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Introduction n 

Thee AIDS virus 
Inn 1981, the Centers for Disease and Control and Prevention (CDC) in the United States of 
Americaa reported cases of patients who had clinical manifestation of immune deficiency.1'2 

Thiss syndrome was recognized as an acquired immune deficiency syndrome (AIDS). Since 
thee recognition of the syndrome an increasing number of cases were being reported. The 
viruss that caused AIDS was first isolated in 1983.3 A consensus to name the virus human 
immunodeficiencyy virus (HIV) was reached three years later.4 

HIVV is classified as Lentivims, a member of Lentivirinae subfamily, of the Retroviridae 
family.. Two types of HIV have been identified, HIV-1 and HIV-2. The global HIV epidemic 
predominantlyy consists of infections with HIV-1. The majority of patients with HIV-2 
infectionss are in West Africa.5 HIV-1 is further classified into three genetic groups: a main 
groupp (group M), an outlier group (group O) and a non-M/non-0 group (group N). The 
groupp M HIV-1 strains are by far the most common viral strains.6 

Thee vira l replicative cycle 
Inn brief, the steps of the HIV-1 replicative cycle are as follows (Figure l).710 The viral 
envelopee glycoprotein (gp) 120 binds to cells that express CD4 receptors. A conformational 
changee in gpl20 occurs, after which gpl20 binds to a cellular co-receptor (either CCR5 or 
CXCR4).. This change exposes a unit of gp41. Subsequently, the membranes of the virus 
andd the host cell will fuse. After fusion of the membranes, the viral RNA genome is 
releasedd into the cytoplasm of the host cell. To produce DNA from viral RNA, reverse 
transcriptionn is necessary. The viral enzyme, reverse transcriptase, transcribes single-

Withh courtesy of'Prof. dr. R.C. Hunt, modified by ir. E.Galesloot 
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strandedd viral RNA into double stranded DNA. The double stranded viral DNA may 
subsequentlyy be incorporated in the genome of the host by the viral enzyme, integrase. 
Now,, two viral genes, gag and pol genes, are transcribed and translated into the 
polyproteinss Gag-Pol and Gag. Several active enzymes and mature virions are produced by 
cleavagee of the Gag-Pol and Gag polyproteins by a viral enzyme, the HIV protease. Finally, 
thee newly produced viral particles will be assembled to virions. After virion budding from 
thee cell surface, further maturation of the infectious virus particles take place. 

Globall  epidemiology and impact of HIV- 1 infection 
Globall  estimates from the Joint United Nations Programme on HIV/AIDS/ World Health 
Organizationn (UNAIDS/WHO) show that at the end of 2005 between the 33.4 and 46.0 
millionn adults and children were living with HIV/AID S (acquired immune deficiency 
syndrome),, of whom more than 90-95% were living in Africa, Asia and Latin America."' '2 

Despitee increasing options for antiretroviral treatment and preventive measures, the 
absolutee number of HIV-infected individuals is rising. Sub-Saharan Africa has the highest 
prevalencee of HIV-infected individuals. South and Southeast Asia are the second most 
prevalentt areas. Central Asia and Eastern Europe have a much lower prevalence, but 

Figuree 2 Estimated numbers of adults and children living with HIV/AIDS in 2005 
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numberss of HIV-1 infections are rapidly rising there. In Figure 2, the numbers of infected 

adultss and children in 2005 per region are given. 
Variouss vulnerable populations, with regard to acquisition of HIV-infections, have been 
identified.. Girls, women and pregnant women in sub-Saharan Africa have the highest risk 
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too become infected. In Asia and Latin America the infection is more contained in certain 
groupss such as sex workers, injecting drug users and men who have sex with men; 
however,, the number per group varies per region. In contrast, in high-income countries 
predominantlyy men who have sex with men and to a varying degree per country injection 
drugg users are at risk,12'13 although heterosexual transmission increasingly occurs as well. 
Thee infection with HIV-1 has demonstrated how an infectious disease affects more than 
onlyy the health status of infected individuals. The socioeconomic consequences associated 
withh HIV-1 infection may be enormous, because individuals are affected in their productive 
age.. In many countries high death rates occur in the age group of 15 to 49 years, which has 
ledd to shifts in the composition of societies.13 Moreover, as HIV also affects individuals in 
theirr reproductive age, a new generation of HIV-infected children is born. 
Lookingg at the consequences of infections with the AIDS virus from a public health 
perspective,, the amount of individuals who are sick is increasing, and therefore the 
consumptionn of public health resources is growing. The presence of HIV/AID S has put 
highh demands on public health resources, especially in the countries with the least 
developedd public health infrastructure. Dual infections with HIV and tuberculosis have 
furtherr increased the burden of HIV on the health care system in developing countries. HIV 
facilitatess the spread of infection with Mycobacterium tuberculosis, which is globally the 
mostt important opportunistic infection associated with HIV.14 The combined infection with 
HIV-11 and tuberculosis is associated with a high prevalence of primary tuberculosis and 
highh risk of reactivation of latent tuberculosis. In untreated patients the disease progression 
off  the respective diseases is accelerated.15'16 

Thee provision of treatment is not only important for the health of HIV-infected adults and 
children,, and the reduction of mother to child transmission of HIV-1, but also to maintain 
normall  structures of societies and to ensure the health of the economy in the hardest hit 
countries.. Unfortunately, only an effective preventive HIV vaccine will be able to break the 
epidemic,, but this appears to be still a long-term prospect. 

Epidemiologyy of HIV- 1 infection in Thailand 

Threee HIV-1 (group M) subtypes are predominant in Asia. In general subtypes B and C 
occurr in East Asia, C in South Asia and E (CRF01AE) in Southeast Asia. The prevalence 
off  the subtypes changes over time. In Thailand, 75% of infections in injections drug users 
weree with subtype B, and 90% of heterosexual transmission with subtype E in 1990. At the 
present,, subtype B is predominantly prevalent in both injections drug users and 
heterosexuals.6'17 7 

Thee first HIV-1 cases in Thailand were reported in 1984 in Bangkok.18 Ten years later the 
numberr of infected adults and children increased to an estimate of 570.000, of which about 
10%% die due to HIV/AIDS.13 In 1991-1992, a nation-wide '100% Condom Program', to 
promotee condom use among commercial sex workers for the prevention of HIV-1 and other 
sexuallyy transmitted diseases (STDs), was initiated. Due to this prevention programme, the 
numberss of new HIV-1 infections and other STDs declined in the Thai population.19 The 
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HIV-11 incidence declined to less than 1 in 1000 in 2001 as compared to 6 to 7 in 1000 in 
thee year 1988. However, recent studies from the Thai Ministry of Public Health (MOPH) 
andd CDC show a prevalence as high as 17.3% in men who have sex with men.20 In 
injectingg drug users, the transmission rate is high and remains high. A growing number of 
youngg Thai females are infected.17-21 The increases observed in females are caused by 
changess in behaviour, declining consistent use of condoms and the lack of understanding 
aboutt HIV.21 At the end of 2004, the estimated HIV-1 prevalence in the general Thai 
populationss was 1.5%, which is the highest prevalence for Southeast Asia.22 

Backgroundd of antiretrovira l drugs 
Thee essential steps of the HIV replicative cycle and the targets of the drug classes are 
presentedd in Figure 1. Identification of the steps of viral replicative cycle was crucial in the 
developmentt of antiretroviral drugs. The antiretrovirals drugs are directed at specific steps 
thatt take place during the HIV-1 replicative cycle. A drug that acts early in the replicative 
cyclee belongs to the class of fusion inhibitors. A fusion inhibitor (enfuvirtide or T-20) 
preventss fusion of the cellular and viral membranes by binding to the first heptad repeat 
regionn (HR1) in the gp41.23 Two drug classes target reverse transcription, the nucleoside/ 
nucleotidee analogue reverse transcriptase inhibitors (NRTI) and the non-nucleoside reverse 
transcriptasee inhibitors (NNRTI). The NRTIs are phosphorylated intracellularly and their 
triphosphates,, are incorporated in the newly synthesized double-stranded viral strains; they 
lackk the 3'hydroxyl group, which is necessary for elongation of the viral DNA chain.24-25 

Afterr their incorporation, the growth of the viral DNA will be terminated. The NNRTIs 
bindd to reverse transcriptase, downstream of the active site, thereby causing conformational 
changes,, which results in inactivation of the enzyme.26-27 Another enzyme that is used as 
targett to HIV-1 infected cells, is the viral protease.28 The protease inhibitors (Pis) bind to 
thee active site of the viral protease and thereby prevent processing of the Gag-Pol 
polyproteins.. Because of this binding, the formation of mature infectious virions and active 
enzymess is blocked. 

Treatmentt  options for  HIV- 1 infection 
Forr the treatment of HIV-1 infection in developed countries, several drugs are available. In 
Tablee 1, a summary is presented of the available antiretroviral drugs that are approved by 
thee FDA and of the year that the drug became available. The NRTIs, the NNRTIs and the 
Piss are the three drug classes that form the basis of initial drug treatment. A fusion inhibitor 
iss available, but not as first line therapy. Newer drug classes, such as entry inhibitors, 
integrasee inhibitors and maturation inhibitors, are in various stages of clinical development. 
Effectivee treatment of HIV-1 infection consists of a combined drug regimen with -at least-
threee active components.29"31 This combination of antiviral therapy is referred to as highly 
activee antiretroviral therapy (HAART). The effect of treatment is measured by 
improvementss in clinical outcome, restoration of peripheral blood CD4+ lymphocyte 
countss and sustained plasma viral suppression. Treatment with one or two antiretroviral 
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drugss is generally not sufficient to maintain suppression of HIV-1 and will lead to therapy 
failuree and antiviral drug resistance. Secondly, the genetic barrier imposed by mono- and 
duall  therapy is generally low, and the risk of viral escape may be increased.32'34 

Inn developing countries, however, the choices for antiretroviral drugs are limited. 
Comparedd to developed countries few antiretrovirals are registered. A small number of 
countriess have the options of locally produced generic antiretrovirals. 
Thee WHO antiretroviral treatment guidelines for resource limited settings recommend that 
patientss should initiate therapy when advanced clinical HIV disease is present. This has 
beenn defined as WHO stage III or stage IV In settings, where determination of peripheral 
bloodd CD4+ lymphocyte counts is available, the decision to commence treatment can be 
furtherr modified according to CD4+ lymphocyte counts. Treatment should always be 
initiatedd when peripheral blood CD4+ lymphocyte counts decline below 200x106 cells/L, 
andd when patients with stage III have counts lower than 350x106 cells/L.35 The 
recommendedd treatment regimens are composed of two NRTIs with one NNRTI. The 
recommendedd NRTIs are dual combinations of zidovudine, lamivudine or stavudine. 
Efavirenzz and nevirapine are recommended as NNRTIs. The NRTIs abacavir and tenofovir 
disoproxill  fumarate are recommended in case a change in therapy is warranted. The Pis, of 
whichh ritonavir-boosted lopinavir and saquinavir are recommended, should not be 
introducedd as a first line regimen, but as a second line regimen. 

AA second line regimen needs to be constituted on a case-to-case basis depending on the 
reasonn for switch (toxicity, virological failure or other). A switch because of toxicity 
requiress a different approach, because drugs within the same class with different toxicity 
profiless may be used, while a switch because of virological failure usually implies a change 
off  drug class. If drug sensitivity testing is available, perhaps drugs from the same class may 
bee used. However, this type of testing is often not available in poor countries. 
Antiretrovirall  therapy in Thailand is summarized against the availability of antiretroviral 
drugss in high-income countries in Table 1. 
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Tablee 1 FDA approved antiretroviral drugs and availability in Thailand 

Drug g 

NRTIs s 
zidovudine e 
didanosinea a 

zalcitabine e 
stavudineb b 

lamivudine e 
abacavir r 
tenofovirr disoproxil fumarate 
emtricitabine e 

Pis s 
saquinavirr mesylate (hard gel)c 

ritonavir r 
indinavir r 
saquinavirr (soft gel) 
nelfinavir11 1 

amprenavir r 
lopinavir6 6 

atazanavir r 
fosamprenavir r 
tipranavirf f 

NNRTIs s 
nevirapine e 
delavirdine e 
efavirenz z 

Fusionn inhibitor 
enfuvirtide e 

Co-formulations s 
lamivudine-zidovudine e 
lamivudine-nevirapine-stavudine e 
abacavir-Iamivudine e 
emtricitabine-tenofovir r 
lamivudine-nevirapine-zidovudine e 

FDAA approved 

1987 7 
1991 1 
1992 2 
1994 4 
1995 5 
1998 8 
2001 1 
2003 3 

1995 5 
1996 6 
1996 6 
1997 7 
1997 7 
1999 9 
2000 0 
2003 3 
2003 3 
2005 5 

1996 6 
1997 7 
1998 8 

2003 3 

1997 7 
--
2003 3 
2004 4 
2005e e 

Availability y 

Brand d 

1997 7 
1992 2 
--
1994 4 
1998 8 
2000 0 
--
--

--
1997 7 
1996-1997 7 
1998 8 
1998 8 
--
2000 0 
2004 4 
--
--

1999 9 
--
1999 9 

--

1998-1999 9 
--
--
--
--

inn Thailand 

Generic c 

1997 7 
2000 0 
--
2000 0 
2000 0 
--
--
--

--
--
--
--
2005 5 
--
--
--
--
--

2001 1 
--
--

--

2002 2 
2002 2 
--
--
_« « 

FDAA approval of other formulations: 
a.. Didanosine extended release in 2000, available in Thailand since 2001 
b.. Stavudine extended release in 2002 
c.. Saquinavir new formulation 2004 
d.. Nelfinavir new formulation 2003 
e.. Approved as coformulation with ritonavir 
f.. Accelerated approval in combination with ritonavir for antiretroviral 

experiencedd patient with resistance to protease inhibitors 
g.. Tentative approval under President's Emergency Plan for AIDS Relief (PEPFAR) 

Notes:: § Generic formulation expected at the end of 2006 
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Genericc antiretrovira l therapy 

Off  the low to middle-income countries Argentina, Brazil, India, South Africa, and Thailand 
havee the ability to produce generic antiretroviral agents. In 2000, UNAIDS started an 
initiative,, the Accelerating Access Initiative (AAI) , that involved several pharmaceutical 
companies.. One of the aims of the AAI was to negotiate reduced drug prices of the 
expensivee innovator drugs in developing countries. However, even after successful 
discussions,, the implementation of this plan was slow and therefore the development of 
genericc antiretrovirals was accelerated.36 

Att present, antiretrovirals agents are under patent law. International patent laws have been 
sett out by the World Trade Organization (WTO) in the Trade Related aspects of Intellectual 
Propertyy Rights (TRIPS) agreement. At first, production of duplicate medication was not 
possiblee by manufacturers of pharmaceuticals under this agreement. However the DOHA 
declarationn established in 2001, made the use of compulsory licensing under the TRIPS 
agreementt possible.36-38 Governments may issue compulsory licensing, which enables the 
productionn of drugs regardless of the patent in certain situations, including public health 
emergencies.. Thailand never used compulsory licensing to produce generic antiretrovirals. 
Thee Government Pharmaceutical Organization (GPO), the Thai manufacturer of generic 
drugs,, requested authorization to use compulsory licensing. The request was rejected.39 

GPOO used alternative strategies to produce generic antiretrovirals. Drug discoveries before 
19922 do not fall within the Thai Patent Act. An example is stavudine that can be produced 
ass a generic. Antiretroviral molecules that are not patented in Thailand may be produced 
andd co-formulations of non-patented antiretrovirals can be submitted as new drug patents. 
Nevirapine-stavudine-lamivudinee and zidovudine-lamivudine are available as Thai co-
formulations.. Drug molecules that are modified can be submitted as new drug patents. 
Didanosinee is a modified product, which is available as a powder formulation in Thailand.39 

Becausee of generic versions, prices of antiretrovirals in Thailand have dropped 40 to 90% 
(Figuree 3). 

„„ Brand  Generic 
?? ISO 
o o 

|255 | 

( 0 00 i j 

755 - i 1 '

50 0 

255 _ _ ; W _ 

iss ^B ss in s i 

oo m  I _ 
ZDVV dcfl OJT 3TC NVP 3TC/2DV 3TOÖ4T7ZDV 

loomgg 260mg 40mg 150mg 200mg 150/300mg I50/40/300mg 

Figuree 3 Comparison of the price of generic and branded antiretrovirals per 
monthh in Thailand (in euro for standard dosing and body weight) 
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Bioequivalencee of generic antiretroviral s 
Accordingg to FDA regulations, a generic copy of a reference drug has to contain identical 
amountss of the same active drug ingredient in the same dosage form and route of 
administration.. Inactive substances in the medications ('excipients') may differ. Approval 
off  a generic version of a drug by the FDA requires prove of chemical and bioequivalence. 
Thee chemical equivalence refers to similar quantities and availability of the active 
ingredientt in the reference and generic drug. Bioequivalence refers to the in vivo 
bioequivalence. . 

Bioequivalencee is measured by pharmacokinetic studies in which plasma concentration 
profiless are recorded. The pharmacokinetic parameters of the generic drug derived from the 
dose-concentrationn relationship need to overlap the pharmacokinetic parameters of the 
referencee drug. A deviation within a range of 80 to 125% from the reference product is 
accepted.. The focus of the FDA is on the maximum concentration in a dosing interval 
(Cmax)) and the area under the time-concentration profile (AUC). For immediate-release 
solidd oral formulations, bioequivalence studies are typically conducted as a randomized, 
single-dose,, crossover study in healthy subjects.40 

Thee WHO maintains a website with regular updates of bioequivalent generic medication 
(Thee prequalification list14-41). Currently, 5 antiretroviral drugs in various formulations are 
availablee mostly from different manufacturers in India. Bioequivalence of the Thai generic 
antiretroviralss has not been reported yet. 
Ann overview of the published bioequivalence studies is given in Table 2. Clinical studies 
withh generic antiretrovirals have reported positive results.42"47 

Tablee 2 Published reports on bioequivalence of generic antiretrovirals 

Drug g 
indinavir* * 
lamivudine e 
lamivudine/zidovudine* * 
lamivudine/nevirapine/ / 

stavudine* * 
stavudine e 
zidovudine e 

Author r 
Zalaa et al4S 

Narangg et al49 

Henrvv et al5" 
Narangg et al5' 

Narangg et al52 

Theekachunhateann et al53 

Year r 
2005 5 
2005 5 
2004 4 
2005 5 

2004 4 
1996 6 

Strength h 
4000 mg 
1500 mg 
150/3000 mg 
150/200/ / 

400 mg 
400 mg 
1000 mg 

Origin n 
Argentina a 
India a 
India a 
India a 

India a 
Thailand d 

Company y 
Richmond d 
Cipla a 
Cipla a 
Cipla a 

Cipla a 
GPO O 

*Co-formulation n 
§§ multiple dose study, boosted with low dose ritonavir, in HIV-1 positive patients 

Availabilit yy of antiretrovira l agents in Thailand 

Antiretrovirall  agents have been available in Thailand since 1992. From 1992 to 2000, 
mono-- and dual therapy with NRTIs were the standard of care.54"56 At first, the government 
startedd with the supplementation of free antiretrovirals. Due to high costs, and low cost-
effectiveness,, the funds for these programmes were reallocated to clinical trial networks. 
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Inn 2000, the government programmes supplied a NNRTI (nevirapine) and a PI (indinavir). 
PatientsPatients paid for NRTIs, in what was termed the 'co-payment programme'. Short-course 
zidovudinee therapy was initiated to reduce mother to child transmission in the same year. 
Inn 2002, a Thai generic fixed-dose combination containing two NRTIs and one NNRTI was 
marketedd making treatment possible for a larger group of patients.57 In this year the Thai 
governmentt started with the national 'Access to Care Programme' that aimed to provide 
50.0000 patients with free treatment with the generic co-formulation that consisted of 
lamivudine,, nevirapine and stavudine. However, not all Thai patients could access these 
programmess or fulfilled the entry criteria to enter the protocol-based programmes. 
Thesee patients still had to find their own financials means to obtain antiretroviral therapy. 
Despitee modal financial status, patients may still be unable to support treatment, as HIV is a 
chronicc disease and requires long-term treatment. Furthermore, the ability to work is often 
impairedd because of disability due to disease, which causes a vicious cycle. Other sources 
too obtain medical treatment are non-governmental organizations (NGOs) and personal 
fundss from relatives from western countries.57 Regardless of how patients obtain 
antiretrovirals,, the sustainability of these funding sources, either through the government or 
throughh personal funds or others, is uncertain. 
Thee last few years the Thai Health care system has been going through reformations. All 
Thaii  nationals and other registered residents have medical coverage under the 30-baht 
universall  health care programme. In this programme medical treatment is provided for 30 
bahtt (0.6 euro). At this moment the 30-baht health care programmes does not reimburse for 
antiretrovirall  drugs. Plans are underway that certain antiretrovirals wil l be covered by this 
schemee in 2005/2006. At the same time the 'Access to Care Programme' wil l come to an 
end. . 

Experiencee of studies wit h antiretrovira l agents 
Thee first data on the effect of antiretroviral agents in Thai HIV-1 infected patients came 
fromm clinical trials investigating mono- and dual therapy. The studies were performed at the 
HIVV Netherlands Australia Thailand Research Collaboration established in 1996 in 
Bangkok.. HIV-NAT is an initiative of the AIDS Research Centre of the Thai Red Cross 
Societyy (TRCS), the International Antiviral Therapy Evaluation Centre (IATEC, 
Amsterdam,Amsterdam, The Netherlands) and the Australian National Centre in HIV Epidemiology 
andd Clinical Research (NCHECR, Sydney, Australia).58 

Afterr it became evident that mono- and dual therapy are not effective enough, HAART was 
providedd to patients in these trials, through rollover protocols. Later, larger clinical trials -
investigatingg NNRTIs in the 2NN study, an immunomodulating agent in the ESPRIT trial, 
thee Pis saquinavir and ritonavir in the STACCATO study with structured treatment 
interruptionss - were initiated.58 

Afterr the launch of the HIV-NAT pharmacokinetic laboratory and therapeutic drug 

monitoringg service, pharmacokinetic studies were developed. A complete overview of the 
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HIV-NA TT studies and the timelines are presented in Figure 4. Details of the studies are 
providedd in an earlier publication.58 

Figuree 4 Timelines of clinical studies performed at HIV-NAT 
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Clinica ll  pharmacokinet ics of antiretrovira l drugs 

Thee pharmacokinetic parameters follow from the drug dose-concentration relationship. 
AfterAfter oral intake the drug is transferred from the gastrointestinal tract into the systemic 
circulation.. The maximum plasma concentration that is reached, the peak concentration or 
Cmax,, depends on the drug dose, the fraction of the drug that is absorbed, and the local 
metabolismm of the drug in the gastrointestinal tract. 

Beforee the drug reaches the systemic circulation it passes through the liver. The liver and 
thee jejunum are relevant sites for drug metabolism mediated by cytochrome P450 
(CYP450)) isoenzymes. The CYP450 isoenzymes are a superfamily located in the smooth 
endoplasmaticc reticulum of cells in the liver, jejunum, colon and pancreas. Three 
cytochromee families CYPl, CYP2 and CYP3, are responsible for oxidative disposition of 
endogenouss and exogenous substances. Cytochrome P450 isoenzyme 3A4 (CYP3A4) alone 
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iss involved in oxidative metabolism of more than half of drugs that are used for any 
disease.59,60 0 

Oncee in the systemic circulation, the drug is distributed to body compartments, which are 
dividedd in plasma, interstitial, fat and intracellular compartments. Drug distribution 
dependss on perfusion of tissues, lipophilicity of the drug and binding to plasma proteins. 
Piss mainly bind to alpha-1 acid glycoprotein and NNRTIs to albumin. Nevirapine and 
indinavirr bind to a lesser degree to the plasma proteins than the other NNRTIs and Pis. The 
ratee of drug distribution and the time to reach maximum concentration (Tmax) expresses the 
ratee of drug accumulation. Tmax can be a predictor for the onset of drug (side) effects. 
HIV-11 is present in various body compartments and therefore antiretroviral agents need to 
reachh these compartments. Viral replication may continue or resistance may develop in the 
compartmentss when drug concentrations are suboptimal. One such compartment in which 
thee HIV-1 has been proposed to replicate is the central nervous system (CNS).61 The blood-
brainn barrier constitutes a barrier for drugs to enter the CNS and thereby contributes to 
compartimentalization.. P-glycoprotein, the product of the multi-drug-resistance 1 (MDR1) 
gene,, functions as a transmembrane drug efflux transporter on apical membranes. P-
glycoproteinn and other drug efflux proteins, the multidrug resistance-associated proteins 
MRP11 and MRP2, have been suggested to transport the Pis amprenavir, indinavir, ritonavir 
andd saquinavir.62"64 The antiretroviral drugs nevirapine, efavirenz, zidovudine, abacavir, 
stavudine,, indinavir, zalcitabine, and lamivudine have a good to moderate penetration in the 
cerebrospinall  fluid.65"70 

Lymphocytess and cells from the monocyte-macrophages dendritic lineage may function as 
aa reservoir. For example, Pis affect replicating virus (Figure 2). Latent, nonreplicating cells 
wil ll  not be affected. Moreover, if these cells are located in lymph nodes or in 
gastrointestinall  mucosa there is an anatomical barrier as well. Another compartment that 
hass been suggested is the genital tract in both male and female patients, where in male 
patientss the blood-testes endothelial barrier may prevent drug entry.61 

Drugg elimination is an ongoing process of metabolism of the drug and excretion by bile and 
thee gastrointestinal tract or urinary tract. Clearance of a drug is a complex function of 
hepatic,, renal and tissue clearance. The NRTIs are predominantly eliminated by renal 
excretion.. Pis and NNRTIs are metabolized by cytochrome P450 isoenzymes, principally 
byy CYP3A (Pis, NNRTIs) and CYP2B6 (NNRTIs). CYP3A4 and P-glycoprotein may 
increasee the efficiency of drug metabolism because of re-uptake of drug located in the 
intestinall  lumen, enabling re-exposure of the drug to CYP3A4.71,72 Two pharmacokinetic 
parameterss that are closely related to elimination are the half-life and clearance. The half-
life,, ti/2, is determined over the terminal part of the elimination phase. The half-life reflects 
thee time that a drug will persist in the body. Most NRTIs have short terminal plasma ti/2 of 
1-22 hours, except for lamivudine, which has a plasma ti/2 of 3-6 hours and tenofovir of 17 
hours.. The Pis have a half-life between 1 and 10 hours, while efavirenz and nevirapine have 
longg serum half-lifes of between 25 and 55 hours. 
Thee minimum concentration at the end of the dosing interval, trough or Cmin, is used to 
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determinee whether plasma concentrations during the interval reach minimum required 
levelss needed for a therapeutic effect. The total drug exposure during the entire dosing 
intervall  is expressed as the area under the curve time-plasma concentration curve or AUC. 
Thee relative contribution of the total of the pharmacokinetic processes the absorption of a 
drug,, distribution, metabolism and elimination to the pharmacokinetic parameters depend 
onn the characteristics of the drug and complex biodynamic processes. Pharmacodynamic 
parameterss of interest in HIV-infection are the peripheral CD4+ lymphocyte count and 
plasmaa HIV-1 RNA. The blood serum or plasma biochemical parameters indicating toxicity 
wil ll  be different per antiretroviral drug. 

Thee relationship between pharmacokinetics and pharmacodynamics provides better insight 
inn the relationship between dose and effect. For instance, for saquinavir an inverse 
relationshipp has been demonstrated between plasma HIV-1 RNA and dose.73-74 

Boostingg of protease inhibitors 

'Boosting'' is a term that is used when low-dose ritonavir is co-administered with a PI to 
enhancee the pharmacokinetic parameters of the PI. Higher doses of ritonavir are 
infrequentlyy prescribed because of toxicity.75 All Pis: saquinavir, indinavir, nelfinavir, 
amprenavirr or its prodrug fosamprenavir, lopinavir, atazanavir and tipranavir, may be 
boostedd in clinical practice. Atazanavir, amprenavir, fosamprenavir and indinavir can be 
usedd without boosting. Nelfinavir is almost exclusively used without boosting. Ritonavir 
hass a minor effect on nelfinavir plasma concentrations, however a much greater effect in 
seenn on the metabolite (M8) of nelfinavir.76 Lopinavir and saquinavir when administered 
withoutt ritonavir have such a low bioavailability that boosting is required.77- 78 Currently, 
onlyy ritonavir is used for boosting of Pis. 

Ritonavirr boosts the concurrent PI by inhibiting its drug metabolism. Ritonavir inhibits 
CYP3A44 and hence prevents the metabolism of substrates of CYP3A4. All Pis are 
substratess of CYP3A as well as P-glycoprotein.79 In addition to inhibition of CYP3A4, 
inhibitionn of P-glycoprotein has been proposed to contribute to boosting. In cell lines, 
saquinavirr and ritonavir can modulate the confirmation of P-glycoprotein and inhibit the 
drugg efflux of vinblastine and adriamycin.80 In mdr la-knockout mice, administration of a 
potentt inhibitor of P-glycoprotein (LY335979) resulted in increased concentrations of the 
Piss in plasma and the brain.81 However, a similar mechanism for PI boosting by ritonavir 
hass not been shown. The interaction is complex because the Pis can be inducers as well as 
inhibitorss of P450 3A4 and P-glycoprotein. The in vivo clinical mechanisms and effects are 
nott clear yet.82-83 
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Clinica ll  pharmacokinet ics of antiretrovira l drugs in Asians 
Nucleosidee and nucleotide analogue reverse transcriptase inhibitors 

Thee pharmacokinetics of NRTIs have not been studied in the same way as NNRTIs or Pis. 
Inn contrast to NNRTIs and Pis, NRTIs are present in their parent form in plasma, which is 
inactivee against HIV. NRTIs undergo intracellular transformation from their inactive mono-
phosphatee moiety into the active triphosphate moiety. Instead of measuring plasma 
concentrations,, the measurement of intracellular triphosphate concentrations has been 
proposedd as a parameter to measure the activity of the NRTI. The concentration of NRTIs in 
plasmaa and intracellular NRTI-triphosphate concentrations are not clearly related.84 

Lamivudinee and zidovudine intracellular triphosphate concentrations have been correlated 
withh peripheral blood CD4+ cell and plasma HIV-1 RNA responses.85 Data on the NRTI 
intracellularr triphosphate concentrations in Asians have not been reported yet. 

Non-nucleosidee reverse transcriptase inhibitors 
Inn Thai HIV-1 infected patients the combination of efavirenz, indinavir and low dose 
ritonavirritonavir showed lower efavirenz Cmin concentrations than in Caucasian HIV-1 infected 
patientss but higher Cmin concentrations than in HIV-negative subjects.86"88 

Inn population pharmacokinetic analyses, Thai HIV-1 infected patients had, slower 
nevirapinee clearance than patients from South-Africa, South-America and Western 
countries.899 Another study performed in a therapeutic drug monitoring cohort did not show 
ann association between pharmacokinetic parameters and ethnic group. However, the 
numberr of Asian subjects in this study was small.90 

AA high incidence of rashes after initiation of nevirapine or efavirenz has been reported in 
Thaii  HIV-1 infected patients,91 but a relationship between nevirapine plasma concentrations 
andd adverse events (rash, elevated liver enzymes, hepatic events, psychiatric or central 
nervouss system events) could not be established. Efavirenz trough concentrations higher 
thann 2.18 mg/L were associated with a higher risk of elevated liver enzymes; a relationship 
didd not exist with the other adverse events.92 

Proteasee inhibitors 
Thee pharmacokinetic parameters of ritonavir boosted indinavir are comparable in Thai 
patientss and other populations. However, higher peak concentrations in Thai patients were 
observedd than in Caucasian patients. Due to higher concentrations, Thai patients may be 
moree prone to develop toxicity from indinavir.93-94 

Nephrolithiasis,, urolithiasis and tubulointerstitial nephritis are known complications of 
treatmentt with indinavir. The incidence of nephrolithiasis and urolithiasis increases when 
indinavirr dosing exceeds 2.4 mg per day and with longer duration of treatment.95 In Thai 
HIV-11 infected patients, high exposure and high peak concentrations were correlated with 
nephrotoxicity,, while minimum concentrations were not correlated.93 In Caucasian patients, 
highh minimum concentrations have been linked to nephrotoxicity. In the European study 
informationn about peak concentrations or information on drug exposure was not available.96 
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However,, high Cmin values may reflect high exposure during the entire dosing interval. 
Apartt from safety considerations, toxicity may influence adherence to therapy. High 
adherencee to antiretroviral treatment is needed for effective therapy.97-98 Toxicity is one of 
thee main reasons to stop or change therapy. Clinical studies have shown that indinavir-
inducedd nephrotoxicity leads to discontinuation of antiretroviral therapy.99101 

Whilee in most developed countries changes in antiretroviral therapy because of intolerance 
orr toxicity is common, in developing countries choices are few. In developing countries 
changess in treatment wil l be postponed as long as possible. Therefore, strategies with lower 
dosagess of indinavir are practiced. Pharmacokinetic studies in Thai patients have shown 
adequatee ritonavir boosted indinavir plasma concentrations with dosages of 400/100 mg 
twicee daily, a 50% reduction in indinavir dose. Patients in these studies had adequate 
virologicall  responses.102- 103 The use of lower dosing has been reported in other Asian 
populations,1044 and in the European settings with patients and healthy subjects.105-106 

Studiess investigating options for NRTI-experienced patients have looked at the regimen of 
ritonavirr boosted indinavir with efavirenz. Efavirenz induces the metabolism of indinavir. 
Reportedd AUCs of indinavir were in a similar range for Thai, Chinese and Caucasian 
patients.. Once more, the reported Cmax concentrations were higher in Thai patients.90"92-107 

Thee pharmacokinetic parameters of ritonavir boosted saquinavir appear to be higher in Thai 
HIV-infectedd patients compared to HIV-negative Caucasian subjects.108"110 However, the 
comparisonn between HIV-negative subjects and patients should be made cautiously, 
becausee data on unboosted saquinavir have shown higher saquinavir AUCs in patients than 
inn HIV-negative subjects. 

Ritonavirr boosted saquinavir is approved as a 1000/100 mg twice daily regimen. A 
relationshipp between saquinavir plasma concentrations and toxicity, as with indinavir has 
nott been seen yet. In clinical trials, ritonavir boosted saquinavir dosed as 1600/100 mg has 
beenn tested for clinical efficacy and safety.111"113 The advantage of dosing once daily over 
twicee daily dosing is reduced dosing frequency and a lower number of pills per day. A more 
convenientt regimen is likely to improve patients' adherence to therapy. At least as important 
inn resource poor settings, a dose reduction of 400 mg implies greater cost saving. 
Dataa on the pharmacokinetic parameters for other Pis have not been reported in Asian 
populations. . 

Studyy sett ing 

Limitedd information is available on the clinical pharmacokinetic processes and the 
pharmacologyy of antiretroviral medication in Thailand. 
Studiess presented in this dissertation were performed at the HIV Netherlands-Australia 
Thailandd Research Collaboration (HIV-NAT). The research agenda of HIV-NAT 
compromisess clinical trials in Thailand and Southeast Asia. Patients who participate in trials 
aree recruited form the 'Anonymous Clinic' from the Thai Red Cross or the affiliated King 
Chulalongkornn Hospital in Bangkok. Approximately 2000 HIV-1 infected patients currently 
aree followed at HIV-NAT. 
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HIV-NATT has several departments. The medical department consists of an outpatient 
departmentt where care is provided by medical doctors and research nurses. There is a 
pharmacyy department where antiretroviral drugs are stored and distributed to patients. 
Otherr departments are data-management and statistics, and the secretarial department. 
Thee laboratory has the facilities to perform all types of diagnostics and monitoring 
necessaryy for clinical management of HIV-1 infection, including enumeration of CD4+ cell 
countss and HIV-1 RNA amplification and quantification. 
Inn 2002, the first 'pharmacokinetic laboratory and therapeutic drug monitoring service' (PK 
andd TDM laboratory) to measure the plasma concentrations of HIV Pis and NNRTIs in 
Thailandd were set up at HIV-NAT by the Dutch PharmAccess Foundation in collaboration 
withh IATEC and the Department of Clinical Pharmacy of the University Medical Centre 
Nijmegenn in the Netherlands. Establishment of the pharmacokinetic laboratory was 
possiblee because of a grant provided by the Dutch AIDS Fund to facilitate the purchase of 
thee laboratory apparatus for the measurement of drug plasma concentrations. The studies 
conductedd for this dissertation are pharmacokinetic studies performed at the HIV-NAT PK 
andd TDM laboratory. 

Outlin ee of thi s thesis 
Inn the second chapter the pharmacokinetics of three dose regimens of saquinavir with low 
dosee ritonavir are investigated. Two of the three regimens are once daily regimens, which 
aree not approved by the FDA, but have been studied in clinical trials. In chapter 3, the 
factorss that determine the pharmacokinetic parameters of boosted saquinavir in a once daily 
regimenn in Thai and UK patients are explored. 
Saquinavirr hard gel capsules cannot be used without boosting with low dose ritonavir. 
Becausee of certain disadvantages of ritonavir, the pharmacokinetics of saquinavir boosted 
withh ketoconazole, as an alternative to ritonavir boosting, is investigated in chapter 4. 
AA major problem in developing countries is coinfection of tuberculosis and HIV. Although 
efavirenzz is the recommended treatment at this moment, nevirapine is more widespread 
availableavailable because of the generic formulation. Chapter 5 describes the plasma concentrations 
off  nevirapine given with and without rifampin. 
Inn chapter 6, predictors of metabolic toxicities and body fat distribution, and any 
relationshipp with plasma concentrations of efavirenz, indinavir and ritonavir are explored. 
Chapterr 7 presents the results of a bioequivalence study generic saquinavir produced in 
Thailand.. Chapter 8 presents the quality of generic nevirapine tablets available in Thailand, 
andd discusses a model of how monitoring of generic antiretrovirals in Thailand can take 
place. . 
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