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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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UNAIDS.. Core slides: Global summary of the HIV and AIDS epidemic, 2005. 

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 ••_ 

i ss ^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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Ritonavirr boosted saquinavir pharmacokinetics 

Introductio n n 

Saquinavirr is a HIV protease inhibitor. It is used as part of a therapeutic regimen for HIV-1 
orr HIV-2 infection. Saquinavir is frequently combined with low dose ritonavir to improve 
thee pharmacokinetics of saquinavir. Ritonavir and saquinavir are metabolized through the 
samee pathways, predominantly by cytochrome P450 isoenzyme 3A4. Furthermore, 
inhibitionn of P-glycoprotein, by ritonavir, has been suggested to play a role in the boosting 
effect.. Improvement of saquinavir pharmacokinetic parameters enables the use of lower and 
lesss frequent saquinavir dosing.1 

Twoo formulations of saquinavir are available: the saquinavir hard gel capsule and the 
saquinavirr soft gel capsule. Pharmacokinetic studies have shown that the formulations are 
bioequivalentt when boosted by ritonavir.2-3 Furthermore, in the HIV-NAT 001 study series, 
virologicall  response was maintained and immunological recovery continued out to 48 
weekss when saquinavir soft gel caps/ritonavir was replaced with saquinavir hard gel caps/ 
ritonavir.. Reasons to use saquinavir hard gels caps instead of saquinavir soft gel caps, 
includee better tolerability, smaller capsule size, the absence of need for refrigerated storage 
andd lower cost in most countries.34 

Thee recommended dose for saquinavir with low dose of ritonavir is 1000/100 mg twice 
daily.. However, a 1600/100 mg dose has been tested as a once daily dosing regimen. When 
dosedd as 1600/100 mg, the total daily dose is lower than that received with the 
recommendedd 1000/100 mg twice daily dose, possibly leading to suboptimal exposure to 
saquinavirr and virological failure. Furthermore, for all other protease inhibitors, the total 
dailyy dose is similar for once daily and twice daily regimens. Therefore, a once daily dosing 
regimenn of 2000/100 mg may result in better exposure to saquinavir than 1600/100 mg. 
Thee objective of this study was to investigate the pharmacokinetics of 1600/100 mg once 
daily,, 2000/100 mg once daily and 1000/100 mg twice daily in HIV-1-infected patients. 

Material ss and methods 
Patientt  selection, screening and study design 
Thiss was a single-centre, open-label, pharmacokinetic study in asymptomatic HIV-infected 
individualss conducted as a substudy of the STACCATO trial.5 Twenty patients were 
recruitedd from The Thai Red Cross Society's Anonymous Clinic. Patients were taking 
saquinavirr hard gel caps 1600/100 mg once daily together with stavudine and didanosine. 
Beforee enrolment in STACCATO, patients had participated in the HIV-NAT 001 trial series, 
whichh started in 1997, with 1 year of dual nucleoside reverse transcriptase inhibitors 
(NRTI)) followed by protease inhibitor-based highly active antiretroviral therapy (HAART).6-8 

PatientsPatients were considered eligible if they were taking saquinavir/ ritonavir for at least 4 
weekss and had stable virological and immunological profiles. Patients were excluded if 
theyy were taking any agents that interfered with the pharmacokinetics of saquinavir and 
ritonavir.. Selection of patients was done randomly, based on selecting the first 20 patients 
thatt were eligible. Following the first pharmacokinetic assessment, patients were 
randomizedd to receive either 2000/100 mg once daily (arm 1) or 1000/100 mg twice daily 
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(armm 2) saquinavir hard gel caps/ritonavir for 1 week. After 1 week, all patients reverted to 
theirr original dose of saquinavir hard gel caps/ritonavir 1600/100 mg. The NRTI backbone, 
stavudinee and didanosine, remained unchanged. Before the study, each patient signed 
informedd consent and approval was obtained from the Institutional Review Board of King 
Chulalongkornn University. 

Safetyy assessment 

Safetyy and tolerability were assessed at screening and on both pharmacokinetic study days. 
Duringg these visits, the patient history was recorded and a physical examination carried out. 

Pharmacokineticc analysis 
Twoo pharmacokinetic curves per patient were recorded on day 0 and day 7 after 
randomization.. On the pharmacokinetic study days, all patients received the study treatment 
withh a standardized breakfast (approximately 500 calories and 12 g of fat). Other meals 
weree also standardized, and no other foods were allowed. Furthermore, patients were 
counselledd to maintain their lifestyle (smoking, consumption of alcohol and exercise level) 
duringg the entire study. Blood was sampled before (t= 0) and 2, 4, 6, 8, 10 and 12 h after 
treatmentt intake, and, for the once daily arm (arm 1), an additional sample was taken at 
244 h. The blood samples were centrifuged at 1500 r.p.m. and the separated plasma was 

storedd at -20.0 °C until analysis. 

Plasmaa concentrations of saquinavir and ritonavir were analysed at the HIV-NAT 
pharmacokineticc laboratory by validated high- performance liquid chromatographic assay 
(HPLC).99 The HIV-NAT pharmacokinetic laboratory participates in an international quality 
controll  and quality assessment (QA/QC) pharmacokinetic programme, and therefore has 
cross-validationn with other international pharmacokinetic laboratories.10 The lower limit of 
quantificationn (LLOQ) was 0.04 mg/L for both protease inhibitors. 

Determinationn of pharmacokinetic parameters was based on individual plasma 
concentrationn data versus time by non-compartmental analysis. The area under the curve, 
AUCo-122 or AUCo-24, was defined as the area under the plasma concentration-time curve 
untill  the last measurable plasma concentration calculated with the linear trapezoidal 
method.. Depending on the dosing regimen -twice daily or once daily- AUCo-12 or AUC0--24 
wass calculated. In order to compare AUCo-12 with AUC0-24, AUCo-12 was multiplied by two 
wheree needed. This method, however, is limited because multiplication by two implies that 
thee drug levels do not show diurnal variation. Diurnal variation has been shown for 
ritonavir.111 The maximum observed plasma concentration during the dosing interval was 
definedd as Cmax (mg/L). The observed time to reach Cmax was defined as Tmax (h). The 
minimumm observed concentration just before the next dosing interval was defined as Cmm 

(mg/L).. Finally, ti/2 (h) was calculated using ln(2/X). The definition of ti/2 was the apparent 
eliminationn half-life associated with the terminal slope of a semi-logarithmic 
concentration-timee curve in which X is the elimination rate constant. 
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Statisticall  analysis 
Statisticall  analysis was carried out using SPSS software version 9.0 (SPSS, Chicago, USA, 
Inc.,, 1989-1999) and Excel 1997 (Microsoft Corporation, 1985-1997). Pharmacokinetic 
parameterss were log-transformed before statistical analysis. The geometric mean ratio 
(GMR)) and associated 90% confidence interval (CI) were calculated for each 
pharmacokineticc parameter. Patient characteristics such as age, sex, height and weight are 
tabulated. . 

Results s 

Sixteenn females and four males participated in the study, with a median age of 33 years 
(interquartilee range 29-35 years), and all 20 patients completed it. Baseline characteristics 
off  study participants are illustrated in Table 1. 

Tablee 1. Patient characteristics 

Characteristicc OD arm (1) BD arm (2) 

34.4 4 
6.2 2 
34 4 

54.5 5 
9.5 5 
54.3 3 

159.5 5 
7.4 4 
157.0 0 
3/7 7 

ODD once daily; BD twice daily; M male; F female. 

Onee patient, randomized to 1000/100 mg twice daily, had diarrhoea on day 0 and day 7; the 
investigatorr did not feel that this was related to study medication. The patient had 
comparablee pharmacokinetic results to other patients in the study and was included in the 
pharmacokineticc analysis. No other side effects were reported. Five patients had used other 
co-medicationn during the study period, but this was categorized as unlikely to interfere with 
thee pharmacokinetics of saquinavir or ritonavir. 
Thee median plasma concentrations of saquinavir are plotted (Figure 1). In the first arm, 
patientss were randomized to receive 2000/100 mg saquinavir/ritonavir once daily. By 
meansmeans of visual inspection, the rates of the absorption phase of 1600/100 mg once daily and 
2000/1000 mg once daily appear quite similar. 

Agee (years) 
Mean n 
S.D. . 
Median n 

Weightt (kg) 
Mean n 
S.D. . 
Median n 

Heightt (cm) 
Mean n 
S.D. . 
Median n 

Gender,, M/F 

31.0 0 
4.6 6 
31.0 0 

44.3 3 
5.1 1 
44.0 0 

154.5 5 
5.0 0 
154.5 5 
1/9 9 
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> > 

44 6 8 
Timee (hour) 

Figuree 1. Median concentrations of 
saquinavirr (SQV) (1600/100 mg) arm 1. 
SQVV (2000/100 mg) arm 1, SQV 
(1600/1000 mg) arm 2 and SQV (1000/100 
mg)) arm 2. 

Diamonds,, arm 1, SQV 1600 mg once 
dailyy on day 0; triangles, arm 1, SQV 
20000 mg once daily on day 1: squares, 
armm 2, SQV 1600 mg once daily on day 
0;; crosses, arm 2. SQV 1000 mg twice 
dailyy on day 7 

Thee mean AUC of saquinavir in the 2000/100 mg once daily regimen was 71% higher than 
thee mean AUC of saquinavir when dosed at 1600/100 mg once daily. Furthermore, a 
parallell  increase in mean saquinavir Cmin and Cmax of 65% and 52%. respectively, was seen 
inn the 2000/100 mg once daily group compared with the 1600/100 mg once daily group. 
Thee interpatient variability in the 2000/100 mg once daily arm (arm 1), at day 7, was less 
thann the interpatient variability at the first pharmacokinetic assessment (1600/100 mg once 
daily). . 
Lookingg at the pharmacokinetic parameters for ritonavir, the mean Cmax and Cmin were, as 
expected,, similar in the 1600/100 mg once daily group and the 2000/100 mg once daily 
group.. However, there was a modest increase of 23% in mean ritonavir AUC (90% CI 
4—46%)) (Tables 2 and 3). Median plasma concentrations of ritonavir are plotted in Figure 2. 

eJJ 3.00 r 

2.00 0 

> > 
r-r-

1.00 0 

0.00 0 
44 6 8 10 

Timee (hour) 

Figuree 2. Median concentrations of ritonavir 
(RTV)) (1600/100 mg) arm 1, RTV (2000/100 
mg)) arm 1. RTV (1600/100 mg) arm 2 and 
RTVV (1000/100 mg) arm 2. 
Diamonds,, arm 1. RTV 100 mg once daily 
onn day 0; triangles, arm 1, RTV 100 mg once 
dailyy on day 7; squares, arm 2, RTV 100 mg 
oncee daily on day 0; crosses, arm 2, RTV 100 
mgg twice daily on day 7. 

Inn the second arm, patients were randomized to 1000/100 mg twice daily saquinavir/ 
ritonavir.. The absorption of 1000/100 mg twice daily appeared to be slower than the 
absorptionn of 1600/100 mg once daily or 2000/100 mg once daily (Figure 1). Comparing 
thee saquinavir pharmacokinetic parameters of 1000/100 mg twice daily with those of 
1600/1000 mg once daily, there was a large increase in Cmin when dosed as 1000/100 mg 
twicee daily. Additionally, the mean saquinavir AUC increased by 53% when dosed as 
1000/1000 mg twice daily. The values for mean saquinavir Cmax of both regimens were 
similar. . 
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Thee interpatient variability for saquinavir Cmm was in a similar range (68% versus 73%), 
expressedd as coefficient of variation. The saquinavir Cmax and AUC of 1000/100 mg twice 
dailyy dose were associated with an increase in interpatient variability. The total daily dose 
off  ritonavir in the 1000/100 twice daily arm (arm 2) was double the dose of the once daily 
regimen.. As expected, mean Cmax, Cmin and AUC for ritonavir showed increases when dosed 
att 1000/100 mg twice daily (Tables 2 and 3). Three patients on 1600/100 mg once daily had 
aa saquinavir trough level lower than the recommended trough level of 0.1 mg/L of 
saquinavir.122 All three levels increased above the recommended trough level on day 7. 

Armm 1 
( n = 1 0) ) 

Cmaxx (mg/L) 

Cminn (mg/L) 

AUC^244 (mg.h/L) 
Tmaxx (h) 

t**  (h) 
Vd/kg g 
Cl/kg g 
Armm 2 
( n = 1 0) ) 

Cmaxx (mg /L) 

Cminn (mg/L) 
AUCo-244 (mg.h/L) 

Tmaxx (h) 
t/,(h) ) 
Vd/kg g 
Cl/kg g 

Day y 0 0 
SOV/RTVV 1600/100 m gO 

SQV V 

6.55 9 

0.322  0.28 

53.955 2 
4.800 3 

4.688 6 
7.133 3 
1.033 2 

Day y 

RTV V 

1.499 4 

0.066  0.07 

12.877 1 
4.400  2.07 
3.955  1.41 

1.188 7 
0.222 3 

0 0 
SQV/RTVV 1600/100 mg OD 

SQV V 
4.099 4 
0.288 9 

36.622 4 

5.800  1.48 
4.800 8 
7.044 3 
0.999 9 

RTV V 

1.399 5 
0.077  0.09 
12.333 9 

5.600 5 
4.599 5 

4 4 

0.177 6 

Day y 7 7 
SQV/RTVV 2000/100 mg OD 
SQV V 

8.855 0 

0.466  0.23 

82.000 1 

5.400  0.97 
4.355 5 
4.044 8 

0.644  0.27 
Day y 

RTV V 

1.666 7 

0.066  0.04 

15.655 7 
4.000 9 

3.477 9 
0.799 1 
0.177 9 

7 7 
SQV/RTVV 1000/100 mg BD 

SQV V 
3.899 0 

1.022 4 
55.333 * 

5.200 0 
3.588 0 
3.844  1.47 
0.800 0 

RTV V 
2.17  1.22 
0.400  0.28 

28.877 * 
3.000 1 
3.500 3 

1.411 1 
0.299 2 

Cmaxx maximum observed concentration; Cmin minimum observed concentration; AUC Area under the 
curve;; Tmax time to reachh Cmax; ti/2 terminal half-life; Vd Volume of distribution; CI Clearance 
SQVV saquinavir; RTV ritonavir; OD once daily; BD twice daily 
*AUCo-i2hx2 2 

37 7 



Chapterr 2 

Tablee 3. Change in 

SQVV Cmax 
SQVV Cmin 

SQVAIXV24 4 

SQVV Cmax 

SQVV Cmin 

SQVV AUCo-24 

pharmacokineticc parameters (GMR with 90% CI) 
SQV/RTV V 
GMR R 

1.52 2 
1.65 5 
1.71 1 

1600/1000 mg OD -  2000/100 mg 
90%% CI 

1.23-1.888 RTVCmax 
1.09-2.499 RTVCm,n 
1.27-2.299 RTV AUCo-24 

SQV/RTVV 1600/100 mg OD -»  1000/100 mg 
GMR R 

0.97 7 
3.99 9 
1.53 3 

90%% CI 

0.70-1.333 RTVCmax 
2.47-6.433 RTV Cmin 
1.08-2.166 RTV AUCo-24 

OD D 

BD D 

GMR R 

1.16 6 
1.01 1 
1.23 3 

GMR R 

1.57 7 
7.11 1 
2.27 7 

90%% CI 

1.00-1.34 4 
0.65-1.57 7 
1.04-1.46 6 

90%% CI 

1.17-2.11 1 
4.22-11.98 8 
1.75-2.93 3 

GMRR Geometric Mean Ratio; CI Confidence Interval; Cmax maximum observed concentration; Cn 

minimumm observed concentration; AUC Area under the curve; Tmax time to reach Cmax 
SQVV saquinavir; RTV ritonavir; OD once daily; BD twice daily 

Discuss ion n 

Thee pharmacokinetics of both saquinavir/ritonavir 1000/100 mg twice daily and saquinavir/ 
ritonavirr 1600/100 mg once daily in HIV-1-infected patients have been described 
before.3-13-144 In this study, the pharmacokinetics of two doses, saquinavir/ritonavir 2000/100 
mgg once daily and 1000/100 mg twice daily, were compared with the pharmacokinetics of 
1600/1000 mg once daily. 
Saquinavir/ritonavirr when dosed as 2000/100 mg once daily or 1000/100 mg twice daily 
showedd increased AUC and Cmin compared with when dosed as 1600/100 mg once daily. 
Onlyy the saquinavir Cmax increased in the 2000/100 mg once daily arm (arm 1), whereas 
theree was no change in saquinavir Cmax in the 1000/100 mg twice daily arm (arm 2). 
Overall,, pharmacokinetic parameters improved with the 2000/100 mg once daily dose, 
whereass the Cmin improved markedly with the 1000/100 mg twice daily dose. 
Increasingg the dose of saquinavir from 1600/100 mg once daily to 2000/100 mg twice daily 
gavee a higher saquinavir exposure. Two observations can be made from these findings. 
First,, the increase in saquinavir exposure is more than dose proportional, thereby 
suggestingg non-linear kinetics of saquinavir when combined with low doses of ritonavir. 
Thee increase can be explained as the result of ongoing processes; the continuation of 
saquinavirr absorption; the inhibition of P450 enzymes in the gut and liver leading to 
decreasedd first-pass metabolism and perhaps, inhibition of P-glycoprotein.1516 

Second,, the absorption of saquinavir is not maximal when dosed as 1600 mg once daily. 
Thiss observation is in contrast to healthy volunteer data for saquinavir/ritonavir. Dosing of 
saquinavir/ritonavirr as 1800/100 mg once daily led to lower saquinavir plasma exposure.15 

However,, there were limitations in the healthy volunteer study: a relatively small number of 
patients;; a lack of intrapatient comparison; and a different dietary composition from that of 
thiss study. 

Inn the 1000/100 mg twice daily arm, both the saquinavir and ritonavir daily dosages were 
higherr than with the 1600/100 mg once daily dosing. As might be expected, the exposure of 
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saquinavirr was higher. The marked increase in Cmin is striking, most likely because of 
increasedd ritonavir exposure, which enhances the inhibiting effect of P450 in the gut and 
thee liver. Again, the role of P-glycoprotein cannot be excluded. The lack of difference 
betweenn the Cmax values of the 1600/100 mg once daily and the 1000/100 mg twice daily 
dosingg suggests that the absorption of saquinavir is lower for 1000/100 mg twice daily 
dosing. . 
Drugg levels in this study were higher than reported levels for Caucasian patients.17 This can 
bee partly explained by the high number of females in this study (4:1).18 A recent study 
showedd that female HIV-infected patients had a higher saquinavir level compared with male 
HIV-infectedd patients.15 Other potential factors that might be of influence are the 
characteristicss of the patients such as body composition, life-style, genetic background and 
environmentall  factors. More studies are needed to examine the effect of these differences 
onn the clinical pharmacokinetics of diverse patient populations. 
Limitationss in this study were no intrapatient comparison between 2000/100 mg once daily 
andd 1000/100 mg twice daily dosing. Conclusions regarding comparison of these two 
regimenss should be drawn with caution. Despite randomization, different baseline values 
forr weight were seen between the first and the second arm. However, we can assume that 
thee contribution to the differences between the pharmacokinetics on day 0 and day 7 is low, 
becausee of intrapatient comparison. 

Highh saquinavir levels were seen in both arms on day 7. Low body weights at baseline in 
armm 1 might contribute to this effect. The relationship between body weight and saquinavir 
iss not clear yet. However, an inverse correlation between body weight and saquinavir AUC 
wass observed in a previous study in Thai HIV-infected patients.13 

Thee recommended 1000/100 mg twice daily dose can be used in place of the 400/400 mg 
twicee daily dosing regimen so as to minimize side effects caused by higher doses of 
ritonavir.11199 In our study, no side effects were seen in the once daily arm (arm 1). One 
patientt had diarrhoea on both pharmacokinetic days, but this did not seem to be related to 
thee study agents. No other side effects were reported. However, patients were tolerating 
saquinavir/ritonavirr for a minimum of 4 weeks and a mean of 48 weeks before this 
pharmacokineticc study. Nevertheless, as a result of higher doses of saquinavir or ritonavir, 
additionall  side effects might have appeared with intake for longer than 1 week. 
AA high pill burden is a potential disadvantage of protease inhibitors in general. Changing 
thee saquinavir dose from a twice daily to once daily regimen increases the number of 
saquinavirr capsules to be taken at the same time (from five in the twice daily regimen to 
betweenn eight and 10 in the once daily regimen). 

AA new 500 mg formulation of saquinavir is currently being developed.20 With the new 
formulation,, a reduction in daily pill count can be achieved. The results from our study 
havee shown that 2000/100 mg once daily or 1000/100 mg twice daily would result in more 
favourablee pharmacokinetic parameters than the 1600/100 mg once daily dosage and 
presumablyy the new formulation alternative dosage of 1500/100 mg once daily as well. 
Thee critical pharmacokinetic parameter that best predicts in vivo antiviral efficacy of 
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boostedd saquinavir has not been determined. The clinical efficacy of the saquinavir/ 
ritonavirritonavir 1000/100 mg twice daily regimen has been demonstrated in the MaxCmin 
trials.21-222 There is a concern that the 1600/100 mg once daily dose is too low compared with 
thee recommended 1000/100 mg twice daily regimen, resulting in a lower trough level and, 
consequently,, an increased likelihood of selecting drug-resistant HIV strains. 
Inn our study, three patients on 1600/100 mg once daily had trough levels lower than the 
recommendedd target trough level for treatment-naive patients with wild-type virus.12 

Despitee these low levels, the patients had virological suppression up to 48 weeks. In a 
previouss study within the HIV-NAT 001 trial series, low trough levels were also seen with 
saquinavirr 1600/100 mg. However, patients safely switched from 1600/100 mg once daily 
saquinavirr soft gel caps to 1600/100 mg once daily saquinavir hard gel caps and maintained 
theirr immunological and virological response without additional side effects.3 Whether this 
meanss that a lower trough level is acceptable, that the concomitant NRTIs are of more 
importancee or perhaps that intracellular saquinavir concentration is the key parameter for 
predictingg antiviral efficacy is difficult to say.23 Moreover, in both the previously mentioned 
switchh study and our present study, the effects of selection bias cannot be ruled out because 
patientss were using saquinavir hard gel caps 1600/100 mg once daily long term. 
Inn conclusion, dosing of saquinavir/ritonavir as 2000/100 mg once daily or 1000/100 mg 
twicee daily resulted in increased saquinavir AUC and Cmin, whereas the saquinavir Cmax 
onlyy increased when dosed as 2000 mg. Both dose-regimens can be used in clinical 
practice.. Dosing as 2000/100 mg is an attractive option because of the convenience of once 
dailyy dosing. However, it can be hypothesized that in patients with viral resistance, the 
twicee daily regimen would result in better outcomes, because of high saquinavir levels 
duringg the entire dosing interval. 

Whetherr one of these regimens has better clinical efficacy needs to be investigated in a 
largerr clinical trial. Furthermore, studies are required to establish whether AUC, Cmin or 
perhapss another pharmacokinetic parameter should be the primary consideration when 
evaluatingg pharmacokinetic values associated with different saquinavir/ritonavir dosing 
regimens. . 
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Variabilityy in saquinavir pharmacokinetics 

Introductio n n 

Thee favourable pharmacokinetic profile of the HIV protease inhibitors saquinavir/ritonavir 
mayy allow for once daily dosing. The US Food and Drug Administration (FDA) approved 
twicee daily dosing of saquinavir/ritonavir of 1000/100 mg. Once daily dosing has not been 
approved,, but dosing of 1600/100 mg once daily has been studied in clinical trials.1-3 

Thee minimum recommended effective concentration for saquinavir is 0.1 mg/L.4 Ritonavir 
iss able to boost the plasma concentration of saquinavir. Therefore, currently ritonavir is 
addedd to saquinavir regimens in doses of 100 mg once or twice daily. This is a relatively 
loww dose in order to minimize adverse events related to higher doses of ritonavir. In the 
dosee range of 100-400 mg, the boosting effect is independent of the dose of ritonavir.5 The 
pharmacologicall  action of boosting saquinavir by ritonavir is based on inhibition of hepatic 
andd intestinal cytochrome P-450 isoenzyme 3A4, and it has been suggested that the 
inhibitionn of P-glycoprotein, an ATP-dependent drug efflux pump, contributes to the 
boostingg effect. Several in vitro studies have supported this mechanism of action, which in 
vivoo has yet to be established conclusively.67 

Whenn treating HIV with a saquinavir-containing regimen, drug concentrations should be 
considered,, because high saquinavir plasma concentrations are related to better virological 
outcome.899 Dosing of saquinavir/ritonavir at 1600/100 mg once daily leads to lower plasma 
concentrationss than when dosed at 2000/100 mg once daily or 1000/100 mg twice daily, 
andd low plasma concentrations can subsequently lead to low exposure. Extensive variability 
off  saquinavir plasma concentrations could also result in suboptimal exposure.1(M3 Low 
exposuree to saquinavir may lead to the selection of antiretroviral-resistant HIV strains and 
thereforee to therapy failure. 

Factorss that can potentially influence the clinical pharmacokinetic properties of a drug and 
thee pharmacokinetic variability are patient characteristics such as age, gender, body 
compositionn and ethnic background.4 In terms of gender, Fletcher et al.9 showed that female 
HIV-infectedd patients have higher saquinavir concentrations than their male counterparts, 
andd that high concentrations in female patients were correlated with better virological 
response.. For other protease inhibitors such as indinavir, it has been shown that Thai 
patientss -whose body weight is generally lower than Caucasians- had higher maximum 
concentrations.144 In addition, lower clearance of the non-nucleoside reverse transcriptase 
inhibitorr efavirenz has been described in Black or Hispanic HIV-patients than in their 
Caucasiann counterparts.15 

Itt is not yet clear which variables are responsible for the non-uniformity of boosted 
saquinavirr concentrations. The objective of this analysis was to investigate the factors that 
determinee saquinavir plasma concentrations and the heterogeneity of saquinavir plasma 
concentrationss when saquinavir is combined with low-dose ritonavir in a once daily 
regimenn at 1600/100 mg in two different ethnic populations of HI V-infected patients. 
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M a t e r i a ll  a nd m e t h o ds 

Studyy design, setting and patients 

Dataa sets of three studies were combined. One study (study 1) was performed at Chelsea 
andd Westminster Hospital in the UK,10 and two studies (study 2 and study 3) were 
performedd at the HIV Netherlands Australia Thailand Research Collaboration (HIV-NAT) , 
thee Thai Red Cross AIDS Research Centre in Thailand.1116 

Al ll  studies were single-centre, open-label, pharmacokinetic studies and included adult 
femalee or male patients with asymptomatic HIV infection. Viral load or CD4 restrictions 
weree not applied. In study 1,18 patients with a minimum of 2 weeks of saquinavir/ritonavir 
intake,, were included. Study 2 included 14 patients and study 3, 20 patients with long-term 
(>44 weeks) saquinavir/ritonavir intake. All patients from studies 1 and 3 were included in 
thee final analysis; data from one patient in study 2 was excluded because of incorrect intake 
off  the medication. Six patients subsequently participated in studies 2 and 3; however, only 
dataa from study 3 were used in this analysis, because the actual measured concentrations at 
244 h were available for patients in study 3 (see section entitled 'Pharmacokinetic methods'). 
Inn the current analysis, only data from patients who received 1600/100 mg saquinavir/ 
ritonavirr were included. 

Detailedd descriptions of the study criteria can be reviewed in the previously indicated 
publications.1011166 Studies were approved by the local ethical committees, and all patients 
gavee informed consent. 

Pharmacokineticc methods 

Alll  patients were treated with hard gel capsules of saquinavir (200 mg/capsule) and 
ritonavirr (100 mg/capsule), and a nucleoside reverse transcriptase backbone. Co-medication 
thatt could interfere with the pharmacokinetics of saquinavir or ritonavir was not allowed. 
Medicationss were taken on the study days with standardized meals (study 1: 40 g of fat; 
studyy 2: 10-15 g of fat, 400-700 kcal, study 3: 12 g of fat, 500 calories). In study 1, blood 
samplingg was performed just before intake, and at 30 min, 1, 2, 3, 4, 6, 8, 10, 12 and 24 h 
afterr intake of the medications. In study 2, blood was sampled before intake, and at 30 min, 
1,, 1.5, 2, 2.5, 3, 4, 6, 8, 10 and 12 h after intake of the medications. The 24 h time-point 
wass extrapolated (see details in next paragraph). Sampling in study 3 was scheduled before 
intake,, and at 2, 4, 6, 8, 10, 12 and 24 h after intake. Plasma concentrations of saquinavir 
andd ritonavir were measured by validated reversed-phase high-performance liquid 
chromatographyy (HPLC). HPLC measurements were performed at the pharmacokinetic 
laboratoriess of the participating centres. These laboratories participated in the same 
internationall  quality control and quality assessment (QA/QC) pharmacokinetic programme, 
andd therefore have cross-validation with each other. In study 1, HPLC with tandem mass 
spectrometryy was used with a lower limit of quantification (LLOQ) of 0.01 mg/L for both 
proteasee inhibitors. In studies 2 and 3, UV detection was used with an LLOQ of 0.04 mg/L. 
Inn study 1, slightly lower values could be detected for low levels; however, this has a 
minimall  effect on the AUC from 0 to 24 h. 
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Fulll  concentration-time data sets of saquinavir and ritonavir for all three studies were 
available.. Non-compartmental analyses of pharmacokinetic parameters were performed 
usingg the same approach in the three studies. Pharmacokinetic calculations were performed 
withh WinNonlin (version 4.1, Pharsight Corporation, Paola Alto, CA, USA) software. The 
areaa under the curve, AUC0-12 or AUC0-24, was defined as the area under the plasma 
concentration-timee curve until the last measurable plasma concentration calculated with the 
log-linearr trapezoidal method. In study 2, the 24 h time-point or minimum concentration 
(Cmin)) was extrapolated, using the last concentration that was measured at 12 h, with the 
followingg formula: C24=Ci2-e~P'12. In this formula, a linear relationship is assumed between 
thee saquinavir concentration at 12 and 24 h in the log-linear time-concentration profile. To 
estimatee the rate of the decline of concentration from 12 to 24 h, the elimination rate 
constantt (P) was derived from the following relationship: p = -slope x In 10. The slope was 
calculatedd using least square linear regression analysis. C24 is the estimated Cmin. In studies 
11 and 3, the Cmin was the observed concentration just before the next dosing of the 
medications.. The peak concentration, defined as Cmax, was the highest concentration during 
thee dosing interval. The ti/2 (h) was calculated using ln(2/> )̂. The definition of ti/2 was the 
apparentt elimination half-life associated with the terminal slope of a semi-logarithmic 
concentration-timee curve in which K is the elimination rate constant. 

Statisticall  analysis 

Baselinee characteristics and pharmacokinetic parameters of the patients were summarized 
ass medians plus (interquartile) ranges or means and standard deviations. The variability of 
thee pharmacokinetic parameters was expressed as coefficient of variance (C V). 
Comparisonss between the three studies were tested with the Kruskal-Wallis Test or the 
Fisherr Exact Test, whichever was appropriate. Comparisons between the UK and Thai 
studiess were tested by the Mann-Whitney U-test. Univariate linear regression analysis was 
performedd with the log-transformed saquinavir AUC as the dependent variable. Ritonavir 
AUC,, body weight, body mass index, study site and gender were the independent variables. 
Parameterss with P values <0.10 in univariate analysis were included in a multivariate linear 
regressionn model. Correlations between some of the independent variables were described 
byy the Spearman correlation coefficient. Data were analysed by SPSS statistical software 
(versionn 11.5.2, SPSS Inc, Chicago, IL, USA). 

Results s 
Inn total, data from 45 patients were available. Patient characteristics and history are 
summarizedd in Table 1. All baseline characteristics differed per study. 
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Tablee 1 Patient Characteristics, median [range] 

N N 

Age,, years 
Gender,, M/F 
Ethnicity',, number 
Bodyy weight, kg 
BMI ,, kg/m2 

CD4,, cells/mm3 

Virall  load, copies/mL 
Priorr use SQV/RTV, months 
Priorr use NRTI, months 

Studyy 1 

18 8 

422 [22-61] 
15:3 3 
Caucasian,, 16/Black. 
68[49-85] ] 
22.34[14.55-31.10] ] 
3622 [99-967] 
911 [<50-14508] 
311 [1-92] 
733 [4-162] 

Studyy 2 

7 7 

322 [25-48] 
5:2 2 

22 Thai, 7 
466 [35-75] 
19.55 [15.43-26.26] 
6444 [601-964] 
<500 [<50-<50] 
155 [14-15] 
566 [55-56] 

Study3 3 

20 0 

355 [30-42] 
4:16 6 
Thai,, 20 
544 [49-68] 
21.099 [18.04-25.00] 
5933 [298-825] 
<500 [<50-9780] 
344 [32-46] 
755 [64-87] 

p-value e 

<0.001 1 
<0.001 1 
<0.001 1 
<0.001 1 
0.025 5 

<0.001 1 
0.003 3 
0.011 1 
0.013 3 

N:: number of patients; M: male; F: female; kg: kilograms, BMI: body mass index, SQV: saquinavir, 
RTV:: ritonavir, NRTI: nucleoside reverse transcriptase inhibitors, 'Self-reported ethnicity 

Pharmacokineticc data 
Thee saquinavir and ritonavir pharmacokinetic parameters are listed in Table 2. The median 

saquinavirr AUCs were different across the studies, with an AUC of 17.88 in study 1, 67.05 

inn study 2 and 42.42 mg-h/L in study 3 (P< 0.001). Comparing the AUCs between Thai and 

UKK patients, saquinavir AUCs were notably higher in patients from Thailand (O.001, 

respectively).. Also, the ritonavir AUCs differed between the three studies but less markedly 

thann the saquinavir AUCs (P= 0.047). The ritonavir AUCs between the UK and Thai 

patientss differed significantly (0.019). 

Tablee 2 Pharmacokinetic parameters of saquinavir/ritonavir 1600/100 mg once daily, medians [range] 

Saquinavirr Ritonavir 
studyy 1 study 2 study 3 p-value study 1 studyy 2 study 3 p-value 

AUCC 17.88 67.05 42.42 O.001 6.97 11.61 11.21 0.05 
(mg.li.L-1)) [8.92-63.16] [46.56-92.00] [10.53-105.07] [4.88-19.56] [3.22-14.42] [4.60-21.74] 

666 25 57 48 40 39 CVaa (%) 
Cmaxx 2.84 
(mg.L-')) [0.98-9.21 

CV V 64 4 

7.55 5 
[5.37-9.92[ [ 

21 1 

5.688 0.002 0.95 1.22 1.38 0.04 
1.31-12.36]]  [0.39-2.27] [0.53-2.51] [0.57-3.08] 

57 7 49 9 52 2 47 7 
Cmmm 0.09 0.38 0.25 
(mg.L1)) [<0.01-0.64] [0.10-1.09] [0.06-1.07] 
CV'' 99 81 79 

0.0033 0.06 0.03 0.04 0.59 
[O.01-0.32]]  [O.04-0.36] [O.04-0.32] 

922 137 112 

tii  2 (h) 4.62 4.47 4.43 
[3.26-6.30]]  [2.96-6.96] [3.84-6.44] 

CVV 18 32 16 

0.866 4.85 3.74 3.63 0.006 
[3.47-6.53]]  [1.50-11.34] [1.80-14.03] 

188 70 58 

Cmin:: minimum observed concentration; Cmax: maximum observed concentration; AUC: area under 
plasmaa concentration time curve, U.Q: half-life 
Coeff icientt of variation (CV) expressed as standard deviation divided by the mean. 
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Comparisonss of the other saquinavir pharmacokinetic parameters showed significant 
differencess between saquinavir Cmin and Cmax of the three studies, but not for ti/2. Saquinavir 
Cminn and Cmax between the UK and Thai groups were higher in patients from Thailand (P 
valuess 0.001 and 0.003, respectively). 
Forr ritonavir, the Cmax concentrations reached statistical difference but Cmin concentrations 
weree in the same range (Table 2). The ritonavir Cmax concentrations were higher and ti/2 
lowerr in the Thai patients (P values 0.014 and 0.001, respectively). 
Interestingly,, in study 1, nine patients had a concentration below the minimum 
recommendedd trough concentration for effective treatment of 0.10 mg/L. In study 2, there 

weree two patients with exactly 0.1 mg/L, and in study 3 there were three patients with low 
concentrationss (see Figure 1). 

Figuree 1. Minimum observed concentration 
(Cmin)) of saquinavir for individual patients. 
Openn triangle, individual saquinavir Cmin 
concentration. . 
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Figuree 2. Correlation between ritonavir (RTV) 
areaa under the curve (AUC) and saquinavir 
(SQV)) AUC. Filled square, individual patient. 
Dataa is plotted for individual patients. Linear 
equation:: 2.86 RTV AUC+l0.15 = SQVAUC. 

Univariat ee analysis and multivariat e analysis 
Inn the univariate analysis, body weight, gender, study site and ritonavir AUC were 
significantlyy related to the log AUC of saquinavir (P< 0.05), whereas body mass index was 
nott (P= 0.13). In the final multivariate model, ritonavir AUC (P= 0.0001) and study site (P= 
0.0021)) were significantly associated with the log-transformed saquinavir AUC (R2= 0.50) 
(Tablee 3). In particular, patients with higher ritonavir AUCs and patients at the Thai study 
sitee had higher saquinavir AUCs (Figure 2). AUCs of common time-points of the samples 
weree calculated and fitted in the univariate and multivariate model, which gave the same 
results. . 
Thee variables of the study sites may consist of several factors, of which one could be body 
weight.. Thai people are smaller in posture and accordingly have a lower body weight than 
thee Caucasian population. To investigate whether the association with study site could be 
attributedd to body weight, further analysis was performed between these variables. A strong 
correlationn existed between study site and weight (R=0.69, P<0.0001). A further 

49 9 



Chapterr 3 

multivariatee analysis, in which study site is replaced by body weight, resulted in a model 
(R2== 0.43) that included ritonavir AUC (P= 0.00005) and body weight (P= 0.0379). Patients 
withh higher ritonavir AUCs and patients with lower body weights had higher saquinavir 
AUCs. . 

Studyy site was also correlated with gender (R= 0.49,P= 0.0006). However, replacing study 
sitee by gender in the multivariate model did not result in inclusion of gender in the model. 
Weightt differences between male and females reached statistical significance (P< 0.001, 
mediann body weight for males: 64.4 kg and females: 47.0 kg), but not for body mass index 
(P== 0.176, median body mass index for males: 22.1 and females: 20.0). Therefore, study 
sitee was replaced by both gender and body weight, which did not result in a significant 
model. . 

Multivariatee analysis with other pharmacokinetic parameters, the log transformed 
saquinavirr Cmin and Cmax, showed similar results, i.e. ritonavir AUC (Cmin P= 0.0001, Cmax 
P== 0.003) and study site (Cmin P= 0.012, Cmax P= 0.021) were significantly associated with 
saquinavirr Cmin (R

2= 0.47) and Cmax (R
2= 0.35). Replacing weight for site resulted in models 

withh a slightly worse fit (data not shown; R.S. Autar, E. Hassink, U. Siangphoe, F.W.N.M. 
Witt and D.M. Burger). 

Tablee 3: Univariate and multivariate analysis with saquinavir AUC as dependent variable 

Univariate e 

Variable e 
BMII  (kg/m2) 

Gender r 

Weightt (kg) 

RTVV AUC 
(mg.h.L1) ) 
Studyy site 

parameter r 
estimate e 
-0.02016 6 

0.20249 9 

-0.01160 0 

0.03909 9 

-0.34388 8 

R2 2 

0.05 5 

0.10 0 

0.24 4 

0.37 7 

0.29 9 

BMI :: Body mass index; RTV AUC: 

Discussion n 

PP value 
0.1308 8 

0.0307 7 

0.0007 7 

<0.0001 1 

0.0001 1 

Multivariate e 

parameter r 
estimate' ' 

-0.04430 0 

-0.00153 -0.00153 

0.03116 6 

-0.23664 4 

PP value 

0.6143 3 

0.7055 5 

0.0004 4 

0.0222 2 

parameter r 
estimate2 2 

0.03111 1 

-0.24288 8 

ritonavirr area under the curve, 'R2= 0.50,2R2=0.50 

PP value 

0.0001 1 

0.0021 1 

Al ll  patients in this analysis were using saquinavir/ritonavir 1600/100 mg once daily. By 
performingg this analysis in patients who were taking the same dosages, it was possible to 
investigatee other variables that determine saquinavir exposure. This analysis showed wide-
rangingg variability of saquinavir pharmacokinetic parameters between and within the 
studies.. Patients with higher ritonavir AUC and patients at the Thai study site had higher 
saquinavirr exposure. However, in the multivariate analysis, after correction for ritonavir 
exposure,, study site was more strongly associated with saquinavir AUC than ritonavir 
AUC. . 
Thee finding that exposure to ritonavir influences exposure to saquinavir has not been 
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reportedd yet. Previous studies investigated the relationship between the dose of ritonavir 
andd saquinavir AUC. These studies showed that in healthy volunteers and HIV-infected 
patientss the dose of ritonavir (ranging from 100-400 mg) does not affect saquinavir plasma 
exposure.5177 Ritonavir inhibits intestinal and hepatic isoenzyme CYP 3A4. While the dose 
off  ritonavir will be of importance for the absorption of saquinavir in the gut, the ritonavir 
AUCC will mainly have an effect on inhibition in the liver. 
Thee saquinavir AUCs in the UK study were lower than the AUCs of the Thai patients. A 
studyy with Caucasian patients, in which saquinavir soft gel capsules were administrated at 
16000 mg with low dose ritonavir, showed comparable median saquinavir AUCs of 18.13 
mgh/L.188 The difference between the saquinavir AUCs of the two Thai studies probably 
reflectss the variability that is seen with saquinavir plasma concentrations, for which one 
explanationn might be lower body weight in study 2. Saquinavir plasma concentrations can 
bee higher in patients with small body size and body composition.3 Higher drug 
concentrationss may be expected in subjects with small volumes of distribution or low body 
weight.. Thai patients in this study had, relatively, low body weight and high exposure to 
saquinavirr and ritonavir. Relationships with body weight have been seen with other 
proteasee inhibitors such as for indinavir.19 Nevertheless, this relationship has not led to body 
weight-dependentt dose recommendations, as for some of the nucleoside analogue reverse 
transcriptasee inhibitors. Body fat percentage could also affect the plasma concentration 
becausee of the lipophilicity of saquinavir. 

Genderr may affect the bioavailability of a drug by differential expression of C YP3 A and P-
glycoproteinn in the gastrointestinal tract. Metabolism in the liver might be faster in men, but 
thee total clearance of CYP3A substrates may be faster in women.20 In our multivariate 
analysis,, an effect of gender was not observed. However, another study showed that 
females,, compared with men, have higher exposure to saquinavir.9 

Thee patient group in study 1 was more diverse in terms of CD4. Studies 2 and 3 were 
immunologicallyy more similar at the start of the pharmacokinetic study. Differences in 
diseasee stage may result in different pharmacokinetic profiles due to impaired absorption, 
variationn in protein binding or altered clearance. We performed regression analyses 
includingg CD4 cell count; however, this did not add significance to the model (data not 
shown;; R.S. Autar, E. Hassink, F.W.N.M. Wit and D.M. Burger). 
Ann alternative explanation to describe the relationship between saquinavir and ritonavir 
exposuree is that individuals with good pharmacokinetic profiles are able to absorb both 
drugss efficiently. These individuals will present with high concentrations for several other 
drugs.. In this case, the association between ritonavir and saquinavir exposure does not 
necessarilyy implicate a causal relationship. 
Retrospectivee analysis and small sample size are limitations in this exploratory study. The 
thirdd limitation is that the UK study patients received study medication with a breakfast that 
containedd a higher fat percentage than in the Thai studies. Saquinavir can be facilitated by 
highh fat percentage and high gastric pH.21-22 However, patients with the highest fat content 
inn their meal—patients from the UK—had lower saquinavir pharmacokinetic parameters 
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thann patients from Thailand. If saquinavir was taken with a standard breakfast in the UK 
studyy perhaps even lower pharmacokinetic parameters would have been seen. 
Fourthly,, ethnic differences between the studies cannot be excluded. Ethnic differences 
concernn dissimilarities between pharmacogenomic background, lifestyle, and 
environmentall  factors. About 40 variants of the gene coding for CYP3A4 have been 
described.. CYP3A4*1B is present in Caucasians but not in East Asians (Japanese and 
Chinese).. Higher tacrolimus doses are needed to reach target trough concentration in 
patientss with the CYP3A4*1B allele. However, the functionality of CYP3A4*1B is not 
clear.. In vitro studies have shown an association with increased enzyme activity, while 
clinicall  studies show decreased enzymes and no association was seen in microsomal 
studies.23-244 Pharmacogenomic data were not available for our analysis. Lifestyle and 
environmentall  factors have not been studied extensively because of the complexity around 
definingg and measuring these factors. 

Thesee limitations and the differences between the Thai and English data stress the need to 
investigatee the effect of the above mentioned factors on saquinavir exposure further. 
Inn the literature, ritonavir-boosted saquinavir regimens show lower interindividual 
variabilityy than unboosted saquinavir regimens in healthy volunteers.5-25 However, looking 
att data from this analysis and previous studies performed in HIV-infected patients, high 
variabilityy was seen for boosted saquinavir regimens.26 In an attempt to reduce variability, 
twicee daily dosing has been used instead of once daily dosing. A study with lopinavir/ 
ritonavirr showed lower interindividual variability in twice daily dosing compared with once 
dailyy dosing.27 As opposed to lopinavir/ritonavir, saquinavir/ritonavir twice daily regimens 
(1000/1000 mg) are not associated with lower variability.10^2 

Variabilityy may lead to low saquinavir plasma concentrations and low saquinavir exposure. 
Therapeuticc drug monitoring of saquinavir pharmacokinetic parameters can be used to 
detectt low concentrations. However, which pharmacokinetic parameter (i.e. AUC, Cmin or 
perhapss another parameter) should be monitored in relationship to clinical outcome is still a 
matterr of debate. The Cmin, as a single time point concentration, is a practical 
pharmacokineticc parameter to measure. Although Cmin has been shown to predict virological 
responsee for some protease inhibitors, analyses in two studies were not able to show a 
significantt relationship between saquinavir Cmm and virological outcome.2628 Conversely, 
totall  exposure to saquinavir was correlated with virological outcome; however, 
measurementt of AUC is difficult to realize in clinical practice.8-9 Further studies are 
requiredd to investigate the relationships between clinical outcome and saquinavir 
pharmacokineticc parameters. 

Thee present analysis was conducted to identify which factors have a role in saquinavir 
plasmaa exposure and variability. The outcomes of this study indicate that exposure to 
ritonavirritonavir and study site are related to the exposure of saquinavir, where study site might 
reflectt differences in body weight, food intake, pharmacogenomic, environmental and other 
ethnicc differences. Regarding ritonavir, further investigations are needed to verify the role 
off  ritonavir AUC in other saquinavir/ritonavir dose combinations. To our knowledge, this is 
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thee first study in which the relationship between ritonavir AUC and saquinavir is reported. 

Too identify ethnic, environmental and pharmacogenomic variables, and to investigate the 

effectt of body weight and different food intake on saquinavir pharmacokinetics, further 

studiess in heterogeneous patient populations are necessary. 
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Boostingg by ketoconazole or ritonavir 

Introductio n n 

Thee HIV protease inhibitors are frequently combined with low dose ritonavir in order to 
boostt the pharmacokinetic characteristics of the concomitant protease inhibitor. Benefits for 
patientss are that boosting enables the use of easier regimens with lower pill burden, fewer 
foodd restrictions and better tolerability. The pharmacokinetic advantages are higher plasma 
concentrationss with less drug, enhancement of pharmacokinetic parameters, and perhaps 
reductionn of variability of plasma concentrations.14 The improvements for patients in the 
pharmacokineticc profile may facilitate adherence, and therefore may favour the virological 
outcomee of treatment with antiretrovirals. 
Inn developing countries costs of antiretroviral drugs mostly determines whether patients can 
accesss available treatment. Compared to high-income countries, patients in low-income 
countriess have limited access and expenses are not covered by health insurances. A strategy 
too reduce costs is the use of generic antiretrovirals. For ritonavir a generic version is not 
availableavailable yet. In an attempt to reduce costs alternatives for boosting by ritonavir are 
explored.. In addition, boosting with an alternative to ritonavir could be used as an 
alternativee strategy for patients with toxicities of ritonavir such as gastrointestinal 
disturbancess or dyslipidemia.6-7 

AA potential drug class for alternatives are the azoles, which includes the antifungal agents 
ketoconazolee and itraconazole. The pharmacological explanation of ritonavir mediated 
boostingg is inhibition of intestinal- and hepatic CYP3A4 and possibly the multidrug 
transportt protein P-glycoprotein. Low doses of ritonavir (100-200 mg once daily or twice 
daily)) can boost the concentrations of saquinavir with several folds.8'9 Both, ketoconazole 
andd itraconazole inhibit the cytochrome P450 isoenzymes 3A4 and of P-glycoprotein.10' H 

Thereforee it is reasonable to assume that azoles are able to boost concomitant protease 
inhibitorr in a similar way as ritonavir. A secondary advantage to use ketoconazole and 
itraconazolee instead of ritonavir is that these drugs can be stored at room temperature unlike 
ritonavirr that needs refrigeration to preserve the quality of the drug. 
Dataa on saquinavir boosting with itraconazole from healthy volunteers with saquinavir 
hard-gelhard-gel caps showed a 5-fold increase of saquinavir plasma concentrations.12 Studies from 
Thailandd resulted in conflicting data on the effect of itraconazole boosting on saquinavir 
(softt gel) pharmacokinetics. One study showed similar saquinavir pharmacokinetic 
parameterss with unboosted saquinavir (1400 mg twice daily) and lower doses of saquinavir 
(8000 and 1200 mg twice daily) boosted with 100 mg itraconazole,5 which indicates 
adequatee boosting by itraconazole. However, a previous study from Thailand did not show 
ann effect of itraconazole (100 or 200 mg twice daily) boosting on saquinavir (soft gel) 
pharmacokineticss compared to unboosted saquinavir (1400 mg twice daily). Although the 
saquinavirr AUC was lower in the unboosted arm the difference did not reach statistical 
significancee compared to itraconazole boosted saquinavir.13 Major limitations in both 
studiess were small sample sizes and the use of different nucleoside reverse transcriptase 
inhibitorr backbone, including didanosine, which if not taken separately from itraconazole, 
cann decrease its absorption. Secondly, the itraconazole concentrations were not measured. 
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Feww studies have investigated the effect of ketoconazole on saquinavir. A published letter 
didd not report an effect of ketoconazole of saquinavir-hard gel capsules. However, this was 
aa small study in which levels at 3 hours post-dose and trough levels were collected.14 A 
studyy on ketoconazole boosting of saquinavir-soft gel capsules in healthy volunteers and 
HIV-11 infected patients showed increased saquinavir plasma-concentration when 
administratedd with ketoconazole compared to saquinavir alone. The increase in saquinavir 
plasmaa concentrations in HIV-1 infected patients was less than in the volunteers, however 
thee patients in this study used a ketoconazole dose 200 mg once daily and the healthy 
volunteerss used a dose of 400 mg once daily.15 

Anotherr study investigated the unbound CSF concentration compared to unbound plasma 
concentrationn of saquinavir/ritonavir and ketoconazole. In this study the plasma bound and 
unboundd concentration of both saquinavir and ritonavir were higher when combined with 
ketoconazole.16 6 

Att the present time, the investigated doses of saquinavir in the previous studies are not 
used.. Moreover, itraconazole is a less realistic option because the pricing of itraconazole in 
Thailandd is higher than of ritonavir. Ketoconazole is available as a branded and a cheaper 
genericc formulation. The objective of this study was to investigate ketoconazole as an 
alternativee to ritonavir boosting. Therefore, we compared the pharmacokinetic parameters 
off  saquinavir from the hard-gel capsule formulation boosted with low-dose ritonavir to 
boostingg with ketoconazole in order to investigate the feasibility of ketoconazole as a 
booster. . 

Materia ll  and methods 

Studyy design and safety assessments 

Thee study was designed as an open-label, single group, two-period, two-treatment single 
centree study (Fig. 1). Twenty-five adults (>18 years) Thai male or female patients, who 
weree taking saquinavir and low-dose ritonavir as part of their antiviral treatment, were 
included.. At the start of the study, patients who were not taking 2000 mg once daily, were 
switchedd to saquinavir 2000 mg and ritonavir 100 mg once daily for at least 4 weeks to see 
iff  the change in drug dose was tolerated. At week 4, plasma drug concentrations of 
saquinavirr (Invirase®, Roche, Switzerland) and ritonavir (Norvir®, Abbott) were 
determinedd and only ritonavir was switched to ketoconazole 400 mg once daily (Nizoral®, 
Janssen-Cilag,, Thailand). At week 6, plasma concentrations of saquinavir and ketoconazole 
weree measured. The nucleoside analogue reverse transcriptase inhibitor drugs of the 
antiretroo viral regimen remained unchanged during the entire study period. 
Patientss were included if they had sustained low viral loads of lower than 50 copies/ml. 
Exclusionn criteria were recent virological failure, defined as 2 times viral load of more than 
500 copies/ml in the last 6 months, serum alanine aminotransferase (ALT) or aspartate 
aminotransferasee (AST) concentrations of more than 5 times the upper limit of normal 
(ULN),, serum creatinine concentration of more than 3.0 times ULN, smoking more than 10 
cigarettess a day, alcohol consumption of more than 2 units a day, and active opportunistic 
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infection,, concurrent condition which might affect the pharmacokinetics of the study drugs, 
concomitantt use of medication metabolized through cytochrome P450 3A or otherwise 
interferee with the pharmacokinetics of the study drugs, pregnancy or lactating, 
hypersensitivityy to the study drugs, active drug abuse or inability to understand study 

procedures. . 
Clinicall  safety assessments were performed by the trial physician. A history was taken at 
eachh study visit: baseline, week 4 and 6, together with a physical examination. Blood 
parameterss were determined at each study visit including haematology and chemistry. 
Thee patients were recruited from the Thai Red Cross' Anonymous Clinic. The study was 

approvedapproved by the institutional Review Board (IRB) of King Chulalongkorn Hospital and 
priorr to start of the study a signed informed consent was obtained from all patients. 

Pharmacokineticc assessments 
Patientss were counselled to maintain their lifestyle (smoking, consumption of alcohol and 
exercisee level) during study. Study drugs were ingested with a standardized breakfast 
(approximatelyy 500 calories and 12 g of fat). Other meals during the day (lunch, diner, 
snacks)) were also standardized. 
Bloodd sampling was performed before drug intake (t=0), in the morning, subsequently at 
0.5,, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 8.0, 10.0, 12.0 and 24 h after drug-intake. 
Att week 4, a pharmacokinetic curve was recorded for saquinavir (200 mg/hard gel capsule) 
andd ritonavir (100 mg/soft gel capsule), and at week 6 for saquinavir and ketoconazole (200 
mg/tablet).. The saquinavir and ritonavir plasma concentrations were determined at the HIV-
NATT pharmacokinetic laboratory by a validated high-performance liquid chromatographic 
assayy (HPLC).17 The lower limit of quantification (LLOQ) was 0.04 mg/L for the protease 
inhibitors,, and 0.03 mg/L for ketoconazole. The samples were centrifuged at 1500 rpm and 
thee separated plasma was stored at -20°C until analysis. 

AA method for the determination of ketoconazole concentrations was developed, and the 
sampless were measured by the clinical pharmacy laboratory of the Radboud University 
Medicall  Center (Nijmegen, Netherlands). Detection of ketoconazole was performed with 
fluorescence.. The wavelengths for excitation and for emission were 236 run and 380 nm, 
respectively.. The retention time of ketoconazole was 5.4 min. The method was calibrated 
forr a concentration range of 0.03 to 20 mg/L. The accuracy of the method was between 97.4 
too 100.1 % for 0.060 mg/L, 0.604 mg/L and 6.042 mg/L. The recovery in plasma was 107.3 

 4.9%. The within-day coefficient of variation was 2.33% at 0.060 mg/L, 0.51% at 0.604 
mg/LL and 1.37% at 6.042 mg/L. The between-day variation was 1.78% at 0.060 mg/L, 
1.45%% at 0.604 mg/L and 0.31% at 6.042 mg/L. 

Bothh laboratories participate in the same international program for quality control and 
qualityy assessment (QC/QA) for antiretrovirals, and therefore have cross validation with 
otherr international pharmacokinetic laboratories.18 
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Pharmacokineticc analyses 

Pharmacokineticc parameters were determined with a noncompartmental model using 
WinNonlinn software (version 4.1, Pharsight Corporation, Paola Alto, Ca, USA). The plasma 
concentrationss below LLOQ were all set at 0.0 mg/L for analysis. The area under the curve, 
AUCC (mg.h/L), was defined as the area under the plasma concentration-time curve from 
t=00 until t= 24 hours which was calculated with the log-linear trapezoidal method. The 
maximumm observed plasma concentration and corresponding time during the dosing 
intervall  were defined as Cmax (mg/L) and Tmax (hour), respectively. The minimum observed 
concentration,, Cmin (mg/L), was the last concentration during the dosing interval. From the 
terminall  slope of the semi logarithmic concentration-time curve the elimination half life, ti/2 
(hour),, was calculated using ln(2A.) in which k is the elimination rate constant. The 
apparentt volume of distribution and oral clearance are given as Vss/F (L) and CLss/F (L/ 
hr),, where F is the bioavailability. The apparent clearance is an expression of the total AUC 
dividedd by the total dose. The volume of distribution is obtained by correcting this 
expressionn for the elimination rate constant X. 

Statisticss analyses 

Thiss study was designed to compare the pharmacokinetic parameters of saquinavir hard-gel 
capss when boosted with ritonavir or ketoconazole. The sample size was powered to show 
bioequivalencee with an equivalence range of 0.8-1.25. Twenty-three subjects needed to be 
includedd to show a difference of 10% with a power of 0.8 and a significance level of 0.05.19 

Takingg in account an estimated dropout of 10%, a total of 25 patients were included. 
Descriptivee statistics are summarized as medians and interquartile ranges, or means and 
standardd deviations. The number of low saquinavir plasma concentrations were compared 
withh the Fisher's exact test. Geometric mean ratios of logarithmic transformed saquinavir 
pharmacokineticc parameters, AUC, Cmax and Cmin were calculated. The 90% confidence 
intervall  of the ratio were compared to the bioequivalence range of 0.8 to 1.25 to evaluate 
equivalencee between the saquinavir parameters at week 4 and week 6. Correlation between 
ketoconazolee AUC and saquinavir AUC were investigated with Spearman's rank correlation 
(versionn 11.5.2, SPSS Inc, Chicago, Illinois, USA). 

Resul ts s 

Twenty-fivee Thai patients participated in the study. Fourteen females and 11 male patients 
weree included with a median age of 34 years (IQR: 32-42) with a median body weight of 
544 kg (IQR: 47-59) and corresponding median body mass index of 21 kg/m2 (IQR: 19-23). 
Thee demographic and baseline data are summarized in Table 1. 
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Tablee 1 Demographics and baseline (median, interquartile range) 

Age,, yr 

Gender,, F:M 

Bodyy weight, kg 

Bodyy mass index, kg/m2 

CD4++ cell count, cells/mm3 

HIV-11 RNA, copies/ml 

344 (32-42) 

14:11 1 

544 (47-59) 

21(19-23) ) 

735(560-849) ) 

<50 0 

yrr years; F female; M male 

Twoo grade-1 adverse events were reported in period 1 during ritonavir boosting. Twelve 

grade-11 adverse events were reported in period 2. Six out of 12 events were headache, and 

33 were related gastrointestinal complaints. Abnormalities in biochemical laboratory 

parameterss were not observed. In particular no increases in liver enzymes after switch to 

ketoconazole.. The median ALT and AST at week 4 was 21 U/L (IQR: 15-28) and 20 U/L 

(IQR:: 17-23), and at week 6 the median ALT and AST were 23 U/L (IQR: 18-28) and 20 U/L 

(IQR:: 16-22) respectively. Median CD4+ cell counts at both periods were 780 (636-912) 

versuss 735 (IQR 560-84) cells/mm3, respectively. The plasma HIV-1 RNA remained below 

500 copies/ml during both study periods in all patients. 

P h a r m a c o k i n e t i cs s 

Thee pharmacokinetic parameters are summarized in Table 2. Boosting with ketoconazole 

resultedd in lower saquinavir pharmacokinetic parameters (Fig. 1 ). 

Figuree 1 Mean plasma concentration of saquinavir, ritonavir and ketoconazole 

Legend: : 

 saquinavir plasma concentrations at week 4 

00 ritonavir plasma concentrations at week 4 
 saquinavir plasma concentrations at week 6 

DD ketoconazole concentrations at week 6 

Timee (hour) 

Thee mean saquinavir AUC during boosting with ritonavir was 6 mg.h/L, Cmax 

wass 5 mg/L and, Cm,n, was 0 mg/L. After concomitant use of 
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ketoconazole,, the saquinavir AUC, Cmax, Cmin were 7 mg.h/L, 5 mg/L 
andd 4 mg/L, respectively. Two patients on ritonavir boosted saquinavir had 
saquinavirr plasma concentrations below the minimum recommended concentrations of 0.1 
mg/L,, while 13 patients on ketoconazole treatment had low concentrations (p<0.001). The 
90%% confidence interval of the ratio of the saquinavir AUC, Cmax and Cmin when boosted 
withh ritonavir and ketoconazole were calculated. The number 1 was not included in the 
ratios,, meaning that the pharmacokinetic parameters of saquinavir during both periods are 
significantlyy different, and therefore not bioequivalent (Table 3). 

Tablee 2 Saquinavir, ritonavir and ketoconazole pharmacokinetic parameters 

AUCC  SD 

cv v 
t-max x 

CV V 

11 max 

CV V 

t-min n 

CV V 

t l / 2 2 

CV V 

CL/F F 
CV V 

V/F F 
CV V 

SQVw4 4 

6 6 
48 8 

5 5 

46 6 

6 6 

31 1 

0 0 

88 8 

7 7 

16 6 

44.11 8 
56 6 

9 9 
68 8 

SQvv w6 

7 7 
58 8 

5 5 

56 6 

3 3 

31 1 

4 4 

125 5 

8 8 

46 6 

3 3 
56 6 

0 0 
63 3 

RTVw4 4 

9 9 
45 5 

9 9 

55 5 

8 8 

55 5 

4 4 

111 1 

1 1 

27 7 

12.5Ü1.2 2 
90 0 

7 7 
116 6 

Ketoo w6 

4 4 
31 1 

3 3 

28 8 

2 2 

41 1 

8 8 

127 7 

8 8 

26 6 

2 2 
41 1 

9 9 
45 5 

SQVV saquinavir; RTV ritonavir; Keto ketoconazole; SD standard deviation; CV coefficient of 
variation;; AUC in mg.h/L; Cmax and Cmin in mg/L; Tmax, ti/2 in hr; CLss/F in L/hr; Vss/F in L 

Tablee 3 Geometric mean ratio and 90% confidence interval of saquinavir AUC, Cmax and C, 

AUC C 

Cmax x 

V-min n 

SQVV GMR 

0.20 0 

0.31 1 

0.33 3 

90%% CI 

0.16-0.25 5 

0.25-0.39 9 

0.24-0.45 5 

SQVV saquinavir; GMR geometric mean ration at week 4 and 6; CI confidence interval 

Thee ritonavir mean AUC at week 4 was 9 mg.h/L. The ritonavir Cmax was 1.44 
99 mg/L and the Cmin 0.03 4 mg/L. At week 6 the ketoconazole AUC, Cmax, Cmin 

weree 4 mg.h/L, 3 mg/L and 8 mg/L respectively. There was a 
positivee linear correlation between the AUC of ketoconazole and the AUC of saquinavir at 
weekk 6 (r=0.51, p=0.01) (Fig.2). 
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Figuree 2 
Correlationss between the AUCs 
off  ketoconazole and saquinavir  M. 
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Discussion n 

Treatmentt of HIV-1 infection has become chronic. Long-term complications of treatment 
andd the emergence of drug-resistance virus are becoming more evident and relevant in the 
clinicall  management of HIV-1 infected patients. When intolerability or viral resistance to 
ritonavirr is present, switching to other antiretroviral agents is usually required. However, in 
developingg countries patients have difficulties in accessing antiretroviral drugs. Cheap and 
easyy accessible antiretroviral drugs are needed. Therefore, an alternative method for 
ritonavirr boosting could be used as a strategy to reduce costs, manage toxicities or viral 
resistancee to ritonavir. 
Thee objective of this study was to investigate whether ketoconazole could be used as a 
boosterr for saquinavir. The results showed that exposure to saquinavir during a dose 
intervall  is 80% lower when boosted with ketoconazole than when boosted with ritonavir. 
Accordingly,, the other saquinavir pharmacokinetic parameters, Cmin and Cmax, were 67% 
andd 69% lower when ketoconazole was used. Although the exposure to saquinavir may be 
adequatee for treatment in some cases, trough concentrations at 24 hours were lower than the 
recommendedd trough concentration of 0.1 mg/L in 52% (13/25) of the patients on 
ketoconazole.. Taken together our data demonstrated that boosting with ketoconazole is not 
ann alternative for boosting by ritonavir. 
Thee found positive correlation between ketoconazole and saquinavir AUC indicates that 
higherr ketoconazole exposure is associated with higher saquinavir exposure. This suggests 
thatt a higher dose of ketoconazole might be a better alternative to ritonavir than the 400 mg 
oncee daily dose that was tested in this study. There is, however, a high likelihood that such 
aa higher dose of ketoconazole might be associated with an increased risk of toxicity. 
Ketoconazolee when dosed as 800 mg resulted in more adverse events than when dosed as 
4000 mg, and more than 200 mg. Although the toxicity was dose-dependent it was not 
dependentt on the plasma or cerebrospinal fluid (CSF) concentrations of ketoconazole.20 
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Mostt available protease inhibitors show increases of plasma concentrations after the 
additionn of ketoconazole. The plasma concentrations of the protease inhibitor amprenavir, 
lopinavir,, indinavir, nelfinavir and ritonavir are increased in the presence of ketoconazole. 
Indinavirr shows the largest increase in AUC and lopinavir the least. Atazanavir 
concentrationss are not increased significantly. Concentrations of ketoconazole are increased 
byy amprenavir, lopinavir and ritonavir.21 

Ann alternative to ritonavir should conform to the same pharmacokinetic principal of 
inhibitionn of cytochrome P450 3A4. The only booster that has been investigated as an 
alternativee to ritonavir is cimetidine. The saquinavir AUC en Cmax (1200 mg) increased 
120%% and 179% in healthy volunteers, but the saquinavir Cmin was similar to unboosted 
saquinavir.22 2 

Thee saquinavir and ritonavir pharmacokinetic parameters are somewhat lower than what 
hass been reported in an earlier study in Thai patients.23 The lower exposure to ritonavir 
mightt result in less boosting.24 However, the study population differ. The previous Thai 
studyy included more female patients and patients with lower body weights. 
Thee measured ketoconazole plasma concentrations are higher than concentrations reported 
inn Caucasian healthy male volunteers, and Caucasian patients with disseminated 
coccidioidomycosis.20-255 The absorption of ketoconazole may have been dose enhanced 
becausee of the administration with food.26 

Wee have investigated ketoconazole as an alternative booster because of previous data, 
whichh showed increases in saquinavir plasma concentrations without an effect on the 
ketoconazolee concentrations.15 However, continued treatment with ketoconazole can be 
complicatedd by two issues. The first issue concerns the long-term complications induced by 
ketoconazole.. Ketoconazole is a known hepatotoxic drug and may influence steroid 
metabolism.277 The second potential issue is the risk of resistance to ketoconazole associated 
withh its long-term use in particular in patients with fungal infections. In HIV-infected 
patientss resistance to fluconazole has been reported after prolonged exposure.27 Cross-
resistancee within the azole drug class may also occur. 
Ourr study has shown that ketoconazole failed to boost the plasma concentrations of 
saquinavirr to acceptable levels, and therefore ketoconazole should not be used as a booster. 
Moree research is needed to identify an alternative for ritonavir, preferably with minimal 
sidee effects or a different side effect profile than ritonavir. 
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Nevirapinee plasma concentrations with rifampin 

Introductio n n 

Drugg interactions complicate concurrent treatment of HIV and Mycobacterium tuberculosis 
coinfection.. Drug therapy for HIV and tuberculosis each consists of combined regimens 
withh three or four drugs. Rifamycins are frequently used for the treatment of tuberculosis. 
Rifamycinss can interact with several antiretrovirals. In decreasing order of potency, 
rifampin,rifampin, rifapentine and rifabutin have an inducing effect on drug metabolism mediated 
throughh cytochrome P450 isoenzyme 3A4 (CYP3A4). Non-nucleoside reverse transcriptase 
inhibitorss and protease inhibitors are metabolized through CYP3A4 and thus the plasma 
concentrationss of these antiretrovirals may decrease in the presence of rifamycins. 
Additionally,, the non-nucleoside reverse transcriptase inhibitors are metabolized by 
CYP2B6.11 Drug-drug interactions may lead to suboptimal drug exposure, loss of viral 
suppressionn and selection of resistant HIV strains.2 Interactions between nucleoside 
analoguee reverse transcriptase inhibitors and rifamycins occur at the level of 
glucuronidationn and amination, as was described between rifampin or rifabutin and 
zidovudine,, but is not considered to be clinically significant.23 

Coinfectionn of HIV-1 and tuberculosis mainly concerns developing countries where both 
infectionss are epidemic. Access to antiretrovirals may be difficult in developing countries 
becausee of limited availability or high cost. To improve pricing and accessibility, generic 
antiretrovirall  agents are manufactured in countries such as Brazil, India, Thailand and 
Southh Africa. Fixed-dose combinations of these generic agents are widely used as well. The 
mostt often-used generic fixed-dose combination is a twice daily regimen with stavudine, 
lamivudinee and nevirapine.4 Fixed-dose combinations are attractive regimens for patient 
care.. Adherence to therapy may be improved because of low pill burden and the reduced 
possibilityy of incorrect dosing. Furthermore, the fixed-dose combinations simplify drug 
logistics.. Compact drug quantities facilitate storage and distribution to hospitals, 
pharmaciess and patients. Important for resource constraint settings is that fixed-dose 
combinationss make improvements in public health care management possible. 
Withh respect to treatment of HTV/tuberculosis-coinfected patients, a clinically significant drug-
drugg interaction may be expected when nevirapine and rifamycin are co-administered. Treatment 
withh rifabutin is preferred because of a more favourable interaction profile, but in most developing 
countriess rifabutin is not available or too expensive.5 Tuberculosis treatment with a regimen that 
includess rifampin is usually the only option. Reports in the literature have shown decreases in 
nevirapinee plasma concentrations ranging from 31% to 58%. Rifampin plasma concentrations are 
nott influenced by nevirapine.6-9 Low nevirapine plasma concentrations may negatively affect 
virologicall  outcome of antiretroviral therapy.1011 Previous studies have documented higher plasma 
concentrationss of nevirapine in Thai patients compared with patients in other countries, probably 
becausee the average Thai is small and has a low body mass index (BMI),12 suggesting that even 
thoughh the concomitant use of rifampin lowers the nevirapine levels considerable, still most 
patientss would still retain nevirapine plasma concentrations above a concentration of 3.1 mg/1. The 
presentt study was performed to investigate whether rifampin co-administration in clinical practice 
leadss to a clinically relevant decrease of nevirapine plasma concentrations in Thai patients. 
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M a t e r i a ll  a nd m e t h o ds 

Studyy design and setting 

Dataa were collected from the therapeutic drug monitoring (TDM) service at the HIV 
Netherlandss Australia Thailand Research Collaboration (HIV-NAT) , The Thai Red Cross 
AIDSS Research Center, during November 2003 to February 2005. Patients were treated 
withh a twice daily fixed-dose combination (GPO-VIR S30 or S40®, manufactured by 
Governmentt Pharmaceutical Organization, Bangkok, Thailand) of nevirapine 200 mg, 
stavudinee 30 or 40 mg depending on the body weight (less or more than 60 kg) and 
lamivudinee 150 mg. Plasma samples, together with a request form, were sent to the TDM 
servicee at the HIV-NAT pharmacokinetic laboratory for drug concentration determination. 
Onee sample per patient was obtained for determination of the nevirapine plasma 
concentration. . 

Sampless had to be taken under steady-state conditions for both drugs, and not during the 
lead-inn phase of nevirapine. On the request form information such as patient characteristics, 
thee reason for requesting the nevirapine plasma concentrations measurement, timing/dose 
andd name of antiretroviral medications and concomitant therapies were recorded. Patients 
usingg co-medication other than fluconazole that could interfere with the plasma 
concentrationss of nevirapine through CYP3A4 were excluded from this study. The reasons 
off  the physician to request a drug concentration measurement were divided into five 
categoriess of which more than one answer could be selected: drug interaction, suboptimal 
dose,, drug toxicity, routine monitoring and non-compliance. All physicians were contacted 
too verify the information on the request forms. Nevirapine concentration determination was 
offeredd as part of regular care for the patients with HIV infection and tuberculosis that were 
concomitantlyy treated with nevirapine and rifampin. The control group consisted of an 
equall  number of consecutive HIV-1- infected patients using the fixed-dose combination 
onlyy and who did not have any indication for drug concentration determination, like 
suspectedd non-adherence or incomplete suppression of HIV replication. The samples were 
sentt for routine monitoring. Written informed consent was obtained from the control group. 
Thee institutional review board of the King Chulalongkorn Hospital approved the conduct of 
thee study. 

Pharmacokineticc assessment 

Bloodd samples were processed to plasma within 2 hours after collection and stored at -18°C 
inn labelled polypropylene tubes until determination of the nevirapine concentration. 
Transportationn to the laboratory was done on dry ice. Nevirapine concentrations were 
determinedd at the HIV-NAT pharmacokinetic laboratory by validated high-performance 
liquidd chromatographic assay.13 The laboratory participates in an international quality 
controll  and quality assessment (QC/QA) pharmacokinetic programme, and therefore has 
crosss validation with other international pharmacokinetic laboratories.14 The lower limit of 
quantificationn (LLOQ) for nevirapine was 0.055 mg/1. 
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Statisticall  analysis 
Descriptivee statistics of patients' characteristics and pharmacokinetic data were summarized 
ass medians plus interquartile ranges (IQRs) or means and corresponding standard 
deviationss where appropriate. Nevirapine plasma concentrations ranging from 3.0 to 3.8 
mg/11 have been proposed as minimum recommended cut-off value.1115 The current TDM 
recommendationn uses 3.4 mg/1 as cut-off.16 In the 2NN study an analysis was performed of 
thee relationship between virological failure and nevirapine minimum concentration.10 A 
nevirapinee plasma concentration of 3.1 mg/1 was found as the cut-off point below which the 
riskrisk of virological treatment failure might be increased. The 2NN study, in contrast to other 
studies,, is the only study in which such an analysis was performed in the therapy-adherent 
patientt population only. Therefore, 3.1 mg/1 was chosen as cut-off. 

Comparisonss between nevirapine plasma concentrations in the absence or presence of 
rifampinn were done with Mann-Whitney and Fisher's exact test. 
Bivariatee and multivariate linear regression analyses were used to investigate the influence 
off  age, gender, height, body weight, BMI, co-administration of fluconazole, co-
administrationn of rifampin, and treatment centre on the nevirapine plasma concentration. 
Al ll  analyses were adjusted for time after drug intake. 
Parameterss with P-values less than 0.10 in the bivariate linear regression analyses were 
includedd in a multivariate regression model. All statistical calculations were performed with 
SPSSS software (version 11.5.2, SPSS Inc. Chicago, Illinois, USA). 

Results s 
Wee received blood samples from 74 patients using the fixed-dose combination plus 
rifampin,, and collected blood samples from an equal number of controls using FDC only. 
Thee patient characteristics age, body weight, BMI, height and gender distribution were 
similarr in both groups (Table 1). The nevirapine concentration determinations, in patients 
whoo were using rifampin, were mostly 51/74 requested for suspected drug interaction. The 
otherr indications were 10/74 for routine monitoring, 6/74 for suspected suboptimal dosing, 
3/744 for a dual indication of suspected drug interaction and routine monitoring, 3/74 for a 
duall  indication of suspected drug interaction and suspected suboptimal dose, and 1/74 for 
toxicity.. All patients were using the generic fixed-dose combination GPO-VIR® and 
rifampinn was dosed 450-600 mg once daily. Fluconazole was co-administered in 15% of 
thee control group and 42% of patients using rifampin. Other frequently used co-medications 
inn the control group were co-trimoxazole (22/74) and in the rifampin group isoniazid 
(64/74),, co-trimoxazole (39/74), ethambutol (30/74), multiple preparations of vitamin B 
(vitaminn Bl, 6, 12 and/or folic acid, 27/74) and pyrazinamide (19/74). 
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Tablee 1: Demographics [median [IQR]] 

N N 

Age,, yr, median [IQR1 
Gender,, M:F 

Weight,, kg 

Height,, m 
BMI ,, kg/m2 

GPO-VIR R 

74 4 

36.55 [32.0-43.01 
45:29 9 

58.00 [50.8-62.5] 

1.655 [1.58-1.701 
21.22 [19.1-23.01 

GPO-VIRR with RIF 

74 4 

34.55 [30.0-40.31 
45:29 9 

54.00 [48.8-61.3] 

1.633 [1.59-1.681 
20.55 [18.8-22.61 

Total l 

148 8 

36.0[31-41.81 1 
90:58 8 

55.00 [50.0-62.0] 

1.633 [1.57-1.691 
20.99 [19.1-22.91 

p-value* * 

.122 2 
1.00** * 

.087 7 

.349 9 

.121 1 
RIF:: rifampin; yr: years; sd: standard deviation; IQR: interquartile range; M: Male; F: Female; kg: 
kilograms;; m: meters; BMI: body mass index, *Mann-Whitney test, **Fisher's exact test 

Inn Figure 1 the nevirapine concentrations are plotted against time after drug intake. In the 
rifampinn group the mean nevirapine concentrations was 5.47 6 mg/1 while in the 
controll  group the mean nevirapine concentration was 8.72 8 mg/1. The lowest 
concentrationss in a dosing interval are expected at the end just before the next dosage. 
Therefore,, samples were separated in two groups of random samples and trough samples. 
Forty-fivee controls samples were taken around the trough concentrations, defined as 
concentrationss measured between 10.0 and 14.0 h after last intake. Fifty samples in the 
rifampinn group were trough concentrations. Further details are summarized in Table 2. 
Thee intersubject variability, expressed as coefficient of variation, was equal in both groups, 
47%% in the control group and 49% in the rifampin group. 

NVP+RIFF o NVP 

o o 

o o 

oo

 ° * „ 4 
. . . . - - I . . - .-- - - i 

00 ° »J 

.. - | a 

'Jkr.:.:.\ 'Jkr.:.:.\ 
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Timee between NVP intake and blood sampling (hours) 

Figuree 1 Individual nevirapine 
plasmaa concentrations 

NVPP nevirapine 
RIFF rifampin 

Tenn patients had nevirapine concentrations below the threshold for optimal antiviral 
efficacyy (<3.1 mg/1). The low concentrations ranged from 0.645 to 3.08 mg/1. Two 
concentrationss were from the control group and eight concentrations were from the 
rifampinn group. All these low concentrations, except one, were trough concentrations. One 
loww concentration, in the rifampin group, was taken at 2.5 h after drug intake. Comparison 
off  the trough concentrations for the two groups showed significantly lower concentrations 
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inn the patients using rifampin (P<0.001); however, the proportion of sub-therapeutic 
nevirapinee concentrations in the control group 2/45 (2.7%) and rifampin group 7/50 (14%) 
didd not reach statistical significance (P=0.164). Suspected non-adherence was not reported 
inn any of the requests, suggesting that this was not likely to be an issue in these patients. Of 
thee eight low concentrations in patients taking rifampin, two were sent under the indication 
suspectedd suboptimal concentration and one under the dual indication suspected drug 
interactionn and suboptimal concentration. 

Tablee 2 Nevirapine plasma concentrations in the presence and absence of rifampin ) 
FDCC FDC with RIF Total 

Total l 

0-9.99 hours 

10.0-14.00 hours* 

N N 

Time,, hr median D 

Concentrationn NVP, mg/L 
Fluconazole e 

N N 

Time e 

Concentrationn NVP, mg/L 
Fluconazole,, N 

N N 

Time e 

Concentrationn NVP, mg/L 
Fluconazole,, N 

74 4 

3 3 

8 8 
11 1 

29 9 

4 4 

5 5 
3 3 

45 5 

1 1 

1 1 
8 8 

74 4 

7 7 

6 6 
31 1 

21 1 

4 4 

2 2 
5 5 

50 0 

5 5 

6 6 
26 6 

148 8 

2 2 

5 5 
42 2 

50 0 

4 4 

1 1 
8 8 

95 5 

9 9 

6 6 
34 4 

**  Three samples were taken between 14.0-14.8 hours. These samples are not included in the 
descriptivee analysis. SD: standard deviation. 

Inn the bivariate linear regressions the three variables time after drug intake, concomitant use 
off  rifampin and treatment centre were significantly associated with nevirapine plasma 
concentrations,, whereas the other variables were not (P>0.10; Table 3). Nevirapine plasma 
concentrationss were significantly higher in treatment centre three. All samples for the 
controll  group and four samples for the rifampin group were obtained from this site. Time 
afterr drug intake and rifampin co-administration remained significant in the multivariate 
modell  model with a slightly better fit  that also correlated higher BMIs to lower nevirapine 
concentrationss (Table 3). 
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Tablee 3 Bivariate analyses corrected for time after drug intake and multivariate analyses 
Bivariate e 

Parameter r 

Femalee (gender) 

Agee (per 10 yr) 

Heightt (per 10 cm) 

Bodyy weight (per 10 kg) 

BMII  (per mg/kg2) 

Usee of cotrimoxazole 

Usee of fluconazole 

Usee of rifampin 

Site e 

Timee (per h) 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7* * 

B B 

-0.35 5 

-0.27 7 

0.08 8 

-0.15 5 

-0.09 9 

-0.68 8 

-0.11 1 

-3.10 0 

-0.77 7 

0.85 5 

3.01 1 

-0.48 8 

-1.70 0 

1.37 7 

-0.20 0 

Sig--

0.58 8 

0.46 6 

0.85 5 

0.63 3 

0.40 0 

0.27 7 

0.87 7 

<0.001 1 

0.46 6 

0.81 1 

<0.001 1 

0.82 2 

0.49 9 

0.23 3 

0.01 1 

9 5% % 

Lower r 

-1.59 9 

-0.97 7 

-0.71 1 

-0.78 8 

-0.30 0 

-1.90 0 

-1.46 6 

-4.20 0 

-2.82 2 

-5.93 3 

1.64 4 

-4.55 5 

-6.58 8 

-0.88 8 

-0.36 6 

CI I 

Upper r 

0.89 9 

0.44 4 

0.87 7 

0.47 7 

0.12 2 

0.54 4 

1.24 4 

-2.01 1 

1.28 8 

7.63 3 

4.39 9 

3.58 8 

3.18 8 

3.62 2 

-0.05 5 

Multivariate e 

B B 

--

" " 

-3.10 0 

" " 

-0.15 5 

Sig. . 

--

" " 

O.001 1 

" " 

0.035 5 

95%% CI 

Lowerr Upper 

--

" " 
~ ~ 

--

4.200 -2.01 

_ _ 

" " 

" " 

-0.299 -0.01 

B B 

--

~ ~ 

--

--

-0.18 8 

--

-3.27 7 

--

* * 

-0.15 5 

Sig. . 

--

--

--

--

0.065 5 

--

--

<0.001 1 

--

~ ~ 

--

--

--

0.037 7 

95%% CI 

Lowerr Upper 

--

--

--

-0.388 0.01 

--

--

4.377 -2.17 

--

--

--

--

-0.299 -0.01 
BMI :: body mass index; CI: confidence interval; Sig.: significance 
Centree 7 was the reference centre, and therefore has the value zero in the model 

Discuss ion n 

Rifampinn is a potent inducer of cytochrome P450 isoenzyme 3A4 and therefore may lower 
plasmaa concentrations of the non-nucleoside reverse transcriptase inhibitor nevirapine, 
whichh is a substrate of this CYP450 isoenzyme. The present study was performed to 
investigatee if this pharmacokinetic mechanism may have clinically relevant implications for 
HIV-1// M. tuberculosis coinfected patients concomitantly using nevirapine and rifampin. 
Wee found that concomitant use of rifampin is associated with considerably lower plasma 
concentrationss of nevirapine; on average the concentrations were 3.3 mg/1 lower. 
Individualss with a higher BMI also had lower nevirapine plasma concentrations. 
Concomitantt use of fluconazole was not related to higher concentrations of nevirapine; this 
iss in contrast with what was found in a South African study.17 

Previouss pharmacokinetic reports about simultaneous treatment with nevirapine and 
rifampinn are inconsistent. However, these previous studies are limited because of their 
smalll  sample size. A study by Robinson et al. with 22 patients showed a 58% decrease in 
nevirapinee trough concentrations, while a study by Ribera et al. with 5 patients reported a 
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statisticallyy non-significant 21% decrease in nevirapine plasma concentrations.6-7 Another 
studyy by Dean et al., which included 7 patients, did not report a decrease after 
administrationn of rifampin. The nevirapine trough concentrations that we report of patients 
onn rifampin are comparable to the mean nevirapine trough concentration reported by Dean 
ett al. (4.26 18 Regardless of a decrease seen in the studies, including ours, the 
nevirapinee concentrations exceeded the mean IC95, combined for free-fraction and protein 
boundd nevirapine, of 710 nM (0.20 mg/1) with several folds.19 However, this concept was 
derivedd from HIV isolates prepared from peripheral blood mononuclear cells. Clinical 
studiess have shown that a plasma concentration of at least 3.0-3.1 mg/1 is needed for an 
optimall  therapeutic response.1015 To our knowledge, our study is the largest dataset of 
patientss concomitantly using nevirapine and rifampin. 
Thee nevirapine plasma concentrations that we report are higher than what has been reported 
inn the literature. The 2NN study showed that patients from Thailand in particular and 
femaless may have lower drug clearance.20 In addition to low BMI, this may explain the 
highh nevirapine concentrations. 
Limitationss in our study were the selection of samples, reporting of adherence and lack of 
dataa regarding viral hepatitis infection. This study is not a formal pharmacokinetic study to 
showw drug-drug interaction, but represents sampling as it is actually performed in 'real life' 
circumstances.. The nevirapine with rifampin samples were sent in based on the judgement 
off  the treating physician; therefore, selection bias cannot be excluded. Selection could also 
occurr when patients with low nevirapine concentrations experiencing virological failure 
weree switched off nevirapine to another regimen. 
Adherencee was not measured in this study. Suspected non-adherence could be pointed out 
att the time of the request of the plasma concentration determination. Non-adherence was 
nott indicated in any of the patients; however, the absence does not rule out problems with 
therapyy adherence. 
Althoughh we may assume that an equal number of patients in the control- and rifampin 
groupp had chronic viral hepatitis, the absolute nevirapine concentration may be increased in 
patientss with chronic viral hepatitis. Of interest, in a Thai cohort 8.7% HIV patients were 
infectedd with hepatitis B virus, 7.2% with hepatitis C virus and 0.4% coinfected with both 
hepatitiss B and C virus.2122 Chronic viral hepatitis might influence the pharmacokinetics of 
nevirapinee by affecting the metabolism through the hepatic cytochrome enzymes, or to a 
lesserr degree by decreased blood flow and plasma protein binding. Chronic hepatitis C 
viruss infection and higher baseline aspartate aminotransferase levels have been identified as 
significantt covariates in population pharmacokinetic analysis.23 Fortunately, as all patients 
weree treated with a regimen containing lamivudine, we may assume that replication of 
hepatitiss B virus was significantly inhibited in several of these patients. In further clinical 
studies,, addressing rifampin and nevirapine interactions the influences of these covariates 
andd disease stage and should be evaluated. 
Inn many developing countries generic antiretrovirals are becoming more and more readily 
available.. In this analysis we have reported lower nevirapine plasma concentrations when 
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administeredd together with rifampin. Nevirapine concentrations above 3.1 mg/1 have been 
correlatedd with better virological response rates.1011 Low nevirapine plasma concentrations 
aree a potential concern as drug resistance to nevirapine can develop quickly, as was seen by 
thee development of resistance mutations after administration of a single dose of nevirapine 
forr the prevention of perinatal mother-to-child transmission of HIV-1.24 TDM can be used 
too identify low concentrations before drug resistance has occurred. Increasing the dose of 
nevirapinee is controversial because of the risk of severe toxicity, in particular 
hepatotoxicity255 and should only be attempted as a last resort, together with careful 
monitoring,, if other antiretroviral options are not available and the use of nevirapine cannot 
bee temporarily interrupted. After identification of concentrations below 3.1 mg/1 and 
verificationn of adequate adherence to treatment, physicians should consider changing 
nevirapinee to efavirenz. Efavirenz-containing regimens have shown optimal plasma drug 
levelss and good virological outcome when used with rifampin.26-27 Efavirenz is not an 
optionn during pregnancy, because of its teratogenicity.28 Treatment of pregnant females 
coinfectedd with tuberculosis is complicated. Females are more vulnerable to toxicity if CD4+ 

celll  counts are greater than 250 cells/mm3.29 Treatment with a protease inhibitor, other than 
ritonavir-boostedd saquinavir, wil l be indicated in pregnancy.30 

Thee choice of pharmaceutical companies to produces certain fixed-dose combination is 
understandablee from the manufacturer's perspective; the production process of a tablet 
containingg stavudine plus lamivudine plus nevirapine is cheap and simple. However, the 
usee of fixed-dose combinations makes it difficult to modify the individual components of 
thiss regimen, as often the cost of the same combination using 'individually dosed' drugs is 
higherr that the cost of the combination tablet. The virological and immunological 
consequencess for the HIV/M tuberculosis coinfected Thai patient population have not been 
welll  characterized, but based on the low number of subtherapeutic concentrations, our 
analysiss suggests that the standard dose of nevirapine as 200 mg twice daily is sufficient to 
reachh therapeutic concentrations in most (86%) Thai coinfected patients who also use 
rifampin.. However, we would like to stress that the presented analysis concerns 
pharmacokineticc data and that information about long-term virological and immunological 
outcomee is unknown so far. Increasing the dose of nevirapine should never be done without 
closee monitoring of the plasma nevirapine concentrations. However, in many developing 
countries,, in particular in the poorest countries, monitoring of drug plasma concentrations 
cann not be performed. 

Althoughh the concomitant use of nevirapine and rifampin is against the recommendation of 
thee manufacturer, this combination is frequently being used in developing countries where 
alternativess for nevirapine and rifabutin are not readily available. Patients with low BMIs 
aree more likely to have optimal nevirapine concentrations than patients with higher BMIs. 
Thee results of our study in Thai patients should therefore not be extrapolated to patient 
populationss with higher BMIs. 
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Metabolicc toxicity and drug plasma concentrations 

Introductio n n 

Dyslipidemiaa has associations with both HIV-infection itself and combination antiretroviral 
therapyy (cART).1 Unusual changes in body fat distribution have been observed since the 
adventt of cART, and the pathophysiology of these changes is only partially understood.2-3 

Thee nucleoside-analogue reverse transcriptase inhibitor (NRTI) and protease inhibitor (PI) 
classess of cART are particularly associated with these metabolic disturbances and 
abnormalitiess in body fat distribution. There appears to be littl e association of the non-
nucleoside-reversee transcriptase inhibitors (NNRTIs) with body fat changes, although they 
aree associated with changes in plasma lipids.4 

Thee major components of the body fat distribution abnormalities (often referred to as 'HIV 
lipodystrophy')) associated with the use of cART have been peripheral lipoatrophy and 
abdominall  lipoaccumulation. These two particular components were originally thought to 
bee associated and therefore to have a common pathophysiology,2 but more recent research 
hass suggested that lipoatrophy and lipoaccumulation may, at least to some degree, be 
independentt phenomena, and might even have separate pathophysiological mechanisms. 
Lipoatrophyy appears to be most closely associated with the NRTI class, whereas 
lipoaccumulationn seems more associated with the Pis.57-8 The changes in body habitus are 
frequentlyy cosmetically disturbing and stigmatizing for patients. Furthermore, the metabolic 
consequencess of antiretroviral treatment are of clinical concern because they have been 
associatedd with increased rates of cardio- and cerebrovascular events in the HIV-infected 
population.9 9 

Theree is evidence that individual drugs within the NRTI and PI classes have different 
associationss with metabolic disturbance. Within the PI class, atazanavir and saquinavir 
(hard-gelatinn formulation) have been least associated with dyslipidemia,1012 while ritonavir, 
evenn in the low-dose form in which it is employed as a pharmacokinetic booster of other 
Piss (and not as an independent PI), is associated with elevations of total cholesterol and 
fastingg triglycerides.13-16 Within the NRTI drug class, stavudine (d4T) and in particular the 
combinationn of d4T/didanosine (ddl) are associated with dyslipidemia and lipoatrophy.17-18 

However,, zidovudine (ZDV) has also been implicated in this regard.19 Of the NNRTIs, 
efavirenzz in particular may be associated with higher total cholesterol (TC) and 
triglyceridess (TG) and like nevirapine with higher HDL-cholesterol.16 

Inn the HIV-NAT 009 study,20 a group of PI and NNRTI naive Thai HIV-1 infected patients 
failingg combination NRTIs were switched to a regimen consisting of ritonavir-boosted 
indinavirr 800/100 mg twice daily (bid) and efavirenz 600 mg once daily (qd) with an 
excellentt virological response. Sixty-nine percent of all patients who commenced therapy 
hadd an undetectable plasma HIV-1 RNA after 96-weeks. However, metabolic disturbances 
weree observed with substantial increases observed in TC, TG, estimated LDL-c, TC/HDL-c 
ratio,, and blood glucose. In a prospective lipodystrophy substudy performed in parallel with 
thee main study we observed moderate increases in both DEXA assessed total limb fat mass 
andd visceral adipose tissue mass assessed by CT-scan performed at 48-week intervals.5 

Relationshipss between the pharmacokinetics of various antiretroviral agents, including 
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indinavirr and efavirenz, and their efficacy and toxicity have been described.2123 However, 
theree is littl e data regarding the relationship between antiretroviral pharmacokinetics, 
metabolicc disturbance and body fat distribution changes. We, therefore, elected to explore 
thesee relationships within the HIV-NAT 009 study cohort. 

M a t e r i a ll  a nd m e t h o ds 

Thee HIVNA T 009 study and substudies 

HIV-NA TT 009 was a single-arm, open label, 96-week study of 61 adult Thai HIV-infected 
patientss who were all deemed to have virologically failed therapy with combination NRTIs 
(definedd as a minimum HIV-1 RNA>1000 copies/ml on therapy), and were switched to 
ritonavir-boostedd indinavir 800/100 mg bid and efavirenz 600 mg qd.20 Blood draws 
performedd at routine study visits (weeks 0, 4, 8, 12 and 12-weekly thereafter) included 
measurementss of fasted blood glucose, total cholesterol (TC), HDL-cholesterol (HDL-c), 
andd triglycerides (TG) in serum. A plasma sample was collected and stored at HIV-NAT at 
eachh scheduled study visit for retrospective analysis of antiretroviral drug levels. The time 
off  last drug ingestion prior to study visit was documented for all three components of 
therapy,, as was the time that the blood specimen was drawn. Body fat composition was 
measuredd by DEXA and CT-scan at baseline and after 48 and 96 weeks of treatment. A 
single-slicee CT-scan at the level of the fourth lumbar vertebra (L4) was performed to 
quantifyy the areas of subcutaneous (SAT) and visceral abdominal adipose fat (VAT). Whole 
bodyy DEXA scans were used to determine total limb fat mass.24 

Att week 4 of the main study 20 (33%) patients participated in an intensive pharmacokinetic 
sub-studyy to determine the 12-hour pharmacokinetic profiles of the three components of the 
drugg regimen.25 

Dru gg plasma concentrations 

Randomm time point concentrations of efavirenz, indinavir and ritonavir were determined at 
weekss 4, 12, 24, 36, 48, 60, 72 and 96. The lower limit of quantification for efavirenz, 
indinavirr and ritonavir were 0.20 mg/L, 0.037 mg/L and 0.045 mg/L, respectively. The 
plasmaa drug concentrations were determined at the HIV-NAT pharmacokinetic laboratory 
usingg validated high performance liquid chromatography (HPLC) methods.26 Every 
individuall  plasma concentration of indinavir and ritonavir was standardized for the time-
correctedd median plasma concentration derived from the HIV-NAT 009 intensive 
pharmacokineticc sub-study21 and was expressed as the concentration ratio (CR). A CR of 1 
thereforee constitutes a concentration within the normal range for this patient cohort. The 
variationn within one dosing interval and the between-sample variation for efavirenz was 
muchh lower than for Pis and therefore the efavirenz CR was not calculated.25 
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Statisticall  analyses 
Dataa from fifty-nine patients were included in the analysis. Two patients were excluded; 
onee developed tuberculosis and was withdrawn at week 2 in order to receive appropriate 
treatment,, and the other was withdrawn because of the potentially confounding use of an 
orall  hypoglycaemic agent for the duration of the study. Changes in metabolic parameters 
weree investigated using a generalized linear mixed model incorporating repeated measures 
withh a significance level set at a=0.01 to reduce the chance of a type-1 error. All patients 
whoo started on lipid-lowering agents or hypoglycaemic agents were censored from the time 
off  agent initiation. Patients who had temporary interruptions of study medication were 
censoredd for the corresponding sample time-point. 
Changess in VAT and total limb fat mass were investigated using multivariate linear 
regressionn models. The analyses of VAT and total limb fat mass were restricted to the first 
488 weeks of the study because of missing data at week 96. The following time-updated 
covariatess were introduced into the multivariate models in a stepwise fashion: body mass 
indexx (BMI), peripheral blood CD4+ count, plasma HIV-1 RNA, calculated indinavir CR, 
calculatedd ritonavir CR and efavirenz plasma concentration. Age, gender, exposure to d4T 
att the time of switch to the study regimen, total limb fat mass and duration of previous d4T 
exposuree were fitted as fixed covariates. Alcohol abuse was not included as a covariate 
becausee none of the patients abused alcohol (defined as >4 units per day for males, and > 2 
unitss per day for female). All analyses were corrected for time (study visit week) and the 
baselinee value of the independent parameter. Statistical calculations were performed with 
SASS software (version 8.02, SAS Institute, Cary, NC). 

Results s 
Descriptivee statistics of the baseline characteristics and metabolic parameters over time are 
expressedd as means and standard deviations (SD). Twenty-three females and 36 males were 
enrolledd in the study. The mean (SD) body weight and body mass index were 56.4 (9.60) kg 
andd 21.5 (2.9) kg/m2 respectively. 

NRTII  exposure history 
Previouss treatment consisted of various combinations of zidovudine (ZDV), stavudine 
(d4T),, didanosine (ddl), lamivudine (3TC), and abacavir (ABC). The mean (SD) NRTI 
exposuree was 40 (13) months. Thirty-six percent of patients had been exposed to a total of 
twoo NRTIs, 12% to three NRTIs, 48% to four NRTIs and 3% to five NRTIs. The majority 
off  patients had only ever been exposed to dual NRTI regimens and 56% of the cohort had 
receivedd two or more combinations of NRTIs prior to enrolment in the HIV-NAT 009 study.20 

Fortyy patients had undergone prior d4T exposure with a mean duration of 16 (18) months. 
Off  these forty patients, 36 had taken the combination d4T in combination with ddl for a 
meann duration of 15 (18) months. At the time of switch to the NRTI-sparing regimen, 16 
(27%)) patients were receiving a d4T-containing NRTI combination and 42 (70%) were 
receivingg a ZDV-containing NRTI combination. 
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Tablee 1 Baseline characteristics (mean  SD, unless otherwise specified) 

Baselinee parameter 

totall  n 

gender,, M : F 

age,, yr 

weight,, kg 

BMI ,, kg/m2 

previouss NRTI exposure, months 

d4TT treatment at time of start, percentage (n) 

everr on d4T treatment, percentage (n) 

durationn d4T treatment, months 

CDCC stage A, percentage (n) 

CDCC stage B, percentage (n) 

CDCC stage C, percentage (n) 

CD4++ cell count, cells/mm3 

plasmaa HIV-l RNA, log 

totall  cholesterol, mmol/L 

HDLL cholesterol, mmol/L 

triglycerides,, mmol/L 

nn number, M male, F female, yr year, NRTI nucleoside reverse transcriptase inhibitor 
BMII  body mass index, d4T stavudine, HDL high density lipoprotein 

On-studyy medication history 
Ninee patients had a temporary treatment interruption of the study medication. In total, 51, 
50,, 46, 42, 40, 38, 33 and 34 patients were available for analyses at study weeks 4, 12, 24, 
36,, 48, 60, 72 and 96, respectively. After switch to the study regimen 15 and 1 patient(s) 
respectivelyy commenced lipid-lowering and oral hypoglycaemic agents at some stage. 
Fifteenn patients in total commenced lipid-lowering therapy over the 96-weeks of study (five 
byy week 12, six by week 24, eight by week 36, eleven by week 48, twelve by week 60, 
fourteenn by week 72, and fifteen by week 96). One patient started an oral hypoglycaemic 
agentt by week 72; this patient commenced treatment with a lipid-lowering agent by week 
60. . 

59 9 

36:23 3 

32 2 

56.4 4 

21.5 5 

50 0 

27% % 

68% % 

16 6 

24% % 

57% % 

19% % 

176 6 

4.6 6 

4.4 4 

0.9 9 

1.6 6 

6 6 

0 0 

9 9 

 13 

(16) ) 

(40) ) 

8 8 

(14) ) 

(33) ) 

(11) ) 
 127 

7 7 

6 6 

4 4 

5 5 

Plasmaa concentrations of efavirenz, and concentration ratios of indinavi r  and 
ritonavi r r 

AA total of 334 plasma concentrations were available for analysis. The CR of indinavir and 
ritonavir,, and the plasma concentrations of efavirenz are summarized as medians and IQR. 
Thee median (IQR) plasma concentration of indinavir was 7.5 (1.4 to 12.5) mg/L. The 
mediann (IQR) plasma concentration of ritonavir was 1.7 (0.8 to 3.3) mg/L. The median 
(IQR)) CR for indinavir and ritonavir were 1.3 (0.8-1.9) and 1.1 (0.6-2.1), respectively. The 
mediann plasma concentration of efavirenz was 3.1 mg/L (IQR: 2.3-4.3 mg/L). 
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Predictorss of metabolic parameters 
Figuress 1-3 demonstrate the changes in TC, HDL-c and TG over time. The results of the 
multivariatee analyses are summarized in Table 2. During the 96 weeks of treatment, the 
modelledd TC concentrations increased by about 77%. On analysis we found a significant 
positivee association between the changes in TC and the time-updated body mass index. An 
increasee of 1 unit in the BMI was associated with a TC increase of 2.4% (p=0.008). A 
negativee correlation was observed between baseline limb fat mass and the change in total 
serumm cholesterol concentrations. That is, for every single kilogram reduction in total limb 
fatt mass at baseline there was an increase in TC of 4.1% (p=0.003). 

Fig,, 1 Scrum total cholesterol concentrations 

ÖÖ 7 

II  «

ss 4 

55 2-

Cholesterol l 

P P 
N = 5 99 SI SO 

Fig.. 2 Serum HDL-c cholesterol concentrations 
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Fig.. 3 Serum triglycerides concentrations 
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Wee observed a 48% modelled increase in HDL-c after 96 weeks of treatment. Ritonavir CR 
wass negatively correlated with the change in HDL-c. That is a 2.4% decrease in HDL-c was 
observedd for each unit increase in ritonavir CR (p=0.007). Correlations between HDL-c and 
indinavirr and efavirenz plasma concentrations were not observed. 
AA 226% modelled increase in TG from baseline was seen after 96 weeks of study. 
Triglyceridee increases were not significantly correlated with the CR of ritonavir and 
indinavir,, or the drug plasma concentrations of efavirenz. A strong negative correlation was 
howeverr observed with the baseline limb fat mass. For every kilogram reduction of total 
limbb fat mass at baseline there was an increase of 15.7% (p=0.006) in serum triglyceride 
concentrations. . 
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Tablee 2 Results of multivariate linear regression analyses 

Parameter r changee (%) 95%% CI p-value e 
Totall  cholesterol 

BMI I 

baselinee limb fat mass 

HDLL cholesterol 
CRofRTV V 

Triglycerides s 

baselinee limb fat mass 

Changee in VAT* 

meann total cholesterol 

2.44 per kg/m2 

-4.11 per kg 

-2.44 per unit 

-15.77 per kg 

99 per mmol/L 

0.633 to 4.22 

-6.722 to-1.43 

-4.188 to-0.67 

-26.755 to-4.79 

0.100 to 0.49 

0.008 8 

0.003 3 

0.007 7 

0.006 6 

0.005 5 
Al ll  analysis were adjusted for the baseline value of the dependent variable. 
BMII  body mass index, CR of RTV ritonavir concentration ratio, VAT visceral adipose tissue 
**  Mean concentrations of first 48 weeks were analysed 

Predictor ss of body fat composi t ion 

Figuree 4 and 5 illustrate the changes in VAT and SAT over 96 weeks. Visceral adipose 

tissuee mass increased by 20% from baseline over the 96 weeks of study. The increases 

predominantlyy occurred within the first 48 weeks after treatment by time-point a 17% 

increasee had already been observed. Total cholesterol concentrations were positively 

correlatedd with increases in visceral abdominal fat. For every mmol/L TC increase we 

foundd a 0.3% VAT increase over 48 weeks (p=0.001) (Table 2). Significant correlations 

betweenn VAT and TG were not observed. None of the investigated variables were 

associatedd with observed changes in peripheral limb fat mass during the study. 

Fig.. 4 Subcutaneous adipose tissue i 
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SAT:: subcutaneous adipose tissue; VAT: visceral adipose tissue 

D i s c u s s i on n 

Inn the HIV-NA T 009 study, we observed a substantial deterioration in fasted metabolic 

parameterss over 96 weeks of treatment in patients receiving ritonavir-boosted indinavir and 

efavirenz.. Total cholesterol and triglycerides increased by 77%, and 226% respectively. The 

viscerall  and subcutaneous fat compartments increased by 22% and 32%, respectively. Al l 

patientss in the HIV-NA T 009 study had been extensively pretreated with various 
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combinationss of thymidine-containing combination NRTI-therapy. Several studies have 
shownn that in patients who discontinue the use of thymidine analogues (in particular d4T) 
dyslipidemiaa may improve.2729 However, despite the switch to an NRTI-sparing regimen 
thee metabolic profile of the cohort deteriorated, while fat in both the subcutaneous and 
viscerall  compartments increased. 
Thee present analysis was conducted to investigate possible determinants of the resultant 
metabolicc profile and the increase in the visceral and peripheral fat compartments in this 
patientt population. We found that patients with reduced limb fat mass at study baseline had 
proportionatelyy greater increases in TC following the treatment switch compared to those 
withh greater total limb fat mass at baseline. Patients with a higher BMI at time of switch 
alsoo developed higher TC. Calculated plasma concentration ratios of ritonavir were 
associatedd with a lesser rise in HDL-c. Patients with higher TG at baseline had lower total 
limbb fat mass at study entry. The patients who sustained the greatest VAT accumulation on 
studyy also demonstrated greater TC disturbances. We did not find any variables associated 
withh the observed increases in total limb fat mass but this phenomenon is likely, to be 
relatedd to the discontinuation of the thymidine-analogue NRTI-therapy.27'28'30"32 

Withh respect to the relationship between drug plasma concentrations and metabolic 
abnormalities,, we found that higher ritonavir plasma concentrations were statistically 
significantlyy but weakly associated with lower HDL-c. This appears to be in agreement 
withh studies performed in healthy volunteers who received high- and low-dose ritonavir.1333 

Cohortt studies, in which patients with high dose ritonavir were included, have shown that 
thee use of ritonavir is associated with increases of serum triglyceride and total 
cholesterol.15166 In addition, studies suggest that while atazanavir administered as a stand-
alonee PI (i.e. dosed at 400 mg daily without ritonavir-boosting) is not associated with 
metabolicc disturbance, the addition of ritonavir boosting at 100 mg daily to atazanavir (300 
mgg daily) is associated with elevations of TC and TG as well as reductions in HDL-c in 
healthyy volunteers.12-34,35 

Too date only a limited number of studies have investigated the relationship between 
metabolicc changes and the plasma concentrations of Pis or NNRTIs. Two studies have 
shownn correlations between TG and TC concentrations and lopinavir plasma 
concentrations.36-377 In one study a correlation with lopinavir concentrations was not found.38 

Thesee studies were limited by small sample sizes, concomitant use of lipid lowering drugs, 
thee concomitant use of NRTIs and d4T-containing regimens at the time of analysis. Two of 
thesee studies investigated the relationship between lopinavir concentrations and metabolic 
parameterss through univariate methods with correlation coefficients below or around 
00 5 36,37 j n the study in which an association was not found, the increase in TC from 
baselinee was small, therefore there may have been limited power to detect any such 
association.. In addition, none of the studies measured and adjusted the analyses for the 
ritonavirritonavir plasma concentrations. Two non-randomized studies have reported positive 
associationss of lopinavir and nelfinavir plasma concentrations with lipodystrophy.37-39 Both 
studiess concluded that high PI plasma concentrations were correlated with lipodystrophy, 
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howeverr scans to objectively measure fat mass were not performed. Due to these 
limitationss and given that patients in these studies were receiving thymidine-analogue 
NRTIss and other co-medications that may affect metabolic profiles, the conclusions from 
thesee studies should be interpreted cautiously. 

Wee had anticipated that there might exist a relationship between PI concentration, in 
particularr indinavir,40 and VAT, but we did not find one. Furthermore, we expected that 
increasedd TG would be associated with VAT. However, we actually found that higher TC, 
butt not TG, was significantly associated with VAT increases. It is important to realize 
howeverr that several counteracting processes are likely to be influencing the course of TG 
ass well as TC in our patients, thereby rendering it difficult to expose any straightforward 
relationshipss between the plasma concentration of any individual drug and lipid responses. 
Exposuree to RTV, even at pharmacokinetic 'booster' doses,13 but not IDV is known to be 
associatedd with a rapid increase in both TG and TC.41- 42 In contrast, withdrawal of 
thymidinee analogue NRTI and stavudine in particular, is known to result in rapid declines 
off  TG and TC concentration.27-43 The latter might be explained by a reversal of the 
hamperedd clearance of TG from the bloodstream as demonstrated in HIV-1 infected patients 
withh lipoatrophy already being reversed prior to any noticeable improvements in peripheral 
fatt content.44 

Theree are a number of weaknesses of this study. This study involved cross-referencing 
betweenn the results of a number of primary studies conducted in a single patient cohort, 
whichh were not designed to answer the questions posed here. The study design does not 
alloww for comparisons because of the lack of a control group. The sample size was small 
andd therefore may have littl e power to detect significant associations. As multiple 
comparisonss were made in this study we elected to reduce the significance level to an a-
levell  of 0.01 in order to reduce the possibility of finding chance associations. However, this 
strategyy cannot exclude the possibility that some relationships might be confounded. 
Inn summary, we found that the presence of baseline lipoatrophy, VAT increases on study, 
andd plasma concentrations of ritonavir were each to varying degrees associated with 
metabolicc dysfunction characterized by higher total cholesterol, lower HDL-cholesterol and 
higherr triglyceride levels, which in the general population are known to be associated with 
increasedd cardiovascular risk. 
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Bioequivalendee study of generic saquinavir 

Introductio n n 

Inn 2002, the Government Pharmaceutical Organization (GPO) in Thailand started with the 
developmentt of a generic version of saquinavir, a HIV protease inhibitor. GPO planned to 
introducee generic saquinavir to the Thai market for the treatment of HIV-1 infection. A 
genericc formulation of saquinavir is currently not available. The major advantage of generic 
saquinavirr wil l be cost reduction making the drug available to the HIV-infected population 
throughoutt Thailand. Three formulations of branded saquinavir are marketed, a soft gel 
liquid-filledd saquinavir capsule (Fortovase®, 200 mg) and 2 saquinavir mesylate 
formulationss (Invirase®), a hard gel capsule (200 mg) and a film-coated tablet (500 mg). 
Saquinavirr has been registered as an antiretroviral agent for the treatment of HIV-1 since 
1996.. HIV-2 strains are also sensitive to saquinavir.1 In addition to saquinavir, the class of 
HIVV protease inhibitors includes ritonavir, indinavir, nelfinavir, amprenavir, lopinavir, 
atazanavirr and tipranavir. The HIV protease inhibitors bind to the active site of the HIV 
protease.. Binding is reversible, competitive and selective, and leads to the inhibition of the 
formationn of viral core proteins and essential viral enzymes. By blocking the formation of 
thesee mature, infectious virus particles, replication of the HIV virus is inhibited. Long-term 
suppressionn of the HIV virus is an essential outcome of successful HIV therapy. 
Inn order to use generic GPO saquinavir in HIV-infected patients, first a study must be 
performedd in healthy subject to establish the bioequivalence of generic GPO saquinavir.2 

Thiss study was performed to evaluate the pharmaceutical equivalence and bioequivalence 
off  generic GPO saquinavir product compared to Invirase® 200 mg hard-gel capsules as the 
referencee drug. 

Materia ll  and methods 

Thee study consisted of two parts. Pharmaceutical evaluation of the physical characteristics 
andd dissolution profiles of the study drugs were investigated. The bioequivalence was 
performedd in healthy subjects. 

Laboratoryy assessments 

Thee test and reference product were assessed for physical characteristics, drug content, 
uniformityy of dosage unit and dissolution. Dissolution profiles were determined at 5, 10, 
15,, 30, 45 and 60 minutes of 12 individual units of the reference and test drug in an 
appropriatee solution.3 One unit was dissolved in 900 ml at C at 50 rpm (USP 
apparatuss II, VK 700 dissolution station, VanKel Industries, Carry, NC). The saquinavir 
concentrationss in the dissolved media were detected with a UV-1601 spectrophotometer 
(Shimadzuu Cooperation, Japan). Content analysis was performed of 6 individual tablets of 
thee generic and the reference drug from the batch that was used for the bioequivalence 
studyy (Shimadzu, HPLC model LC-10A, Shimadzu Cooperation, Japan). According to the 
USS Pharmacopeia/National Formulary (USP/NF) monograph the content of saquinavir 
shouldd be in a range of 98.5 to 101.5% of the labelled amount.3 

Forr the bioequivalence study, blood was collected in heparinized hard plastic tubes by 
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antecubitall  venepuncture to obtain time-plasma concentration data. Thirteen time-points 
sampledd right before intake of the study drug (t=0) and subsequently at 0.5, 1.0, 1.5, 2.0, 
2.5,, 3.0, 4.0, 6.0, 8.0, 10.0, 12.0 and 24.0 h after drug-intake. Samples were centrifuged at 
15000 rpm. After plasma separation samples were stored at -80°C. The quantitative 
determinationn of saquinavir in plasma was performed by high-performance liquid 
chromatographicc assay (HPLC) method. The target concentration range for the calibration 
curvess was 0.045 to 30.000 mg/L plasma. Plasma concentrations below the LLOQ were 
countedd as zero. 

Thee specificity, reproducibility and linearity of the assays were demonstrated. The intra-

andd interday coefficients of variation (CV) did not exceed more than 10%. 

Bioequivalence e 

Thee bioequivalence study was a single-centre, open-label, randomized, single-dose, two-
sequence,, two-period crossover study. Subjects were randomized to receive treatment 
startingg with the generic drug followed by the reference drug (T»R), or in the reverse order 
(R*T).. The test drug was generic saquinavir, a oval shaped film-coated tablet containing 
4000 mg of saquinavir mesylate. The reference drug was saquinavir mesylate in green-
yelloww hard gelatin capsules equivalent to 200 mg of saquinavir. The washout period 
betweenn treatments was 7 days. Subjects received a single-dose of 1200 mg (3 tablets of 
testt drug or 6 capsules of reference drug) in the morning with breakfast. The breakfast 
consistedd of a standard Thai meal with 500 calories and approximately 12 grams of fat. The 
otherr meals during the study day (lunch, snacks, diner) were also standardized. 
Healthyy Thai male and female subjects between 18 and 45 years were included with body 
masss indices ranging between 18 and 24 kg/m2. Subjects were included if normal health 
wass established. To verify the health status subjects underwent a medical history, physical 
examinationn and blood analysis (biochemistry, hematology including HIV testing and 
counselingg and hepatitis B and C serology) and urinalysis. 

Subjectss were excluded if the aforementioned examinations were abnormal. Female 
subjectss were not allowed to be pregnant or breast-feeding. Subjects were also excluded if 
theyy had a history of sensitivity to the drug, compounds or excipients; a disease interfering 
withh drug absorption, distribution, metabolism or excretion; participated in a drug study 
withinn 60 days prior to the first dose; a febrile illness within 3 days before the first dose; 
concomitantt medication; presence of drug abuse, alcohol abuse (>2 units/day) or excessive 
smokingg (> 10 units/day). 

Subjectss were counselled to maintain their lifestyle (smoking/ consumption of alcohol/ 
exercisee level) throughout the study. Participation in strenuous exercise or changes in the 
levell  of stimulant consumption, alcohol or tabacco, during the study were discouraged. 
Safetyy was evaluated at each study visit by a medical history and a physical examination. 
Additionally,, blood was collected for hematology and biochemistry, and urine analyses. 
Sevenn days after the last study visit (day 16), subjects were contacted by phone to screen 
forr medical problems. In case of reported problems subjects were seen by a physician. 
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Thee study was performed at the HIV Netherlands Australia Thailand Research 
Collaborationn (HIV-NAT) , the Thai Red Cross AID S Research Center in Thailand. The 
protocoll  was approved by the institutional review board of the King Chulalongkorn 
Universityy Hospital. 

Statisticss and pharmacokinetics 
Thee uniformity of weight of the drugs was analysed by comparing the measured drug 
amountt to the labelled amount. The accepted variance by the USP for the content of the 
tablett is a relative standard deviation (RSD) of less than fT" . , ." . - > 

f1={[I|R«-T,|]/[lR»]>.100 0 
6%.. Difference factor (fi ) and similarity factor (f2) were *- t=i ' t=i 
calculatedd with the equations 1 and 2.4 The factors fi and r £. , AK » 
ff .  1 f u A-4V A *u f2=50-log{[1+{1/n)I{R t-T,)2)-°5.100} 
1212 are mathematical expression of the difference and the *  t=i * 
similarityy between the dissolution profiles. The acceptable range for fi is 0-15 and for ii 
50-100.. The lower fi and the higher f2, the more similar the profiles are. In the formula, R is 
thee dissolved percentage of the reference drug and T of the test drug, t is the sampling time 
pointt and n is the number of sampling time points. 
Dataa from 38 subjects were required to show bioequivalence with a power of 0.8 and 
significancee level of 0.05. The sample size was calculated taking into account the 
intrasubjectt and intersubject coefficient of variation, CVe and CVb respectively.5 Details of 
thee statistical basis of these calculations are elaborated in the indicated publication. CVb 
wass calculated using historical data of saquinavir AU C in Thai patients. 6 A t the t ime of 
testingg data on intrasubject variability was not available. The CVe was estimated at 30%, 
whichh is considered as an overestimation, because this is the same level as the reported 
intersubjectt variability in healthy volunteers with saquinavir hard gel capsules 600 mg three 
t imess daily.7 

Thee demographic data of the subjects are summarized as means with standard deviations or 
medianss with (interquartile) ranges. 
Pharmacokineticc parameters of the reference and test product were calculated using 
noncompartmentall  methods with WinNonlin (version 4 .1, Pharsight Corporation, Paola 
Alto ,, Ca, USA) software. According to the FDA, bioequivalence of the parameters that 
correspondd with systemic exposure (area under the concentration-time curve (AUC) and 
maximumm concentration (Cmax)) were identified. The AUC0-24 was calculated with the log-
linearr trapezoidal method. Cmax was defined as the maximum concentration in the time-
plasmaa concentration curve. Other pharmacokinetic parameters the Tmax (time at Cmax in hr), 
Cminn (concentration at C24 in mg/L), Tmi n (time at Cmin in h) and ti/2 (half-lif e of the 
terminall  elimination phase in hr), Vz/F (apparent volume of distribution over the terminal 
eliminationn phase in L ) and CL/F (apparent clearance over the terminal elimination phase in 
L/hr)) were also calculated. 
Too test bioequivalence 9 0% confidence interval (CI) of the geometric mean ratio (GMR) of 
thee log-transformed pharmacokinetic parameters were calculated. According to the FDA to 
provee bioequivalence the 9 0% CI of the GMR of AU C and Cmax has to fall within a range 
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off  0.80 to 1.25. The mean of the pharmacokinetic parameters AUC, Cmin, Cmax were also 
comparedd with a paired / test. Tmax, Tmin and t i : between the two groups were compared 
withh a nonparametric test Wilcoxon singed-ranks test with SPSS software (version 11.5.2, 
SPSSS Inc, Chicago, Illinois, USA). An effect of sequence, period or subject on the 
pharmacokineticc outcome was analysed using a Proc Mixed Model with SAS software 
(versionn 8.2, SAS Institute, Cary, NC) on the log-transformed data. 

Resul ts s 

Thirty-ninee healthy volunteers completed the study. Fifty-nine percent were male and 41% 
femalee subjects. The mean age was 24.0  3.0 (  SD) years. The mean body weight was 
56.22  9.0 kg. Baseline characteristics are summarized in Table 1. 

Tablee 1 Subject characteristics in medians [IQR] 

Characteristics s 
N N 

Age,, yr 
Gender,, F:M 
Weight,, kg 

Bodyy mass index, kg/m2 

IQRR interquartile range, yr year, F female, M Male 

Sevenn events were reported after intake of generic saquinavir and 10 events were reported 
afterr intake of the reference drug. All reported adverse events were mild. Most of the events 
weree related to gastrointestinal side-effects or headache. Changes in laboratory values from 
baselinee were not observed. Extra visits were not needed after the safety evaluation of day 16. 

Saquinavirr  content and dissolution 
Thee saquinavir weight per tablet of the generic drug was 395.15 mg. The reference product 

Figuree 1 Mean dissolution profiles of generic and reference saquinavir 
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amountt was 98.87% for generic saquinavir and 99.74% for the reference product. The RSD 
amongg the dose units was 0.73% for generic and 0.53% for the reference saquinavir. 
Thee mean dissolution profiles for both study drugs are given in Figure 1. After 30 minutes 
90%% of generic saquinavir was dissolved. Eighty-three percent of the reference product 
dissolvedd at 60 minutes. The RSD ranged from 5.6 to 9.5% for generic saquinavir, and 
6.5-24%% for the reference product. The difference factor, fi, was 46 between the dissolution 
profiles.. The similarity factor, f2, was 27. 

Pharmacokineticc parameters 

Thee saquinavir plasma concentrations of the generic and the reference product during the 
dosingg interval are illustrated in Figure 2. Plasma saquinavir concentrations after intake of 
thee generic drug were lower than the saquinavir plasma concentration after intake of the 
referencee product. Two subjects on the generic product had only one measurable 
concentrationn during the concentration-time profile from 0 to 24 hours. These subjects were 
excludedd from the analysis of AUC0-24, ti 2, Vz/F and CL/F, but included in the analysis of 
Cmaxx and Tmax. In 4 subjects, 3 on the generic and 1 on reference drug, a terminal 
eliminationn phase could not be identified. These subject were excluded from analysis of ti/2, 
Vz/FF and CL, but were included for analysis of AUC0-24, Cmax and Tmax. Paired data of a 
totall  of 37 subjects for AUC0-24, Cmax, Tmax and Tmjn, and 33 subjects for ti/2, Vz/F and CL/F 
weree available for analyses. 
Figuree 2 Time after intake - mean plasma concentration curve of generic and reference saquinavir 
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Thee mean AUC0-24 and Cmax ) of the generic product were lower than the 
referencee drugs: 7 mg.h/L and 6 mg.h/L versus 1 mg.h/L and 

88 mg.h/L, respectively. The generic drug reached Cmax faster than the reference 
productt (2.3 versus 4.1 hours). 
Thee concentrations at 24 hours (Cmin) were undetectable in all subjects who took the 
genericc drug. Two subject taking the reference product had detectable concentrations at 24 
hourss during the dosing interval. Subjects were longer exposed to the reference drug than to 
thee generic drug, 0 and 5 hours respectively. 
Thee apparent volume of distribution and clearance were higher for the reference product. 
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Thee pharmacokinetic parameters are summarized in Table 2. 
Highh variability was seen for all pharmacokinetic parameters for both study drugs. 

Tablee 2 Single-dose pharmacokinetic parameters of generic and reference saquinavir 

AUCV24(mg.h/L) ) 

CVV (%) 

Cmaxx ( m g / L) 

CV V 

Tmaxx (h) 

CV V 

Cminn (mg/L) 
CV V 

Tminn (h) 

CV V 

t'/ii  (h) 
CV V 

Vz/FF (L) 
CV V 

CL/FF (L/h) 
CV V 

Generic c 

0.611 7 

78 8 

6 6 
69 9 

2 2 
53 3 

4 4 
47 7 

0 0 
49 9 

1.6Ü.18 8 
75 5 

6 6 
84 4 

8 8 
83 3 

Reference e 

1 1 

66 6 

8 8 
64 4 

3 3 
32 2 

5 5 
56 6 

5 5 
47 7 

3 3 
117 7 

5 5 
87 7 

3 3 
60 0 

p-value e 

0.0000 r 

0.0001* * 

0.0001" " 

0.49* * 

0.0001" " 

0.001" " 

*pairedd t test; "Wilcoxon ranks-signed test; CV coefficient of variation (standard deviation/mean* 100%) 

Bioequivalence e 
Thee saquinavir AUCo-24 was 69% lower for the generic drug. The 90% confidence intervals 
off  the geometric mean ratio for AUCo-24 ranged from 0.24-0.41 (geometric mean ratio: 
0.31),, which shows that AUCs of the generic and reference drug were significantly 
different.. The saquinavir Cmax was 48% lower than the reference saquinavir Cmax with a 
90%% confidence interval of 0.42-0.63 (geometric mean ratio: 0.52). 
Influencee of period, sequence or subject were analyzed however an effect on the AUC or 

Cmaxx (p>0.1) was not seen. 

Discuss ion n 

Thiss study is the first study to evaluate the pharmaceutical equivalence and bioequivalence 
off  a generic formulation of saquinavir. For pharmaceutical equivalence the saquinavir 
contentt has to be positively identified, content and dissolution profiles have to fall within 
thee standard. Although saquinavir was positively identified in all generic formulations, with 
saquinavirr contents according to the USP standard, the dissolution profiles were different. 
Furthermore,, the total plasma exposure to generic saquinavir was lower than the reference 
drug.. Saquinavir AUC en Cmax were 69% and 48% lower, respectively. The time to reach 
maximumm concentration was shorter for the generic formulation but the peak was lower, 
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therebyy resulting in lower exposure. Our data demonstrated that the new formulation was 
nott pharmaceutical or bioequivalent to the reference brand drug. 
Thee dissolution profile of the generic formulation was more favourable, because the generic 
drugg dissolved faster than the reference product. Therefore, adequate bioavailability was 
expected.. However, there may have been pharmaceutical issues with the new formulation 
preventingg absorption. Another explanation may be that the total exposure was lower 
becausee of saturation of saquinavir uptake in the gastrointestinal system. A third 
explanationn might be low exposure due to high extensive first pass metabolism, because 
single-dosee saquinavir hard gel capsules dosed as 600 mg once daily have low oral 
bioavailabilityy (4% ).' The most plausible explanation for low exposure is lower overall 
absorptionn because of the formulation. For first-pass metabolism the drug needs to be 
absorbedd first. In this study, we did not measure saquinavir plasma concentrations after 
intravenouss injection, therefore the bioavailability (AUCpiasma/ AUCu.) cannot be 
calculated.. However intrasubject comparison was performed. Thus, the extent of the first-
passs metabolism is not different between the study subjects. Saturation of the uptake 
mechanismm of saquinavir is not likely. It is thought that saquinavir is taken up by the 
enterocytess by passive diffusion, however active drug influx has also been suggested.8 Both 
studyy drugs contained the same molecule, therefore equal uptake may be expected. 
Moreoverr because of intrapatient comparison, the extent of the effect of these processes on 
thee pharmacokinetics are similar. A new formulation of the generic saquinavir should have 
enhancedd characteristics for drug absorption. 

Thee present study was developed and conducted in collaboration with GPO to improve 
accesss to saquinavir in Thailand. After bioequivalence is shown, a study in HIV-infected 
patientss for therapeutic equivalence may be undertaken, however this is not necessary for 
thee approval of a new generic drug. Worldwide several generic drugs are used in 
developingg countries. With increasing use of antiretroviral drugs and efforts to expand 
accesss more generic agents will be necessary. An approved generic version of a HIV 
proteasee inhibitor is currently not available.9 After the bioequivalence of a (Thai) generic 
drugg has been demonstrated, the next step, to retrieve approval from international 
organizationn such as the WHO and continued monitoring of the quality of the generic drug 
shouldd be pursued. 

References s 

1.. European Medicines Agency (EMEA). Invirase Product information. EMEA-H-C-113-11-44-
PI.. Available at: http://www.emea.eu.int/humandocs/Hurnans/EPAR/invirase/invirase.htrn (29 
Junee 2005, date last accessed). 

2.. U.S. Department of Health and Human Services (HHS) / Food and Drug Administration 
(FDA)) / Center for Drug evaluation and Research (CDER). Guidance for Industry 
Bioavailabilityy and Bioequivalence Studies for Orally Administered Drug Products — 
Generall  Considerations. Revision 1. (Final, Mar-2003) Available at: www, f da. go v/cder/ 
guidance.guidance.htmm (Last accessed: 23 June 2005). 

103 3 

http://www.emea.eu.int/humandocs/Hurnans/EPAR/invirase/invirase.htrn


Chapterr 7 

3.. Pharmacopeia/National Formulary. Uniformity of dosage units. Rockville, MD: United States 
Pharmacopeiall  Convention, 2003:1665. 

4.. U.S. Department of Health and Human Services (HHS) / Food and Drug Administration 
(FDA)) / Center for Drug evaluation and Research (CDER). Guidance for Industry, 
Dissolutionn Testing of Immediate Release Solid Oral Dosage. August 1997. Available at: 
http://www.fda.gov/cder/guidance/1713bpl.pdff  (last accessed 5 Augustus 2005). 

5.. Hauschke D, Kieser M, Diletti E, Burke M. Sample size determination for proving 
equivalencee based on the ratio of two means for normally distributed data. Stat Med 
1999,18:93-105. . 

6.. Cardiello PG, Monhaphol T, Mahanontharit A, et al. Pharmacokinetics of once daily 
saquinavirr hard-gelatin capsules and saquinavir soft-gelatin capsules boosted with ritonavir in 
HIV-1-infectedd subjects. J Acquir Immune Defic Syndr 2003,32:375-379. 

7.. Invirase® Complete drug information. Roche Pharmaceuticals Inc, revised July 2002. 
8.. Jones K, Hoggard PG, Sales SD, Khoo S, Davey R, Back DJ. Differences in the intracellular 

accumulationn of HIV protease inhibitors in vitro and the effect of active transport. AIDS 
2001,15:675-681. . 

9.. World Health Organization. Department of Medicines Policy and Standards (HTP/PSM). 
Prequalificationn Project. Available at: http://mednet3.who.int/prequal/ (last accessed 1 July 
2005). . 

104 4 

http://www.fda.gov/cder/guidance/1713bpl.pdf
http://mednet3.who.int/prequal/


Chapter r 

8 8 
AA pilot project for quality assessment and 

monitoringg of generic antiretrovirals in 

Thailand d 

R.S.. Autar 

F.W.N.M.. Wit 

A.. Mahantharonit 

S.. Ubolyam 

D.A.. Cooper 

J.M.A.. Lange 

P.. Phanuphak 

D.M.. Burger 

K.. Ruxrungtham 

Submittedd for publication 





Qualityy assessments of generic nevirapine 

Introductio n n 

Severall  low and middle income countries are producing cheap generic antiretrovirals. 
Genericc products are necessary in these countries in order to increase access to treatment 
forr the HIV-infected patient population. Branded antiretrovirals are usually expensive and 
thereforee not affordable for poor HIV-infected patients. 
Inn Thailand, generic antiretrovirals are manufactured by the Government Pharmaceutical 
Organizationn (GPO), an agency of the Ministry of Public Health. Currently, generic 
formulationss for zidovudine (ZDV), didanosine (ddl), lamivudine (3TC), stavudine (d4T), 
nevirapinenevirapine (NVP) and nelfinavir (NFV) are marketed in Thailand. Co-formulated products 
aree also available of ZDV and 3TC (Zilarvir®, GPO, Bangkokjhailand) and d4T, 3TC and 
NVPP (GPO-VIR®, GPO, Bangkok, Thailand). An important issue concerning generic 
productss is bioequivalence with the branded product.1 

Oncee pharmacokinetic bioequivalence of a drug is demonstrated the assumption is made 
thatt the product will clinically perform equivalent as well. However, even when 
pharmacokineticc bioequivalence studies have been performed, this is merely a momentary 
assessment. . 
Drugss can be of poor quality because of substandard production or conditions in which the 
drugss are kept. The WHO has estimated that about 8.5% of all drugs in Thailand are 
substandard.22 In neighbouring countries poor drug quality as high as 22% has been 
reported.3-- 4 To assure the quality of the entire production process and subsequent 
distributionn organizations such as the WHO, FDA and EMEA have set up international 
performancee standards for production process (Good Manufacturing Practice, GMP) and 
distributionn of drugs (Good Distribution Process, GDP). Manufacturers of drugs are obliged 
too follow the guidelines set out by GMP and GDP.58 

Deliberatee production of drug of poor quality or 'counterfeiting' has been reported, in 
particularr in Asia and Africa. Of all medications, antibiotics are most frequently 
counterfeited.. For example, in Southeast Asia there is a widespread trade in fake 
antimalariall  drugs. The trade in illegal antiretroviral drugs does not appear to be a major 
problemm from the few reports that have been published in the last years, or perhaps the 
magnitudemagnitude has not been elucidated yet.911 

Afterr a drug released is to the market, the quality of the drug should be continued to be 
evaluated.. The quality of a drug can be determined by the sum of several characteristics. 
First,, the formulation needs to contain the exact active ingredient in an accurate amount as 
iss presented on the label. The form of the dosage, the size, the consistency, the colour and 
thee shape should be uniform. Furthermore, the other nonactive excipients should be in 
accordancee with the label; the drug may not be contaminated with other substances. Finally, 
thee drug should be stable under pre-defined standard storage conditions and the 
bioavailabilityy consistent. Post-marketing the quality of a drug may deteriorate because of 
inadequatee transport, inadequate storage conditions at pharmacies or in the homes of 
patients. . 
HIV-11 infected patients require life-long treatment with antiretrovirals. One of the 
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prerequisitess for prolonged effective treatment is a high (>95%) level of adherence to 
therapy.122 However, antiretroviral drugs of poor quality will increase the risk for continued 
replicationn of the virus and therefore to the selection of drug resistant HIV mutants, because 
off  the reduced amount of active ingredient. 

Inn most countries, the FDA or similar organizations have taken the responsibility to monitor 
forr the post-marketing quality and pharmacovigilance. In this study we present a pilot 
modell  of quality monitoring through pharmaceutical analysis for post-marketing quality 
controll  by an independent research institute. The quality of generic versions of the non-
nucleosidee analogue reverse transcriptase inhibitor nevirapine was monitored. Nevirapine is 
widelyy used in Thailand. Nevirapine is implemented in the government's National Access 
too Anti retroviral s Program (NAPHA) and in programs for prevention of mother to child 
transmissionn of HIV-1 infections. 

Materia ll  and Methods 

Tenn hospitals affiliated with the Thai AIDS Society (TAS) were approached to participate in 
thiss study. A protocol was developed by the HIV Netherlands Australia Thailand Research 
Collaborationn of the Thai Red Cross AIDS Research Centre (HIV-NAT, protocol no. 026). 
Al ll  pill samples were sent to HIV-NAT with a batch record form. The batch record form 
capturedd the name of the site, brand name, strength of the dose, batch/lot number and 
expirationn date. Transport to HIV-NAT was performed by parcel courier services at room 
temperature.. After testing, participating centres were notified by a letter about the results. 

Selectionn of batches and pharmaceutical analysis 
Accordingg to the United States Pharmacopoeia (USP) 10 tablets from a batch should 
containn between the 85 and 115 % of the active ingredient with a standard deviation of less 
thann 6%. However, if a tablet does not meet this requirement then 20 more tablets must be 
testedd for uniformity of content. Initially, each pharmacy was requested to send at least 30 
tabletss per batch of every nevirapine product, generic and branded, which was available in 
theirr stock for distribution to patients. In case of abnormalities, pharmacies were requested 
too send an additional 20 tablets for further assessment. Pharmacies were instructed to send 
randomlyy selected opened drug containers in order to simulate the actual situation in 
domesticc practice. Generic and branded nevirapine tablets were requested. 
Twentyy tablets were used for the uniformity of dosage testing and 6 for dissolution testing. 
Thee collected tablets were subjected to 5 assessments: inspection of the tablet, identification 
off  the active ingredient nevirapine, quantification of nevirapine content per tablet, 
uniformityy of the weight and dissolution profile. The outcomes of the assessments were 
comparedd with the information provided on the label by the manufacturer. The surface, 
colour,, shape, intactness and weight of the tablets were recorded. 

Thee active ingredient nevirapine was identified by high pressure liquid chromatography 
usingg a validated method (HPLC model LC-10A, Shimadzu). The retention time of the 
tablet,, which is unique for a substance, was compared with a standard preparation of 
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nevirapine.. The nevirapine standard was purchased from Boehringer Ingelheim. A single-
timee point dissolution test was performed after 45 minutes in a hydrochloric acid solution 
appropriatee for nevirapine.13 The paddle speed was 75 rpm and the dissolution medium was 
keptt at C (USP apparatus II, VK 700 dissolution station, VanKel Industries, Carry, 
NC).. In this study, the other active compounds or excipients in the tablet were not 
identified. . 

Statisticall  analyses 
Thee participant and location (city) of the hospital pharmacy were coded. Descriptive 
statisticall  data analyses were performed. Information obtained from the pharmaceutical 
analysess was compared with the manufacturer's standard or label information. The average 
weightt and average nevirapine concentration of the tablets were calculated as mean and 
standardd deviation. The nevirapine content was compared with the labelled amount. 
Accordingg to the manufacturer's specification the labelled amount of nevirapine can range 
fromm 90.0 - 110.0%. The results of the assessments are tabulated. 

R e s u l ts s 

Hospitalss and response 
Off  the 10 hospitals that were contacted, 6 hospital pharmacies responded. The other 4 
pharmaciess had expressed interest in this project but did not response to the request to sent 
tabletss for unknown reasons. The 6 hospital pharmacies sent in formulations with 
nevirapinee only, Neravir® and Viramune®, and the fixed-dose combinations with 
nevirapine,, GPO-VIR S30® and GPO-VIR S40®. Viramune® is a product manufacturered 
byy Boerhinger-Ingelheim, Neravir®, GPO-VIR S30® and S40® are produced by GPO. All 
tabletss contained 200 mg nevirapine. 

Qualit yy assessments 

Al ll  tablets received were intact. Neravir® is a white oval shaped, film-coated tablet. The 
otherr formulations were also white, film-coated and biconvex oblong-shaped. The only 
differencee between these formulations was the inscription with S30, S40 or trademarks. The 
averagee weight of the tablets was 786 5 mg. The active ingredient was positively 
identifiedd in each formulation. The average content per tablet was within -8.41 to +0.51 mg 
rangee of 200 mg. The average content was within the labelled amount of 90.0 to 110.0%. 
Thee lowest nevirapine content was found with Viramune® with an average content of 
191.599 mg nevirapine per tablet. The weight of any 2 tablets did not deviate more than 5% 
andd none by more than 10%. After 45 minutes more than 80% of all formulations were 
dissolved.dissolved. The results are summarized in Table 1. 

109 9 



Chapterr 8 

Tablee 1. Summary of the pharmaceutical characteristics of the tablets 
Name e 

GPO-VIRR S-30' 
GPO-VIRR S-402* 
GPO-V1RR S-40S 

GPO-VIRR S-30 
GPO-VIRR S-40 

GPO-VIRR S-30 
GPO-VIRR S-30 

GPO-VIRR S-30 
GPO-VIRR S-40 

GPO-VIRR S-30 
Neravir4 4 

Viramune e 
Viramune3 3 

Weight/ / 

tabl.. (mg) 

784.2 2 
782.13 3 
782.13 3 

783.0 0 
780.8 8 

777.5 5 
7776.0 0 
785.4 4 
787.1 1 

777.17 7 
776.90 0 
813.06 6 

807.8 8 

Content t 

(mg) ) 

200.00 0 
200.18 8 
200.38 8 

198.01 1 
198.10 0 

197.30 0 
194.89 9 

200.51 1 
199.97 7 
198.82 2 
195.43 3 
195.87 7 

191.59 9 

%of f 

labelled d 

amount t 

100.00 0 
100.09 9 
100.19 9 

99.00 0 
99.05 5 

98.65 5 
97.44 4 

100.25 5 
99.98 8 

99.41 1 
97.72 2 
97.94 4 

95.79 9 

Dissolution n 

(%) ) 

99.29-101.33 3 
99.53-101.89 9 

96.2-97.6 6 

90.59-101.46 6 
98.41-102.17 7 

97.89-101.27 7 
98.71-100.79 9 

94.70-107.68 8 
96.55-101.52 2 

94.4-96.9 9 
95.9-97.8 8 
93.7-96.9 9 

97.13-99.77 7 

Batch h 

W.460545 5 
W.460572 2 
W.460572 2 

W.470211 1 
W.460579 9 

S.470051 1 
W470212 2 

W.460521 1 
W.460491 1 

W.470227 7 
W.450129 9 

308656 6 

304189a a 

Manufact. . 

date e 

Jan-04 4 
Jan-04 4 
Jan-04 4 

Apr-04 4 
Jan-04 4 

Mar-04 4 
Apr-04 4 
Jan-04 4 
Dec-03 3 

Apr-04 4 
Oct-02 2 

Apr-03 3 

Expiryy da 

Jan-06 6 
Jan-06 6 
Jan-06 6 

Apr-06 6 
Jan-06 6 

Mar-06 6 
Apr-06 6 
Jan-06 6 
Dec-05 5 

Apr-06 6 
Oct-04 4 
Nov-05 5 

Apr-06 6 

tabl.. tablet; manufact. manufacturer; §From same batch/expiry date 

11 co-formulation: nevirapine 200 mg, stavudine 30 mg, lamivudine 150 mg; 2 co-formulation: nevirapine 200 mg, 

stavudinee 40 mg, lamivudine 150 mg; 3 nevirapine 200 mg; 4 nevirapine 200 mg 

Discuss ion n 

Thee objective of this study was to monitor the quality of generic nevirapine after it is 
marketedd and stored in the pharmacies. We showed that the tested batches of 3 different 
formulationss of generic nevirapine produced in Thailand meet the (general) USP and 
internationall  requirements. Penzak et al published data on the content of nevirapine in 
brandedd preparations in Africa (Zambia, South-Africa), Lithuania and Jamaica, and generic 
preparationss from India.14- 15 Tablets that were tested by these authors showed adequate 
nevirapinee content. To our knowledge this is the first time similar testing has been reported 
forr Thai generic nevirapine. 

Thiss project was designed to screen for pharmaceutical abnormalities, but not to trace the 
causee of the problem. Once a drug is offered for distribution in pharmacies there are 4 
potentiall  levels where the quality may be affected. The first level is the production process 
att the manufacturer's plant. The second level is during transport from the manufacturer to 
thee pharmacies. The third level is storage at the pharmacies. A fourth level, i.e. storage by 
thee patient, was not evaluated in this monitoring program. The strength of the 
measurementss as we performed is to signal for problems. A thorough examination of the all 
involvedd levels should take place in case abnormalities are observed. 
Contentt analysis alone is not sufficient. Therefore, dissolution testing is an essential 
investigationn when monitoring for quality. In a Tanzanian study the content of the drug was 
adequatee however dissolution of different formulations (of acetylsalicyclic acid, 
sulphadoxine/pyrimethamine,, paracetamol) were not.16 Climate conditions in tropical 
countriess such as humidity and temperature may also affect the quality. In 2 formulations of 
diclofenacc sodium, the dissolution after 3 and 6 months of storage in tropical conditions 
wass lower then at baseline. Again, in this case the content analysis was not influenced.17 
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Ann ideal monitoring plan would include a detailed assessment of storage conditions, 
assessmentt of the facility including environmental measurements such as temperature and 
climatee by skilled personnel. However in developing countries this option is usually not 
realisticc due to lack of resources in particular in smaller rural community-based settings 
withh limited facilities. In this study, we have presented an alternative method. We assume 
thatt any abnormalities in transportation or storing conditions will result in abnormal 
pharmaceuticall  properties such as altered physical properties, drug content or dissolution 
rate.. An example of altered physical properties is that of ritonavir capsules which may melt 
whenn kept in warm temperature (ritonavir product reference). A monitoring scheme should 
coverr all types of pharmacies ranging from hospital-based to licensed private pharmacies. 
Despitee many efforts a systematic scheme to monitor for the quality of antiretrovirals is 
lackingg in most countries. In March 2001, a prequalification project started in which 
antiretrovirall  drugs are assessed according to WHO's norms and standard.18 Antiretroviral 
drugs,, branded and generic, that meet the necessary requirements are included in the WHO 
Prequalificationn List. The prequalification project focuses on the approval of drug at the 
levell  of the manufacturer. At this time, unfortunately, none of the Thai generic antiretroviral 
aree listed yet on the WHO prequalification list. A system to ensure the quality of the drug 
afterr approval is not in place for generic antiretrovirals. This system could be developed on 
aa national or regional level. In Thailand, the FDA has the responsibility to monitor for post-
marketingg quality. However, independent research institutes such as HIV-NAT with similar 
researchh agenda may contribute by initial and ongoing quality monitoring of antiretrovirals, 
therebyy facilitating post-market monitoring of generic antiretrovirals (Figure 1). 

Figuree 1 Roles of different institutions 
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Introductio n 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. 

Alternativ ee combinat ions of antiretrovira l 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 dru g monitor in g of antiretrovira l drugs 

Therapeuticc drug monitoring (TDM) comprises the interpretation of plasma drug 
concentrationss and application of this knowledge in the clinical management of patients. At 

121 1 



Chapterr 9 

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 inhibitor s in HIV- 1 

andd tuberculosis co-infected pat ients 

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 

Pharmacokinet icc variabilit y 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 antiretrovira l 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 futur e perspect ives 

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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Summary y 

Drugss to treat the infection with HIV-1 have been available in Thailand since 1992. 
However,, data on the clinical pharmacology of these drug in Thai HIV-1 infected patients 
aree lacking. In this thesis studies are presented that describe the clinical pharmacology of 
antiretroo viral medication. Furthermore, the quality of a few generic antiretroviral 
medicationss that are produced in Thailandd were investigated. 

Summaryy of the chapters: 

Inn Thailand, dosages of antiretroviral medications are used that differ from the 
recommendationss in the standard international guidelines for the treatment of HIV-1 
patients.. One such dosage is low-dose ritonavir boosted saquinavir as 1600/100 mg once 
daily.. In chapter 2, the pharmacokinetics of three dose combinations of the protease 
inhibitorss saquinavir and ritonavir in twenty Thai HIV-1 infected patients are presented in 
ann open-label, randomized parallel-group study. Two low-dose ritonavir boosted saquinavir 
dosee regimens with a saquinavir daily dose of 2000 mg, a once daily regimen (2000/100 mg 
oncee daily) and the FDA approved twice daily regimen (1000/100 mg twice daily), were 
comparedd to a saquinavir regimen with a reduced dose of saquinavir (1600100 mg once 
daily). . 
Bothh dose regimens with daily 2000 mg of saquinavir resulted in higher saquinavir 
pharmacokineticc parameters than the 1600 mg dose regimen of saquinavir. All low 
saquinavirr plasma concentrations (below the recommended minimum concentration of 0.1 
mg/L)) on the dosage of 1600/100 mg once daily improved after switching to a higher dose. 
Thee results of this study imply a more favourable pharmacokinetic profile of saquinavir in 
Thaii  HIV-1 infected patients when dosed daily as 2000 mg. 

Inn chapter 3, the determinants of the pharmacokinetic variability seen with low-dose 
ritonavirr boosted saquinavir, dosed as 1600/100 mg once daily, were studied. One of the 
findingss in chapter 2 was high saquinavir plasma concentrations when compared to the 
pharmacokineticss of Caucasian HIV-1 infected patients. To study the determinants that may 
causee the differences between the saquinavir pharmacokinetics of these two populations, 
pharmacokineticc data of forty-five Thai and UK HIV-1 infected patients were pooled. 
Plasmaa exposure to ritonavir was the most important factor to explain the exposure to 
saquinavir.. Patients with high plasma exposure to ritonavir had high plasma exposure to 
saquinavir.. The site where the study was conducted was the second factor to explain the 
differentiall  exposure to saquinavir, which reflects the significance of differences in life-
style,, environment, pharmacogenomics and diet. 

Forr effective treatment of HIV-1 infections, saquinavir can only be administered to patients 
inn conjunction with ritonavir. Alternatives for ritonavir are not available. However, certain 
disadvantagess associated with ritonavir such as toxicity, high drug costs, or refrigeration are 
nott easily overcome in developing countries. An alternative to ritonavir, the antifungal 
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agentt ketoconazole (400mg once daily), was investigated in chapter 4 as an alternative for 
boostingg of saquinavir (2000mg once daily) by low-dose ritonavir. Twenty-five HIV-1 
infectedd patients participated in a open-label, single arm, pharmacokinetic study. 
Exposuree to saquinavir and minimum plasma concentrations of saquinavir were lower 
whenn compared to ritonavir-boosting. Fifty-two percent of patients had saquinavir plasma 
concentrationss below the recommended minimum trough level. Hence, saquinavir cannot 
bee boosted with ketoconazole to levels that are acceptable for the treatment of HIV-1 
infectedd patients. 

Co-infectionss of HIV-1 and tuberculosis are increasingly encountered in Thailand. The 
concomitantt treatment of tuberculosis with rifampin, and HIV-1 infection with protease 
inhibitorss and non-nucleoside reverse transcriptase inhibitors, is hampered by drug-drug 
interactions.. While rifampin is a strong inducer of cytochrome P450 3A4, protease 
inhibitorss and non-nucleoside reverse transcriptase inhibitors are metabolized by the same 
enzyme.. Generic nevirapine is commonly used in Thailand, in a standard dose of 200 mg 
twicee daily, regardless of co-infection with Mycobacterium tuberculosis. In chapter 5, the 
influencee of rifampin on nevirapine plasma concentrations was analysed. In a cross-
sectionall  study nevirapine samples from HIV-1 infected patiens who were using rifampin 
weree compared to patients not using rifampin. 

Thee results of this study show that the nevirapine plasma concentrations were 3.3 mg/L 
lowerr in patients who were on concomitant treatment with rifampin, however the 
nevirapinee plasma concentrations were in a therapeutic range in 86% of patients. Patients 
withh higher body mass indices had a increased probability for low nevirapine plasma 
concentrations.. In Thai HIV-1 infected patients the standard dose of nevirapine in 
combinationn with rifampin may result in therapeutic concentrations of nevirapine in 
plasma.. Therapeutic drug monitoring can be used as a monitoring tool to distinguish 
patientss with low nevirapine plasma concentrations from patients with adequate nevirapine 
plasmaa concentrations. 

HIV-infectionn and combination antiretroviral therapy are associated with metabolic 
disturbance.. In a previous Thai study patients who were failing nucleoside-analogue 
treatmentt were switched to a nucleoside sparing regimen. In fifty-nine of these patients the 
relationschipss between fasted metabolic parameters, body fat composition and plasma 
concentrationss of the antiretroviral agents ritonavir boosted indinavir and efavirenz were 
explored.. In chapter 6, multivariate analyses were performed to investigate predictors of 
changess in total cholesterol (TC), HDL-cholesterol (HDL-c), triglycerides (TG) and 
viscerall  abdominal fat (VAT). 
Totall  cholesterol was positively associated with high body mass index, and negatively 
associatedd with limb fat mass. HDL-c was negatively associated with relatively high 
ritonavirritonavir plasma concentrations. Baseline TG levels were lower in those with greater limb-
fatt mass. VAT changes were positively correlated with TC. In summary, baseline 
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lipoatrophy,, VAT increases, and plasma concentrations of ritonavir were associated with 
metabolicc disturbance characterized by raised total cholesterol and triglycerides and 
reducedd HDL-cholesterol. 

Duee to limited availability and access to antiretroviral medications, generic antiretroviral 
medicationss are needed in Thailand. The Thai manufacturer of generic antiretroviral agents 
producedd a new generic formulation of saquinavir mesylate, a tablet of 400 mg. In chapter 
7,, the results of a study investigating the pharmaceutical equivalence in vitro and a 
randomized,, open-label, single-dose, crossover study in thirty-nine healthy volunteers to 
testt bioequivalence were presented. The saquinavir content of the generic drug was in a 
similarr range as the reference drug. Dissolution testing in vitro of the generic did not 
correspondd with the reference drug: the generic product had a faster dissolution rate. The 
plasmaa exposure to the generic saquinavir in HIV-negative healthy volunteers was inferior 
comparedd to the innovator drug. Therefore, the new formulation failed to show 
pharmaceuticall  equivalence and bioequivalence. 

Afterr generic antiretroviral medications are introduced to the market, the quality of the 
genericc medications is not systematically monitored in Thailand. To ensure the quality of 
thee generic drugs over time, assessments and monitoring of the drug quality need to be 
implemented.. Chapter 8 describes a pilot project in which the quality of generic nevirapine 
wass monitored. In this project, generic and branded nevirapine tablets from six hospitals 
weree analysed in vitro for content and dissolution characteristics. All samples meet with the 
internationall  criteria for quality of generic medications. This project serves as an example 
off  how more extensive monitoring for generic antiretrovirals in Thailandd may take place. 
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Sindss 1992 is er medicatie beschikbaar in Thailand voor de behandeling van de infectie met 
HIV-1.. Er is echter weinig bekend over de klinische farmacologie van deze geneesmiddelen 
inn Thaise HIV-1 geïnfecteerde patiënten. In dit proefschrift worden enkele studies 
gepresenteerdd die de klinische farmacologie van antiretro virale medicatie beschrijft. 
Bovendienn is de kwaliteit onderzocht van een aantal generieke antiretro virale preparaten die 
inn Thailand geproduceerd worden. 

Hieronderr volgt een samenvatting per hoofdstuk. 

Inn Thailand worden doseringen van antiretro virale medicatie gebruikt die afwijken van de 
doseringenn die voorgeschreven worden door de internationale richtlijnen voor behandeling 
vann HIV-1-geïnfecteerde patiënten. Een voorbeeld is het gebruik van saquinavir met een 
lagee dosis ritonavir als 1600/100 mg eenmaal daags. In hoofdstuk 2 wordt een 
ongeblindeerde,, gerandomiseerde farmacokinetische studie met twee parallel groepen 
gepresenteerdd over drie doseringen van saquinavir en ritonavir in twintig Thaise HIV-1 -
geïnfecteerdee patiënten. Twee doseringsschema's met een dagelijkse saquinavir dosis van 
20000 mg en ritonavir in een lage dosis (100 mg per doseringsinterval) -een eenmaal daags 
schemaa (2000/100 mg 1 dd.) en de door FDA voorgeschreven tweemaal daagse dosering 
(1000/1000 mg 2 dd.)- werden vergeleken met de dosering van saquinavir/ritonavir 
1600/1000 mg eenmaal daags. 

Dee waarden van de saquinavir farmacokinetische parameters gedurende het 2000 mg 
schemaa lagen hoger dan in het doseringsschema met 1600 mg saquinavir. Lage saquinavir 
plasmaa concentraties (lager dan de aanbevolen minimum waarden van 0.1 mg/L) die 
genoteerdd werden op de saquinavir/ritonavir 1600/100 mg dosering waren verbeterd op de 
hogeree dosering. Het resultaat van deze studie suggereert dat een behandelingsschema met 
eenn dagelijkse saquinavir dosis van 2000 mg een beter farmacokinetisch profiel levert voor 
Thaisee HIV-1-geïnfecteerde patiënten. 

Inn hoofdstuk 3 worden de mogelijke determinanten van de farmacokinetische variabiliteit 
vann saquinavir/ritonavir 1600/100 mg eenmaal daags, onderzocht. Een van de bevindingen 
vann hoofdstuk 2 is dat de saquinavir plasmaconcentraties hoger zijn dan de waarden voor 
westersee HlV-1-geïnfecteerde patiënten. Datasets van vijfenveertig patiënten uit Thailand 
enn Engeland werden gecombineerd om de mogelijke determinanten te bestuderen. 
Dee plasmabloostelling van ritonavir bleek de belangrijkste factor die gerelateerd was aan 
plasmablootstellingg van saquinavir: patiënten met een hoge plasmablootstelling van 
ritonavirritonavir hadden ook een hoge plasmablootstelling van saquinavir. De locatie waar de 
studiee was uitgevoerd was de tweede belangrijke factor . Deze relatie kan verklaart worden 
doorr de verschillen tussen de studieomstandigheden zoals het verschil in levensstijl, 
omgeving/milieu,, farmacogenetica en het dieet. 
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Voorr effectieve therapie van HIV-1 infecties met saquinavir is het van belang dat dit in 
combinatiee met ritonavir plaatsvindt. Ritonavir versterkt de plasmablootstelling van 
saquinavir.. Geneesmiddelen die als alternatief voor ritonavir kunnen dienen zijn niet 
beschikbaar,, maar deze zijn wel gewenst in ontwikkelingslanden. Er zijn nadelen die 
gepaardgepaard met het gebruik van ritonavir, zoals toxiciteit, hoge aanschafkosten, en gekoelde 
opslagopslag (waar in ontwikkelingslanden moeilijk of geen oplossingen voor zijn). Een 
potentieell  alternatief, ketoconazol (400 mg 1 dd.) een imidazolderivaat tegen 
schimmelinfecties,schimmelinfecties, werd getest in hoofdstuk 4 in combinatie met saquinavir (2000 mg) in 
vijfentwintigg HIV-1 geïnfecteerde patients door middel van een farmacokinetische studie. 
Dee saquinavir plasmablootstelling in combinatie met ketoconazol was lager dan in 
combinatiee met ritonavir. Tweeënvijftig procent van de patiënten hadden een saquinavir 
plasmaspiegell  beneden de minimale aanbevolen waarde. Uit deze studie kan geconcludeerd 
wordenn dat ketoconazol de spiegel van saquinavir niet in voldoende mate kan versterken. 

Co-infectiess met HIV-1 en tuberculose komen steeds vaker voor in Thailand. De 
behandelingg van tuberculose met rifampicine, en de behandeling van HIV-1 infectie met 
proteasee remmers en non-nucleoside reverse-transcriptaseremmers wordt bemoeilijkt door 
interactiess tussen de geneesmiddelen. Rifampicine kan in sterke mate het enzyme 
cytochroomm P450 3A4 induceren, terwijl protease remmers en non-nucleoside reverse-
transcriptaseremmerss door hetzelfde enzyme gemetaboliseerd worden. 
Inn Thailand wordt generiek nevirapine veelal gebruikt in een standaard dosering van 200 
mgg tweemaal daags, onafhankelijk van co-infectie met Mycobacterium tuberculosis. In 
hoofdstukk 5 wordt de invloed van rifampicine op nevirapine plasmaconcentraties 
geanalyseerd.. In een cross-sectionele studie werden nevirapine samples van HIV-1 
geïnfecteerdee patiënten die behandeld werden met rifampicine vergeleken met een controle 
groepp die niet met rifampicine behandeld werden. 
Dee studie liet zien dat de plasmaconcentraties gemiddeld 3.3 mg/L lager zijn in de patiënten 
diee met rifampicine behandeld werden. Echter, 86% van de patiënten hadden, ondanks deze 
verlagingg van de nevirapine spiegel, een therapeutische waarde in het plasma. Patiënten met 
eenn hoger body mass index (BMI) hadden een verhoogde kans op lage nevirapine 
plasmaconcentraties.. Deze studie suggereert dat in Thaise HIV-1-geïnfecteerde patiënten de 
standaardd dosis van nevirapine resulteert in therapeutische nevirapine plasmaconcentraties. 
Monitorenn van nevirapine plasmaconcentraties kan als hulpmiddel gebruikt worden om 
patiëntenn met lage concentraties op te sporen. 

Infectiee met het HIV-1 en de behandeling met antiretrovirale middelen zijn geassocieerd 
mett metabole afwijkingen of verandering van de verdeling van het lichaamsvet. In een 
voorgaandee studie werd de medicamenteuze therapie van patiënten die faalde op 
behandelingg met alleen nucleoside analogen overgezet op een behandeling zonder 
nucleosidenucleoside analogen. In negenenvijftig van deze patiënten werden de relaties tussen 
nuchteree metabole parameters, lichaamsvet distributie en plasmaconcentraties van de 
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antiretroviralee middelen efavirenz-, indinavir-, ritonavir geëxploreerd. In hoofdstuk 6 
werdenn analyses uitgevoerd op mogelijke voorspellende variabelen die bijdragen aan de 
veranderingg in totaal cholesterol (TC), HDL-cholesterol (HDL-c), triglyceriden (TG) en 
visceralee abdominale vet (VAT). 
Hett totaal cholesterol was positief geassocieerd met body mass index, en negatief met 
perifeerr vet. HDL-c was negatief geassocieerd met relatief hoge ritonavir concentraties. De 
TGG spiegel aan het begin van de studie was lager in patiënten met meer perifeer vet. 
Veranderingenn in VAT waren positief gecorreleerd aan TC. Samenvattend zijn lipoatrofie 
bijj  het begin van de studie, verhogingen van VAT, en plasmaconcentraties van ritonavir 
geassocieerdd met metabole afwijkingen dat gekarakteriseerd wordt door een verhoging van 
hethet totale cholesterol en triglyceriden en een verlaging van het HDL cholesterol. 

Vanwegee de beperkte beschikbaarheid en toegankelijkheid van de merkproducten van 
antiretroviralee medicatie, zijn generieke preparaten nodig in Thailand. De Thaise producent 
vann generieke antiretrovirale preparaten heeft een saquinavir mesylaat tablet van 400 mg 
geproduceerd.. In hoofdstuk 7 worden de resultaten gepresenteerd van een studie waarin de 
inin vitro farmaceutische equivalentie is onderzocht. Ook werd de bioequivalentie getest in 
eenn gerandomiseerde, ongeblindeerde crossover studie met negenendertig gezonde 
vrijwilligers. . 

Hett gemiddelde saquinavir gehalte van het generieke preparaat kwam overeen met die van 
hethet referentie product. De analyse van het oplosbaarheidsvermogen in vitro, liet zien dat het 
generiekee product sneller oploste dan het referentie product. Vervolgens bleek uit de 
bioequivalentiee studie met gezonde vrijwilligers dat de plasmablootstelling aan saquinavir 
vann het generieke preparaat inferieur was aan het referentie product. Hiermee is vastgesteld 
datdat het nieuwe preparaat niet equivalent is aan het referentie product. 

Dee kwaliteit van generieke antiretrovirale medicatie wordt niet systematisch gecontroleerd 
nadatt de preparaten geïntroduceerd worden op de Thaise markt. Om de kwaliteit van de 
productenn te garanderen, is het van belang deze te meten en te monitoren. In hoofdstuk 8 
wordtt een pilot project beschreven waarin de kwaliteit van generiek nevirapine gemeten is. 
Inn dit project zijn generieke- en merktabletten van zes ziekenhuisapotheken geanalyseerd 
opp het nevirapinegehalte en de kwaliteit van de tabletten. De kwaliteit van alle generieke 
sampless kwam overeen met de internationale criteria voor de kwaliteit van generieke 
preparaten.. Dit project dient als een voorbeeld voor de wijze waarop monitoring van de 
kwaliteitt van generieke antiretrovirale geneesmiddelen in Thailand geïmplementeerd kan 
worden. . 
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Stellingenn behorende bij het proefschrift 

"Pharmacologicall  studies on the use of antiretroviral medication for the treat-
mentt of HTV-1 infection in Thailand" 

11 Bij Thaise HTV-1 geïnfecteerde patiënten worden relatief hoge saquinavir/ 
ritonavirritonavir spiegels gemeten. (Dit proefschrift) 

22 Farmacokinetische variabiliteit wordt nog onvoldoende begrepen. 
(Ditt proefschrift) 

33 Ketoconazol is niet geschikt als farmacokinetische booster. (Dit proefschrift) 

44 De standaard dosering van nevirapine in combinatie met rifampicine leidt in de 
meerderheidd van de Thaise HIV-1 geïnfecteerde patiënten tot adequate nevrapine 
spiegels.. (Dit proefschrift) 

55 Bioequivalentie studies zijn essentieel voordat een generiek preparaat op de 
marktt wordt gebracht. (Dit proefschrift) 

66 Kwaliteitstoetsing van generieke preparaten is mogelijk en kan op eenvoudige 
wijzee op grote schaal geimplementeerd worden in Thailand. (Dit proefschrift) 

77 Eigen HAART is goud waard. 

88 One size fits all, one dose does not fit every body. 

99 Hoe meer variabelen, hoe onbetrouwbaarder het onderzoek, maar des te meer 
lijk tt het op de werkelijkheid. 

100 Onverklaarbare onderzoeksresultaten worden zelden verklaard. 

111 Globalisering in Thailand is af te leiden uit de verwestering van het aziatische 
sanitairr tot 'American Standard'. 

122 In Thailand zijn stellingen van bamboe. 
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