be simplified
to improve treatment in countries with shortages of
skilled health workers and weak infrastructure [5]. As
patients and health systems struggle to cope with
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HIV/AIDS, prevention of new infections must remain
a high priority if the Millennium Development Goal of
halting and reversing the spread of the pandemic is to
be attained.

Developing countries consist of ethnically and environ-
mentally distinct populations. These groups vastly differ
from the predominantly male Caucasian participants
involved in antiretroviral development studies. Signifi-
cant variability in antiretroviral drug metabolism can
occur due to genetically determined [6,7] differences
in hepatic metabolism of protease inhibitors and non-
nucleoside reverse transcriptase inhibitors (NNR'TTs).
Differences in drug metabolism may also be influenced
by factors such as age, sex, diet and nutrition, comorbid-
ities and concomitant medicine use. On account of these
differences, a well attended expert panel convened by
the Infectious Disease Society of America and the United
Nations Programme on HIV/AIDS (UNAIDS) in 2001
called for pharmacokinetic studies to be conducted in the
‘neglected populations’ living in resource-limited set-
tings [8]. Little progress has been made so far.

A preponderance of fixed-dose combination (FDC) gen-
eric agents and a restricted range of drugs, characterise
antiretroviral programmes in developing countries. Earlier
concerns that generic products were pharmacologically in-
ferior to branded products have been allayed by reassuring
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pharmacokinetic data from recent studies [9-12]. The
future of the rapid scale-up of mainly generic antiretrovir-
als in developing countries is, however, uncertain with the
implementation of the Trade-Related Aspects of Intellec-
tual Property Rights Agreement (TRIPS), which greatly
undermines the ability of developing countries to manu-
facture their own generic drugs and places them at a disad-
vantage in price negotiations of imported newer agents

[13°°].

The lack of antiretroviral options limits the ability of
healthcare workers in developing countries to intervene
appropriately in the event of toxicity [14,15°] or treat-
ment failure. There is growing concern that unaccept-
able toxicities related to mitochondrial toxicity may
limit the usefulness of stavudine (D47T) [16,17°]. The
WHO [18] recommends D4T use for first-line therapy
in developing countries. It is widely used in national
antiretroviral programmes because of its efficacy and
low cost. T'wo studies in southern Africa [19,20°°] how-
ever, found surprisingly higher rates of lactic acidosis
than earlier reports from other settings. Interestingly,
female sex and obesity were identified as risk factors
for symptomatic hyperlactataemia. Useful alternatives
to D4T such as tenofovir and abacavir are more
expensive and often not available.

Efforts to improve accessibility and the utility of pro-
tease inhibitors in developing countries are vyielding
positive results. Lopinavir coformulated with ritonavir
is the most common protease inhibitor used in developing
countries and is an important component of second-line
regimens. Previous formulations of lopinavir/ritonavir
and ritonavir required cold storage facilities, placing a
strain on patients and antiretroviral programmes in areas
without electricity. A new heat stable tablet formulation
of lopinavir/ritonavir with a reduced pill burden and food
effect [21°] has replaced the soft-gel capsule. Encoura-
ging pharmacokinetic and efficacy data [22—-24] from new
agents such as darunavir, etravirine, maraviroc and ralte-
gravir have improved the outlook for treatment experi-
enced patients in western countries. With the prospects
of generic versions of newer and more expensive agents
diminished, availability will be restricted to a small
minority of patients receiving care at research sites or
special projects.

Finally, a knowledge gap remains on the influence of
behavioural and cultural practices on HIV therapy. Pre-
clinical studies [25] suggest that the potential for unfavour-
able drug interactions exists between commonly used
herbal agents and NNRTIs and protease inhibitors. Tra-
ditional medicine use is widespread [26] and embedded in
culture. For the vast majority of agents, little is known of
their nature, mechanism of action, efficacy or toxicity
profiles.
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Genetics

NNRTTs and protease inhibitors are metabolized by cyto-
chrome P450 (CYP450) enzymes [27°]. Accumulating
evidence suggests that differences in NNRTT metabolism
are due to polymorphisms of genes encoding metabolizing
enzymes. The frequency of these polymorphisms varies
with race and their effects may be clinically significant.
Earlier work by Haas and colleagues [28] demonstrated an
association between central nervous system toxicity,
higher efavirenz levels and CYP2B6 516 polymorphisms
that occurred more commonly in blacks. Recent studies
[4°,29] also reportassociations between NNRTTlevels and
racially distributed genetic differences. Analogous to
earlier reports with efavirenz, CYP2B6 516 variant alleles
were associated with higher nevirapine concentrations. A
1.5-fold increase (95% confidence interval, 1.18—1.84) in
12 h nevirapine concentrations was observed in T'T versus
GG individuals in one Ugandan study [30°]. Efforts to
identify other pharmacogenetic factors which may affect
the pharmokinetics of antiretrovirals are ongoing.

Adherence

Optimal adherence is necessary for successful antiretro-
viral therapy. Treatment interruptions, however, do occur
and may be beyond the patient’s control, for example due
to illness or drug stock-outs. Interruptions may lead to the
selection of resistant virus [31], particularly when anti-
retrovirals in treatment combinations have different half
lives. This results in a state of ‘functional monotherapy’
with the agent with the longer half life. For planned
interruptions, several approaches to stopping therapy have
been suggested [32°]. In settings where FDCs are the only
available antiretrovirals, the only option available is the
simultancous stop with its associated risks.

NNRTTs have a low genetic barrier to resistance, raising
concerns that NNRTI-based regimens may be suboptimal
in the absence of near perfect adherence. Earlier work [33]
with nonboosted protease inhibitors revealed markedly
higher rates of virologic failure when adherence rates
dropped below 95%. A recent study [34°], however,
observed a linear relationship between virologic outcomes
and adherence, when adherence levels increased beyond
50%. This suggests that NNRTI-based regimens may
have comparable efficacy to protease inhibitor-based regi-
mens at intermediate levels (70-94%) of adherence. This
finding is important because protease inhibitors may not be
available in many resource-limited settings.

Food and nutrition

Antiretroviral absorption and metabolism may be
affected by concurrent food intake and by malnutrition.
In clinical practice, up to a third of patients in African
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settings are malnourished and malnutrition is a risk factor
for early mortality after commencement of antiretrovirals
[35]. Lack of food makes it difficult to follow prescription
advice for drugs which should be taken with meals. Since
opportunistic infections are common and limit the ability
of patients to generate income, food and nutrition supple-
ments are often needed. Although nutritional supple-
ments are not routinely provided in most antiretroviral
clinics, recent evidence indicates quality of life in HIV-
positive patients is improved with their use. In one
blinded placebo-controlled trial [36°], supplementation
with vitamins B, C and E demonstrated a protective
effect on depression in HIV-positive pregnant women.
The prevalence of depression in that study was high
(42.4%). In settings with limited access to counselling
or antidepressants, such interventions may have a sig-
nificant role.

Ata population level, food insecurity is also linked to HIV,
threatening millions of people in developing countries and
increasing the vulnerability of African women to high-risk
sexual behaviour [37°]. It is important to provide anti-
retrovirals as well as the necessary support to ensure that
HIV-positive patients not only survive but thrive [38°]. A
holistic model of HIV care integrating clinical care with
nutritional support and poverty alleviation schemes is
needed.

Children

Adherence in children is dependent on the dedication of
care givers (in many cases elderly grandparents or older
siblings). Antiretroviral formulations, therefore, must be
not only palatable but convenient to administer. Follow-
ing a review of available paediatric antiretrovirals, the
WHO issued a call for production of scored tablets of
D4T and zidovudine-based FDCs [39]. One paediatric
tablet formulation containing DA4T, lamivudine plus
nevirapine has been developed [40°].

There is an urgent need to define appropriate doses of
antiretrovirals for younger children. Children metabolize
antiretrovirals differently to adults [41] and the pharmo-
kinetics of antiretrovirals is less predictable. Recent
studies [42°,43] indicate that young children are at risk
of low antiretroviral exposure. In one pharmokinetic
study [44°°], inadequate efavirenz exposure was observed
in up to 40% of South African children. It is postulated
that the wide variability observed in efavirenz pharmo-
kinetics is due to underlying pharmacogenetic differ-
ences among participants.

The limited data on the impact of malnutrition on
antiretroviral pharmokinetics are troubling. One paedia-
tric pharmokinetic study [45] using divided adult FDC
tablets reported an independent association between

lower nevirapine concentrations and stunting and higher
nevirapine concentrations with wasting. Additional
studies are required to confirm these preliminary find-
ings and to investigate the effect of malnutrition on the
pharmokinetics of other antiretrovirals. Paediatric
dosing is further complicated by parallel dosing stra-
tegies utilizing body surface area (BSA) or body weight.
Dosing by BSA is more accurate but more difficult to
implement. In order to simplify dosing guidance in
busy clinics, the WHO [46] is developing weight band
dosing charts based on BSA. This tool’s usefulness is
dependent on the availability of paediatric FDC formu-
lations which better approximate optimal antiretroviral
doses in children.

Pregnancy

Pregnant women may require antiretrovirals for their own
treatment or for prevention of mother to child trans-
mission (PMTCT). Nelfinavir [47] (a drug commonly
used for PMTCT) was withdrawn on identification of a
contaminant but is expected to be available once safety
and regulatory approvals are obtained. Combination anti-
retroviral therapy is preferred to single dose nevirapine
(SDN) for PMTCT. It is suggested that the long half life
of nevirapine [48] following SDN administration favours
selection of resistant virus which may compromise a
subsequent NNR'TI-based regimen [49].

T'wo studies [50,51] have reported reductions of lopinavir
concentrations requiring increases in lopinavir/ritonavir
doses in pregnancy. A third study [52°] in predominantly
black African women found only mild reductions in
lopinavir concentrations and dosage adjustments were
not necessary. The investigators speculate that pharma-
cogenetic differences could have played a role in their
findings. It is also important to note that these three
studies were conducted using the outdated soft-gel
capsule formulation of lopinavir/ritonavir.

Co-endemic diseases

There is considerable overlap in the geographical distri-
bution of the ‘big three’ diseases [tuberculosis ('T'B),
malaria and HIV]. Although these diseases are the main
focus of public health activities, many other viral, bacterial,
fungal and parasitic diseases (including neglected tropical
diseases) contribute to the significant disease burden
in developing countries. It is necessary to understand
the effect of these diseases or their treatments on anti-
retrovirals.

Tuberculosis
TB is the most common opportunistic infection in
the setting of HIV in developing countries. The
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emergence of multidrug resistant and extensive drug
resistant strains of Mycobacterium tuberculosis presents a
global threat to public health and HIV-infected popu-
lations [53°]. The synergistic nature of TB and HIV
means that cotreatment is often necessary. Drug inter-
actions, toxicities and the immune reconstitution inflam-
matory syndrome are common problems encountered in
cotreated patients.

Reliance on rifampicin-based FDCs for TB control
makes cotreatment with antiretrovirals difficult. Rifam-
picin induction of CYP450 reduces levels of coadminis-
tered substrates. Consistent with earlier findings, recent
studies demonstrate significant reductions in exposure of
protease inhibitors, and to lesser degree NNRTTs, with
rifampicin use [54-58]. Although efavirenz use with
rifampicin is recommended, there is still no consensus
on dose modification with rifampicin use [59,60]. In many
developing countries, adults are treated with 600 mg of
efavirenz and anti-TB FDCs. When efavirenz is unavail-
able patients are often treated with nevirapine. A recent
Thai study [61] suggests initiation of nevirapine with a
200 mg lead-in dose may be unnecessary in rifampicin-
treated adults. Additional interaction and safety data in
other populations are required to guide dosing recom-
mendations for cotreated patients.

Although rifabutin does not reduce antiretroviral exposure,
it is currently too expensive for use in developing
countries. In contrast to HIV, drug development for 'T'B
has been painstakingly slow. Newer T'B agents, effective
against resistant TB and having favourable interactions
with antiretrovirals are required [62°].

Malaria

Interactions involving HIV and malaria are complex,
ranging from drug interactions to direct disease inter-
actions. Like NNRTIs and protease inhibitors, many
antimalarials are metabolized by CYP450. Cotreatment
with antiretrovirals and antimalarials is unavoidable as
malaria episodes may be frequent and severe. As arte-
misinin combination therapy (ACT) use becomes more
widespread, pharmokinetic and safety interaction data in
patients receiving antiretrovirals are needed. One study
[63°], designed to evaluate the interaction between efa-
virenz and one commonly used ACT (amodiaquine plus
artesunate) in healthy volunteers, was prematurely dis-
continued following marked transaminase elevations in
the first two patients undergoing the interaction phase of
the study. Markedly elevated levels of amodiaquine were
observed in both patients.

Capacity building

Capacity building initiatives to strengthen antiretroviral
programmes, support health workers and local research
capacity are crucial to the success of HIV control efforts.
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Shortages of manpower, diagnostic facilities and drug
treatments remain significant barriers to health delivery.
The Clinton Foundation (HIV/AIDS initiative, http://
clintonafrica.org/what-we-do/how-we-make-change/
chai/) and other organizations provide ongoing support
and subsidized inputs to antiretroviral programmes in
poor countries.

Health workers need up-to-date information on the
evolving field of HIV/AIDS treatment. Treatment and
medicines information services are uncommon. With
improving telecommunication access in developing
countries, a real opportunity exists to provide advice
to improve healthcare delivery in rural and remote set-
tings. One such centre, the AIDS Treatment Infor-
mation Centre (Infectious Diseases Institute Uganda,
http://www.idi.ac.ug/, queries@atic.idi.co.ug), provides
free services by telephone, e-mail and publications to
African healthcare workers.

Harmonization of research is critical to produce sufficient
evidence to guide treatment policies. Networking
opportunities for scientists in developing countries can
help to coordinate and expand research in developing
countries. One such meeting for clinical pharmacologists
was organized by the European Developing Countries
Clinical Trials Partnership (EDCTP) in Uganda in June
2007. In addition, collaborations between north—south
research institutions, for example HIVNAT (Nether-
lands, Australia, and Thailand) Network, NACCAP
(Netherlands—African partnership for capacity building
and clinical interventions against poverty-related dis-
eases), and south—south partnerships are useful in scal-
ing up research capacity in developing countries.

Conclusion

Optimization of therapy is crucial to ensure that regimens
are effective and durable in developing countries. This
can only be achieved by conducting pharmacology
research in target populations, taking into account their
socio-economic needs and cultural preferences. It is
unfortunate that issues relating to access to treatment
remain for the vast majority of those with HIV. Concerted
efforts, therefore, must be made to attain set targets in
order to improve the lives of those suffering from HIV in
poor countries.
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