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Introduction n 

Inn 2005, an estimated 6.7 million people were living with HIV-1 infection in Southeast 
Asia.. Just fourteen percent of the HIV-1 infected persons needing antiretroviral treatment in 
Southeastt Asia are currently receiving it.1 An increasing amount of data is generated on the 
efficacyy of antiretroviral treatment in developing countries. Only limited data is available 
onn the clinical pharmacology of the antiretroviral agents in these countries. However, there 
aree several pharmacological problems, relevant for the clinical management of HIV-1 
infectedd patients, that are specific to low- and middle-income countries. 
Thesee problems are exemplified by clinically significant drug-drug interactions of 
antiretrovirall  drugs with the agents used for the treatment of poverty-related communicable 
diseasess like malaria, chronic viral hepatitis and tuberculosis. HIV is responsible for an 
increasedd spread of some these communicable diseases, in particular of tuberculosis. In 
Augustt 2005, the WHO declared tuberculosis a state of health emergency for Africa,2 while 
Southeastt Asia has long been recognized as the region with the highest tuberculosis burden.3 

AA second issue is the treatment of HIV-1 infection with generic versions of antiretroviral 
agents.. For some of the generic medications, bioequivalence with the innovator product has 
nott been formally established. Also, the quality of these drugs is often not regularly 
monitored. . 

Theree is a lack of data on the clinical pharmacokinetics and pharmacodynamics of many 
antiretrovirall  drugs in various patient populations. 'Standard' dosing (usually based on 
studiess conducted in US or EU populations) is prescribed regardless of varying body size 
andd body composition between different populations.4'5 For new drug applications and 
clinicall  trials, the FDA promotes inclusion of a range of age groups, females as well as 
males,, and different ethnic groups.6-7 Despite these recommendations, in practice it is 
difficultt to gather information on all relevant populations and racial groups. Obligating 
pharmaceuticall  companies to include different racial group may be counterproductive 
becausee the approval of new drugs may be delayed and would further increase costs of 
clinicall  research, resulting in higher drug prices. Phase 3 or phase 4 clinical trials usually 
providee additional data, but the clinical pharmacokinetics are not always thoroughly 
investigated.. Furthermore, it is unclear whether the response to HIV-1 treatment for ethnic 
Asiann groups as seen in clinical trials performed in Europe or the US is representative of 
ethnicc Asian groups living in the countries of origin. 

Thee main focus of this dissertation was to increase the understanding of clinical 
pharmacologyy of antiretrovirals in HIV-1 infected patients in Thailand. A second objective 
wass to assess the quality of generic antiretroviral agents produced in Thailand. 

Thee results presented in chapter 2 show that plasma exposure to the protease inhibitor (PI) 
saquinavir,, co-administered with a low dose of ritonavir (1600/100 mg once daily), was 
47%% lower when compared to the standard approved twice daily dosing schedule of 
1000/1000 mg (chapter 2). Lower plasma exposure may lead to virological failure when 
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plasmaa concentrations decline to below the minimum effective concentration. Several 
clinicall  trials have attempted to investigate the correlations between saquinavir plasma 
concentrationss and treatment outcomes. 
TwoTwo large trials, an open-label single-group study and a randomized trial, have investigated 
1600/1000 mg once daily dosing of saquinavir/ritonavir.89 Both studies were performed in 
patientss who were naive to antiretroviral treatment. The randomized trial, the FOCUS 
study,, was performed in predominantly male Caucasian HIV-1 infected patients, while the 
single-groupp study was performed exclusively in Thai HIV-1 infected subjects. The Thai 
studyy was part of a larger trial, the STACCATO study, in which treatment interruptions 
weree investigated, but all patients in STACCATO received continuous saquinavir/ritonavir 
treatmentt for the first 24 weeks so the pharmacokinetics of saquinavir could be investigated 
duringg that period (presented in chapter 2). 

Thee data from these clinical studies suggests that patients treated with saquinavir and low 
dosee ritonavir can have virological and immunological response, notwithstanding the lower 
totall  daily dose of saquinavir and ritonavir compared to standard treatment. The responses 
too treatment appeared better to be in the Thai patients than in the Caucasian patients. 
However,, this statement should be made cautiously, because a comparator group was not 
includedd in the Thai study and the follow up period (of 24 weeks) was short. 
Chapterr 3 describes that Thai HIV-1 infected patients have higher values for saquinavir 
pharmacokineticc parameters compared to patients from the United Kingdom. An interesting 
hypothesiss is that higher saquinavir plasma concentrations correspond with better treatment 
outcome,, and therefore might be responsible for the favourable outcome in the Thai single-
groupp study. This hypothesis is supported by studies with saquinavir as monotherapy, and 
clinicall  studies which showed a positive relationship between saquinavir plasma 
concentrationss and virological response.10"13 However, a clear plasma-exposure relationship 
wass not found in the Thai clinical study.9 

Thee relationship between virological response and low saquinavir plasma concentrations 
wass investigated in these trials. The level of saquinavir plasma concentrations in both trials 
didd not show a correlation with virological response.14-15 Both trials investigated whether 
plasmaa concentrations of saquinavir could predict subsequent virological failure. However, 
inn the Thai study, the frequency of virological failure was remarkably low, which decreased 
thee overall power of the study to correlate plasma concentration with virological treatment 
failure.. In the FOCUS study, a single concentration measurement at week 4 was not 
correlatedd with the virological response at week 48. However, there is a considerable 
amountt of time between these two time-points allowing for other competing risk factors, 
suchh as acquired drug resistance due to periods of non-adherence, to influence virological 
response.. Both studies relied on single measurements of the saquinavir plasma 
concentrations.. Highly variable saquinavir pharmacokinetics have been reported between 
subjects,, as is described in chapter 2, 3 and 4. The variability within subjects has been 
investigatedd for some dose regimens, and was shown to be lower than the intersubject 
variability,16'177 but it was not negligible. The extent and clinical relevance of intrasubject 
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variationn of saquinavir standard dosing regimens is, however, not fully known yet. As was 
alreadyy mentioned earlier, the pharmacokinetic results of these clinical trials contradict the 
resultss from other studies with saquinavir using as monotherapy and in combination with 
otherr antiretro viral drugs.1013 

Ass for standard saquinavir/ritonavir dosing, two large randomized trials reported the 
immunologicall  and virological outcome of saquinavir dosed twice daily with low dose 
ritonavir.18**  19 These studies were conducted with mostly Caucasian male HIV-1 infected 
patients.. The study population in these studies consisted of a heterogeneous group of 
treatmentt naive and treatment experienced patients, with or without prior virological 
failure.. Patients who remained on saquinavir treatment showed good virological response at 
488 weeks of treatment. An analysis of the saquinavir plasma concentrations did not show a 
correlationn with virological response.10 However, the results from this sub-study should be 
interpretedd with caution as the plasma concentrations were only measured in a small 
subgroup.. In patients who fail to respond to antiretroviral therapy, non-adherence to 
antiretrovirall  therapy or decreased viral susceptibility are often the primary causes. 

Thee lack of a correlation between saquinavir plasma concentrations and treatment response 
inn clinical studies has led to investigations of the intracellular concentrations of saquinavir. 
Studiess with unboosted saquinavir show high intracellular accumulation of saquinavir 
comparedd with the plasma concentration of saquinavir. When saquinavir is boosted with 
ritonavir,, plasma concentrations of saquinavir increase. However, the accumulation ratio of 
boostedd saquinavir is lower than for unboosted saquinavir.20 

Thee interpretation of the intracellular saquinavir concentration is complex. In a cultured cell 
line,, intracellular saquinavir was associated with the mitochondria and the nucleus of the 
cells.. Unbound saquinavir was localized in the cytosolic compartment.20 As with 
measurementt of plasma concentrations, both bound and unbound saquinavir concentrations 
aree measured simultaneously. Intracellular pharmacokinetics of saquinavir may differ with 
celll  type.21 More knowledge of intracellular saquinavir pharmacokinetics is necessary to 
understandd the viral kinetics in different cell types and perhaps the evolution of viral 
resistance.. Monitoring of intracellular saquinavir levels will probably not be useful in the 
clinicall  setting because of technical and logistical difficulties. 

Itt has been suggested that therapeutic drug monitoring of saquinavir plasma concentrations 
iss not useful, because correlations between virological outcome and saquinavir plasma 
concentrationss could not be demonstrated in non-randomized studies and randomized trials. 
Ass mentioned earlier, other studies have shown that relationships between saquinavir 
plasmaa concentrations and virological response may exist.10-13 Nelfinavir and saquinavir 
sharee chemical and pharmacokinetic drug characteristics. Both drugs are weak bases. The 
intracellularr accumulation of both drugs is high in vitro; for nelfinavir even higher than for 
saquinavir.222 Theoretically, if plasma concentrations are not important to monitor for drug 
activity,, the same assumption could be made for nelfinavir. However, a prospective 
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therapeuticc drug monitoring study of nelfinavir demonstrated a clear relationship between 
nelfinavirr plasma concentrations and subsequent virological failure.23-24 Moreover, there is 
aa linear relationship between saquinavir intracellular and plasma concentrations,25 therefore 
correlationss seen in association with intracellular concentrations might also apply to plasma 
concentrations. . 

Thee pharmacokinetic parameters AUC, Cmax, and Cmm, of ritonavir-boosted saquinavir are 
higherr in Thai HIV-1 infected subjects than in Caucasian HIV-1 infected subjects (chapters 
22 and 3). When saquinavir 1600/100 mg once daily is switched to 1000/100 mg once daily 
orr 2000/100 mg twice daily, also the increase in exposure is greater in Thai HIV-1 infected 
patientss than in a Caucasian patients.26 For the saquinavir/ritonavir 1600/100 mg dose 
factorss like smaller body size, lower body weight or female gender could not fully explain 
thee observed differences. Lower body weight appeared to play some role, but was not 
stronglyy correlated with saquinavir plasma concentrations (chapter 3). Higher plasma drug 
concentrationss may be associated with an increase in toxicity. Defining the relationships 
betweenn plasma concentrations and drug-related toxicity is important because interruptions 
andd modifications of therapy often occur because of toxicity.27- 28 Therapeutic drug 
monitoringg may prevent unnecessary discontinuations of therapy when patients with too 
highh plasma drug levels are identified and the dose is adjusted accordingly.24 In the 
previouslyy mentioned saquinavir trials, switching from assigned treatment most frequently 
occurredd because of side effects, with gastrointestinal complaints being the most frequently 
occurringg side effects. However, the relationship of saquinavir-related toxicities with 
plasmaa concentrations was not investigated. Defining any relationship in three of the trials 
iss hampered by the soft-gel formulation of saquinavir that was used in these studies,8-919 

becausee this formulation contains excipients (medium chain mono- and diglycerides), 
whichh can cause local toxicity in gastrointestinal tract. Therefore, investigating a possible 
relationshipp between saquinavir plasma concentrations and gastrointestinal side effects is 
moree difficult when the soft-gel formulation of saquinavir is used. Recently, the soft gel 
formulationn was withdrawn from the market because of the increased rate of 
gastrointestinall  side effects. A new better-tolerated, hard-gel formulation with a higher dose 
(5000 mg per tablet) was introduced. 

Alternativee combinat ions of antiretroviral medicat ion 

Ketoconazolee as an alternative pharmacologic booster for Pis was investigated in chapter 3. 
Phamacokineticc data in the literature suggested ketoconazole as a candidate booster.29"31 

however,, the plasma concentrations of saquinavir boosted with ketoconazole were found to 
bee inferior compared to saquinavir boosted with ritonavir: the saquinavir concentrations 
weree below the minimum recommended concentration (of <0.1 mg/L) in 52% of patients. 
Pharmacologicc boosting results from a complex interplay between pharmacokinetic 
processes,, metabolizing enzymes and drug efflux transporters. This complexity is 
demonstratedd by the results from studies in which 'double boosting' was investigated. 
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'Singlee boosting' is the co-administration of a PI with a non-therapeutic, low dosage of 
ritonavirritonavir (typically between 100 and 200 mg per day), whereas in "double boosting" low-
dosee ritonavir is combined with two therapeutically dosed Pis. In "single boosting" the 
additionn of ritonavir has an inhibitory effect on the clearance of the concomitantly used PI. 
Inn double boosting the effects are less predictable and can even be counterintuitive. 
Saquinavirr plasma concentrations are higher when combined with lopinavir-ritonavir or 
atazanavir-ritonavir,, compared to boosting with ritonavir alone.32- 33 However, when 
saquinavirr is added to amprenavir-ritonavir, the saquinavir plasma concentrations are 
reduced,, while without ritonavir saquinavir plasma concentrations are not affected by 
amprenavir.34'355 However, when fosamprenavir is used instead of amprenavir, ritonavir 
boostedd saquinavir concentrations show only a minor non-significant decrease.36 

Thee place of double boosted protease inhibitors in the treatment of HIV-1 infection is not 
clearlyy defined yet. Several clinical settings could be considered in which double boosting 
mightt be useful. For instance, in cases of virological failure because of extensive drug 
resistancee to NRTIs and NNRTIs double boosted Pis might be a viable treatment option. 
Thee group of patients with resistance to NRTIs and NNRTIs is likely to increase in 
Thailand,, as currently these drugs are widely used in first-line therapy. Furthermore, HIV-1 
infectedd patients have been treated with mono- and dual-therapy with NRTIs before the 
introductionn of highly active antiretroviral therapy (HAART).3739 HAART became 
availablee in Thailand when a generic version of nevirapine was marketed. Unfortunately, 
nevirapinee was often added to regimens of patients who had already been treated for some 
timee with mono- or dual-NRTI-therapy. In this setting, NRTI-resistant viruses are prone to 
quicklyy also become resistant to nevirapine as these patients are effectively treated with 
nevirapine-monotherapyy and high-level resistance to nevirapine can develop with a single 
aminoo acid substitution. Whether these patients, with prior virological failure to NRTIs and 
NNRTIs,, can be successfully treated with double boosted Pis, has yet to be demonstrated in 
randomizedd trials. 

Chapterr 6 showed that when patients, who have been pretreated with NRTIs, switched to a 
combinationn of an NNRTI (efavirenz) and two Pis (indinavir plus low-dose ritonavir), 
improvementss in virological and immunological parameters were observed. However the 
favourablee treatment responses were accompanied by high rates of adverse events. Many 
patientss in this study developed abnormal plasma lipid profiles and disturbances of the fat 
compositionn of the body (i.e. lipodystrophy). A negative relationship between ritonavir 
plasmaa concentrations and high density lipoprotein (HDL) cholesterol was found. However, 
thee observed relationship was weak and other variables were more strongly correlated than 
thee plasma concentrations of ritonavir. 

Therapeuticc drug monitoring of antiretroviral drugs 

Therapeuticc drug monitoring (TDM) comprises the interpretation of plasma drug 
concentrationss and application of this knowledge in the clinical management of patients. At 
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thee moment, TDM is not recommended as part of routine HIV care. For most antiretroviral 
drugs,, the relationship between toxicity and drug plasma concentration is poorly 
understood.. The relevance of TDM to monitor for toxicity depends on the therapeutic 
window,, which has not been clearly defined for all antiretrovirals. Only for indinavir and 
efavirenz,, a cut-off above which increased drug-related toxicity may be expected, has been 
identified.400 Furthermore, for most antiretrovirals it is not know whether dose-adjustments 
followingg TDM result in improvement or prevention of the side effects while retaining 
optimall  antiviral efficacy. 

Theree is debate whether measurement of the total plasma concentrations is valid in drugs 
thatt are highly bound to plasma proteins, as is the case with the Pis. Alpha-1 acid 
glycoprotein,, a plasma protein to which Pis are highly bound, is an acute phase protein, 
thuss concentrations are higher in advanced HIV-infection.41 Elevated or decreased levels of 
plasmaa proteins will lead to changes in the unbound drug concentrations, even though the 
totall  concentration does not necessarily have to change.42 Indinavir and saquinavir unbound 
concentrationss are stable during the dosing interval, but lopinavir unbound concentrations 
aree not.43' 44 Changes in unbound concentrations will occur when plasma protein 
fluctuationss are accompanied by changes in half-life of the antiretroviral drug.42 Whether 
fluctuationss in unbound concentrations affect treatment outcome is not known. 
Inn an attempt to measure the drug concentrations closer to the site of the drug action, the 
intracellularr PI concentrations, were measured.45 In vitro, viral kinetics and intracellular 
plasmaa concentrations of Pis are correlated.21 However, as Pis have a high affinity for 
proteins,, high intracellular protein binding may also be expected. The clinical significance 
off  (total, bound and unbound) intracellular PI concentrations remains under study (see 
sectionn on "Ritonavir boosted saquinavir pharmacokinetic parameters"). Moreover, the 
methodss used to determine intracellular concentrations and protein binding have not been 
standardized. . 

Evenn when drug concentrations are relatively high, treatment efficacy can be considerably 
decreasedd in case of decreased viral susceptibility to the used drug because the virus has 
acquiredd drug-resistance mutations. Measured drug concentrations should always be 
interpretedd with reference to the (expected or measured) susceptibility of the viral strains 
circulatingg (or being archived) within that particular patient.46 A minimum plasma 
concentrationn is required for an optimal therapeutic effect and to minimise the risk of the 
developmentt of viral resistance. When dose adjustments are made, this should be done with 
regardd to the minimal concentrations needed to suppress the viral strains harboured by that 
individuall  patient.47 NNRTIs have a low genetic barrier for the development of viral 
resistance,, meaning that a single mutation in the reverse transcriptase can cause high-level 
resistance.. Some (boosted) Pis require multiple mutations in the protease gene before 
clinicallyy relevant resistance develops. Patients treated with drug regimens that have low 
geneticc barriers to the development of resistance may be at increased risk for the 
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developmentt of resistance, when because of high variability of drug exposure the plasma 
drugg concentrations are too low for some period of time. 

Despitee the difficulties surrounding TDM, several studies in which PI and NNRTI plasma 
concentrationss were investigated have shown positive correlations between plasma 
concentrationss and virological response.23- 48~52 TDM was useful for certain Pis in 
antiretrovirall  naive patients.24'53 As mentioned in the previous section, there is a negative 
relationshipp between nelfinavir plasma concentrations and loss of virological suppression. 
TDMM can also be useful for managing certain toxicities of indinavir and efavirenz. TDM of 
NRTII  plasma concentrations is not useful in clinical practice. When ritonavir is given in the 
higherr therapeutic dose, peak and minimum plasma concentrations are correlated with 
gastrointestinall  or neurological adverse effects.54 An association between lopinavir/ritonavir 
plasmaa concentrations and toxicity has not been demonstrated consistently.5557 

TDMM will likely be helpful with clinical decision-making in selected patient populations at 
riskrisk for drug concentration abnormalities, for instance in patients treated with a drug for 
whichh the therapeutic window appears to be narrow, like nelfinavir. Specific populations 
pronee to have highly variable plasma concentrations because of altered pharmacokinetics 
aree children, pregnant women, elderly, patients with chronic viral hepatitis and patients 
usingg co-medication. This is mainly due to changes in the drug metabolizing organs or 
enzymes.. 58~60 

Non-nucleosidee analogue reverse transcriptase inhibitors in HIV-1 

andd tuberculosis co-infected patients 

Patientss presenting with tuberculosis are often diagnosed with an underlying HIV-1 
infection.. The concomitant treatment of tuberculosis and HIV-1 infection is unavoidable 
becausee patients usually present in a late stage, when both diseases need to be treated 
urgently.. Due to reduced cellular immunity in HIV-1 infection, the course of tuberculosis is 
moree rapidly progressive. In Thailand, 12% of the overall mortality due to tuberculosis can 
bee attributed to HIV-1 and 3.0% of mortality from HIV/AID S can attributed to infection 
withh tuberculosis.61 

Onee major reason, why simultaneous treatment of tuberculosis and infection with HIV-1 is 
problematic,, is the overlapping toxicity profiles of the drugs used for the treatment of both 
diseases.. Another reason is that the intake of multiple drugs for tuberculosis and HIV-1 may 
impedee adherence to therapy, which for both diseases is crucial.62-63 

Withh respect to the clinical pharmacokinetics, simultaneous treatment of both diseases is 
alsoo problematic because of the many drug-drug interactions between the commonly used 
tuberculostaticc drug rifampin and NNRTIs and Pis. Only, a few trials have addressed the 
pharmacokineticss of this interaction, as in the industrialized world these interactions can be 
easilyy avoided by the use of alternative tuberculostatic agents, like rifabutin. The CDC and 
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BHIVAA recommend to treat patients on a rifampin-based regimen with two NRTIs plus 
efavirenzz (800 mg once daily).64-65 This recommendation is based on a pharmacokinetic 
studyy in which rifampin was observed to reduce the concentration of efavirenz with 22%, 
particularlyy in patients weighing more than 50 kg, which confirmed pharmacokinetic data 
obtainedd from healthy volunteers.66 The WHO has not explicitly reported about the dosage 
increasee of efavirenz.67- 68 A pharmacokinetic study performed in Thailand, comparing 
efavirenzz 600 and 800 mg, in combination with rifampin showed comparable efavirenz 
plasmaa concentrations despite the use of rifampin. Eight percent of patients in the 600 mg 
groupp had low plasma efavirenz concentrations (<1 mg/L), but plasma HIV-1 RNA 
remainedd undetectable in these patients. In the 800 mg group none of the patient had low 
efavirenzz concentrations.69 

Nevirapinee is not recommended to be co-administered with rifampin. However, a recently 
presentedd abstract showed favourable clinical data on South African patients on concurrent 
tuberculostaticc drugs, including rifampin, and NNRTI treatment, including nevirapine.70 

Theree are a number of considerations that favour the use of nevirapine instead of efavirenz. 
Thee fixed-dose combination tablet containing nevirapine plus 2 NRTIs is often the only 
affordablee HAART regimen in some regions. Efavirenz is teratogenic in primates and in 
humanss in early pregnancy during organogenesis,68-71 and should thus preferably not be 
usedused in women of child bearing potential. Lastly, a significant proportion of patients may 
experiencee side effects from efavirenz. When these side effects persist and are not 
manageable,, discontinuation of therapy, and a switch to nevirapine that has a different side 
effectt profile, may be necessary.72 An example is that two percent of patients who start 
usingg efavirenz to experience severe nervous system symptoms like dizziness and sleep 
disturbances.688 Another example is psychiatric conditions, which may worsen with 
efavirenzz treatment.68- 73 Chapter 5 of this dissertation shows that nevirapine plasma 
concentrationss are adequate in 86% of Thai patients concomitantly using rifampin. 
However,, 14% of patients did not have adequate nevirapine concentrations, which is an 
unacceptablyy high figure if it would lead to drug resistance in all cases. Switching to a 
higherr dose of nevirapine may overcome the low plasma concentrations, However, 
increasingg to a higher nevirapine dose should be performed cautiously because of the 
associationn between nevirapine and heptotoxicity.74 Due to cross-resistance within the 
NNRTII  drug class, only Pis with an optimized NRTI background will be available for 
patientss failing nevirapine. Switching to a second line regimen is difficult in developing 
countriess because of a limited number of available antiretroviral agents. Therapeutic drug 
monitoringg wil l be useful to guide therapy in this situation in order to identify patients who 
havee low nevirapine plasma concentrations and thus to intervene to prevent drug resistance 
fromm occurring. 

Itt is unclear why the plasma concentrations of both nevirapine and efavirenz are higher in 
Thaii  patients than in most other populations. Lower body size compared to Caucasians 
mightt be a relevant factor to explain higher nevirapine plasma concentrations. However, 
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loww body weight could not explain all observed differences in our study (chapter 5). In 
populationn pharmacokinetic studies that included Thai patients, an association with body 
weightt or body size with the clearance of nevirapine was not observed.75 The same 
populationn pharmacokinetic study showed that nevirapine clearance is lower in females and 
patientss with hepatitis B virus co-infection. Both groups form a large part of the HIV-1 
infectedd populations in Thailand. 
Thee low intrapatient variability of nevirapine and efavirenz plasma concentrations makes 
frequentt monitoring of NNRTI plasma concentrations unnecessary. Bayesian estimation of 
thee intrapatient variability is 22 and 20%, for nevirapine and efavirenz respectively.76-77 

Dataa from the 2NN study suggests that determination of nevirapine plasma concentrations 
iss not clinically useful to predict the occurrence of adverse events or virological failure. 
Virologicall  outcome was not significantly associated with nevirapine plasma 
concentrations:: although the risk of virologie failure started to increase at a Cmin below 3.1 
mg/L,, but a cut-off value below which a statistically significant increased risk occurred was 
nott found.78-79 

Pharmacokineticc variability in Thai subjects 

Pharmacokineticc and pharmacodynamic differences have been observed in Asians 
comparedd to other populations. A well-known example is isoniazid toxicity in Asians due to 
aa polymorphism of the drug-metabolizing enzyme responsible for conjugation, N-
acetyltransferasee 2 (NAT2). Higher and toxic drug concentrations are seen if the activity of 
thee enzyme is low (so-called 'slow metabolizers').80 A recent study suggested to use 
determinationn of NAT2 genotype to adjust isoniazid dosage accordingly.81 

Geneticc variations may play a role in the observed variability of drug concentrations in Thai 
patients.. In chapters 2 and 3, high saquinavir maximum concentrations, high total exposure 
too saquinavir, and high plasma nevirapine concentrations were noted. Pis and NNRTIs are 
metabolizedd by the CYP450 isoenzymes. The CYP450 isoenzymes have multiple genotypic 
variants,, which may show a population related distribution. Genotypic variability resulting 
inn reduced drug metabolic rates have been identified in Asians for CYP2C9 and CYP2C19 
inn a high frequency of about 20%, and for CYP3A5 in 20-30%.8Z83 Genotypic variants of 
CYP3A44 and CYP2D6 are rare in Asians.83 Although CYP2C9, CYP2C19 and CYP3A5 
geneticc variants occur frequently in Asians, data on the prevalence and effects of these 
distributionss on the pharmacokinetics of antiretroviral agents are not available for Thai 
subjects.. In general, few data are available on the effect of variants of these genotypes on PI 
andd NNRTI plasma concentrations. Data in non-Asian patients suggests higher nelfinavir 
exposuree in patients with the CYP2C19 GA or AA genotype.84 Patients with the CYP3A5*1 
allelee had higher saquinavir metabolic rate than patients with inactive CYP3A5, the 
CYP3A5*3CYP3A5*3 allele.85 The CYP3A5*3 genotype is associated with higher efavirenz exposure. 
Ass for the other enzymes involved in drug metabolism, the T genotype of the CYP2B6 gene 
iss related to higher efavirenz exposure and higher risk of neuropsychological toxicity.86 The 
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CYP3A4*1BB genotype is associated with higher efavirenz exposure. 
Plasmaa concentrations may also vary because of polymorphisms in the MDR1 gene that 
codess for the drug efflux protein P-glycoprotein. However, studies were not able to 
demonstratee a relationship between variants of MDR1 and ritonavir or lopinavir plasma 
concentrations.87-888 One study showed a decrease in nelfinavir plasma concentration in 
patientss with MDR1 TT genotype, but this was in contrast with the observed 
pharmacodynamicc effects. A higher increase in CD4+ T-cells in patients with the TT 
genotypee was observed.89 The role of P-glycoprotein is further complicated because of the 
inconsistentt relationships between P-glycoprotein expression, drug plasma concentrations 
andd MDR1 genotype. The MDR1 TT genotype has been associated with both high and low 
P-glycoproteinn expression.90- 91 Low P-glycoprotein expression was associated with high 
plasmaa digoxin concentrations in enterocytes, whereas high P-glycoprotein expression was 
associatedd with low fexofenadine plasma concentrations in peripheral blood mononuclear 
cellss (PBMCs).90-91 The differences between these studies suggest differential functionality 
off  drug efflux pumps in different body compartments. 

Thee distribution of the CYP450 or MDR1 genotypes in the Thai healthy volunteers or 
HIV-11 infected populations has not been studied. Genotypic variants may differ within 
Asiann sub-populations.82'92 Therefore, it cannot be anticipated which variants are present in 
thee Thai HIV-1 infected population and how this will affect drug metabolism or efflux. 
Apartt from genetic variants, the function of the isoenzymes can be influenced by 
substancess in food products. Garlic, grapefruit and St. John's Wort are among the 
substancess that may have clinically significant interactions with antiretroviral drugs.93 

However,, the Asian diet may contain other substances that have not been identified yet. 
Genderr and age may also affect drug metabolism. Females have wide variability of 
CYP3A44 activity. CYP function deteriorates with age. Human liver microsomes have been 
studiedd for CYP activity and demonstrated a wide variability in activity between liver 
sampless and between studies, which usually have small sample sizes.94 To date none of the 
aforementionedd variables have been demonstrated to play a major role on the 
pharmacokineticss of antiretroviral drugs. 

AA large proportion of patients in Thailand are females. However, most pharmacokinetic and 
pharmacodynamicc data comes from predominantly male HIV-1 infected Caucasians from 
developedd countries. The relative contribution of any biological diversity on treatment 
outcomee between males and females may be small, especially compared to factors such as 
therapyy adherence or viral susceptibility. 
However,, for the risk of severe toxicities, a major difference has been noted between men 
andd women who are treated with nevirapine. Female HIV-1 infected patients have a higher 
riskk to develop life-threatening nevirapine induced-rash and liver failure. These severe 
adversee events do also occur in male patients but usually only at higher CD4+ T-cell counts 
thann in women.95 Indeed, in Thai HIV-1 infected patients rash occurred more frequently in 
femaless with CD4+ T-cell counts over 250 cells/mm3. % 
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Bioequivalencee and generic antiretroviral agents 

Bioequivalencee studies are typically small studies with 12-20 subjects. When the AUC and 
Cmaxx of the generic product are within the bioequivalence range as compared to the 
referencee innovator product, the generic drug is considered to be bioequivalent. In the case 
off  antiretroviral drugs, minimum concentrations (Cmin) should also be within the specified 
range.. Crossover-designs are recommended by the FDA, but parallel designs are also 
allowed.977 The advantage of a crossover-design is the smaller effect of intersubject variation 
onn the pharmacokinetic outcome. For Pis intrasubject variability can be high. The topic of 
highh variability in drug plasma concentrations has been addressed by the FDA. Alternative 
methods,, like reference scaling, have been discussed, however a final ruling has not been 
madee yet.98 

Single-dosee studies are performed to determine the bioequivalence of a drug in vivo, but in 
suchh studies the effect of long-term drug metabolism cannot be investigated. Multiple-dose 
studiess to determine bioequivalence are only recommended in specific situations.97 In 
general,, inhibition of the drug metabolizing enzymes by the drug is a rapidly occurring 
process,, while enzyme induction takes several days to weeks to fully develop, and therefore 
thee effects of enzyme induction will not be observed in a single-dose bioequivalence study. 
Too study these latter effects, chronic dosing studies are needed. In bioequivalence studies 
polymorphismss of metabolizing enzymes are usually not investigated. 

Developingg countries largely depend on cheap generic medications. More and more generic 
medicationss are becoming widely available, however still many key anti-HIV drugs are not 
marketedd in cheap generic versions. The drug development process for generic 
antiretrovirall  agents is progressing fast. New developments in the future may be slowed 
down,, however, by changes in and restrictions imposed by international law and 
legislations.. The generic antiretroviral drugs that are developed are mostly standard dosages 
forr the adult HIV-1 infected populations. Formulations for specific-groups needing specific 
formulationss like newborns and children are lacking. Clinicians often use adult 
formulationss to administer to children. The adjusted dose is prepared by crushing or 
breakingg of the tablets. This approach is not validated and may introduce the risk of 
administeringg a dose that is either too low or too high. Only recently a study was published 
whichh demonstrated adequate nevirapine plasma concentrations in Thai HIV-1 infected 
childrenn being treated with adult formulations.99 

Thee standards for publicly funded health care are very basic in Thailand. The Thai 
governmentt has implemented a health insurance scheme ('30-baht health care programme', 
approximatelyy 0.6 euro) through which Thai nationals can receive basic health care (see 
chapterr Introduction). The national program for access to antiretroviral drugs is providing 
freee antiretroviral treatment, consisting of the generic fixed-dose combination of 
nevirapine,, stavudine and lamivudine, produced in Thailand, as first line therapy, and an 
indinavirr based regimen as a second line treatment. At the same time a scheme to monitor 
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thesee patients is not in place. Of concern, the bioequivalence of the generic products, which 
aree already widely being used, has not been properly investigated. Fortunately, clinical 
studiess have reported good overall treatment results, so therefore indirectly clinical 
bioequivalencee might be assumed.100- I01 However, long-term follow-up on virology, 
immunologyy and toxicity during treatment is lacking. Data on the quality of the drugs and 
stabilityy data are not available. The environmental and climate conditions in Thailand may 
negativelyy affect the quality of a drug because of high temperature and humidity. Storage of 
thee drugs may be performed incorrectly. Therefore, quality assessments are essential for the 
managementt of the drug quality. 

Conclus ionss and future perspectives 

Drugg metabolism may be different in Thai patients compared to Western patients. Studying 
ethnicityy in clinical pharmacokinetics is complicated, but needs to be undertaken. As shown 
inn this dissertation the plasma concentrations of both saquinavir and nevirapine were higher 
inn Thai patients than in other populations. These observations could not be fully explained 
byy differences in body size, body weight or gender. 
Therefore,, other factors need to be investigated, so that they can be considered when 
antivirall  treatment regimens are commenced in patients. For example, few data are 
availablee on the effects of the Asian diet on clinical pharmacokinetics of antiretroviral 
drugs.. Another example is polymorphisms of drug metabolizing enzymes. Slower or 
acceleratedd metabolism due to these polymorphisms, may explain high interpatient 
variabilityy of drug plasma concentrations. If the distribution of polymorphisms are known 
forr a given population, studies can be designed with an adequate sample size to detect 
pharmacokineticc differences due to these polymorphisms. However, data on the prevalence 
off  genotypic variants for drug metabolizing enzymes such as CYP3A and MDR-1 genes are 
lackingg for the Thai population. Knowledge about polymorphisms may be useful in the 
pharmacologicall  management of patients. In other fields of medicine the knowledge of 
genotypicc variants is being implemented into patient management. In the oncology field, 
thee FDA recently approved a diagnostic assay to investigate polymorphisms of the UDP-
glucuronosyltransferasee 1 Al (UGT1 Al) , an enzyme responsible for conjugation. 

Itt is important to characterize differences in pharmacokinetic processes within individuals 
orr within a population to investigate whether these differences have a major impact on the 
exposuree to a drug. However, internal factors such as co-morbidities, and external factors 
likee life-style, consumption of stimulants and herbal products, as well as food intake may 
havee profound effects on the exposure to certain drugs. In clinical studies these variables 
cann be selected for investigation, but in real-life these factors vary and may have interacting 
components.1022 Measurement of plasma drug concentrations is a method that incorporates 
alll  internal and external influences. Therapeutic drug monitoring will be useful to gain 
knowledgee on the normal variability within a population, and to identify relationships 
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betweenn toxicity and failure. The care for patients can be individualized to patients' needs, 
specificc circumstances and co-morbidities. 

Therapeuticc drug monitoring should be utilized in patients who are predisposed to 
suboptimall  drug concentrations, e.g. in patients using co-medications putting them at risk 
forr drug-drug interactions. Therapeutic drug monitoring introduces additional cost. 
However,, by enabling monitoring of drug concentrations and subsequent dose reductions 
(orr increases), switching to other more expensive antiretroviral agents may be postponed or 
evenn become unnecessary. Therapeutic drug monitoring may contribute to improve the 
managementmanagement of antiretroviral therapy, which is important because second-line regimens 
afterr treatment failure may not be available in developing countries because of the 
unavailabilityy or high costs of alternative agents. 

AA more integrated approach of pharmacokinetics in tuberculosis and HIV-1 co-infection is 
necessary.. Most studies addressing antiretroviral drug concentrations do not address the 
concentrationn of anti-tuberculosis drug. However, low anti-tuberculosis drug concentrations 
mayy cause failure of tuberculosis treatment.103- 104 Public health implications of failing 
tuberculosiss treatment should be taken into account in the clinical management of the 
HIV-11 and tuberculosis co-infected patients. Promising new anti-tuberculosis drugs are in 
thee pipeline, having less CYP3A4-related interactions, and therefore are expected to be 
betterr compatible with treatment for HIV-1. Among these new components are R207910, a 
diarylquinoline,, and PA-824, a nitroimidazole. 

Att present, generic antiretroviral drugs are available in Thailand of which the 
bioequivalencee has not been proven. Because of an increasing number of HIV-1 infected 
adultss and children living in resource-poor countries, in the future more patients will 
dependd on generic antiretroviral medication. The study of generic saquinavir presented in 
thiss dissertation underscores the importance of in vivo bioequivalence studies before an 
antiretrovirall  drug is marketed. The consequence of using medication of low quality is 
suboptimall  antiviral treatment, because of insufficient exposure to the generic antiretroviral 
drug.. Hence, resistant HIV-1 strains may be selected to replicate. This constitutes a problem 
forr the individual treatment of patients considering the limited second-line options for 
treatmentt of patients in Thailand. Looking at the consequences from a public health 
perspective,, when resistant strains of HIV-1 start to spread through the population, the 
antiretrovirall  drugs that are provided in the national programmes will not be effective 
anymore.. Therefore, also the national expenditure to health care may increase because of 
substandardd generic antiretroviral drugs. 

Monitoringg of drug quality needs to be performed, so that batches of drug of poor quality 
cann be identified and do not reach the market. Measurements and monitoring of the quality 
off  a generic drug can be performed through pharmaceutical studies. A model, of how this 
typee of quality assessment and monitoring may be performed in the future through 
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pharmaceuticalss studies, is presented in this dissertation. By performing systematic 

monitoringg on a regular basis, issues with drug quality may be detected early. 

Pharmacologicall  research of antiretroviral agents is important to developing countries. 

Researchh questions with respect to clinical pharmacology that are relevant to low and 

middle-incomee countries may not be addressed in countries with a high standard of health 

care.. Among these research questions are topics such as clinical pharmacokinetics of 

antiretrovirall  drugs in different populations, therapeutic drug monitoring of drug plasma 

concentrationss during infections with multiple pathogens, and the quality and the 

bioequivalencee of generic antiretroviral drugs. The pharmacokinetic laboratory in Bangkok, 

Thailandd puts forward a good example on how data on various aspects of pharmacology of 

antiretrovirall  drugs can be obtained in a middle-income country. 
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